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ABSTRACT

The California Energy Commission (CEC) prepared this investment plan (2021-2025) for the
Electric Program Investment Charge Program (EPIC) in response to the California Public
Utilities Commission (CPUC) Decision 12-05-037 (modified). That decision established EPIC to
fund electric public-interest investments to benefit the electricity ratepayers of Pacific Gas and
Electric Company, Southern California Edison, and San Diego Gas & Electric Company. The
plan is consistent with CPUC Decision 13-11-025 and continues implementing the requirements
established by Senate Bill 96 (Committee on Budget and Fiscal Review, Chapter 356, Statutes
of 2013).

On September 2, 2020, the CPUC renewed EPIC for an additional 10 years (January 1, 2021,
through December 31, 2030) in Decision 20-08-042 of Rulemaking 19-10-005. In that
decision, the CPUC approved the CEC as an EPIC administrator with an annual budget of $148
million for the first five years and ordered the investor-owned utilities to collect funds for the
renewed EPIC starting January 1, 2021. The CEC was required to file an investment plan to
the CPUC to cover the period of January 1, 2021, to December 31, 2025 (EPIC 4). On July 15,
2021, the CPUC approved the CEC’'s EPIC Interim Investment Plan 2021 (Appendix C) for the
first year of EPIC 4 funding. This EPIC 4 Investment Plan covers the remaining years.

Staff developed the proposed EPIC 4 Investment Plan through an open process that involved
12 public events as well as consultation with stakeholder groups, the CPUC, and other
agencies. Input from these stakeholders and CPUC-CEC Commissioner discussion is reflected
in the recommended strategic objectives, initiatives, and research and development topics.

On June 2, 2022, the CPUC issued Decision 22-06-004, which approved the proposed EPIC 4
Investment Plan with modifications and ordered the CEC to address certain items, which are
reflected in this approved investment plan.

Keywords: applied research and development, buildings, California Energy Commission,
California Public Utilities Commission, clean energy technologies, clean generation, climate
change, decarbonization, dispatchable resources, Disadvantaged Community Advisory Group,
distributed energy resources (DER), Electric Program Investment Charge, electric vehicle,
electrification, energy, energy efficiency, energy storage, entrepreneurship, environmental,
equity, firm resources, grid, industrial, innovation, integration, load flexibility, research and
development (R&D), reliability, renewable, research, resilience, Senate Bill 100, solar,
technology demonstration and deployment, technology, transportation, Tribes, wind, zero-
carbon
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EXECUTIVE SUMMARY

The Electric Program Investment Charge (EPIC) was established by the California Public
Utilities Commission (CPUC) in 2011 to fund research leading to technological advancements
and scientific breakthroughs supporting California’s clean energy goals, with a focus on
providing ratepayer benefits, including reliability, lower costs, and safety. EPIC investments
advance precommercial clean energy technologies and approaches for the benefit of electricity
ratepayers of California’s three largest electric investor-owned utilities. Senate Bill 96
(Committee on Budget and Fiscal Review, Chapter 356, Statutes of 2013) guides the California
Energy Commission (CEC) in administering EPIC. The law directs the CEC to award EPIC funds
for projects that will benefit electricity ratepayers and lead to technological advancement and
breakthroughs to overcome the most significant barriers that prevent achieving the state’s
statutory energy goals.

EPIC directly benefits California’s electric ratepayers and is essential in supporting the state’s
clean energy policies. EPIC projects funded through the CEC have been instrumental in
informing state policy and developing and demonstrating technologies to further California’s
clean energy progress. Continued investments in technology innovation through EPIC will
reduce the cost and improve the performance of energy products and services, helping to
meet the state’s clean energy and climate goals faster and at lower cost.

The Electric Program Investment Charge 2021-2025 Investment Plan. EPIC 4 Investment
Plan contributes significantly to scaling up energy technology innovation of key existing and
emerging technologies across major energy-related sectors including the power sector,
transportation, buildings, and industry. This plan contributes significantly in supporting
economywide goals such as carbon neutrality (the point at which the removal of carbon
pollution from the atmosphere meets or exceeds emissions) by 2045 and advancing equity
(affordability and accessibility of clean energy and environmental quality).

In May through October of 2021, CEC staff conducted an extensive stakeholder engagement
process that included 12 public events with national and international expert panelists for
topics such as industrial decarbonization, energy storage, and offshore wind energy. Staff held
numerous briefings and discussions to ensure that planned investments avoid duplication and
complement related activities of the CEC, CPUC, and other organizations. In addition, staff
engaged regularly with the Disadvantaged Communities Advisory Group, key organizations,
and agencies during investment planning.

In support of a just and fair clean energy transition, the CEC embeds equity throughout its
investment planning and program administration. This plan includes an equity matrix to
provide a quick reference of the R&D topics expected to have the greatest direct and indirect
impacts on the equity principles of the Disadvantaged Communities Advisory Group Equity
Framework.

In summer 2021, CEC staff developed and publicly vetted a strategic framework to help guide
the CEC's planning and implementation of EPIC across the program investment cycle. The
framework consists of six strategic objectives, which focus on reaching the goals of Senate Bill
100 (De Ledn, Chapter 312, Statutes of 2018), Executive Order N-79-20, Assembly Bill 3232
(Friedman, Chapter 373, Statutes of 2018), and Senate Bill 350 (De Ledn, Chapter 547,



Statutes of 2015), among other key state energy- and climate-related policies, programs, and
plans. The framework also focuses on continuing the CEC’s support of clean energy
entrepreneurship. Chapters 2 through 7 of this report describe the rationale for each strategic
objective and the associated investments proposed under each for funding years two through
five of this investment planning cycle. Brief overviews of the 44 R&D topics under strategic
objectives and initiatives are provided in the plan’s research summary (Appendix Q). The six
strategic objectives of EPIC 4 are summarized below.

Strategic Objective: Accelerate Advancements in Renewable
Generation Technologies

The path forward to meet the ambitious Senate Bill 100 goal of providing 100 percent clean
electricity in California by 2045, while increasingly electrifying the economy (for example,
transportation and buildings), will require an approximate tripling of grid capacity compared to
today. EPIC 4 research is investing in a portfolio of technologies to help meet that buildout.
The portfolio includes those technologies expected to represent a significant share of the
electricity generation mix based on current and projected cost and performance, as well as
those emerging technologies with the potential to play a significant role in the future. Chapter
2 describes research and development activities for several key renewable energy technologies
for Senate Bill 100 implementation, including solar photovoltaics, offshore wind, and
geothermal energy generation.

Strategic Objective: Create a More Nimble Grid to Maintain
Reliability as California Transitions to 100 Percent Clean Energy

California’s electric grid will go through substantial changes as the state transitions to 100
percent clean energy. Solar and wind build rates need to nearly triple and battery storage
build rates need to increase by nearly eightfold. More research is needed to define the optimal
approaches to making this transition expeditiously while maintaining grid reliability. In its
transition to high levels of intermittent renewable and distributed generation, California will
need a more nimble grid to provide greater flexibility in terms of the amount, timing, and
location of energy flows. Research and technology innovations will support the matching of
generation and load. The research and development topics in Chapter 3 will help realize an
electric grid that is highly nimble, reliable, and cybersecure.

Strategic Objective: Increase the Value Proposition of Distributed
Energy Resources to Customers and the Grid

Distributed energy resources are key components of California’s clean energy future and
economywide decarbonization. This includes distribution-connected generation, electric
vehicles, energy storage, energy efficiency, and load flexibility technologies. Distributed energy
resources have the potential to deliver significant benefits to grid operators and end users in a
high-renewables, high-electrification future. These benefits come in many forms, such as load
flexibility, peak demand reductions, reducing or deferring grid upgrades and associated costs,
and improving climate resiliency and grid reliability. Even modest amounts of load flexibility,
for example, can significantly lower the cost of achieving Senate Bill 100 goals. The research
and development topics in Chapter 4 will improve the value proposition of distributed energy
resources to customers and the grid.



Strategic Objective: Improve the Customer Value Proposition of
End-Use Efficiency and Electrification Technologies

Advancements in energy efficiency and electrification of energy uses in the industrial and building
sectors are key opportunities for meeting the state’s clean energy and climate goals. In industry,
new technology advancements are needed for enabling electrification of high-temperature process
heating as well as manufacturing and process changes to reduce reliance on fossil fuels and lower
emissions. In buildings, technology advancements can support replacement of fossil-fuel
equipment and appliances with high-efficiency electric systems for cooking, clothes drying, and
space and water heating. The research and development topics in Chapter 5 focus on technology
advancements to improve the customer value proposition of end-use efficiency and electrification
technologies in the industrial and building sectors.

Strategic Objective: Enable Successful Clean Energy
Entrepreneurship Across California

Innovation and entrepreneurship are long-standing hallmarks of California’s clean energy
leadership. EPIC investments have helped create a robust statewide Entrepreneurial Ecosystem,
supporting innovators through the early to middle stages of the energy technology innovation
pipeline. Since 2012, EPIC investments totaling $846 million have led to more than $3.5 billion in
private investment, including $1.5 billion raised by start-up companies participating in the EPIC-
funded Entrepreneurial Ecosystem. Continuing to support and grow the California clean energy
start-up sector helps spur investment in technology innovation and generates novel clean energy
strategies that accelerate progress toward the state’s climate and energy goals. The research and
development topics presented in Chapter 6 will continue to support Entrepreneurial Ecosystem
programs that have been instrumental in the past, as well as add new components to address
additional barriers impacting California’s clean energy start-up sector today.

Strategic Objective: Inform California's Transition to an Equitable,
Zero-Carbon Energy System that is Climate-Resilient and Meets
Environmental Goals

In the transition to a 100 percent clean energy future, California is advancing strategies to deliver
benefits for all Californians, ensure the grid is resilient and reliable in the face of climate change,
and support broader environmental goals. The challenges to achieving these objectives are
significant and require sustained investment in research, technology innovation, stakeholder
engagement, and planning. Innovative applied research is needed to support a just and affordable
transition of California’s energy landscape because underresourced communities, households, and
businesses are less able to invest in clean energy technologies and climate change adaptation.
Realizing a climate-resilient and reliable grid requires new, proactive approaches to energy system
planning, considering a range of temporal and spatial scales.

Moreover, implementing Senate Bill 100 goals will require careful planning and siting to harmonize
with California’s other land-use and environmental goals, including the state’s goal for conserving
30 percent of its land and coastal waters by 2030. The research in Chapter 7 can support detailed
understanding of climate resilience and inform the necessary technological solutions, approaches,
and breakthroughs in climate and environmental science for an equitable clean energy transition.






CHAPTER 1:
Introduction and Background

The Electric Program Investment Charge

The California Public Utilities Commission (CPUC) established the Electric Program Investment
Charge (EPIC) in 2011 to fund research leading to technological advancement and scientific
breakthroughs supporting California’s clean energy goals. The program focuses on providing
ratepayer benefits, including reliability, lower costs, and safety. EPIC investments advance
precommercial clean energy technologies and approaches for the benefit of electricity
ratepayers of California’s three largest electric investor-owned utilities (I0Us): Pacific Gas and
Electric Company (PG&E), San Diego Gas & Electric Company (SDG&E), and Southern
California Edison (SCE).

Funding for EPIC was initially authorized until December 31, 2020. In 2019, the CPUC initiated
a proceeding, Rulemaking (R.)19-10-005, to renew EPIC funding. In the first phase of that
proceeding, completed September 2, 2020, the CPUC renewed EPIC for an additional 10 years,
consisting of two 5-year investment cycles. The CPUC approved the CEC as a continued
program administrator and authorized a budget of $147.26 million per year for the first
investment cycle of January 1, 2021, through December 31, 2025 (referred to as EPIC 4).

On July 15, 2021, the CPUC approved the CEC's EPIC Interim Investment Plan 2021 (EPIC
Interim Plan), which describes projects critical to maintaining research momentum and
ratepayer benefits, achieving the state’s clean energy goals faster, and providing economic
stimulus to support economic recovery. The EPIC Interim Plan includes projects focusing on a
limited set of specific, near-term needs that can feasibly be pursued with the first year of EPIC
4 funding, and it is incorporated into this full EPIC investment plan as Appendix C.

On August 4, 2021, the CPUC issued a proposed decision to adopt revised guiding principles
for EPIC.! The mandatory guiding principle is to provide ratepayer benefits, which CPUC
defines as improving safety, increasing reliability, increasing affordability, improving
environmental sustainability, and improving equity. All of these benefits must accrue to
ratepayers and relate to the California electric system. CPUC's five components of ratepayer
benefits are discussed under the research topics in this £PIC 4 Investment Plan.

Senate Bill (SB) 96 (Committee on Budget and Fiscal Review, Chapter 356, Statutes of 2013)
guides the CEC in administering EPIC. 2 Specifically, SB 96 directs the CEC to award EPIC funds
for projects that will benefit electricity ratepayers and lead to technological advancement and
breakthroughs to overcome barriers that prevent achieving the state’s statutory energy goals.

1 California Public Utilities Commission staff. 2021. Decision Approving the Ulilities as Electric Program
Investment Charge Administrators With Additional Administrative Requirements. California Public Utilities
Commission. https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M397/K529/397529708.PDF.

2 Section 25711 of the Public Resources Code has since been amended by Assembly Bill 1400 (Friedman, Chapter
476, Statutes of 2017), Assembly Bill 523 (Reyes, Chapter 551, Statutes of 2017), Assembly Bill 148 (Committee
on Budget, Chapter 115, Statutes of 2021), Assembly Bill 322 (Salas, Chapter 229, Statutes of 2021), and Senate
Bill 68 (Becker, Chapter 720, Statutes of 2021).
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It also directs CEC to select EPIC investments to “result in a portfolio of projects that is
strategically focused and sufficiently narrow to make advancement on the most significant
technological challenges that shall include, but not be limited to, energy storage, renewable
energy and its integration into the electrical grid, energy efficiency, integration of electric
vehicles (EVs) into the electrical grid, and accurately forecasting the availability of renewable
energy for integration into the grid.”3

EPIC Continues to Play an Important Role in California’s Clean
Energy Landscape

EPIC directly benefits California’s electric ratepayers and is essential in supporting the state’s
clean energy policies. EPIC-funded research and development (R&D) has been instrumental in
informing state policy and developing and demonstrating technologies to further California’s
clean energy progress. Continued investments in technology innovation through EPIC will
reduce the cost and improve the performance of energy products and services, providing
market push to meet the state’s clean energy and climate goals faster and at lower cost.
Complementary market-pull policies — such as the building energy code and the Renewables
Portfolio Standard (RPS) — help establish the demand and markets for these new and
improved energy technologies and provide assurance to manufacturers and investors of
technology deployment opportunities. EPIC-funded technologies and strategies also expand
the envelope of clean energy solutions, enabling increasingly ambitious state energy goals and
policy initiatives.

California has made a substantial commitment to funding clean energy. However, a 2019
report published by the California Senate Office of Research indicates that state spending is
predominantly for deployment of current technologies and “state investments in clean energy
and transportation are primarily in the commercial deployment stage of development, where
the programs have a pulling influence on moving technology through the pipeline.”4 Thus,
continued investments in new and emerging technologies through EPIC serve as an important
complement to the state’s investments in deploying commercial energy technologies.

The Impact of EPIC

Since the beginning of EPIC, the CEC has funded 385 project awards, encumbering about
$846 million: $143 million for the clean energy Entrepreneurial Ecosystem, $151 million for
resiliency and safety, $194 million for building decarbonization, $207 million for grid
decarbonization and decentralization, $119 million for industrial and agricultural innovation,

3 California Secretary of State. 2013. SB 96, Chapter 356.
https://leginfo.legislature.ca.gov/faces/bilINavClient.xhtmI?bill_id=201320140SB96.

4 Jacobs, John Thompson. 2019. State Investments in Clean Energy and Transportation Technology. California
Senate Office of Research.
https://sor.senate.ca.gov/sites/sor.senate.ca.gov/files/policy%20matters%2003.19%20final. pdf.


https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201320140SB96
https://sor.senate.ca.gov/sites/sor.senate.ca.gov/files/policy%20matters%2003.19%20final.pdf

and $32 million for low-carbon transportation.> Examples of the impact of CEC EPIC
investments through 2020 include the following:

Businesses raised $3.5 billion in private investment after receiving CEC funding and
support, including $1.5 billion raised by start-up companies participating in the EPIC-
funded Entrepreneurial Ecosystem.

From a sample of 119 start-up companies seeking private investment, estimates indicate
total private investment on average more than quadrupled after firms received an EPIC
award, from about $450 million to more than $2 billion.

More than 45 technologies and related services companies have been successfully
commercialized, and dozens more are moving toward commercialization.

More than 350 project sites in California have demonstrated new energy technology
solutions with CEC EPIC funding, including more than 230 demonstrations in
disadvantaged or low-income communities.

EPIC projects have advanced more than 25 online tools that make complex information
and data more accessible, scalable, and cheaper to operationalize. These online tools are
estimated to have more than 850,000 users.

Through 2020, there are more than 2,900 citations of publications showcasing results
from EPIC-funded research that expands the energy technology knowledge base.

Examples of additional benefits anticipated from completed, ongoing, and future research
include the following:

More than 30 EPIC projects have advanced technologies and approaches to improve the
effectiveness of energy-related codes and standards, a key tool to enabling widespread
diffusion of new technologies and data-driven practices. Three of these projects could
lead to more than $700 million in annual energy cost savings if adopted in regulatory
codes.

Based on data available through April 2020, the investment of CEC EPIC funds, match
funding, and follow-up funding is associated with an estimated $4 billion in value-added
economic activity and 3,500 jobs per year from 2014 through 2024.

EPIC 4 Drives Science and Technology Advancements That
Accelerate Achievement of State Energy Policy Goals

California has established a superb track record of setting and attaining ambitious goals for
addressing climate change and advancing a clean energy future for all. In 2016, California
reached its Assembly Bill (AB) 32 (Nufiez, Chapter 488, Statutes of 2006) goal of 1990-level

5 California Energy Commission staff. 2021. Electric Program Investment Charge 2020 Annual Report. California
Energy Commission. Publication Number: CEC-500-2021-029-CMF.
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2021-029-CMF.pdf.
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greenhouse gas (GHG) emissions four years ahead of its 2020 target. ¢ Similarly, in 2018, the
state met its goal of 33 percent renewable energy two years ahead of its 2020 target.’

Looking ahead, EPIC research supports California’s continued global leadership in clean energy
policy. Investments in technology innovation will play a key role in enabling the significant
technology and infrastructure deployment required to meet the state’s clean energy and
climate goals. This EPIC 4 Investment Plan represents an important contribution to scaling up
energy technology innovation of key existing and emerging technologies across major energy-
related sectors — including the power sector, transportation, buildings, and industry — and in
support of economywide goals such as carbon neutrality by 2045 (Executive Order [EO] B-55-
18) and advancing equity. Illustrative examples of EPIC 4 advancements supporting key
policies and addressing associated barriers are outlined below.

SB 100: 100 Percent Clean Electricity by 2045

Under the landmark bill SB 100 (De Ledn, Chapter 312, Statutes of 2018), renewable energy
and zero-carbon resources must supply 100 percent of electric retail sales to end users and
state loads by 2045. In the 2021 SB 100 Joint Agency Report (SB 100 Report), the SB 100
Core scenario shows 145 gigawatts (GW) of utility-scale capacity additions — twice the
generation capacity in California today — needed by 2045.8 Recent advancements in clean
energy technologies make these deployment levels achievable, including significant cost
reductions in key technologies, such as solar photovoltaics (PV) and battery storage. EPIC 4
R&D supports continued technology innovation, helping the state to meet its SB 100 goals —
including rapid buildout of solar, wind, and energy storage — at lower cost, enhancing grid
reliability and resilience, and spurring clean energy jobs and sustainable economic growth in
California. Examples of EPIC 4 R&D advancements include:

e Developing technologies and approaches in solar and geothermal energy generation to
further improve performance and cost.

e Advancing emerging technology areas such as floating offshore wind energy technologies
and demonstrations in long- and short-duration energy storage.

e Addressing grid congestion to enable continued growth in clean generation.

e Advancing planning tools and technologies to improve the efficiency, operations, and
integration of distributed energy resources (DER).

6 California Air Resources Board staff. 2020. California Greenhouse Gas Emissions for 2000 to 2018. California Air
Resources Board. https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2018/ghg_inventory_trends_00-
18.pdf.

7 California Energy Commission staff. 2020. California Energy Commission - Tracking Progress. California Energy
Commission. https://www.energy.ca.gov/sites/default/files/2019-12/renewable_ada.pdf.

8 California Energy Commission staff. 2021. SB 100 Joint Agency Report: Creating a Path to a 100% Clean Energy
Future. California Energy Commission. Publication Number: CEC-200-2021-001.
https://efiling.energy.ca.gov/EFiling/GetFile.aspx?tn=237167&DocumentContentId=70349.
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Executive Order N-79-20: 100 Percent Zero-Emission Vehicles by 2035
Executive Order (EO) N-79-20 (2020) established statewide targets for 100 percent of
passenger vehicle sales to be zero emission by 2035, for all off-road and drayage operations to
be zero emission by 2035, and for all medium- and heavy-duty vehicle fleets to consist of
zero-emission vehicles (ZEVs) by 2045, where feasible. Reaching these goals is central to
addressing climate change and realizing California’s clean energy future. To do so, CEC's
analysis under AB 2127 (Ting, Chapter 365, Statutes of 2018) suggests the state will need
nearly 1.2 million public and shared chargers serving about 8 million EVs by 2030. EPIC 4 R&D
reduces barriers to reaching the goals of EO N-79-20 and delivers grid and ratepayer benefits,
for example:

e High-efficiency charging components and systems that result in lower conversion losses
while powering diverse vehicle types and segments.

e Technology enablers for grid-interactive EVs including bidirectional chargers, innovative
submetering approaches, and tools for data sharing.

o Integration of DER with vehicle charging, including for direct current (DC) fast chargers,
off-road, and heavy-duty vehicles, to limit grid impacts and provide site benefits.

AB 3232: 40 Percent Reduction in Greenhouse Gas Emissions From Buildings
by 2030

California is charting a course for building decarbonization, which is critical to the state’s goals
for economywide decarbonization. The CEC recently issued a new report on opportunities for
GHG emission reductions in the building sector, as called for in AB 3232 (Friedman, Chapter
373, Statutes of 2018). Examples of barriers to building decarbonization include lack of
customer familiarity with advanced energy-efficient electric appliances; up-front cost of electric
panel upgrades needed for more efficient electric technologies; use of high-global warming
potential (GWP) refrigerants in heat pumps; high capital and operating cost for electric boilers
when compared to gas-fired boilers in large buildings; lack of availability of large heat pumps
with low-GWP refrigerants for commercial building applications; and the cost of envelope
retrofits for existing buildings. The following are examples of EPIC 4 investments that are
helping reduce these and other barriers to support building decarbonization:

e Advancing building end-use electrification, such as through the development of efficient
space conditioning and hot water heat pumps that use low-GWP refrigerants.

e Improving the value proposition for building envelope upgrades and reducing the cost or
need for electric panel upgrades.

e Enabling electric load flexibility® by increasing the reliability and interoperability of load-
flexible technologies that allow buildings to respond to grid needs.

9 Load flexibility, broader than demand response, can include modifying operation of equipment loads in
response to price and/or GHG signals at times to benefit the grid (for example, times of excess available
renewable energy, times when renewable energy is not available [to avoid electric load operations], or during the
evening ramp). Demand response focuses on reducing peak electrical demand and responding to grid
emergencies based on utility signals during peak periods (for example, reducing load during certain periods or
curtailing load when electricity prices are high).



SB 350: Doubling Energy Efficiency by 2030

SB 350 (De Ledn, Chapter 547, Statutes of 2015) established targets for statewide energy
efficiency savings and demand reduction that will achieve a cumulative doubling of statewide
energy efficiency savings for retail customers by 2030. The industrial sector produces more
than 20 percent of the state’s GHG emissions, and a large portion is due to process heating.
California’s cement industry produces more than 8 million metric tons of carbon dioxide (CO3)
annually. The following examples of EPIC 4 investments help support industrial efficiency
improvements:

e Creating the California Industrial, Agricultural, and Water (IAW) Flexible Load Research
and Deployment Hub to develop and advance flexible load technologies, tools, and
models to increase grid resiliency and demand response (DR) participation by the IAW
sectors.

e Decarbonizing industrial high-temperature process heating, such as through use of direct
electrification technologies, 19 high-temperature heat pumps, and green hydrogen.

e Advancing energy efficiency in the cement industry and in separation processes, such as
improving the electrical efficiency of carbon capture and using alternative raw materials
and separation processes that enable electrification.

EPIC Continues to be Responsive to New Legislation and Policy Guidance

EPIC 4 investment plans align with existing and recently enacted legislation as well as relevant
policy guidance. For example, in September 2021, AB 322 (Salas, Chapter 229, Statutes of
2021) was signed into law, requiring the CEC to consider biomass conversion projects in its
EPIC investment planning. As part of its consideration, the CEC is required to consider the
recommendations of the California Air Resources Board (CARB) and the State Board of
Forestry and Fire Protection, and to coordinate with the California Natural Resources Agency,
the Department of Resources Recycling and Recovery, and the Department of Food and
Agriculture. AB 322 also requires the CEC to consider opportunities to reduce short-lived
climate pollutant emissions, generate carbon-negative emissions, reduce wildfire impacts, and
increase energy reliability.

Several EPIC 4 R&D topics (7-9, 43—45) are responsive to AB 322. Topic 7, for example, aims
to further the role of green hydrogen, for which bioenergy technologies can support
production. Topics 8 and 9 support clean alternatives to fossil-fueled power plants through
low-carbon power generation fueled by sources such as green hydrogen and biomethane.
Bioenergy technologies converting woody biomass or organic wastes are possible pathways to
biomethane production, and Topic 9 may include research to improve the quality of product
gas such as syngas or biogas from bioenergy conversion technologies. Additionally, Topics 43—
45 address issues of air pollutant emissions, wildfire risk, and climate resilience, and may
include evaluation of bioenergy and green hydrogen projects. The requirements of AB 322 and
other recent and new legislation will inform CEC's further consideration of specific R&D
opportunities associated with these EPIC 4 topics.

10 Those using electricity instead of fossil fuels as a source of energy.
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The CEC Developed the £EPIC 4 Investment Plan Through an
Extensive Stakeholder-Driven Process

The investment planning for EPIC 4 began during the development of the EPIC Interim Plan
that covers year one of EPIC 4 investments. CEC developed the EPIC 4 website
(www.energy.ca.gov/epic4) to help stakeholders access investment planning materials, easily
submit and view comments in the EPIC 4 Docket (20-EPIC-01), submit research concepts
(Appendix P) for consideration in the plan, sign up for the EPIC Listserv, and stay up to date
on public events. Staff created a template to solicit research concepts, ideas, and related
information from stakeholders, and the CEC received more than 20 research concept
submissions.

The EPIC 4 website also serves as a comprehensive record of the public event recordings,
presentations, and stakeholder comments on EPIC 4 investment planning. During the spring
and summer of 2021, CEC staff conducted an extensive stakeholder engagement process that
included 12 public events involving state, national, and international expert panelists for topics
such as industrial decarbonization, energy storage, and offshore wind energy R&D. CEC’s
proposed research topic descriptions were posted online July 29, 2021 and presented at a
workshop August 4, 2021. CPUC and CEC Commissioners discussed EPIC 4 priorities at an en
banc meeting October 8, 2021. EPIC 4 public events were well-attended, with more than
1,900 participants across all of the various workshops and other events. Table 1 provides an
overview of CEC’s EPIC 4 investment planning events that engaged stakeholders.

Appendices E through O summarize stakeholder comments received from EPIC 4 events and
staff responses. The full text of all comments and documents associated with the EPIC 4
investment planning process are located in the EPIC 4 Docket, which is linked to the EPIC 4
website. Docketed comments are cross-referenced in appendices using the “TN” number
assigned by the CEC's docketing system.

Staff also engaged other CEC divisions and CPUC staff regarding proposed R&D topics.
Briefings were provided and discussions held to ensure that EPIC 4 planned investments avoid
duplication and complement related activities of the CEC, CPUC, and other organizations.

CEC staff reached out regularly to the Disadvantaged Communities Advisory Group (DACAG)
during investment planning via newsletter notices and announcements about public
engagement events and through briefings. The CEC presented draft research topics for year
one of EPIC 4 to the EPIC Working Group of the DACAG on December 7, 2020 and
incorporated its input into the EPIC Interim Plan. Staff presented topics with specific equity
focus for years two through five to the EPIC Working Group on August 19, 2021 and
September 3, 2021, and to the full DACAG on October 15, 2021. Staff revised the draft EPIC 4
topics to incorporate input from the DACAG. For a summary of EPIC 4 DACAG engagement,
please see Appendix R. Outreach to California Native American Tribes is summarized in
Appendix S.
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Table 1: Stakeholder Events Held for £EPIC 4 Investment Plan Development

EPIC 4 Public Event Title Date
Empower Innovation Event: Co-Creating Clean Energy Research May 10, 2021
Opportunities with California’s Communities.
Connecting Policy and Research in EPIC June 14, 2021
Unlocking Flexibility From Customer Load Management and June 21, 2021
Distributed Energy Resource (DER) Technologies
Building Decarbonization June 28, 2021
Hydrogen Technology July 1, 2021
Offshore Wind Energy R&D Opportunities for EPIC 4 July 14, 2021
Industrial Decarbonization July 16, 2021
Technology Advancements for Energy Storage July 20, 2021
Improving the Bankability of New Clean Energy Technologies July 22, 2021
Draft Initiatives for EPIC 4 August 4, 2021
CEC-CPUC Commissioner £n Banc Meeting on EPIC 4 October 8, 2021
Disadvantaged Communities Advisory Group Meeting October 15, 2021
Source: CEC

Staff also engaged other organizations and agencies regarding EPIC 4 proposed topics at their
events and meetings. For example, CEC gave presentations about EPIC 4 investment planning
to the Southern California Regional Energy Network (“*SoCalREN") Advisory Committee,
California Tribal Energy and Climate Exchange, Emerging Technologies Coordinating Council,
California Climate and Energy Collaborative, and at a CPUC workshop on a high-DER future.
CEC staff also conducted outreach to the Research Division of CARB regarding EPIC 4 R&D
topics.

Equity is Embedded Throughout the £PIC 4 Investment Plan and
Funding Life Cycle

Essential to a just and fair transition, California is expanding clean energy opportunities for
disadvantaged and low-income communities, California Native American Tribes, and rural
communities, which all historically have had barriers to participation. Through 2020, more than
$221 million, representing 65 percent of CEC EPIC technology demonstration and deployment
(TDD) funds has been invested in projects with demonstration sites in low-income
communities or disadvantaged communities, as defined by AB 523 (Reyes, Chapter 551,
Statutes of 2017). 1! Including additional projects benefitting California Native American Tribes

11 2020 CEC EPIC Annual Report. Available at https://www.energy.ca.gov/publications/2021/electric-program-
investment-charge-2020-annual-report. The total percentage reported breaks down to 33 percent invested in
disadvantaged communities and an additional 32 percent in projects in communities that are low-income but not
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brings the total to 68 percent. Most of California’s disadvantaged communities are also low-
income communities; to avoid double counting, such communities are included in the
disadvantaged community category.

The CEC incorporates equity in its administration throughout the EPIC funding life cycle. Equity
considerations are integrated into initiative development in the investment plan, community
engagement and outreach, scoping of competitive solicitations and proposal scoring,
agreement implementation, and evaluation of impacts and benefits. A key element of equity
integration is to include communities in the development and implementation of projects —
going beyond simply locating the products in underresourced communities. Details on
associated administrative components are included in Chapter 8.

At the start of CEC's investment planning for EPIC 4, staff worked with the CEC Public
Advisor’s Office to develop a broad term, “underresourced communities,” to encompass
legislatively defined categories and underrepresented groups. In this plan, underresourced
communities include disadvantaged and low-income communities as defined AB 523, California
Native American Tribes, and other underrepresented groups. Disadvantaged communities are
those designated under Health and Safety Code Section 39711 as representing the 25 percent
highest-scoring census tracts in the California Communities Environmental Health Screening
(CalEnviroScreen) Tool. 12 Low-income communities are those within census tracts with median
household incomes at or below 80 percent of the statewide median income or the applicable
low-income threshold listed in the state income limits updated by the California Department of
Housing and Community Development. 13 California Native American Tribes are those on the
contact list maintained by the Native American Heritage Commission for Chapter 905 of the
Statutes of 2004. 14

Equity Framework

The DACAG Equity Framework !> outlines five key equity principles to ensure that equity is
front and center when considering climate-related investments and interventions in the state
as follows: (1) health and safety, (2) access and education, (3) financial benefits, (4) economic

disadvantaged. The total percentage far surpasses the funding percentage requirements set forth in AB 523 for at
least 25 percent of the TDD funds to be spent on projects in and benefitting disadvantaged communities and an
additional 10 percent of the TDD funds to be spent on projects in and benefitting low-income communities. The
CEC uses scoring criteria in EPIC TDD solicitations that ensure each project in a disadvantaged or low-income
area is providing direct benefits to the local community.

12 California Climate Investments to Benefit Disadvantaged Communities. 2021. California Environmental
Protection Agency. https://calepa.ca.gov/envjustice/ghginvest/.

13 “State and Federal Income, Rent, and Loan/Value Limits.” 2021. California Department of Housing and
Community Development. https://www.hcd.ca.gov/grants-funding/income-limits/state-and-federal-income-
limits.shtml.

14 California Public Resources Code, § 21073. 2015.
https://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?lawCode=PRC&sectionNum=21073.

15 California Energy Commission staff. 2018. Senate Bill 350 Disadvantaged Community Advisory Group.
California Energy Commission. https://efiling.energy.ca.gov/GetDocument.aspx?tn=224742.
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development and (5) consumer protection. Table 2, the EPIC 4 Equity Matrix, shows the
application of the DACAG Equity Framework for CEC EPIC investments, providing a quick
reference of topics expected to have the greatest direct and indirect equity impact. Direct
impacts are expected as a direct result of project implementation, whereas indirect impacts
are expected from the research and technology innovation advancements more broadly. Equity
benefits are not limited to the topics highlighted in the matrix; rather the CEC considers equity
to be a cross-cutting theme that is applied whenever directing investments. To ensure
inclusivity, the CEC targets “equity-in,” meaning increased participation from underresourced
communities and enhanced diversity within the program, projects, and funded organizations.
The CEC also targets “equity-out,” or access to affordable and reliable clean energy, and direct
benefits from project implementation.

The five key equity principles have been adapted to apply to CEC EPIC research topics as
follows:

Health and Safety

The CEC will direct EPIC investments to optimize the health and well-being of California’s most
vulnerable communities by advancing clean energy technologies that lead to health benefits
and impacts, build resiliency, address climate change vulnerabilities, and reduce climate and
air-quality-related healthcare costs. For example, advancements in building envelopes and
low-carbon cooling technologies will reduce exposure to climate change impacts such as
wildfire and extreme heat. Disadvantaged communities will benefit from reduced emissions
from advancements in transportation electrification, as well as innovations in load flexibility
that can reduce and eliminate the need to run fossil fuel-powered peaker plants.

Access and Education

Accessibility is the extent to which cleantech products and services are usable and available to
people from the widest range of backgrounds and capabilities. 1¢ The CEC strives to remove
barriers to clean energy technology adoption, as identified in the SB 350 Barriers Report and
by relevant stakeholders. This is accomplished through TDD in underresourced communities,
addressing community priorities, supporting relationship-building and partnerships among
diverse stakeholders, ensuring meaningful community engagement with community-based
organizations (CBOs) as key project partners, and investing in diverse businesses. The CEC will
address access and education through EPIC projects and program administration by (1)
enhancing inclusivity by focusing on targeted outreach, meaningful engagement, and
knowledge dissemination; (2) ensuring that technologies are applicable to community interests
and responsive to local needs; and (3) supporting the sharing of culturally relevant and
sensitive project information and educational materials for participating communities. Tracking
and evaluating progress of such efforts will ensure that these interventions are successful.

Financial Benefits

CEC EPIC investments will lead to technological advancements that lead to financial benefits
and cost savings while considering affordability and rate impacts. For example, improved

16 Ayub, Sona Mohnot. 2020. Building a Diverse, Equitable and Inclusive Cleantech Industry. The Greenlining
Institute. https://greenlining.org/wp-content/uploads/2021/04/R4-DEI-report.pdf.
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energy efficiency and load flexibility will result in electric bill savings; advancements in energy
resilience from energy storage technologies will help reduce financial impacts to businesses
facing grid reliability issues; and manufacturing advancements will reduce the costs of clean
energy technologies. In addition, CEC EPIC funding can expand community investment by
attracting additional public and private funding and building capacity for future grant
applications and clean energy project developments. The CEC recognizes that the value of
money varies with income, and EPIC investments will prioritize financial benefits in
underresourced communities to improve energy equity.

Economic Development
CEC EPIC investments will support economic development by:

e Funding cleantech start-up companies that are committed to diversity, equity, and
inclusion.

e Investing in manufacturing, entrepreneurship, job creation, and training that support
workforce development pathways to high-quality careers in California.

e Encouraging hiring for low-income, disadvantaged, and underrepresented populations
(including women, re-entry, and so forth).

e Supporting small and diverse business development and contracting.

For example, through support of the Entrepreneurial Ecosystem, the CEC seeks to grow the
entrepreneurial talent pool and provide critical support at all stages of the technology
development pipeline. TDD projects and manufacturing initiatives support job growth, on-the-
job training, and workforce development, and include opportunities in regions facing high rates
of unemployment and underemployment.

Consumer Protection

As a technology R&D program, EPIC does not directly address consumer protection in any
initiative; thus, consumer protection was not included in the Equity Matrix (Table 2). Rather,
through investments that work to advance clean energy technologies, EPIC is supporting
consumer protection by demonstrating and de-risking the adoption of emerging clean energy
technologies.
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Table 2: EPIC 4 Equity Matrix

R&D Topic

Health
and
Safety

Access and
Education

Financial
Benefits

Economic
Development

Floating Offshore Wind
Energy Technologies

Advancing Geothermal
Energy and Mineral Recovery
Technologies

Emerging Solar Energy
Technologies

© O\ ©

© O ©

Short Duration Energy
Storage Technology
Demonstrations to Support
Grid Reliability

©

©

Long Duration Energy
Storage Technology
Demonstrations to Support
Grid Reliability

©

©

Energy Storage Use Case
Demonstrations to Support
Grid Reliability

Green Hydrogen Roadmap
Implementation

© ©

Infrastructure, Market
Analysis, and Technology
Demonstrations to Support
Zero-Carbon Firm
Dispatchable Resources

©

Advancing Clean,
Dispatchable Generation

©

O @ e @ © e e

10

Technology Demonstrations
to Address Grid Congestion in
a Decarbonized California

© e @ @O0

©

©

11

Demonstrate Technologies to
Maintain Reliability and
Power Quality in the Inverter-
centric Grid of the Future

©

©

©

12

Furthering Cybersecurity with
Highly Modulatable Grid
Resources

©

©

@ @ 0 @ © 00 ©® @ e e

16




R&D Topic

Health

Safety

Access and
Education

Financial
Benefits

Economic
Development

13

Improving Forecasts of
Behind-the-Meter Solar,
Storage, and Load Flexibility
Resources

©

14

Direct Current Systems for
Efficient Power Delivery

15

Behind-the-
Meter Renewable Backup
Power Technologies

©

16

Design-Build Competitions for
Advancing Grid-Interactive
Efficient Buildings

17

Enabling Grid Resilience
With Load Flexibility in the
Industrial, Agriculture, and
Water Sectors

© e @

18

Virtual Power Plants With
Autonomous and Predictive
Controls

O e e e

©

19

Increasing Reliability
and Interoperability of Load-
Flexible Technologies

©

©

O e e @

20

Efficient Transportation
Electrification and Charging
Technologies

©

©

© @ e @ @ e

©

21

Technology Enablers for
Using Electric

Vehicles as Distributed Energy
Resources

©

22

Integrating Distributed
Energy Resources for Grid-
Supportive Vehicle Charging

23

Lithium-ion Battery Reuse
and Recycling Technologies

24

Building Electrification Prize
Competition
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17




R&D Topic

Health
and
Safety

Access and
Education

Financial
Benefits

Economic
Development

25

High Efficiency and Low-
Global Warming Potential
(GWP) Heat Pump Water
Heaters and Heating,
Ventilation, and Air
Conditioning (HVAC) Heat
Pumps

©

@

@

26

Innovative Solutions for
Improving the Value
Proposition for Building
Envelope Upgrades

©

©

27

Combination Heat Pump for
Domestic Hot Water and
Space Conditioning

©

©

28

Nanogrid HVAC Module
Development and
Demonstration

©

29

Demonstrate Smart Energy
Management Systems to
Accelerate Electrification of
Homes at a Reduced Cost

v e e @

©

O e e @

© @

30

HVAC Decarbonization for
Large Buildings

31

Low-Carbon, High-
Temperature Industrial
Heating

©|©

32

Energy Efficiency and
Decarbonization of Concrete
Manufacturing

33

Energy Efficient Separation
Processes

34

California Sustainable Energy
Entrepreneur Development
(CalSEED)

e e e

© Q) ©

0e e @ ©
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35

Provide Support for
Entrepreneurs to Test, Verify,
and Validate Their
Innovations

©

©

©

©

36

Bringing Rapid Innovation
Development to Green
Energy (BRIDGE)

©

©

©

©

18




Health
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Access and | Financial Economic
Education | Benefits | Development
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Realizing Accelerated

37 | Manufacturing and
Production (RAMP)
Mobilizing Significant Private
38 | Capital for Scaling Clean
Energy Technologies

Activating Innovation and
Expanding California’s Clean
Energy Entrepreneurial
Talent Pool

Supporting Advanced Battery
40 | Manufacturing Scale-Up in
California

Cost Share for Private, Non-
Profit Foundation, or Federal
Clean Energy Funding
Opportunities

Evaluating Air Quality,

43 | Health, and Equity in Clean
Energy Solutions

Integrating Climate Resilience
in Electricity System Planning
Advancing the Environmental
45 | Sustainability of Energy
Deployments
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©
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©
©
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Legend for Equity Principles:

@ = Direct Benefits

= Indirect Benefits

Source: CEC

Strategic Framework and Budget

In the summer of 2021, CEC staff developed a strategic framework to help guide the planning
and implementation of EPIC 4. Staff presented draft versions of the strategic framework to
stakeholders at a staff scoping workshop on August 4, 2021, and a CPUC-CEC en banc
meeting on October 8, 2021.17 The framework consists of six strategic objectives, which focus

17 California Energy Commission staff. 2021. “Development of the California Energy Commission Electric Program
Investment Charge Investment Plans 2021-2025 — Draft Initiatives for EPIC 4.” California Energy Commission.
https://www.energy.ca.gov/event/workshop/2021-08/electric-program-investment-charge-2021-2025-investment-
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on reaching the goals of SB 100 and other key clean energy and climate policies, programs,
and plans. The framework also focuses on continuing the CEC’s support of clean energy
entrepreneurship.

The EPIC strategic framework seeks to:

e Guide the CEC's planning and implementation of EPIC across the five years of the
investment plan cycle.

e Communicate a consistent set of priorities to stakeholders.

e Illustrate how projects funded through EPIC are building toward an electricity system
that meets state energy policy goals.

e Help simplify strategic alignment of the CEC’s EPIC investments with other public energy
research programs and policies.

Chapters 2 through 7 of this report provide an overview of each strategic objective. These
chapters describe the CEC’s planned 44 R&D topics under the strategic objectives and their
associated initiative(s) for funding years two through five of EPIC 4. The CEC’s six strategic
objectives and nine initiatives for EPIC 4 are listed Table 3 below. Table 3 also shows the
proposed budget allocation for EPIC 4 funding years two through five at the initiative level as
well as the proposed administrative costs. Staff responds to recent CPUC questions in R.19-10-
005 regarding administrative costs in Chapter 8. Budget allocation for year one of EPIC 4 is
indicated in the EPIC Interim Plan (Appendix C). Appendix D illustrates how the investments
map to the electricity system value chain, which CPUC specifies as including grid
operations/market design, generation, transmission, distribution, and demand-side
management. 18

plan-scoping-draft.

California Energy Commission staff. 2021. “"Commissioner En Banc Meeting: Electric Program Investment Charge
2021-2025 Investment Plan” California Energy Commission. https://www.energy.ca.gov/event/meeting/2021-
10/commissioner-en-banc-meeting-electric-program-investment-charge-2021-2025

18 California Public Utilities Commission staff. 2012. Phase 2 Decision Establishing Purposes and governance for
Electric Program Investment Charge and Establishing Funding Collections for 2013-2020. California Public Utilities
Commission. https://docs.cpuc.ca.gov/PublishedDocs/WORD_PDF/FINAL_DECISION/167664.PDF.
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Table 3: California Energy Commission EPIC Funding

2022-2025

Strategic Objective

Initiative

Amount

Accelerate Advancements in Renewable
Generation Technologies

Non-Variable
Renewable Energy

$ 23,000,000

Variable Renewable
Energy

$ 29,000,000

Create a More Nimble Grid to Maintain Reliability
as California Transitions to 100 Percent Clean
Energy

Clean, Dispatchable
Resources

$ 55,000,000

Grid Modernization

$ 27,240,000

Increase the Value Proposition of Distributed

DER Integration and

$ 86,000,000

Energy Resources to Customers and the Grid Load Flexibility

Transportation

Electrification $ 59,000,000
Improve the Customer Value Proposition of End- | Industrial $ 46,000,000
Use Efficiency and Electrification Technologies Decarbonization e

Building

Decarbonization $ 60,000,000
Enable Sugcess_ful Clean Energy Entrepreneurship | Entrepreneurial $ 63,800,000
Across California Support

Scaling Clean
Energy Technology

$ 18,200,000

Inform California’s Transition to an Equitable,
Zero-Carbon Energy System that is Climate
Resilient and Meets Environmental Goals

Climate Resiliency

$ 18,000,000

Environmental
Sustainability

$ 15,000,000

CPUC Administration (0.5%)

$ 2,960,000

Source: CEC

Annual Report Streamlining Recommendations
CPUC Decision 12-05-037, Ordering Paragraph 16, required EPIC administrators to file an
annual report each year through February 28, 2020, with the director of the CPUC’s Energy
Division. The annual report is due to the Legislature no later than April 30 of each year.

The CEC requested and received approval to submit its £PIC 2020 Annual Reportto CPUC on
April 30, 2021, to align with the CEC’s submittal of its report to the Legislature. The CEC
awaits the CPUC’s decision on future annual report due dates to align with the April 30 filing to
the Legislature, as requested in its February 2, 2021, letter served on the service list for CPUC

Proceeding 19-10-005.
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If the CPUC plans to continue to require the submittal of annual reports, the CEC requests the
opportunity to revisit the reporting requirements. Chapter 8 includes staff’s specific
recommendations for streamlining EPIC annual reporting, such as reducing paper reports and
making use of new online platforms. The chapter expands on the staff’s reporting
recommendations including rationale as well as other details on program administration.
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CHAPTER 2:
Accelerate Advancements in Renewable
Generation Technologies

The path forward to meet the ambitious SB 100 goal of providing 100 percent clean electricity
in California by 2045, while increasingly electrifying transportation and other sectors of the
economy, will require an approximate tripling of grid capacity compared to today. EPIC 4
research is investing in a portfolio of technologies to help meet that buildout. The portfolio
includes those technologies expected to represent a significant share of the electricity
generation mix based on current cost and performance, including solar PV, and those with the
potential to play a significant role, such as offshore wind and geothermal.

The 2021 SB 100 Joint Agency Report projected significant additions of utility-scale and
behind-the-meter1? (BTM) solar PV. In the SB 100 Core scenario, 70 GW of utility-scale solar
capacity additions are expected by 2045, along with tens of GWs of BTM solar. While mature
solar PV exists today to meet these buildout requirements, continued innovation will help
accelerate progress. Emerging thin-film solar cell technologies?? and tandem PV 2! could result
in more efficient solar PV generation and expanded deployment applications. Furthermore,
solar PV generation could benefit from technological strategies for increased output such as
bifacial PV and advanced solar tracker technology. These opportunities motivate continued
R&D to improve performance, costs, and material durability.

Other key technologies could play more significant roles in SB 100 implementation with further
development. EPIC 4 will advance offshore wind and geothermal energy as two promising
contributors to the SB 100 resource mix. In 2021, California and federal partners announced
the opening of the West Coast for offshore wind energy development for the first time,
providing an opportunity to begin deploying floating offshore wind (FOSW) technologies.
Furthermore, the California Legislature passed AB 525 (Chiu, Chapter 231, Statutes of 2021),
requiring the CEC to coordinate with other agencies to develop a strategic plan for offshore
wind energy developments installed off the California coast. Offshore wind has a
complementary generation profile with solar and, therefore, could be a key resource to
support the grid during times of high energy demand (“grid balancing”). Moreover, the
growing momentum for development of lithium in the Salton Sea region for battery
manufacturing — including establishment of the Lithium Valley Commission — could bolster
the value proposition and grid-balancing role of geothermal energy. While bioenergy faces
challenges as a major supply source given current and expected costs, it could serve as an

19 Behind-the-meter solar PV directly supplies buildings with electricity. These systems are typically tied to the
electric grid and export electricity to the grid when the solar PV generation is greater than the building load.

20 Thin film solar cells are made by depositing one or more thin layers of photovoltaic material on a substrate,
such as glass, plastic or metal. Thin film is much thinner than conventional, first-generation crystalline silicon
solar cells, allowing them to be flexible and lower in weight.

21 Tandem PV combines thin-film and crystalline silicon to use a broader range of light wavelength.
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important resource for supporting grid reliability, as well as carbon emission and wildfire risk
reduction. Therefore, bioenergy is considered under the research topic on clean, dispatchable
generation (Topic 9) and as a potential source of low-carbon hydrogen under various other
research topics.

Topics 1 and 3 in this chapter fall under the Variable Renewable Energy Initiative, and
Topic 2 comprises the Non-Variable Renewable Energy Initiative.

1. Floating Offshore Wind Energy Technologies
1a: Optimizing Designs for Cost and Operational Efficiency

Innovation Need

The development of offshore wind energy facilities will provide a valuable resource for
achieving the goals of SB 100 and for supporting grid reliability, with a daily generation profile
that complements solar. With President Biden’s administration opening the Pacific Coast for
offshore wind development, continuing the momentum of FOSW technology research is crucial
for realizing the benefits of this newly available resource. While FOSW has yet to be launched
in California, advancement of these technologies through demonstrations is needed to inform
an understanding of the actual costs of floating technologies. Continued investment in FOSW
technological innovation and optimization can help propel the market and bring affordable and
clean electricity to California’s communities. In addition, investments in data collection,
analysis, modeling, and tool validation are needed to fill knowledge gaps in understanding
potential environmental impacts and developing strategies for mitigation.

Description

This research topic aims to accelerate the market readiness of FOSW through innovations in
design and manufacturing. Areas of focus may include increasing the capacity of floating
turbines through larger generators, taller towers, and longer blades; investigating different
configurations of floating systems; testing material and structural performance at appropriate
scales; creating modular designs to streamline installation and operations and maintenance
(O&M); and advancing wind blade designs that address end-of-life challenges. Potential
project specifications include identifying environmental impacts of the proposed technologies
and integrating mitigation strategies into development phases and throughout FOSW
deployment; exploring designs that address end-of-life challenges to advance toward a more
circular economy (reducing waste, increasing reuse and recycling) for FOSW components; and
leveraging momentum to advance innovative technologies and manufacturing approaches that
optimize existing supply chains, local materials, and manufacturing or assembly solutions.

1b: Cost-Effective Installation and Operations and Maintenance
Developments

Innovation Need

The FOSW industry is emerging and has not yet established standardized installation and O&M
methods that address FOSW-specific components, including those for the next generation of
larger turbines. While FOSW installations are based on methods from fixed-bottom offshore
wind and floating oil and gas platforms, additional innovation is needed for these methods to
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be used in the harsh offshore environment of California (for example, high wind and wave
conditions, deep water). Furthermore, developing innovative installation and O&M strategies
that consider potential marine ecosystem impacts will promote permitting and environmentally
sensitive deployment.

Description

This subtopic will develop installation and O&M methods to promote deployment of California
FOSW systems. Research in this area is necessary because FOSW installation and O&M
processes are emerging in other countries but have not yet been developed in the United
States. Floating offshore wind installation and O&M processes in California will require
specialized infrastructure because of harsh oceanic conditions (for example, high wave height)
and the deep coastal shelf. Furthermore, floating wind turbines are anticipated to be larger
than existing land-based wind turbines, presenting additional challenges for installation and
O&M. Development of installation methods can include cable-laying vessels, transportation of
components, robotic equipment, and automated strategies and processes. Exploring
installation techniques while considering potential impacts on species, habitats, and other
ocean uses will help inform an understanding of the actual costs of floating deployment. O&M
processes can address predictive and preventative maintenance, failure of components,
condition monitoring, and system reliability. Developing efficient installation and O&M methods
in these areas can increase electricity generation and prevent revenue losses. Research areas
may leverage information from existing oil and gas infrastructure and will require the
development of customized installation and O&M strategies.

1c: Grid Integration Innovations and Port Infrastructure Readiness
Strategies

Innovation Need

Offshore wind deployments require customized infrastructure to connect to the electrical grid.
Although connections from fixed-bottom offshore wind turbines to land-based grids have been
completed successfully many times, innovations for FOSW grid interconnection are still
needed. High-voltage direct-current export cables will likely be used due to the larger
distances from shore to land, and there is a lack of an existing offshore electrical cabling grid.
These situations present an opportunity to develop innovative approaches in inter-array
cabling (cables linking individual wind turbines), power electronics technology (converters and
transformers), transmission voltages, and common substations serving multiple plants.
Moreover, most existing ports in California do not exhibit the specific physical characteristics
(for example, infrastructure, layouts, and logistical capabilities) required for offshore wind
projects. New infrastructure development will be needed to enable offshore wind deployment.

Description

This research will enable advancements and large-scale deployment of innovative grid
integration solutions for FOSW, assess port capabilities statewide, and identify challenges,
risks, and optimization opportunities for California ports to support offshore wind. Areas of
focus include grid integration innovations through technology developments for
interconnection, grid expansion, substation upgrades, and transmission. These technology
developments could include improving the balance of plant equipment (such as meters,
instrumentation, and surge protection). Furthermore, studies to improve California port
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infrastructure will be conducted to increase readiness (such as availability of quayside draft,
assembly, and lay-down space) and fulfill the specific physical characteristics required for
FOSW projects to address potential seasonal variations in sediment and draft. 22

1d: Environmental Impact Assessment and Minimization

Innovation Need

Much has been learned from offshore wind environmental assessments and applied research in
Europe and the East Coast of the United States — both about the effects of different stressors
on environmental receptors, such as birds and marine mammals, and about the tools needed
to monitor the impacts. However, the California offshore environment differs in two important
ways from European and East Coast waters. First, floating platforms are a new technology that
are likely to produce different effects, particularly in the deeper water column, compared to
fixed platform deployments. Second, the biological resources — species, habitats, and
ecosystems — differ to a large extent from those in Europe or the East Coast. The CEC has
funded two research projects focused on the potential environmental impacts of offshore
wind; however, important questions for California remain about the potential impacts on
marine life and ocean processes and strategies for mitigation. Best-available science will be
critical for offshore wind energy planning, siting, permitting, construction, and O&M to make
meeting California’s clean energy and climate goals easier while maintaining other aspects of
environmental sustainability.

Description

This research will develop best-available science and tools for understanding which stressors
will pose significant risks to California’s offshore ocean environment; how to monitor physical
and sonic impacts, among others; and how to effectively avoid or minimize impacts through
management and technology. Research supported under this topic will fill knowledge gaps in
areas such as biological and abiotic data collection, analysis, and modeling, and it will develop
and validate new tools that will help focus future research and monitoring. The anticipated
initial installation of FOSW turbines in California will provide opportunities to observe and
assess the early interactions of West Coast species and ecosystems with these facilities. These
observations and assessments will provide critical information for deployments in additional
California offshore wind call areas (areas considered for leasing). This subtopic does not intend
to fund R&D on the impact of offshore wind development on the fishing industry, leaving that
important socioeconomic topic to more appropriate agencies or policy bodies, such as the U.S.
Bureau of Ocean Energy Management or the California Ocean Protection Council (OPC).

Market and Technology Trends

A small group of countries — including the United Kingdom, China, Japan, South Korea,
Taiwan, Portugal, Spain, Sweden, France, and Norway — has played a significant role in
propelling the FOSW industry. These countries collectively have commissioned more than 7

22 California Energy Commission staff. 2020. Research and Development Opportunities for Offshore Wind Energy
in California. California Energy Commission. Publication Number: CEC-500-2020-053.
https://ww2.energy.ca.gov/2020publications/CEC-500-2020-053/CEC-500-2020-053.pdf.
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GW in recent years, 23 representing a significant increase from the cumulative global installed
FOSW capacity of 79 megawatts (MW).2* Furthermore, FOSW efforts in Europe and offshore
wind deployments along the East Coast indicate that successful deployment will require grid
integration and an assessment of statewide port capabilities, including the current
infrastructure gaps and identification of technical solutions for those gaps.

In addition to expanding wind deployment into the offshore environment, the market indicates
continued growth in turbine capacity, height, and rotor diameter. While current land-based
turbines reach 2.5 MW capacity on average, 2> FOSW turbines are expected to reach capacities
of 10 to 14 MW by 2024, 26 requiring larger components and challenging transportation needs.
Investing in FOSW manufacturing of larger components in the state would decrease these
costs of transportation and generate additional economic benefits, including jobs. With the
recent agreement between California and federal agencies to advance the Morro Bay 399 Area
and Humboldt Call Area for FOSW off the central and northern coasts, California is well-
positioned to become a leader in floating platform development across the Pacific and in
manufacturing for FOSW infrastructure.

Expected Outcomes

Research results from this topic will help develop FOSW for California. Expected outcomes
include technology advancements that lower the cost of energy, spur local manufacturing, and
increase investor confidence. Eased installation and O&M of FOSW in California waters will
lower associated costs and enhance worker safety. Evaluation of approaches to address grid
and port challenges will inform decision-makers of needed preparations. Moreover, scientific
advancements on the potential impacts to California species and environments will inform
approaches to mitigation, improving permitting processes and potentially lowering developers’
soft costs (any costs, such as permitting or survey expenses, not considered direct
construction costs).

23 “Offshore Wind in Europe Key Trends and Statistics 2020.” 2021. WindEurope.
https://windeurope.org/intelligence-platform/product/offshore-wind-in-europe-key-trends-and-statistics-2020/.

24 Musial, Paul Spitsen, Philipp Beiter, Patrick Duffy, Melinda Marquis, Aubryn Cooperman, Rob Hammond, et al.
2021. Offshore Wind Market Report: 2021 Edition. U.S. Department of Energy.
https://www.energy.gov/sites/default/files/2021-
08/0ffshore%20Wind%20Market%20Report%202021%20Edition_Final.pdf.

25 Wiser, Mark Bolinger, Ben Hoen, Dev Millstein, Joe Rand, Galen Barbose, Naim Darghouth, et al. 2020. Wind
Energy Technology Data Update: 2020 Edition. Lawrence Berkeley National Laboratory.
https://emp.Ibl.gov/sites/default/files/2020_wind_energy_technology_data_update.pdf.

26 “2019 Wind Energy Data & Technology Trends.” 2021. U.S. Department of
Energy.https://www.energy.gov/eere/wind/2019-wind-energy-data-technology-trends#offshore.
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Metrics and Performance Indicators

e Reduction of levelized cost of energy (LCOE) from estimated 2020 average of $160 per
megawatt-hour (MWh) 27 to a target of $70 per MWh or less by 203228

e Number of peer-reviewed articles (and citations) that inform permitting processes
e Number of environmental considerations or impacts evaluated
e Number of tools or methods validated

Primary Users and Beneficiaries
e Project and technology developers, project operators, and state agencies will
be informed of costs associated with technology developments, California-specific
environmental risks, and estimated costs for environmental monitoring and mitigation.
This information will help determine technical capacity of FOSW on California’s Outer
Continental Shelf and inform siting decisions.

e Ratepayers will benefit from enhanced grid reliability from successful deployment of
FOSW, with a generation profile highly complementary with solar.

e Local governments will benefit from environmental impact assessments at ports and
land-based interconnection sites that inform local planning.

e Environmental groups will benefit from new knowledge to address public concerns
about possible environmental impacts and focus on those that may be significant.

e Land-based wind project developers and manufacturers can benefit from FOSW
technological developments and associated cost reductions.

Guiding Principles
e Safety: This research will improve installation and O&M strategies and develop and test
remote environmental monitoring technology that would reduce exposure of installation,
O&M, and monitoring personnel to dangerous ocean conditions.

e Reliability: Wind energy technology can help diversify the energy portfolio and
complement other renewable sources to improve grid reliability. The technology
developments will include improving the reliability and validating performance. Grid
innovations will support interconnection of FOSW energy to the grid.

o Affordability: Innovations to improve different components of FOSW technologies will
decrease the LCOE, providing a cheaper form of electricity for ratepayers. Knowing which
potential environmental risks are significant can help regulators target investments and
lower costs in environmental monitoring and mitigation.

e Environmental Sustainability: Increased wind energy can displace fossil-based
generation systems, resulting in GHG and criteria pollutant emission reductions.
Generating best-available science about environmental impacts gives planners and

27 U.S. Department of Energy. 2021. Offshore Wind Market Report: 2021 Edition. No. DOE/GO-102021-5614.
https://www.energy.gov/sites/default/files/2021-
08/0ffshore%20Wind%20Market%20Report%202021%20Edition_Final.pdf.

28 WindEurope. 2021. “Offshore Wind in Europe — Key Trends and Statistics 2020,”
https://windeurope.org/intelligence-platform/product/offshore-wind-in-europe-key-trends-and-statistics-2020/.

28


https://www.energy.gov/sites/default/files/2021-08/Offshore%20Wind%20Market%20Report%202021%20Edition_Final.pdf
https://windeurope.org/intelligence-platform/product/offshore-wind-in-europe-key-trends-and-statistics-2020/

regulators the opportunity to implement strategies that minimize impacts. New wind
technology designs can help minimize end-of-life challenges and reduce waste.

o Equity: Development of offshore wind can help reduce use of fossil-based generation
plants, lowering exposure to air pollutants that disproportionately impact underresourced
communities.

Background and Previous Research

Offshore wind generation provides a significant opportunity to expand and diversify energy
supply and help meet future electricity demand. In early 2021, the Biden-Harris administration
prioritized the northern and central coasts of California as the first commercial-scale area for
offshore wind projects off the Pacific Coast. This significant milestone is part of the Biden-
Harris administration’s goal to create thousands of green jobs through the deployment of 30
GW of offshore wind by 2030.2° While California has an estimated 201 GW 3° of accessible
offshore wind resources, these initial areas for offshore wind development could bring up to
4.6 GW of clean energy to the grid — enough to power 1.6 million homes. The growing
interest in offshore wind in the United States has led to formation of the National Offshore
Wind Research and Development Consortium, which recently announced 15 new projects3! to
receive a total of $8 million for offshore wind to support structure innovation, U.S.-based
supply chain development, electrical systems innovation, and radar and wildlife studies. In
addition, a 2021 U.S. Department of Energy (U.S. DOE) solicitation titled “Offshore Wind
Energy Environmental Research and Instrumentation Validation” included a topic area devoted
to baseline environmental data collection and monitoring technology development on the West
Coast. CEC staff also coordinates on offshore wind R&D opportunities with Bureau of Ocean
Energy Management, OPC, and the Pacific Offshore Wind Energy Research working group.

In September 2021, the CEC released the EPIC Interim Investment Plan solicitation titled
“Propelling Offshore Wind Energy Research” to fund applied research and demonstration
projects to test and validate innovative FOSW components and tools that advance the
readiness and cost-competitiveness of FOSW in California. The solicitation was informed by
stakeholder feedback during a staff workshop32 about a draft research concept 33 regarding

29 “Fact Sheet: Biden Administration Jumpstarts Offshore Wind Energy Projects to Create Jobs.” 2021. United
States White House. https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/29/fact-sheet-
biden-administration-jumpstarts-offshore-wind-energy-projects-to-create-jobs/.

30 Optis, Alex Rybchuk, Nicola Bodini, Michael Rossol, Walter Musial. 2020. 2020 Offshore Wind Resource
Assessment for the California Pacific Outer Continental Shelf. National Renewable Energy Laboratory.
https://www.nrel.gov/docs/fy210sti/77642.pdf.

31 “Consortium R&D Project Awardee List.” 2021. National Offshore Wind Research and Development
Consortium. https://mk0Opesafogiyofébm7hn7.kinstacdn.com/wp-content/uploads/Awardee-List-3_29.pdf.

32 “Notice of Scoping Workshop: Advance to Next-Generation Offshore Wind Energy Technology.” 2020.
California Energy Commission. https://www.energy.ca.gov/event/workshop/2020-10/notice-scoping-workshop.

33 California Energy Commission staff. 2020. “Draft Research Concept on Advance to Next-Generation Offshore
Wind Energy Technology.” California Energy Commission.
https://efiling.energy.ca.gov/getdocument.aspx?tn=235191.
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development and testing of FOSW energy technology. This effort aims to support capital and
O&M cost reductions through demonstrations of FOSW technology, installation readiness, and
O&M and supply chain solutions. This existing R&D effort will be leveraged and extended
through this research topic.

In 2019, the CEC released a wind energy solicitation titled “"Next Wind” that funded five next-
generation wind energy applied R&D projects. One project is manufacturing, demonstrating,
and testing wind tower sections using an onsite three-dimensional concrete printed
manufacturing process and design, which can be also applied to offshore wind components
such as anchors and substructures. Two projects are focused on monitoring systems for
offshore wind. The first project is developing a data tool to monitor wind turbine conditions
and wildlife. The second project is evaluating the technical feasibility of fiber optics sensors to
monitor gearboxes and towers for offshore wind turbines while also monitoring marine
biological activities near support subsea structures. The remaining two projects are focused on
environmental studies. One project is investigating the potential impacts of large-scale
offshore wind farms on wind stress reduction, coastal upwelling, nutrient delivery, and
ecosystem dynamics off the California coast. The last project is developing a three-dimensional
risk map of sea birds off the California coast relative to the rotor-swept zone of FOSW
turbines.

2. Advancing Geothermal Energy and Mineral Recovery
Technologies

2a: Cost-Competitive Geothermal Energy Development and Operation

Innovation Need

As California moves to a high-renewables grid, geothermal energy will become increasingly
valuable as a firm resource that can complement intermittent resources such as solar and wind
and support grid balancing. To maximize the potential for geothermal energy, improvements
are needed in several areas, including cost, financial and technical risk, and operational
performance. Innovation areas that can support these improvements include advancing drilling
technologies, improving well targeting, and addressing piping corrosion and mineral scaling.
The brine in the Salton Sea Geothermal Field (SSGF) in Imperial County is one of the most
corrosive brines in the world, requiring wells to be made from costly titanium instead of steel.
Moreover, if temperature and pH are not precisely controlled, the silica in the brine can
precipitate out of solution and permanently scale the insides of the piping. Other areas of
innovation that could add value to geothermal resources and use otherwise untapped
resources include developing flexible geothermal technologies and expanding distributed
geothermal energy.

Description

This research seeks to drive down the cost of geothermal development and lower technical
and financial risk. Research activities supported under this subtopic may include the following:

e Advanced drilling technologies (for example, new materials and components and
development of “hot tools” necessary for drilling at temperatures above 200°C) can
reduce the capital costs of new power plants and maintenance costs in existing plants.
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e Improved well-targeting tools (for example, improved subsurface imaging technologies)
will reduce development costs and reduce the risk of drilling low-production wells. These
tools will help geothermal developers know where to drill with greater confidence. A
recent analysis suggests that exploration drilling has an approximately 31 percent
likelihood to proceed to actual production well drilling.34

e Advanced solutions can address corrosion and mineral scaling associated with
geothermal brine in facility piping components. There is a need to reduce new
development and O&M costs by developing more cost-effective approaches for corrosion
resistance in piping (for example, relative to titanium piping) and for silica
management. 3°

e Improved geothermal power plant design or retrofits can advance the development of
flexible geothermal energy, which could complement increasing amounts of intermittent
renewable generation on the grid.

e Opportunity identification and demonstration of repurposing depleted oil and gas wells
(for example, Wilmington Qil Field) 3¢ can uncover opportunities for these previously
underused resources for locally-produced energy in grid-constrained areas.

Market and Technology Trends

As the state transitions to 100 percent clean electricity, geothermal energy can serve as an
important complementary renewable resource that can also support grid reliability by
supplying baseload or dispatchable power. Geothermal can help load-serving entities (LSES)
reduce costs by balancing intermittent resources with storage or other backup sources of
power. 3’ California in-state generation of geothermal energy in 2019 was 10,943 GWh, which
represents more than 5 percent of the total in-state generation. 38 While geothermal power
purchase agreements are on the rise in California to meet the need for firm renewable
resources and resource adequacy (RA) requirements, 3° challenges to fulfill the potential of

34 Wall, Patrick Dobson. 2016. “Refining the Definition of a Geothermal Exploration Success Rate.” Stanford
University, https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2016/Wall2.pdf.

35 California Energy Commission staff. 2020. Utility-Scale Renewable Energy Generation Technology Roadmap.
California Energy Commission. Publication Number: CEC-500-2020-062,
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-062.pdf.

36 Higgins, R. H. Chapman. 1984. Geothermal Energy at Long Beach Naval Shjpyard and Naval Station and at
Seal Beach Naval Weapons Station, California. California State Department of Conservation,
https://www.osti.gov/servlets/purl/6412515.

37 “U.S. Geothermal Electric Power Sector: Good for America’s Energy System and Economy.” 2017. Geothermal
Energy Association, http://tngenergyservices.com/wp-content/uploads/2017/03/GEOTHERMAL-IS-GOOD-FOR-
AMERICA.pdf.

38 "2019 Total System Electric Generation.” 2019. California Energy Commission.
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/2019-total-system-electric-
generation.

39 “Geothermal Power Purchase Agreements on the Rise.” 2021. Geothermal Rising. https://geothermal.org/our-

impact/stories/geothermal-power-purchase-agreements-rise.
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geothermal energy remain. To promote competitiveness as well as affordability of electricity,
further cost reductions are needed. Moreover, while geothermal can provide many grid
benefits — baseload power and many ancillary services such as load-following, spinning
reserves, non-spinning reserves, and replacement or supplemental reserves4? — those grid
benefits are not fully valued. This situation has made power purchase agreements and
financing more difficult to obtain.

Expected Outcomes

This research will lower the upfront costs and risks of developing geothermal energy and
decrease operational costs, helping achieve the U.S. DOE’s LCOE projection of $44.6/MWh by
2030 — a 24 percent decrease from 2018.4! Drilling technology advancements that increase
the drilling success rate and lower drilling costs are key to the cost improvements,
representing the largest impact on capital costs for conventional hydrothermal plants. 42

The research will support the contributions of geothermal power in achieving California’s goal
of 100 percent clean electricity, with the potential to greatly exceed the 2.3 GW of additional
geothermal power projected for 2045 based on 2019 cost assumptions (from the SB 100
expanded load coverage study scenario). 4 The SB 100 Report also indicates that more cost-
effective geothermal deployment could significantly drive down the overall costs of achieving
the 100 percent clean electricity goal. Projects under this topic will demonstrate the use of
otherwise untapped resources and could help avoid costly transmission upgrades in capacity-
constrained areas.

Metrics and Performance Indicators
e Reductions in capital and operating costs for geothermal facilities
e Increase in well-drilling efficiency measured as reduction in drilling time
e Validated tools at temperatures above 200°C
e Improved well-targeting accuracy

e Recommendations for flexible geothermal power plant design, locations, and retrofits,
coupled with storage

e Number of geothermal jobs created

Primary Users and Beneficiaries

e Geothermal technology developers will benefit from improved geothermal power
plant performance, reduced capital and operating costs, and reduced technical risk.

40 Ancillary services help grid operators maintain a reliable electricity system. Ancillary services maintain the flow
of electricity, balance supply and demand, and help the system recover after a power system event.

41 %2021 Electricity ATB Technologies and Data Overview.” 2021. National Renewable Energy Laboratory.
https://atb.nrel.gov/electricity/2021/index. Estimate accounts for drilling efficiency advancements.

42 U.S. Department of Energy staff. GeoVision: Harnessing the Heat Beneath Our Feet. 2019. U.S. Department of
Energy. https://www.energy.gov/sites/default/files/2019/06/f63/GeoVision-full-report-opt. pdf.

43 Gill, Liz, Aleecia Gutierrez, and Terra Weeks. 2021. SB 100 Joint Agency Report: Creating a Path to 100%
Clean Energy Future. California Energy Commission. https://www.energy.ca.gov/SB 100#anchor_report.
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e Electric ratepayers will benefit from technological developments that lower the cost of
meeting the SB 100 goals and thereby support lower electricity rates.

e Grid operators will benefit from additional firm renewable resources, both baseload and
flexible, to complement intermittent renewables, which will lead to a more robust and
nimble grid that is reliable and responsive to intermittency.

Guiding Principles

o Reliability: In addition to being a baseload resource, geothermal can provide on-
demand and ancillary services, such as load-following, spinning reserves, non-spinning
reserves, and replacement or supplemental reserves. As the quantity of intermittent
renewables on the grid has increased, demand for some of these services has also
increased to maintain reliability. In addition, dispatchable decentralized electricity
generation by way of small enhanced geothermal systems or repurposing of depleted oil
and gas wells can increase reliability.

o Affordability: Lowering the cost of geothermal energy will provide a more cost-effective
path toward 100 percent renewable and zero-carbon electricity, with benefits for
ratepayers.

o Environmental Sustainability: Geothermal energy is one of the cleanest forms of
electric generation, and increased use of baseload and dispatchable geothermal can
displace load-following and peaking fossil-fuel generation that may otherwise be needed
to balance intermittent renewables.

e Equity: Many geothermal resources are in or near disadvantaged and/or low-income
communities. Imperial County (Salton Sea region) historically has one of the highest
unemployment rates in California: between 15 percent and 31 percent since 2010.
Expanding geothermal development can provide good-paying jobs and tax revenue to
support local infrastructure and services.

Background and Previous Research

Geothermal resources have been reliably producing electricity on a commercial scale in
California since the 1960s. Development of new geothermal plants in California, however, has
been relatively stagnant since the 1990s, even though estimates of existing, unused
conventional geothermal resource capacity in California are between 5,000 MW and 35,000
MW. 4 As the state transitions to 100 percent renewable and carbon-free electricity,
geothermal energy is becoming even more important to California’s resource portfolio. It can
be used as a baseload or dispatchable resource to support grid reliability. While a previous
EPIC-funded study found that The Geysers power plants can contribute up to about 420 MW
of load-following type flexible capacity to the California Independent System Operator
(California ISO) market, current power purchase agreements do not encourage curtailing
generation to provide this flexibility. On the other hand, the Puna Geothermal Venture Plant in

44 Williams, Marshall Reed, Robert Mariner, Jacod DeAngelo, Peter Galanis. 2008. “Assessment of Moderate- and
High-Temperature Geothermal Resources of the United States.” U.S. Geological Survey.
https://pubs.usgs.gov/fs/2008/3082/.
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Puna, Hawaii was developed to be dispatchable and has proven to operate successfully with a
minimal increase in capital and operational costs. %

The CPUC recognizes the important role that geothermal energy plays in the renewable energy
portfolio, as noted by its 2019 decision to adopt a “preferred system portfolio target” for an
additional 1,700 MW of geothermal power capacity to be added to the grid by 2030.4¢ In
addition, the CPUC issued proposed procurement requirements in February 2021 that would
require at least 1,000 MW of additional geothermal power to be procured by 2025. 47

Two EPIC grants have been awarded to Lawrence Berkeley National Laboratory (LBNL) to
increase drilling efficiency by improving the tools that help developers find the most productive
places to drill. Lack of such effective tools is one of the greatest barriers to geothermal energy.
The first project successfully demonstrated high-resolution imaging of flow paths at The
Geysers Geothermal Field using a dense seismic network and increased the knowledge of the
subsurface flow paths, allowing for better decisions about where to drill. A follow-up EPIC
grant was awarded to combine joint time-lapse seismic and magnetotelluric*® data to further
improve the accuracy of subsurface imaging. With funding from U.S. DOE, the National
Renewable Energy Lab (NREL) used a different approach to improve subsurface
characterization using modeling and machine learning. The project focuses on two difficult
decisions — where to drill and where to inject fluid back into the reservoir — and aims to
improve modeling of fluid movement through geologic lithologies, fractures, and faults. 4

Another barrier to geothermal energy is O&M costs caused by corrosion and scaling of the
wells, piping, and other power plant infrastructure. The CEC’s Utility-Scale Renewable Energy
Generation Technology Roadmap (CEC-500-2020-062) recommended investments that focus
on improving materials to combat corrosion from geothermal brines and make resources such
as those in the Salton Sea region more attractive for deployment. >0

45 Linvill, Carl, John Candelaria, and Catherine Elder. 2013. The Value of Geothermal Energy Generation
Attributes: Aspen Report to Ormat Technologies. Aspen Environmental Group, https://docplayer.net/7466186-
The-value-of-geothermal-energy-generation-attributes-aspen-report-to-ormat-technologies.html.

46 California Public Utilities Commission staff. 2019. Decision Adopting Preferred System Portfolio and Plan for
2017-2018 Integrated Resources Plan Cycle. California Public Utilities Commission.
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M287/K437/287437887.PDF.

47 California Public Utilities Commission staff. 2021. Administrative Law Judge’s Ruling Seeking Feedback on Mid-
Term Reliability Analysis and Proposed Procurement Requirements. California Public Utilities Commission.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M367/K037/367037415.PDF.

48 A method of geothermal exploration that enables detection of resistivity anomalies associated with productive
geothermal structures, including faults and the presence of a cap rock, and allows for estimation of geothermal
reservoir temperatures at various depths.

49 Advancing Geothermal Research, 2019 Accomplishments Report. 2019. National Renewable Energy
Laboratory, https://www.nrel.gov/docs/fy200sti/75212.pdf.

50 Schwartz, Harrison and Sabine Brueske (Energetics). 2020. Utility-Scale Renewable Energy Generation
Technology Roadmap. California Energy Commission. Publication Number: CEC-500-2020-062,
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-062.pdf.
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2b: Economic Recovery of Lithium and Other Coproducts From Geothermal
Brine

Innovation Need

The demand for lithium is projected to rise sharply over the next 10 years with the growth in
lithium-ion batteries for EVs and stationary storage. While conventional technologies for
lithium production have a high environmental impact, California is uniquely positioned to
advance technologies that can recover lithium from geothermal brine, resulting in minimal
environmental impact. Furthermore, recovering minerals such as lithium from geothermal
brine can greatly improve the economics of geothermal energy development by yielding an
additional revenue stream. To help promote the successful deployment of newly developed
lithium recovery technologies, demonstrations are needed to prove increased performance and
lower costs in real-world applications. Lithium recovery could be further optimized by
addressing the high levels of minerals in the geothermal brine that interfere with lithium
extraction. Developing technologies for the recovery of other valuable coproducts, such as zinc
and manganese, in a pretreatment process will decrease waste products and improve the
overall value proposition of mineral recovery.

Description

This subtopic will advance low-impact recovery of lithium and other minerals from geothermal
brine, providing another value stream for geothermal facilities and enabling the growth of the
lithium-ion battery market for EVs and stationary storage. Advancing mineral recovery will
include technology and process development, including large-scale demonstrations of mineral
recovery systems. Research activities supported under this subtopic may include
demonstrating new sorbents with improved performance and greater longevity that lead to
lower costs of mineral recovery systems and developing improved methods for removing other
minerals from brine during preprocessing in a form that adds revenue and reduces waste.

Market and Technology Trends

California has a unique geothermal resource, the SSGF, which is estimated as technically
capable of producing more than 600,000 metric tons of lithium carbonite equivalent per year>!
— worth about $6 billion>2 and sufficient to produce about 11.3 million EV batteries per year.
However, large-scale demonstrations are needed to improve confidence of investors and
battery manufacturers, who have been hesitant to contract with new lithium producers. 33 This
lack of financial support from battery manufacturers has limited demonstration and
commercialization of lithium extraction, even though the lithium extraction technology is ready

51 Ventura, Susanna, Srinivas Bhamidi, Marc Hornbostel and Anoop Nagar (SRI International). 2018. Selective
Recovery of Lithium From Geothermal Brines. California Energy Commission,
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-062.pdf.

52 Valuation estimate assumes a lithium price of $10,000 per metric ton lithium carbonite equivalent.

53 Alston, Ken, Mikela Waldman, Julie Blunden, Rebecca Lee, and Alina Epriman (New Energy Nexus). 2020.
Building Lithium Valley: Opportunities and Challenges Ahead for Developing California’s Battery Manufacturing
Ecosystemn, https://www.ourenergypolicy.org/resources/building-lithium-valley-opportunities-and-challenges-
ahead-for-developing-californias-battery-manufacturing-ecosystem/.

35


https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-020.pdf
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-020.pdf
https://www.ourenergypolicy.org/resources/building-lithium-valley-opportunities-and-challenges-ahead-for-developing-californias-battery-manufacturing-ecosystem/
https://www.ourenergypolicy.org/resources/building-lithium-valley-opportunities-and-challenges-ahead-for-developing-californias-battery-manufacturing-ecosystem/

for commercial demonstration. The production cost of lithium varies depending on the source
and method of production.

Recognizing the potential and remaining challenges for lithium recovery, the California
Legislature passed AB 1657 (Garcia, Chapter 271, Statutes of 2020). This legislation
established a Blue-Ribbon Commission on Lithium Extraction (known as the Lithium Valley
Commission) to review, investigate, and analyze the potential impacts of extracting,
processing, and producing lithium as well as the actions, methods, and standards to support
lithium extraction from geothermal brines. The Lithium Valley Commission will deliver a report
to the Legislature with its findings by October 1, 2022.

Expected Outcomes

Recovery of lithium from geothermal brine will provide a major domestic and environmentally
low-impact source of lithium that will supply needed resources for EV batteries and stationary
storage. The additional revenue stream will decrease the payback time for new geothermal
plants, making it easier for geothermal developers to obtain capital from investors. Advancing
geothermal energy production will lead to enhanced grid reliability and lower electricity costs
for ratepayers as California nears its SB 100 target.

Metrics and Performance Indicators

e Demonstrated potential to get production cost of lithium under $5,000 per metric ton
lithium carbonite equivalent, making it competitive with lithium extracted by conventional
industry methods >4

e Number and power capacity of precommercial demonstrations
e Number of jobs created

Primary Users and Beneficiaries

e Geothermal developers will benefit from access to a new value stream that will reduce
the overall cost of their projects.

e EV and battery manufacturers will benefit from a new, lower-impact domestic source
for lithium.

o Electric ratepayers will benefit from technological developments that increase cost-
effective geothermal resources on the grid and support lower electricity rates.

Guiding Principles

o Affordability: Lowering the cost of geothermal energy will improve the cost-
effectiveness of SB 100 implementation, with benefits for ratepayers.

e Environmental Sustainability: Lithium recovery from geothermal brine is low-impact,
whereas conventional methods of lithium extraction (open pit mining, evaporation ponds,
and so forth) typically have significant environmental impacts.

e Equity: Imperial County (in the Salton Sea region) has one of the highest
unemployment rates in California: between 15 percent and 31 percent since 2010.

54 Besseling, Eric (BHE Renewables). 2018. “"CEC Workshop: Lithium Recovery From Geothermal Brines,”
https://efiling.energy.ca.gov/getdocument.aspx?tn=225903.
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Expanding geothermal development and lithium recovery from geothermal brine can
provide good-paying jobs and tax revenue to support local infrastructure and services in
the Salton Sea region.

Background and Previous Research

Over the past five years, EPIC research has advanced lithium recovery processes. In 2016, SRI
International received EPIC funding to advance a new low-cost sorbent and regeneration
process, initially developed under a grant from the DOE, that could lower the cost of lithium
production. The project successfully demonstrated the technology at a lab scale. A follow-up
EPIC project was awarded in 2020 to move the technology to a pilot scale. In 2020, BHER
Minerals received an EPIC grant to demonstrate an integrated system for lithium recovery
from geothermal brine on a precommercial scale. The project is the first of its kind on a one-
tenth commercial scale and will help pave the way for commercialization in the emerging
industry of lithium recovery from geothermal brine. Soon after, U.S. DOE awarded BHER
Minerals a $15 million grant to convert lithium chloride to battery-grade lithium hydroxide (in
parallel with the EPIC-funded project).

3. Emerging Solar Energy Technologies

Innovation Need

Solar PV have shown tremendous developments in performance and dramatic reductions in
LCOE over the past decade. Solar PV is the largest contributor to California’s renewable energy
mix and is expected to continue to be central in the state’s transition to 100 percent renewable
and zero-carbon electricity and carbon neutrality. Promising emerging solar PV technologies,
such as thin-film PV, bifacial PV, and advanced tracking and other balance-of-system
components, are needed to meet ambitious targets for efficiency, price, and durability, >> as
well as for decreasing the amount of land required for solar installations.

However, emerging solar PV technologies face a range of barriers, including uncertainties and
unpredictability in performance, costs, and durability. Continued investment in increasing the
efficiency; lowering manufacturing, material, and installation costs; and prolonging component
lifetimes is essential to lowering the LCOE of emerging solar PV. Increased adoption is also a
key component to continued cost reductions, and this can be accelerated through:

e Pilot demonstrations in various installation environments and configurations.

e Development of supply-chain channels that leverage existing manufacturing.
e Sustained performance in high-value applications such as building-integrated systems.

Description

This research will support advancing the market readiness of emerging solar PV technologies
by demonstrating and validating cost reductions, performance, material stability, and product
reliability. Research activities supported may include:

55 Wilson, Mowafak Al-Jassim, Wyatt Metzger, Stefan Glunz, Pierre Verlinden, Gan Xiong, Lorelle Mansfield, et a.
2020. The 2020 Photovoltaic Technologies Roadmap. I0OP Publishing Ltd.
https://iopscience.iop.org/article/10.1088/1361-6463/ab9c6a.
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Advancing Performance and Lowering Costs for Thin-Film Solar

This research will advance the development of thin-film technologies, such as perovskites, and
of applications, such as bifacial thin-film and tandem PV, that integrate thin-film and crystalline
silicon technology. Projects can include demonstrations and field validation of efficiency and
other performance characteristics to inform building- and utility-scale deployments. Research
could also be directed toward improving commercial manufacturing processes that will lower
costs of production and help advance these technologies toward market readiness.

Demonstrating Technologies that Enable Increased Solar Output

This research will examine various technologies that support greater solar output for a range
of panel types. This may include, for example, demonstrations of bifacial modules, solar
trackers, or their pairing in varied terrains and operating environments (for example, ground-
mounted and building-mounted). Research may examine how different materials affect
performance and cost, balance of system improvements, and deployment strategies.

Reducing Balance-of-System Costs

This research will focus on reducing the cost of solar PV system components known as
balance-of-system costs. Examples of these components include racking, cable boxes,
inverters, wiring, and controls. The cost of solar PV systems has declined greatly over the past
decade but is now beginning to flatten out. Many balance-of-system components are forecast
to increase in cost due to their underlying commodity materials such as copper, aluminum,
and steel. > Research under this topic may include the development of alternative
components; modeling of different materials to replace components; and sourcing and
manufacturing strategies to reduce component costs.

Market and Technology Trends

In 2020, PV represented roughly 40 percent of new United States electric generation capacity,
and California generated more than 20 percent of its electricity from solar, representing 31
percent of cumulative United States PV installations. >7 Across the United States, 435 GW of
additional solar is expected by 2050. %8 Given California’s strong commitment to solar energy,
evident through its policies and programs such as the RPS>° and SB 100, continued
development in emerging solar PV technologies will enable further increases in solar energy
efficiency and generation while decreasing costs. Thin-film PV is 5 percent of the solar PV

56 https://www.woodmac.com/news/opinion/us-solar-pv-system-costs-increase-in-2021/

57 Feldman, Robert Margolis. 2021. 2020 Q3/Q4 Quarterly Solar Industry Update. National Renewable Energy
Laboratory, https://www.nrel.gov/docs/fy210sti/79758.pdf.

58 Annual Energy Outlook 2021. 2021. U.S. Energy Information Administration.
https://www.eia.gov/outlooks/aeo/pdf/AEO_Narrative_2021.pdf.

59 “Renewables Portfolio Standard.” 2021. California Energy Commission, https://www.energy.ca.gov/programs-
and-topics/programs/renewables-portfolio-standard.
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global market share and is expected to reach several hundred GW of installations by 2050. %0
The global bifacial cell market share is projected to reach 70 percent by 2030 compared to
monofacial, and the global bifacial module market share will grow to about 55 percent in the
next few years. 6! Tandem cells are expected to ramp up production in 2023. 62

Expected Outcomes

Emerging solar technologies in various applications, including thin-film PV, bifacial PV, and
tracking will support the growth of renewable energy generation in California. Research results
will help: illuminate the performance, cost-competitiveness, and commercial viability of
emerging solar PV technologies for innovators and investors; expand the suitable applications
for emerging solar PV technologies and the potential role of these applications in meeting
California’s clean energy goals; develop manufacturing processes to streamline production,
driving down costs for consumers; and contribute to the decarbonization of the grid through
increased solar electricity generation.

Metrics and Performance Indicators

e Progress toward 2030 solar LCOE targets of less than 3 cents, 8 cents, and 10 cents per
kilowatt-hour (kWh) for utility-scale, commercial, and residential, respectively 63

e Increased solar electricity generation output and capacity factors
e Reduced GHG emissions and other criteria air pollutants
e Lowered costs associated with manufacturing, production, and installation

e Increased cell or module efficiencies and greater reliability with sustained or minimal
degradation in performance

e Increased number and capacity of installed systems
e Increased job creation

Primary Users and Beneficiaries

e Technology developers and manufacturers will help develop, test, and validate
emerging solar PV technologies. Manufacturers will benefit from improved manufacturing
approaches resulting from the investment focus areas, which will decrease costs and
improve efficiency of processes.

60 Miller, Clark, Ian Peters, Shivam Zaveri. 2020. 7hin Film CdTe Photovoltaics and the U.S. Energy Transition in
2020. QESST Engineering Research Center, https://www.firstsolar.com/-/media/First-Solar/Sustainability-
Documents/Sustainability-Peer-Reviews/QESST-Thin-Film-PV-Report-2020.ashx.

61 International Technology Roadmap for Photovoltaic. 2021. VDMA.
https://itrpv.vdma.org/documents/27094228/29066965/20210ITRPV/08ccda3a-585e-6a58-6afa-6c20e436cf41.

62 Bifacial Photovoltaic Modules and Systems. Experience and Results from International Research and Pilot
Applications. 2021. PV Performance Modeling Collaborative. https://pvpmc.sandia.gov/pv-research/bifacial-pv-
project/.

63 Silverman, Henry Huang. 2021. Solar Energy Technologies Office Multi-Year Program Plan. U.S. Department of
Energy. https://www.energy.gov/sites/default/files/2021-
06/Solar%?20Energy%20Technologies%200ffice%202021%20Multi-Year%20Program%?20Plan%?2006-21.pdf.
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e Project developers, installers, and operators will be able to use knowledge gained
from the research to inform future demonstrations of emerging PV technologies and
advance adoption.

o Ratepayers will benefit from technological developments through decreased electricity
rates. Increasing the efficiency and energy output per surface area will help lower the
cost of energy.

Guiding Principles
e Reliability: Emerging and enabling solar PV technologies have shown progress in
increasing efficiency and electricity production. Diversifying emerging solar PV
technologies can increase their potential to maintain grid reliability.

o Affordability: Innovations to lower costs at various stages, including production and
installation, of emerging solar PV technologies will decrease overall LCOE, providing a
cheaper form of electricity for ratepayers. Thin-film PV requires a fraction of the energy
to manufacture compared to crystalline silicon.

o Environmental Sustainability: Emerging solar PV technologies can displace other
forms of energy that result in GHG emissions and degradation of the environment.

e Equity: Emerging solar PV will increase energy equity and benefit underresourced
California communities by providing accessible, affordable, clean energy. Emerging solar
PV technologies can support lower-cost community solar for underresourced
communities.

Background and Previous Research

In 2019, the CEC awarded four EPIC grants for R&D projects that address key near-term
challenges for perovskite and silicon tandem PV. Perovskites are a family of emerging solar
materials that can make highly efficient thin-film solar cells with low production costs. Tandem
solar cells produce increased efficiencies by stacking solar cells to generate electricity from
different spectra. These projects resulted in (1) developing processes and tools needed to
scale high-quality perovskite materials from a few square millimeters of engineered research
cells to high-speed fabrication of several square meter prototype module products, (2)
demonstrating cell stability and module durability required by the commercial marketplace,
and (3) investigating the supply chain, cost structure, and life cycle of tandem PV. Separately,
U.S. DOE’s Solar Energy Technologies Office is investing in advancing the efficiency and
stability of perovskite technology and addressing challenges in manufacturing perovskite PV
modules.

Bifacial PV shows significant market potential as it can help reduce the physical footprint of
solar and help reduce the balance of system costs compared to monofacial PV. Bifacial PV
modules have many advantages over traditional solar panels, including greater energy
generation as well as durability due to UV resistance on both sides, particularly when the
module is frameless. Sandia National Laboratories, NREL, and the University of Iowa worked
together from 2016 to 2018 to better understand the performance characteristics of bifacial PV
modules and systems. Sandia and NREL are collaborating on a follow-up project (2019-2021)
aimed at optimizing the performance of bifacial PV systems.®3 The main challenges include
high costs relative to monofacial PV and inconsistencies and unpredictability of the power
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output, particularly from the rear portion of the PV (for example, based on materials behind
the module, the design, installed orientation, use of tracking, and so forth).

Solar PV tracking optimizes solar generation by employing mechanical devices and structures
to enable the PV panel to follow the sun and generate more electricity. While PV tracking has
been in development since the early 2000s, uncertain performance and reliability and lack of
demonstrations in various installation environments have limited adoption. Under the first EPIC
Investment Plan (2012-2014), the CEC funded two projects that improved solar tracking
technology, lowering the cost by reducing the moving mechanical parts and redesigning
components to improve the ability to install on uneven terrain. In 2017, the CEC provided EPIC
cost-share funding for a U.S. DOE project that developed a single-axis tracker that can fit
sloped and rolling terrain and improved the design to decrease manufacturing costs to
facilitate market entry. However, there remain technical challenges to keep the cost of
tracking components low, and these new designs have not been comprehensively
demonstrated in hilly and rolling terrains to validate the technical viability.
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CHAPTER 3:

Create a More Nimble Grid to Maintain Reliability
as California Transitions to 100 Percent Clean
Energy

The electric system in California will undergo substantial changes as the state continues to
transition away from reliance on large fossil-fueled power plants and moves toward a grid
dominated by renewable generation and energy storage systems to deliver 100 percent
renewable and zero-carbon electricity by 2045. As highlighted in the 2021 SB 100 Report, solar
and wind build rates need to nearly triple and battery storage build rates need to increase by
nearly eightfold. The grid will need to become more flexible and nimble, with greater control
over when, where, and how much energy flows. EPIC research can play an important role,
both by developing technologies to help maintain electric reliability and resilience and creating
modeling and decision tools to identify tradeoffs and optimal deployment strategies for the
coming decades.

The research topics described in this chapter fall under two initiatives: clean, dispatchable
resources; and grid modernization. The topics will help develop the technologies and modeling
analyses that enable a more nimble electric grid that is reliable, cybersecure, and
decarbonized. IOU support with facilitating projects, interconnection, and other coordination
will be important for delivering the full benefits of this research. Collaboration with IOUs and
the CPUC in this regard is requested as part of this submission.

Clean, Dispatchable Resources Initiative

Clean, dispatchable resources will be foundational to achieving SB 100 goals. Energy storage is
a key technology area that can deliver clean, dispatchable power. Building from previous
investments, further research is needed to develop and optimize technologies for both short
duration storage (typically considered 4 hours or less) and long duration storage (typically
considered 8 hours or more) that are lower cost and have improved performance. Existing
lithium-ion batteries that account for the majority of short duration storage face challenges
related to degradation over time, depth of discharge limitations, safety issues such as thermal
runaway, and supply-chain constraints. Other than conventional pumped hydroelectric storage
(“"pumped hydro”), which has ecological impact and limited potential to expand in California,
technologies for long duration energy storage are less mature and need to be scaled-up and
proven in field demonstrations. To support these goals, technology research Topics 4 and 5
focus on improving short and long duration energy storage technologies, respectively, while
demonstrations in Topic 6 will focus on new ways to apply storage to support grid reliability.

The SB 100 Report also describes the need for as much as 15 GW of new zero-carbon firm
dispatchable (ZCFD) resources to balance intermittent generation from wind and solar. ZCFD
resources provide services similar to long duration storage, but would be provided by
modifying existing generation assets to operate with zero-carbon fuels (for example, green
hydrogen or biogas) and enhancing operation by integrating storage. In the SB 100 Report,

42



ZCFD resources were essentially modeled as fossil gas generation coupled with carbon
sequestration as a placeholder, in part because other ZCFD resource technologies are still
under development. The research topics described in this chapter will focus on advancing and
demonstrating ZCFD resources, creating a framework to evaluate tradeoffs between different
ZCFD and long duration storage technologies, and supporting research, development, and
demonstration (RD&D) investments to meet SB 100 goals.

4. Short Duration Energy Storage Technology Demonstrations to Support
Grid Reliability

Innovation Need

Energy storage is a foundational technology for achieving the goals of SB 100 and for electric
system decarbonization broadly. The CPUC projects that California will need 10,000 MW of
energy storage by 2030, with 90 percent of that storage provided by short duration storage
lasting four hours or less. The SB 100 Report estimates that California will need another
20,000 MW or more of energy storage by 2045, again with about 90 percent of that coming
from short duration resources. These projections represent an eightfold increase in the rate of
storage buildout compared to deployments over the past several years.

Today, California has approximately 2,500 MW of energy storage approved for installation,
about one-third of which has yet to be installed. Lithium-ion battery storage systems ("“lithium-
ion”) are the primary technology, accounting for more than 90 percent of storage deployments
to date.

There are many promising non-lithium-ion technologies that offer potentially lower costs,
improved safety, no limitations in cycle life, and longer lifetimes. Non-lithium-ion technologies
can provide greater supply-chain diversity, which is of growing importance as lithium and
other commodities used in battery production are increasingly strained in meeting the
requirements of EV battery production alone. Furthermore, non-lithium-ion technologies may
also provide greater diversity in performance characteristics of resources connected to the
grid. However, non-lithium technologies remain less mature and generally more expensive
than lithium-ion, and further improvements and demonstrations are required to build market
confidence in these technologies.

Given the numerous criteria used to evaluate short duration storage — including costs (both
initial capital and lifetime O&M), performance characteristics such as degradation and cycle
life, and resource and environmental impacts — it can be challenging to compare different
technology solutions. In addition to improving both lithium-ion and non-lithium-ion
technologies, there is a need to develop standardized multi-criteria approaches to comparing
and selecting the optimal mix of short duration storage technologies.

Description

This topic will support technology demonstration projects of novel short duration storage
technologies for both BTM and front-of-the-meter applications. Demonstrations will focus on
increasing the scale of capacity (up to MW) and validating technology performance and
replicability. This topic may include investments to improve lithium-ion short duration storage,
for example exploring alternative chemistries that exhibit improved safety and lifetime
characteristics better suited for stationary applications. Areas of technology innovation may

43



include reducing degradation over time, increasing depth of discharge capabilities, reducing
safety risk such as thermal runaway, and reducing capital and operating costs. Improvements,
advancements, and demonstrations of non-lithium-ion storage may also be supported through
this research area, for example validating the ability of storage systems made with only
abundant materials to provide equivalent performance and cost as lithium-ion storage.
Examples of potential non-lithium-ion technologies that may be explored include zinc hybrid,
zinc air, zinc magnesium, vanadium redux flow, zinc bromine flow, iron-chromium flow,
sodium metal, sodium sulfur, slow speed flywheels, and gravity feed systems.

In addition to advancing technology readiness and collecting data on cost and performance,
this topic also may include environmental analyses such as life cycle assessment and
evaluation of critical materials requirements. These data will feed into a framework for
comparing different storage technologies based on multiple criteria and identifying mixes of
technologies that increase value to ratepayers and the grid.

Market and Technology Trends

Energy storage is one of the most rapidly growing markets in the world, with lithium-ion
batteries comprising more than 90 percent of the market. Global demand for lithium-ion
batteries in EVs and grid connected storage is projected to lead to manufacturing shortfalls
and potential supply chain constraints. In part because of the rapid declines in the price of
lithium-ion storage technologies, non-lithium-ion technologies may face challenges receiving
sufficient investment to sustain technology advancements even if they have improved
performance for grid applications. This topic will address both sides of this challenge by
sponsoring technology demonstrations that offer improvements to the current lithium-ion
technology solutions as well as providing opportunities for non-lithium-ion technologies to
evaluate their capability and build confidence with investors and adopters.

Expected Outcomes

This research topic will support technology advancements that reduce the cost and increase
the performance of both lithium-ion and non-lithium-ion short duration storage technologies.
Expected outcomes include storage technologies with greater safety and lower risk of thermal
runaway compared to incumbent technologies. Advancements and demonstrations of non-
lithium-ion technologies can also contribute to greater supply chain diversity while building
market acceptance and size.

Metrics and Performance Indicators

e Measured cost reductions for energy storage technologies ($/kWh), targeting at least a
25-percent improvement over current lithium-ion storage costs

e Demonstration of safe and reliable operation of energy storage technologies with no
thermal runaway

e Performance improvement measured in terms of depth of charge/discharge, cycle life,
and degradation over time

e Increased deployments of non-lithium-ion storage assets and diversity in performance
characteristics

e Increased supply chain diversity and deployments of short duration storage technologies
made from abundant materials
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Primary Users and Beneficiaries

Energy storage owners will benefit from a diversified portfolio of energy storage
technologies with lower cost, better performance, and improved safety.

California ISO will benefit from additional grid energy storage resources with different
functionalities to help address potential electricity shortages and grid operations
challenges.

Utilities and clean technology investors will benefit from the technical learnings,
economic and performance data, and best practices identified when evaluating energy
storage investments.

Storage original equipment manufacturers (OEMs) will be provided with
opportunities to improve, demonstrate, and showcase their technologies and support
safe, reliable, affordable, and environmentally responsible electricity.

Ratepayers will benefit from savings in energy storage system costs needed by the
utility grid for reliability and resiliency.

Guiding Principles

Safety: This research will demonstrate short duration storage technologies with
improved safety over current systems, for example through innovations that eliminate
risk of thermal runaway or advancements in controls for lithium-ion technologies.

Reliability: The short-duration energy storage technologies demonstrated will
contribute to maintaining reliability with growing fractions of variable renewable
generation and potentially declining electricity imports.

Affordability: Innovations in non-lithium-ion storage technologies can increase electric
affordability through cost reductions relative to incumbent technologies.

Environmental Sustainability: Deployment and market growth of non-lithium-ion
storage technologies can reduce demand for critical materials and leverage abundant and
non-toxic alternatives.

Equity: To help promote equitable access to clean energy technologies, at least 35
percent of demonstration projects funded through this research area will be located in
underresourced communities.

Background and Previous Research

EPIC has a long history of supporting the development and demonstration of energy storage
technologies, going back more than a decade. Early EPIC research focused primarily on BTM
applications to increase on-site reliability, resilience, and efficiency. In subsequent years,
deployment of DER including EVs and rooftop solar increased and new DR programs and
tariffs were implemented. EPIC investments evolved to demonstrate and validate alternative
storage technologies such as flywheels, flow batteries, above ground compressed air, and
thermal storage systems. In 2020, EPIC awarded research grants to more than 20 emerging
storage technology companies, with funding exceeding $100 million across EPIC funds and
vendor-provided match funding. Furthermore, the CalSEED Program has awarded small grants
to new energy storage start-up companies that will have graduated and will be ready for a
field demonstration in the future. Continued support by EPIC can result in California having a
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broad portfolio of technologies to draw from while avoiding heavy reliance upon a single
solution.

5. Long Duration Energy Storage Technology Demonstrations to Support Grid
Reliability

Innovation Need

Achieving 100 percent zero-carbon electricity systems will require new innovations in long
duration energy storage. EPIC awarded research grants in 2020 to several emerging
technology companies to demonstrate and develop the initial prototype for energy storage
systems that have durations from 8 hours to 100 hours. Seasonal energy storage is also
considered a form of long duration energy storage and includes systems that can provide days
or weeks of energy storage. Where most of the industry agrees on short duration energy
storage definitions, long duration energy storage is much less defined and such technologies
are much earlier in the development and commercialization process. With the grid challenges
California faced in the summers of 2020 and 2021, the need for energy storage with durations
longer than 4 hours is becoming very clear. Additionally, with new winter peak demands
becoming a rising challenge, long duration energy storage is being recognized as a growing
need because winter days are shorter, cloudy days are more common, and the number of
hours per day that solar systems can produce energy is reduced. A better understanding is
needed of these periods of low renewable generation and of which emerging energy storage
technologies will be able to provide California the most cost-effective solutions. The CPUC
estimates that California will need 1,000 MW of long duration energy storage by 2030. The SB
100 Report indicates that by 2045 the state will potentially need between 3,000 and 4,000 MW
of long duration energy storage.

Long-duration storage, which can charge and discharge over days, weeks, or even months, is
expected to not only address some of the issues created by short term weather patterns when
short duration energy storage is insufficient, but also to balance long-term variations in
renewable generation created by large weather patterns and changing seasons. A recent
legislative workshop identified the need for substantial seasonal energy storage in California
and identified it as a near-term research priority. % Today, pumped hydroelectric storage
("pumped hydro”) is the only commercial long duration energy storage technology. However,
pumped hydro has ecological impacts, faces challenges in permitting, and has limited potential
for expansion because of lack of suitable sites in California. Furthermore, pumped hydro
resources may be potentially impacted by climate change as experienced in the summer of
2021, when a major pumped hydro facility was closed due to drought.

Currently, lithium-ion technologies become prohibitively expensive at longer durations.
Investment in R&D of new technologies that are well-suited to storing energy for much longer
is urgently needed given the relatively nascent nature of long duration storage technologies
and the imminent need to procure solutions to meet SB 100 goals.

64 Assemblymember Bill Quirk workshop August 18, 2021. “Through the Valley of Death: Taking Emerging
Seasonal Energy Storage Technologies From Research and Development Through Deployment.”
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Description

This research topic will support technology development and demonstration of long duration
storage technologies that enable efficient and economic storage of renewable energy for tens
or even hundreds of hours. Building from previous investments, including those made through
EPIC, this topic will fund technology development and demonstration projects aimed at
increasing scale (targeting MW scale), reducing cost (targeting one-tenth the cost of current
lithium-ion storage cost per kWh), and building market confidence in innovative long duration
storage technologies. Examples of the types of long duration storage technologies that may be
supported through this research topic include flow batteries, flywheels, compressed air, liquid
air, molten salt, molten sulfur, and chemical storage of green hydrogen and methane.
Research and demonstration will provide valuable information to grid operators, planners, and
regulators on optimal locations and usage strategies for long duration storage assets to
maximize value while maintaining reliability and resilience. Both BTM and front-of-the-meter
applications may be explored.

In addition to validating the cost and performance characteristics of emerging long duration
storage technologies, this research topic may support forward-looking environmental analyses
to anticipate potential impacts from their deployment at scale. For example, solicitations
supporting this topic area could require recipients to conduct life cycle analyses, assess
materials flows and criticality, and apply green chemistry principles as tasks within their
technology development and demonstration plans. Considering environmental impacts early in
technology development can help identify design and deployment strategies that mitigate
potential environmental impacts from clean energy technologies and maximize their benefits.
Furthermore, data collected through these demonstrations will augment the decision support
framework for zero-carbon firm dispatchable resource investments described in research
Topic 8.

Market and Technology Trends

While energy storage is one of the fastest growing markets in the world, lithium-ion
technologies comprise more than 90 percent of the market and are not well suited to long
duration storage applications. As global commitments to achieve zero-carbon electricity
systems accelerate, many countries are evaluating long duration storage technologies as an
alternative to fossil powered peaker plants. Although long duration technologies account for a
low fraction of storage deployed to date, some estimates project that more than 30 GWh of
long duration storage will be installed by 2030, representing nearly 40 percent of the global
market. 63

Nonetheless, sustained investments in technology development, demonstration, and scale-up
will be required to support maturation of long duration storage technologies. While lithium-ion
storage has broad market acceptance and access to significant financing, long duration
storage technologies are often viewed as unproven, with their economic viability dependent on
policy reforms. This can create challenges for innovative companies trying to secure necessary
investments and project financing, particularly for large-scale systems.

65 Guidehouse. 2021. “An Upcoming Decade of Long Duration Storage”. https://guidehouseinsights.com/news-
and-views/an-upcoming-decade-of-long-duration-storage
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Expected Outcomes

This research topic targets development of long duration storage technologies that can provide
MW-scale energy storage at a fraction of the cost of current lithium-ion storage prices. This
can reduce project developer and ratepayer costs associated with maintaining reliability and
resilience. Development of non-lithium-ion technologies for long duration storage also
increases the diversity of grid assets and supply chains to produce them, thereby reducing
demand for lithium and other critical materials required for lithium-ion batteries. The
demonstrations supported through this topic will also provide valuable information to utilities,
CPUC, and planning agencies on the performance of emerging long duration storage
technologies to inform procurement decisions.

Metrics and Performance Indicators

Cost reductions for long duration energy storage technologies ($/kWh), targeting a 25
percent reduction compared to incumbent pumped hydro storage

Annual renewable energy (MWh) stored and discharged across weeks or seasons

Demonstration of safe and reliable operation of innovative long-duration and seasonal
energy storage technologies

Demonstrated value proposition for the emerging technology that demonstrates the
potential for commercialization

Increased deployment of long duration energy storage (# of assets in California capable
of discharging 10 hours or more) and increased diversity in grid connected storage assets
(# and MWh of different types of storage)

Primary Users and Beneficiaries

California ISO will benefit from advancements in long duration energy storage
technologies that mitigate potential generation shortages and operational challenges due
to the seasonal variability of wind and solar.

Ratepayers will benefit from the reduced costs of long duration energy storage
procurements required to maintain reliable electric service.

Utilities and storage investors will benefit from the technical, performance, and
economic data produced through demonstrations as well as the best practices created for
identifying tradeoffs and evaluating different long duration storage technologies.

Regulators and planning agencies can use the results from this research topic to
integrate long-duration storage assets within grid planning and procurement decisions to
achieve state energy goals.

Policymakers can use the results from this research to assess the effectiveness of
policies to retire remaining fossil fuel generation, increase the use of renewable energy
to meet SB 100 goals, and reduce total system costs.

Long duration storage OEMs will benefit from targeted opportunities to improve,
demonstrate, and build market confidence that their technologies enable safe, reliable,
affordable electric services with reduced environmental impacts.
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Guiding Principles
e Safety: This topic will demonstrate long duration storage technologies that eliminate or
mitigate safety risks such as thermal runaway.

e Reliability: Long duration storage can play a critical role in ensuring electric reliability
across long periods of low renewable generation and even across seasons.

o Affordability: Development and demonstration of emerging long duration storage
technologies will target cost reductions that support electricity affordability.

e Environmental Sustainability: Research under this topic may include life cycle
analysis and other environmental assessments to increase the environmental benefits of
long duration storage (for example, through green manufacturing). Advancement of non-
lithium-ion storage technologies can also increase supply chain diversity and reduce
reliance on critical materials.

e Equity: At least 35 percent of demonstration projects will be in underresourced
communities.

Background and Previous Research

EPIC has supported the development and demonstration of energy storage technologies for
more than a decade, providing a foundation for future investment. While much of this past
work has focused on short duration storage, long duration storage has been an area of focus
over the past few years. Most recently, in 2020, EPIC awarded 11 grants to demonstrate and
evaluate different long duration storage technologies capable of providing between 8 and 100
hours of storage. Projects are in their early phases, with testing anticipated to begin in 2022
and 2023. Data collected through these early deployments will help inform how long duration
storage assets are operated and what additional benefits they provide beyond short duration
storage. These investments can support a broad portfolio of technology options to address
grid reliability and resilience needs. In addition, the CalSEED Program has awarded small
grants to new long duration storage start-up companies that will have the ability to compete
for future EPIC solicitations. CEC staff also continue to collaborate with partners to identify
innovation needs and opportunities. For example, in recent years, staff collaborated with the
U.S. DOE, New York State Energy Research and Development Authority (NYSERDA), and
researchers in academia and industry to evaluate existing efforts related to long duration
storage at the federal level.

6. Energy Storage Use Case Demonstrations to Support Grid Reliability

Innovation Need

While the previous research topics focus on advancement of energy storage technologies,
equally important is research documenting the ways that storage can be used and integrated
in planning and operations. The CPUC has developed an approved list of storage use cases
that IOUs can use for cost-effective procurement of energy storage systems to meet storage
targets. 6 These use cases identify different applications of energy storage at the customer
(end user), distribution, and transmission levels. Examples include end-user load management,

66 CPUC Rulemaking 10-12-007, Order Instituting Rulemaking Pursuant to Assembly Bill 2514 to Consider the
Adoption of Procurement Targets for Viable and Cost-Effective (2010).
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distribution deferral, and transmission congestion relief, with information the CPUC's
implementation of AB 2514 shown in Figure 1.

Figure 1: Energy Storage Use Cases Developed by the CPUC and California ISO

TOU bill management

Demand charge management
Increased self-consumption of on-site
generation

Back-up power

DR program participation
Distribution capacity/deferral
Reliability (back-tie) services

Voltage support
Resiliency/microgrid/islanding

Customer

Distribution?

Transmission deferral

Black start*

Voltage Support*

Inertia*

Primary frequency response*

Frequency regulation

Imbalance energy

Wholesale Market Spinning Reserves

Non-spinning reserves

Flexible ramping product (Flexi-Ramp)
System RA capacity

Resource Adequacy Local RA capacity

Flexible RA capacity

*Black start, voltage support, inertia, and primary frequency response
have traditionally been obtained as inherent characteristics of
conventional generators, and are not today procured as distinct services.
We include them here as placeholders for services that could be defined
and procured in the future by the CAISO.

Transmission

Source: CPUC staff. 2018. Decision on Multiple-Use Application Issues.
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M206/K462/206462341.pdf.

Note: “"CAISO” in the figure legend refers to the California ISO.

In recent years, the CPUC has approved 10U procurement of more than 2,500 MW of energy
storage to support RA through 2030, although only 1,500 MW has been installed as of summer
2021. At the same time, EPIC has funded technology improvements and demonstrations of
many storage technologies for applications ranging from microgrids to storage integrated
directly within high power EV chargers. Nonetheless, a common need across existing projects
is to better define the use cases, understand what use cases have been applied in the past,
and explore new use cases. Further demonstrations and coordination are necessary to identify
optimal strategies to use storage to support grid reliability and resiliency while meeting
customer needs and providing economic value.

Furthermore, new storage use cases need to be defined as deployment and experience
increases and new policies and programs are implemented. To provide background, this effort
will coordinate with the CPUC, I0OUs, community choice aggregators (CCAs), and publicly
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owned utilities (POUs) to determine which use cases have been demonstrated, using Figure 1
as a baseline. Beyond IOU procurements described above, California CCAs and POUs are now
beginning larger deployments through their Integrated Resource Planning (IRP). Gathering the
data obtained from these field experiences will provide EPIC critical information on the
different use cases that were selected and why.

Energy storage will continue to play an increasing role in California’s power grid as it continues
to evolve from a fossil-based grid to a renewables-centric grid. Better supporting data on
storage use cases and their economic value can help increase the benefits of storage
deployments and also inform planning and procurement decisions to provide the best value to
the end user and the state. Challenges remain in understanding energy storage and its
potential in verifying technical and economic performance. As a nascent industry, energy
storage lacks historical data, requiring grid operators, project developers, and investors to
familiarize themselves with the unique qualities of energy storage technologies. While
advancing technologies and developing policies to maximize the benefits of energy storage,
the industry needs to experiment with different storage use cases to unlock new revenue
streams (including for enhanced grid reliability and resiliency) and maximize the potential of
storage systems. In addition, defining these use cases and value propositions collected
through research projects may help inform tariff design, which in turn could provide revenue
sources that support the scale-up of energy storage.

Description

This research topic aims to advance the uses of storage for short-term, long-term, and
seasonal applications. Projects will demonstrate different applications to improve grid reliability
and resilience, helping to assess which use cases provide the best value for different energy
storage capabilities. The topic will support storage projects to develop, demonstrate, and
validate key energy storage use cases for reliability on the customer and utility sides of the
meter and other use cases that validate the overall value of the installed energy storage
system. In addition to these broad use cases defined above, detailed use case applications
may include the following:

e Dynamic charge reservation to enable backup batteries to provide time-critical grid
support when called upon.

e Deferral of new transmission and distribution lines by providing non-wire alternatives.

e Improvement of vehicle-to-grid capabilities by integrating on-site energy storage.

e Support of microgrid islanding during DR events.

e Demonstration of energy storage discharge response to the CPUC’s Unified Universal
Dynamic Economic Signal with an open, standardized interface to storage technologies
for rapid control integration at all points of interconnection on the grid.

e Intelligent dispatch of energy storage during grid emergencies coupled with distribution
network topology.

e Co-optimized storage and DER with demand-side flexibility.

e Support of grid operation and recovery after disruptions from natural disasters or other
threats, and integration of storage and load shedding for long-duration resiliency during
outage events to maintain critical services (for example, military, communities,
campuses, government, and healthcare) during extended power outages.
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e Definition of protocols for storage discharge that respond to short-term grid needs and
forecasted DR events.

e Demonstration of advanced energy storage discharge protocols to better respond to both
grid needs and distribution constraints in real time.

Advancement of use cases will facilitate an increased amount of energy storage to be
interconnected to support the reliability needs of the grid, help meet the projected eightfold
increase in energy storage deployment rates identified in the SB 100 Report, and support
CPUC proceedings on improving the interconnection process. The current process limits energy
storage interconnection with high costs and long approval periods.

The information obtained from the demonstrations in this topic will provide information to
decision makers to update existing use case types and provide more relevant information
based on the needs of SB 100. This topic will also help create clear definitions for storage
durations (for example, short term, long term, and seasonal) based on grid needs.

In addition to collecting cost and performance data, this research topic may also include
environmental analyses such as life cycle assessment, materials flow, and resource criticality
assessments of the different storage technologies and use cases demonstrated.
Environmental, cost, and performance data collected will be used to compare different storage
types across performance criteria to identify tradeoffs between technology costs, ratepayer
benefits, and life-cycle environmental impacts, as well as to provide benchmarks to encourage
market adoption. The demonstration use cases will also pay particular attention to the needs
of underresourced communities with grid reliability challenges.

Market and Technology Trends

One unique attribute of energy storage is scalability. Energy storage can be implemented at
utility scale to help utilities and grid operators meet peak energy demand and stabilize the
grid, or as a small system to help consumers manage energy costs and provide backup power.
According to Wood Mackenzie and the Energy Storage Association, the projected annual
installation of utility-scale and BTM storage in the United States is expected to be around
5,000 MW between 2021 and 2025; the total installation in 2020 was about 1,000 MW. 7 Since
2014, total energy storage deployment has grown more than 10 times, and it is expected that
falling costs, regulatory changes, and other state policies will accelerate the expansion of
energy storage installation in the next five years. This research topic will fund demonstration
pilots to help inform new policies and regulations that can advance market adoption.

Expected Outcomes

The research results will provide consolidated data and information that could assist the
implementation of a suite of storage projects at critical locations to decrease energy demand
and increase energy supply during critical hours of the day. This will help to ensure the
reliability of weather-dependent generation sources such as wind and solar during an extreme
heat event or public safety power shutoff (PSPS) in the coming years. Furthermore, the
research results from this topic could help inform the CPUC’s Rulemaking 20-05-003 to

67 "1.S. Energy Storage Monitor Q4 2020 and 2020 Year in Review.” 2021. Energy Storage Association.
https://energystorage.org/wp/wp-content/uploads/2021/03/3.17.2021-WM-ESM-Slides-FINAL. pdf.
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continue electric IRP and related procurement. The rulemaking requires procurement to
address capacity shortages in the coming years and midterm reliability (2023-2026). The
lessons resulting from this research will help identify cost-effective energy storage
technologies with sufficient duration and capacity, provide guidance supporting grid reliability
and robust energy storage safety, optimize end-use applications to accelerate the adoption of
storage technologies, and enable emergency storage systems to provide grid services during
normal conditions.

Metrics and Performance Indicators

e Data from high percentages of installed energy storage systems

e Data from the widest number of energy storage utility implementers, such as the I0Us,
CCAs, POUs, and larger end users

e Number of grid outages and associated economic loss prevented annually

e Improvement on reliability performance metrics, including system average interruption
frequency index, system average interruption duration index, and customer average
interruption duration index

e Number of MW available in response to grid supply shortages

e Cost savings from the deferral of transmission and distribution upgrades

e Percentage increase in hosting capacity to help integrate local renewables

e Additional value streams and return on investment (ROI)

Primary Users and Beneficiaries

e Energy storage owners will benefit from greater participation in grid services and
more opportunities to monetize potential value streams.

e California ISO will benefit from additional grid energy storage to help address potential
shortages and operational challenges, as well as improved information on how much and
what types of energy storage are required for energy system planning to maintain
reliability.

o Utilities and storage investors will benefit from the technical and economic
performance data and best practices for decision makers to consider when evaluating
energy storage resilience investments.

o Regulators can use the results from this research to consider how to integrate storage
asset operations with grid needs while not imposing unreasonable costs on the owner or
consumers of the storage system.

e Policymakers can use the results from this research to assess the effectiveness of
federal or state policies and future policy opportunities related to energy storage.

o Storage OEMs will benefit from the knowledge and best practices from this research to
demonstrate and showcase their technologies.

o Ratepayers will benefit from enhanced grid reliability, including reductions in power
outages, and improvements in power quality.

Guiding Principles
e Reliability: Because of climate change and extreme weather, there is an increasing
need for grid-balancing, fast-responding resources. The electricity grid would benefit
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from emerging energy storage technologies to support grid reliability applications. This
research will demonstrate the extent to which energy storage could provide grid services
and inform strategies and policies for addressing potential grid outages and related
impacts.

o Environmental Sustainability: This research will demonstrate clean energy storage
technologies and reduce the need for dispatching fossil gas-fired generation to provide
system reliability, thus reducing GHG and criteria pollutant emissions.

Background and Previous Research

CEC has funded a diverse set of energy storage technologies since 2010 to provide California
the most cost-effective and best-performing technologies to meet the needs of the future.
These projects helped move technologies closer toward commercial success. For example,
through CEC’s energy storage research program, Amber Kinetics demonstrated the technical
and commercial readiness of flywheel systems using advanced design and manufacturing
techniques to reduce the cost of flywheel energy storage systems, inclusive of power
electronics. These flywheels can achieve four hours of energy discharge, making them
competitive with classical forms of energy storage such as chemical batteries. As another
example, Eos Energy Storage developed a low-cost chemical battery (zinc hybrid cathode
technology) suitable for grid applications, that has overcome some of the traditional battery
limitations. Eos's Znyth technology requires just five core commodity materials, all of which are
earth-abundant, non-conflict, and recyclable minerals. These projects also identified the need
for future research to characterize system performance at different sizes and capacities for a
variety of technologies and use cases, including backup power, peak shaving, ancillary
services, load following, and frequency regulation.

In 2020, CEC awarded over 20 EPIC grants to develop and validate new and emerging non-
lithium-ion energy storage technologies that focus on customer-side-of-the-meter applications
or can provide 8 hours or more of energy storage. In 2021, the CEC is expected to fund seven
projects to advance clean energy mobile backup systems that increase the resiliency of the
electricity system to climate change and extreme weather events. The CEC's BRIDGE and
CalSEED Programs also invested in early-stage energy storage technologies to bring concepts
and prototypes to market. This EPIC 4 research topic could leverage and build on the above
research efforts and focus on energy storage use case demonstrations to support grid
reliability and operation.

7. Green Hydrogen Roadmap Implementation

Innovation Need

Green hydrogen is another key emerging technology that can potentially support grid reliability
by providing long-duration and seasonal energy storage. At the same time, green hydrogen
may enable decarbonization of other challenging market sectors such as heavy freight
transportation, high heat industrial processes, and difficult-to-electrify building uses. While
green hydrogen holds promise in facilitating economy-wide decarbonization, significant
uncertainty remains around the cost performance and economic viability of green hydrogen
systems when deployed at scale.
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Scenarios within the SB 100 Report evaluated how green hydrogen can function as a zero-
carbon firm dispatchable resource, showing it can reduce total resource requirements
compared to high-solar scenarios. Recent workshops further identified the need for analysis
and technology development focused on green hydrogen storage and delivery infrastructure
needed to support grid reliability applications. % As described below, these workshops also
identified the need for a more nuanced green hydrogen classification and tracking system that
should be used for EPIC projects.

The EPIC Interim Investment Plan 2021 included funding for a Green Hydrogen Roadmap and
Strategic Plan (Green Hydrogen Roadmap). This EPIC 4 research topic details technology
demonstration activities that will build from the Green Hydrogen Roadmap and evaluate
specific use cases defined in the roadmap and identified at public workshops. The Roadmap
was approved under the EPIC Interim Plan and is anticipated to initiate in 2022.

Description

This research topic will support technology demonstrations identified in the Green Hydrogen
Roadmap (described in more detail below) and support further development of green
hydrogen production, delivery, and storage technologies for grid reliability applications. It will
also provide support for an update to the Green Hydrogen Roadmap to inform development of
EPIC 5. Given the rapid pace of innovation and industry change in green hydrogen
technologies, updating the roadmap will be important.

The green hydrogen technology demonstrations will address key innovation needs described in
Table 4, which is organized into production, delivery, storage, and conversion stages. From
these innovation needs, the Green Hydrogen Roadmap will identify near-term priority
technology demonstration topics that will be pursued through targeted solicitations. Listed
below are several examples of the types of technology improvements, focused on production
and storage, that may be supported through this research topic.

68 Two recent workshops explored these topics. “EPIC 2021-2025 Investment Plan Scoping — Hydrogen
Technology” https://www.energy.ca.gov/event/workshop/2021-07/electric-program-investment-charge-2021-
2025-investment-plan-scoping and “Commissioner Workshop on Hydrogen to Support California’s Clean Energy
Transition”. https://www.energy.ca.gov/event/workshop/2021-07/session-1-iepr-commissioner-workshop-
hydrogen-support-californias-clean
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Table 4: Green Hydrogen Energy System Needs and Challenges

Process Stage

Innovation Need

PRODUCTION: Green hydrogen can be
produced by electrolysis from eligible
renewables such as wind, solar, and
geothermal. Electrolytic hydrogen costs
are highly sensitive to the cost of
electricity. Electrolyzer technologies
include alkaline, proton exchange
membrane, solid oxide, and emerging
technologies such as photon-based.
Current CEC research is also exploring
electrolytes other than water, with
potentially higher efficiency and lower
water consumption. Decarbonized
hydrogen can also be made by reforming
RPS-eligible biomass. Green hydrogen can
be produced at large centralized plants or
distributed at small facilities close to or at
the point of use. The cost of delivered
green hydrogen for particular uses
includes the cost of production as well as
other applicable steps in the supply chain,
as outlined below.

e Electrolyzers that are lower-cost, more-
efficient, longer lasting and with more-durable
performance.

e Reduction of rare and precious metal content
in electrolyzers.

eAlternate electrolytes to increase efficiency
(e.g., methane, seawater).

¢ Waste heat recovery from high-heat
electrolysis to increase efficiency.

e Gasification and pyrolysis of biomass for
decarbonized hydrogen production.

e Oxygen co-product recovery.

¢ Hydrolysis using ocean water to conserve
fresh water and enable mineral recovery,
including lithium.

e Technology demonstrations to provide field
data to inform cost trajectories for the various
production paths compared to alternatives.

DELIVERY: Green hydrogen can be
transported and dispensed as either pure
hydrogen or as part of more energy-
dense chemical carriers. Pathways include
distribution in pipelines, transport in high-
pressure tanks, or transport as a liquid in
tanker trucks. Large volumes of green
hydrogen can also be transported by rail
or ship. End-use applications have varying
needs for flow rates, purity, and cost,
which impacts refueling infrastructure
requirements.

e Lower-cost and more-reliable systems for
distributing and dispensing hydrogen for
targeted applications not envisioned for natural
gas pipeline injection.

e Advances in compression, liquefaction, and
higher-density chemical carriers.

e Technology demonstrations to provide field
data to inform cost trajectories for the various
delivery paths compared to alternatives.

56




Process Stage Innovation Need

STORAGE: Green hydrogen may need to | e Lower-cost green hydrogen storage systems.

be stored prior to use—either in bulk at | « Advanced materials for higher storage capacity
the site of production, during delivery, or | with reduced weight and volume.

at the point of use. Storage can be e Large-scale storage, including evaluation of
accomplished in different ways, including: | geologic formation capacity for seasonal grid
physical processes, which include reliability.

compression and storage in high-pressure
tanks or liquefaction; materials-based
processes that chemically incorporate
hydrogen in new compounds such as
metal hydrides that promise higher
storage densities at ambient conditions;
and other approaches such as geologic
storage that can accommodate large-
scale, long-term storage.

CONVERSION: Energy carried by green | e Lower-cost, more-durable and more-reliable

¢ Assessment of suitability and potential
modifications of existing natural gas storage
assets to be used instead for green hydrogen.
e Technology demonstrations to provide field
data to inform cost trajectories for the various
storage paths compared to alternatives.

hydrogen must be converted back to a fuel cells that can be rapidly scaled for electricity
usable form such as electricity or heat. applications.

Conversion can be accomplished e Turbines that can operate with pure or high
electrochemically using fuel cells or concentrations of green hydrogen.

through combustion using turbines or e Low- or no-NOx power generation with green

reciprocating engines. Fuel cells vary in hydrogen
cost, performance, and best use case. For
example, solid oxide fuel cells may be less
expensive, but proton exchange
membrane fuel cells provide more
flexibility for load-following. Combustion
can provide zero-carbon electricity, but
emissions of oxides of nitrogen (NOx)need
to be addressed.

e Technology demonstrations to provide field
data to inform cost trajectories for the various
conversion paths compared to end-use
alternatives.

Source: CEC Staff

Within the production stage, this research topic may focus on developing electrolyzers that are
lower-cost, more-efficient, longer lasting, and with reduced precious metal content — qualities
needed to reach MW-scale production in California. Alternative electrolytes such as methane or
ammonia may be explored as a strategy to reduce water consumption and increase efficiency.
Technology demonstrations may also include investigation of seawater as an electrolyte, which
both conserves fresh water and could result in potential co-products including lithium
contained in salt water. Investigation of harvesting of oxygen, a co-product of hydrogen
electrolysis that is typically vented, may be pursued as an additional revenue stream. Finally,
other advanced approaches such as photoelectrochemical processes, waste heat-assisted
processes, or reformation of biomass may also be evaluated.

Within the storage stage, this research topic will build from previous CEC investments to
improve and scale-up materials-based storage technologies, such as in a metal hydride matrix,
to achieve similar densities as compressed hydrogen while eliminating parasitic compression
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losses. The potential for large-scale, long-term storage in geologic features may also be
evaluated and technology enablers supported. Demonstrations may target other topics
identified in Table 4 that will be further defined as the Green Hydrogen Roadmap is developed
in coordination with stakeholders including DOE.

This research topic will implement a consistent green hydrogen classification and tracking
taxonomy for use in green hydrogen research projects that Guidehouse (formerly Navigant) is
currently developing with EPIC funding. This was identified during stakeholder workshops as
important to inform future technology demonstrations. This topic may also conduct applied
R&D focused on biomass-to-hydrogen pathways to identify economic potential, environmental
issues, and synergies with wildfire mitigation and agricultural residue management. This topic
may consider RPS-eligible biomass, such as hydrogen from biomethane or other biomass
feedstocks, and thus is responsive to AB 322.

Market and Technology Trends

The state, the nation, and other countries are exploring the role that green hydrogen will play
in the transition toward a decarbonized energy system. Green hydrogen has a wide variety of
applications or use cases. However, more work is needed to define which of these use cases is
the most valuable and cost-effective for California, and what technology development will best
support those use cases. Additional considerations include access to secondary revenue
streams, the availability of water for electrolysis, seismic activity, suitability of natural
geological formations for green hydrogen storage, aspirations for offshore renewable energy
development and retiring the natural gas system, as well as California’s environmental and air
quality standards. Furthermore, U.S. DOE recently announced goals to reduce the cost of clean
hydrogen by 80 percent to $1 per kilogram (kg) in one decade. U.S. DOE participated at the
Integrated Energy Policy Report (IEPR) workshop held on July 26, 2021 and provided CEC with
valuable insight on this initiative and how it may impact market and technology trends.

The use and application of green hydrogen are receiving substantial funding in Europe, which
is investing heavily in new green hydrogen infrastructure paired with renewables. California
will be able to implement lessons learned.

Expected Outcomes

The applied research and technology demonstration projects will test and validate the cost and
performance of green hydrogen technologies in applications and use cases, including
demonstrating feasibility and lowering cost of the grid reliability use case of green hydrogen.
Other use cases may include more cost-effective and efficient electrolysis; electrolysis with
saltwater; biomass conversion to hydrogen for wildfire risk management; industrial and
agricultural decarbonization applications; off-road vehicles; and other maritime applications.

Metrics and Performance Indicators

e Cost reductions for producing green hydrogen from renewable sources ($/kg of hydrogen
produced)

e Scale of green hydrogen electrolyzers, starting at the 1-5 MW range and growing to 5-20
MW

e Economic value of mineral and oxygen extraction during hydrolysis to enhance the value
proposition of green hydrogen production
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Identification of highest-priority green hydrogen use cases that are well-defined, cost-
effective, and practical (list of specific high-priority use cases)

Comparison of the value of generating green hydrogen on-site with embedded renewable
resources as compared to green hydrogen being produced off-site and then transported
to the site for use ($/kg of hydrogen at point of use)

Primary Users and Beneficiaries

Policymakers will benefit from rigorous research to help illuminate the possible role for
green hydrogen in long-term energy strategies and for key sectors, including freight and
long-distance transport, buildings, and power generation and storage.

Ratepayers will benefit from energy cost savings from the adoption of lower cost and
more widely applicable green hydrogen technologies.

Grid operators will benefit from having visibility of and experience with a new, clean
dispatchable generation option available to complement intermittent renewables,
supporting reliability of the electric grid.

Regulators will benefit from research insights that can inform regulations and standards
for the safe transportation and storage of large volumes of green hydrogen, and also
help trace the environmental impacts of different green hydrogen supplies.

Technology developers and investors will benefit from the stimulation of commercial
demand for green hydrogen and development of sustainable markets, leading to cost
reductions and scaling up of supply chains.

Guiding Principles

Safety: The safety considerations identified in the Green Hydrogen Roadmap will inform
the implementation of the topics under EPIC 4.

Reliability: Renewable energy may be stored in the form of green hydrogen for
multisectoral use. When stored at scale, green hydrogen can provide long-duration and
seasonal energy storage to support the reliable operation of the future California grid
with a high penetration of wind and solar generation.

Affordability: One of the key challenges in forecasting the adoption of green hydrogen
technologies in California has been the lack of third-party-validated, California-relevant
cost data for green hydrogen deployments. The CEC has observed wide variations
between modeling efforts and conclusions, leading to significant uncertainty for state
planning. Previous studies identified several factors within green hydrogen supply chains
that affect the final cost of hydrogen. This topic will focus on providing transparent data
on affordability and will establish performance targets to drive down the cost through
innovation.

Environmental Sustainability: Green hydrogen can support energy sector
decarbonization. However, production of green hydrogen through the electrolysis of
water is an energy-intensive process that consumes fresh water, and gaseous hydrogen
released into the environment does have an indirect GWP. Advances in leak prevention,
alternative green hydrogen production methods, green hydrogen storage and
transportation methods, as well as other green hydrogen carriers (conversion of green
hydrogen to other renewable gases and fuels), are emerging as potential pathways to
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improve the system-level environmental sustainability of green hydrogen deployments.
Environmental sustainability will be a key principle for this research topic.

o Equity: Careful assessment of project location can help minimize impact to local
communities. Additionally, reduction of NOx emissions in hydrogen-based generation will
be a key objective for this research topic.

Background and Previous Research

In 2019, a study performed by Guidehouse under a CEC work authorization assessed the state
of the green hydrogen market globally and identified RD&D needs for advancing green
hydrogen deployment in California. Since completion of this initial study, several national and
international roadmaps for green hydrogen development have been published, including from
DOE. 270,71 Reducing the cost of delivered green hydrogen and identifying the most suitable
applications remain priority research and deployment objectives. 7273

In 2019, the CEC also awarded a contract to University of California (UC) Irvine to develop a
roadmap for planning and building green hydrogen generation plants with funding under the
Clean Transportation Program. The analysis included demand projections, forecasts of
technology progress, supply-chain costs, and temporal and spatial plant-siting scenarios. The
study and recommendations were focused on green hydrogen use as a transportation fuel.
The study also identified many opportunities for symbiotic co-location of green hydrogen
production to achieve multisectoral and social equity benefits. The study pointed toward the
need for a holistic and strategic all-energy approach across several CEC program areas to
effectively scale up green hydrogen deployment in California.

In 2020 and 2021, three green hydrogen projects were awarded under the EPIC 3 Investment

Plan. These projects will gather performance data to raise the technology readiness level (TRL)
of emerging green hydrogen technologies, share knowledge to advance technological lessons,

and reduce costs of future deployments. These projects collectively will serve to:

e Improve the electrical efficiency of green hydrogen electrolysis.
o Improve the safety of green hydrogen storage.

69 DOE. 2021. “Department of Energy Hydrogen Program Plan”.
https://www.hydrogen.energy.gov/pdfs/hydrogen-program-plan-2020.pdf

70 Fuel Cells and Hydrogen Joint Undertaking (FCHJU). 2019. “"Hydrogen Roadmap Europe: A Sustainable
Pathway for the European Energy Transition”.
https://fch.europa.eu/sites/default/files/Hydrogen%?20Roadmap%20Europe_Report.pdf

71 International Renewable Energy Agency (IRENA). 2020. “Green Hydrogen Cost Reduction: Scaling Up
Electrolysis to Meet the 1.5 Degree C Climate Goal”. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2020/Dec/IRENA_Green_hydrogen_cost_2020.pdf

72 Liebreich, M. 2020. “Separating Hype from Hydrogen — Part One: The Supply Side”.
https://about.bnef.com/blog/liebreich-separating-hype-from-hydrogen-part-one-the-supply-side/

73 Liebreich, M. 2021. “The Clean Hydrogen Ladder”. https://www.linkedin.com/pulse/clean-hydrogen-ladder-
v40-michael-liebreich
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e Support business model development for deploying green hydrogen in applications that
support cost-effective decarbonization.

o Validate the ability of green hydrogen to provide long duration energy storage.
o Identify barriers to advancing the state of the market.

Research at the University of Chicago has explored special electrode configurations for lithium
extraction from seawater. 74 This study and others can be built upon to demonstrate
electrolysis with seawater and the potential for economic extraction of minerals from seawater
during electrolysis.

8. Infrastructure, Market Analysis, and Demonstrations to Support Zero-
Carbon Firm Dispatchable (ZCFD) Resources

Innovation Need

ZCFD resources will play an important role in balancing the growing amounts of intermittent
renewable generation in California. Technological advancements in using these resources will
enable California to achieve its goal for 100 percent renewable and zero-carbon electricity
faster and at lower cost. ZCFD resources include a range of zero-carbon generation
technologies that can be dispatched as needed. Examples include new and existing generation
assets that can operate with zero-carbon fuels such as green methane or green hydrogen. The
SB 100 Report indicates that the inclusion of 15-20 GW of zero-carbon firm resources could
dramatically reduce the projected capacity buildout required — including for utility-scale solar
and batteries — and could significantly drive down overall system costs. Recent analyses
suggest that achieving complete electric system decarbonization in California without zero-
carbon firm resources could require approximately twice as much newly installed capacity of
solar with short duration storage. 7>

Advancements in the application of decarbonized fuels such as green hydrogen and green
methane, including both biogas and methane produced from green hydrogen, can support
electricity-system decarbonization, reliability, and affordability. However, these fuels can result
in harmful air pollutant emissions. Of the 62 operating, CEC-jurisdictional natural gas power
plants in California, 42 percent are located within communities identified as disadvantaged per
CalEnviroScreen. Future research is needed to determine how ZCFD resources can minimize
local health impacts while providing reliability services and supporting electricity affordability.

ZCFD resources can perform similar grid functions as long duration storage. Research into
both long-duration storage and ZCFD resources is required to better define their costs,
technical performance, and environmental benefits. Furthermore, improved frameworks and
criteria for comparing ZCFD resources to long duration storage technologies can inform
upcoming procurement and technology scale-up decisions.

74 “To Meet Lithium Demand, Chong Liu Looks to the Ocean.” 2021. The University of Chicago. Roadmap for the
Deployment and Buildout of Renewable Hydrogen Production Plants in California. 2021.
https://pme.uchicago.edu/news/meet-lithium-demand-chong-liu-looks-ocean.

75 Cohen et al., 2021. “Clean Firm Power is the Key to California’s Carbon-Free Energy Future”. Issues in Science
and Technology. https.//issues.org/california-decarbonizing-power-wind-solar-nuclear-gas/
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Description

This research topic advances infrastructure, market analysis, and demonstrations of ZCFD
resources. Areas of focus may include the following.

Demonstrating ZCFD Resources for Grid Reliability

Market analysis and technology demonstrations and evaluations can advance ZCFD resources
that support grid reliability. As an example, research could focus on the infrastructure needed
to supply ZCFD generation with zero-carbon California biogas, biomethane, or green hydrogen
to displace fossil gas at generation plants. For hydrogen, infrastructure considerations include
needed modifications to existing pipelines or new pipelines, on-site storage, and delivery
through pressurized tube trucks. Another area of research could be on the pairing of battery
storage with ZCFD generation to support grid reliability and reduce emissions by reducing the
amount of time generators spend in standby mode (in which they are providing spinning
reserves and polluting but are not yet dispatched into service) and by supporting short-
duration dispatches. Demonstrations provide an opportunity to document performance, costs,
realized emission reductions, and reliability contributions.

Air Quality Impact Analysis

This research area seeks to inform ZCFD resource investments and planning by examining the
most promising opportunities for improving local air quality. This could include, for example,
evaluation of the emission profiles of current jurisdictional fossil gas power plants and
expected reductions from retrofits to ZCFD generation, including possible pairing with energy
storage. While green methane and green hydrogen are zero-carbon fuels, their combustion
still releases criteria air pollutants, notably NOx. This topic may consider how NOx and other air
pollutant emissions may be mitigated for ZCFD generation.

Decision Support Framework to Compare ZCFD Resources and Long Duration Storage

ZCFD resources and long duration storage provide many of the same reliability services but
have different performance criteria, costs, and infrastructure implications. This research topic
will support the development of a framework to help compare long duration storage and ZCFD
resources and support resource planning and investment decision-making. The framework
could be based on metrics such as round-trip efficiency (typically used to evaluate energy
storage) and LCOE (typically used to evaluate cost of generation) to more comprehensively
evaluate costs and benefits to ratepayers, environmental impacts, and local health benefits.
This research topic could also support implementation of the framework by collecting data on
cost, technology performance, and life-cycle environmental impacts of various ZCFD resources
and long duration storage technology deployments (for example, from topic #5 on long
duration energy storage).

Market and Technology Trends

The markets for green hydrogen and green methane are at different levels of maturity. Green
hydrogen markets are in early stages of development and green hydrogen is relatively
expensive compared to hydrogen produced from methane. One of the key cost drivers of
green hydrogen production is the cost of electricity inputs for electrolysis, and to a lesser
extent the capital cost of electrolyzers and efficiency losses. The cost of biogas, such as green
methane, is more defined than green hydrogen in the current market. The cost of green
methane depends highly on demand. Given the currently constrained supply curve, which is
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likely to remain in the near and medium term, a high demand for green methane would lead
to high prices relative to fossil gas. However, for more limited demand to meet fuel
requirements for targeted projects with the greatest grid reliability and air quality benefits, a
lower price can be expected. While there is considerable interest in advancing green hydrogen
and green methane, there is little expected cost and performance information to compare
them with alternative sources of ZCFD generation.

Expected Outcomes

This research topic advances infrastructure, market analysis, and demonstrations of ZCFD
resources that support grid decarbonization and air pollutant emission reductions. Data
produced from this research can inform grid planning, investments, and operations, providing
insights into infrastructure requirements for ZCFD resources, opportunities to pair or compete
with energy storage, and emissions impacts from fuel switching to zero-carbon fuels at
generation plants. Additionally, more detailed information on ZCFD technology performance,
costs, air pollutant emissions, and infrastructure requirements can help inform the next
iterations of SB 100 modeling and associated resource planning.

Metrics and Performance Indicators
e Zero-carbon firm dispatchable generation (MWh) and capacity (MW)
e Direct cost of retrofits and relative cost compared to alternatives
e Avoided GHG emissions

e Criteria pollutant emission reductions, including NOx, and associated public health and air
quality benefits

Primary Users and Beneficiaries

o Ratepayers will benefit from cost savings associated with possible repurposing of
existing fossil gas power plants for use with zero-carbon fuels such as green hydrogen or
green methane.

e Grid operators will benefit from having clean, dispatchable generation readily available
to complement intermittent renewables, supporting reliability of the electric grid.

o California state agencies will benefit from improved modeling capabilities, data, and
understanding of the feasibility to switch fuel from fossil gas to green hydrogen or green
methane. This information will support planning and future evaluations of SB 100 zero-
carbon scenarios.

Guiding Principles
o Reliability: The core benefit of ZCFD generation solutions is improved grid reliability,
with new generation options that help meet SB 100.

o Affordability: Data on the costs and benefits of ZCFD resources compared to long
duration storage will inform cost-effective approaches to managing the state’s utility grid.

e Environmental Sustainability: The use of green hydrogen and green methane
technologies could support SB 100 implementation and research can support
improvements in air pollutant emissions such as NOx from ZCFD resources.

e Equity: Research will provide information on air pollutant emission impacts associated
with possible conversion of fossil gas plants to operate on zero-carbon fuels.
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Background and Previous Research

In 2020-21, EPIC awarded five green hydrogen projects, which are gathering performance
data to raise the TRL of emerging green hydrogen technologies and to reduce the costs of
future deployments. These projects collectively will improve the electrical efficiency of green
hydrogen electrolysis and the safety of green hydrogen storage, inform business models for
deploying green hydrogen in BTM applications, validate the ability of green hydrogen to
provide long-duration storage, and identify barriers to advancement of the market.

Additionally, the CARB initiated the California Clean Biomass Collaborative to identify and
evaluate alternatives to agricultural burning. Nearly all agricultural burning in the San Joaquin
Valley will be phased out by January 1, 2025. The collaborative provides a forum for key
stakeholders to identify and overcome barriers inhibiting deployment of advanced bioenergy
projects and to communicate resulting options and benefits. CARB has invited CEC staff to
participate in the California Clean Biomass Collaborative, and CEC staff will collaborate with
CARB on this EPIC topic.

9. Advancing Clean, Dispatchable Generation

Innovation Need

The expanded deployment of clean, dispatchable energy technologies can play a key role in
lowering the cost and buildout footprint of resources needed for SB 100 implementation. In
the dispatchable resource scenario of the SB 100 Report, for example, the simulated
availability of a generic dispatchable resource greatly reduced the need for solar and battery
storage — with a total reduction in the SB 100 buildout of more than 50 GW by 2045 — and a
lower total resource cost. 76 Clean, dispatchable generation can include a range of
technologies: fuel cells using green hydrogen; hydrogen combustion systems, such as gas
turbines and reciprocating engines, that use high-percentage blends of green hydrogen; and
bioenergy generation technologies, among others. These generation technologies can help
meet energy demand, complement intermittent renewables such as solar and wind, and
reduce GHG emissions by displacing fossil-based peaker power plants currently relied upon for
grid balancing.

However, most clean dispatchable generation technologies are not yet widely used for the
following reasons:

e High costs relative to the existing fleet of fossil gas plants and other alternatives (for
example, electricity imports).

e Limited resource supply (for example, green methane and green hydrogen) compared to
intermittent renewable resources.

e Suboptimal system efficiency and reliability.

e In some cases, lack of performance data and demonstrations of deployment and grid
integration.

76 Gill, Liz, Aleecia Gutierrez, and Terra Weeks. 2021. 2021 SB 100 Joint Agency Report: Achieving 100 Percent
Clean Energy in California.: An Initial Assessment. California Energy Commission,
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-
electricity.

64


https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-electricity
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-electricity

RD&D can help address these areas and enable clean dispatchable generation to reach scales
that can support statewide electricity decarbonization, reliability, and resiliency.

Description

This research topic focuses on advancing performance and cost improvements for clean,
dispatchable generation technologies that can reduce dependence on fossil-based peaker
power plants, complement intermittent renewables such as solar and wind, and support SB
100 implementation. These improvements could include, for example:

e Improving the durability and stability of fuel cell systems (such as cell performance and
electrolyte membrane).

e Optimizing combustion systems such as gas turbines and reciprocating engines to use
high-percentage blends of green hydrogen and minimize associated criteria pollutant
emissions.

e Improving and expanding pathways for green hydrogen production for electric
generation applications (for example, electrolysis and reforming).

e Expanding multigeneration systems that produce renewable hydrogen, heating, cooling,
and electricity.

e Improving the quality of biogas from bioenergy conversion technologies such as digesters
and gasification for electricity generation applications.

Research activities are anticipated to span a range of the innovation spectrum, from applied
R&D projects that produce early engineering concepts to TDD projects with prototypical or full-
scale systems.

Market and Technology Trends

Deployment of clean dispatchable generation systems such as hydrogen fuel cells, gas turbines
and reciprocating engines that use high blends of hydrogen, and bioenergy generators are
expected to gain momentum because of the growing need for a diverse energy portfolio to
achieve carbon neutrality goals and meet increasing electricity demand.

As of October 2020, hydrogen generation technologies nationally provide about 250 MW of
electric generation capacity from 161 operating fuel cells.”” Since 2006, fuel cell costs have
declined due to a five-times reduction in the platinum content of fuel cell catalysts and
improved durability due to the development of durable membrane electrode assemblies. 78 In
addition, the SB 100 Report suggests the potential for increased deployment in the future,
depending in part on cost improvements and the extent of retirements in the gas fleet. In the
SB 100 Core scenario, hydrogen fuel cells were not selected as part of the resource mix

77 “Hydrogen Explained: Use of Hydrogen.” 2021. U.S. Energy Information Administration.
https://www.eia.gov/energyexplained/hydrogen/use-of-hydrogen.php.

78 “Hydrogen and Fuel Cell Technologies Office Accomplishments and Progress.” 2021. U.S. Department of

Energy. https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-accomplishments-and-
progress.
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because of higher expected costs compared to other available resources; in contrast, hydrogen
fuel cells accounted for 25 GW of capacity additions by 2045 in the No Combustion scenario. 7?

For low-carbon hydrogen gas turbines, a generation facility operated by the Los Angeles
Department of Water and Power will provide 840 MW of capacity from turbines that will be
gradually transitioned to operate on renewable hydrogen starting in 2025.80 This project
brings together a diverse group of stakeholders to develop the nation's first green hydrogen
hub, serving California with a goal of driving down the cost premium of the fuel over natural
gas. In addition, related research and development focuses on increasing the hydrogen
concentration in combustion fuel blends from current values of 30 to 60 percent by volume to
up to 100 percent, requiring advancements in optimizing combustion systems to minimize
flashback, auto-ignition, and thermoacoustic instabilities. 81

Bioenergy generation technologies have the potential to grow. For example, biomass-fueled
generation accounted for nearly 3 percent of California’s electric generation, or 640 MW
capacity, in 2019.82 But the state’s estimated annual biomass resource of 78 million bone dry
tons could produce more than 9,000 MW of electricity. 83 Technology areas under development
for biomass include the improvement of fuel quality through pretreatment and upgrading.

Expected Outcomes

Increased adoption of clean, dispatchable generation technologies will support the reliability
and resiliency of the state’s electric grid. Significant GHG emission reductions are expected
from the reduced need for fossil-based generation. Furthermore, ratepayer benefits are
expected as technology development will result in decreased LCOE for dispatchable systems.

79 Gill, Liz, Aleecia Gutierrez, and Terra Weeks. 2021. 2021 SB 100 Joint Agency Report: Achieving 100 Percent
Clean Energy in California.: An Initial Assessment. California Energy Commission,
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-
electricity.

80 “Intermountain Power Agency Orders MHPS JAC Gas Turbine Technology for Renewable Hydrogen Energy
Hub. 72020. Mitsubishi Power. https://power.mhi.com/regions/amer/news/200310.html.

81 Welch, Michael. 2020. “Hydrogen Evolution or Revolution?” The American Society of Mechanical Engineers,
https://www.asme.org/topics-resources/content/hydrogen-evolution-or-revolution.

82 “Biomass Energy in California.” 2021. California Energy Commission, https://www.energy.ca.gov/data-
reports/california-power-generation-and-power-sources/biomass/biomass-energy-california.

83 PG&E Gas R&D and Innovation — Biomass. 2018. Pacific Gas and Electric Company,
https://www.pge.com/pge_global/common/pdfs/for-our-business-partners/interconnection-
renewables/interconnections-renewables/Whitepaper_Biomass. pdf.
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Metrics and Performance Indicators
e LCOE reductions from existing ranges for clean, dispatchable resources of roughly
$120/MWh to $600/MWh to levels below fossil-based systems in the range of
$150/MWh, 84 and approaching wind at $70/MWh and solar PV at $35/MWh#8>
e GHG emission reductions
e Increased energy and power capacity
e Increased efficiency and reliability of performance

Primary Users and Beneficiaries
e Grid operators will benefit from having clean, dispatchable generation readily available
to complement intermittent renewables, supporting reliability of the electric grid.
e Ratepayers will benefit from technological developments that lower the LCOE and
support lower rates.
e Researchers will benefit from insights into ongoing technology development and costs
associated with clean, dispatchable generation technologies.

e Federal, state, and local agencies will benefit from technology performance and cost
information that can inform energy policy and planning.

Guiding Principles
e Reliability: Clean, dispatchable generation can be provided on demand for load and
peak matching to complement intermittent renewables and support grid balancing.

o Affordability: Cost reductions in clean, dispatchable generation technologies and
associated fuels can help reduce the LCOE, benefitting ratepayers.

e Environmental Sustainability: Clean, dispatchable generation can be carbon-neutral
and displace fossil gas systems, reducing or eliminating GHG emissions.

e Equity: Advancements in clean, dispatchable generation will benefit residents in
underresourced communities by reducing pollutant emissions from fossil power plants
and lowering the cost of generation resources supplying electricity.

Background and Previous Research

Hydrogen generation projects have been a more recent funding area for EPIC. For example,
an advanced clean energy mobile backup system aims to demonstrate generation above 10

kW of standalone power for an emergency facility. As of June 2021, this project is still under
development; however, preliminary and final results, as well as lessons learned, will help

84 Ayyaswami, Venkattraman (University of California, Merced). 2020. Low-Temperature Microplasma-Assisted
Hydrogen Production From Biogas for Electrification Generation. California Energy Commission. Publication
Number: CEC-500-2020-063, https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-063.pdf.

85 Steward, G. Saur, M. Penev, and T. Ramsden. 2009. Lifecycle Cost Analysis of Hydrogen Versus Other
Technologies for Electrical Energy Storage. National Renewable Energy Laboratory,
https://www.nrel.gov/docs/fy100sti/46719.pdf; Gill, Liz, Aleecia Gutierrez, and Terra Weeks. 2021. 2021 SB 100
Joint Agency Report: Achieving 100 Percent Clean Energy in California: An Initial Assessment. California Energy
Commission, https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-
percent-clean-electricity.
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shape and refine the scope of research under this topic that seeks to improve the durability of
fuel cell systems.

Previously, EPIC invested a total of $1.2 million to fund two projects for hydrogen production
laboratory scale demonstrations, one in 2015 and another in 2020. The earlier project focused
on electrochemically converting biogas to hydrogen, and the latter focused on using a system
to produce hydrogen electrolytically that could also be configured in an advanced electrolyzer
system to recover dilute hydrogen from waste streams such as gasified biomass. The biogas-
to-hydrogen project successfully demonstrated the prototype, which had a conversion rate
from biogas-to-hydrogen of about 25 percent. 8 Given that the conversion rate for a
commercialized steam reforming process is in a range between 65 to 75 percent, this topic
considers further development to improve and expand pathways for hydrogen production that
could be used for electric generation applications.

EPIC investments of $71.4 million, with an additional $105.3 million of match funding, have
been used to fund projects that advance the market readiness of bioenergy conversion
technologies that produce electricity and thermal energy from agricultural residues, forest or
woody wastes, municipal wastes, and food processing wastes. One such project has
demonstrated a prototype for community-scale biomass heat and power production in rural
communities to reduce demand on the electric grid at peak and nonpeak times. The project
successfully generated 35 kW of electricity and reduced demand peak by 205 kW. 87 Results
from this project inform CEC’s continued interest in improving the quality of biogenic gases for
electricity generation.

On a national scale, U.S. DOE has targeted research supporting clean dispatchable generation
by investing in hydrogen and bioenergy technologies. For hydrogen technologies, recent U.S.
DOE activities under its $64 million H2@Scale initiative seek to advance affordable hydrogen
production, transport, storage, and usage to increase revenue opportunities in several energy
sectors. 88 For bioenergy technologies, U.S. DOE recently invested nearly $100 million in
reducing the price of drop-in biofuels, lowering the cost of biopower, and enabling high-value
products from biomass or waste resources. &

86 Ibid.

87 Swezy, Camille, Jonathan Kusel (Sierra Institute for Community and Environment), Andrew Hagan, and
Meagan Nuss (High Sierra Community Energy Development Corporation). 2021. Advancing Biomass Combined
Heat and Power Technology. California Energy Commission. Publication Number: CEC-500-2021-007,
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2021-007.pdf

88 “Energy Department Announces Approximately $64M in Funding for Projects to Advance H2@Scale.” 2020.
U.S. Department of Energy, https://www.energy.gov/articles/energy-department-announces-approximately-64m-
funding-18-projects-advance-h2scale.

89 “Department of Energy Announces Nearly $100 Million for Bioenergy Technologies Research.” 2020. U.S.
Department of Energy. https://www.energy.gov/eere/bioenergy/articles/department-energy-announces-nearly-
100-million-bioenergy-technologies.
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Grid Modernization Initiative

Beyond developing flexible zero-carbon generation and storage resources, achieving SB 100
will require technology advancements to the electric grid itself: the networks of transmission
and distribution lines, substations, and equipment connecting customers to generation
resources. Congestion on the electric grid could increase with growing deployments of variable
generation, new load from transportation and building electrification, and new patterns from
growing deployment of DER. Further research and coordination with numerous stakeholders
are needed to evaluate potential grid challenges as the state transitions to 100 percent
renewable and zero-carbon electricity by 2045.

EPIC 4 can support technology advancements that help reduce congestion, maintain reliability,
and increase flexibility as more variable renewables, storage, and DER are added to the grid.
For example, development and demonstration of intelligent sensors and control systems that
locate and isolate faults can provide greater situational awareness to both transmission and
distribution grid operators. Flexible power electronic devices installed in substations and on
power lines can enable efficient conversions and previously unachievable levels of control in
where and when power flows while maintaining power quality. Finally, data-driven tools that
manage growing numbers of DER and more variable bulk power resources must be made
cybersecure and able to recover from emergency events.

10. Technology Demonstrations to Address Grid Congestion in a
Decarbonized California

Innovation Need

California’s electric grid is going through substantial changes, with large fossil-fuel power
plants being replaced with renewable generation and energy storage as the state transitions to
100 percent renewable and zero-carbon electricity by 2045. The grid of the future will need to
manage growing amounts of variable generation and load. Simultaneous transportation
electrification, building electrification, and electric sector decarbonization in California will
require a tripling in the rate of installation of new solar and wind and an eightfold increase in
the rate of energy storage deployment. Increased distributed generation may also result in
power flowing in new locations not previously designed for those flows. Furthermore, severe
weather and wildfires have revealed how vulnerable the grid is to climate change. This large-
scale expansion will require detailed coordination and planning, but will inevitably create
saturation points and new congestion on the electric grid. Congestion here is defined as
potential power flow that exceeds the rated capacity of a line or piece of equipment.

Maintaining reliability, affordability, and resilience with a more dynamic grid will require
greater understanding of grid congestion and development and demonstration of technologies
to mitigate it. Alongside advancement in clean generation and storage, there is a critical need
for investment in technologies to improve the grid itself—the network of transmission and
distribution lines and substations that connect sources to end customers. Development of new
transmission lines can be environmentally damaging, time consuming, and expensive. In part
because of these reasons, California follows the Garamendi Principles to make use of existing
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utility towers and rights-of-way to the extent possible and building new transmission lines only
where absolutely required. 90

There are a variety of advanced technologies that can help in managing the transition to a
zero-carbon grid while utilizing existing towers and rights-of-way where possible, reducing
ratepayer cost, and minimizing environmental impacts. California’s IOUs own transmission
assets and are responsible for relieving grid congestion, which is accomplished using proven
low-risk technologies that may not be well suited to manage an increasingly dynamic grid.
Innovative technologies such as active power flow controllers and advanced conductors can
help achieve a more nimble and efficient grid. There is a need to demonstrate these
technologies, define the use cases, and document the potential economic and other benefits to
support decision makers in addressing grid congestion challenges.

Description

This research topic will support targeted studies to identify potential transmission and
distribution congestion constraints associated with reaching 100 percent renewable and zero-
carbon electricity as well as demonstration of scalable, cost-effective technologies that can
increase the capacity and flexibility of California’s electric grid. Each of these potential research
areas is described in greater detail below.

Targeted Assessment of Potential Transmission and Distribution Congestion Through 2045

Building from previous studies and in coordination with relevant stakeholders, this research
topic will evaluate potential transmission and distribution congestion, its sensitivity to different
technologies and deployment scenarios, and timescales over which it becomes limiting. This
information is critical to inform grid planning and to maintain the reliability and resiliency of
the grid through a period of rapid expansion and change. Existing studies that will inform this
topic include: the California ISO’s analysis of congestion in its annual transmission plan and
California ISO’s 20-year transmission outlook currently in development; congestion studies by
the Western Electricity Coordinating Council (WECC); CPUC studies for IRP; and CEC modeling.

The targeted assessment will span 2045 and include greater spatial and temporal resolution
than existing studies. The assessment may include sensitivity analyses and evaluation of
congestion in a variety of asset buildout scenarios and with differing levels of transportation,
building, and industrial electrification as well as gas system decommissioning. The analyses
supported will quantify the magnitude of potential grid constraints—which become particularly
limiting at high percentages of renewable penetration—and will provide a baseline to evaluate
the potential benefits of technology demonstrations such as those described below.

Development and Demonstration of Power Flow Controls and Advanced Conductor
Technologies to Mitigate Congestion

90 The Garamendi Principles are principles of transmission corridor planning developed by the CEC in response to
Senate Bill 2431 (Chapter 1457 of the Statutes of 1988). They (1) encourage the use of existing rights-of-way by
upgrading existing transmission facilities where technically and economically justifiable; (2) when construction of
new transmission lines is required, encourage expansion of existing rights-of-way, when technically and
economically feasible; (3) provide for the creation of new rights-of-way when justified by environmental,
technical, or economic reasons as determined by the appropriate licensing agency; and (4) where there is a need
to construct additional transmission capacity, seek agreement among all interested utilities on the efficient use of
that capacity.
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This research topic will support applied research and technology demonstration that helps
mitigate congestion by increasing the capacity and flexibility of the electric grid. Examples of
technologies that may be demonstrated include advanced high-power conductors that can
carry more power on the same towers and modular load-balancing power flow controls that
can actively change where power flows to eliminate congestion. This topic may support both
lab-scale development of new power flow technologies and products as well as field
demonstrations.

Demonstrations under this research area support evaluation of the feasibility, reliability,
interoperability, and potential for these technologies to enable greater deployment of
renewable generation without requiring new rights-of-way or transmission towers. Specific
areas of inquiry may include alleviating congestion; increasing interconnection capacity;
improving regional intertie capacity; reducing renewable curtailment; and directing power
away from hazardous lines or areas with high fire risk. Specific innovations in advanced
conductors that may be pursued, including increasing capacity and tensile strength; reducing
susceptibility to corrosion; and reducing line losses, heating, and ignition risk.

This research topic may also support demonstrations that combine power flow controls,
advanced conductors, and energy storage to identify synergies and integrated control
strategies that maximize congestion reduction and ratepayer savings. Cost and performance
data for all use cases will be validated and shared with relevant stakeholders including the
California ISO, CPUC, and IOUs to facilitate market and operator adoption and support broader
commercialization of these promising technologies.

Market and Technology Trends

As electric system decarbonization efforts accelerate in California, nationally, and globally,
there will be a growing market for technologies to modernize aging grids. The so-called “smart
grid” market is estimated to exceed more than $90 billion by 2026, although only a fraction of
this is focused on transmission and delivery technologies. °!

California utilities have evaluated the use of technologies to increase power flow in areas of
congestion. However, there is not currently adequate data on the combined use of power flow
controllers, advanced conductors, and energy storage together to relieve congestion. EPIC
research in this area could provide data needed to lower the risk of deployment, enabling
utilities to take advantage of the power flow-increasing capabilities and the cost savings these
technologies could provide. Additionally, as more renewables are added to the grid and the
flow of power changes because large power plants are being replaced with DER, a deeper look
at the use of emerging power flow-increasing technologies is warranted. This includes different
materials that improve the performance of line conductors, emerging technologies that can
use computer controls to increase the flow of power between critical assets, and other
technology alternatives to prevent the need for the construction of new transmission lines.

91 See, for example: https://www.globenewswire.com/en/news-release/2021/05/11/2226895/28124/en/The-
Global-Smart-Grid-Market-is-Expected-to-Reach-92-Billion-by-2026.html and
https://www.globenewswire.com/news-release/2021/10/25/2319553/0/en/Power-Transmission-Lines-and-
Towers-Market-worth-48-billion-by-2028-Says-Global-Market-Insights-Inc.html
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Expected Outcomes

The technologies supported through this topic can lead to greater electric grid efficiency,
reduced footprint and environmental impact, and greater amounts of renewable generation
that can be interconnected. By lowering congestion, these technologies can help reduce
differences in locational marginal prices and result in lower generation costs for ratepayers.
Furthermore, power flow control and advanced conductor technologies can help increase
reliability and safety in the context of climate change and growing wildfire risk. The results of
this research can also inform grid planners and operators about the performance and
ratepayer value of different technologies to address grid congestion. This effort will be
coordinated closely with the CPUC, California IOUs, and the California ISO to collect
appropriate data and build confidence in these technologies.

Metrics and Performance Indicators

e Reduced transmission congestion mitigation costs to the utility and passed on to
ratepayers ($/MWh)

e Increased reliability, safety, and flexibility to accommodate projected changes in
generation and load through 2045

e New product entries into the market and robust sales to technology providers.

e Ability of congestion mitigating technologies to be quickly and affordably installed,
operated, and evaluated

e Reduced environmental footprint and avoided transmission construction (acres not
impacted)

e Interoperability with existing transmission and distribution components

e Increased power capacity and controllability over conventional technologies

Primary Users and Beneficiaries
e Ratepayers will gain cost savings from not having to install new transmission and
distribution systems and having electricity delivered with fewer line losses and less stress
on grid assets.

e Grid operators will have improved reliability and controllability of the grid and a greater
understanding of how the grid will evolve up to 2045.

o California state agencies will gain improved modeling capabilities, more detailed
studies, and better data on the capabilities of emerging transmission and distribution
technologies that will inform future activities under a zero-carbon system.

Guiding Principles
e Safety: This research will address how the future grid will address safety risks caused by
grid congestion with various solutions, including power flow control and advanced
conductor technologies, which help maintain stable operating conditions and lower
temperatures of transmission and distribution systems. These improvements will reduce
ignition risk for wildfires.

e Reliability: Power flow controls will allow grid operators to route power away from
congested or hazardous lines, and advanced conductors will have improved physical
characteristics over conventional conductors, supporting grid reliability and resiliency.
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o Affordability: Results from this research will allow grid planners to pursue lower cost
pathways to a reliable, resilient grid. The transmission and distribution system will
provide solutions that offer low cost and high value, including decreases in line losses
and generation curtailment, resulting in cost savings to ratepayers.

o Environmental Sustainability: This research will support congestion mitigation
solutions that are environmentally sustainable. Power flow control and advanced
conductor technologies can provide higher power and better services without the need to
build new transmission and distribution lines or towers, thereby avoiding the
environmental impact and permitting associated with new power line construction.

e Equity: Underresourced communities are often in areas where grid power flow is limited,
and the system cannot always provide the level of power needed by the community.
Enabling stable power flow will allow these communities to have safer and better power,
and potentially a lower number of grid outages.

Background and Previous Research

The CEC Public-Interest Energy Research Program managed a Transmission Research Program
(TRP) that addressed transmission and distribution system research, and EPIC has completed
detailed environmental assessments, which this new research will build upon with a focus on
transmission and distribution congestion. However, the development of innovative solutions to
improve transmission and distribution while minimizing new construction is a relatively new
research area for CEC's EPIC program.

Nationally, the Advanced Research Projects Agency-Energy (ARPA-E) Program, Generating
Realistic Information for the Development of Distribution and Transmission Algorithms, is
creating datasets and power system models to accelerate the development of control
algorithms and identify opportunities for power flow controllers.?2 LBNL has completed
research and studies, including through funding from the CEC’s Public Interest Energy
Research Program (predecessor to EPIC), to better understand grid congestion and the
systemwide impacts when this congestion results in grid outages, including costs to consumers
and the grid operator.?3 DOE's Advanced Transmission Technologies report identifies both AC
and DC power flow controllers and advanced conductors as potential hardware solutions to
thermal, voltage, and stability limits of the grid.%*

PG&E has a unique grid system testing capability in its San Ramon facility that could be used
for testing emerging technologies. EPIC staff have an active working relationship with the
research team at NYSERDA, and the two organizations have shared information on what each

92 Heidel, T. 2017. “"GRID DATA Program Overview". https://arpa-
e.energy.gov/sites/default/files/B_GD_GRIDDATA%?20Intro_Heidel.pdf

93 Eto, J. 2008. “Renewable Resource Integration Project — Scoping Study of Strategic Transmission Operations,
and Reliability Issues”. https://eta-publications.Ibl.gov/sites/default/files/renewable-resource-project.pdf

94 DOE. 2020. “Advanced Transmission Technologies”.
https://www.energy.gov/sites/prod/files/2021/03/f83/Advanced%?20Transmission%?20Technologies%20Report%?2
0-%20final%?20as%200f%2012.3%20-%20FOR%20PUBLIC_0.pdf
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is funding in this area. Additionally, California ISO conducts annual transmission planning,
historically with a 10-year time horizon which has now been extended to 20 years. %>

11. Demonstrate Technologies to Maintain Reliability and Power Quality in
the Inverter-centric Grid of the Future

Innovation Need

As California pursues 100 percent renewable and zero-carbon electricity by 2045, a growing
fraction of generation will come from inverter-based resources that replace conventional
rotating generation. Inverters convert the DC electricity produced by solar PV and storage into
AC, which must be held synchronous across the entire Western Interconnect. The rotational
inertia inherent in conventional spinning generators maintains synchronous operation;
however, this rotational inertia will decrease as more conventional generation is retired.
Inverters today are predominantly “grid following” and match their output to the stability of
rotating generators. New technologies and innovative approaches to using existing
technologies will be necessary to maintain system stability with decreasing rotational inertia.
Without these innovations, California’s grid faces greater risk of frequency violations and
power quality issues that can force generation offline or even lead to wide-area outages.

Maintaining power quality in an inverter-centric grid is a critical technology challenge
anticipated to grow in urgency as more renewables are deployed. Specific examples of power
quality concerns include maintenance of rotational inertia, managing harmonics, and control of
power factor. Advances in power electronics and controls help enable greater deployment of
renewable resources with high power quality, including for example: “grid-forming” inverters
that can act as either a voltage or current source and emulate the properties of rotational
inertia; power factor correction devices like synchronizing condensers; and harmonics filters.
Additional research is needed to demonstrate the feasibility of these technologies, evaluate
functional requirements, build consensus on standards, and increase experience with and
adoption by bulk power system asset owners and operators.

Description

This research topic will fund technology development and demonstrations that help maintain
power quality in the context of rapidly retiring rotating generation and an increasingly inverter-
based grid. Funded research is expected to be closely coordinated with California ISO, CPUC,
I0Us, WECC, DOE, and other stakeholders to assess the current state of knowledge, anticipate
potential system needs, and identify relevant technologies for future demonstrations. This
topic may evaluate minimum levels of rotational inertia that must be maintained for system
stability (for example, through ZCFD resources explored in other research topic areas) but will
focus on demonstrating alternative technologies to provide the similar services as rotating
generators.

Technology development and demonstrations funded through this topic may focus on several
aspects of power quality including rotational inertia, harmonics, power factor, and traditional
measures of maintaining frequency and voltage. Technology capabilities to maintain these

95 CAISO. n.d. “20-Year Transmission Outlook”.
https://stakeholdercenter.caiso.com/RecurringStakeholderProcesses/20-Year-transmission-outlook
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power quality characteristics may be evaluated in the context of high inverter-based resources,
low fractions of inverter-based resources, and transitions in between to evaluate their
flexibility. This research topic may fund technology development and demonstrations of
individual or multiple technologies in combination, potentially including grid-forming inverters,
harmonics filters, power factor correction devices, voltage and frequency control devices, as
well as storage and DR to balance variable supply and load. Demonstrations may include
development of measurement devices to detect power quality issues and software interfaces
to increase situational awareness and support real-time corrections.

Examples of potential projects funded through this research topic may include demonstrations
of coordinated resources with grid-forming inverters to provide a variety of grid services.
Specific functionalities that may be evaluated include the ability to rapidly apply reactive power
to the system to stabilize grid frequency in response to a sudden loss of load or generation,
system strength support via short-term fault current overload, islanded operation to regulate
frequency in a microgrid, black start capability°6, and system integrity protection strategies.
Demonstrations will accelerate technology development, identify minimum specifications and
inform development of standards and protocols, and develop best practices to inform future
investments.

Coordination with the California ISO, CPUC, and IOUs, including potential access to their
testing facilities and assistance hosting and interconnecting these technologies, will be
important to realize the full benefits of this research topic.

Market and Technology Trends

Inverters are one of the most critical components within broader grid modernization
technologies that are expected to play an increasingly important role in California, nationally,
and globally. Driven by growing deployments of PV generation, energy storage, and
electrification of end devices, the global inverter market is estimated to grow to nearly $100
billion in 2026. %7

The power quality issues related to an inverter-centric grid are increasingly important to
address as the percentage of renewable generation grows. As the amount of rotating
generation decreases, IOUs are in the early stages of having to develop mitigations in parts of
their service territories. However, advanced technologies to meet these requirements are in
the early stages of development. For example, the CEC Solar Equipment List provides
specifications for various types of inverters based on established safety and performance
standards. However, these standards do not address the power quality issues described in this
topic and require development for grid-forming inverters. Thus, the engineering issues need to
be defined, requirements and standards need to be developed, and equipment designed and
tested.

96 A black start is the process of restoring an electric power station or a part of an electric grid to operation
without relying on the external electric power transmission network to recover from a total or partial shutdown.

97 See for example, https://www.expertmarketresearch.com/reports/power-inverter-market and
https://www.imarcgroup.com/prefeasibility-report-power-inverter-manufacturing-plant
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Expected Outcomes

This research topic aims to address the challenges in integrating inverter-based resources and
offer recommendations on potential technology pathways in transition to a grid with more
inverter-based resources. The research will support advancement of grid-forming inverter
controls to maintain grid stability, evaluation of system interactions and protection, improved
modeling to study system performance, and development of power electronics for power
quality improvement. The research will examine the minimum levels of rotational inertia that
need to be maintained or provided for by other means. The research will inform grid operators
on managing power systems with significant amounts of inverter-based resources at a scale of
up to 100 percent renewables.

Metrics and Performance Indicators

Stable or improved power quality: this includes monitoring for acceptable voltage,
frequency, harmonics, and power factor under load and supply changes

System strength: reduced time to recover from major disturbances such as faults and
sudden loss of equipment

Ability of grid to ride-through voltage and frequency fluctuations without losses of load or
generation

Percentage of inverter-based power sources that can be integrated without reduction in
power quality

Improved grid modeling accuracy and usability for grid-forming inverter-based data
collected in the field

Primary Users and Beneficiaries

Ratepayers will benefit from more low cost, reliable renewable and zero-carbon
electricity with improved power quality.

Investor-owned utilities will benefit from the increased options to respond quickly to
system disturbances and prevent disruptions rather than reacting to them.

California ISO will benefit from the new technologies that enable reliance on improved
generation and storage options.

Guiding Principles

Safety: This research will consider and evaluate best practices and standards for grid-
forming inverters for safe operation in islanded mode while ensuring the safety of
electrical personnel and bystanders.

Reliability: Technologies such as grid-forming inverters and controls can improve power
quality and reduce grid outages as the percentage of inverter-based power sources on
the grid increases.

Environmental Sustainability: Advancing technologies to maintain reliability and
power quality in the inverter-centric grid will enable more renewable power resources to
be integrated into the power grid, helping to reduce GHG emissions.

Background and Previous Research

In 2013, the California Smart Inverter Working Group identified the development of advanced
inverter functionality as an important strategy to lessen the impact of high penetrations of
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DER. This strategy includes autonomous functions for voltage and frequency ride-through,
communication standards, and additional advanced functions for monitoring; remote
connection and disconnection; and maximum power controls. Initial research projects funded
by CEC demonstrated smart inverter functionality and developed testing procedures and
certification platforms to accelerate the use of smart inverters and DER. This research topic
will continue the effort with a focus on the technologies that will enable coordinated grid-
forming power generation and maintain power quality and reliability in the inverter-centric
grid.

In 2020, a team of experts from U.S. DOE published a research roadmap on grid-forming
inverters, which is a comprehensive guide to understanding inverter-dominated power
systems. The roadmap identified research priorities including standards, advanced modeling
techniques with grid-forming controllers, and demonstration of inverter-based systems of
increasingly larger size with grid-forming capabilities.

12. Furthering Cybersecurity With Highly Modulatable Grid Resources

Innovation Need

The impacts from cybersecurity breaches are a well-recognized and well-publicized risk to a
range of critical systems and customers across numerous sectors. For the electricity system,
the increasing role of intermittent renewable generation results in more modulatable assets on
the grid, while the proliferation of DER creates more points-of-access vulnerability. While these
developments are important to the evolution of the grid, they can also be used by those with
malicious intent to disrupt grid operations. Cybersecurity breaches can be at the utility-grid
level, at the level of aggregated DER, or at the end-customer level, and a comprehensive
approach to cybersecurity requires considering all of these levels.

Each point of connection to the grid is a potential vulnerability and the number of connection
points is increasing. DER have grown rapidly in California over the past decade, and this
growth is expected to accelerate over the coming decade. For example, from 2019 to 2030,
DER are expected to grow from 15,800 GWh to 41,200 GWh for BTM solar PV; and from 340
MW to 2,600 MW for BTM storage capacity. %8 Other DER growth areas include load flexibility
technologies that can be managed and controlled through DR (DR) programs and dynamic
rates. Improved communication capabilities with aggregators and grid operators are
increasingly enabling clean DER to provide grid services, such as frequency regulation,
ramping support, and spinning reserves. Furthermore, as more smart devices are used in
utility demand reduction programs, the opportunity for cybersecurity attacks increases, and
the impact can be on the specific device and the system.

Moreover, with DER increasingly orchestrated as an aggregated network of dispatchable
resources, and as more dispatch and scheduling signals are communicated through cloud
networks, the exposure to potential cyberattacks grows. Traditional cybersecurity measures
emphasize incident prevention and securing trusted perimeters, but modern technological
advances that decentralize DER communications have dissolved traditional network

98 California Energy Commission staff. 2020. 2020 Integrated Energy Policy Report (IEPR) Update. California
Energy Commission, https://www.energy.ca.gov/data-reports/reports/integrated-energy-policy-report/2020-
integrated-energy-policy-report-update.
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boundaries. Hardened perimeters and encrypted communication protocols alone are not
sufficient to protect against emerging cyberthreats. Greater emphasis must be placed on
incident preparedness and response to minimize damage in the case of security breaches.

Description

This research topic will define approaches to include cybersecurity into DER projects and
assess and develop existing technologies that may need improvement. It will support research
that advances cybersecurity protection as DER continue to increase in California — including
BTM resources such as EVs, energy storage, residential solar and energy storage systems,
smart inverters, and load-flexibility technologies. The topic will consider the potential for
cybersecurity threats on the utility system associated with DER technology demonstrations and
mitigation opportunities that complement utility cybersecurity protection systems. This topic
will also support development and implementation of cybersecurity best practices for
aggregated DER in collaboration with utilities, industry, researchers, and end users. Potential
technologies and practices include dynamic access control schemes such as attribute-based
access controls; ? self-healing grid-edge devices and nodes; enabling technologies for
implementing zero trust architecture (ZTA); 1% and incident response and coordination.

The CEC will collaborate with key partners advancing cybersecurity to ensure alignment and to
leverage synergies. For example, the U.S. Department of the Navy and California IOUs could
serve as key collaborators in testing the cybersecurity hardness of modular systems like DER
and software systems. The University of California campuses could also serve as key partners;
EPIC has supported technology testing sites at University of California campuses to evaluate
the performance of hew and emerging energy technologies. Projects may also support
coordination of OEMs, aggregators, and other grid stakeholders to monitor and respond to
potential cybersecurity breaches.

Market and Technology Trends

There are ongoing efforts to meet the challenges of cybersecurity in the modern grid,
including the standardization of secure communication protocols. Interconnection to California
IOU distribution systems under CPUC'’s Rule 21 proceeding require the use of the Institute of
Electrical and Electronics Engineers (IEEE) 2030.5 national standard protocol for smart
inverters to communicate with utility networks. Security must go beyond over-the-wire
communications, so IEEE also developed IEEE 1547-2018, a national standard for
Interconnection and Interoperability of Distributed Energy Resources with Associated Electric
Power Systems Interfaces. To help industry meet this standard, IEEE has been developing
guidelines for best cybersecurity practices (IEEE 1547.3); once developed, these guidelines
may need to be demonstrated in the field to produce real-world examples that inform
stakeholders on how these best practices can be practically implemented. Additionally, the CEC

99 Attribute-based access controls grant system permissions to users based on a combination of attributes like
who the user is, the resource, and the action the user is trying to take. For example, permissions for a DER
owner attempting to export power to the grid would differ from those for a DER aggregator using resources in its
portfolio to respond to a load shed event.

100 Zero Trust Architecture is a coordinated cybersecurity strategy that minimizes access permissions granted,
continually verifies real-time operational data, and does not implicitly trust any one element, node, or service.
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has a formal memorandum of understanding with the Navy to share research lessons learned
and support collaboration on cybersecurity testing.

Expected Outcomes

Research funded under this topic may inform the deployment of cybersecurity technologies
and guide DER integrators and aggregators on best practices to effectively secure the safe
coordination of aggregated DER. Examples of best practices may include how to dynamically
set minimum permissions for distributed grid-edge devices and continuously monitor behavior
to best detect abnormalities, reducing the risk of cyber intrusions to customer and aggregator
resources. Common agreed-upon security expectations for all grid citizens would ensure end-
to-end grid security that reduces risk and the impact of a potential breach.

In addition, research completed under this topic will be coordinated with the California ISO,
CPUC, and IOUs to ensure that there is no duplication of activities, activities can be
coordinated, and results can be shared. One area that may arise is the need to address the
confidentiality of the work and the results. The EPIC team will develop processes on how to
address any confidential or sensitive data collected.

Metrics and Performance Indicators
e Reduced secure gateway costs
e Number or percentage of devices with specified security features
e Number or percentage of vendors with recommended cybersecurity programs
e Percentage of DER aggregator servers with verified security requirements

Primary Users and Beneficiaries
e Ratepayers will benefit from reductions in cybersecurity breaches and improvements in
responses to breaches, leading to a more reliable and secure grid.

e Aggregators will benefit from security when participating in wholesale energy markets
and unlock additional value streams.

e DER asset owners will benefit from secure participation in aggregated grid services and
more opportunities to monetize DER services.

o Utilities will gain more secure visibility in the distribution grid and how dispatched DER
behave and will have access to additional cost-effective resources to maintain grid
reliability.

e California ISO will have greater, secure access to aggregated DER for grid services
traditionally met by large, fossil gas-fired generators, helping reduce GHG emissions
during dispatch events.

e EPIC grant awardees will gain assurance that their proposed systems provide
adequate cybersecurity protections to the distribution and transmission grid systems.

e OEMs and device manufacturers will benefit from cybersecurity knowledge,
standards, and best practices to secure the DER supply chain. Common security practices
ensure that all manufacturers are taking similar steps and prevent a “race to the bottom”
where some parties might weaken security to reduce costs.
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Guiding Principles
o Safety: This research will reduce the threat and impact of grid compromises from
cybersecurity breaches.

e Reliability: There is an increasing need for a more diverse set of grid-balancing, fast-
responding resources. This research will demonstrate the extent to which aggregated
DER could provide these services and inform strategies for reducing potential grid
outages due to cybersecurity breaches.

o Affordability: If DER can more easily participate in the wholesale markets, the
associated cost becomes more economical for prospective owners. Further, aggregation
could reduce the cost to I0Us and California ISO of procuring grid services, thereby
staving off potential rate increases.

o Environmental sustainability: This research will support reduced reliance on
dispatching fossil gas-fired generation to provide system reliability, reducing GHG and
criteria pollutant emissions.

Background and Previous Research

A number of federal-level cybersecurity initiatives and activities provide a foundation for future
California-focused EPIC research. For example, Sandia National Laboratories has taken steps to
modernize cybersecurity practices for the grid. In 2019, Sandia published a report titled
Recommendations for Trust and Encryption in DER Interoperability Standards.1%! The research
paper analyzed elements of IEEE 2030.5 implementation, identified potential scalability gaps, and
proposed emerging technologies to be considered for inclusion in DER communication systems.
Additionally, the U.S. Department of Defense has completed exercises on cybersecurity attacks
that inform cybersecurity defense systems that can substantially reduce risk.

The National Institute of Standards and Technology (NIST) has an ongoing project that will
develop a recommended architecture for securing the industrial internet of things with respect to
DER. 102 NIST has published a preliminary draft cybersecurity practice guide based on these
findings. NIST has also been coordinating with industry organizations to demonstrate a full-scale
implementation of a ZTA. NIST will publish practical implementation guidelines on its website 103
once the project is concluded. The scope has focused on the use of ZTA in enterprise IT
environments (for example, software development) and does not include industrial control systems
or operational technology environments, though NIST is interested in investigating how ZTA
principles may be applied to these environments, especially for securing grid-edge devices in the
distributed energy space. EPIC research could build on the work of NIST by exploring how ZTA
principles could be practically implemented to secure California’s distribution grid, aggregated DER,
and grid-edge devices.

101 Johnson, Tillay (Sandia National Lab). 2019. Recommendations for Trust and Encryption in DER
Interoperability Standards. United States Department of Energy. https://doi.org/10.2172/1761841.

102 “Securing the Industrial Internet of Things.” 2021. National Institute of Standards and Technology.
https://www.nccoe.nist.gov/projects/use-cases/energy-sector/iiot.

103 “Zero Trust Architecture” 2021. National Institute of Standards and Technology.
https://www.nccoe.nist.gov/projects/building-blocks/zero-trust-architecture.
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CHAPTER 4.
Increase the Value Proposition of Distributed
Energy Resources to Customers and the Grid

Distributed energy resources (DER) are key components of California’s clean energy future and
economywide decarbonization. This includes distribution-connected generation, EVs, energy
storage, energy efficiency, and load flexibility technologies. DER have the potential to deliver
significant benefits to grid operators and end users in a high-renewables, high-electrification
future. These benefits come in many forms, such as load flexibility, peak demand reductions,
reducing or deferring grid upgrades and associated costs, and improving climate resiliency and
grid reliability. Even modest amounts of load flexibility, for example, can significantly lower the
cost of achieving SB 100 goals.

California has policies and programs in place that are accelerating the DER market. These
programs include incentive programs for electrifying the building and transportation sectors
and for deploying distributed solar and storage. However, due to the operational and economic
complexities of DER, additional research is needed to optimize the integration of DER into the
grid, improve power flow efficiencies, and maximize value. Moreover, as the DER market
continues to grow, particularly with the large-scale deployment of EVs, research is needed to
develop innovative technologies for reusing critical materials. Finally, as California looks to
scale up the use of DER, there is a need to explore and identify innovative financing and
business models that enhance the impact of investment in DER and expand customer adoption
opportunities. EPIC 4 research topics in this chapter support applied RD&D efforts to advance
the integration of DER into the distribution system, enhance cost and performance attributes,
and realize the full range of benefits to customers and the grid. Specific areas of focus include
enabling reliability and resiliency with load flexibility; advancing planning tools and
technologies to improve the efficiency, operations, and integration of DER; improving DER
communication and control technologies; aligning the growing transportation electrification
market with grid needs and exploring opportunities to recycle and reuse critical materials; and
exploring innovative financing and business models. Together, the R&D topics in this chapter
will improve the value proposition of DER.

Distributed Energy Resource Integration and Load Flexibility
Initiative

13. Improving Forecasts of Behind-the-Meter Solar, Storage, and Load
Flexibility Resources

Innovation Need

Forecasting BTM solar PV, storage, and load flexibility resources is vital to the complex
operation of California’s electric grid and promoting grid reliability. Short-term forecasts of
solar-generated energy, battery storage, and load flexibility provide crucial support to
scheduling of supplemental resources and cost-effectively balancing supply and demand. The
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importance of accurate forecasting is also growing with the increased adoption of BTM solar
PV, storage, and load control technologies.

The impacts of higher levels of BTM solar PV, storage, and load control on net load — the total
demand in the system minus electricity production from variable energy resources such as
solar or wind — are difficult to predict as production and consumption from DER and BTM load
management are typically not visible to grid operators. This makes grid planning and operation
more challenging. One key challenge to improved forecasting derives from the difficult-to-
predict effects of different atmospheric conditions — such as temperature, cloud cover, wind
speed and direction, and wildfire smoke — on gross energy consumption, BTM DER production,
and load shifting capabilities. These conditions are temporally and spatially variable, energy
usage is customer-dependent, and grid operators typically see only the net load at the meter.

Innovations in solar forecasting methods are needed to guide effective integration of new solar
PV capacity into the electric grid, ease the use of battery storage to address ramping needs,
and, ultimately, enhance grid reliability. Improvements in solar, storage, and load flexibility
forecasting methods can allow the California ISO and other grid operators to forecast net load
more accurately and strategically determine reserves to meet the predicted demand,
particularly in cases of heat waves, wildfire smoke, and other extreme events. Such
forecasting tools could help grid operators more effectively plan for unusual, but costly, day-
ahead forecast scenarios resulting from extreme weather events and develop more precise
day-of dispatch strategies and incentive structures for flexible loads and other DER as well as
form a basis for developing forecasts of load and DER response to dynamic prices and grid
signals. Furthermore, more accurate forecasting methods will reduce the need to build
additional ramping capacity, leading to lower electricity rates, increased renewable generation,
and improved system resilience to wildfires and other relevant weather conditions.

Description

This research topic aims to strengthen forecasts of BTM solar PV, storage, and load flexibility
by developing new forecast models and improving the accuracy of methods for forecasting the
net load on a five-minute to day-ahead basis. In addition to using satellite information, the
research could use advanced sensors and on-site field instrumentation to evaluate model
accuracy and reduce errors through empirical calibration. Focal areas could include (1)
improving solar irradiance forecasts by measuring the impact of clouds (including low-level
coastal clouds), wildfire smoke, and other relevant weather conditions; (2) improving the five-
minute to day-ahead forecast of net load; (3) improving forecast models of energy imbalance;
(4) improving documentation of load flexibility performance of different end uses and
customer response to different prices and incentives; and (5) improving the efficient use and
optimization of battery storage in the field. These improvements will result in new methods
and advanced models that enhance the performance and robustness of net load forecasting
and enable California ISO and utilities to plan their generation reserves, capacity, and
operations more accurately to provide consumers with reliable and cost-effective energy.

Market and Technology Trends

With significant growth of BTM solar PV and battery storage, it is increasingly important to
understand how variable energy resources (VERS) such as solar and wind fluctuate with
atmospheric conditions. BTM solar PV is projected to increase from 8.0 GW in 2019 to 20.5
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GW in 2030, and BTM battery storage is projected to increase even more dramatically, from
0.2 GW in 2019 to 9.7 GW by 2030 in the SB 100 Core scenario. It is also important to
understand how VERs interact with grid and distribution system operation, since battery
storage paired with BTM solar PV can serve as generation and load. The growth in BTM solar
PV installations shows a net load increase during the early morning and late afternoon hours,
possibly as a result in consumer behavior changes after the installation of the BTM solar PV.
This increase is leading to higher forecast loads during these periods in part because
consumers are changing how they use their equipment such as keeping their air conditioning
(A/C) operating throughout the day. At the same time, load flexibility technologies and
strategies are being developed that allow customers to value-stack their consumption
preferences and automatically control end uses according to the value they provide at different
times — such as trading off water heating, EV charging, or pool filtering to use A/C when it is
needed most. As a result, load forecasting may become more complicated as a higher
penetration of BTM solar PV installations could exacerbate the weather sensitivity of loads.
Furthermore, there are other factors where forecast models would need to be adjusted to
reflect the changing face of demand related to technical and social changes (for example,
related to the coronavirus pandemic and increased use of EVs), as well as BTM battery
storage.

Expected Outcomes

Projects under this research topic could improve the operational reliability of the transmission
and distribution systems, particularly when operating with a higher penetration of VERs. These
projects include balancing grid supply and demand and providing essential reliability services
such as frequency regulation, voltage support, and ramping needs. For example, projects
under this research topic could develop advanced modeling and simulation to better assess the
impact of smoke plume characteristics from wildfires and provide an improved solar forecast,
improve the solar irradiance forecast in coastal areas where low-level clouds are prevalent,
and improve the day-ahead forecast. The research results could provide updated models and
forecasts that California ISO, IOUs, and other electricity sector stakeholders can integrate into
their operations and infrastructure-related decisions. These updated models and forecasts
include improving the accuracy in procuring spinning and non-spinning reserves to meet
supply and demand, improving the accuracy and reliability of generation and load forecasts to
optimize the fleet of resources to improve system flexibility, and allowing more renewables to
be integrated into the grid without curtailment.

Metrics and Performance Indicators
e Improvement in net load forecasting accuracy
e Improvement in the accuracy of existing solar irradiance forecasting methods
e Reduction in large errors in net load forecasts
e Reduction in cost of procuring spinning and non-spinning reserves
e Reduction in reserve requirements

Primary Users and Beneficiaries

e California ISO will benefit from improved forecasts of BTM solar PV generation, as well
as incorporation of battery storage and load flexibility into various forecast models such
as the existing short-term load forecast models to help plan generation reserves,
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capacity, operations, and provision of essential grid services (for example, voltage and
frequency controls, and ramping capabilities). An improved forecast will reduce risk,
uncertainty, and cost in a grid with high levels of solar PV generation and battery
storage.

e CPUC may use project results to help the state plan for increased DER grid integration
while maintaining reliability.

o Utilities will benefit through improved forecasts that help minimize the risks of
overbuilding capacity or acquiring more resources than required. Improved BTM solar
and storage forecasting can help utilities better predict and balance energy generation
and consumption as well as help optimize resource dispatch and generation and
transmission investments.

o DER owners and aggregators will benefit from an improved and more accurate BTM
solar and storage forecast, which supports optimization of dispatch for grid services
based on the cumulative power and energy capacity available from those DER.

e Researchers will benefit from publicly available information that will help them assess,
test, and improve new forecasting methods.

Guiding Principles
o Reliability: Improved BTM solar and storage forecasts provide greater transparency of
BTM resources contributing to system reliability. An improved model can reduce
uncertainty, leading to a higher probability of meeting net loads and increasing reliability.

o Environmental sustainability: Improved BTM solar and storage forecasts can reduce
California’s carbon footprint because greater renewable-based DER generation will
decrease the use of fossil-fueled reserves that would otherwise be required to
accommodate PV forecast inaccuracy.

Background and Previous Research

In 2020, the CEC completed a research project focused on improving existing solar forecasting
methods and developing new ones with greater accuracy. The project developed methods that
improved irradiance forecasts for California’s coastal marine layer, including an innovative
approach that modeled elevation-related dissipation, improved regional and site-specific blends
of net load forecasts by enhancing a previously developed method for probabilistic forecasting,
and developed new and more accurate methods for day-ahead BTM solar generation. The
researchers developed advanced regression methods that enable energy resource planners to
better estimate future customer solar PV-generated capacity.

The U.S. DOE has targeted research that generates tools and knowledge to enable grid
operators to better forecast how much solar energy will be added to the grid by improving
forecasts of PV variability, reducing uncertainty, and enabling more reliable and cost-effective
integration of solar PV onto the grid. For instance, U.S. DOE’s Office of Energy Efficiency &
Renewable Energy 2017 Solar Forecasting funded $12 million to advance early-stage solar
research. 194 The focus of these projects was to develop a test framework to benchmark solar

104 Norris, Benjamin, Marc Perez, Philip Gruenhagen, Jordan Hazari, and Thomas Hoff (Clean power Research,
LLC). 2020. Developing a Comprehensive, System-Wide Forecast to Support High-Penetration Solar. California
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irradiance and a solar power forecasting model, improve on existing capabilities, reduce errors
associated with large-scale cloud movement, and research solutions that integrate solar power
generation models with energy management systems to enhance grid operation. This research
is helping advance more accurate solar forecasts, enabling utilities to better manage the
variability and uncertainty of solar power, and improving grid reliability.

14. Direct Current Systems for Efficient Power Delivery

Innovation Need

To use DER to meet the loads of nearby end uses, small-scale power system networks can be
installed BTM — within or adjacent to facilities — or alternatively connected to a utility
distribution grid in front of the meter to supply the grid. These systems — consisting of
equipment such as conductors, transformers, panelboards, circuit breakers, inverters, and
connected devices — can enhance reliability and resiliency for buildings and EV fleets by
enabling DER to power critical loads during broader grid outages.

Typically, these small-scale power systems are based on alternating current (AC) 105 due in
part to the prevalence of electrical end-use equipment with AC inputs. However, this
prevalence can result in energy losses in conversions from direct current (or DC) 1% to AC —
such as for power sourced from natively DC solar PV and battery energy storage — as well as
in converting from AC to DC, for example to charge DC-based EV batteries.

DC-based power systems can improve system efficiency and achieve energy cost savings by
eliminating power conversions. DC power distribution in buildings can be designed to connect
DER directly with building loads to improve the efficiency of power delivery in the range of 10
percent (dependent on the electrical loads served). When transitioning major loads in the
building from AC to DC, DC-based power systems can result in up to 30 percent lower total
cost of ownership over the life of the system by removing inverters and transformer
equipment that will result in a lower cost to install and maintain compared to AC systems. 107
The efficiency improvements of DC-based power systems could be maximized with the future
expansion of DC-based end-use equipment (for example, refrigeration, cooktops), but
efficiency improvements are also possible in the near term, particularly in serving existing DC
end uses such as EVs and light-emitting diodes (LEDs).

There are several barriers to developing and deploying DC power systems. For example, there
is a lack of standardization of DC voltages across DER, facility end uses, and DC EV chargers.
Development is needed in the interoperability of components and communications for the

Energy Commission. Publication Number: CEC-500-2020-060.https://www.energy.ca.gov/sites/default/files/2021-
05/CEC-500-2020-060.pdf.

105 Alternating current is an electric current that periodically reverses direction and continually changes
magnitude.

106 Direct current is an electric current that flows in only one direction.
107 Robert Bosch LLC. 2018. “A Renewable Based Direct Current Building Scale Microgrid,” EPC-14-053.

California Energy Commission, https://basc.pnnl.gov/research-tracker/renewable-based-direct-current-building-
scale-microgrid.
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various DC equipment and EV supply equipment. Furthermore, there is a need for improved
power flow control strategies for power electronics, as well as safe and reliable DC fault
protection systems. R&D can address these technology opportunities and show technology
readiness, real-world performance, and cost improvements for DC power systems.

Description

This research topic aims to develop and demonstrate replicable DC power systems that use
DER to deliver highly efficient, reliable power for EV charging and other DC-based end uses.
The primary focus would be on BTM applications. Additional end uses that may be served
include DC-based lighting and motor-driven loads (for example, pumps, fans, and
refrigeration), as well as others that become available. Specific areas of research focus may
include:

e Developing key power system components such as DC circuit breakers, meters, controls,
bidirectional multiport inverters (inverters that can simultaneously manage several inputs
and outputs), and other power electronics.

e Enhancing the interoperability of the various DC end-use devices.
e Demonstrating DC power systems for EV charging and bidirectional charging.

e Demonstrating DC power systems for building applications with high-efficiency potential
and for several building systems that ease or eliminate grid synchronization requirements
for the DER.

Analysis would examine characteristics such as power system efficiency, power quality,
reliability, and cost.

Market and Technology Trends

The market for DC power supply and end-use components is growing rapidly. These
components include DC-based solar PV and battery storage that can deliver bill savings and
enhance customer resilience to grid outages, as well as serving EVs, LEDs, and laptops. These
natively DC components present opportunities for enhanced efficiency and natural
compatibility in DC power systems. In the SB 100 Report (specifically the SB 100 Core
scenario), additional BTM solar PV is projected at 12.5 GW by 2030 and 28.2 GW by 2045, and
additional battery storage is projected at 9.5 GW by 2030 and 48.8 GW by 2045. 108 The
growth of EVs in California presents a rapidly growing DC-based end use that could be served
by DC power systems. EO N-79-20 requires 100 percent of in-state sales of hew passenger
vehicles to be zero-emission by 2035. 19 Moreover, the CEC's analysis under AB 2127 projects
nearly 1.2 million public and shared private chargers will be needed by 2030 to support about

108 Gill, Liz, Aleecia Gutierrez, and Terra Weeks (California Energy Commission). 2021. SB 100 Joint Agency
Report: Creating a Path to 100 Percent Clean Energy Future. California Energy Commission.
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100 percent-clean-
electricity.

109 Executive Order N-79-20. 2020. Executive Department State of California. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EOQ-N-79-20-Climate.pdf.
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8 million ZEVs anticipated under EO N-79-20.110 DC power systems would have the added
advantage of being able to charge EVs more efficiently and quickly than with AC power. In
addition, solid-state lighting, which has been widely adopted, can be naturally integrated into
the DC power system without requiring an AC to DC converter. In addition, plug loads (for
example, laptops, modems, and routers) are the fastest growing electric load type in the
building sector, and these devices are DC-ready (that is, they operate on DC but require a
power adaptor to be plugged into an outlet to convert from AC to DC). The wider adoption of
DC-based solar PV, battery storage, and end uses (for example, EVs, lighting, and electronics)
increase the value of developing DC power delivery systems.

Expected Outcomes

Projects under this research topic will advance key component developments and early
demonstration of replicable DC power systems that integrate DC-based DER and end uses.
These DC power systems will reduce or eliminate the number of power conversions,
associated equipment and installation, and O&M costs. The systems may demonstrate
enhanced reliability because of fewer required power electronics and potential points of failure.
Furthermore, DC power systems could promote the growth of fast, efficient EV charging,
helping advance clean transportation.

Metrics and Performance Indicators

e Improvement in power system efficiency due to reduced losses in conversion and
distribution

e Improvement of net energy cost savings from a DC power system when to an AC power
system

e Improvement in power quality (for example, harmonics, power factor, and voltage sag and
swell)

e Reduction in installation time and maintenance costs when compared to AC power system

e Reduction in annual EV operating and life-cycle cost ($/mile) when supplied by a DC power
system

Primary Users and Beneficiaries
o Ratepayers will benefit from more efficient delivery of power and associated cost
savings, as well as from critical loads being met during grid outages.
e Building developers and designers will benefit from the development and
standardization of DC equipment, easing design and build processes.
o Equipment manufacturers will benefit from data to inform investments in developing
DC equipment as part of their product portfolios.

o Researchers and innovators will benefit from performance and cost information on
DC power systems that will inform future DC technology R&D.

110 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffrey Lu, and Raja Ramesh (California Energy
Commission). 2021. Assembly Bill (AB) 2127 Electric Vehicle Charging Infrastructure Assessment. California
Energy Commission. Publication Number: CEC-600-2021-001-Rev.
https://efiling.energy.ca.gov/getdocument.aspx?tn=238032.
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o Utilities will benefit from research insights that can inform future deployments of DC
power distribution and associated reliability benefits.

o State agencies will benefit from research insights for planning, including for
streamlining interconnection of DER under CPUC’s Rule 21 Interconnection Proceeding
(R.17-07-007), creating new building decarbonization solutions under CPUC’s Building
Decarbonization Proceeding (R.19-01-011), and adding an alternative microgrid
configuration for consideration in CPUC’s Microgrid Proceeding (R.19-09-009).

Guiding Principles
o Safety: Low voltage facilitated by DC power can reduce the safety and electric shock
risks associated with higher-voltage operations.

e Reliability: DC power systems can provide greater system reliability by reducing or
eliminating equipment, thereby reducing the possible points of failure.

o Affordability: A residential DC power system can promote energy efficiency and energy
cost savings for homes and businesses.

Background and Previous Research

This research topic builds on prior CEC and U.S. DOE R&D on DC power systems and DC
microgrids. For example, in 2018, the CEC completed a research project focused on a pilot DC
microgrid with a DC power distribution architecture. 1! The project installed and tested the DC
microgrid at a commercial warehouse and distribution center with the objectives of eliminating
power conversion losses, improving overall system efficiency, and providing cost-optimized
islanding capabilities to the DC loads. The project demonstrated improvements in efficiency,
reliability, and resiliency for the DC lighting loads and energy storage on the DC power
distribution architecture. It also demonstrated that a DC power distribution architecture can
reduce the complexity of power controls relative to AC systems.

In 2019, the CEC completed another research project with focused on using DC power
distribution within zero net energy (ZNE) buildings 112 to connect efficient end-use equipment,
such as solid-state lighting and variable-speed motors, with on-site solar generation and
energy storage. 113 The assessment found that DC distribution in buildings can save electricity
(about 5 percent to 10 percent for systems that included on-site renewable energy system and
up to 15 percent that also included battery storage) compared to an equivalent system with

111 Robert Bosch LLC. 2018. “A Renewable Based Direct Current Building Scale Microgrid,” EPC-14-053.
California Energy Commission, https://basc.pnnl.gov/research-tracker/renewable-based-direct-current-building-
scale-microgrid.

112 An energy-efficient building where, on a source energy basis, the actual annual consumed energy is less than
or equal to the on-site renewable generated energy (https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/demand-side-management/energy-efficiency/zero-net-energy ).

113 Vossos, Vagelis, Gari Kloss, Daniel Gerber, Bruce Nordman, Rich Brown (California Energy Commission), Ruby
Heard, Eric Heard (Arup), et al. 2019. Direct Current as an Integrating and Enabling Platform for Zero-Net Energy
Building, EPC-14-015. California Energy Commission. Publication Number CEC-500-2019-038,
https://www.energy.ca.gov/sites/default/files/2021-06/CEC-500-2019-038.pdf.
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AC distribution. Remaining barriers to adoption include cost, a lack of DC compatible products,
and relative inexperience among building designers, engineers, and contractors.

The CEC also has an active research project co-funded by U.S. DOE: Smart Power Integrated
Node (SPIN). 114 This project combines and integrates three power electronic systems
(replacing the inverters for PV, battery storage, and AC/DC EV charger) into a single piece of
DC architecture equipment that provides a number of benefits: simplified wiring, permitting,
and interconnection processes for residential energy use; coordinated vehicle charging and
discharging based on the EV energy availability; and reduced system installation time and cost.
This work will be leveraged in the further development and deployment of DC power systems.

U.S. DOE has targeted research in developing new technology to improve the devices that
serve as the critical link between PV arrays and the electric grid. U.S. DOE’s Office of Energy
Efficiency & Renewable Energy 2018 Advanced Power Electronics Design for Solar Applications
funded $19.9 million to advance early-stage solar power electronics technologies. These
projects advance inverter technology — to lower cost, extend product life, improve
efficiencies, and enhance grid integration capabilities — and power electronics designs that
integrate solar with other devices such as battery storage that will make solar energy
controllable and dispatchable in resilient microgrids. These innovations will help achieve U.S.
DOE’s goal to cut the cost of electricity for a solar system in half by 2030 and inform further
advancements in real-world DC power systems.

Moreover, Public Utilities Code Section 8371 (f) directed the CPUC to develop a standard for
DC metering under Rule 21 to streamline interconnection and lower interconnection costs for
DC microgrids. The CPUC is currently developing this standard under its R.19-09-009
(microgrid) and R.17-07-007 (Rule 21) proceedings.

15. Behind-the-Meter Renewable Backup Power Technologies

Innovation Need

As California’s grid faces more challenging conditions for maintaining reliability — including
extreme heat, wildfires, and PSPSs — affordable solutions are needed for meeting critical loads
in homes and businesses during grid outages. Using BTM renewables, such as solar PV, for
supplying backup power is technically feasible but requires additional costly equipment. This
additional equipment — typically consisting of battery storage, a battery inverter, and a
transfer switch — must be able to maintain local voltage and frequency without the grid
(“grid-forming”) and prevent power from backflowing onto the grid. Such systems are often
cost-prohibitive, particularly for low-income households and communities. As a result,
households and businesses that do pursue backup power solutions often install lower-cost
diesel or gasoline-powered generators, which results in emissions of GHGs and criteria
pollutants.

Emerging solutions leveraging power electronics hold promise in offering easy-to-implement
and low-cost solutions to enable greater access to renewable backup power. Power electronics

114 Electric Power Research Institute. 2021. Smart Power Integrated Node (SPIN) — DC Vehicle-to-Grid
Integration with Local DERs Enabling ZNE, Resiliency, and Distribution Grid Services, EPC-16-054. California
Energy Commission.
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are electrical devices that measure and manipulate electric power; examples include electrical
isolation switches, control panels, and inverters. Many of these devices could be outfitted to
deliver safe backup power functionality with on-site solar at around 10 percent of the cost of
battery storage systems.

Current offerings of resiliency-enabling power electronics require expensive customization, are
at early stages of product development, or do not have adequate functionality to meet most
customers’ needs. For example, commercially available switchgears are costly and must be
tailored to individual site needs. The design of these technologies could be made more
modular to fit use cases with minimal customization to reduce engineering costs and simplify
interconnection. Electrical isolation switches could be plugged in directly behind a customer’s
meter, but this is early-stage technology under development. Grid-forming solar inverters are
available today as “multimode” inverters, but they can operate only a single outlet at a time,
so additional modifications are needed to power several critical loads. Research is needed to
ensure that power electronics can deliver low-cost, easy-to-implement solutions for safely
powering critical loads.

Description

This research topic will focus on developing modular power electronics technologies that can
safely enable BTM renewable generation systems (for example, rooftop solar) to provide
backup power functionalities at reduced cost. These functionalities may include the ability to
island and form a microgrid, but the primary goal is to provide power to critical loads in a grid
outage. Technology innovations will help reduce hardware costs of backup power electronics;
allow solar PV to provide backup power without requiring additional energy storage; and
increase standardization of solutions to promote replicability, simplify site engineering, ease
permitting, streamline installation, and reduce soft costs. The systems may be designed to
allow plug-and-play storage to be added easily to provide additional backup capacity if desired.
Specific technology advancements may include developing customary power components such
as critical load panels and meters enhanced with islanding functions; standardized switchgears
that can be rapidly deployed at several locations with minimal alterations; and multimode
inverters with built-in backup power capability.

This research topic may include the buildout of technology prototypes; validation at laboratory
and pilot scale to verify the power electronics safety, reliability, and conformance to
appropriate standards; and real-world demonstrations, with particular attention to
opportunities in underresourced communities.

Backup power functionalities that may be supported with the proposed power electronics
development include automated islanding and powering of critical loads; preventing
unintentional backflow onto the grid; maintaining export limits defined by interconnection
agreements; and managing safe reconnection to the utility grid.

Market and Technology Trends

Multimode inverters are commercially available, but technology advancements are needed to
allow them to power more critical loads in a grid outage with improved automation (minimal
input required from the households and businesses served). Switchgears are also commercially
available, though they typically require costly customization for each site. Other resilience-
enabling power electronics — such as electrical isolation switches that can be plugged in BTM
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— are being piloted, and some have participated in the CalTestBed research topic, though they
are still in an early phase of technology development. Batteries with grid-forming inverters are
the primary incumbent, commercially available technology for enabling solar backup power
and resiliency, but those systems remain costly.

Expected Outcomes

Innovations under this research topic can support broader adoption of BTM backup power
systems that help meet critical loads during grid outages. The development of low-cost
modular hardware that can easily be installed on new and existing systems to enable backup
power functionality would accelerate rapid deployment of and conversion to resilient systems.
Projects will demonstrate backup power solutions that have reduced cost and can power
critical loads with minimal input from the customer, lowering the barriers inhibiting broad,
equitable adoption. Research results could inform the CPUC'’s Rule 21 interconnection
proceeding (R.17-07-007) as well as the microgrid proceeding (R.19-09-009).

Metrics and Performance Indicators

e Reduced operational steps for customers to shift into island mode
e Reduced interconnection time

e Reduced cost of resiliency-enabling power electronics equipment
e Reduced cost of backup power compared to existing systems

e Loads (kW) that can be served

e Duration of serving critical loads during a grid outage

Primary Users and Beneficiaries

o DER installers and integrators will benefit from modular technologies that simplify
installation costs, time, design, and training for resilient BTM DER systems.

o Utilities will benefit from data on devices requiring interconnection review, helping
streamline the review with time and cost savings.

o Communities will benefit from cost-competitive clean backup solutions that can
displace fossil-based backup power. Today, diesel generators are most used for backup
power during grid outages due to low cost; however, these generators emit localized
emissions that negatively impact air quality.

Guiding Principles
o Reliability: Technologies developed under this research topic will demonstrate reliable
backup power systems for end users.

o Affordability: This research topic will develop standardized, modular solutions for
specific components of resilient BTM energy systems to reduce the overall costs of the
system. Technologies developed under this topic will also enable existing solar
installations to provide onsite energy resiliency while minimizing electric panel and other
system upgrades.

e Environmental sustainability: BTM renewable backup systems will reduce use of
diesel backup generators, which emit GHGs and criteria pollutant emissions that reduce
air quality.
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e Equity: Standardized, low-cost resilient power electronics would help bring backup
power functionality and microgrids to communities that otherwise would not have access.

Background and Previous Research

Battery-based systems are commonly used to provide backup power, though the high upfront
costs can limit access. Batteries are typically installed with a grid-forming inverter as well as
integrated automatic transfer switches that prevent power flow back to the grid. These battery
energy storage systems can cost $10,000 to $15,000 to install. 11> While rebates and incentives
exist to defray these costs, they are limited and may require customers to cover upfront costs.

Power electronics, which are electronic devices that control and convert electric power, can be
used to enable safe and resilient systems. However, these technologies face several hurdles to
widespread adoption. For example, solar inverters that are grid-forming as well as grid-
following, called “multimode” inverters, are available, but the functionality of these inverters is
typically limited to powering a single outlet at a wattage limited by the real-time power output
of the solar, which fluctuates. This means a customer must flip a switch to power it and plug
in loads up to the real-time power being generated by the solar PV. Inverters could be
modified or combined with low-cost controls to notify customers when there is an outage and
allow them to use their smartphones to identify the critical loads they want to power with the
available solar generation. As another example, switchgears perform the functions needed to
protect and control electrical equipment. However, they are usually individually tailored for
each use case, making them costly and time-consuming to use.

In an ongoing project for the ARPA-E Building Reliable Electronics to Achieve Kilovolt Effective
Ratings Safely Program, researchers from Ohio State University are developing a medium-
voltage DC circuit breaker prototype based on the novel “T-breaker” topology. This circuit
breaker will have reduced cost and weight, along with simplified manufacturing and increased
reliability. This self-sustaining modular structure will result in improved scalability while
allowing ancillary circuit functions, leading to greater grid stability. EPIC 4 research will draw
on lessons but will focus on homes and small commercial buildings that typically operate on
low-voltage AC.

NeWorld Energy is piloting a resiliency integration package called “energy quarterback” (EQB)
that allows first-generation rooftop solar to provide backup power during outages. The EQB
package consists of three components: a modular electrical isolation switch that plugs directly
into the meter, an inverter that integrates with solar and battery storage, and a demand-side
energy management system. The electrical isolation switch is designed to isolate a facility from
the grid during peak hours. The solar and battery inverter restarts the solar system of the
facility after it has been safely isolated from the grid. EQB is being validated by UC Irvine’s
Advanced Power and Energy Program lab under the CEC's EPIC CalTestBed Program and is
undergoing Underwriters Laboratories certification. NeWorld Energy plans to conduct an EQB
field demonstration in late 2021. The system is designed to improve PSPS resilience for
existing and new solar rooftops, provide grid balancing services, reduce costs of enabling

115 2019 SGIP Energy Storage Market Assessment and Cost-Effectiveness Report. 2019. Itron Incorporated.
https://www.cpuc.ca.gov/-/media/cpuc-website/files/legacyfiles/2/6442463457-2019-sgip-energy-storage-market-
assesssment-ce-report-2019.pdf.
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resilient renewable energy for disadvantaged communities, and allow EVs to charge directly
from rooftop solar.

Maxout Renewables is developing a solar inverter called Polyverter that has integrated energy
storage and emergency backup capabilities. Maxout received CalSEED funding in January 2020
to bring the Polyverter closer to commercialization. Maxout is also developing Evergrid, a
module that can support a grid-tied solar inverter in maintaining local voltage and frequency
so rooftop solar is still able to operate during grid outages.

16. Design-Build Competitions for Advancing Grid-Interactive Efficient
Buildings

Innovation Need

To realize a decarbonized, decentralized, and reliable electric grid, California’s electricity
system will need flexible, low-carbon resources capable of responding to dynamic grid
conditions. Grid-interactive efficient buildings (GEBs) — buildings that can dynamically operate
and optimize flexible building loads, onsite solar PV, storage, and EVs — are expected to play
an important role in providing this needed low-carbon flexibility to the grid. With the
integration of microgrid controllers, grid interactive technologies can also enhance energy
resilience by shedding discretionary loads and supplying power during grid outages.

The CEC, U.S. DOE, and other agencies have invested in the development of several promising
technologies that can improve the value proposition of GEBs to building stakeholders. Many of
these technologies described below have benefits beyond energy and emission savings that
can help accelerate their market adoption. For example, advancements in solid-state lighting
and heat exchangers are enabling lighting and HVAC products in novel new form factors,
potentially opening a new set of design options for architects to increase the aesthetic appeal
and functionality of buildings. However, for building developers, architects, and building
owners, incorporating new technologies into their buildings and building designs carries a
certain amount of risk that can include:

e Uncertainty on how to integrate new clean energy technology solutions into architectural,
construction, and local permitting practices.

e Lack of technical expertise to assess the short- and long-term performance of the
technologies.

e Questions regarding the long-term viability of the start-up companies developing the
technologies if the technology needs replacement or repair.

e Concerns over community and tenant acceptance and satisfaction with the technologies.

Description

This topic will support design-build competitions to encourage and enable building
stakeholders to reimagine how key building sectors can be designed, built, and operated with
new clean energy technology solutions to 1) increase the value proposition of GEBs to building
and community stakeholders and 2) support a more reliable, resilient and low-carbon electric
grid. These competitions will be conducted in two phases. The design phase provides funding
to project teams to develop an innovative real-world conceptual design. Design phase
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recipients will be eligible to compete for build phase funding, which will support the buildout of
their design.

The design phase will encourage project teams to integrate emerging clean energy
technologies, explore innovative approaches to streamline project development, and identify
financing mechanisms for affordability and scalability. The build phase will provide funding to
successful project teams to install and demonstrate emerging clean energy technologies to
provide a model for other projects and help de-risk adoption of these technologies more
broadly across the building sector.

In 2020, the CEC released the Next EPIC Challenge targeting the medium- to high-density,
mixed-use development sector. This sector has emerged as an integral component and tool in
smart growth strategies. Numerous reports have highlighted the environmental and
socioeconomic benefits of mixed-use development, and both policy and market drivers are
pushing for greater quantities. However, the pathway to zero-emission mixed-use
development is uncertain and faces technical and economic feasibility challenges using current
commercial technologies and standard building design and construction practices. The Next
EPIC Challenge was designed to challenge multidisciplinary project teams to design and build a
mixed-use development — using cutting-edge energy technologies, tools, and construction
practices — that is affordable, equitable, emissions-free, and resilient to climate change
impacts and extreme weather events. The design phase was funded by the EPIC 3 Investment
Plan, while this research topic will fund the build phase of the Next EPIC Challenge.

The CEC may consider funding the design phase for a new design-build competition under this
topic. This new design-build competition would likely focus on K-12 schools. School buildings
and campuses present an opportunity to demonstrate innovative and replicable approaches to
accelerate the adoption of emerging GEB technologies in schools while unlocking the value
streams of GEBs. Given the unique energy use profile and DER potential, schools are well-
positioned to demonstrate the potential of emerging energy technologies to provide significant
grid services through the optimization of load management and DER aggregation strategies.
Schools are highly visible centers of the community that have good replication potential, have
strong stakeholder involvement, and offer a unique opportunity to educate and include
workforce development opportunities, such as offering a career technical education path in
energy systems. Electric school buses with vehicle-to-building capabilities can provide
significant energy storage that can be used as needed to support resilience on school
campuses.

Delivering energy cost savings to schools and districts could have significant benefits as utility
costs represent a significant portion of taxpayer dollars that could go toward other resources
for students. 116 However, designing and deploying GEBs can be cost-prohibitive since each
must be designed for the various specifications and conditions of a given site, requiring
designers who understand GEB-enabling technologies and know how to integrate them
together cohesively. This requirement is especially true for school districts that operate on
tight budgets and are generally risk-averse in terms of adopting novel technologies. A K-12-

116 Environmental Protection Agency staff. 2011. Energy Efficiency Programs in K-12 Schools. Environmental
Protection Agency. https://www.epa.gov/sites/default/files/2015-08/documents/k-12_guide.pdf.
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focused design-build competition would provide the needed funding for project teams to
develop innovative GEB designs that are place-based and optimized to meet the need of the
local infrastructure, community, and building occupants.

Market and Technology Trends

The 2022 Energy Code advances electrification by focusing on four key areas in newly
constructed homes and businesses: encouraging electric heat pump technology, establishing
electric-ready requirements, expanding solar PV system and battery storage standards, and
strengthening ventilation standards to improve indoor air quality. Further, building
electrification will significantly increase electricity demand, and GEBs can provide needed load
flexibility to match local generation and reduce the amount of costly transmission and
distribution system upgrades. To offer incentives to shift energy use to off-peak hours,
electricity providers both within California and nationally have adopted rate structures with
higher demand charges, time-of-use rates, and seasonal variation, 1/ all of which make GEBs
more cost-competitive. California is also moving toward real-time pricing, further enhancing
the value proposition of GEBs. Funding and engaging key stakeholders involved in building
design and construction are critical to accelerating adoption of GEBs to support building
electrification and address grid disruptions.

Given an achievable level of deployment, it is estimated that GEBs could provide between $8
billion and $18 billion annually by 2030, or 2—6 percent of total United States electricity
generation and transmission. Related cumulative power system benefits from 2021 to 2040
could reach $100 billion to $200 billion. 118 GEBs are also projected to provide significant
environmental benefits, with annual CO, emission reductions reaching 80 million tons (that is,
about 6 percent of total power sector emissions) by 2030.11° This is equivalent to the annual
emissions of more than 50 medium-sized coal plants or 17 million cars.

Expected Outcomes

This research topic will lead to advancements in the adoption of GEBs within targeted building
sectors by working with key stakeholders to overcome technology lock-in barriers and use
next-generation energy technologies. Advanced planning, design, and construction practices
will reduce overall project development costs and timelines. This research topic will develop
financial mechanisms and enhance affordability by unlocking value streams from grid-
interactive buildings to building owners and building occupants, making clean energy
technologies more accessible. Innovative tools and strategies will be used to increase the
effectiveness and efficiency of community engagement to ensure equitable benefits to the
local community. Workforce development efforts will include new and existing California

117 Carmichael, Cara, Matt Jungclaus, Phil Keuhn, and Kinga Hydras. 2019. Value Potential for Grid-Interactive
Efficient Buildings in the GSA Portfolio: A Cost-Benefit Analysis. Rocky Mountain Institute.
https://rmi.org/insight/value-potential-for-grid-interactive-efficient-buildings-in-the-gsa-portfolio-a-cost-benefit-
analysis/.

118 Satchwell, Andrew, Mary Piette, Aditya Khandekar, Jessica Granderson, and Natalie Frick (Lawrence Berkeley
National Laboratory). A National Roadmap for Grid-Interactive Efficient Buildings. 2021. U.S. Department of
Energy. https://gebroadmap.Ibl.gov/A%20National%20Roadmap%20for%20GEBs%20-%20Final.pdf.

119 Ibid.

95


https://rmi.org/insight/value-potential-for-grid-interactive-efficient-buildings-in-the-gsa-portfolio-a-cost-benefit-analysis/
https://rmi.org/insight/value-potential-for-grid-interactive-efficient-buildings-in-the-gsa-portfolio-a-cost-benefit-analysis/
https://gebroadmap.lbl.gov/A%20National%20Roadmap%20for%20GEBs%20-%20Final.pdf

builders, small businesses, building operators, and vendors who can provide, install, or
maintain advanced clean energy technologies.

Metrics and Performance Indicators

The extent to which technologies demonstrated are incorporated as standard practice in the
targeted building sector

Number of teams that were successful in meeting minimum design requirements

New and better practices generated that result in meaningful community engagement
New stakeholders engaged in EPIC that are key to advancing GEBs

Occupant satisfaction

Demonstration of the value proposition for GEBs for providing grid services

The uplift and advancement of equity considerations in the design and development of
GEBs

Primary Users and Beneficiaries

e Clean energy technology developers will benefit from overcoming adoption barriers
and demonstrating the full value proposition as part of a GEB.

o Ratepayers will benefit from reduced costs associated with electrification, greater grid
reliability, avoided emissions, and improved health in populations near peaker plants.

o Electric grid operators and utilities will benefit from avoided generation capacity
costs, avoided transmission capacity costs and ancillary services that rapidly respond to
grid conditions to keep the grid balanced in real time

e Building owners and operators will benefit from lower energy costs due to avoided
peak demand charges and improved indoor health and comfort for building occupants.

Guiding Principles

e Reliability: The electricity grid would benefit from the potential of commercial buildings
to shift load to off-peak periods; reduce net load because of efficient design, on-site solar
PV, and energy storage; and provide ancillary grid services.

o Affordability: This research topic would promote building electrification, which has
been identified as the lowest-cost and lowest-risk pathway to achieving deep
decarbonization of buildings in California. 120 Innovative financial mechanisms will be
leveraged to help scale GEBs and make technologies more affordable and accessible.

o Environmental benefits: Advancements in energy-efficient, all-electric construction
and retrofits, including use of high-efficiency, low-GWP refrigerant heat pumps, vehicle-
grid integration (VGI) technologies, and advanced building envelopes, will minimize GHG
emissions and reduce criteria air pollutants.

e Equity: This research topic will prioritize projects that are sited in underresourced
communities and include co-benefits that enhance energy equity such as meaningful

120 Bailey, Stephanie, Pamela Doughman, Guido Franco, Nick Fugate, Melissa Jones, Chris Kavalec, David
Vidaver, et a/(California Energy Commission). 2018. 2018 Integrated Energy Policy Report Update, Volume I1.
California Energy Commission. Publication Number: 100-2018-001-V2-CMF. https://www.energy.ca.gov/data-
reports/reports/integrated-energy-policy-report.
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community engagement and education, workforce development, mitigation of
gentrification, innovative financial mechanisms to improve access to clean energy
technologies, and inclusion of diverse businesses.

Background and Previous Research

The U.S. DOE established the Solar Decathlon Build Challenge in 2002, a collegiate
competition challenging teams to design and build innovative, efficient, solar-powered
buildings. The student teams create functional houses and showcase their solutions to industry
expert jurors. Project teams also participate in local exhibitions to demonstrate their innovative
approaches to public audiences, earning exposure and recognition for their institutions.

EPIC has developed similar design-build competitions to bring together new early adopters
from diverse fields to help overcome the factors that favor incumbent and established
technologies and inhibit the commercialization and deployment of emerging and innovative
technologies. These interdisciplinary teams are encouraged to incorporate more advanced
clean energy technologies into their designs, transforming conventional design practices and
becoming recognized as energy innovation leaders in their respective fields.

In 2016, the CEC launched its first design-build competition, the EPIC Challenge, a two-phase
competition that challenges multidisciplinary teams to conceptualize and build an advanced
energy community (AEC) that can serve as a model for other communities. Phase I funded 13
projects and focused on the development of innovative planning, permitting, and financing
approaches for AECs, as well as a real-world conceptual design of an AEC. Phase I recipients
then competed for Phase II funding, where four projects were selected and awarded funds to
support the buildout of an AEC designed in Phase 1. The Phase II projects will be
demonstrating innovative strategies for DER deployment within communities. For example, the
Oakland EcoBlock seeks to develop a 100 percent solar + storage islandable microgrid
consisting of 32 residential customers and one commercial customers on an urban block.
Another project, the Lancaster AEC, will use solar PV, energy storage, and other DER in stand-
alone and microgrid applications at sites throughout Lancaster and integrate these resources
into a virtual power plant operated by the local CCA, demonstrating how local renewables,
storage, and flexible load can address peak demand challenges.

The CEC released the second design—build competition: the Next EPIC Challenge, in 2020. The
CEC expects to award 12 project teams up to $1 million during the design phase. Those
project teams will then compete to receive funds to build their design for an affordable,
equitable, emissions-free, and resilient mixed-use development.

17. Enabling Grid Resilience With Load Flexibility in the Industrial,
Agriculture, and Water Sectors

Innovation Need

California is increasing the renewable portion of its generation mix to reduce carbon emissions.
However, dependence on variable renewable sources increases the need for low-carbon
resources capable of firming and balancing that variability. In addition, the misnomer
"overgeneration" to describe periods when solar supply exceeds demand illustrates the
challenges inherent in adapting to a zero-carbon framework in which demand follows supply —
a 180-degree shift from the historical norm of supply following demand. One fundamental
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strategy for adapting to this new reality is rapidly expanding customer ability to shift load to
times when renewables are at the highest output. Load shift could play an increasingly
significant role. Load flexibility means enabling and encouraging customers with incentives to
meet their electricity needs (“take”) during periods of surplus generation, lowering energy
prices, and lowering emissions while reducing consumption (“shed”) during periods of scarcity
and higher emissions. A wide range of existing and emerging technologies can provide load
shift now, and the benefits of doing so are growing. Studies suggest beginning in 2025, up to
$600 million could be saved annually by shifting load in the industrial, agriculture, and water
sectors to avoid the curtailment of renewable generation. 121 And this value assessment grows
when other benefits are considered (for example, RA) and higher levels of renewable
penetration are assumed.

California’s diverse industrial sector uses 23.1 percent of the state’s energy. 22 To help achieve
the state’s decarbonization goals, the industrial sector will have to transition away from fossil
fuels. Electrification provides a viable pathway for decarbonization; however, it increases
demand on the grid. Load flexibility is a partial mitigation strategy for grid impacts and a cost
minimization strategy for customers. The 2025 California Demand Response Potential Study 123
shows that flexible loads can be a key supply resource. Flexible loads can change consumption
patterns hourly or subhourly in response to grid or user needs, helping make the electric grid
more reliable by reducing demand during times of high grid stress. Current load flexibility
capacity in the TAW sectors is small; R&D is needed to refine available technologies and
develop rate and program designs that align customer incentives with grid needs and policy
goals.

The value proposition for load flexibility in the IAW sectors is not well-defined. For instance,
few viable control strategies and technology solutions exist for IAW owners and operators to
implement. The strategies and solutions that do exist do not have the appropriate energy
market components that will yield convincing financial incentives for mass market adoption.

Industrial equipment consumes the bulk of electricity in this sector. Air compressors and
cooling systems have seen significant efficiency gains in the past few decades. Yet, existing
older and less-efficient equipment remains in service due to the high cost of equipment
retirement, procurement, and production downtime. Intelligent sensors, artificial intelligence
(AI), and the internet of things (I0T) combined with inexpensive monitoring sensors can
extend the life of existing equipment while providing greater efficiencies and decreasing
maintenance costs without the expense of retiring and installing new equipment. Innovative
control-based technologies have an untapped potential to cross-cut multiple industries.
Technologies that enable efficiency gains and load flexibility while providing granular energy

121 California Public Utilities Commission staff. Final Report of the California Public Utilities Commission’s Working
Group on Load Shift. 2019. California Public Utilities Commission. https://gridworks.org/wp-
content/uploads/2019/02/LoadShiftWorkingGroup_report.pdf.

122 “EIA’s Energy Atlas.” U.S. Energy Information Administration. https://www.eia.gov/state/?sid=CA#tabs-2.
123 2025 California Demand Response Potential Study - Charting California's Demand Response Future: Final

Report on Phase 2 Results. 2017. LBNL. https://buildings.Ibl.gov/publications/2025-california-demand-response
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control will give companies the tools and abilities needed to participate in future grid shortage
and overages markets.

The water sector can also play an important role in supporting grid balancing. The water
pumps operated by the State Water Project alone consume between 6,000 gigawatt-hours
(GWh) and 9,500 GWh depending on water year (equivalent to 3-4 percent of the state’s
electricity use). 124 Water infrastructure innovations can ease grid instability by adding
capabilities to respond to DR requests and serve as a flexible load resource. The water sector
contains a large untapped potential to provide load flexibility through pump and water storage
control systems.

Description

This research topic supports grid stability, increases load flexibility, and increases overall
efficiency by providing flexible technology solutions for California’s IAW sectors. The research
topic will establish the California Industrial, Agricultural, and Water Flexible Load Research and
Deployment Hub (the Hub) to conduct electricity sector applied R&D and TDD projects. The
Hub seeks to increase the use and market adoption of advanced, interoperable, and flexible
demand management technologies and strategies as electric grid resources, promote the
integration of DER, and advance energy efficiency. The primary focus of the Hub is flexible
load technology development, advancement, and deployment. The Hub may develop tools and
models to promote flexible load technology development and deployment, but the focus is on
new and innovative precommercial technological solutions. The goal is that the research will
result in commercially available technologies as well as technical resources to support
strategies for load flexibility.

Hub projects will increase end-use demand flexibility for existing and new electric loads,
supporting California’s renewable generation and decarbonization goals and enhancing grid
stability. New technologies and strategies developed through the Hub will inform future load
flexibility policy action. The Hub will include a multidisciplinary team of experts from several
sectors — including the IAW sectors, academia, and nonprofits — with the goal of achieving a
critical mass of expertise to develop and implement the activities of the proposed projects.
Interim research results could refine pilot experiments and demonstration projects to achieve
current and emerging research goals more effectively.

The Hub could further develop and support existing and new load flexibility technologies to
support California’s water and power infrastructure. These technologies could analyze current
systems and optimize power draw to ease electrical grid shortages, respond to price and GHG
signals, and provide efficiency improvements. Hardware and software solutions could focus on
enabling IAW treatment and transport technologies and plants to respond to GHG and price
signals. Technologies may include more efficient and communicating IAW equipment,
interoperable smart sensors and networks, IOT, and machine learning or learning tools that
will process real-time data to optimize or aggregate equipment power usage on demand or
both. The hardware to be addressed can include agricultural irrigation pumps, municipal water
pumps, water treatment systems, and industrial equipment including compressors (air and

124 “Producing and Consuming Power.” 2020. California Department of Water Resources.
https://water.ca.gov/What-We-Do/Power.
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refrigeration), clean-in-place systems, cooling and heating systems, and product-specific
equipment such as for dewatering.

The Hub could analyze upstream and downstream processes to aid in creating an optimized
power- and cost-efficient system. This study could include analysis of project performance
data to identify the energy efficiency and demand flexibility value propositions for customers,
facility owners, the ratepayers, load serving entities, and grid operators. Projects should aim to
achieve 10 percent or greater efficiency gains or the capacity to shift their electrical load at the
technology level by plus or minus 20 percent based on grid needs or both.

Market and Technology Trends

The IAW sectors have the potential for about 2.5 GW of average annual load flexibility, 12>
including in agricultural irrigation pumping, water and wastewater treatment, refrigerated
warehouses, and data centers. Interest lies beyond just shedding loads during peaks hours,
and the focus is on adopting load management technologies and strategies that can also lower
operating costs.

Several industries have benefited from modern control systems. New equipment relies
increasingly on software and modern control systems. California has continually pushed the
envelope for software, IOT, and deep-learning algorithms. Some industrial equipment is
beginning to integrate these technologies. Several advancements have been made in water
pumping, anaerobic processes, and adaptive watering systems. Many advancements have
been made recently, and the applications of these technologies are becoming increasingly
more common as more companies and governments adopt the technologies into their
systems.

Expected Outcomes

Developing capacity to flexibly manage load and support the integration of DER will increase
the ability for IAW sectors customers to respond to evolving rate structures and grid needs.
Additional benefits of deployment of sensors, hardware, and software to achieve load flexibility
could include:

e Upgrading California’s agricultural water delivery and irrigation systems with newer sensors
and equipment.
e Increasing the availability and effectiveness of the state’s water supply.

e Increasing load shift and shed potential to help manage the electrical grid to maximize use
of electricity during periods of surplus renewable generation and reducing consumption
during periods of renewable energy scarcity and higher emissions.

e Reducing GHG emissions.
e Increasing crop Yyield through optimized water application.
e Facilitating industrywide adoption of software solutions through successful demonstrations.

e Providing higher-level employment opportunities in underresourced communities where
most industrial facilities are located, including jobs that require trade or higher education.

125 CPUC Staff. Final Report of the California Public Utilities Commission’s Working Group on Load Shift. 2019.
https://gridworks.org/wp-content/uploads/2019/01/LoadShiftWorkingGroup_report_final.pdf
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Increasing output per unit of energy input.

Metrics and Performance Indicators

Customer implementation and operation cost

ROI

Peak load reduction (actual)

Load shift, shed, shape, and shimmy potential

Utilization of renewable generation resource output potential

Improved load factor (energy saved per amount of power reduced over a defined time
frame for facility, distribution, or transmission assets; kWh/kW)

Annual GHG reduction due to load shifting to better utilize low-carbon generation resources
Deferred grid capital investment costs (and associated ratepayer ROI cost savings)
Extended equipment life

Primary Users and Beneficiaries
Primary users and beneficiaries include:

Industrial facilities, water utilities, and agricultural businesses.

Companies developing sensor-related technologies will benefit from new customers and
markets.

Aggregators will benefit from additional offerings for their customers, greater participation,
and lower customer costs.

State energy regulatory and policy agencies will gain insights into the potential value of load

flexibility from the IAW sectors and potential policy mechanisms such as rate structure
changes and incentives.

Ancillary benefits include:

Air quality improvements in underresourced communities.
Lowered energy costs for electric and gas ratepayers.
Increased energy resiliency for utilities and state and local governments.

Guiding Principles

o Safety: Installing more sensors and monitoring equipment in industrial facilities may
increase worker and plant safety by providing data that may help prevent a potential
fault or equipment malfunction.

e Reliability: Creating more avenues for the IAW sectors to participate in load flexibility
programs could improve grid reliability.

o Affordability: Participation in load flexibility programs may lower industrial facility,
farm, and municipal water district energy costs. Supporting grid stability and more
effectively using variable renewable generation could reduce grid operation costs — and
thus ratepayer costs. This research topic aims to advance low-cost software and
hardware solutions for enabling load flexibility.

e Environmental sustainability: The technologies and techniques this research topic
employs will enable use of renewable energy when it is plentiful and reduce demand
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when it is not. Additional benefits include energy efficiency and reduced GHG emissions
produced by California’s industrial and water sectors.

e Equity: Most large industrial plants are in underresourced communities. New technology
installations could create job opportunities for the local community. Load-reduction
savings could reduce use of natural gas-fired peaker plants located in underresourced
communities and the resultant reduction in criteria air pollutants known to be harmful to
human health, including sulphur dioxide (S0O2), NOx, and particulate matter.

Background and Previous Research

The final report of the CPUC Working Group on Load Shift proposes a set of program designs
for pilot testing that, with sufficient refinement, could “lead to a mature, significant Load Shift
resource.”126 | BNL's Demand Response Research Center produced a final report for the CEC
that identifies the potential for DR in the IAW sectors.

The CEC’s 2020 Load Management Rulemaking has begun implementing an online database
for statewide electricity pricing and GHG signals. To the extent that the rulemaking is
successful in timely implementation of this database and system, the Hub research projects
should be compatible with and make use of the data resulting from the Load Management
Standards and use the resulting statewide rate database for automation signaling.

The U.S. DOE's Grid-Interactive Efficient Buildings Program identifies key research topics
intended to better understand the interaction between energy efficiency optimization and
demand flexibility. These topics include potential applications for demand-flexible technologies,
interoperability and automation of smart control technologies, demand flexibility impacts on
equipment lifetime, demand flexibility valuation and optimization, and technology
implementation strategies and validation.

The CPUC and CEC are collaborating to advance the implementation of hourly and subhourly
rate structures and the statewide communications standards needed to support them. Once
utility pricing and incentive structures more accurately align industrial customer incentives with
grid needs, additional investment in R&D will be needed to refine automation technologies and
designs for industrial and water applications. A substantial effort will be required to achieve
load flexibility at the scale needed to successfully transition to a 100 percent carbon-free
energy system by 2045.

In 2021 the CEC awarded LBNL grant EPC-20-025 for $16 million to establish the California
Flexible Load Research and Deployment Hub (CalFlexHub) to conduct electricity sector R&D
projects that increase the use and market adoption of advanced, interoperable, and flexible
demand technologies and strategies as electric grid resources. The CalFlexHub Program aims
to facilitate the integration of DER in residential and commercial buildings. It also strives to
develop and deploy signal-responsive, interoperable, and scalable technology solutions to
increase DR participation.

Between 2015 and the present, the CEC funded nine EPIC projects focused on DR in water
districts, cold storage facilities, and agricultural irrigation. These applied R&D projects showed
the potential of DR to reduce electrical load and provide financial benefit to the participating

126 Ibid.
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organizations. Three of these projects plan to provide up to 57 MW of load reduction during
the term of the agreements, including 28.7 MW in the summer of 2021. These projects
showed that organizations are willing to curtail load to benefit the grid if they are encouraged
to do so.

18. Virtual Power Plants With Autonomous and Predictive Controls

Innovation Need

California’s continuously changing DR market conditions make it difficult for consumers to
engage with load modifications. California’s growing number of CCAs along with innovative
load aggregators can become a hub for promoting demand flexibility, encouraging emerging
technology adoption, and creating revenues from various grid services. However, these
entities, especially the CCAs, need technical and financial support for setting up the data and
measurement infrastructure for engaging with consumers from a variety of sectors. The virtual
power plant (VPP) concept can be a strategy for CCAs. VPPs consists of a network of
decentralized, medium-scale power generating units and flexible loads, such as batteries, EVs,
smart appliances, and flexible heating and cooling loads that can be effectively managed to
the benefit of grid operations. 127 Open-source data and management control technology and
access to real-time energy data are needed to help aggregate and selectively operate these
loads as grid resources and optimize use. Available technologies do not use autonomous and
predictive methods and do not optimize operations to benefit the grid.

Description

This research topic focuses on developing and demonstrating open-source data and
management controls to help aggregate customer loads so that CCAs and others can follow
grid signals and wholesale market conditions. The research can include telemetry,
measurement and verification, real-time data collection and analysis practices, and various
hardware and software systems that can be used by CCAs and others to aggregate customer
loads to provide load flexibility to the grid and participate in the wholesale market and utility
programs. To advance the current practices in the market, the VPP demonstrations could use
autonomous and predictive methods, such as Al-based controls, in contrast to traditional
command-and-control (or direct load control) programs. Direct load control relies on static
preset conditions or user reaction, which may not match the changing grid scenarios.
Autonomous and predictive methods respond to changing grid conditions with minimal user
interaction, ensuring optimized participation. Use of Al-based controls offer the benefit of
adapting control schedules to best fit the predicted grid conditions, wholesale market benefits,
and user needs. Under this research topic, CCAs or other entities managing VPPs will
aggregate and coordinate consumption and dispatch of building and other end uses and DER,
such as heating and cooling, EV charging, residential storage, agricultural water pumping,
industrial processes and water treatment following the grid signals and wholesale market
conditions.

127 Ghavidel, Sahand, Li, Jamshied Aghaei, Tao Yu, and Jianguo Zhu. 2016. A Review on the Virtual Power Plant:
Components and Operation Systems. IEEE. https://ieeexplore.ieee.org/document/7754037.
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Market and Technology Trends

A 2016 Navigant (now Guidehouse) study estimated that the global VPP market could grow
from $1.5 billion in annual revenue in 2016 to $5.3 billion by 2023, with a United States128
portion of $3.7 billion. The market could be worth much more, given the recent growth in
adoption of residential and commercial battery systems, smart appliances, flexible heating and
cooling controls, on-site generators, and other potentially grid-responsive assets.

Expected Outcomes

This research topic will build on the example provided by Sonoma Clean Power’s Lead Locally
and GridSavvy programs and help disseminate these efforts to others. As an example, CCA
involvement in demand flexibility can be more effective compared to statewide programs and
provide valuable information for guiding future codes and standards since CCAs have more of
a direct impact on the energy procurement, rates, and programs that affect their customers.
This funding research topic will develop, test, demonstrate, and refine systems for managing
loads across large numbers of customers and DER to function as VPPs, with the goal of
creating standard approaches and technology elements that will reduce adoption costs and
ease uptake by CCAs and others. Potential products could include:

e New tools for recruiting participants and instrumenting loads.
e Proven control system software.

e (California ISO-vetted telemetry.

e Operation systems for market participation and dispatch, impact measurement and
financial settlement systems, and best practices for VPP development and operation.

Metrics and Performance Indicators
e Revenue generated from the wholesale markets
e Baseline and actual loads, measured subhourly
e Ramping performance, telemetry/visibility, full and partial load dispatchability
e Cost-effectiveness of load modifications

Primary Users and Beneficiaries
e CCA customers — residential, commercial, and industrial customers — will receive
financial benefits for participating in VPPs.
o Data and management control technology developers will benefit from successful
demonstrations of the financial viability of VPP programs.

o Equipment manufacturers will benefit from increased demand for products to be
controlled in VPPs, such as for heating and cooling, EV charging, residential storage,
agricultural water pumping, and so forth.

Guiding Principles
o Reliability: The electricity grid would benefit from the enhanced potential of CCAs and
others to shift load to off-peak periods or, when needed, reduce summer peak load

128 Gallucci, Maria. 2016. “The New Green Grid: Utilities Deploy Virtual Power Plants.” Yale Environment 360.
https://e360.yale.edu/features/virtual_power_plants_aliso_canyon.
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through controlling use of on-site solar PV and energy storage, respond to DR and grid
needs, and provide ancillary services. As a power procurement entity, CCAs and others
must meet certain RA obligations. The ability to expand the VPP participation in their
customer base would provide CCAs and others with “firming capacity” that would support
more renewable procurement at a lower cost.

o Affordability: VPPs can develop in more cost-effective electricity generation and flexible
electricity consumption, resulting in lower cost energy for its customers.

e Environmental sustainability: VPPs could be a major strategy for maximizing and
integrating renewable energy generation into the electricity mix.

Background and Previous Research

VPPs can control the increasing number of power generators and consumers in the system and
manage them effectively to the benefit of the electricity markets. 12° In 2019, EPIC funded a
comprehensive project designed to advance the City of Lancaster’s ongoing renewable energy
objectives. This AEC project used a VPP that manages a set of DER (for example, solar,
battery, and EV charging). This system is designed to lower the procurement costs for
Lancaster Choice Energy, the city's CCA.

19. Increasing Reliability and Interoperability of Load-Flexible Technologies

Innovation Need

On August 14-15, 2020, Californians experienced blackouts on a scale not seen since the
energy crisis of 2001. The Root Cause Analysis Report concluded that there was no single root
cause but, rather, three major causal factors contributed to the August outages: 130

e Extreme weather conditions: The climate change-induced extreme heat wave across the
western United States resulted in demand for electricity exceeding existing electricity RA
and planning targets.

e RA and planning processes: In transitioning to a reliable, clean, and affordable resource
mix, resource planning targets have not kept pace to ensure sufficient resources that can
be relied upon to meet demand in the early evening hours. This gap made balancing
demand and supply more challenging during the extreme heat wave.

e Market practices.: Some practices in the day-ahead energy market exacerbated the
supply challenges under highly stressed conditions.

Recommendations from the report indicated that in the midterm, 2022 through 2025, work
should continue toward planning and making operational improvements for the performance of
different resource types (such as batteries, imports, and DR) and to accelerate the dispatch
and integration of demand-side resources.

129 Ghavidel, Sahand, Li Li, Jamshied Aghaei, Tao Yu, and Jianguo Zhu. 2016. A Review on the Virtual Power
Plant: Components and Operation Systems. IEEE. https://ieeexplore.ieee.org/document/7754037.

130 Root Cause Analysis: Mid-August 2020 Extreme Heat Wave. 2021. California Independent System Operator,
California Public Utilities Commission, and California Energy Commission. http://www.California
1SO.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave. pdf.

105


https://ieeexplore.ieee.org/document/7754037
https://ieeexplore.ieee.org/document/7754037
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf

As a result, research is needed to overcome some of the technical and market barriers that
hinder deployment of load-flexible technologies and the ability to provide deeper and more
reliable load impacts during times of need. These enhancements can include improving
technology interoperability and integration, improvements to specific hardware to increase the
capability, availability, reliability, ease of use, and cost-effectiveness of load-flexible
technologies, and reliable estimation and forecasting of impacts as deployment of load-flexible
technologies increases. In addition, understanding and resolving the following barriers could
result in optimal use of load-flexible technologies and greater adoption:

e Lack of interoperability across end uses

e Lack of standardization of grid service requirements into automated operational changes
for connected loads

e Lack of standardization for how grid operators define and quantify grid services that
flexible loads can provide, such as reactive power and voltage support

e Lack of cost-effective granular sensing for predictable and reliable service delivery

e Lack of understanding of the discrepancy among qualifying capacity (QC) 13! credited
during RA planning, the number of resources bid into the California energy markets, and
actual capacity and performance of dispatched DR.

Description

To improve building operational efficiency and make loads more flexible, advancements in
building hardware equipment and software in the form of sensing and control systems are
needed. DR operational capabilities are evolving from simple “load shed” with limited duration
and frequency to the ongoing optimization of building equipment in sync with the variation of
renewable supply resources. Advances in control technologies, sensors, and communication
systems are needed to integrate flexible loads and DER with the low-carbon grid of the future.

This research topic will include development of technologies and strategies to increase
understanding of how flexible loads perform and are accounted for in the California energy
markets through scaled pilots and demonstrations. Potential areas of research need identified
in the CEC's Distributed Energy Resources Roadmap and the U.S. DOE’s Grid-Interactive
Efficient Buildings Roadmap include: 132

e Developing and advancing technologies that increase interoperability between devices
within buildings. Interoperability, which is the ability of devices or software to reliably
exchange information, could benefit from improvements in communication of integrated
devices within buildings.

131 Each year, CPUC staff works with the California ISO to publish a net qualifying capacity (NQC) list, which
describes the amount of electrical capacity from each resource that can be counted toward meeting the RA
requirements of all LSEs, such as utilities and community choice aggregators.

132 Satchwell, Andrew, Mary Ann Piette, Aditya Khandekar, Jessica Granderson, Natalie Mims Frick (Lawrence
Berkeley National Laboratory), Ryan Hledik, Ahmad Faruqui (The Brattle Group), et al. 2021. DOE’s National
Roadmap for Grid-Interactive Efficient Buildings. United States Department of Energy.
https://gebroadmap.lbl.gov/; Hansell, James (Navigant Consulting). 2020. Distributed Energy Resources
Integration Research Roadmap. California Energy Commission.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=233081&DocumentContentld=65563.
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e Developing and advancing technologies that increase interoperability between buildings
and the grid. A major gap in interoperability is how to standardize the translation of grid
service requirements into automated building responses. There are ways to communicate
DR needs for shedding load, and standards exist for the interconnection and
interoperability of DER. 133 However, there are no standards for how grid operators define
and quantify other services that flexible loads can provide, such as reactive power and
voltage support.

e Demonstrating building-to-grid functionality. This demonstration could include
implementing a pilot using open-source platforms, such as U.S. DOE’s VOLTTRON
software. The software could coordinate building loads, such as EVs, DER, and BTM
storage, with a focus on controllable buildings loads. This coordination could help
characterize BTM loads, allow better load forecasting, and create better DR portfolios
while enabling deeper and more reliable load impacts during times of need.

e Evaluating and verifying the value proposition of load-flexible technologies to customers
and the grid.

e Determining the potential of load-flexible technologies to meet RA needs in the wholesale
energy market.

Market and Technology Trends

The way electricity is generated and consumed in the United States is quickly changing. The
rapidly growing use of wind and solar generation resources is increasing the variability of
electricity supply and creating challenges for system operators. EV sales and electrification of
buildings are increasing and driving significant new electric load. Greater investment will be
needed to replace the aging transmission and distribution infrastructure that delivers this
electricity to consumers and keep up with the electricity delivery needs of a modernized grid.
Increasing reliance on electricity will impose new demands on the power system. Further,
many consumers are generating or storing their electricity onsite and investing in EVs, making
two-way flows more common on the power grid. A robust portfolio of flexible and cost-
effective resources will be needed to address the challenges that these changes represent.

California is quickly focusing on eliminating CO, emissions from fossil generation by 2045. The
2021 SB 100 Joint Agency Reportincludes a review of the policy to provide 100 percent of
electricity retail sales and state loads from renewable and zero-carbon resources in California
by 2045. The report also identifies load flexibility — the ability to shift electricity use to other
parts of the day — as critical to maintaining a reliable and affordable supply of electricity and
reducing GHG emissions by maximizing electricity use when grid power is least polluting. 134

133 “Standard for Interconnection and Interoperability of Distributed Energy Resources With Associated Electric
Power Systems Interfaces.” 2018. IEEE Standards Association. https://standards.ieee.org/standard/1547-
2018.html.

134 Gill, Liz, Aleecia Gutierrez, and Terra Weeks (California Energy Commission). 2021. 2021 SB 100 Joint Agency
Report, Achieving 100 Percent Clean Electricity in California: An Initial Assessment. California Energy Commission.
Publication Number: CEC-200-2021-001. https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-
agency-report-achieving-100-percent-clean-electricity.
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One important opportunity is better coordination of electricity consumption in buildings with
grid needs and resources. Residential and commercial buildings jointly account for 25 percent
of GHG emissions in the state when accounting for both fossil fuels consumed onsite and
those used to generate electricity for buildings. 13> For decades, demand flexibility services (or
at least load shedding) have been used as a grid resource. However, advances in assessment
practices will be required in a future with load-flexible buildings that provide continuous
demand flexibility by integrating multiple DER and flexibility modes (load shed, load shift, load
shape, and load “shimmy”— modulation in real time) to address the evolving challenges on
the power system. Consumer adoption of new energy technologies will introduce opportunities
for improving the efficiency and flexibility of electricity consumption while better serving the
needs of building owners and occupants and benefiting the broader distribution system.

Expected Outcomes

This research topic will build on needs identified in several key policy and research roadmaps.
The California Building Decarbonization Assessment addressing AB 3232 indicates that demand
flexibility will be critical for supporting the grid and transitioning to a carbon-free energy
system in the short term and midterm. 136 The report further states that this flexibility will
require automated control technologies to respond to incoming utility signals. In addition, the
CEC's update of the load management standards and development of appliance standards for
flexible-demand technologies will increase demand for load control technologies and
strategies. As electricity markets continue to grow and evolve because of these new policies,
improving ease of access to demand flexible resources can enable valuable grid benefits. This
funding research topic will develop, test, and demonstrate systems to improve accessibility,
ease of use, and interoperability to allow greater adoption and use of load-flexible resources.
Outcomes under this research topic may include:

e Reduced electricity generation and transmission costs. Given an achievable level of
deployment, efficient load-flexible technologies equipped with advanced control
capabilities can save between 2 percent and 6 percent of electricity generation and
transmission costs projected by the U.S. Energy Information Administration in 2030. 137

e Reduced peak grid energy demand. The LBNL Phase 3 study commissioned by the CPUC
indicates that the total potential for cost-effective load shifting in California is about 2
GW, with an expectation for this potential to increase to 2.5 GW by 2030. 138 Most of this

135 Kenny, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske (California Energy Commission). 2021.
California Building Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-
2021-006. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.

136 Kenny, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske (California Energy Commission). 2021.
California Building Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-
2021-006. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.

137 “Annual Energy Outlook 2021.” 2021. Energy Information Administration. https://www.eia.gov/outlooks/aeo/.

138 Gerke, Brian, Giulia Gallo, Sarah Smith, Jingjing Liu, Peter Alstone, Shuba Raghavan, Peter Schwartz, etc.
2020. The California Demand Response Potential Study, Phase 3: Final Report on the Shift Resource through
2030. Lawrence Berkeley National Laboratory. https://eta-
publications.lbl.gov/sites/default/files/ca_dr_potential_study_-_phase_3_-_shift_-_final_report.pdf.
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potential capacity is expected to be derived from commercial and residential HVAC
systems, followed by EVs, residential water heaters, and pool pumps.

Increased interoperability of new technologies, sensors, control, and communication
systems capable of receiving and responding to dynamic prices and other grid signals.
Improved characterization of BTM loads resulting in better load forecasting and RA
potential of DR.

Metrics and Performance Indicators

LBNL has developed a set of metrics and performance indicators to assess the performance of
load-flexible technologies and strategies that are directly applicable to this research. Examples
include:

Amount of demand reduction during defined period in kW or kWh.

Speed of achieving desired demand change and persistence of desired demand flexibility
over long periods.

Interoperability between devices within buildings and between the building and the grid.
Energy cost savings.
Potential to reduce power outages.

Primary Users and Beneficiaries

Residential and commercial building owners, developers and designers will
benefit by gaining information on how to finance, design, and construct new buildings
using highly efficient, load-flexible technologies that can result in more comfortable and
energy-efficient buildings that are also more cost-effective to own and operate.

DER equipment manufacturers will benefit by further standardization at various
levels of DR communication protocols, reducing manufacturing and research costs.

Aggregators that provide load-management services to groups of energy users
(such as residential and commercial building owners) will better understand how best to
provide their load flexibility services to their customers.

State energy regulatory and policy agencies will be informed about the potential
value of load flexibility that could be provided by the residential and commercial building
sectors, potential rate structure changes, and the amount need for incentives. Ancillary
benefits include potential for air quality improvements in underresourced communities,
lower energy costs for electric and gas ratepayers, and increased energy resiliency for
utilities, state, and local governments.

Ratepayers will benefit from enhanced grid reliability from successful large-scale
adoption of load-flexible building technologies, with a generation profile highly
complementary with solar and other renewable resources.

Guiding Principles

Reliability: The electricity grid would benefit from the enhanced potential to shift load
to off-peak periods or other times as needed by the grid; reduce net load because of
efficient design, on-site solar PV, and energy storage; and provide ancillary services.

Affordability: Highly efficient load-flexible technologies can result in more comfortable
and energy-efficient buildings that are also more cost-effective to own and operate.
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e Equity: This research topic enables the ability of customers to manage their utility bills
through building automation.

Background and Previous Research

Decarbonizing the electric grid is imperative to achieve economywide carbon neutrality. The
RPS has been a primary driver for increasing clean electricity generation, requiring the state’s
electric utilities to make renewable energy sources like solar and wind an ever-greater
percentage of their power base. Although California is on track to achieve 60 percent
renewable energy by 2030, deep decarbonization of the electricity sector to meet climate
change objectives will require continued transformational change in the state’s electric system.

While this scale of renewable generation has translated into millions of tons of avoided carbon
emissions, this increase in supply also has implications for wholesale electricity markets.
Because of the low marginal costs, renewable generation displaces more expensive producers,
resulting in lower wholesale clearing prices and, in some circumstances, leading to curtailment
(forced reduction in power output). As the penetration of variable renewables increases and
the risk of curtailment grows, new renewable capacity is exposed to lower prices. This value
deflation can reduce the revenues of renewable projects, making the investment in and
development of new renewable projects less attractive.

However, leveraging opportunities to shift load to better match the supply of renewables can
reduce the impacts of this value deflation. For years, utilities and market operators have used
traditional DR programs to send signals to consumers to reduce electricity consumption at
times of high stress on the grid. Now, a new generation of communication and control
technologies can enable “demand flexibility,” allowing major loads to continuously respond to
changing renewable supply levels and other market signals.

Utilities across the United States and California are considering demand flexibility as an
important component of non-wire alternatives that can defer large infrastructure investments.
SCE and PG&E have initiated several projects focused on non-wire alternatives to support
distribution system reliability and address natural gas leaks, retirement of nuclear power
plants, and particular areas of significant load growth.

Throughout the past decade, EPIC has invested in 24 projects covering research topics in load
flexibility. These research projects included open-source demand flexibility platforms; end-user
gamification of demand responsiveness; demonstrations of load flexibility technologies in the
building, agriculture, and water sectors; and establishment of a load flexibility hub. This hub
will fund RD&D of flexible demand technologies.

Many of these research efforts supported the California ISO’s Demand Response and Energy
Efficiency Road Map. 13? Specifically, “implementing new, more flexible, and responsive
resources will further advance California’s goals of a more reliable and cleaner power system
— with the added potential of replacing or deferring investments in more expensive energy

139 Demand Response and Energy Efficiency Roadmap. 2013. California Independent System Operator.
https://www.California ISO.com/Documents/DR-EERoadmap.pdf.
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infrastructure.” 140 Many research projects funded in 2015-2016 addressed these goals
through developing technologies while testing and assessing how groups or aggregations of
DER responded to current, planned, and potential price signals.

Additional efforts within the CEC include:

e The Building Energy Efficiency Standards 4! that provide compliance credit for battery
storage systems and heat pump water heaters that meet specific load-flexibility
requirements.

e The Load Management Standards 142 that are designed to increase flexibility of demand
through rates, storage, and automation.

e Flexible Demand Appliance Standards 43 that would require specific appliances sold in
California to include flexible-demand technologies

This portfolio of past and current R&D projects continues to set the stage for the next level of
investments in load flexibility. These projects enable and expand technology adoption, and
when combined with distributed energy generation resources, allow for a new grid
environment where customers can engage in the utility market and become assets to the
utility as prosumers. 144

Transportation Electrification Initiative
20. Efficient Transportation Electrification and Charging Technologies

Innovation Need

As California pursues ambitious targets to transition the transportation sector to zero-emission
technologies, the new requirements placed on the electricity grid from plug-in electric vehicle
(PEV) charging will grow. Recent analyses suggest PEV charging load could increase to 5.5 GW
of new peak demand by 2030 if ZEV deployment targets are met. 14> Forecasts of the
electricity demand from transportation exceed 5,000 GWh in 2021, with the high electrification

140 Demand Response and Energy Efficiency Roadmap: Maximizing Preferred Resources. 2013. California
Independent System Operator. https://www.California ISO.com/Documents/DR-EERoadmap.pdf.

141 2019 Building Energy Efficiency Standards.” 2019. California Energy Commission.
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2019-building-
energy-efficiency.

142 “2020 Load Management Rulemaking.” 2020. California Energy Commission.
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/2020-load-management-rulemaking.

143 Senate Bill 49, Chapter 697. 2019. California Secretary of State.
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill_id=201920200SB49.

144 Prosumers are electricity customers who both generate and consume energy and have the ability to control
their energy use by managing on-site consumption and generation exports.

145 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffery Lu, and Raja Ramesh (California Energy
Commission). 2021. AB2127 Staff Report: Electric Vehicle Charging Infrastructure Assessment. California Energy
Commission. https://efiling.energy.ca.gov/getdocument.aspx?tn=238032.
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scenario projecting growth up to 23,000 GWh by 2030. 146 Load growth will be even greater
with accelerated adoption of electric medium- and heavy-duty vehicles and off-road
equipment, commercialization of which have generally lagged light-duty passenger PEVs. This
increased load growth is in part because off-road and medium- and heavy-duty vehicles have
more challenging operational requirements, larger batteries, and limited down time over which
to charge. Accelerating widespread transportation electrification while limiting the associated
demands on the electric system will require technology advancements to improve the
efficiency of charging light-duty PEVs. It will also require new strategies for electrification of
challenging transportation segments, including medium- and heavy-duty on-road, off-road,
rail, marine, and aviation, where fossil fuels dominate today.

Most of California’s transportation electricity demand is expected to come from charging light-
duty passenger PEVs at relatively low power levels (that is, below 20 kW). 147 Charging occurs
through the vehicle on-board charger (OBC), which converts 120V (Level 1) or 240V (Level 2)
AC to direct current (DC) at the battery voltage (approximately, 400 to 800V). Level 1 charging
is generally less efficient than Level 2, ranging from about 80-85 percent compared to 85-90
percent, respectively. 148:149 Even small improvements in the efficiency of OBCs can result in
substantial energy savings for ratepayers and California’s electric system given the millions of
PEVs that will be deployed on California roadways.

Fast charging at high power (that is, 50 kW and above) is projected to account for a smaller
overall amount of transportation electricity demand through 2030. However, high power
charging is an important enabler of long-distance PEV travel (for example, road trips) and
electrification of medium- and heavy-duty vehicles that typically have larger batteries, more
demanding operational requirements, and limited dwell times for low-power charging. Today,
high-power chargers rely on off-vehicle stationary power electronics to convert utility AC
power to DC at the vehicle battery voltage, which have efficiencies of roughly 90-95

percent. 150 Despite accounting for a smaller amount of total charging, small improvements in

146 Bailey, Stephanie, Nicholas Fugate, and Heidi Javanbakht (California Energy Commission). 2021. Final 2020
Integrated Energy Policy Report Update, Volume III: California Energy Demand. California Energy Commission.
Forecast Update https://efiling.energy.ca.gov/getdocument.aspx?tn=237269.

147 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffery Lu, and Raja Ramesh (California Energy
Commission). 2021. AB2127 Staff Report: Electric Vehicle Charging Infrastructure Assessment. California Energy
Commission. https://efiling.energy.ca.gov/getdocument.aspx?tn=238032; Lee, Jae, Debapriya Chakraborty, Scott
Hardman, and Gil Tal (University of California, Davis). 2020. Exploring Electric Vehicle Charging Patterns.: Mixed
Usage of Charging Infrastructure. Transportation Research Part D: Transport and Environment Vol 79.
https://www.sciencedirect.com/science/article/pii/S136192091831099X.

148 Sears, Justine, David Roberts, and Karen Glitman (Vermont Investment Corporation). 2014. A Comparison of
Electric Vehicle Level 1 and Level 2 Charging Efficiency. IEEE Conference on Technologies for Sustainability.
https://ieeexplore.ieee.org/document/7046253.

149 “Vehicle Charging System Testing Data.” 2015. Idaho National Laboratory.
https://avt.inl.gov/content/charging-system-testing/vehicle-charging-system-testing.

150 Trentadue, Germana, Alexandre Lucas, Marcos Otura, and Konstantinos Pliakostathis (Technical University of
Lisbon). 2018. Evaluation of Fast Charging Efficiency Under Extreme Temperatures. Energies Vol. 11.
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DC charging efficiency can result in substantial energy savings per charge dispensed and
cumulatively over the life of the equipment because of high operating power.

While significant progress has been made in deployment of light-duty plug-in EVs and to a
lesser extent medium- and heavy-duty PEVs, there remain entire segments of the
transportation sector that face challenges in transitioning to zero-emission technologies and
for which there are relatively few alternatives available. For example, many off-road vehicles
such as agricultural tractors and construction equipment perform specialized tasks, operate
more demanding duty cycles, and work in locations that may not have access to adequate
electric infrastructure for charging. Alongside marginal improvements in the efficiency of
charging hardware, new strategies and solutions are required to electrify transportation
systems efficiently, including these challenging segments.

Description

This research topic focuses on demonstrating reliable performance, lowering costs, and
accelerating product development and testing of high-efficiency PEV charging components and
systems. The topic also includes targeted investments to support efficient electrification of
transportation segments with challenging duty cycles and operational requirements, such as
off-road equipment, rail, marine, and aviation.

R&D investments will support technologies at different stages of technology readiness, ranging
from development and lab testing of new chargers through real-world demonstrations and
data collection to verifying performance and energy savings. This research topic targets
improvements in PEV charging efficiency —measured between the utility or facility service
through delivery to vehicle battery —across power levels including Level 1 and Level 2 (below
~20kW), medium- and high-power DC chargers (~20-350kW), and extreme fast-charging
installations (>400kW), leading to reduced losses and cost to charge PEVs. Based on input from
stakeholders, including charging and automotive equipment manufacturers and major
component suppliers, this research topic will evaluate strategies for supporting open-access
testing, protocol development, and qualification for high-efficiency charging equipment.

There are several technology focus areas in which RD&D can drive improvements in the
efficiency of charging hardware and support efficient transportation electrification across a
variety of vehiclesegments. For example, the following focus areas may be included through
solicitations supporting this topic:

e On-board and off-board power electronics made with wide bandgap (WBG)
semiconductor devices to reduce charger size, weight, and cooling requirements
whileincreasing energy conversion efficiency

e Innovative charging station designs such as centralized DC power delivery hubs to
reduce redundant equipment, product footprint, and conversion loses and enable
directintegration of DER

https://www.researchgate.net/publication/326611755_Evaluation_of_Fast_Charging_Efficiency_under_Extreme_T
emperatures.
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e Use of vehicle propulsion components such as traction inverters for charging in place of
dedicated charging equipment to eliminate redundant hardware while maintaining or
improving efficiency

e Power electronics advancements and efficient electrification strategies for challenging
transportation segments or vehicle types such as off-road equipment, rail, marine, and
aviation that perform specialized tasks and lack access to adequate charging
infrastructure

Market and Technology Trends

OBCs are manufactured by a variety of suppliers, with an estimated market size of $1.8 billion
in 2020 and expected growth to $5 billion to $10 billion by the mid-2020s. 1>1 The market is
smaller for DC fast charging stations — estimated to be $300 million in 2019 growing to about
$2 billion by 2027— making it difficult for higher-efficiency models to reduce costs through
deployments at scale. 152 In 2017, U.S. DOE established OBC targets for 2025 of 98 percent
demonstrated efficiency at a cost below $35/kW and with power density of 4.6 kW/liter (L)
and specific power of 4kW/kg. 1>3

Extreme fast charging is a less mature market but an active area of researchthat is

expected to grow and promote electrification of medium- and heavy-duty vehicles. Although
the total number of extreme fast charging stations will be smaller than DC fast charging, Level
1 AC, and Level 2 ACdeployments by number and market size, the high-power levels

create more opportunity for energy savings through more efficient power electronic
components and station designs.

By 2022, off-road equipment is forecast to replace on-road vehicles as the largest statewide
source of smog-forming NOx emissions. 1>* There are several promising zero-emission
alternatives for off-road vehicle and equipment in early stages of development, demonstration,
and performance evaluation. Sustainability efforts to reduce emissions in priority communities
located near railyards, ports, and airports are also driving demand for efficient electrification
solutions in the rail, marine, and aviation segments. Electricity demand due to off-road
electrification is estimated to grow by nearly 1,400 GWh to 2,300 GWh by 2030. 1> However,

151 Padalkar, Pranav and Lalit Padalkar. 2021. Electric Vehicle On Board Charger Market Statistics 2020-2027.
Allied Market Research. https://www.alliedmarketresearch.com/electric-vehicle-on-board-charger-market-A06307.

152 “Electric Vehicle Fast Charging System Market By Vehicle Type, By Charger type, By Installation Type, By
Application, By Battery Type, and By Vehicle Technology, Forecasts to 2027.” 2020. Emergen Research.
https://www.emergenresearch.com/industry-report/electric-vehicle-fast-charging-system-market.

153 Electrical and Electronics Technical Team Roadmap. DOE Vehicles Technology Office. 2017.
https://www.energy.gov/sites/prod/files/2017/11/f39/EETT%20Roadmap%2010-27-17.pdf.

154 California Air Resources Board staff. Revised Draft 2020 Mobile Source Strategy. 2021. California Air
Resources Board. https://ww2.arb.ca.gov/sites/default/files/2021-
04/Revised_Draft_2020_Mobile_Source_Strategy.pdf.

155 Miller, Marshall (Aspen Environmental Group). 2019. Off-Road Transportation Electrification. Aspen
Environmental Group. https://www.energy.ca.gov/sites/default/files/2019-12/5-Marshall%20Miller_Off-
Road%20Transportation%20Electrification%2006.14.19_ada.pdf.
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uncertainties surrounding operational feasibility, power requirements, and provision of
sufficient infrastructure for charging (whether mobile or stationary) remain critical challenges
for broader market penetration.

Expected Outcomes

This research topic will support developmentand demonstrations of a range of low- to high-
power chargers and systems that increase efficiency, reduce costs, and demonstrate reliable
in-field performance. Supporting innovation and improvements in these technologies will result
in reduced energy losses and increased ratepayer savings while powering new PEV loads.

Metrics and Performance Indicators

This research topic will principally target improved charging of PEVs while reducing the cost of
high-efficiency devices relative to incumbent technologies. Specific metrics and performance
indicators will differ based on the charger and installation type but may include:

e Charger and site-level charging efficiency (percent).

e Energy savings compared to baseline charger (kwh).

e Charger hardware or total installed cost or both ($/kW).

e Charger power density (kW/L-unit volume).

e Specific power (kW/kg-unit mass).

e Number of kWh saved at site(s) and total kWh savings potential based on 2035 ZEV
targets and charger type.

e Number of commercial products developed meeting performance criteria.

e Number of automotive OEMs with high efficiency OBCs in product line.

Primary Users and Beneficiaries

e EV drivers and fleets will benefit from more efficient charging equipment that
generates energy cost savings.

o Ratepayers will benefit from avoided procurements associated with electricity capacity
that would otherwise be needed to accommodate less efficient charging equipment as
vehicle charging loads increase.

e Charging equipment manufacturers will benefit from research insights that can
inform further equipment developmentand accelerate commercialization of new high-
efficiency chargers and installed systems.

e Automotive original equipment manufacturers and suppliers will benefit from more
efficient OBC equipmentand information on reliability, vehicle integration, and cost to
inform procurement planning.

Guiding Principles
o Safety and reliability: The foundational technologies supported through this research
topic, such as wide bandgap semiconductors, have many grid applications, and this
research topic willinform and advance power electronics applicable to other end-use
applications (for example, solar PV and energy storage). Efficient charging innovations
will be developed to ensure safety and reliability to drivers and operators.
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o Affordability: Technologies developed through this research topic will
reduce the costs of charging PEVs, which will contribute a growing fraction of the state’s
electrical load, as well as reduce the cost of enabling technologies for transportation
electrification and grid decarbonization.

o Environmental sustainability: Technologies supported through this research topic will
improve the efficiency of charging PEVs and support electrification of challenging
transportation segments, simultaneously reducing emissions from the transportation and
electric systems.

Background and Previous Research

Transportation electrification is a cornerstone of the state’s climate and air quality goals. EVs
contribute a growing amount of demand to California’s electricity system today and will
potentially account for 5.4 GW by 2030 to meet policy goals established in EO N-79-20. 156
There is a critical need to develop technologies that increase the efficiency of plug-in EV
charging, ranging from new devices and subcomponents within EV chargers to larger systems-
level innovations that more efficiently move goods and people with electric power.

Wide bandgap semiconductor materials have significant potential to increase charging
efficiency across a variety of power levels, with additional benefits from reduced waste heat
and improved thermal management. The U.S. DOE is developing WBG power electronics with
targets of 50 percent less volume and weight, 2-3 percent greater efficiency, and greater
reliability compared to silicon-based equivalent. 157 While several past EPIC-supported projects
included advancements in charging efficiency, EPIC has focused predominantly on advancing
technologies for managed charging and discharging flexibly. Previous and ongoing research
projects to improve alignment of PEV charging with grid conditions without compromising
vehicle mobility are discussed in the following research focus area. However, as the number
and electricity requirements of PEVs continue to grow, this research topic will expand EPIC
investments to improve charging efficiency and reduce transportation load growth across
different vehicle types to complement efforts on charging flexibility.

21.Technology Enablers for Using Electric Vehicles as Distributed Energy
Resources

Innovation Need

California’s modernizing electric grid has seen growing deployment of dynamic and flexible
DER that can help contribute to grid stability and increase the benefits of renewable
generation. With nearly 1 million already sold in California and nearly 8 million light duty PEVs
expected on the road by 2030 according to the CEC’s analysis under AB 2127, PEVs can

156 Executive Order N-79-20. 2020. Executive Department State of California. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf.

157 Hefner, Al (United States Department of Energy). 2020. Wide-Bandgap Power Electronics. Department of
Energy Advanced Manufacturing Office.
https://energy.gov/sites/prod/files/2020/06/f75/Peer%20Review_Power%?20Electronics_Hefner%?20v3.pptx.
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become one of California’s largest DER as vehicle deployment accelerates. 1°8 However, fully
realizing the benefits of PEVs serving as DER requires advancements in key enabling
technologies and development and implementation of VGI strategies.

VGI can be broadly considered as the suite of technologies, policies, and operating strategies
that alter the time, location, or power level of PEV charging in ways that benefit the electric
system without compromising driver mobility. VGI encompasses a portfolio of approaches
ranging from simple timers to aligning charging with utility time-of-use rates to more complex
technologies for automated charging management that can be responsive to grid conditions or
allow co-optimization of other local DER. A variety of VGI technologies and applications have
been researched and demonstrated in California over the past decade, including use of
managed and bidirectional charging to reduce customer bills, reduced site peak demand, and
increased usage of renewable electricity. EPIC has previously supported various technology
approaches (for example, ranging from telematics through high-level communications for
managed charging) across different vehicle types (for example, light-duty passenger vehicles,
heavy-duty transit buses, and recently heavy-duty trucks). 1>°

Further advances in a host of enabling technologies can reduce the cost of VGI solutions,
improve customer usability, and support additional management functionalities. One example
is advancement of low-cost submetering solutions, including potentially using on-vehicle
sensing and communications, that measure the energy dispensed for PEV charging with
revenue-grade accuracy. 160 Today customers may be required to install a separate electric
service and utility meter to receive specialized rates, which could be avoided through
submetering, thereby reducing customer and ratepayer costs. 16! Similarly, targeted
investments to improve the capabilities of grid-interactive inverters contained in bidirectional
chargers — particularly for on-vehicle components that discharge AC electricity to facility loads
— can accelerate development of charging technologies that benefit the grid and provide new
functionality to users. For example, development of multimode inverters — which function
both when connected and disconnected from the distribution grid — in charging equipment
could enable energy stored in EV batteries to be used for backup power without needing to
install stand-alone BTM storage or diesel generators.

While California has seen significant advances in VGI technologies and programs, broader
commercialization is challenging in part due to incomplete and rapidly evolving standards and
policy context in which they are used. Existing mechanisms for compensating electric services

158 “Zero Emission Vehicle and Infrastructure Statistics.” 2021. California Energy Commission.
https://www.energy.ca.gov/data-reports/energy-insights/zero-emission-vehicle-and-charger-statistics.

159 California Public Utilities Commission staff. 2020. Opening Brief of the California Energy Commission to the
Phase 1 Issues Identified in the Assigned Commissioners Scoping Memo and Ruling. California Public Utilities
Commission. https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M335/K836/335836752.PDF.

160 California Public Utilities Commission staff. 2020. CPUC Staff Proposed Transportation Electrification
Framework, Section 8.4. California Public Utilities Commission.

161 Sullivan, Michael, Eric Bell, Nicholas Cain, and Trevor Cummings. 2019. California Statewide PEV Submetering
Pilot — Phase 2 Report. California Public Utilities Commission.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M325/K033/325033739.PDF.
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such as DR programs may not be limited for PEV applications, since the vehicle is providing
primarily mobility. Certification of products is costly and time-consuming, and advanced
technologies require demonstration and validation to build market acceptance. For example,
submeters for plug-in EV charging add additional cost and complexity for equipment
manufacturers and utility billing systems, and early pilots have identified challenges in meeting
accuracy requirements. 162

Description

This research topic will build from previous investments to advance key enabling
technologies that lower barriers to use PEVs as DER, demonstrate associated benefits to
customers and ratepayers, and advance California’s simultaneous transition to zero-emission
transportation and clean electricity. R&D will support technologies at different stages of
technology readiness, ranging from development and lab testing through real-world
demonstrations. Examples of the types of RD&D activities this topic may evaluate include:

e Demonstration and evaluation of low-cost, high-accuracy submetering solutions,
including use of on-vehicle sensors and telematics as well as DC submeters for high-
power charging and microgrid applications, that meet revenue-grade metering
requirements.

e Advancement of grid-interactive capabilities in bidirectional charging equipment,
including on-vehicle equipment for discharge of AC electricity from PEV batteries to
support building loads or export to the distribution system.

e Development of software, common data ontologies, and data analytic solutions that
enable scalable integration of PEV charging, building management systems, and other
flexible loads and DER with driver requirements and utility grid conditions.

Projects funded through this research topic will evaluate emerging standards related to VGI,
support the development and improvement of VGI, and engage experts across market sectors
on project advisory committees. Researcher feedback at the EPIC Scoping Workshop on
Unlocking Flexibility from Customer Load Management and DER Technologies held June 21,
2021, indicated that funds for testing and validation of product performance for new standards
are a critical gap. 163

Market and Technology Trends

Global trends toward transportation electrification, electric system decarbonization, and growth
of customer-owned DER contribute to large potential growth for VGI technologies and
markets. Today, the market for VGI technologies is nascent, although it is estimated to reach

162 EPIC 1.22 — Demonstrate Subtractive Billing With Submetering for EVs to Increase Customer Billing
Flexibility. 2019. Pacific Gas and Electric Company. https://www.pge.com/pge_global/common/pdfs/about-
pge/environment/what-we-are-doing/electric-program-investment-charge/PGE-EPIC-Project-1.22.pdf.

163 California Energy Commission staff. 2021. “"EPIC 2021-2025 Investment Plan Scoping — Unlocking Flexibility
From Customer Load Management and Distributed Energy Resources Technologies.” California Energy
Commission. https://www.energy.ca.gov/event/workshop/2021-06/electric-program-investment-charge-2021-
2025-investment-plan-scoping-0.
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between $1 billion and $10 billion by 2030. 164 Large automotive OEMs are announcing
products with VGI capabilities, notably Ford’s partnership with solar panel provider SunRun to
install chargers capable of providing clean backup power. Furthermore, advancements in key
enabling technologies such as submeters can be applied to other sectors — for example, to
support building decarbonization.

Expected Outcomes

Technologies developed under this research topic can help reduce the costs of installing PEV
charging equipment, for example, by avoiding the need for an additional service line and
meter through advancements in submetering. One example of an enabling technology
advancementthis research topic could support is the development of low-

cost submeters that meet relevant revenue-grade accuracy requirements. The research

topic may also fund demonstrations of submetering for PEV charging, and potentially other
loads, to quantify customer savings. Other example outcomes include accelerated
development and commercialization of bidirectional chargers with advanced inverter
functionalities and support for continued improvement of related standards such as theUL1741
series, including supplements under development. The projects and technology advancements
will inform ongoing CPUC proceedings related to interconnection processes for bidirectional
chargers (R.17-07-007), transportation electrification, and VGI (R.18-12-006).

Metrics and Performance Indicators

This research topic focuses on reducing costsand increasing functionalities of VGI-

enabling technologies and on evaluating the potential customer and ratepayer benefits
associated with the deployment of these technologies. Specific metrics will vary based on the
technologies advanced but may include:

e Cost of revenue-grade accuracy submeter ($/unit)

e Avoided meter and service extension costs ($/site)

e Flexible charging load provided (kWh/MWh)

e Rule 21 inverter functionalities demonstrated in chargers (#)

e Number of commercially available chargers with grid-supportive capabilities (#)

Primary Users and Beneficiaries

e Charging and automotive OEMs, charging service providers, and component
manufacturers will benefit from research insights and technology advancements that
inform product development.

o Ratepayers will benefit through the more efficient use of existing
infrastructure and reduced electric system costs associated with accelerated transportation
electrification.

o Electricgrid operators and utilities will benefit from technologies
thatincrease deployment of flexible resourcesthat can be integrated
into distribution management systems.

164 “Vehicles and the Grid Edge: The Market for EV Grid Services.” 2018. Wood Mackenzie.
https://www.woodmac.com/news/editorial/vehicles-grid-edge/.
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e EV drivers will benefitfrom reduced charging costs and lower total cost of ownership of
PEVs.

Guiding Principles
o Safety: All technologies developed will adhere to—and inform development of —
electrical safety standards for safe integration of PEVs and electric systems.

e Reliability: The enabling technologies and VGI demonstrations pursued through this
research topic can support increased grid reliability and resilience by enabling growing
amounts of flexible PEV charging load to provide grid services such as MW-scale DR.

o Affordability: Accelerating development and deployment of VGI technologies can help
reduce ratepayer and customer costs of widespread transportation electrification by
enabling efficient use of existing infrastructure and putting downward pressure on
electricity rates.

e Environmental sustainability: VGI technology development and demonstrations
simultaneously support the transition to zero-emission transportation and clean electricity
by lowering PEV ownership costs and supporting greater renewable generation.

Background and Previous Research

With the state’s goal that all sales of hew passenger cars and trucks be zero-emission by

2035, 165 it is predicted that 7.5 million passenger EVs will become reliant on the state’s electric
system. 166 There is a growing importance for DER to help increase the overall efficiency and
reliability of the electric grid through load shifting and frequency regulation. VGI has been the
subject of RD&D projects in California for more than a decade and is of growing importance
given increasing deployment of PEVs. The range of benefits from VGI technologies
demonstrated include reduction of GHGs and increased usage of renewable energy, increased
grid flexibility and resilience, and lower costs for PEV drivers and ratepayers.

This research topic builds on prior and ongoing EPIC-funded research and technology
advancements enabling managed and bidirectional PEV charging. EPIC has supported a
diverse array of advancements, including the development of software and control algorithms
for managed charging through vehicle telematics as well as high-level communications for
residential and transit fleet charging, communications pathways, and power electronics to
enable bidirectional charging and discharging from PEV batteries, and integration of DER
including stationary storage with high-power charging sites. Demonstrated benefits differ
across the PEV type, charging location, and VGI application pursued, with examples from two
projects elaborated below.

e ChargePoint developed and demonstrated cloud-based managed charging algorithms for
residential customers that respond to grid signals and schedule charging at low-cost

165 Executive Order N-79-20. 2020. Executive Department State of California. https://www.gov.ca.gov/wp-
content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf.

166 Electric Vehicle Charging Infrastructure Assessment, AB-2127. 2018. California Secretary of State.
https://leginfo.legislature.ca.gov/faces/bilINavClient.xhtmI?bill_id=201720180AB2127.
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times without impacting driving needs. 167 The project demonstrated the value of
adjusting charging power and time based on data exchange between the grid, charger,
and vehicle through high-level communications. Customers participating in the project
realized annual cost savings of nearly $500 per PEV. Remaining challenges include the
need for further refinement of emerging high-level communications protocols and
resources to perform increasingly complex conformance testing for new standards and
capabilities. Challenges remain in expanding energy management features (for example,
signaling to control bidirectional power transfer or using different energy services).

e Nuvve demonstrated the coordinated charging and discharging of nearly 30 PEVs at UC
San Diego’s microgrid. 168 Nuvve’s aggregation platform enabled the fleet of PEVs and
other DER to participate in DR during the summer 2020 extreme heat-related capacity
constraints. The project demonstrated numerous use cases and identified remaining
challenges related to lack of retail rate structures to compensate bidirectional PEVs and
limited market availability of affordable Rule 21-compliant bidirectional chargers.

The EPIC Interim Investment Plan contains one research topic titled “Vehicle-to-Building
Technologies for Resilient Back-Up Power” that will fund development of bidirectional charging
technologies using on- and off-vehicle smart inverters that enable customers to power building
loads using their PEV battery. 1% This effort aims to broaden the commercial market for
bidirectional chargers and targets demonstration of equivalent or better cost and performance
as a dedicated BTM stationary lithium-ion battery storage system.

22, Integrating Distributed Energy Resources for Grid-Supportive Vehicle
Charging

Innovation Need

Accelerating transportation electrification is one of the state’s key strategies for reducing GHG
emissions and meeting clean air goals. However, the anticipated growth in load resulting from
transportation electrification can result in costly impacts to the grid. To help reduce grid
impacts, advanced charging solutions are needed. One pathway to help minimize or address
grid impacts resulting from increased transportation electrification is combining EV charging
infrastructure with other DER such and solar and storage. Through a variety of policies and
programs, California has embraced the deployment of transportation electrification and DER;
however, these technologies are often considered separately. Integrating EV charging with
distributed generation and energy storage can improve load management and enable flexibility
of vehicle charging while addressing the intermittency challenges of renewable generation. As
a result, successfully co-locating these technologies may reduce stress on the electric grid,

167 Patadia, Shana and Craig Rodine (ChargePoint). Next-Generation Grid Communications for Residential Plug-
In Electric Vehicles, EPC-14-078. 2019. California Energy Commission. Publication Number: CEC-500-2019-009.
https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2019-009.pdf.

168 Nuvve. Intelligent Electric Vehicle Integration, EPC-16-061. Ongoing. California Energy Commission.
http://innovation.energy.ca.gov/SearchResultProject.aspx?p=31374&tks=637679975796474888.

169 California Energy Commission staff. 2021. Motion of the California Energy Commission for Approval of the
Electric Program Investment Charge Interim Investment Plan 2021. California Energy Commission.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=236882.
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accelerate mutual deployment of these technologies, and reduce the cost of ownership for
fleets transitioning to EVs. While there have been early efforts looking at integrating DER into
transportation electrification applications, additional research is needed to better understand
the opportunities and potential of using DER to advance load management and flexibility
within transportation electrification and better capture the synergies and added value to both
the grid and transportation end users.

Description

This research topic aims to develop and advance tools and technologies that are needed to
efficiently and effectively integrate DER — such as renewable generation, energy storage, and
energy management systems — into transportation electrification applications. The following
three research areas may be advanced under this research topic:

e Supporting hardware and software developments, testing, and validation to advance
charging and load management capabilities or reduce installation and operation costs of
pairing EV charging with other DER. These may include DC-DC connections, real-time
data exchange, advanced metering, communications, optimization and machine learning,
and synchronization hardware. Moreover, as transportation electrification continues to
grow, a portfolio of charging solutions will be needed to meet a variety of applications,
use cases, and built environments. Technology advances that support packaging EV
charging with DER in innovative and unique ways can help deploy these technologies
more broadly, particularly in settings with challenges such as limited grid capacity, space
constraints, or high-power charging requirements.

¢ Piloting demonstrations of promising use cases needed to scale up the deployment of
transportation electrification paired with DER. The costs and value proposition of
transportation electrification combined with DER can vary widely across different use
cases. Additional pilot demonstrations can provide data, including feasibility and cost-
effectiveness, to help prioritize use cases where packaging these technologies are most
likely to yield the greatest benefits.

e Developing and expanding tools for quantifying the potential for DER to address grid
constraints. Currently available planning tools for grid evaluation and charging
infrastructure deployment in California are limited and do not include the option for
mitigation through DER co-location. As the market shares of EVs and other DER continue
to grow, research studies and improved modeling can enable a better understanding of
the opportunities to avoid, defer, or reduce distribution system upgrades and associated
costs and maximize the benefits of co-locating these technologies.

Market and Technology Trends

EO N-79-20 calls for 100 percent of passenger vehicle sales to be zero emission by 2035 and
100 percent of medium- and heavy-duty operations to be zero emission by 2045, where
feasible. Meeting this and California’s other transportation electrification goals can add
significant new load to the grid. A recent CEC staff report projects that by 2030, the scaled-up
demand from light duty electrification can result in more than 5 GW and medium- and heavy-
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duty close to 2 GW of load during times of peak demand. 17° In addition, as higher power
chargers and larger batteries advance, there is an even greater risk of straining the grid,
particularly at local and regional distribution levels. With this anticipated surge in demand, the
need for load management — including through the integration of DER — becomes even more
critical to maintaining a reliable, resilient, and safe grid.

California has implemented a suite of policies, programs, and incentives to grow the DER
market. As a result, BTM solar generation and BTM storage are anticipated go grow between
2019 and 2039 by 260 percent and 770 percent, respectively. 1’1 SB 100 calls for 100 percent
of California’s retail electricity sales be met with renewable or zero-carbon sources by 2045.
The 2021 SB 100 Joint Agency Report notes that flexible load and other demand-side
management technologies and strategies will be critical to achieving this goal. As the DER and
EV markets continue to expand, there is a need to develop strategies, tools, and technologies
that will enable the integration of these technologies while maximizing flexibility and load
management.

One growing area of interest is co-locating EV charging equipment with other DER. In fact,
several EV supply equipment providers are exploring the deployment of EV packaged with
DER. For example, Paired Power has developed a technology package that pairs solar energy
with EV chargers and storage in a system that can operate off-grid and deliver 100 percent
clean power directly to vehicles. Rhombus Energy, a developer and manufacturer of next-
generation EV infrastructure, received a grant from the CEC's Clean Transportation Program to
deploy a mobile charging solution, combining its advanced silicon-carbide based DC fast
charger with solar energy and battery storage in a package that can be moved from location
to location as needed. Moreover, EVgo, a leader in fast charging station deployment, is
deploying battery storage systems at 11 of its fast-charging sites to demonstrate the ability to
reduce higher power demand charges, support load balancing, and in some cases address the
need for distribution system upgrades. 172 However, the demonstrations to date have been
limited in quantity and scope. Additional research is needed to better understand how pairing
EV charging infrastructure with other DER can be scaled as these markets develop.

Expected Outcomes

Projects under this research topic could help advance load management and flexibility as
transportation electrification continues to grow and DER are deployed in larger numbers.
Research results will help to:

170 Alexander, Matt, Noel Crisostomo, Wendell Krell, Jeffrey Lu, and Raja Ramesh. 2021. Assembly Bill 2127
Electric Vehicle Charging Infrastructure Assessment. California Energy Commission. Publication Number: CEC-600-
2021-001-REV. https://www.energy.ca.gov/programs-and-topics/programs/electric-vehicle-charging-
infrastructure-assessment-ab-2127.

171 Order Instituting Rulemaking to Modernize the Electric Grid for a High Distributed Energy Resources Future.
2021. California Public Utilities Commission.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M399/K893/399893729.PDF.

172 “EVgo Balances EV Fast Charging With 14 Battery Storage Systems Across 11 EVgo Fast Charging.” 2021.
EVgo Fast Charging. https://www.evgo.com/press-release/evgo-balances-ev-fast-charging-with-14-battery-
storage-systems-across-11-evgo-fast-charging-stations/.
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Better understand the value proposition of combining EV charging infrastructure with
other DER under different use cases.

Inform investment and incentive programs such as the CEC’s Clean Transportation
Program investments and the CPUC’s DER pilot programs.

Develop best practices and leverage lessons learned for future demonstrations and
deployments.

Inform tools that support future grid planning efforts such as the CPUC’s Distribution
Resource Plans Proceeding (R-14-08-013), Integrated Distributed Resource Proceeding
(R-14-10-003), and the proposed Order Instituting Rulemaking to Modernize the Electric
Grid for a High Distributed Energy Resource Future.

Metrics and Performance Indicators

Cost savings to owners and operators looking to electrify their fleets (for example, from
reduced demand charges and reduced fuel pricing)

Reduced or deferred investment in grid infrastructure upgrades

Ability to serve critical loads during outages

Grid benefits including load shifting of EV charging and reducing peak demand
Increased integration of distributed renewable generation

Reduced GHG emissions and other air pollutants

Primary Users and Beneficiaries

EV infrastructure site hosts and transportation end users will better understand
the value proposition of including DER in EV charging applications from the development
of tools and from demonstrations.

Utilities and grid operators will be able to use research results to inform future grid
planning efforts. They will also be able to use results in the design of their DER and
transportation electrification pilots and programs and for identifying and targeting areas
with grid constraints. Research results will help utilities and grid operators use DER to
enable resilient transportation electrification.

Ratepayers will benefit from the reduction or deferral of grid capacity upgrades and
associated electricity rate impacts, as well as improvements in grid reliability and local
resiliency from the pairing of EV charging infrastructure and other DER.

Guiding Principles

Reliability: As transportation electrification continues to accelerate, the associated
increase and variability in load pose potential challenges to grid reliability. Combining EV
charging infrastructure with DER such as renewable generation and storage could help
manage load while providing additional grid services. Furthermore, co-locating these
technologies can provide resilience benefits for the sites and communities in which they
are deployed.

Affordability: Packaging transportation electrification with DER can lower the total cost
of ownership of EVs while avoiding, deferring, or reducing grid upgrades that benefit
electric ratepayers.
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o Environmental sustainability: Advancing load management and flexibility of
transportation electrification applications with the addition of DER can help reliably
integrate more renewable generation, displacing fossil-based power generation.
Moreover, improving the value proposition and accelerating transportation electrification
will result in a reduction of GHG emissions and other air pollution from the transportation
sector.

Background and Previous Research

In mid-2021, the CEC awarded five EPIC grants to projects demonstrating integrated DER
packages for charging medium- and heavy-duty fleets. These projects are designed to ease
the charging of large EVs such as school buses, transit buses, and Class 8 trucks by pairing
charging infrastructure with renewable generation and storage. The projects focus on
demonstrating and collecting data on three use cases: 1) minimizing the cost of charging, 2)
increasing use of renewable electricity, and 3) providing backup power to increase resilience.
In the summer of 2021, EPIC funded the Research Hub for Electric Truck Technologies in
Truck Applications (RHETTA) to plan, design, and deploy innovative corridor charging
strategies for drayage trucks. The RHETTA project will assess the integration of DER
technologies as part of the charging solution package. As of June 2021, these projects are still
under development; however, both preliminary and concluding results, as well as lessons
learned, will help shape and refine the scope of research under this research topic.

Furthermore, there have been efforts outside California to better understand the market
potential, benefits, opportunities, and barriers of pairing EV infrastructure with DER; however,
these efforts are specific to local regions and mostly limited to electrification of the light-duty
fleet. Through the U.S. DOE’s Technology Partnership Program, NREL, in partnership with
Sandia National Laboratories and Idaho National Laboratory, is conducting a project to
demonstrate the value of managed and smart charging to reduce the impacts of EVs at scale,
focusing on the Atlanta and Minneapolis regions. As part of the project, NREL is assessing the
value of smart charging integration with other DER such as solar and storage to minimize cost
and grid impacts. 173 In a separate project, NREL analyzed the optimized charging of an electric
school bus fleet to reduce the impact of charging on the utility bill for a school in New Jersey.
NREL evaluated several scenarios, including deploying electric school buses paired with DER
(solar as well as stationary and thermal storage). It concluded that combining electric buses
with DER provides improved cost savings over deploying just electric buses or just DER;
however, those cost savings are even greater with the addition of intelligent charging
strategies and vehicle-to-building capabilities. 174

In a similar effort, the Great Plains Institute assessed the market potential of EV charging
infrastructure synchronized with solar generation to accelerate the EV market and expand

173 Meintz, Andrew. 2020. “Charging Infrastructure Technologies: Smart Electric Vehicle Charging for a Reliable
and Resilient Grid (RECHARGE).” National Renewable Energy Laboratory.
https://www.energy.gov/sites/default/files/2020/06/f75/elt202_meintz_2020_o_5.4.20_1003AM_TM.pdf.

174 Becker, William, Eric Miller, Partha Pratim Mishra, Rishabh Jain, Dan Olis and Xiangkun Li. 2020. “Cost
Reduction of School Bus Fleet Electrification With Optimized Charging and Distributed Energy Resources.”
Renewable Energy Laboratory. https://www.nrel.gov/docs/fy200sti/74187.pdf.
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solar deployment in Minnesota. 17> It found that in Minnesota, aligning solar and EV charging
can create value for site owners and the grid, and that some use cases present substantially
better opportunities than others. However, Great Plains Institute noted that additional
research is needed to better capture the value.

23. Lithium-Ion Battery Reuse and Recycling Technologies

Innovation Need

Lithium-ion batteries (LIBs) used in EVs and stationary grid-connected storage will reach the
end of the warrantied service life in growing volumes over the next decades. In California
alone, between 30,000 and 90,000 metric tons of used LIBs from EVs alone are projected to
need recycling by 2050. 176 Despite containing valuable and critical materials, LIBs have limited
established economic pathways for collection, evaluation, reuse, and recycling when they
reach the end of life. LIBs have varying complex structures, compositions, and designs
optimized across competing performance criteria with different manufacturer-specific
proprietary implementations. This heterogeneity makes development of scalable processes for
reuse or recycling challenging (compared, for example, to lead acid batteries that are recycled
at high rates).

Technology advancements can help transform used LIBs from a liability to a valuable resource.
Areas of innovation need include high-rate sorting and diagnostics, flexible electronics to
promote repackaging and reuse, platforms for data sharing (for example, battery health,
degradation rate) along the value chain, and high-value recycling process development and
scale-up. Many EV batteries reach the end of warranty with 70 percent or greater of original
capacity, allowing them to potentially be repurposed as stationary storage at significantly
lower costs than batteries made from mined material. 17/ Batteries not suitable for second use
— and eventually even those that have been repurposed for additional years of service life —
will need economic recycling processes with viable markets for recycled materials. Recovering
high-value materials such as electrodes can provide low-cost feedstocks for manufacturing
new batteries, resulting in lower costs for consumers and displacing production of mined
materials with associated environmental impacts. Recognizing these significant environmental
and economic opportunities, AB 2832 (Dahle, Chapter 822, Statutes of 2018) created the
Lithium-Ion Car Battery Recycling Advisory Group to provide the Legislature recommendations

175 Solar Power + Electric Vehicle Charging — Capturing Synergies in Minnesota. 2020. Great Plains Institute.
https://www.betterenergy.org/wp-content/uploads/2020/10/Solar-Power-Electric-Vehicle-Charging-.pdf.

176 Lawrence Berkeley National Laboratory staff. 2016. Plug-In Electric Vehicle Battery Recycling Scale-Up
Strategies for California (2015-2050): Logistics, Life-Cycle Environmental Implications, and Second-Life Potential.
California Energy Commission. Publication Number: CEC-500-2016-051.

177 Ambrose, Hanjiro. 2020. “The Second Life of Used EV Batteries.” Union of Concerned Scientists.
https://blog.ucsusa.org/hanjiro-ambrose/the-second-life-of-used-ev-batteries/.
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on policies to recycle or reuse as close to 100 percent as possible of PEV battery waste at end
of life. 178

Several technical challenges exist to developing scalable and economically viable LIB reuse and
recycling processes. The lack of common battery designs, from cathode materials through
module and pack design, requires development of flexible processes that can accommodate
wide variability in material inputs and design configurations. Innovators working with end-of-
life batteries typically lack manufacturing and in-use data related to battery composition, state
of health, or safe disassembly procedures. Standards related to installation, safety, and
performance of repurposed batteries are evolving and create significant costs and labor
requirements to obtain, test, sort, and potentially disassemble used batteries. Recycling and
repurposing processes must produce reliable products with performance and cost
characteristics that are competitive with entirely new products, which themselves are
constantly improving. The rapid pace of innovation in battery technology creates risks for
investing in reuse or recycling capabilities based on today’s technologies.

Description

This research topic will fund improvement, demonstration, and scale-up of innovative reuse
and recycling technologies for end-of-life LIBs. The research topic would broadly consider
innovations across all end-of-life activities — spanning collection, sorting, and testing through
repurposing or using recovered materials in new batteries. Examples of technology innovations
that may be pursued within this research topic include:

e Advancing and scaling direct recycling methods that recover cathode and other materials
in functional form, including potentially upcycling of recovered cathodes into higher-
performance products.

e Developing flexible battery management systems, DC-to-DC converters, and other
flexible power electronics that enable reuse of several types of EV batteries with little to
no disassembly.

e Automated or other high-rate approaches to disassembly, diagnostics, and sorting of
used LIBs with different form factors, chemistries, and manufacturers.

Demonstration activities will build confidence in the performance, safety, and value of
repurposed and recycled battery products. Based on input solicitated from stakeholders,
additional topics that may be explored under this research topic include:

e Strategies and benefits of collecting and sharing data across the battery value chain.

e Support for open access testing resources.

e Development of standard testing procedures.

e Building novel partnerships between stakeholders, including utilities, automotive
companies, and innovative second-life processers.

178 “Lithium-ion Car Battery Recycling Advisory Group.” 2021. California Environmental Protection Agency.
https://calepa.ca.gov/lithium-ion-car-battery-recycling-advisory-group/.
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All investments will focus on developing flexible, economic, and scalable processes and
business models that provide economic development opportunities and contribute to more
sustainable deployment of LIBs in California.

Market and Technology Trends

Global trends toward transportation electrification and electric sector decarbonization are
driving the growth of end-of-life LIBs. Supply chain constraints and price volatility in battery
materials create significant market opportunity and growth potential for recycling and reuse
technologies. For example, recent estimates of the United States market size for second-life
battery applications are roughly $500 million in 2019 and reaching more than $7 billion in
2030.17° The United States market size for LIB recycling has similar growth potential,
estimated to be about $1.5 billion in 2019 and reaching $18 billion by 2030. 180

Expected Outcomes

This research topic will develop technologies, processes, and scalable business operations that
extend the useful life of LIBs, recover high-value materials from them at the end of life, and
increase recycled content in manufacturing of new batteries. These advances can help reduce
the costs of new LIBs in automotive and stationary storage applications.

Metrics and Performance Indicators

The primary objective of this research topic is to reduce the cost and environmental impacts of
LIB deployments by accelerating economic reuse and recycling technologies that increase
product lifetime and use of recycled materials. Specific metrics will differ based on the
technology focus, but examples include:

e Cost of manufacturing grade electrode materials recovered through recycling processes
($/k9).

e Cost of repurposed battery capacity and difference from commercial products ($/kWh).

e Recycling process yield (percent).

e Fraction and quantity of recycled materials incorporated in new LIBs (percent, kg).

e Extended useful life of LIBs through repurposing (years).

e Avoided raw material extraction and associated processing emissions and energy.

Primary Users and Beneficiaries
o Battery manufacturers, developers, and researchers will benefit from increased
experience and demonstration of the performance of recycled materials in new batteries

as well as insights for developing innovative products and approaches for capturing value
from LIBs at end of life.

179 “Second-Life Automotive Lithium-Ion Battery Market to grow with Massive CAGR Through 2030: P&S
Intelligence.” 2020. Prescient Strategic Intelligence. https://www.prnewswire.com/news-releases/second-life-
automotive-lithium-ion-battery-market-to-grow-with-massive-cagr-through-2030-ps-intelligence-301174300.html.

180 Lithium-ion Battery Recycling Market by Battery Chemistry, Industry, and Region — Global Forecast to 2030.
2020. Markets and Markets. https://www.marketsandmarkets.com/Market-Reports/lithium-ion-battery-recycling-
market-153488928.html.
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o Utilities and ratepayers will benefit from more economic end-of-life disposal pathways
for IOU-procured stationary storage, helping lower electricity rates.

e State agencies — including the Department of Toxic Substances Control, the California
Environmental Protection Agency, and the CEC — will benefit from new technological
pathways for advancing battery reuse and recycling.

Guiding Principles
o Safety: This research topic will support development of safe, economic end-of-life
handling pathways for LIBs. Inappropriate storage can create safety risks and liability to
owners. Demonstrations of battery reuse will inform development of codes and standards
for safe handling and redeployment of used EV battery systems in stationary
applications.

o Reliability: LIBs are expected to play a central role in maintaining reliable operation of
electricity systems with large fractions of variable renewable generation. Repurposed EV
batteries can provide reliability benefits behind and in front of the meter.

o Affordability: Investments in improvement and scale up of LIB end-of-life management
technologies can reduce the cost of new storage products through repurposing and
reduce the costs of key components and materials through recycling. These reduced
costs can benefit ratepayers through lower IOU procurement costs.

o Environmental sustainability: By extending the useful life of LIBs, recycling materials
at end of life, and reintroducing recovered materials into battery manufacturing supply
chains, this research topic can reduce life-cycle environmental impacts of LIBs in plug-in
EVs and stationary storage applications. The research topic also targets a growing
battery waste stream that can pose environmental and safety risks if stored or processed
improperly such as through informal recycling.

Background and Previous Research

As California transitions its transportation sector to zero emission over the next decades,
California must prepare for an influx of consumed batteries from EVs and augmented with
large deployments of energy storage systems as the products reach end of life. Current
recycling technologies operate at low volume with relatively high costs and can produce large
amounts of emissions. Recycled materials have lower economic value compared to mined
materials and have not been demonstrated at commercially relevant scales.

Investments through EPIC are in the early stages of demonstrating LIB reuse at commercial
and industrial sites to validate second-life battery performance and evaluate degradation. 18!
More recently, CEC released a funding opportunity to increase the scale and maturity of direct
recycling methods. The projects will conduct laboratory testing to evaluate the suitability of
recycled materials for use in battery manufacturing and help inform future scale-up.

181 “Validating Capability of Second-Life Batteries to Cost-Effectively Integrate Solar Power for Small-Medium
Commercial Building Applications, GFO-19-310.” 2019. California Energy Commission.
https://www.energy.ca.gov/solicitations/2020-02/gfo-19-310-validating-capability-second-life-batteries-cost-
effectively.
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CHAPTER 5:
Improve the Customer Value Proposition of End-
Use Efficiency and Electrification Technologies

Advancements in energy efficiency and electrification of the industrial and building sectors are
key opportunities for meeting the state’s clean energy and climate goals. A 2018 report by
Energy + Environmental Economics, Inc. (E3) indicates that to meet statewide GHG emission
reduction goals by 2050, a 20 percent reduction in total industrial energy demand will be
needed, relative to 2015 usage. 182 In a paper funded by the U.S. Environmental Protection
Agency, decarbonizing the industrial sector by 2050 is possible but would require a
combination of increased energy efficiency through improvements in energy management and
processes, material efficiency to reduce waste, use of advanced technologies such as carbon
capture and hydrogen, and demand management. 183 In 2021, the CEC released the California
Building Decarbonization Assessment. 184 The results of the analysis show that California can
achieve more than a 40 percent reduction in GHG emissions in the state’s residential and
commercial building stock by 2030 through several strategies. These strategies include
electrification of the building sector, electricity generation decarbonization, energy efficiency,
refrigerant conversion and leakage reduction, DER deployment, gas system decarbonization,
and demand flexibility. Efficient electrification of space and water heating in California’s
buildings combined with refrigerant leakage reduction presents the most readily achievable
pathway to a greater than 40 percent reduction in GHG emissions by 2030.

The research topics described in this chapter focus on technology advancements to improve
the customer value proposition of end-use efficiency and electrification technologies in the
industrial and building sectors.

Building Decarbonization Initiative: Accelerate Electrification and
Improve Energy Efficiency in the Building Sector

The building sector is responsible for 25 percent of GHG emissions in California. To meet the
state’s GHG emission reduction goals, replacement of fossil fuel appliances with high-efficiency
electric systems will be needed for cooking, clothes drying, and space and water heating.
Technologies such as induction cooktops, heat pump dryers, and electric heat pumps for HVAC

182 Mahone, Amber, Jenya Kahn-Lang, Vivian Li, Nancy Ryan, Zachary Subin, Douglas Allen, Gerrit De Moor, and
Snuller Price (Energy + Environmental Economics, Inc.). 2018. Deep Decarbonization in a High Renewables
Future: Updated Results From the California PATHWAYS Model. California Energy Commission. Publication
Number: CEC-500-2018-012. https://www.ethree.com/wp-
content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012.pdf.

183 Boyd, et a/. 2021. “An Evaluation of the Potential to Decarbonize the U.S. Manufacturing Sector by 2050.”
American Council for Energy Efficient Economy.

184 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske (California Energy Commission). 2021.
California Building Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-
2021-006-CMF. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.

130


https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012.pdf
https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012.pdf
https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment

and water heating are available. However, these technologies have not significantly penetrated
the market because of barriers such as upfront cost, the potential need for electrical service
upgrades, concerns about operating costs, and lack of public familiarity with the performance
and reliability of these units.

e To advance widespread use of these technologies, new solutions are needed that can
demonstrate the value proposition and benefits. This may be done through conducting
prize competitions to promote awareness while challenging the industry to maximize
energy efficiency and performance.

e Ensuring new technology advancements are affordable by lowering the cost of retrofits,
including minimizing cost of electric panel upgrades in homes, and reducing long-term
operating costs.

e Minimizing heat gain and loss from the building envelope to control energy use and
costs. Innovations are needed to increase the energy efficiency of building envelope
materials while reducing cost of implementation in existing buildings.

e Decarbonizing large buildings through use of innovative solutions that can include
demonstration of high-efficiency, low-GWP heat pumps and other advanced low-carbon
HVAC technologies.

e Finding solutions that can address the costs and challenges of reducing energy use with
heating and cooling systems.

24. Building Electrification Prize Competition

Innovation Need

In California, buildings make up about 28 percent of total energy use for the state and
produce one-quarter of California’s GHG emissions. 18 Electrification of the building sector is a
key low-cost, low-risk strategy to decarbonize the building sector as the electric grid
concurrently decarbonizes. 186 Building electrification also addresses increasing concerns
regarding the impact of gas combustion on indoor air quality. The 2022 Building Energy
Efficiency Standards (Energy Code) establish electric-ready requirements for all single-family
homes in addition to expanding standards for rooftop solar and battery storage systems. This
code offers incentives for innovations in electric building end uses like cooktops, dryers,
ventilation, HVAC, and more. The development and deployment of new efficient electric
technologies will complement code requirements and improve affordability and access to clean
energy in homes and businesses.

185 “Building Decarbonization.” 2021. California Air Resources Board. https://ww2.arb.ca.gov/our-
work/programs/building-decarbonization. Calculations account for fossil fuels consumed onsite and electricity
demand.

186 Aas, Dan, Amber Mahone, Zack Subin, Michael Mac Kinnon, Blake Lane, and Snuller Price. 2020. 7he
Challenge of Retail Gas in California’s Low-Carbon Future: Technology Options, Customer Costs and Public Health
Benefits of Reducing Natural Gas Use. California Energy Commission. Publication Number: CEC-500-2019-055-F.
https://www.energy.ca.gov/publications/2019/challenge-retail-gas-californias-low-carbon-future-technology-
options-customer
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By addressing existing technology barriers, the marketplace for highly efficient, low-carbon
solutions can expand. For example, developments in electric cooktop technologies, such as
induction, could help address home wiring and electric panel limitations, expand compatibility
with different cook vessel types, lower upfront costs, and increase customer familiarity and
acceptance, among other current barriers. 187 In the case of dryers, electric technologies will
benefit from efficiency improvements that can avoid panel upgrades and deliver life-cycle cost
savings, as well as continued improvements in performance. 188 For electric technologies with
limited availability, visibility of demonstrations, and data to help establish the case for
electrification, there exists a generally low consumer awareness and confidence in electrified
innovative technologies when compared to gas-based technologies. Furthermore, low market
penetration and other factors can contribute to higher production and manufacturing costs. 182

Description

This topic will provide funding for a prize competition for contestants to develop advanced
electric building end uses that can overcome consumer and industry acceptance barriers. This
may include electrified technologies such as cooktops, dryers, stoves, refrigeration, ventilation,
and other building end uses.

As part of this topic, the CEC will select a prize-competition administrator that will support
activities such as:

e Establishing technical specifications and targets for competition contestants.

e Securing additional sponsors for the competition that can provide cash and nonmonetary
prizes for the successful teams, including additional marketing and publicity
opportunities.

e Conducting the organization, planning, outreach, and presentation of the competition.

e Assisting prize winners in identifying and securing contract manufacturers, technology
certifications, and potential customers, as needed.

e Promoting and marketing the winning technologies; this could include featuring the
technologies in cooking or home improvement shows, live cooking competitions, trade
shows, and more.

Prize money awarded to each of the technology winners may be used to fund scale-up
activities for their innovative technologies that can include technology certification(s), contract

187 Sweeney, Micah, Jeff Dols, Brian Fortenbery, and Frank Sharp (Electric Power Research Institute). 2014.
Induction Cooking Technology Design and Assessment. Electric power Research Institute.
https://www.aceee.org/files/proceedings/2014/data/papers/9-702.pdf.

188 Mahone, Amber, Charles Li, Zack Subin, Michael Sontag, Gabe Mantegna (Energy + Environmental
Economics, Inc.), Alexis Karolides (Point Energy Innovations), Alea German (Frontier Energy), et al. 2019.
Residential Building Electrification in California. Energy + Environmental Economics, Inc.
https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf.

189 Miller, Alexi and Cathy Higgins (New Buildings Institute). 2021. The Building Electrification Technology
Roadmap (BETR). New Buildings Institute. https://newbuildings.org/wp-
content/uploads/2021/01/BuildingElectrificationTechnologyRoadmap.pdf.
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manufacturing, and possible incentives for affordable home builders, businesses, and
multifamily property owners to use these technologies.

Market and Technology Trends

While there are several market-available technologies for electrified building end use, adoption
is uneven and has not achieved the pace required for meeting building decarbonization goals
as articulated in AB 3232. Electric cooktops currently represent a small fraction of the existing
domestic and commercial markets. Electric heat pumps account for nearly 40 percent of hew
homes nationwide, but in California, only 5 percent of new single-family homes are built with
heat pumps. 190 In addition, heat pumps represent only 2 percent of home heating in California
and 16 to 40 percent of commercial heating. 19! Electric heat pump water heaters show cost
savings potential for new construction compared to gas tankless water heaters but struggle
with higher capital costs for existing buildings.

Residential and commercial induction cooktops are an important strategy for electrification of
homes and commercial food service. These induction units can be organized into three
categories: ranges, cooktops, and portables. Ranges, at the highest price point ($900—
$3000+), are typically four to six hobs and paired with an oven (for example, electric
convection oven). Ranges offer the most power of induction cooktop offerings but require a
240-volt outlet. Cooktops do not include an oven and are cheaper than ranges ($500—$2000)
but still require a 240-volt outlet. The most affordable option, portables, are usually only one
or two hobs, and are countertop appliances. Unlike the larger induction offerings, portables
cost only $50—-$500 (the latter on the commercial scale) and come in 240-volt and 120-volt
offerings. However, these lack the power of the larger systems, slowing cook times. 192

Unlike earlier generations of induction cooktop technologies, current market-available offerings
are quicker to heat than natural gas cooktops and have comparable cool-down times and
temperature modulation capabilities. Despite these attributes, induction cooktops are slow to
break into the market in the United States, particularly in commercial foodservice. The
technology has fared slightly better in the residential market, with household induction
cooktops comprising the bulk of the market.

Conduction, though less visible on the market, may present further opportunities for energy
efficiency. For example, the new Condeco Residential Conduction Cooktop system (2020) has
demonstrated higher levels of energy efficiency than similarly sized induction offerings, though

190 Delforge, Pierre. "Time for California to Catchup on Clean Energy In New Buildings." 2020. Natural Resources
Defense Council. Time for CA to Catch Up on Clean Energy in New Buildings. www.nrdc.org/experts/pierre-
delforge/time-cal-catch-clean-energy-new-buildings.

191 Miller, Alexi, Cathy Higgins (New Buildings Institute). 2021. The Building Electrification Technology Roadmap
(BETR). https://newbuildings.org/wp-content/uploads/2021/01/BuildingElectrificationTechnologyRoadmap.pdf

192 “Induction Cooking — Your Guide to Energy-Efficient Stoves and Cooktops.” 2019. Southern California Edison.
https://www.sce.com/sites/default/files/inline-files/Induction%20Cooking%20Fact%20Sheet_ WCAG.pdf.
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with slower initial heat-up times. 193 However, these results were predicated on employing the
Condeco conduction system, composed of both stovetop and specialized cookware. Alternative
cookware greatly reduced the efficiency of the technology.

As of 2018, the global market for commercial induction cooktops alone was valued at $18.6
billion (USD), and the residential and commercial markets have largely been driven by
European demand. However, the global market is anticipated to grow at a compound annual
growth rate of 7.5 percent during the forecast period of 2017-2030. This growth is largely
anticipated due to increasing awareness of safety, as well as shifting trends toward modular
kitchen designs, particularly in emerging economies like China and India.

Similarly, electric dryers are anticipated to grow from a global market worth an estimated $7.3
billion in 2019 to $10.8 billion by 2023. This growth is being driven largely by increasing
population growth and urban density where line-drying is no longer tenable. 1¢ For the United
States, this growth is anticipated to be more modest, but wireless and battery-operated
electric dryers, particularly those with lithium-silicone batteries, are proving to be convenient
and efficient for consumers.

Expected Outcomes

According to the Office of Management and Budget and the Office of Science and Technology
Policy, prize competitions are a beneficial addition to traditional R&D grant funding structures
in that they allow agencies to:

(1) Pay only for success; (2) establish ambitious goals and shift technological and
other risks to prize participants; (3) increase the number and diversity of
individuals, organizations, and teams tackling a problem, including those who
have not previously received federal funding; (4) increase cost-effectiveness,
stimulate private-sector investment, and maximize the return on taxpayer
dollars; and (5) motivate and inspire the public to tackle scientific, technical, and
societal problems.

— Marcy E. Gallo, “Federal Prize Competitions,” 2020. 19>

Consequently, a cash prize competition in the electric building end-use space is expected to
overcome critical barriers to adoption, such as initial costs, voltage requirements, and
technology lifespan. Successful innovations under this prize would encourage more widespread
building electrification, particularly within the harder-to-reach retrofit market. Moreover,
through the prize competition format and the subsequent outreach for the winning
technologies, this topic will help raise the profile of gas-alternative technologies while

193 Ruan, Edward, Mark Finck, Denis Livchak, Michael Slater, Michael Karsz, David Zabrowski, 2021. Electric Plug
Load Savings Potential of Commercial Foodservice Equipment. CEC, Publication Number: CEC-500-2021-040,
pages 110-111 and E-11 — E-12. https://www.energy.ca.gov/sites/default/files/2021-07/CEC-500-2021-040.pdf

194 Electric Dryers Global Market Report 2020. 2020. Research and Markets.
195 Federal Prize Competitions. 2020. Congressional Research Service.

https://crsreports.congress.gov/product/pdf/R/R45271/5.

134


https://www.energy.ca.gov/sites/default/files/2021-07/CEC-500-2021-040.pdf
https://www.energy.ca.gov/sites/default/files/2021-07/CEC-500-2021-040.pdf
https://crsreports.congress.gov/product/pdf/R/R45271/5

providing proof of performance of innovative electric end uses, helping drive building
electrification more broadly.

Metrics and Performance Indicators
e Number of teams that participate in the challenge
e Number of teams able to meet challenge benchmarks
e Number of teams able to commercialize submitted technologies
e Follow-up funding awarded to successful teams

Primary Users and Beneficiaries
e Building occupants will benefit from reductions in indoor air pollution, including
particulates produced by gas-powered appliances that rely on combustion, reducing the
risk and severity of asthma and other respiratory diseases.

¢ Under-resourced communities will benefit from advancements in efficient electric
end uses in commercial and residential spaces, leading to energy and cost savings.

o Electric ratepayers will benefit from reductions in cost and electrical requirements of
highly efficient, innovative electrified building end uses, enabling more affordable
electrification for new builds and retrofits.

Guiding Principles
e Safety: Reductions in indoor air pollution, namely carbon monoxide, nitrogen dioxide ,
formaldehyde , and particulates produced by gas-powered appliances that rely on
combustion, can help reduce the risk and severity of asthma and other respiratory
diseases. 196

o Affordability: Highly efficient, innovative electrified building end uses can enable more
affordable electrification opportunities for new and existing homes and businesses.

* Equity: Low-income, minority, and tribal communities are disproportionately impacted
by poor indoor air quality. 1% Advancements in energy-efficient, all-electric building end
uses in homes and businesses can lead to energy savings and reduce indoor pollutant
emissions, particularly in multifamily, small, and poorly ventilated buildings.

Background and Previous Research

Grant competitions offering incentives can offer numerous benefits by encouraging greater
competition as well as collaboration and integration of ideas to solve complex challenges,
especially in markets that are stuck or have not experienced much innovation. Organizations
such as XPRIZE create and manage prize competitions with incentives to stimulate investment
and ideas in R&D for grant challenges, including those in the energy sector. “The most

196 WHO Guidelines for Indoor Air Quality: Selected Pollutants. 2010. World Health Organization,
https://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf; Yu, Ignatius, Yuk-Ian Chiu, Joseph
Au, Tze-wai Wong, and Jin-ling Tang. 2006. “Dose-Response Relationship Between Cooking Fumes Exposures
and Lung Cancer Among Chinese Nonsmoking Women.” AACR Publications.

197 “Environmental Justice: Indoor Air Quality and Community-Based Action. “2016. United States Environmental
Protection Agency. https://www.epa.gov/sites/production/files/2014-08/documents/Environmental-Justice-
Indoor-Air-Quality-and-Community-Based-Action.pdf.
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important benefit of offering XPRIZES and similar awards is that they allow for outside
innovators to provide solutions to traditionally industry-specific problems.”1%8 In addition to
XPRIZE, the federal government has increasingly deployed prize competitions since the
passage of the America COMPETES Reauthorization Act of 2010 (P.L. 111-358). 19

Previous building electrification research conducted by the CEC and partners will inform prize
competition opportunities. For instance, in 2014, the CEC completed a technical assessment of
induction cooking technologies in partnership with the Electric Power Research institute
(EPRI). The researchers found substantial energy efficiency gains when using induction
technology as opposed to gas and traditional electric systems. However, when compared to
ownership costs, market barriers, and non-energy benefits offered by induction cooking, the
findings demonstrated that induction cooking was not always preferable to conventional
electric cooking technology and called for innovations that would directly target these barriers.

In 2016, the CEC funded a comprehensive commercial kitchen plug-load equipment study. The
project demonstrated energy savings potential using innovative energy-efficient appliance
technologies for the commercial foodservice industry. As a component of the study, Frontier
Energy characterized the performance and energy use of the new Condeco electric conduction
cooktop in a controlled laboratory environment. The conduction cooktop was tested in
conjunction with a residential induction range, representative of the most energy-efficient
option then available in home kitchens. Frontier determined that conduction and induction
cooktops demonstrated similar heat-up energy requirements. The simmer and sauté tests
showed that the conduction cooking system operated more efficiently than induction when
cooking. However, the technology was limited by the associated high cost and the necessity of
purchasing the cooktop with the corresponding cookware to reach the high levels of efficiency.

In the IEPR workshop on June 22, 2021, gas-alternative cooktops were highlighted as a key
technology option for reaching California’s GHG reduction goals. The final panel, titled “Barrier
Busting: Emerging Technologies and Solutions,” featured several presentations that cited the
importance of induction cooktops to reaching California’s GHG reduction goals, including from
the Food Service Technology Center and from ENERGY STAR®. Both presentations highlighted
the benefits of induction cooktops but cited significant challenges to gaining widespread
market adoption.

In 2021, the U.S. DOE’s Office of Information and Regulatory Affairs issued an ongoing test
procedure for cooktops and energy conservations standards for residential conventional
cooking products, including cooking tops, as part of a once-every-seven-year review mandated
under the Energy Policy and Conservation Act. As part of this rulemaking (RIN 1904-AF18), the
U.S. DOE is considering whether to establish cooktop test procedures. 200 Clarification of test
procedures would not only help standardize customer assessment of technology performance

198 Barba, Ronald. 2014. "5 Things You Should Know about XPRIZE and Incentivized Prize Competitions.”
https://tech.co/news/xprize-2014-02.

199 Federal Prize Competitions. 2020. Congressional Research Service. https://fas.org/sgp/crs/misc/R45271.pdf.
200 T7est Procedure for Cooking Tops. 2021. United States department of Energy.
https://www.reginfo.gov/public/do/eAgendaViewRule?publd=202104&RIN=1904-AF18.
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in this space, but may better evaluate performance and benefits of induction, conduction, and
other electric cooktop technologies.

The CEC has maintained Appliance Energy Efficiency Standards since 1977 and a database of
tested and third-party certified appliances, including electric appliances spanning heating
products, fans, dehumidifiers, computers, and more.

25. High Efficiency and Low-GWP Heat Pump Water Heaters and HVAC Heat
Pumps

Innovation Need

In California, residential water heating accounts for about 25 percent of total residential
building energy use. Natural gas is the dominant fuel for water heating, accounting for a 65
percent share, followed by electricity at about 9 percent, propane at about 4 percent, and the
remaining 22 percent as an unspecified fuel type. 20! Similarly, water heating accounts for
about 32 percent of the total natural gas used in the commercial industry. Electrification of
water heating is a key strategy in the building sector to cost-effectively meet the state’s GHG
emission reduction goals.

Electric heat pump water heaters (HPWHs) are a prime candidate to decarbonize domestic
water heating in California due to their high efficiency, potential use of low- or zero-carbon
electricity, and cost-competitiveness. To facilitate HPWH adoption in residential retrofits, the
industry is developing a 120V model that can be plugged into a standard electrical outlet.
These units are expected to be commercialized in 2021. However, these HPWHs will continue
to use high-GWP refrigerants, typically HFC134a, which is 1,430 times more potent than CO:
over a 100-year time horizon. Many 240V HPWHs used in small commercial buildings also use
high-GWP refrigerants. These refrigerants are potent GHGs and their impact on global
warming can be hundreds to thousands of times greater than that of CO, per unit of mass.
Because of this, research is needed to develop high efficiency 120V and 240V HPWHSs that use
low-GWP refrigerants.

Description

This research topic aims to develop 120V and 240V HPWHs and HVAC heat pumps that use
low-GWP refrigerants, with a focus on applications for underresourced communities. Design
objectives for the HPWHs and HVAC heat pumps could include the following:

e Use refrigerants to minimize GHG emissions, such as with use of a low-GWP refrigerant
(for example, less than 150) and reduce refrigerant leakage during and at the end of
product life.

e Reach operational efficiencies equal to or higher than currently available electric HPWHs
and HVAC heat pumps.

201 Palmgren, Claire, Bob Ramirez, Miriam Goldberg, and Craig Williamson (DNV GL Energy Insights USA, Inc.).
2020. 2019 California Residential Appliance Saturation Study. California Energy Commission. Publication Number:
CEC-200-2021-005-ES. https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.
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e Achieve a similar product life and maintenance requirements as currently available
electric HPWHs and HVAC heat pumps.

e Compete on cost with currently available electric HPWHs and HVAC heat pumps

Market and Technology Trends

Heat pump technology is a key decarbonization strategy, but lower-GWP refrigerants must be
advanced to optimize the GHG reduction potential. The majority of current 240V HPWHs in the
United States use R-410a or R-134a: both potent GHGs with high-GWP. There is one HPWH
model 202 currently available in the United States that uses CO, — with a GWP of 1 — as the
refrigerant. However, the CO> model is about twice the cost of a standard electric HPWH. 203
The 120V HPWHs are an emerging technology, but the products released in 2021 will use
high-GWP refrigerants. These units can be made more environmentally friendly by
transitioning to low-GWP refrigerants.

Package terminal air conditioning (PTAC) units and packaged terminal heat pumps (PTHP)
include a combination of heating and cooling assemblies intended for mounting through the
wall. These include a refrigeration unit and heating that could be provided by hot water,
steam, or electricity. 2% In 2018 approximately 515,000 PTACs and PTHPs were shipped in the
United States, primarily for hotels and motels, multi-family dwellings, nursing homes, and
other small buildings. 20> PTACs and PTHPs will continue to see increasing deployment and
their environmental impact will be higher due to use of high-GWP refrigerants.

Space cooling equipment is present in 70 percent of California households. 296 Many use R-22,
an older phased-out refrigerant that has a GWP of 1,810, or R-410a, the current standard
refrigerant, which has a GWP of 2,088. To meet climate goals, CARB is limiting stationary air
conditioning equipment to use refrigerants with a GWP of less than 750 by 2025. Further
actions may be necessary to hit aggressive climate targets, such as use of lower-GWP
refrigerants and addressing refrigerant leakage.

The 2019 California Residential Appliance Saturation Study indicated that natural gas is the
dominant fuel for space heating with a 65 percent share, followed by electricity at 18 percent,

202 “Water Heater Systems.” 2020. ECO2 Systems. https://www.eco2waterheater.com/.

203 “Sonoma Clean Power Products.” 2021. Sonoma Clean Power Advanced Energy Power; Vega, Mayra. 2020.
SMUD Sanden HPWH Electrification Project — M&V Report — Final. TRC.

204 United States Department of Energy. 2021. Frequently Asked Questions - Request for Information Pertaining
to Energy Conservation Standards for Packaged Terminal Air Condiitioners and Packaged Terminal Heat Pumps.
United States Department of Energy.

205 Energy Star. December 2011. ENERGY STAR Market & Industry Scoping Report - Packaged Terminal Air
Conditioners and Heat Pumps. United States Environmental Protection Agency.
https://www.energystar.gov/sites/default/files/asset/document/ESTAR_PTAC_and_PTHP_Scoping_Report_Final_D
ec_2011.pdf.

206 Palmgren, Claire, Bob Ramirez, Miriam Goldberg, and Craig Williamson (DNV GL Energy Insights USA, Inc.).
2020. 2019 California Residential Appliance Saturation Study. California Energy Commission. Publication Number:
CEC-200-2021-005-ES. https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.
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propane at 3.3 percent, wood at 1.8 percent, and 11.9 percent as unknown or unspecified
fuel. 207 With the adoption of the 2022 Title 24 Building Efficiency Standards, the baseline
technology for space and water heating in homes built after January 1, 2023 is highly efficient
heat pumps. 298 This will prompt many builders in the state to build without gas — a trend that
the code will accelerate. 20°

The retrofit market potential for 120V HPWHs and PTHPs using low-GWP refrigerants in single
family, multifamily and other housing types could be substantial. The standard panel for
homes built before 1980 was less than 200 amps. 21° For these older homes, if the electric
panel was not upgraded, it may be unable to support a standard 240V HPWH. There is low
product availability of unitary 120V/240V HPWHs and 120V PTHPs that use low-GWP
refrigerants. Use of low-GWP refrigerants will ensure that when these units reach the end of
life, they will not leak high-GWP refrigerants into the atmosphere and further increase GHG
emissions.

Expected Outcomes

This topic is expected to support the production and adoption of cost-competitive, low-GWP
HPWHs and HVAC heat pumps for use in homes and commercial buildings; increase adoption
of PTHPs over PTACs that use electric resistance heating elements; reduce the need for panel
upgrades; reduce refrigerant GHG emissions during and at the end of the product life; and
inform state regulatory and codes and standards entities as well as incentive and rebate
programs that could drive further adoption.

Metrics and Performance Indicators

e Efficiency of HPWH and HVAC heat pumps with low-GWP refrigerants relative to
comparable commercially available products

e Upfront cost of HPWH and HVAC heat pumps with low-GWP refrigerants relative to
comparable commercially available products

e Number of manufacturers including low-GWP refrigerant HPWHs and HVAC heat pumps
in their product line

e Reduction in GHG emissions associated with refrigerant leakage

e Adoption of low-GWP HPWHs and HVAC heat pumps by residents, building owners, and
mechanical contractors

207 Palmgren, Claire, Bob Ramirez, Miriam Goldberg, and Craig Williamson (DNV GL Energy Insights USA, Inc.).
2020. 2019 California Residential Appliance Saturation Study. California Energy Commission. Publication Number:
CEC-200-2021-005-ES. https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.

208 California Energy Commission, “2022 Building Energy Efficiency Standards Summary.” 2021.
www.energy.ca.gov/sites/default/files/2021-08/CEC_2022_EnergyCodeUpdateSummary_ADA.pdf.

209 Natural Resources Defense Council, “California Passes Nation’s First Building Code that Establishes Pollution-
free Electric Heat Pumps as Baseline Technology; Leads Transition off of Fossil Fuels in New Homes.” 2021.
www.nrdc.org/media/2021-210811-0.

210 Comment by Donald Loughlin, licensed electrician.
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Primary Users and Beneficiaries

* Residential and small commercial building owners will benefit because electric
heat pumps could have a lower cost of operation than standard gas or gas-electric units.

* Regulatory agencies will benefit from research results on low-GWP refrigerant
performance in HPWHs and HVAC heat pumps, helping inform code updates.

Guiding Principles
* Affordability: Though upfront costs of electric heat pumps may be higher than
standard gas and electric units, the cost of operation could be lower. Incentives could
further reduce the impact of higher upfront costs.

e Environmental Sustainability: Use of high-efficiency, low-GWP refrigerant heat
pumps will reduce GHG emissions during and at the end of product life.

e Equity: An aim of this research is to develop low-GWP HPWH and HVAC heat pumps
that are cost-competitive to standard units and do not require a panel upgrade. A target
market for this technology is homeowners in underresourced communities. This research
topic may include demonstration and test sites in underresourced communities.

Background and Previous Research

The New Buildings Institute published “The Building Electrification Technology Roadmap
(BETR)” in January 2021 and identified 120V HPWHs with low-GWP refrigerants as an
emerging technology that needs further development. The report states that though
manufacturers are planning on low-GWP units, their immediate attention is on advancing the
market-ready and available standard refrigerant U.S. HPWH products. The report also states
that 240V HPWHs with low-GWP refrigerants have moderate technology readiness, low
product availability and awareness, and high GHG reduction potential, creating an opportunity
for research.

The Building Decarbonization Coalition and the New Buildings Institute spearheaded the
development of a retrofit-ready 120V HPWH. Three manufacturers have been identified to
develop this unit: Rheem, AO Smith, and GE. Because the upcoming 2021 120V HPWHSs are
still in development, there is a lack of field-validated data.

While CARB has set milestones to reduce GHG emissions in refrigerants, such as a GWP of 750
in stationary space conditioning systems by 2025, they have yet to set goals for refrigerants
used in HPWHs and more aggressive goals in stationary space conditioning systems beyond a
GWP of 750. This research could help inform CARB regulations.

The CPUC funded a study on including low-GWP HVAC refrigerants in energy efficiency
incentive programs. 21! The report indicated that much of the refrigerant found in HVAC
systems leaks or is emitted into the atmosphere. Almost all refrigerants found in HVAC
equipment today have high-GWP levels, with the most common being R-410a and R-134a. The
report indicated that major barriers to the use of low-GWP refrigerants include the time for
manufacturers to retool and transition as well as flammability (with mildly flammable

211 California Public Utilities Commission, May 3, 2021. A Roadmap for Accelerating the Adoption of Low Global
Warming Potential HVAC Refrigerants. Prepared by DNV-GL for the CPUC Group A Report Template.
https://pda.energydataweb.com/#!/documents/2506/view.
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refrigerants supporting near-term improvement and natural refrigerants as a long-term
solution).

The CEC has funded several HPWH projects, including a commercial central HPWH with load
flexibility (EPC-20-004) and a large-capacity central HPWH (EPC-19-030). The CEC has also
funded PTAC projects, including a retrofit window electric heat pump (EPC-18-019) and room
heat pumps (EPC-20-017).

26. Innovative Solutions for Improving the Value Proposition for Building
Envelope Upgrades

Innovation Need

The building envelope consists of windows, walls, roofs, foundations, and other elements of
the building exterior that enclose a conditioned space. Advancing envelope technology
represents an opportunity for substantial heating and cooling energy savings while providing a
more comfortable space for occupants. It can reduce building heating and cooling needs by
limiting heat gain or loss and prevent accumulation of moisture and airborne toxins — all of
which are increasingly important in the face of extreme weather events. As more homes
decarbonize with electric HVAC heat pumps, well-sealed and insulated buildings can precool
and preheat more efficiently, thus reducing peak loads and required HVAC system capacity.

The integration of thermal storage materials, such as phase change materials2!2 (PCMs), into
building envelopes can decrease peak load consumption and provide grid flexibility. These
materials can capture and redirect excess heat away from the building but are in early-stage
development and need more field testing and demonstration to determine overall performance
and value.

Major barriers to adoption and deployment of building envelope retrofits are the high capital
cost and lack of awareness of the value proposition of emerging technologies. This research
topic plans to address these barriers by developing and demonstrating advanced envelope
retrofit technologies and developing tools and test procedures for assessing envelope
performance.

Description

This research topic aims to conduct applied research and technology demonstration to improve
the value proposition of building envelope retrofits for existing commercial, mixed-use, single
family, multi-family, and manufactured residential units. Potential research includes:

e Developing and demonstrating new envelope technologies and manufacturing processes
to reduce the cost of highly efficient, affordable, and advanced building retrofit
solutions. This can include use of prefabricated retrofit packages, whole building air

212 A phase-change-material is a substance, which releases/absorbs sufficient energy when it changes phase,
such as when the material goes from liquid to solid or vice versa. For instance, when a material goes from solid
to liquid, it absorbs heat to provide heating and when it goes from liquid to solid, it releases heat to provide
cooling.

141



sealing, vacuum insulated panels and high R-value2!3-per inch envelope insulation.
Building envelope innovations in areas such as manufacturing, material science,
modeling, product design, and installation have the potential to reduce the cost,
increase the value to consumers, and increase market adoption of building envelope
retrofits.

e Developing and testing thermal storage materials to enable buildings envelopes to
actively store and release thermal energy, help decrease peak summer load and winter
energy consumption, reduce energy costs, and potentially increase the market value of
building envelope retrofits. Potential research could include the development of lower
cost, inorganic PCMs that are stable, durable, nontoxic, nonflammable, and possess
higher thermal conductivity and dynamic tuning properties to allow for manipulation of
charge/discharge temperature. Other areas of research could include improving energy
density, developing novel packaging storage systems, and reducing manufacturing cost.

e Developing and testing affordable, non-intrusive home performance assessment and
diagnostic tools to determine building envelope attributes such as air leaks, moisture,
presence of asbestos or lead, and R-value of existing insulation. Current tests only
evaluate the airtightness of buildings, can require occupants remove or secure furniture
and other household items, and can be costly for larger leaky buildings. Oak Ridge
National Laboratory has conducted research on building performance diagnostic
methods that are affordable and less intrusive to the occupant such as the refraction-
based air leak detector. 214 However, more research is needed to continue developing
and testing new performance assessment tools and materials that not only detect leaks
but also determine other envelope conditions, such as moisture infiltration, presence of
hazardous materials, and levels of existing insulation. These tools could be adopted by
building auditors, retrofitters, owners, and occupants to understand the condition of
building envelopes in advance of any retrofit and to verify retrofitted building
performance.

Market and Technology Trends

There are an estimated 9.2 million single family homes and over 4.5 million multifamily units in
California. 21> Approximately 60 percent of existing residential building stock, or approximately
8.2 million units, were built before the state energy efficiency code took effect in 1978. These
buildings typically lack proper envelope insulation and air gap sealing for holding heating or

213 R-value is a unit of thermal resistance used for comparing insulating values of different materials. The higher
the R-value of a material, the better the insulation it provides.

214 Hun, D.E. 2021. “Electric Program Investment Charge 2021-25 Investment Plan Scoping-Building
Decarbonization.” California Energy Commission.
https://energy.zoom.us/rec/play/2ydVtU550ZaRo0SIOZTRPIMp711GZyU1KVxPBqPKY60t-
_TFF3xfiHzq7tGjrN8LPyAA5sheaq2MgBh8.gZ4dFbN-

KIIUCqgl1?continueMode=true& x_zm_rtaid=XYIQHONIScutcG8wY27g1w.1625854788452.87eaa71c2ef47411dof
8ea48d62270f7&_x_zm_rhtaid=412.

215 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske (California Energy Commission). 2021.
California Building Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-
2021-006-CMF. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.
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cooling and lack proper filtration. 216 As California moves to decarbonize and electrify the
building sector, CEC anticipates increasing use of electric space conditioning. Cost-effective
and high-performance insulation is needed to maximize the benefits from high-efficiency
electric heat pumps. Installing building envelope technologies enhanced with thermal storage
materials can improve the energy efficiency of existing buildings and reduce electricity
consumption and peak summer and winter demand. Additionally, these technologies have the
potential to result in estimated annual savings of over 1,600 GWh, $675 million in customer
energy bills (electric and gas), and 2 million metric tons217 of CO. emissions. 218

A U.S. DOE report indicates that improving the energy performance of the building envelope is
critical to reducing total building energy use since nearly 85 percent of residential and 55
percent of commercial buildings will still exist in 2050. The building envelope is the largest
determinant of primary energy used in homes and businesses. 212 Although envelope retrofit
technologies are commercially available, few buildings undergo these retrofits due to adoption
barriers such as the expense to building owners and the disruption to building occupants.

The U.S. DOE's Building Technologies Office is supporting the development of novel mediums
that can be used in various applications of thermal energy storage such as within building
envelope materials and HVAC systems. 220 Attention to inorganic PCMs like salt hydrates has
grown due to the lower cost and higher thermal conductivity of the material as compared to
organic PCMs. This attention has led to further investigation of the use of PCMs in building
envelopes, water heating, and A/C systems. 22! There are some commercialized PCM products
in the United States, such as BioPCM® and Infinite-R™ products, that can be installed in roofs,
walls, and ceilings. Thermal storage materials have also been successfully commercialized in
Europe. For example, PCM Products Ltd., based in the United Kingdom, has deployed its
product in retrofit projects in China, the United Kingdom, Australia, Israel, and Norway.
However, further research is needed to address technical challenges such as corrosion, low
energy density, poor heat transfer, and high prices to enable their use as effective thermal

216 Ibid.
217 A metric ton is a unit of weight that is equivalent to 1,000 kilograms or 2,205 pounds.

218 Goetzler, William, Kristin Landry, Micah Turner, and Palak Thakur (Guidehouse). 2021. Next Generation
Window and Building Envelope Systems. California Energy Commission. Publication Number: CEC-500-2021-018.
https://www.energy.ca.gov/publications/2021/next-generation-window-and-building-envelope-systems.

219 Harris, Chioke (National Renewable Energy Laboratory). 2020. DRAFT Research and Development
Opportunities Report for Opaque Building Envelopes. United States Department of Energy.
https://www.energy.gov/sites/default/files/2020/05/f74/bto-20200505_Draft_Envelope_RDO_1.pdf.

220 “Thermal Energy Storage Technologies Subprogram Area.” 2021. U.S. Department of Energy.
https://www.energy.gov/eere/buildings/thermal-energy-storage.

221 Harris, Chioke (National Renewable Energy Laboratory). 2020. DRAFT Research and Development
Opportunities Report for Opaque Building Envelopes. United States Department of Energy.
https://www.energy.gov/sites/default/files/2020/05/f74/bto-20200505_Draft_Envelope_RDO_1.pdf.
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energy storage solutions. 222 Despite efforts to promote California market adoption, more
targeted research is also needed to optimize these materials for the state’s climates and
building typology.

Evaluating the need for tighter buildings requires less intrusive methods to assess building
envelope conditions. 223 For air leakage, the main diagnostic tool is the blower door test.
Stand-alone blower door tests costs on average between $200 and $350224 but are highly
intrusive and disruptive to building occupants. At the June 28, 2021, CEC EPIC Workshop on
Building Decarbonization, researchers indicated that a tool that can detect the condition of the
building envelope would be valuable in understanding the most technically and economically
feasible approach to building retrofits.

Expected Outcomes

This topic is expected to increase the value proposition and affordability of building envelope
retrofits by reducing their cost, duration, and intrusiveness. It will introduce innovative building
materials, designs, and manufacturing practices that can reduce cost while maintaining high
energy efficiency performance. It will also introduce advanced phase change materials that
can store energy and reduce peak load through thermal storage-building envelope integration.
This topic is expected to reduce the cost of assessing building performance and leaks by using
nonintrusive tools and to inform code-setting organizations and statewide retrofit programs
such as the California Department of Community Services and Development’s Low-Income
Weatherization Program (LIWP). 22>

Metrics and Performance Indicators

Examples