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PREFACE

Senate Bill 1389 (Bowen, Chapter 568, Statutes of 2002), as amended, requires the California
Energy Commission to prepare a biennial integrated energy policy report that assesses major
energy trends and i ssues f aci ngdtransportasonhfadl e 6 s
sectors and provides policy recommendations to conserve resources; protect the environment;
ensure reliable, secure, and diverse energy
protect public health and safety (Public Resources Coc § 25301[a]). The Energy Commission
prepares updates to these assessments and associated policy recommendations in alternate
years (Public Resources Code § 25302[d[). Preparation of the /ntegrated Energy Policy Report
involves close collaboration with federal, state, and local agencies and a wide variety of
stakeholders in an extensive public process to identify critical energy issues and develop
strategies to address those issues.
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ABSTRACT

The 2019 Integrated Energy Policy Report provides the results of the California Energy

Commi ssionds assessments of a variety of energy
will require action if the state is to meet its climate, clean energy, air quality, and other

environmental goals while maintaining reliability and controlling costs.

The 2019 Integrated Energy Policy Report covers a broad range of topics, including
decarbonizing buildings, integrating renewables, energy efficiency, energy equity, integrating
renewable energy, updates on Southern California electricity reliability, climate adaptation
activities for the energy sector, natural gas assessment, transportation energy demand
forecast, and the California Energy Demand Forecast.

Keywords : California Energy Commission, decarbonizing buildings, energy efficiency, energy
equity, electricity demand forecast, natural gas assessment, climate adaptation and resiliency,
Southern California reliability, transportation electrification, integrated resource plans,
Assembly Bill 1257

Please use the following citation for this report:

California Energy Commission staff 2019. Draft 2019 Integrated Energy Policy Report.
California Energy Commission. Publication Number:CEG100-2019-001-CMD
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EXECUTIVE SUMMARY

California is working to make sweeping changes in its energy system to address climate
change, improve air quality, and make sure that all Californians share in the benefits of the

statebds clean energy future. I n 2018, Californi
leadership in energy policy with the enactment of Senate Bill 100 (De Ledn, Chapter 312,
Statutes of 2018), which calls for Californiads

carbon by 2045. The California Energy Commission (CEC), California Public Utilities

Commission (CPUC), and the California Air Resources Board (GRB) are working together to
identify pathways to deeply decarbonize the st a
The aim is to | everage Californi adgremavdcarbon el ec't
from,ot her portions gygd$ystamhe st ateds ener

The electricity sector led the way in California meeting its 2020 goal to reduce GHG emissions
to 1990 levels, four years ahead of schedule. In 2017, GHG emissionsfrom the electricity
sector were 40 percent below 1990 levels. Although impressive, meeting the SB 100 goal of
zero-carbon by 2045 requires much more work.

FigureES-1: Cal i forniads Electricity Conti nue
140
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Landmark California Initiatives to Reduce GHG Emissions

SB10Obuids on the stateds goal s t os)tol®90levels byg r 6
2020 and reduce GHG emissions 40 percent below 1990 levels by 2030 (Assembly Bill 32,
Nufiez, Chapter 488, Statutes of 2006 and Senate Bill 32 (Pavley, Chapter 249, Statutes of
2016). In 2018, Executive Order B-55-18 set a longer-term goal of statewide carbon
neutrality as soon as possible and no later than 2045, with net negative GHG emissions
thereafter. The targets laid out in Executi ve Order B-55-18 and SB 100 are consistent with
international goals to reduce GHG emissionsenough to avoid catastrophic climate change.

Renewableresources such as sol ar and wind account for a
electricity use in 2018 and SB 100 requires an increase to 60 percent by 2030, making

renewablesone of the main driving forces in reducing
include the sharp decline in the import of coal -fired electricity over the last decade, which is

expected to drop to zero by 2025, and the beginning of a waning dependence on natural gas

for electricity generation. The goal is to cut emissions from the electricity sector to zero while

meeting an increasing demand and maintaining energy reliability, controlling costs, and

ensuring that benefits reach all Californians.

Californiabdés Evolving Electricity Syst

Californiads el ectr i ciustgmessare dgewerating their ovanpawerl v e v ol
from rooftop solar and other distributed generation. In 2019, the state met its goal for a

million solar roofs set by former Governor Arnold Schwarzenegger. Soon rooftop solar will be a
mainstay on new homes as on January 1,2020, Cal i f or ni a 6 s wib nequirechewn g st
homes to include rooftop solar. During the last decade, installed renewable capacity in the

state increased from 9,313 megawatts (MW) in 2009 to 23,313 MW in 2018. The variable

nature of renewable resources, which change as the sun rises or sets and as winds blow,

requires shifts in how the system is managed. Flexibility with fast responsiveness isneeded to
accommodate morning and late-afternoon changes (termed ramps) in the net load (total load

minus solar and wind generation) to prevent surplus or shortage situations on the electricity

grid.

Although several tools are available to rapidly adjust supply or demand or both to meet
flexibility needs, natural gas power plants provide about 75 percent of the available flexible
capacity (the ability to quickly ramp energy production up or down as needed to match supply
and demand). For the near term, natural gas generation will continue to play an important role
in integrating renewable resources and ensuring reliability. As the electricity market grows
regionally and resources such as energy storage and demand management grow to help
integrate renewables, natural gas generation will decrease further.

Customers face increasing choices over their sources and suppliers of electricity. Communities
are opting to make their own electric resource choices through community choice aggregation
(CCA) to develop innovative ways of providing cleaner energy resources. Residential and
commercial retail customers are increasingly departing from investor-owned utilities (IOUs)
and moving to CCA Large commercial and industrial customers are buying their electricity
directly from renewable generators, as well as from private direct access providers when

2



allowed. Furthermore, utilities face financial uncertainties with the looming liability associated

with Californiads devastiabankrugtcy.Wistbridally, theestate hawi t h 0©
used its regulatory authority over the fairly centralized electricity market to help deliver GHG

reductions and achieve other environmental and policy goals. These structural changes

present uncertainty as well as opportunities for achieving clean energy goals.

Cal i f elecmigityasgstem planning approach has also changed with the development of
integrated resources plans (IRPs) as called for in Senate Bill 350 (De Leon, Chapter 547,
Statutes of 2015). IRPs are long-term planning documents that outline how load -serving
entities, including investor- and publicly owned utilities, community choice aggregators, and
private electricity suppliers, will meet demand reliably and cost-effectively while achieving
state policy goals and mandates. These pl ans show steady progress
renewable procurement requirements, including the increased Renewables Portfolio Standard
of 60 percent renewables by 2030 called for in SB 100. They also meet GHG emissions
reduction targets established by CARB in consultation with the CEC and CPUC,in accordance
with SB 350. A large share of the resource additions identified in the plans are from solar
resources.

Buildings A re Part of the Solution

In 2017, the most recent data available,t he st ateds buil ding stock ac
quarter of statewide GHG emissions, including fossil fuel consumed onsite (for example, gas or
propane for heating) and electricity consumption (for example, for lighting, appliance s, and
cooling). (See Figure ES2.) Under Assembly Bill 3232 (Friedman, Chapter 373, Statutes of
2018), the CECmust assessthe feasibility of reducing GHG emissions inresidential and
commercial buildings 40 percent below 1990 levels by January 1, 2030. Leveraging the
decarbonization of the electricity system by transitioning space and water heating in buildings
toward highly efficient electric appliances, coupled with strategies to enable greater ability to
shift when energy is consumed, will be key to re ducing emissions from buildings. Under
Senate Bill 1477 (Senate Bill 1477, Stern, Chapter 378, Statutes of 2018), the CEC and the
CPUC are establishing two fiveyear incentive programs to enable greater penetration of these
building decarbonization technologies.



ES-2: Californiabs 2017 Greenhouse Gas Emi s
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The increased digitization of the grid presents new opportunities for flexibly integrating
electrified buildings into the grid. Launching efficient technologies that can communicate with
the grid can help shift the timing of energy use in buildings. At a large enough scale, such
smart technologies can adjust electricity consumption to maximize the use of renewable
generation and help manage morning and afternoon ramps without compromising comfort or
function. In this way, buildings can be part of the evolving energy system and a resource that
helps maintain the reliability of the electricity system.

Further, maximizing energy efficiency savingswilre duce t he costs of achie
climate goals and open up new possibilities for meeting greater electricity demand from

electrification. In late 2019, the CEC will complete the 2019 California Energy Efficiency Action
Planthat will lay out strate gies for achieving deep savings through energy efficiency and

reducing GHG emissions from buildings The action plan addresses legislative requirements to

update strategies that increase energy efficiency in existing buildings and, more broadly, to

achieve a statewide doubling of energy efficiency savings from electricity and natural gas end

uses by 2030 (Assembly Bill 758[Skinner, Chapter 470, Statutes of 2009] and SB 350).

Transportation Electrification | s Critical

Eliminating emissions from the transport at i on sector is critioal to
roughly 50 percent of in-state GHG emissions come from this sectorwhen including refinery

emissions from the industrial sector, along with the vast majority of criteria pollutants (such as

nitrogen oxide and diesel particulate matter). Unfortunately, d espite the overall reduction in

statewide GHG emissionsfrom 2013 through 2017, emissions from the transportation sector

actually increased by 6 percent. A statewide shift from the use of vehicles that run on fossil

fuels to those that r un ranspor@atioretettrficationot,)ywhetherie f er r e
the form of battery electric vehicles, plug -in hybrid electric vehicles, or fuel cell electric

vehicles, is an essential component for reducing emissions. Thus, California has set ambitious

goals of achieving 1.5 million zero-emission vehicles(ZEVs) by 2025 and 5 million by 2030 as
established in former Governor Ed@202d G. Br own



California is aggressivelypursuing the deployment of ZEVs through regulations and incentives
administered by CARB(for example, the Advanced Clean Cars rulemaking and the Innovative

Clean Transit Regulation) and incentives (such as the Clean Vehicle Rebate Project and the

Low Carbon Trangortation Program). The CEG €lean Transportation Program is investing

tens of millions of dollars in charging infrastructure and hydrogen refueling stations statewide.

The CPUC has also directedOUs to file applications for transportation electrificatio n projects.
Finally, the stateds settl ément hagcemmany dwi v ho
state and federal law in regard to emission tests will support the implementation of zero-

emission transit and fleet vehicles, as well as plug-in electric vehicle recharging around the

state.

These efforts have helped California become the largest ZEV market in the nation with nearly

700,000 ZEVs on the road and nearly half of the US annual sales.Plug-in electric vehicles
accounted for nearly 8 percentof Cal i f or ni ads vehicle sales in 2C
nationally. However, ZEV sales are expected to accelerate worldwide in response to

technological advancements and government policies. Battery pack prices have declined by

upward of 85 percent from 2010 to 2018, with the potential for additional reductions through

2030. Investments in electrification, as well as autonomous and shared vehicle technologies,

continue to grow dramatically. Globally, auto manu facturers may be selling upward of 15

million plug-in electric vehicles per year by 2025, given the anticipated effects of existing

regulatory sales requirements.

To support Cal ZEVpapulation,dhe stajerwidl needtgdrastically increase the

availability of refueling infrastructure. E xecutive Order B-48-18 set a target of 250,000 shared

charging infrastructure connections, including 10,000 direct-current fast charging stations by

2025. (The same executive order also set a target of 200 hydrogen refueling stations by

2025.) Assembly Bil 2127 (Ting, Chapter 365, Statutes of 2018) subsequently required the

CEC to assess the number and type of charging infrastructure necessary for California to meet

its goal of 5 million ZEMs by 2030. The CEC6s first charging |
expected at the end of 2020. The CEC is also up
Roadmap, which will outline key steps in the implementation of technologies that can lower

the costs for plug-in electric vehicle drivers, recharging station owners, and utility customers in

general.

All Californians Must Benefit From the Clean Energy Future

Californiads cl| ean eanmdugue cléandanergy ecomomysintwhichthe at e
benefits are equitably distributed. SB350putCal i f or ni a & sargatslintdodaww angln e r ¢
took steps to ensure that all Californians realize the benefits of clean energy. In response to

SB 350, the CEC published theLow-Income Barriers Studly, Part A: Overcoming Barriers to

Energy Efficiency and Renewables for Lowlncome Customers and Small Business Contracting
Opportunities in Disadvantaged Communities(Barriers Study Part A) and, in 2018, CARB

published the Low-Income Barriers Study, Part B. Overcoming Barriers to Clean Transportation

Access for Lowincome Residents (Barriers Study PartB. Cal i f or ni aés adegenci es
significant progress toward accomplishing the recommendations in the barriers studies. For

exampl e, Eldetec POdandrvestment Charge (EPIC) program exceeded the goal set
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in Assembly Bill 523 (Reyes, Chapter 551, Statutes of 2017) for at least 25 percent of the
technology demonstration and deployment funds to be allocated to projects in and benefitting
low-income or disadvantaged communities. As of July 2019, the CE® s Bpdran invested
about 31 percent of funds to projects in disadvantaged communities and an additional 34
percent to projects in communities that are low-income but not considered disadvantaged.
(See Figure ES3.)

Figure ES-3: EPIC Projects Located in Low-Income and Disadvantaged Communities

EPIC Projects Located
in Low Income and
Disadvantaged Communities

Source: Joint agency presentation by at the July 30, 2019, workshop on Advancing Energy Equity

Going forward, California must look for new opportunities to advance clean energy equity in
disadvantaged and low-income communities, tribes, and rural communities. Areas for further
work include developing attainable opportunities to finance energy upgrades, developing one-
stop shops to increase access to clean technologies, advancing retrofits in low-income
multifamily housing, training and dedicating staff to community outreach, and providing direct
support to community based organizations.

Planning for the Future
It is critical that the stateds planning effort
markets, such as the deployment of solar photovoltaic and energy storage technologies,
migration of load from IOUs to community choice aggregators, climate change impacts on
6



supply and demand, and declining reliance on natural gas. The 2019 /EPRputs forward new
10-year forecasts for electricity and natural gas use, as well as for transportation fuels. The
forecasts for electricity and natural gas demand inform planning for resource procurement and
transmission i nv e sihtegatedResourae Planhirgy prGcBss &nd the

Calf ornia I ndependent Cay s tff ®mTranpnassidd tRl@naidgsProcess
respectively. In addition, the CEC provides monthly peak demand forecasts in coordination
with the California ISO and the CPUCfor evaluating resource adequacy.

The transportation forecast aims to capture changes in consumer preferences influenced by

clean vehicle policies, technology investments, and global market pressures. The findings from

the transportation forecast are also inputs into the electricity and natural ga s forecast. Staff

continues to refine the electricity and natural gas forecast to better reflect hourly data for

factors such as rooftop solar, energy efficiency, electricity storage, demand response (to

reliably and quickly ramp energy load up or down in response to price signals), climate

change, and electric vehicle charging.Cal i f or ni ads pl anning & forts
historically siloed sectors such as buildings, electricity, and transportation are becoming

increasingly intertwined.

Investing in technology innovation is also necessary to help the state decarbonize its energy
system in ways that are clean, safe, affordable, accessible, and reliable. The CECis conducting
research that ranges from identifying pathways to achieve deep GHG reductions, to developing
technological solutions such aslow- and no-carbon alternatives for space heating, water
heating, and cooking in buildings, to identifying solutions to better integrate electric vehicles
into the grid .

Il n 1'ight of CaHangé policias, difficidt decisionsabauteeplacing aging gas
infrastructure and managing investments to maintain energy reliability are needed. In
Southern California, maintaining energy reliability remains challenging, and concerns in recent
years are primarily due to breakdowns in the aging natural gas infrastructure in the region.
Following a massive leak at the Aliso Canyon natural gas storage facilityin 2015, the state has
limited the use of the facility, which has historically helped balance natur al gas supply and
demand. Further, multiyear outages of natural gas pipelines that serve the region greatly add
to the risk of disruptions in energy reliability. The CEC, CPUC, California ISO, and the Los
Angeles Department of Water and Power continue to work closely together to monitor the
situation and implement solutions, with an emphasis on using preferred resources such as
storage, demand response, and renewables.

Adapting to Climate Change

As California pursues its clean energy future, it must plan for and adapt to a changing
environment that will affect the demands on and capabilities of the system. A warmer climate
increasesthe need for indoor cooling, while extreme heat compromises the performance of
generation, transmission, and distribution infrastructure. Reduced spring snowpack reduces
hydroelectric supplies during summer months when hydropower has historically provided an
important, zero-emission resource for meeting peak demand. Wildfires threaten energy sector
infrastructure and, during weather associated with extreme wildfire risk, indirectly result in
planned power shutoffs to protect public safety.

7



Californiads investments in research and devel o
reaching long-term decarbonization in a resilient and cost-effective manner. Planning for the

effects of climate change in the energy sector, identifying pathways to achieve deep

decarbonization of energy use, and developing innovative solutions to these complex issues

must be rooted in a science-based understanding. Further, climate science must be actionable

on a local level, and the state must prioritize research and actions that support climate-
resilience for Californi a6 shbletalimateichandei es t hat ar

Taking Up the Challenge

California must boldly face the challenge of decarbonizing its energy system to dramatically cut
GHG emissions while maintaining energy reliability, controlling costs, increasing its resiliency to
climate change, and improving the equity of how clean energy benefits are realized.
Addressing this challenge will require the engagement of state and local governments,

industry, environmental groups, non governmental organizations, and Californians throughout
the state. California is the fifth largest economy in the world, a state rich with renewable
resources, the home of technological innovations that have spread throughout the world, and

a leader in clean energy policies. California has the resources,talent, and political will to
achieve its clean energy goals and be an example to others striving for a better future.



CHAPTER 1.
Electricity Sector

Introduction

Californiads electricity syst emCalfernidcantinues¢gp r api d
lead the way in achieving greenhouse gas (GHG) reductions. In 2017, GHG emissions in the

electricity sector dropped to more than 40 percent below 1990 levels, helping to ensure the

state is on its way to achieving the 2030 statewide GHG redudion target set by Senate Bill 32

(Pavley, Chapter 249, Statutes of 2016). Ca | i f ®enewaldes Bortfolio Standard (RPS) calls

for 33 percent of the retail sales to be served with renewable resources by 2020. In 2018, the

state achieved an estimated 34 percent.!

T h e s pahttoedéeper GHG reductions in the electricity sector is delineated in Senate Bill
100 (De Leon, Chapter 312, Statutes of 2018), which calls for a 100 percent zero-carbon
electricity system by 2045. SB 100 also establshes an ambitious 60 percent RPS by 2030,
increased from the previous 50 percent established by Senate Bill 350 (De Ledn, Chapter 547,
Statutes of 2015). Also in 2018, Executive Order B55-18 set a goal of statewide carbon
neutrality as soon as possible (no later than 2045), with net negative GHG emissions
thereafter.

Over the last decade, the electricity resource mix has changed significantly as new renewable
resources have come online. By 2025, reliance on out-of-state coal generation will be

elimnatedf r om t he stateds r ansl thasystem isshifting t@dedreaspee t her
reliance on fossil natural gas.

In the near to mid-term, natural gas generation plays a critical role in ensuring reliability and
integrating renewable resources. Increased coordination and the evolution of marke ts in the
western region is already helping to better integrate renewables. Carbon-free resources, such
as energy storage and demand management, are also helping to integrate renewables and
ensure reliability.

Changesare also underway as customers face increasing choices over their sources and
suppliers of electricity. Many customers are generating their own power from rooftop solar and
other distributed generation, decreasing demand on the electricity grid. Further, California is
the first state to require rooftop solar on new homes under new building s tandards that go

1 California Energy Commission,Tracking Progress, Renewable Energy, December 2018 https://www.energy.ca.gov/sites/default/files/2019 -
05/renewable.pdf.
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into effect on January 1, 2020. Many communities are deciding to make their own electric
resource procurement choices by forming community choice aggregators to develop innovative
ways of providing cleaner energy resources. As of 2019, roughly 20 percent of customers have
moved from service provided by an investor-owned utility (IOU) to service provided by a
community choice aggregator. Large commercial and industrial customers are buying their
electricity directly from renewable generators, as well as from private direct access providers.

In light of these changes, the regulatory framework that has ensured reliable and affordable

power for California Public Utilities Commission (CPUC) jurisdictional entities representing

nearly 80 percent of the electricity grid is becoming more fragmented. At the same time, one

of the stateds fordefivaringsGH@ eeductidns ansl athiewng other

environmental and policy goals in the electricity sector is fragmenting as responsibility for

resource procurement and resource adequacy is moredisaggregated than in the past. Finally,

utilities face financial uncertainties with the looming liabilit y associ ated with Cal
devastating wildfires, with one utility in bankruptcy.

California agenciesin collaborating with the California Independent System Operator
(California ISO) and other California Balancing Authority Areas continue to work tog ether to
address questions about how to ensure reliability, achieve clean energy goals, and provide
affordable electricity in this evolving environment. This chapter provides an overview of
emerging trends in the electricity sector.

Review of Major Trends  in the Electricity Sector

El ectricity Sector Leads Californiabs Effor
Cal i forni ads centiruestomake stdagy pregeessttoovard its energy and
environmental goals and is | eadi sgonsCGHGIi f orni ads

emissions from the electricity sector declined by 9 percent in 2017, compared with 2016, as
shown in Figure 1.2 In 2017, 52 percent of total electricity generation, including both in -state
generation and imported power, came from zero -carbon generation sources3 Total GHG
emissions attributed to the electricity sector decreased by 6 million metric tons carbon dioxide
equivalents (MMT CQe), from 68 MMT CQOe in 2016 to 62 MMT CQze in 2017.

2 CARB, 2019 Edition,California Greenhouse Gas Emissions Inventory: 20002017
https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2017/ghg_inventory_trends_00 -17.pdf.

3 For the inventory, CARB includes solar, wind, large and small hydro, and nuclear as zereGHGemission generation sources.

10


https://ww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2017/ghg_inventory_trends_00-17.pdf

Figure 1:

GHG Emissions (Million Metric Tons CO2e)
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More current and granular GHGemissions datais available for the portion of California load

served by the California ISO. As shown in Figure 2, the overall monthly GHG emissions

continue their downward trend.

Figure 2: Total GHG Emissions to Serve California ISO Load
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Source: California ISO, GHG Emission Tracking Reporti August 2019,
http://www.caiso.com/Pages/documentsbygroup.aspx?GrouplD=44F67509-702F-41FA-82BE-37243B9996BD

Changes in Natural Gas -Fired Electricity Generation

California is beginning a transition away from fossil natural gas as a primary fuel source for
electric generation. To meet air quality, climate, and other environmental goals, natural gas

generation is being replaced by resources including renewables, transmission upgrades,

energy storage, energy efficiency, and demand response.

Over

t he

| ast decade, the portfolio

of

resour ce

changed. The amount of generation from natural gas plants has decreased by roughly 22
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percent, from 117 gigawatt-hours (GWh) in 2009 to 91 GWh in 2018. Large amounts of

renewable generation have been added to the system,pr i mar i Iy dri ven by Cal
Renewables Portfolio Standard (RPS)and the California Solar Initiative. Installed renewable

capacity in the state increased from 9,313 megawatts (MW) in 2009 to 23,313 MW in 2018, as

shown in Figure 3. Over the last decade, renewable generation, including rooftop solar PV, has

also more than doubled, from GWhin 2009 to 77 GWh in 2018, as shown in Figure 4. Further
changes in the stateds resource mix -ofestatedodl f r on
resources and nuclear generation. By 2025, out-of-state coal imports will be eliminated from

the resource mix and the last remaining nuclear facility in the state, Diablo Canyon Power

Plant, is slated to retire.*

California is also retiring aging coastal natural gas plants that use ocean water for cooling
(once-through cooling), with only a portion of that capacity being replaced by gas-fired
generation. Between 2009 and 2018, California retired over 8,100 MW of natural gas power
plants using once-through cooling. By 2020, another 5,300 MW is expected to retire, and by
2029, an additional 1,600 MW will retire. > See Chapter 6 for more information.

4Several of t hewnedutlities ldage lopgdtdrrh gomtrhcys with out -of-state nuclear generation from the Palo Verde Nuclear
Generating Station located in Arizona that extend beyond 2030.

5 The Statewide Advisory Committee on Cooling Water Intake Structures is considering an extensia of the Once-Through Cooling compliance
date of Alamitos units 3, 4, and 5 to December 31, 2022 due to the delay of the Mesa Loop -in transmission upgrade, Report of the Statewide
Advisory Committee on Cooling Water Intake Structures draft report
https://lwww.waterboards.ca.gov/water_issues/programs/ocean/cwa316/saccwis/docs/sccwintrpt.pdf.
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FoLgure 3: Installed In-state Electric Generation Capacity by Fuel Type
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Figure 4: In-State Electric Generation by Fuel Type
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Historically, natural gas power plants have had the lowest operating costs, or marginal costs,
so they were the first resources called on, or dispatched, to meet electricity demand. However,
the lower overall operating costs of renewable resources means that when the sun is shining
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or the wind is blowing these resources are being called on instead of natural gas plants. ¢ This
is leading to an overall reduction in the amount of natural gas used for electricity generation.
In addition, natural gas generation has typically been the swing generation to make up for loss
of hydro resources during droughts, but in 2016, renewable generation began to serve that
purpose. Still, as discussed below, natural gas plants are needed to meet load during periods
when renewable resources are varying or not generating and to provide grid services to
ensure system and local reliability.

Currently, natural gas power plants provide about 75 percent of the flexible capacity available
to meet system needs. This means that some gas plants that were designed to operate as
baseload resources, primarily combined cycle power plants, are being operated more like
peaking resources, running fewer hours. In recent years, peaking gas plants have been added,
which run less of the time 8 in most cases only a few hours on the hottest daysd and make up
a portion of the once -through cooling plant retirements. 7 Some natural gas plants are adding
on-site energy storage to increase flexibility. Natural gas plants with low capacity factors may
retire early, as they may not be economic to run if they are called on only infrequently. For the
near term, natural gas generation will continue to play a key role in integrating renewable
resources and ensuring reliability.

Integrating Increasing Amounts of Renewables and Storage

The integration of increasing amounts of renewable resources is changing the way the grid is
operated. With the growth in intermittent renewables, system operators need additional
generators with fle xible capabilities to balance supply and demand.

With the addition of solar and wind generation on the system, electricity demand in the state
is being served by record levels of renewables. The most recent solar peak of 11,473 MW
occurred on the California ISO system on July 2, 2019. The most recent wind generation peak
of 5,309 MW on the California ISO system was set on May 8, 2019. A new overall renewable
generation penetration peak for the California ISO system was recorded on May 15, 2019, with
80 percent of instantaneous load served by all renewables? As solar penetration continues to
increase on the customer side of the meter and on the grid, the net load® shows steep

6 For example, in the California ISO market, resources with the lowest marginal costs are called on first to meet load, which is also referred to
as economic dispatch. Solar has essentially zero marginal costs while wind has very low marginal costs when compared with natral gas
generation.

7 For example, the Carkbad Energy Center is a 500 MW peaker plant that replaced the 946 MW Encina combinedcycle power plant.

8 Letter from Steve Berberich (President and Chief Executive Officer of California ISO) to ISO Board of Governors.CEO ReportJuly 17, 2019.
Memorandum to ISO Board of Governors from Steve Berberich, president and CEGhttp://www.caiso.com/Documents/CEOReport-Jul2019.pdf.

9 Net load is the amount of energy that must be provided net of wi nd and solar generation.
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afternoon ramps as demand remains high or increases, while solar generation subsides as the
sun sets. These ramps, managed by the California ISO and other balancing authorities, are
becoming even steeper, as shown in Figure 5. These three-hour ramp rates far exceed
predictions by the California ISO several years ago, when the maximum ramp rate on a typical
spring day in 2020 was predicted to be 13,000 MW in three hours. 1°In January 2019, the
three-hour ramp was almost 16,000 MW.

Similarly, the minimum net load is lower than predicted, as shown in Figure 6. Several years
ago, the California ISO predicted that the net load would not reach a minimum of 12,000 MW
until 2020 for the worst case of a typical spring day when load is low and renewable
generation (primarily wind and solar) is high. However, the California ISO reaches well below
that level on spring days, as well as nearly every month of the year. Although the California
ISO has identified reliability concerns with minimum loads below 12,000 MW, the California
ISO grid has remained stable, even though loads have consistently dropped below this level
and were as low as 5,439 MW in May 2019.

Figure 5: California ISO Maximum Three-Hour Ramp Rate by Month
Maximum 3hr Ramp Rates by Month
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Source: Based on data obtained from the California ISO, available at Link to past Monthly Renewables Performance Reports on the
California ISO website http://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx#MonthlyRenewables.

10 California I1SO. Fast Facts. What the Duck Curve Tells Us About Managing a Green Gria2016. Fact sheet on the "duck curve" by the
California ISO
http://lwww.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf#search=what%20the%20duck%20curve%20tells%20us.
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Figure 6: California ISO Monthly Minimum Net Load (January 20157 August 2019)
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Source: California ISO, Monthly Renewables Performance Report for August 2019 on California ISO's website
http://www.caiso.com/Documents/MonthlyRenewablesPerformanceReport-Jul2019.html.

The 2018 IEPR Updaté! further described the challenges and opportunities associated with
the need to increase the flexibility in the electricity system to integrate more renewable
energy. Progress is beingmade in developing performance standards for inverter-connected
solar and wind power plants that will help improve reliability and increase services to the grid.
There is an increasing need for energy storage that can absorb excess energy and reinject it
into the grid when needed, and California is seeing an emerging trend toward hybr id
resources, such as solarplus-storage projects.

The California ISO is receiving an increasing number of inquiries from generation developers

interested in pairing energy storage with either existing or proposed generation (conventional

or renewable). As of July 3, 2térdodnectionueueCal i f or n
included 35,341 MW of hybrid resources seeking interconnection, or a little more than 40

percent of the total requested. Based onthe number of interconnection requests and strong

interest by developers and stakeholders, the California ISO anticipates the installed capacity of

hybrid resources will grow significantly in coming years.12

In response to this trend, the California ISO launched a new stakeholder processto address
issues associated with market participation of hybrid resources. The initiative will explore how

11 CEC staff. 2018. 2018 Integrated Energy Policy Report Update, Volume /I. CEC. Publication Number: 1002018-001-V2-CMF. (p. 197) Link
to 2018 IEPR Update on the CEC's websitehttps://ww2.energy.ca.gov/2018publications/CEC-100-2018-001/CEG100-2018-001-V2-CMF.pdf.

12 California 1SO. Hybrid Resources Issue PaperJduly 18, 2019. Copy of California ISO's Hybrid Resources Issue Paper
http://www.caiso.com/Documents/IssuePaper -HybridResources.pdf.
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such hybrid generation resources can be registered and configured to operate within the
California ISO markets. Hybrid resource configurations are expected to raise new operational
and forecasting challenges, which this initiative will assess. In the meantime, the California
ISO will allow existing solar facilities to co-locate new storage with an expedited Material
Modification Assessment Process so the additional storage does not need to resubmit into the
California ISO interconnection queue.'3

Addressing Short -Term Resource Adequacy Concerns

The California ISO submitted a system resource adequacy and operational analysist4 for 20211
2022 as part of the comments it filed in the CPUC integrated resource plan proceeding. (See
Chapter 10 for more information on integrated resource plans) . The analysis identified capacity
shortfalls starting in 2020 and challenges meeting summer evening peak load. The state is
facing these short-term resource adequacy gaps, the California ISO explained, because the
peak demand it serves has shifted from the afternoon to the early evening (within hour ending
at 5:00 p.m. [17 Pacific Standard Time] [PST]in 2020 and 2021, and 6:00 p.m. [ 18 PST] in
2022), which is when solar production is significantly reduced or not available.®

The California ISO resource adequacy analysis shows a 500 MW system resource adequacy
deficiency in 2020, which increases to 2,300 MW and 2,200 MW in 2021 and 2022,
respectively.1® The analysis also showsoperational deficiencies reaching maximums of 2,300
MW, 4,400 MW, and 4,700 MW in 2020, 2021, and 2022, as shown in Figure 7, 8, and 9,
respectively.l” In Figure 7, the 2020 analysis shows an operational gap starting at 6:00 p.m.
Pacific Daylight Time (PDT)(in hour ending in 17 PST) and in the two hours immediately
after.® Figure 8 shows that in 2021, the reliability gap expands to four hours, from 6:00 p.m.
through 9:59 p.m. PDT (hour ending 17 through 20 PST).1° Figure 9 shows that in 2022, the

13 California 1ISO. SeeAttachment A, http://www.caiso.com/Documents/Oct2 -2019-Comments-ReliabilityProcurementProposedDecisioA RP-
R16-02-007.pdf.

14The California | SO06s c malygslredectethetcapability af theeprogdted @soarde adequacy fleet to serve load after
the gross peak hour based on operational performance rather thanstatc c apaci ty val ues. Th ebateddnalysiofocumsesa
on hours 4:00 p.m. to 9 :00 p.m. PDT.

15 California ISO briefing on post 2020 operational outlook, September 18, 2019, Board of Governors Meeting General Session, p. 4
http://lwww.caiso.com/Documents/Briefing -Post2020-GridOperationalOutlook Presentation-Sep2019.pdf.

16 Reply Comments of the California ISQ August 12, 2019, CPUCOrder Instituting Rulemaking to Develop an Electricity Integrated Resource
Planning Framework and to Coordinate and Refine LongTerm Procurement Planning Requirements, p. 2,
http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M311/K582/311582922.PDF-.

17 Ibid., p. 2.
18 Ibid., p. 11.

19 Ibid.
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reliability gap continues from 6:00 p.m. through 9:59 p.m. PDT (to cover hours ending in 17
through 20 PST), but the peak hour shifts from 6:00 p.m. to 7:00 p.m. PDT (hour ending in 18

PST).20

Figure 7: 2020 Projected Energy Production From Resource Adequacy Fleet
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20 Ibid.
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Figure 8: 2021 Projected Energy Production from Resource Adequacy Fleet
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Figure 9: 2022 Projected Energy Production from Resource Adequacy Fleet
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The California ISO explained that there are several challenges to addressing these shortterm
resource adequacy concerns, including energy capacity decreasing due to net retirement of
4,000 MW of OTC natural gasfired plants, increasing load, thermal resource retirements and

19



increasing renewable integration needs outside of California along with potential changes in
hydro resource conditions in California and the West.?!

As part of the CPUCintegrated resource plan proceeding, the CPUC hasissued a decision to
address the electricity system resource adequacy shortages beginning in 2021.22 Specifically,
the decision recommends that the State Water Resources Control Board extend the OTC
compliance deadlines for natural gas-fired plants required to retire by December 31, 2020.23 In
addition, the decision requires incremental procurement of system-level resource adequacy
capacity of 3,300 MW by all load-serving entities (LSESs) serving load within the California ISO
balancing authority area.?*

Weste rn States Coordination and Collaboration

Increased regional coordination is important to supporting policies, objectives, and efficient

and reliable operations of the changing energy system. Coordination offers potential to

significantly increase the ability to efficiently integrate additional renewable energy and to

develop and import renewable generation in regions with attributes that match or complement
Californiads season and daily operational needs

The Western EIM is a reattime wholesale energy trading market that enables participants
anywhere in the West to optimally buy and sell energy when needed. It has proven successful
in producing cost savings, reducing renewables curtailment, and reducing GHG emissiors. The
existing Western EIM has nine member entities (including the California 1ISO).2> Eleven
additional entities plan to join by 2022 .26 The Bonneville Power Administration (BPA)has
signed an implementation agreement which positions it to join the Western EIM in 2022 .27

21 California ISO briefing on post 2020 operational outlook, September 18, 2019, Board of Governors Meeiing General Session, p. 7,
http://www.caiso.com/Documents/Briefing -Post2020-GridOperationalOutlook Presentation-Sep2019.pdf.

22 CPUC Decision Requiring Electric System Reliability for 2022023, R. 16-02-007, released November 7, 2019
http://docs.cpuc.ca.gov/SearchRes.aspx?docformat=ALL&docid=318169119.

23 Ibid., p. 2, pp. 16 i 24.
24 Ibid., p. 3, pp. 281 33.

25 The entities and their dates of entry include the following: PacifiCorp (2014), NV Energy (2 015), Arizona Public Service (2016), Puget
Sound Energy (2016), Portland General Electric (2017), Idaho Power (2018), Powerex (2018), and the Balancing Authority of Northern
California/Sacramento Municipal Utility District (2019).

26 Entities and their planned dates of entry include Seattle City Light (2020), Salt River Project (2020), Los Angeles Department of Water and
Power (2021), Northwestern Energy (2021), Turlock Irrigation District (2021), Public Service Company of New Mexico (2021), Balancing
Authority of Northern California Phase 2 [Modesto Irrigation District, City of Redding, and City of Roseville] (2021), Western Area Power
Administrationi Sierra Nevada Region (2021), Avista Utilities (2022), Tucson Electric Power (2022), and Tacoma Power (2022).

27 BPA is a nonprofit federal power marketer that markets wholesale electrical power from 31 federal hydroelectric projects in t he Northwest,
one nonfederal nucl ear plant, and several smal | n o n ¥eeall grid raodernjzatione r p |l ant
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Assuming all these entities join as noted, in 2022 the balancing authorities participating in the
Western EIM will account for more than 7 7 percent of the load in the Western Electricity
Coordinating Council.

There is also growing interest in extending the day-ahead market to include Western EIM
entities. To that end, the California ISO launched its Extended Day-Ahead Market Initiative on
October 10, 2019, with an issue paper.?® The paper outlines the major topics to be addressed
in the Extended Day-Ahead Market Initiative, including transmission provisions, distribution of
congestion rents, resource sufficiency evaluations, ancillary services, and accounting for GHG
costs. The aim is to enable current and future Western EIM entities to participate in a day-
ahead market using a framework similar to the existing Western EIM real-time market, rather
than requiring full integration into the California ISO balancing area.

As participation in the Western EIM increases and as opportunities for expanding the market
services offered to participants are considered, Western EIM governance issues are being
addressed in various forums. The CEC is engaged with several regional entities that have roles
related to reliability, transmission planning, market development, and other issues of interest

to states and provinces in the West.

Also, the California ISO is taking on a new role in the western United States as the reliability
coordinator (RC)in its control area and it has extended these services to other western
balancing authorities.?® After more than a year of planning and stakeholder input, the new
service, RC West, launched operatons on July 1, 2019, providing reliability coordinator
services for balancing authorities and transmission for most of California, and one entity in
Mexico, Centro Naciond de Control de Energia In early November 2019, following additional
certifications by North American Electric Reliability Corporation and Western Electricity
Coordinating Council the California ISO anticipates that RC West will become the reliability
coordinator for another 23 entities in the Western Interconnection, overseeing 87 percent of
the load in the western United States.30

program that positions BPA and its customers to benefit from new technology and emerging market opportunities. BPA Grid Modenization
Program website https://www.bpa.gov/Projects/Initiatives/Grid -Modernization/Pages/GridModernization.aspx.

28 Link to Extended Day-Ahead MarketIni t i at i ve i nformation on the California | SO6s Web pa
http://lwww.caiso.com/informed/Pages/StakeholderProcesses/ExtendedDay-AheadMarket.aspx

29 A reliability coordinator (RC) has the highest level of authority and responsibility for the reliable operation of the power grid, and has a
wide-area view of the bulk electricity system. It is required to comply with federal and regional grid standards, and can authoriz e measures to
prevent or mitigate system emergencies in day-ahead or real-time operations. The RC also provides leadership in system restorations
following major events.

30 Information on the California ISO's role as reliability coordinator _http://www.caiso.com/informed/Pages/RCWest/Default.aspx.
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As the Western EIM expands, the California ISO continues to work with participants, as well as
adjacent balancing authorities and transmission operators to establish critical telemetry and
operating procedures that minimize, or preclude, the impacts of Western EIM operations on
adjacent, affected systems. This visibility into both Wester n EIM participant systems and
adjacent, affected systems delivers significant economic and operational benefits.

Decarbonizing the Stateds Electricity

Senate Bill 100 Sets the Framework to Decarbonize the Electricity Sector

SB 100 establishes 2045 argets for renewable and zero-carbon energy procurement equal to

100 percent of retail sales to end users and 100 percent of electricity procured to serve state

agencies It also requires all state agencies to incorporate these targets into their relev ant

pl anning, i ncl untegrateg Enengy PolicyeRepOrE(IEBR) process. The bill also
increases the stateds RPS to 60 percent of reta
interim procurement requirements by amounts consistent with this increas e. SB 100 requires

the CPUC,CEC, andCARBto use programs authorized under existing statutes to achieve this

policy.

SB 100 requires a joint report prepared by the CEC, CARB, and CPUC, in consultation with the
statebds bal anci ng aturelbydanuaty L, 2021, ant every fbueyedrse gi s | a
thereafter.3! The report will address the implementation of the policy including a review

focused on technologies forecasts, existing transmission, maintaining safety, environmental
pollution, affordability, and system and local reliability. The report will include an evaluation of

the potential benefits and impacts on the system, any anticipated financial costs and benefits

to utilities including customer rate impacts and benefits, barriers to achieving the p olicy, and
alternative scenarios to achieve the policy and their associated costs and benefits.

On September 5, 2019, the CEC, CARB, and CPUC publicly kicked o# collaborative effort to

implement SB 100 with a workshop that included participation fromthe Gover nor 6s Of f
Secretary of Natural Resources, and leadershipfrom each of the agencies. At the workshop,

policy |l eaders stressed that the benefits of Ca
income and disadvantaged communities. To help engage a wide variety of perspectives on the

31 A balancing authority is responsible for continuously balancing supply and demand for electricity within its areas and betwee n other
balancing authorities and for maintaining adequate reserves to ensure reliable operation. They including the California Independent System
Operator, the Balancing Authority of Northern California, the Los Angeles Department of Water and Power, the Imperial Irrigat ion District, the
Turlock Irrigation District, and sever al others who connect to California.
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scope of the joint agency report, the collaborative effort held a series of three workshops held
in Northern California, Central California, and Southern California3?

Research isNeeded t o Support ClahsitibndorCleand&desyy in a
Changing Climate

Californiads clean energy future and envi
remaining at the forefront of clean energy research. Making the leap to a clean, modern
energy system supportingcontnued gr owt h i n -lardest economyl dendarsds

a sustained, directed, equitable, and vigorous public-interest research investment
program. With SB100 as a north star, the CEC is investing in ideas and approaches to
unlock the promise of the clean-energy, low-carbon future for all Californians.

Achieving and sustaining this future requires thoughtful, vigorous, benefit -focused
investment through CEC programs like the Electric Program Investment Charge (EPIC).
EPIC invests over $130 million annuallyto unleash innovation and drive refinement in
areas like energy efficiency, energy generation, storage, grid resiliency, renewable
integration, electrified transportation, and to bring breakthroughs from the lab to the
market. EPIC offers researchers and entrepreneurs something the market often cannot:
sustained, reliable, and sufficient funding to do their work, minimizing risks that can
derail progress or delay market adoption all with strong oversight.

Climate Science Requires Focus on All Sectors, In  cluding Electricity

California met its goal of reducing statewide GHG emissions to 1990 levels in 201® four years
ahead of schedule 32 The 2017 Climate Change Scoping Pla@* laid out a cost-effective and
achievabl e pat h ¢oaltorueherreduck satewitdeaGHE éngssions to 40
percent below 1990 levels by 2030. In 2017, GHGemissionsin the electricity sector alone
dropped more than 40 percent below the 1990 level ;3% however, there is still work to do in all
sectors to meet the statewide 2030 target.

32 For additional information and to participate in the Senate Bill 100 proceeding, see https://www.energy.ca.gov/sb100.

33 In 2016, statewide GHG emissions were 429 MMTCQe, 2 MMT CQOse below the 2020 GHG limit of 431 MMT CQ:e. GHG emissions have
continued to decline since 2016. In 2017, statewide GHG emissions were 424 MMTCQe, 7 MMT CQee below the 2020 limit. CARB, 2019
Edition, California Greenhouse Gas Emissions Inventory: 20002017 (pp. 1-2),
https://lww3.arb.ca.gov/cc/inventory/pubs/reports/2000_2017/ghg_inventory_trends_00 -17.pdf.

34 SeeCARB.2017.Cal i forni ad6s 2017 CIl i, htpst/ew3@ith.eaarggvkc/stopingplan/scoping_plann2017.pdf .

35 CARB, California Greenhouse Gas 20082017 Emissions Trends and Indicators Repor, 2019 Edition
https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fww2.arb.ca.gov%2Fghg -inventory-
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The state also faces the challenge of meetingmid-c ent ury targets to achi e
climate change goals. As discussed above, SB 100 established a 100 percent zerecarbon

electricity goal by 2045. Furthermore, state policy calls for economywide GHG emissions

reductions of 80 percent below 1990 levels by 205036 and carbon neutrality by 2045, with net

negative emissions thereafter.3” These aggressive goals are consistent with the Paris

Agreementd which calls for limiting global warming to well below 2 degrees Celsius and

pursuing efforts to limit warming to 1.5 degrees. 38

Effectively integrating 100 percent zero-carbon electricity and achieving carbon neutrality in
the state by 2045 will require rigorous analysis of various scenarios and pathways as well as
coordinated planning across multiple state agencies, local governments, utilities, and
community choice aggregators. This planning must also include developing strategies to
increase the resiliencyofCal i f or ni ads ®lhe effectsiofcclimaty changeqseee m
Chapter 5). Although California is ahead of schedule in meeting its 33 percent renewable
energy target by 2020 and on track to achieve 60 percent renewable energy by 2030,
completely decarbonizing the electricity sector to meet climate change objectives will

dramatically change t h efocssedattentosis reédeddanraintain sy st en
reliability.
Initial Considerations for Near -Zero Carbon Electricity

On September 24, 2019, the CEChosted an IEPRworkshop on Near-Zero Carbon Electricity.

The workshop0 s obj ective was to explore existing deceé
to highlight some practical considerations that could help inform policy makers working to

achieve 2045 and 2050 clean energy and carban neutral goals. The IEPR workshop, while
complementary, is separate from the ongoing workshops being held to inform the SB 100

proceeding.

The workshop began with a brief overview of the CARB Climate Scoping Plan. The Scoping

Plan describes the approach Gilifornia will take to reduce GHG emissions to achieve its goals.

Dr. Maureen Hand, an air resourcesen gi neer at CARB, noted that CA
to approach climate challenge is evolvingo and

data&data=01%7C01%7C%7C5f66deca36974c01cd5708d750d1£3e%7Cac3al24413f44ef68d1bbaa27148194e%7C0&sdata=nWKIrXWmEo
%2Bj7jlIAtOvaFnrnSZ3NyWAmMQgZGIF3M%2BUNY%3D&reserved=0

36 Executive Order S03-55.

37 Executive Order B-55-18.

38 IPCC, Special Report Global Warming of 1.8C, https://www.ipcc.ch/sr15/.
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i mp or t3&The letergbvernmental Panel on Climate Change (IPCC) Special Reporbn
Global Warming of 1.5 Degrees Celsius, released in 2018, finds that to limit global warming to
1.5 degrees Celsius, GHG emissionsnust be reduced and carbon must be removed from the
atmosphere.*® Consistent with these findings, the executive order on carbon neutrality
introduces the concept of balancing carbon emissions and carbon sequestration within the
state.*!

The workshop then moved on to a discussion of two key studies containing in-depth analyses
of decarbonization pathways. Dr. Zack Subin, a senior consultant at Energy+ Environment
Economics (E3), and Melanie Kenderdine, a principal at Energy Futures Initiative (EFI),
presented high-level synopses of their studies on decarbonization scenarios in California. Each
study looked at various scenarios and developed multiple pathways based on distinct inputs.
These studies provide multiple viewpoints, pathways, and potential strategies to decarbonize
Cal i f or ni ad s.Whila tharegase stdl many vakmowns, these studies provide insight
into some of the challenges the state may face as it moves to decarbonize the energy sector.

E 3 6 s sh@yD8ep Decarbonization in a High Renewables Future analyzeda reference
scenario, SB 350 scenario, and 10 mitigation scenarios to assessGHGemissions reductions
requiredt o meet the stateo6s?A2<hEW in Bigud 102the5EG stugho a | s .
found that all of the mitigation scenarios including the high electrification scenario meet the
statebds GHG e mi s s idhestudy fealisecon thehigh ejecti@ficason scenario,
which E3 found to be relatively lower -cost and lower-risk compared to other mitigation
scenarios** This scenario uses a combination of existing technologies and includes high levels
of energy efficiency and conservation, renewable electricity, and electrification of buildings and
transportation.4®

39 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, p. 31,
https://gcc01.safelinks.protection.outlook.com/?url=http s%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

40 IPCC, Special Report Global Warming of 1.8C, https://www.ipcc.ch/sr15/.

41 See Executive Order B-55-18.

42 Energy+ Environment Economics (E3), Deep Decarbonizationin a High Renewables Future, June 2018, pp. 28-29
https://lwww.ethree.com/wp -content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_ CE&00-2018-012-1.pdf.

43 Ibid.
44 bid., p.2.

45 Ibid., pp. 2-3.
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Figure 10: California GHG Emissions by Scenario
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When summarizing this study at the workshop, Dr. Subin stated that felectrification is the
lynchpin for decarbonizing the energy system.&*® As shown in Figure 11, the E3 study indicates
that in 2050, under the high electrification scenario, all of the emissions from buildings and
light-duty vehicles are nearly eliminated.*’ Dr. Subin explained that this is accomplished by
reaching 100 percent sales of electric building appliances and electric light-duty vehicles by
about 2035 to 2040.48 He alson o t e d Hisleaves rddm for emission reductions in the most
challenging sectors, such as industry, off-road transportation, waste, and agriculture. ¢*°
According to the E3 study, biofuels should be targeted toward high -value uses that are difficult
to electrify or substitu te, supplemented by electrolytic fuels or carbon capture and

46 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 48,
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fef iling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

47 E3 Presentation for September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, The Role of Electricity in
Decarboni zi ng t@Am5S httish/efiling.gnerdy.gasgov/GetDocument.aspx?tn=229820&DocumentContentld=61266 .

48 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 45,
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
O&sdata=ve AVcyBg05agBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0he E3 study did not evaluate scenarios to achieve
carbon neutrality by 2045, which will require accelerating these measures further or identifying additional measures.

49 E3 Presentation for September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, The Role of Electricity in
Decar boni zi ng CA 0 s httasd/efiing.gner§yyca.dow@etDocpmebt.aspx?tn=229820&DocumentContentld=61266.
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sequestration or both (for example, aviation, trucking, industrial heating, and backup thermal
electricity generation). 0

Figure 11: California 2050 GHGs High Electrification Scenario (86 MMT COze)
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E36s high el ectr i f icarentstrategieste decardbanizeceleatrieity ffoe s o n
example, wind, solar, flexible loads, and storage).>! However, Dr. Subin explained that simply
scaling up these strategies would not, by themselves, ensure the state fully achieves zero-
emission electricity by 2050.52 In fact, the E3 study found that only 90 to 95 percent

decarbonized electricity is achievable by scaling up current approaches?3

According to E3, completely decarbonizing electricity will require an additional option to
provide firm capacity and long-duration energy storage.>*Dr . Subi n noteahe it hat
of any number of options, including using biomethane or hydrogen in gas turbines, it could be

50 Ibid., p. 11.
51 Ibid., p. 11.

52 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 48,
https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

53 E3 Presentation for September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, The Role of Electricity in
Decarboni zi ng CAO0 s httpsn/efiling.gnerdy.gasgovisetDocymend.aspx?tn=229820&DocumentContentld=61266 .

54 Ibid.
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nuclear or CCS,oritcoul d be adv anc edayslotaged®™ The B3 stidymu | t i
concluded that until any of these additional options are available, maintaining sufficient firm
capacity is critical.>® Dr. Subinstatedt hat t hi s | i kely means fkeepin.
generation fl eet Salasily thedE3 study rMotad thatfbecause ekectrification

is consumer-facing, California must prioritize affordable, reliable electricity.

The workshop also delved into EFI6 s 2study ©ptionality, Flexibility, and Innovation,
Pathways for Deep Decarbonization.>® The EFI study uses a portfolio approach to present a
wide range of options to achieve deep decarbonization in California. In particular, the study
identifies GHG emissions reduction potential and sectorspecific pathways for meeting the
stateds 2030 and 2050 targets.

The EFl and E3 studies usedifferent inputs. Melanie Kenderdine, t h e pregetairectdr,s
explained that EFIl used a 2016 baseline for GHG emissions reductions rather than the
California 1990 baseline to account for changes in the technology space since 19903° Ms.
Kenderdine also noted that although total GHG emissions in 2016 are almost the same as in
1990, the emissions within each sector are different. 6°

The EFI study examines emissions reductions of 40 percent below 2016 levels by 2030 and 80
percent below 2016 levels by 2050 on a per sector basis (assuming each sector must reduce
by 40 percent and 80 percent below 2016 emission levels). Figure12s hows EFI 6s appr

55 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, p. 49,
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7 C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

56 E3 Presentatio for September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, The Role of Electricity in
Decarboni zi ng CAOd s httpsi/efiing.gnerdy.gasgovésetDocymenb.aspx?tn=229820&DocumentContentld=61266 .

57 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 49,
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocumen t.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
O&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

58 Energy Futures Initiative (EFI), May 2019, Optionality. Flexibility. and Innovation, Pathways for Deep Decarbonization in California,
https://staticl.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fccOb190b60cd2/1559064542876/EFI_CA_Decarbonizatn_
Full.pdf.

59 Transcript of September 24, 2019, IEPR Lead Commisner Workshop on Near-Zero Carbon Electricity, p. 74,
https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326% Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

60 Ibid.

28


https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26DocumentContentId%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3a124413f44ef68d1bbaa27148194e%7C0&sdata=veAVcyBq05aqBtCd37GO%2FR2uvwGQTD2PPV7rIa5xm1E%3D&reserved=0
https://efiling.energy.ca.gov/GetDocument.aspx?tn=229820&DocumentContentId=61266
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26DocumentContentId%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3a124413f44ef68d1bbaa27148194e%7C0&sdata=veAVcyBq05aqBtCd37GO%2FR2uvwGQTD2PPV7rIa5xm1E%3D&reserved=0
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fcc0b190b60cd2/1559064542876/EFI_CA_Decarbonization_Full.pdf
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26DocumentContentId%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3a124413f44ef68d1bbaa27148194e%7C0&sdata=veAVcyBq05aqBtCd37GO%2FR2uvwGQTD2PPV7rIa5xm1E%3D&reserved=0

determining emissions reductions needed to meet the economywide targets by sector.61
According to EFlI, in the electricity sector alone, 55 MMT CQpe reductions are needed to meet

the 2050 target.5?

Figure 12: Study Approach: 2030 and 2050 Emission Reduction Targets by Sector From
2016 Baseline (MMT COze)
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The EFI study also looked at the different types of technologies needed to achieve the GHG
emissions reductions for each sector. Figure 13 shows estimated emissions reduction potential

for each

pat hway

by sector based on

an

attempt

emissions reduction from the 1990 (or 2016 as assessed by EFI) levels by 20303 EF | 6 s
scenarios envision that in the electricity sector, the largest emissionsreduction by 2030 comes
from natural gas combined cycle with carbon sequestration (NGCC)84 The EFI study indicates

61 EFI, May 2019, Optionality, Flexibility, and Innovation, Pathways for Deep Decarbonization in California,
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fccOb190b60cd2/1559064542876/EFI_CA_Decarbonizatbn_

Full.pdf.

62 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 78,

https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov %2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
O&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

63 EFI, May 2019, Optionality, Flexibility, and Innovation, Pathways for Deep Decarbonization in California,

https://static1.squarespace.com/ static/58ec123cb3db2bd94e057628/t/5ced6fc515fccOb190b60cd2/1559064542876/EFI_CA_Decarbonization_

Full.pdf.

64 Ibid.

Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, p. 82,

https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov %2FGetDocument.aspx%3Ftn%3D230529%26Do
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that the state could achieve 17.7 MMT in reductions from NGCC (nearly50 percent of in-state
generation comes from natural gas powered plants) and about 8 MMT could come from
renewables with up to 10 hours of energy storage. %> These two top pathways, Ms. Kenderdine
explained, could help achieve the reductions in the electricity sector that EFI found are needed
by 2030.56

Figure 13: Identified Emissions Reduction Potential of Sector-Specific Pathways for
Meeting the 2030 Targets
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However, EFI does not believe that storage for 10 days stretches with no wind will be available
by 2030.57 At the workshop, Ms. Kenderdine explained that natural gas fuel is needed to run
the system reliably with a lot of wind and solar on the electric system.%8 Further, she noted

cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

65 Energy Futures Initiative (EFI), May 2019, Optionality, Flexibility, and Innovation, Pathways for Deep Decarbonization in California,
http s://staticl.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fccOb190b60cd2/1559064542876/EFI_CA_Decarbonization_
Full.pdf.

66 Transcript of September 24, 2019, IEPR Lead Commissione Workshop on Near-Zero Carbon Electricity, p. 82,
https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cacad124413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aqBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0he E3 study did not evaluate scenarios to achieve
carbon neutrality by 2045, which will require accelerating these measures further or identifying additio nal measures.

67 Ibid., pp. 79, 85.
68 Ibid., p. 86.

30


https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/5ced6fc515fcc0b190b60cd2/1559064542876/EFI_CA_Decarbonization_Full.pdf
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26DocumentContentId%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3a124413f44ef68d1bbaa27148194e%7C0&sdata=veAVcyBq05aqBtCd37GO%2FR2uvwGQTD2PPV7rIa5xm1E%3D&reserved=0

that hydrogen made from renewables could substitute natural gas and serve as the fuel
needed to run the system.®° Yet it is unclear whether existing infrastructure can be used for
hydrogen in time to meet the 2030 and 2050 targets. 7©

The EFI and E3 scenarios andpathways provide useful data points for decision makers to
consider as the state transitions to a 100 percent clean energy standard and works toward a
carbon neutral economy. No matter which strategies are selected to achieve the 2030 and
2050 GHG emissions reduction goalsthere are some practical considerations for policymakers
to keep in mind (for example, the multiple days in a row of low or no wind and solar to meet
demand).

At the September 24 workshop, Ms. Debra Lew, an energy consultant to the Western
Interconnection Regional Advisory Body, illuminated some of these considerations. She stated
that A100 percenti bl eawi ehet ggabuteighs desverm ol ogy €
expensive 0 if not implemented in a smart way with costs in mind. 7* Ms. Lew highlighted three
challenges to grid reliability as the amount of intermittent resources increases: system
stability, system balancing, and resource adequacy. Concerning system balancing, she noted
the importance of controlling both sides of the supply/demand balance and suggested that this
may be addressed with controllable or price-sensitive signals on both sides of the supply and
demand balance.”? For instance, Ms. Lew exdained, time-of-use rates could replace the need
for a four -hour battery, and coincident peak demand charges could replace the need for more
system peakers.”?

However, Ms. Lew noted that time-of-use prices alone are not enough to balance supply and
demand; chasing time-of-use rates can make system balancing worse by causing large step
changes.”* She suggested that dispatching demand can smooth this problem and noted that
we must start thinking of demand response, not as a generator, but more as demand that is
price elastic.”® This would mean that demand would be determined by who is willing to pay at
a moment in time. 7 Ms. Lew explained that if there is significant amount of price -elastic

69 Ibid.
70 Ibid.
71 Ibid., p. 61.
72 Ibid., p. 63.
73 Ibid.
74 Ibid., p. 64.
75 Ibid., p. 65.

76 Ibid., p. 66.
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demand and we electrify inherently flexible sectors, such as transportati on and building

heating, the loss of load concept goes away (hours or days for which generation is insufficient

to meetdemand).””l n response to CEC Commi ssioner McAI I
can implement demand responding to price, Ms. Lewexplan ed fiwe most expose
to more pr i’@@newayWoald beloidévelop tmore plug-and-play infrastructure

through code and standards such that aggregators can use control protocols to communicate

with loads like electric water heaters and ot her appliances.”®

Regarding system stability, Ms. Lew discussed the challenge caused by high penetration of
inverter-based resources (such as solar and wind) in the electric system. 8 Inverters read the
system voltage and frequency and inject current appropriately.8t All inverters on the grid are
grid-following inverters and they require system strength to operate reliably and stably. 82 Ms.
Lew explained that if 100 percent of electricity comes from inverters it would not work
because the grid-following inverters would not have a voltage or frequency reference signal to
read.®3 To help address this challenge, Ms. Lew noted, states must begin exploring options
available, including fine-tuning and coordinating controller settings, installing synchronous
condensersto provide grid strength, building more transmission to alleviate weak grid issues,
and developing or requiring grid forming invertor technologies. 84

Changes Related to Electric Service Providers

Adding to the complexity of planning for and implementingth e changes needed in
electricity system are shifts and uncertainty in the business models for electric service

77 Ibid.

78 lbid., pp. 101 -102.
79 Ibid., p. 103.

80 Ibid., pp. 66 -67.

81 Debra Lew Presentation for September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, Maintaining
Reliability in a Near-Zero carbon Grid, https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=19-IEPR07.

82 Ibid.

83 Transcript of September 24, 2019, IEPR Lead Commissioner Workshop on NeaiZero Carbon Electricity, p. 67,
https://gcc0l.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefiling.energy.ca.gov%2FGetDocument.aspx%3Ftn%3D230529%26Do
cumentContentld%3D62099&data=01%7C01%7C%7Ca5a959d59e7743960a3208d763ce2326%7Cac3al24413f44ef68d1bbaa27148194e%7C
0&sdata=veAVcyBq05aBtCd37G0%2FR2uvwGQTD2PPV7rla5xm1E%3D&reserved=0

84 Ibid., pp. 69 -69

Debra Lew Presentation for September 24, 2019, IEPR Lead Commissioner Workshop on NeaZero Carbon Electricity, Maintaining Reliability
in a Near-Zero carbon Grid, https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=19 -IEPR07.
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providers. Traditionally, electric service providers have been the primary mechanism for
implementing state energy policies.

IOU Fina ncial Uncertainty and Fire Liability

Facing up to $30 billion in liability associated with the deadly fires in the northern portions of
the state in the last few years, Pacific Gas and Electric Company (PG&E) filed voluntary
petitions under Chapter 11 of the U.S. Bankruptcy Code on January 29, 2019. PG&E was able
to secure financing to ensure that during the bankruptcy process it would be able to deliver
safe and reliable electricity and natural gas to its customers. The Bankruptcy Court provided
PG&E wth the authority to continue existing customer programs , including energy efficiency
and other programs that support adoption of clean energy. In response to the Chapter 11
filing, Governor Gavin Newsom issued the following statement:

APG&E t odoay rfeiolregdanfi zati on in federal bankr u
choice, but it does not change my focus, which remains protecting the best interests of

the people of California. My administration will continue working to ensure that

Californians have accessto safe, reliable, and affordable service, that victims and

employees are treated fairly, and that California continues to make forward progress on

our climate ®hange goal s. o

In June 2019, the judge overseeing the b ankruptcy proceeding ruled that the ban kruptcy

court, not the Federal Energy Regulatory Commission (FERC), has final jurisdiction over

whether the utility can cancel and amend up to $42 billion in power purchase agreements,

including for renewable projects to meet the state RPS requirements. This ruling raises

concerns over what action the court will ultimately take on the RPS contracts and how that

mi ght affect the statebds progress in meeting RF

Fires in Southern California similarly pose large potential liabiity for Southern California Edison
(SCE) and San Diego Gas & Electric (SDG&E)n response to the PG&E bankruptcy filing, the
credit of all utilities was downgraded. However, financial conditions have improved somewhat
with the IOUs showing profits during the second quarter of this year. 8 Energy companies
credited Governor Newsom and state lawmakers for creating a new wildfire liability insurance

85 Governor Newsom statement on PG&Ebankruptcy filing https://www.gov.ca.gov/2019/01/29/pge -bankruptcy-filing/.

86For example on July 31, 2019, Moodyds I nvestor Services upgraded SDG.
improved fire safety programs and AB 1054 establishing a new utility wildfire insurance fund. SDG&E media statement on Moody's upgrading
SDG&E's financial outlookhttps://sdgenews.com/article/sdge -media-statement-moodys-upgrading-sdges-financial-outlook.
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fund for utilities earlier this summer, saying it will ease the risk of fires that undermine their
financial stability.8”

Il n response to instability in the energy sector
Governor Newsom created a strike force in Febru
relating to the safety, reliabili ty, and affordability of energy and achievingt he st at eds c |

commitments.® In October 2019, widespread public safety power shutoffs in response to

wildfire risk further amplified the need to address fire risks. (For more information, see

Chapter 5 on Climate Adaptation.) Millions of Californians lost power for days at a time.

Governor Ne ws o rRar oo manyehdusehdida angd buginesses were without power

by

for seven days straight. This cannoti andwillnoti be t he ne® nor mal . 0

Emergence of Community Choice Aggrega tor s and the Evolving Role of IOUs

The movement toward community choice aggregators, along with growth in customer -installed
resources (primarily rooftop solar photovoltaic [ PV]), has transformed what was once a
vertically integrated industry to one in whi ch responsibility for resource procurement and
resource adequacy is fragmented among a diverse set of entities. Community choice
aggregators are formed by local jurisdictions or through joint powers authorit ies to purchase
power for their customers. Their governing bodies are composed mostly of city and county
officials representing districts within the community choice aggregator and have staffs that are
usually separate from municipality or county staff.

When a community choice aggregator is established, IOU customers in the service area are
automatically enrolled in the community choice aggregator and must opt out of the community

choice aggregator if they choose to remain with the IOU. The community choice aggregator is
responsible for procuring power, while the 10U is responsible for distribution, metering, billing

and collection, and customer service. In 2019, community choice aggregators are expected to
accountfor morethan2 0 per cent of tot al |l oad in the | OUsf¢
expected to grow over the next few years. % In fact, 26 local jurisdictions have filed statements

87 California Current, August 5, 2019.

88Governor Newsom@s/ 8ftirke EBodc€l/ mate CharAgriel2 2Q18./WildfiresrandiCéntate CHamge:r gy F u t
California's Enerqy Futurereport https://www.gov.ca.gov/wp -content/uploads/2019/04/Wildfires -and-Climate-ChangeCa | i f -&mergy a 6 s
Future.pdf.

89 Governor Newsom Outlines State Efforts to Fight Wildefires, Protect Vulnerable Californians and Ensure that Going Forward, AlCalifornians
have Save, Affordable, Reliable and Clean PowerNovember 1, 2019, https://www.gov.ca.gov/2019/11/01/governor -newsom-outlines-state-
efforts-to-fight-wildfires-protect-vulnerable-californians-and-ensure-that-going-forward-all-californians-have-safe-affordable-reliable-and- clean-
power/.

90 In 2019 community choice aggregators are expected to account for 36 percent of load in Pacific Gas and Electric (PG&E) service territory
and 12.4 percent for Southern California Edison (SCE). San Diego Gas & Electric (SDG&E) has less than 1 percent of load metypcommunity
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of intent or implementation plans or bo th with the CPUC to establish a community choice
aggregator.

The rapid emergence of community choice aggregators over the last few years prompted the

CPUC to undertake a comprehensive assessment of the impacts ocommunity choice

aggregators and increased customer choice. In particular, the CPUC assessed how this trend
affects Californi a0 sbjeaies related o aftordabibty; decadbongatigno | i cy
and reliability. Community choice aggregators are an exciting new model that brings benefits

to customers in different ways than 10Us. °1 Addressing global warming requires all hands on

deck and it is important that all power providers are working together collaboratively and

strategically to ensure the state meets its climate -related goals.

Recommendations

Both the 2017 IEPR and the 2018 IEPR Update 6cused extensively on the challenges and
opportunities associated with increasing the flexibility and resilience of the electricity system.
These IEPRsincluded a wide range of recommendations to meet these challenges while also
maintaining a reliable, sustainable electricity sector that will support continuin g
decarbonization of the transportation and building sectors. Recommendations included
improvements needed in rate design, forecasting, demand response, energy storage,
expansion of western electricity markets and regional coordination, and research and
development for transportation electrification, smart inverters, and electric vehicle chargers.

While progress has been madein many of these areas, California must continue developing
the tools needed to ensure a reliable grid as load is added and the state brings more variable
renewable resourceson-line. The following are recommendations to further advance

Californiads: electric system
1 Develop a plan that identifies the appropriate amount and mix of resources
and technologies to ensure reliability in the near - to mid -term while
facilitating the longer term transition to a zero -carbon electricity system

called for in Senate Bill 100. The California Energy Commission CEQ should
continue to work with the California Public Utilities Commission (CPUC) the California
Air Resources Board,and the California Independent System Operator (California 1ISO)
to develop an orderly plan for deploying new clean technologies to ensure a reliable
zero-carbon grid in 2045. The plan for the near- to mid-term should account for plant

choice aggregators. However, the City of San Diego developed a business pan for forming a community choice aggregator that would
encompass 30 percent of SDG&Edés |l oad and could begin service in 2021.

91 Information about community choice aggregation on the California Community Choice Association website https://cal -cca.org/cca-impact/.
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retirements, identify critical, strategically located gas generation needed for reliability
where deferring retirements may be appropriate, and ensure that new and emerging
technologies are employed to fill the role of these plants. This will allo w for the
retirement of natural gas generation and provide a reliable and resilient grid in the long -
term.

1 Continue to support research to better forecast load and renewable
generation. The CEC should continue to support research that improves forecasting
capabilities that allow grid operators to predict more accurately the amount of
generation that will be needed to meet the net load and support more frequent bidding
of solar generators into short-term markets.

1 Accelerate research, development, and use of smart inverters.  The CEC,CPUC,
and the California ISO should accelerate research, development, and deployment of
smart inverters with advanced capabilities for inverter -based resources to enhance
power quality, decrease grid disturbances, and participate in ancillary service markets.%?

92fAAncillary serviceso refer to the functions that hel pmantainthe oper ator s
proper flow and direction of electricity, address imbalanc es between supply and demand, and help the system recover after a power system
event.
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CHAPTER 2:
Building Decarbonization and Energy Efficiency

Introduction

Expandi ng on Ca Hond leadershipaob dimateel@agd, éhs state is working to
double the energy efficiency of, and decrease the greenhouse gas (GHG) emissions from,
existing buildings. The transformation of buildings from carbon emitters to a clean distributed
energy resource will require support of stakeholders, regular and sustained state guidance,
creative incentive programs, market transformation, and new technologies. It will also require
the balance of other state goals and challenges, such as increasing energy equity, reducing
costs, and managing increased levels ofenergy demand with clean electricity sources.

The California Energy Commission (CEC) is developing the California 2019 Energy Efficiency

Action Plan (2019 Action Plan) thatwi | | serve as the stateds polic
increasing, and targeting energy efficiency. The CEC released the draft 2019 Action Plar¥3 for

public comment in August 2019 and will consider it for adoption by the end of 2019. The 2019

Action Plan is built around three goals:

1 Achieving a doubling of energy efficiency savings by 2030.

1 Reducing the barriers to energy efficiency in low-income, disadvantaged, and rural
communities, as well as reducing the metrics developed to track progress.

1 Reducing GHG enissions from the built environment.

The CEC gathered public input on the 2019 Action Plan through five workshops from April to

May 2019.%4 The proposed 2019 Action Plan includes background and recommendations on

energy programs and efficiency targets. It also addresses financing mechanisms, resiliency,

multifamily building energy efficiency, building decarbonization, industrial and agricultural

energy efficiency, use of energy data to better design and target efficiency, demand response

measures, and barriers and opportunities to expand low-i ncome and rur al resic
energy efficiency and renewable energy.

The CEC6s Energy Research and Devel opment Divis
the energy system. The division funded a study by E3, to evaluate deep decarbonization

93 2019 California Energy Efficiency Action Plan draft staff report https:/efiling.energy.ca.gov /getdocument.aspx?tn=229496.

94 The CEC held workshops in San Francisco, Redding, Fresno, Los Angeles, and San Dieghink to information on workshops under the 2019
IEPR proceeding onthe CEC's websitehttps://ww2.energy.ca.gov/2019_energypolicy/documents/.
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scenarios in California for the 2030 and 2050 timeframes.®> All scenarios for meeting
Californiads dec ar bauednaural gasdentaadratthe distribugidn dewvel,
negative impacts on gas system reliability as throughputs decline, and increased gas rates for
remaining customers.

Another recent study by Gridworks urges the state to develop a gas system transition plan that

will #Aminimize and % Thaee key, compl@mentasy elementnaceregquirede s .
forthelong-t er m achi evement of Cal i falsrseeFgureld)ecteans si on
energy supply resources (see Chapters 1 and 9), energy efficiency improvements in buildings

and appliances (both gas and electric), and flexibility in electric demand.

Figure 14: Achieving Optimal Decarbonization

|CLEAN suPPLY ]
+

| DEEP EFFICIENCY |
+

|DEIVIAND FLEXIBILITYI
|DECARBONIZATION I

Source: CEC
Decreasing the Stateb6s Reliance on Fo:
Cal i f existing lauiidimgs (represented by residential and commercial sectwors in Figure 15)

account for nearly a gquart er indudeséntissionsftombothd s GHC
fossil fuel consumed onsite (gas or propane for heating) and that embedded in electricity
(lighting, appliances, and cooling).

95 Energy and Environmental Economics (E3) produced the study, Deep Decarbonization in a High Renewables Future
https://lwww.ethree.com/wp -content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_ CE€&00-2018-012-1.pdf.

96 Gridworks.Cal i f orni ads Ga s ,h8ps:Agridwanks.org/wpT-coatenguiploads@19/09/CA_Gas_System_in_Transition.pdf.
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The 2009 Residenial Appliance Saturation Survey (RASS) estimated 93 percentof natural gas
combusted in statewide households results from these three end uses: water heating at 49
percent, space heating at 37 percent, and cooking at 7 percent.®’

Figurel5: Cal i forniads 2017 GHG Emissions

Residential
12.0%

Commercial

Transportation 12.0%
41.1%
424.1
MMT CO,eq
Source: CEC using data from CARB GHG Inventory
I n 2009, natur al gas provided onsite heating

remaining 10 percent of buildings had heat provided primarily by propane gas.®® Figure 16
shows the percentage of GHG fuels consumed in residential and commercial settings.Natural
gas is the main source of direct GHG emissions from residential and commercial building
sectors at 80 and 51 percent respectively. Indoor GHG emissionsfrom gas heating include
carbon dioxide, nitrous dioxide, and escaped methane through combustion.

To reduce GHG emissions in buildings, options include making gaspowered products more
efficient, electrifying end uses previously served by natural gas, and switching to low-GHG fuel
sources, such as renewable natural gas (RNG).

97 CEC.2009 California Residental Appliance Saturation Survey (RASS)Figure ES6: Statewide Natural Gas Energy Consumption, 354 therms
per household. The CEC RASS is conducting a 2019 RASS with results expected in March 2020. https://ww2.energy.ca.gov/applianes/rass/.

98 CEC. 2009. California Residential Appliance Saturation SurveyRASS). 2010. Table ES4: Saturation by Dwelling Type.
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Figure 16: Direct GHG Emissions From the Residential and Commercial Sectors

Others LPGOthers
Fgases 4% 2% %
LG 12%
4%
28.3 MMTCGeq

Fgase Natural Gas
Natural Gas 38% 51%
- - 80% -
Residential Commercial

Source: CEC staff using data from the California Air Resources Board (CARB) Note: Fluorinated gases, or F-gases, are man-made
gases that have some of the highest global warming potential values. There are four types: hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), sulfur hexafluoride (SFe), and nitrogen trifluoride (NF3). LPG represents liquefied petroleum gases.

Recent research estimate$? that overall methane emissions from leaks and unburned methane
in California homes is equivalent to about 0.5 percent of total consumption in the residential
sector.190 Methane released into the atmosphere is 25 times more potent than the same
guantity of carbon dioxide, making prevention of escapedmethane emissions critical to
combating climate change.l° To make sure that methane is captured in reporting, a nalysis,
and solution sets, CARBIs including methane leaks from homes in its California GHG
inventory.102

In addition to methane emissions in homes and businesses emissions estimates show that
most methane emissions occur during source extraction and processing of natural gas. For
example, a recent study by the Environmental Defense Fund estimates methane leaks for the
natural gas system, nationwide, from well production through distribution, to be 13 million

99 Sweeney, Meredith, Daniel Ersoy, Kristine Wiley, Erin Case, Eric Stubee, and Marc L. FischeGas Technology Institute. 2019. Assessment
of Fugitive Emissions from the Natural Gas Systeni Commercial Buildings California Energy Commission. Publication Number: CE€00-2017-
033.

100 Fischer, M. L., W. R. Chan, W. Delp, S. Jeoin, V. Rapp, Z Zhu. 2018 An Esti mate of Natur al Gas Methane Er
H o me &nvibonmental Science & Technology 52, 10205-10213.

101 IPCC, AR4 Climate Change 2007: Synthesis Report.ink to AR4 Climate Change2007: Synthesis Report on the IPCC's website
https://lwww.ipcc.ch/report/ard/syr/.

102The gl obal warming potential (GWP) of methane (CH ) gas is 21. Metha
comparison. Carbon dioxide is the gas referencef or al |l GHG6és and has a GWP score of 1. AIl GHGSd
(CO e), unl ess otherwise noted.
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