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PREFACE

Senate Bill 1389 (Bowen, Chapter 568, Statutes of 2002) requires the California Energy
Commission to prepare a biennial integrated energy policy report that assesses major energy
trends and issues facing the state’s electricity, natural gas, and transportation fuel sectors and
provides policy recommendations to conserve resources; protect the environment; ensure
reliable, secure, and diverse energy supplies; enhance the state’s economy; and protect public
health and safety (Public Resources Code § 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 Integrated 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.



ABSTRACT

The 2017 Braft-Integrated Energy Policy Report provides the results of the California Energy
Commission’s assessments of a variety of energy issues facing California. Many of these issues will
require action if the state is to meet its climate, energy, air quality, and other environmental goals
while maintaining energy reliability and controlling costs.

The Braft-2017 Integrated Energy Policy Report covers a broad range of topics, including
implementation of Senate Bill 350, integrated resource planning, distributed energy resources,
transportation electrification, solutions to increase resiliency in the electricity sector, energy
efficiency, transportation electrification, barriers faced by disadvantaged communities, demand
response, transmission and landscape-scale planning, the California Energy Demand
Preliminary Forecast, the preliminary transportation energy demand forecast, renewable gas (in
response to Senate Bill 1383), updates on Southern California electricity reliability, natural gas
outlook, and climate adaptation and resiliency.

Keywords: California Energy Commission, Senate Bill 350, integrated resource plans, electricity
demand forecast, climate adaptation and resiliency, renewable gas, energy efficiency, Southern
California reliability, Aliso Canyon, integration of distributed energy resources, strategic
transmission investment plan, transportation energy demand forecast, natural gas outlook,
nuclear, energy storage, Alternative and Renewable Fuel and Vehicle Technology Program,
resiliency

Please use the following citation for this report:

California Energy Commission staff. 2017. 2017 Integrated Energy Policy Report. California
Energy Commission. Publication Number: CEC-100-2017-001-CMF.
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EXECUTIVE SUMMARY

More than ever, critical action is needed to drastically reduce greenhouse gas emissions from

California’s energy system. The state must further transform its energy system away from fossil
fuels while maintaining the services Californians rely on at a reasonable price, including energy
for lighting, heat on a cold day, air conditioning during a heat wave, and fuel to get to school,
work, or vacation. California has made great progress, but the energy sector, when transportation
is included., is the state’s biggest source of greenhouse gas emissions.

California must continue to lower its greenhouse gas emissions to help reduce the risk of the most
dangerous impacts of climate change. Because many greenhouse gases remain in circulation for
decades, past emissions have already created climate change and more is unavoidable. If
emissions continue on the current path, more destructive impacts are anticipated — such as
continued large wildfires, additional sea-level rise, reduced snowpack, increased subsidence due
to groundwater withdrawal, and more frequent heat waves, major storms, and drought.
Californians are already facing the impacts of climate change. For example, about half of the 20
largest wildfires in California burned in the last decade with seven of the state’s largest, deadliest,
and most destructive wildfires in 2017 alone. (See Figure ES-1.)




Figure ES-1: The Largest, Most Destructive, and Deadliest California Wildfires
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Source: California Energy Commission using data from http://cdfdata.fire.ca.gov/incidents/incidents_statsevents.

An open letter by prominent scientists and cosigned by Governor Edmund G. Brown Jr. in June
2017 argues that a rapid downward trend in greenhouse gas emissions must be initiated in the
next three years to avoid the most extreme impacts of this unfolding global calamity. While a
large task, transforming the energy sector also offers opportunity for innovation and economic
growth. Governor Brown said, “It’s up to you, and it's up to me and tens of millions of other
people ... to roll back the forces of carbonization and join together to combat the existential threat
of climate change.”

California’s Leadership in Addressing Climate Change

Recognizing that California’s actions alone won't be enough, Governor Brown continues to lead
international and coordinated subnational efforts to address climate change, despite efforts by the
federal administration to the contrary. Governor Brown championed the Subnational Global
Climate Leadership Memorandum of Understanding (the “Under-2 MOU”), a commitment by
cities, states, and countries to help limit the rise in global average temperature to below 2 degrees
Celsius. He was also a leader in achieving the Paris Agreement at the 2015 United Nations Climate

Change Conference;-where-theParis-Agreement-wasreached; and was appointed te-be-the special

advisor for States and Regions ahead of the 2017 conference.

In tFhe Paris Agreement, is-an-agreementameng-nations worldwide agree to sufficiently reduce
greenhouse gas emissions to avoid catastrophic climate change — are-but President Donald
Trump has stated he intends to pull the United States out of it. The week after the President’s
announcement, Governor Brown was in China discussing ways to collaborate to reduce emissions
and help California’s clean technology industry grow there. The scale-of grewth-n-the-clean

technelegy market in China_—everything from-batteries-forelectric-vehicles to-wind-turbines; to
selarpanels—is orders of magnitudes larger than the market in California and can help drive

technology advancements and global greenhouse gas reductions. Partnerships with China and

2



other nations and subnational governments committed to safeguarding their people from the
challenges posed by-ef climate can make a difference.

While-thecurrentnationaladministration-has-turned-its-back-en-chimate-isstes-Governor Brown
and the California Legislature have-remained resolute in addressing climate change. #a-Geverner

Executive Order B-30-15 set a greenhouse gas emissions reduction goal of 40 percent below 1990
levels by 2030 and established guiding principles for climate planning and funding. Senate Bill 32
(Pavley, Chapter 249, Statutes of 2016) codified the 2030 greerhouse-gas-emissionsreduction
goal, and the companion bill, Assembly Bill 197 (Garcia, Chapter 250, Statutes of 2016),
emphasized equitably implementing state climate change policies such that the benefits reach
disadvantaged communities. The 2030 goal builds on the landmark California Global Warming
Solutions Actlegislatienin20066 (Assembly Bill 32, Nufiez, Chapter 488, Statutes of 2006)
requiring a 20 percent reduction in greenhouse gas emissions by 2020.

In Governor Brown’s 2015 inaugural address, he said that California must “transform our
electrical grid, our transportation system, and even our communities” to reduce greenhouse gas
emissions. He set the following goals for 2030:

e Increase from one-third to 50 percent the state’s electricity derived from renewable
sources.

e Reduce today's petroleum use in cars and trucks by up to 50 percent.
o Double the efficiency of existing buildings and make heating fuels cleaner.

He further A
i ies-“called on the state to:

o Reduce the relentless release of methane, black carbon, and other potent pollutants
across industries.

o Manage farm and rangelands, forests, and wetlands so they can store carbon.

Senate Bill 350 (De Ledn, Chapter 547, Statutes of 2015) codifies the goals for the electricity and
natural gas sectors from the Governor’s inaugural address. Implementation of SB 350 is a central
topic of this Integrated Energy Policy Report.



Reducing Greenhouse Gas Emissions While Growing the Economy

Califernia-isreducing-emissiohs-while-grewing-its-econemy-—Economywide, California’s 2015
emissiens-ef-carbon dioxide emissions were 1.5 million metric tons below 2014 levels —a 10

percent reduction from 2004. Since the peak in 2001, greenhouse gas emissions per gross state
product have steadily declined by 33 percent, white-and the economy grew 37 percent. While
California is making progress, this is no time to rest. Achieving a 40 percent reduction below 1990
levels by 2030 requires unprecedented reductions, as evident in Figure ES-2.

Figure ES-2: California Has Reduced Its Greenhouse Gas Emissions While
Growing Its Economy
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Source: California Energy Commission staff using data from the CARB Greenhouse Gas Inventories and gross
state product data from the Bureau of Economic Analysis of the U.S. Department of Commerce. Note: Not shown
is California’s 2050 goal to reduce greenhouse gas emissions 80 percent below 1990 levels (Executive Order B-
30-15).

Trends in Greenhouse Gas Emissions in the Transportation and
Electricity Sectors

+r2045tThe transportation sector continues to dominate greenhouse gas emissions in
California, accounting for 38.5 percent of the state’s emissions_in 2015 (the most recent data
available), not including emissions from refineries that produce gasoline, which increase
transportation sector emissions to about 50 percent of the statewide total .- Compeunding
thisFurther, motor vehicles arerepresent the largest source of air pollution that harms human
health, overshadowing all other sectors and accounting for nearly 80 percent of the-nitrogen oxide
emissions and 90 percent of diesel particulate matter emissions--thestate. (See Figure ES-3.)




Figure ES-3: California Air Quality Emissions per Sector (2012 Estimated Annual Average)
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Because of these high emissions, a major push in California’s energy policy is to shift from
gasoline to zero-emission and near-zero-emission vehicles (ZEVs) that run on electricity from
plug-in electric batteries, hydrogen fuel cells, or a combination of the two.erhydregen{beth

The electricity sector accounted for about 19 percent of the state’s greenhouse gas emissions in
2015, with greenhouse gas emissions about 24 percent below 1990 levels in 2015. This reduction
has been achieved even with the closure of the zero- greenhouse-gas-emitting San Onofre Nuclear
Generating Station in 2013 and low hydroelectricity production in 2015 due to drought. The
reduced emissions in the electricity sector are in part attributable to an increase in renewable
energy resources and a reduction in coal-fired electricity. Since California’s Renewables
Performance Standard was established in 2002, renewable-based electricity has increased by
about 2.5 times. Since California’s Emissions Performance Standard was enacted by Senate Bill
1368 (Perata, Chapter 598, Statutes of 2006), coal-fired electricity preduced-ferconsumed in
California has declined about 75 percent and is expected to be zero by 2026.



Transforming California’s Energy System to Meet the 2030
Greenhouse Gas Reduction Goal

As part of SB 350 requirements, the California Air Resources Board (CARB) will establish a
greenhouse gas emission reduction target for the electricity sector share of economy-wide
emission reductions. Through the 2017 IEPR proceeding, the Energy Commission and California
Public Utilities Commission (CPUC) worked with CARB to split the target between the load-
serving entities (LSEs) regulated by the CPUC (such as investor-owned utilities [IOUs] and
community choice aggregators [CCAs]) and the publicly owned utilities (POUs).

SB 350 also requires a more comprehensive approach to energy planning specifically targeted
atfocused on meetlng the 2030 greenhouse gas target L—SEs—Wl-I-I-elevelop—mtegrated—resou-ree

: A —~Through their
integrated resource plans, LSEs will identify the most cost-effective way to meet greenhouse gas
reduction goals and other SB 350 goals, given-theirunigueset-eftaking resources and customer
base_characteristics into account. Sixteen POUs (those that meet the threshold size requirements)

will file their integrated resource plans with the Energy Commission, and the 10Us and other
LSEs will file with the CPUC. In August 2017, the Energy Commission adopted guidelines for the
POUs’ integrated resource plans.

Double Energy Efficiency Savings by 2030

The Energy Commission, working with the CPUC and POUSs, is setting the path for doubling
energy efficiency savings by 2030. SB 350 directs the Energy Commission to establish annual
targets for statewide energy efficiency savings and demand reduction that will achieve a statewide
cumulative doubling of energy efficiency savings in electricity and natural gas end uses by
January 1, 2030. Fhe-In November 2017, the Energy Commission adopted a doubling tarqet and
framework for achlevmq the

o beth uUtilityratepayer-funded activities (ranging from incentives aimed at directly
influencing consumer choices to those that target efficiency improvements in supply
chains including manufacturers, contractors, and builders) and

o nonratepayerNonutility-funded activities (such as advancing building and appliance
codes, emerging technologies, innovative market solutions, progresswe program de5|gns
and public awareness).

the-proposed-doubling-targetand-frameweork:




In tandem with develeping-the-framewerk-forachievingthe-gealthis work, the Energy

Commission is improving its analytical capabilities to track and account for the doubling energy
efficiency savings goal (as well as the increase in electric vehicles, rooftop solar, and other factors)
into its 10-year electricity and natural gas forecast. The forecast is used in energy planning efforts
such as the CPUC’s Iong-term procurement planning and the California Independent System

Achieve 50 Percent RPS by 2030

The Energy Commission and CPUC have established rules for the 50 percent Renewables
Portfolio Standard, and the 10Us are confident they will meet it-irdeed-ir-semecaseswith-the

As discussed in this and previous IEPRs, California is working to minimize the environmental and
land-use impacts of new renewable energy and transmission projects needed to support its
greenhouse gas goals. The Renewable Energy Transmission Initiative 2.0 (RETI 2.0), initiated in
September 2015 and concluded in March 2017, brought together state and federal partners to
identify constraints and opportunities for new transmission that may be needed to access and
integrate new renewable energy resources to meet California’s goals. As noted by Energy
Commission Chair Robert B. Weisenmiller, California is “...pursuing an integrated strategy, and
looking ahead at least 15 years to make sure we're doing the right things now to develop the
options we'll need then. The RETI 2.0 process is helping the state’s energy agencies, utilities,
renewable industry, and residents narrow down our focus on where we might need new
transmission.”

Building on the RETI 2.0 process and supporting the needs outlined in utilities’ integrated

resource plans, the Energy Commission continues to develop landscape-scale planning teels
applications that can be used by state and local planners as they consider renewable generatlon

and infrastructure development.

Advance Transportation Electrification

SB 350 also emphasizes transportation electrification as a key part of California’s low-carbon
energy future. This emphasis builds on policies such as Governor Brown'’s Executive Order B-16-
12, which set a target for California to have 1.5 million ZEVs on the road by 2025. In 2014, Senate
Bill 1275 (De Lebn, Chapter 530, Statutes of 2014) established the goal of placing 1 million zero-
emission and near-zero-emission vehicles in service by January 1, 2023, while providing
increased access to these vehicles for disadvantaged, low-income, and moderate-income



communities and consumers. In 2017, CARB’s proposed Climate Change Scoping Plan Update
included a goal of 4.2 million ZEVs by 2030.

Planning for the growth in plug-in electric vehicles to advance is-impertant—"Ssmart_charging”
(charging with internal controls that adjust to customer and grid needs) effers-eppertunities
tocan help make the grid more resilient to variations in renewable generation and help reduce
greenheuse-gas-emissions, provided that pricing and charging infrastructure is+rplace-te
encourage charging at midday. Continued strategic investments are needed to ensure low-income
customers, especially those living near heavily used freeways, also have access to the use of plug-
in electric and fuel cell electric buses and vehicles and related economic and environmental
benefits.

Address Low-Income Barriers to Clean Energy

Fhe-Across the energy sector, the Energy Commission is working to ensure all Californians have
an opportunity to participate in and benefit from Energy Commission programs that can lead to
job creation and training, improved air quality, and energy efficiency and environmental gains. In

coordination with other state agencies, the Commission is werkingte-addresstow-income
barriers-te-cleanenergy-focusing on issues highlighted in the following SB 350 studies:

e Low-income barriers to energy efficiency and weatherization investments, photovoltaic
energy generation investments, and small business contracting opportunities identified in the
Energy Commission’s 2016 Low-Income Barriers Study, Part A: Overcoming Barriers to
Energy Efficiency and Renewables for Low-Income Customers and Small Business
Contracting Opportunities in Disadvantaged Communities (Barriers Study).

e Low-income barriers to access to clean transportation technologies addressed in the
companion study under development by CARB. A draft of CARB’s Low-Income Barriers,
Study Part B: Overcoming Barriers to Clean Transportation Access for Low-Income
Residents was released on April 12, 2017.

In developing these studies, community meetings and public workshops provided opportunities
for low-income customers and disadvantaged communities to highlight local priorities, concerns,
and recommendations. Climate change and air pollution disproportionately impact low-income
and disadvantaged communities. Local knowledge is a critical component of werk-efforts to
ensure clean energy investment enhances resilience to climate change.

The recommendations in the Energy Commission’s Barriers Study broadly address three key
objectives: expand access (to products, good jobs, small business contracting opportunities, and
nondebt financing); increase investment (such as in buildings, research demonstrations,
infrastructure, and emergency preparedness); and improve resilience (including improving
energy reliability, energy affordability, and health and safety) for California’s low income
communities and disadvantaged communities. The Energy Commission is developing indicators
to measure progress implementing the recommendations in the Barriers Study and to help
identify locations where further resources need to be directed.



California’s Evolving Electricity Sector

As the state moves forward to achieve the goals identified in SB 350, the basic structure in which
programs in the electricity sector have been implemented for decades is fundamentally changing.
Traditionally, the I0Us have served about 75 percent of Californians, with POUs serving most of
the rest. Energy planning has been fairly centralized; most of California’s electricity planning
needs have been addressed through-for the IOUs with CPUC oversight.

This structure is changing as consumer choice_affecting both generation and consumption is
proliferating, spurred by market developments, technological innovations, and policy actions.
Mitiens-ef-Californians are installing their own rooftop solar, numerous companies are
contracting for renewable resources, and local government agencies are forming CCAs that can
directhr-develop and buy electricity on behalf of their customers with relatively limited state

oversight-fremthe-CRYEC. 10U retail electric load could drop by-as-muech-as25-pereentby-theend
of2017-and-by 85 percent in the next decade.

As a result, the 10Us are not entering into any-mere-long-term contracts for renewable generation
or other energy products. However, there is considerable uncertainty about the ability of CCAs to
secure the financing needed for long-term investments, sikee-because they are thinly capitalized
shell companies. This uncertainty raises important questions about how wiH-roles traditionally
filled by the 10Us will be met, including whe-will-makinge theneeded investments needed-in
energy infrastructure, energy efficiency, energy services for low-income consumers, and research
and development. While markets and technology innovations evolve quickly, regulatory
mechanisms do not. Policy makers and regulators need to think ahead about how to ensure that
California’s_policy implementation successfully evolves with changing market conditions for IOUs

and CCAs-efforts-areeffective-in-this-changing-evelve with-the-market.

Increasing Resiliency in the Electricity Sector

Amid this changing market structure, California’s electricity grid must quickly evelve-make
needed adjustments to support a low-carbon future. Unlike natural gas-fired generation, wind

and solar vary depending on when the wind is blowing and the sun is shining. Integrating
increasing amounts of solar and wind energy into the grid requires a greater emphasis on
flexibility and resiliency. This is illustrated by the “duck curve” developed by the California I1SO
that shows the net load (load minus solar and wind generation) on a typical spring day. (See
Figure ES-4.) When solar electricity generation peaks at midday, then-the net load is low and is
described as the “belly of the duck.”




Figure ES-4: Duck Curve, Electricity Demand Minus Wind and Solar Generation on a
Typical Spring Day
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| Buring-the-day-when-When net load is lowest, the system operator works to get as many resources
off the system as possible to make room for renewable generation, and sometimes has to curtail
renewables. The state continues to explore beneficial uses of excess renewable energy, however,
such as through storage for later use or to power desalination plants. At-the-same-timeAs the
system operator manages the deep drops in net load; some resources need to be available to ramp
up in anticipation of the evening drop in solar production while demand remains high. The late-
afternoon ramp from the belly of the duck up is approaching 13,000 MW in a three-hour period
on some of the most extreme days. Fhe-transitionfrom-thelownet-load-conditionto-the-head-of
the-duekisan-The duck curve illustrates the operational challenges for the California 1ISO but also
presents opportunities for better managing the grid to maximize the benefits of renewables.

The Role for Responsive and Strategically Located Natural Gas-Fired Power Plants

Natural gas-fired power plants historically have been the workhorses of the grid and are capable
of being turned up or down as needed in response to variations in energy supply or demand. With
the increase in renewables, natural gas power plants are operating less and less, and many have
ceased operation or have gone bankrupt. In one sense, this is a success story in reducing
greenhouse gas emissions, but some natural gas-fired power plants are important for the reliable
| operation of the grid, either by virtue of location or beeause-ef-their ability to rapidly ramp up and
down. The Energy Commission, CPUC, and California 1SO need to work together to address how

to -encourage-nefficientinflexible-natural gas-resources-toretire-andretainensure the availability
of those_plants that are needed to maintain the reliability and resiliency of the grid.
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Zero-Greenhouse Gas Emission Solutions

Stil-California needs to increasingly develop solutions to help integrate renewables that do not
emit greenhouse gases, such as improving the operational flexibility and reliability of renewable
power plants. With advanced controls, a test by the California 1SO found that a utility-scale solar
power plant could provide more resiliency to the grid than natural gas power plants. Improving
short-term weather forecasting capabilities to better anticipate changes in renewable generation
is also important. For example, monsoonal cloud cover over the-desert-where-large solar facilities
arelecatedin the desert can quickly cause rapid drops of hundreds of megawatts and is difficult to
predict.

Expanding the use and integration of distributed energy resources is a high priority for California
to provide customers low-greenhouse gas opportunities for meeting electricity demand, especially
in the Southern California areas affected by the closure of the San Onofre Nuclear Generation
Station_in 2012 and the massive leakage of methane at the Aliso Canyon natural gas storage
facility in 2016. Distributed energy resources include:

e Demand response, which has been used traditionally to shed load in emergencies. It also
has the potential to be used as a low-greenhouse-gas, low-cost, price-responsive option to
help integrate renewable energy and provide grid-stabilizing services, but California has a
serious demand response underperformance problem. Solutions de-existare available but
require proactive leadership in the policy and ratemaking realms.

e Distributed renewable energy generation, primarily rooftop photovoltaic enrergy-systems
and also fuel cells.

e “Vehicle grid integration,” or all the ways plug-in electric vehicles can provide services to
the grid, including coordinating the timing of vehicle charging with grid conditions.

e Energy storage in the electric power sector to capture electricity or heat for use at a later
time to help manage fluctuations in supply and demand.

Microgrids combine distributed energy resources with a controller to manage energy use. A key
feature of many microgrids is the ability to continue operating even if the surrounding electricity
grid experiences an outage. gue-te-severe-weathererotherchallengi erational-conditions:

shelters-mititary-bases-and-hespitals—Further work is needed to make microgrids available on a
commercial scale, especially in areas with vulnerable populations, disadvantaged communities,
and tribes.

Increasing Resiliency Through Geographic Resource Diversity

Among the suite of tools available to increase the resiliency of a low-greenhouse-gas electricity
system, increasing the regional scale of the electricity system provides the clearest benefits in
terms of reducing costs and greenhouse gas emissions. Trading with partners across a larger
footprint allows for purchases and sales between renewable power plants with differing seasonal

and daily operating profiles-thateemplementCalifornia’s-eperatiohal-needs. WEor example, when

California has excess renewable generation, a regional electricity market can allow the generation
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€ahto be sold instead of potentially curtailing operations, and when California needs more energy
to meet ramping needs, more resources are available.

Initiated in 2014, the Western Energy Imbalance Market is a wholesale energy market that allows
participants to buy and sell energy in real time. Its benefits have grown as more entities join and
increase access to more generation and transmission. (See Figure ES-5.) Through the secend
third quarter of 2017, the Western Energy Imbalance Market has saved-mere-thanprovided gross
benefits of $213-255 million, avoided curtailment of akmest-486more than 502 gigawatt-hours of
renewable energy, and reduced greenhouse gas emissions by mere-than-200,000almost 215,000
tons of carbon dioxide equivalent emissions. In response to the Western Energy Imbalance
Market, innovative market opportunities are evolving.

Figure ES-5: Existing and Future Western EIM Entities
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January 2018
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Exploring Renewable Gas as a Tool to Reduce Methane Emissions

While carbon dioxide accounts for more than 80 percent of greenhouse gas emissions and is
created when fuel is combusted, methane is more potent at trapping heat. It is a “short-lived
climate pollutant” that accounts for about 9 percent of the state’s greenhouse gas emissions and is
one of the greenhouse gases that Governor Brown called out in his 2015 inaugural address. Abeut

O-percent-ef-methane-emissionsin-California-comefromnaturalgasinfrastructure—Cattle,
manure management, and landfills generate most of California’s methane emissions_and
emissions from California’s natural gas infrastructure account for about 10 percent.

In response to Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016), requiresthe-CARB-te
approved and begain implementing a comprehensive short-lived climate pollutant (SLCP)
strategy in March 2017 by-2618-that includes strategies to reduce statewide methane emissions
40 percent below 2013 levels by 2030. SB 1383 also requires the Energy Commission, in
consultation with CARB and the CPUC, to “develop recommendations for the development and
use of renewable gas, including biomethane and biogas as part of its 2017 Integrated Energy
Policy Report.” Renewable gas has been used, or proposed for use, as a substitute for
conventional natural gas in a variety of applications and can be used to make hydrogen. Aspart-ef
the 2017-HEPR-SB-1383furtherrequiresthe Energy-Commission-to-“identifyConsistent with SB
1383, the 2017 IEPR identifies “-cost-effective strategies that are consistent with existing state
policies and climate change goals by considering priority end uses of renewable gas.” In this
context, cost-effective strategies yield the lowest cost per SLCP reduction benefit in terms of
greenhouse gas emissions reduced.

Two independent studies carried out by the University of California, Davis, and ICF ilnternational
concluded that existing government policies (with some modifications) could support the
substantial growth of renewable gas, particularly as a transportation fuel. Both studies noted that
renewable gas production can generate up to four times the revenue for transportation fuel use
compared to electricity from the same renewable gas sources because of the monetary value of
credits generated from the federal Renewable Fuels Standard and California Low Carbon Fuel
Standard for renewable transportation fuels. Renewable gas use in the medium- and heavy-duty
vehicle sectors is an important strategy for improving air quality, and the Energy Commission’s
transportation forecast anticipates the growth of renewable gas use within the-those

transportation sectorsypartictarh-in-medivm—and-heaw-duty-vehieles. Still, the market is

constrained by a limited number of models and production volume of natural gas vehicles.

Additional policies may be needed, and agencies may also need to modify, reconfigure, and
enhance existing regulations, policies, and programs to fully enable cost-effective
commercialization of renewable gas and maximize methane emission reductions. Fhese-existing

First Steps in Transforming the Natural Gas Sector

California’s aggressive energy efficiency programs and increased renewable energy generation are
reshaping its use of natural gas. In California, consumption has remained relatively flat over the
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last 10 years, while consumption in the United States has increased 2.4 percent per year.
Although natural gas remains an important resource used-for heating, electricity production, and
increasingly in transportation, the use of natural gas will need to decline dramatically for
California to meet its long-term climate goals. In planning, utility executives are considering the
use of renewable gas in the existing infrastructure, but concerns irelading-such as pipeline safety
and leakage would need to be explored further_.and addressed.

Energy Reliability Concerns in Southern California

The evolving role of natural gas is unfolding in Southern California, where ongoing reliability
issues heighten the need to accelerate deployment of integrated distributed energy resources. The
ability to maintain reliable electricity service in the Greater Los Angeles Area was first tested by
the unexpected closure of the San Onofre Nuclear Generation Station in 2013, compounded by
plans for the phased retirement of older natural gas facilities in the region that used marine water
for cooling in once-through cooling systems. The Energy Commission, CPUC, and California 1SO
continue to work closely and take corrective action as needed to maintain electricity system
reliability. Most recently, the State Water Resources Control Board approved a request initiated
by the agencies to defer the retirement of the Encina power plant temporarily to allow more time

fer-theto complete the replacement facility in Carlsbad (San Diego County)-te-becompleted.

marketin-Califernia-California must also consider the long-term role of natural gas as California
continues ratcheting down its greenhouse gas emissions. In a letter from Energy Commission
Chair Robert B. Weisenmiller to CPUC President Michael Picker dated July 19, 2017, the Chair
wrote, “With the state’s climate target in mind, Governor Brown has asked me to plan for the

Preparing for Climate Change

While California works to transform its energy system, it must also prepare for the effects of
climate change_as discussed above including increases in wildfires (see Figure ES-1), sea-level

rise, heat waves, and drought. A-rew-seientific-analysis-suggests-that sealevelrise-in-Califernia




‘ Several actions are underway, te-help-prepare-forclimate-change-inCalifernia—Ferfor example:

As directed by Assembly Bill 2800 (Quirk, Chapter 580, Statutes of 2016), the California
Natural Resources Agency announced the formation of the Climate-Safe Infrastructure
Working Group. The working group will develep-a-report to the Legislature by July 2018
abeuttheon engineering standards that should be updated considering future climatic
conditions.

As stated in the General Plan Guidelines: 2017 Update, published by the Governor’s
Office of Planning and Research_(OPR), Senate Bill 379 (Jackson, Chapter 608, Statutes
of 2015) requires local governments to include a climate change vulnerability assessment,
measures to address vulnerabilities, and a comprehensive hazard mitigation and
emergency response strategy in the safety element of the general plan. OPR’s Integrated
Climate Adaptation and Resiliency Program Adaptation Clearinghouse provides access to
information on funding, case studies, and tools and research (such as Cal-Adapt) to
support adaptation planning by local governments.

California’s utilities are working with the Energy Commission and the CPUC to
incorporate updated climate science research into utility risk assessment and
infrastructure planning decisions.

Through science-based research, California is increasing its resilience to climate change. Through
its implementation of SB 350, California is on a path to transform the electricity, natural gas, and
transportation sectors to meet its 2030 greenhouse gas reduction goal. As Governor Brown said,
“California, as it does in many areas, must show the way. We must demonstrate that reducing
carbon is compatible with an abundant economy and human well-being. So far, we have been able
to do that.”
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CHAPTER 1:
Primary Policy Drivers

California’s energy system provides a vast array of services that people count on every day,
including electricity for lighting, air conditioning, and manufacturing; natural gas for heating,
cooking, and industrial processes; and transportation fuels for cars, freight, and airplanes. These
services, while providing the underpinnings of the state’s economy and way of life, also have
serious consequences that must be addressed. When including transportation, the energy sector is
the largest source of greenhouse gas (GHG) emissions in California, accounting for about 83
percent of the state’s GHG emissions.! The transportation sector alone directly accounts for more
than 38 percent of statewide GHG emissions and is the largest source of pollutants that harm
human health. Reducing GHG emissions is a paramount focus of state energy policy. Further,
efforts to reduce GHG emissions must assure that all Californians have access to clean
technologies and that the benefits of reducing GHG emissions reach the poor and disadvantaged
communities that bear a disproportionate share of the pollution from the energy sector.

The window for turning the tide on global carbon emissions and avoiding the potentially
catastrophic impacts is closing fast. An open letter authored by prominent scientists and cosigned
by Governor Edmund G. Brown Jr. argues that a rapid downward trend in GHG emissions must
be initiated in the next three years to avoid the most extreme impacts of this unfolding global
calamity.2 (See Chapter 10, “Carbon Budget for 2 Degrees Celsius Ceiling” for more information.)
In July 2017, Governor Brown said, “It's up to you and it’s up to me and tens of millions of other
people... to roll back the forces of carbonization and join together to combat the existential threat
of climate change.”

The California Energy Commission is required to develop the Integrated Energy Policy Report
(IEPR) every two years “to develop energy policies that conserve resources, protect the
environment, ensure energy reliability, enhance the state’s economy, and protect public health
and safety.”3 This year’s report focuses on the state’s efforts to reduce GHG emissions in the
electricity and transportation sectors. The discussion below lays out the drivers shaping
California’s energy policy and provides context for the issues explored in-depth in thisrepertother

chapters.

Climate Change

The potential effects of climate change in California are many. Rising sea levels threaten coastal
settlements, infrastructure, and ecosystems. An increase in extreme heat and a growing risk of

1 California Air Resources Board, Energy Commission staff analysis based on data from the California Greenhouse Gas
Inventory for 2000—2015 by IPCC [Intergovernmental Panel on Climate Change] Category.

2 Figueres, Christiana, Hans Joachim Schellnhuber, Gail Whiteman, Johan Rockstréom, Anthony Hobley, Stefan
Rahmstorf, Comment, “Three Years to Safeguard our Climate,” Nature, Volume 546, June 2017.

3 Public Resources Code Section 25301 (a).
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regional megadrought threaten the state’s water supply. A warming climate portends the spread
of pests and diseases that threaten the state’s agriculture, forests, and human health. Larger,
more frequent, and more intense fires pose a growing threat to much of rural California. Each of
these trends is already underway and may become more extreme without a global effort to
drastically and quickly reduce carbon pollution.

Climate change threatens serious economic impacts in California. This threat is most striking for
sectors that are directly linked to natural resources — agricultural production will be challenged
by higher temperatures and drought; tourism, the ski industry, and forestry in the Sierra Nevada
will face the challenges of reduced snowpack, forest die-off, and intense wildfires. Along the coast,
natural resources and built infrastructure, including cities, ports, airports, and energy and water
systems, will be severely impacted by sea-level rise. Ultimately, every sector of the state’s
economy — including the energy sector — will be affected by climate change as the natural systems
that provide the basis for all economic activity are increasingly stressed.

As potentially devastating as the effects of climate change may be for California, less wealthy
regions of the world are facing even greater risks. According to the Encyclical letter signed by
Pope Francis:

“[Climate change] represents one of the principal challenges facing humanity in our day.
Its worst impact will probably be felt by developing countries in coming decades. Many of
the poor live in areas particularly affected by phenomena related to warming, and their
means of subsistence are largely dependent on natural reserves and ecosystemic services
such as agriculture, fishing, and forestry. They have no other financial activities or
resources which can enable them to adapt to climate change or to face natural disasters,
and their access to social services and protection is very limited. ... Sadly, there is
widespread indifference to such suffering, which is even now taking place throughout our
world.”4

Moreover, the most extreme effects of climate change will be borne by future generations. There
is an ethical imperative to act now.

International and Subnational Leadership in Reducing GHG
Emissions

California’s role as an international leader in reducing GHG emissions has grown since the 2016
presidential election. Recognizing that climate change is the “existential threat of our time,”
Governor Brown continues to spearhead international and coordinated subnational efforts to
address climate change. California represents about 1 percent of global GHG emissions, and,
consequently, even if California cut all its GHG emissions, it would not be enough to avoid
catastrophic climate change. Global action is needed.

4 Encyclical Letter Laudato Si of the Holy Father Francis on Care for Our Common Home,
http://w2.vatican.va/content/francesco/en/encyclicals/documents/papa-francesco_20150524 _enciclica-laudato-si.html.
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Governor Brown’s leadership includes participating in an international call to action on climate
change in a 2013 consensus document;® signing accords with leaders from Mexico, China, Japan,
Israel, Peru, Chile, the Netherlands, and others to reduce GHG emissions;® and championing the
Subnational Global Climate Leadership Memorandum of Understanding (the “Under-2 MOU™), a
commitment by cities, states, and countries to help limit the rise in global average temperature to
below 2 degrees Celsius.” As part of this effort, Governor Brown and the Chinese Minister of
Science and Technology signed an agreement in 2017 to cooperate on research, innovation, and
investment to develop low-carbon energy technologies via the California-China Clean Technology
Partnership.8 He was also a leader at the 2015 United Nations Climate Change Conference in
Paris that resulted in an agreement among nations worldwide to sufficiently reduce GHG
emissions to avoid catastrophic climate change. In 2017, Governor Brown was appointed to be the
Special Advisor for States and Regions ahead of the 2017 United Nations Climate Change
Conference.

While President Trump has stated his intention to pull the United States from the Paris
Agreement, Governor Brown and other California leaders have maintained their commitment to
reducing GHG emissions. California sought climate mitigation partnerships with other states,
founding the United States Climate Alliance with the governors of Washington and New York. In
less than a month, the partnership quadrupled in size. In July 2017, Governor Brown announced
that California will host a Climate Action Summit in San Francisco in September 2018. He said,
“President Trump is trying to get out of the Paris Agreement, but he doesn't speak for the rest of
America. We in California and in states all across America believe it's time to act, it's time to join
together, and that's why at this Climate Action Summit we're going to get it done.”2

California Policy Directives to Reduce GHG Emissions

Reducing GHG emissions and improving air quality are primary drivers of California’s energy
policy. In 2006, California enacted the groundbreaking California Global Warming Solutions Act
(Assembly Bill 32, Nufiez, Chapter 488, Statutes of 2006), requiring a 20 percent reduction in
GHG emissions by 2020. The California Air Resources Board (CARB), with input from the Energy
Commission, California Public Utilities Commission (CPUC), other agencies, and a broad array of
stakeholders, developed the AB 32 Scoping PlanlO to lay out a framework for meeting the goal.
Some of the key measures included expanding energy efficiency programs and building and
appliance standards; using renewables to serve 33 percent of the state’s electricity needs;
developing a Cap-and-Trade Program for GHGs; and reducing emissions from the transportation
sector. Considerable progress has been made on each of these measures.

5 Scientific Consensus on Maintaining Humanity's Life Support Systems in the 21st Century: Information for Policy
Makers, May 21, 2013, http://mahb.stanford.edu/consensus-statement-from-global-%20scientists.

6 http://www.climatechange.ca.gov/climate_action_team/partnerships.html.
7 See http://under2mou.org/.
8 https://www.gov.ca.gov/news.php?id=19832.

9 https://www.gov.ca.gov/news.php?id=19866.

10 CARB, The First Update to the Climate Change Scoping Plan: Building on the Framework, May 2014,
http://www.arb.ca.gov/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.pdf.
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In 2015, Governor Brown called on California to do still more. In his inaugural address, he said
that California must “continue to transform our electrical grid, our transportation system, and
even our communities” to reduce GHG emissions. He set the following goals for 2030:11

e Increase from one-third to 50 percent the state’s electricity derived from renewable
sources.

e Reduce today's petroleum use in cars and trucks by up to 50 percent.

o Double the efficiency of existing buildings and make heating fuels cleaner.

o Hestated—We-mustalserReduce the relentless release of methane, black carbon, and
other potent pollutants across industries.

o AndwemustmManage farm and rangelands, forests, and wetlands so they can store
carbon.

Governor Brown also put forward Executive Order B-30-15, which set a GHG emissions reduction
goal of 40 percent below 1990 levels by 2030, while establishing guiding principles for climate
planning and funding.!2 Senate Bill 32 (Pavley, Chapter 249, Statutes of 2016) codifies the 2030
GHG emissions reduction goal, and Assembly Bill 197 (Garcia, Chapter 250, Statutes of 2016)
focuses on equitably implementing state climate change policies such that the benefits reach
disadvantaged communities.

Senate Bill 350 (De Ledn, Chapter 547, Statutes of 2015) advances the focus of California’s energy
policy on achieving GHG reductions. The state’s work to implement SB 350 is the focus of this
IEPR.

Key provisions of SB 350 include putting the Governor’s goals for 50 percent renewable energy
and doubling energy efficiency savings into statute as tools for achieving the 40 percent reduction
in GHG emissions by 2030. It also advances transportation electrification, as discussed further in
the section below on “Transportation Sector Policy Drivers” and in Chapter 2. In accordance with
the statute, specified load-serving entities must develop integrated resource plans that reflect
these goals as part of an overall framework to cost-effectively reduce GHG emissions. (For more
information on integrated resource plans, see Chapter 2.) SB 350 also allows the voluntary
transformation of the California Independent System Operator (California 1SO) into a regional
organization, an important strategy to reduce GHG emissions as well as provide cost savings and
other benefits. (For more information, see Chapter 3, “Regional Coordination.”)

SB 350 also requires CARB, in coordination with the CPUC and the Energy Commission, to
establish GHG emissions reduction targets for the electricity sector and load-serving entities as
part of the statewide 2030 goal while ensuring that low-income and disadvantaged communities
are not marginalized as the grid transitions. (For more information, see Chapter 2.) CARB

11 Governor Brown’s 2015 inaugural address, January 5, 2015, https://www.gov.ca.gov/news.php?id=18828.

12 It also set a long-term goal to reduce GHG emissions 80 percent below 1990 levels by 2050.
https://www.gov.ca.gov/news.php?id=18938.
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proposed an updated Scoping Plan to reflect Senate Bill 350 in January 2017,13 and work to set
targets is ongoing.

In 2016, Governor Brown signed Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016) into law,
furthering actions to reduce emissions of methane, black carbon, and other potent GHGs termed
“short-lived climate pollutants” (SLCP). Among other requirements, SB 1383 directs CARB to
develop and begin implementing a comprehensive strategy to reduce emissions of SLCPs to
achieve reductions in the emissions of these gases by 40 to 50 percent below 2013 levels by 2030.

More recently, in July 2017, California’s Cap-and-Trade Program was extended through 2030
(Assembly Bill 398, Garcia, Chapter 135, Statutes of 2017), reiterating SB 32 goals of reducing
GHG emissions to 40 percent below 1990 levels by 2030. In addition, AB 398 requires CARB to
establish price ceilings and containment measures while adding sales tax exemptions to
encourage renewable electricity development. A companion bill (Assembly Bill 617, Garcia,
Chapter 136, Statutes of 2017) requires reporting, monitoring, and reduction plans for criteria-
pollutant emissions in disadvantaged communities. The Legislature also decided that money
collected from the auction of allowances from the Cap-and-Trade Program shall be prioritized to
include, among other factors, climate adaptation and resilience, as well as climate and clean
energy research.14

California is also working to increase the resiliency of its energy system to climate change. This
work is discussed in Chapter 10.

Sources of California GHG Emissions

Understanding the sources and tracking the amount of GHG emissions are critical to reducing
them. The transportation sector dominates GHG emissions in California, accounting for 38.5
percent of the state’s emissions — almost double the emissions from the electricity sector, which is
19.1 percent. The industrial sector includes oil refineries and accounts for 23.7 percent, increasing
the amount of emissions attributable to California’s transportation sector (although not included
in the 38.5 percent noted above). The residential sector accounts for 11.1 percent, and agriculture
accounts for 7.9 percent.

13 For additional information, see https://www.arb.ca.gov/cc/scopingplan/scopingplan.htm.

14 Health and Safety Code, Section 38590.1 (a).
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Figure 1: California’'s GHG Emissions in 2015
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Source: California Energy Commission staff using data from CARB'’s 2017 Greenhouse Gas Emissions Inventory
of 2015 emissions

If emissions from the electricity sector are attributed to end uses and not accounted for as a
distinct category, then the 2015 California GHG emissions breakdown would be:

e Transportation — 38.5 percent.

e Industrial — 26.2 percent.

e Commercial — 13.8 percent.

e Residential — 12.3 percent.

e Agriculture and Forestry — 9.2 percent.

California’s GHG emissions are primarily carbon dioxide (CO3) released with the combustion of
fossil fuels, accounting for 84.1 percent of GHG pollutants in 2015. Other pollutants that
contribute to global climate change, as noted above, include methane (CH4, primarily from
agriculture and forestry), black carbon (soot, primarily from transportation), nitrous oxide (N0,
primarily from agriculture), and fluorinated gases (HFC, primarily from the commercial sector).
Figure 2 shows the relative contribution of carbon dioxide and SLCPs.
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Figure 2: Relative Contribution of GHGs in California in 2015
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Source: California Energy Commission staff using data from CARB’s 2017 Greenhouse Gas Emissions Inventory
of 2015 emissions. The total million metric tons of carbon dioxide equivalent in Figure 2 is higher than in Figure 1
because Figure 2 accounts for black carbon emissions. Black carbon emissions data are from 2013, the most
recent data available. Also, by including black carbon in total GHG emissions, the percentage emissions per

sector differs from Figure 1. (For example, the transportation sector is 36.2 percent of total when including black
carbon and 38.5 percent when black carbon is not included.)

Figure 3 shows the sources of SLCPs. Agriculture is the dominant source, accounting for more
than 36 percent. Energy production and uses account for more than 35 percent.
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Figure 3: Emissions of SLCPs and Other Non-CO, GHGs (2015)
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of 2015 emissions. Black carbon emissions data are for 2013, the most recent year of available data.
Reducing GHG emissions by 40 percent relative to 1990 levels by 2030 requires a dramatic and
unprecedented cut in emissions. It requires fundamental changes to California’s energy system,
many of which are already underway.

Air Quality
California has made tremendous progress in improving air quality, but more work is needed.

More than 90 percent of Californians breathe unhealthy levels of one or more air pollutants
during some part of the year.1®

Air pollutants that impact public health include criteria pollutants, such as particulate matter,
ground-level ozone, carbon monoxide, oxides of nitrogen, oxides of sulfur, and toxic air
pollutants. In its 2016 State of the Air report, the American Lung Association lists eight California
metropolitan areas in the top-10 most polluted cities nationwide.16 CARB estimates that smog-
forming emissions may need to be cut by 80 percent to attain federal air quality standards in
2023 and 2031 in parts of the state.l’

Motor vehicles represent the largest source of air pollution in California,!8 overshadowing all
other sectors and arerespensibleaccounting for nearly 80 percent of nitrogen oxide emissions

15 https://www.arb.ca.gov/research/health/fs/fs1/fsl.htm.
16 http://www.lung.org/assets/documents/healthy-air/state-of-the-air/sota-2016-full.pdf.

17 CARB. Mobile Source Strategy, May 2016, available at
https://www.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf.

18 https://www.arb.ca.gov/knowzone/history.htm.
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and 90 percent of diesel particulate matter emissions in the state.19 (See Figure 4.)
Transportation-related criteria pollutant emissions are associated with premature death and
disease, as well as upper and lower respiratory symptoms, bronchitis, asthma, and cancer.20
Electricity generation contributes a small percentage of California’s overall criteria pollutants (0.3
to 5.6 percent of statewide emissions in 2013),2! although emissions from power plants can raise
local community concerns. Reducing criteria pollutant emissions from the transportation sector is
an important part of California’s energy policy, as discussed further in the section below on
Transportation sector “Regulations and Requirements.”

Figure 4: Air Quality Emissions per Sector (2012 Estimated Annual Average)
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Some communities face disproportionate air quality and other environmental burdens in
California. To help focus investment to reduce such burdens, Senate Bill 535 (De Ledn, Chapter
830, Statutes of 2012) directed the California Environmental Protection Agency to direct 25
percent of greenhouse gas reduction fund (GGRF) cap-and-trade allowance revenue to projects
that provide economic and health benefits to disadvantaged communities, including 10 percent to
projects located in disadvantaged communities.22 CalEnviroScreen 3.0 calculates a score for each

19 California Air Resources Board. Mobile Source Strategy. May 2016. Available at
https://www.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf.

20 California Energy Commission. 2015. 2014 Draft Integrated Energy Policy Report Update. Publication Number: CEC-
100-2014-001-CMF.

21 California Energy Commission Staff. 2016. 2016 Integrated Energy Policy Report Update. California Energy
Commission. Publication Number: CEC-100-2016-003-CMF.

22 Disadvantaged Communities are defined as California census tracts facing the highest environmental burdens, as
determined by a number of economic, environmental, and socioeconomic factors including low-income, high
unemployment, poor health conditions, air and water pollution, and hazardous wastes. SB 535 directs the California
Environmental Protection Agency (CalEPA) to identify disadvantaged communities for funding purposes, and as of April
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census tract based on geographic, socioeconomic, public health, and environmental hazard
criteria. The census tracts with the top 25 percent score are eligible to receive cap-and-trade
funding consistent with SB 535 requirements. In 2016, Assembly Bill 1550 (Gomez, Chapter 369,
Statutes of 2016) revised requirements for allocation of GGRF funding to specify that 25 percent
of GGRF money must go to projects located within, and benefitting individuals living

in, disadvantaged communities. Also, Assembly Bill 1550 added new requirements requiring 10
percent of GGRF money to fund projects located within, and benefitting individuals living in, low-
income communities, as specified.

Access to Clean Technologies

The state is also working to ensure that all Californians have access to the clean energy resources
critical to achieving the state’s climate goals. As California continues down the path toward a low-
carbon economy, it is critical the most vulnerable populations are not left behind. In addition to
minimizing the impacts of fossil fuel generation and transportation on disadvantaged
communities, it is equally important to create opportunities for this segment of the population to
have access to cleaner alternatives, so they may play an active role in the fight against climate
change and enjoy the numerous benefits that clean energy technologies provide.

Governor Brown and the Legislature have underscored this need by identifying a need for benefits
to low-income residents and disadvantaged communities in SB 350 and other recent legislation.
The full range of clean energy benefits extends beyond carbon reduction or bill savings to
increasing public health and safety and enabling new workforce and small business opportunities
for local residents.

SB 350 concluded that increasing low-income customers’ access to weatherization, energy
efficiency, renewable energy, and clean transportation options will allow communities across the
state to begin realizing these benefits while providing meaningful contributions to overall GHG
emissions reductions. Furthermore, increased investment in clean distributed energy resources
will increase community resilience, or the ability to withstand difficult conditions. Conditions are
expected to get only more difficult for residents of disadvantaged communities as climate change
accelerates.

The SB 350 Low-Income Barriers Studies completed by the Energy Commission23 and CARB24
further supported this priority and put forth a range of potential solutions to overcome some of
the difficulties faced by low-income residents and disadvantaged communities in accessing clean
energy and low-emission transportation options. For more information on the identified barriers
and potential solutions, refer to Chapter 2.

2017 CalEPA uses the top scoring 25 percent of communities using the CalEnviroScreen 3.0 tool to make this
determination.

23 Scavo, Jordan, Suzanne Korosec, Esteban Guerrero, Bill Pennington, and Pamela Doughman. 2016. Low-Income
Barriers Study, Part A: Overcoming Barriers to Energy Efficiency and Renewables for Low-Income Customers and
Small Business Contracting Opportunities in Disadvantaged Communities. California Energy Commission. Publication
Number: CEC-300-2016-009-CMF.

24 https://www.arb.ca.gov/msprog/transoptions/transoptions.htm .
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Energy Reliability

As California implements its climate goals, a major focus continues to be on maintaining the
reliability of the energy system. Californians expect a reliable energy system, and any disruptions
to energy services (such as energy for lighting, heating, water pumping, gasoline refining, or
manufacturing) can have serious health and safety consequences, as well as negative economic
repercussions.

In recent years, the energy infrastructure in California has suffered two major disruptions that
have required ongoing efforts to assure energy reliability, as discussed in Chapter 11. Early
manifestations of a changing climate (see Chapter 10), such as the early melting of the snowpack
that reduces the availability of hydropower in the summer, increased peak electricity demand,
and climate-induced wildfires contribute to reliability issues. Interagency work to maintain
reliability following the unanticipated closure of the £,2602,200 MW San Onofre Nuclear
Generating Station in 2012 and in the wake of the major leak at the Aliso Canyon natural gas
storage facility is ongoing. The Aliso Canyon natural gas storage facility has been an important
tool for managing natural gas supply for electric generation (particularly in summer when air-
conditioning use is high) and home heating use (in the winter). But use of the storage facility has
been severely limited since the leak in late 2015. Going forward, the state must find new ways to
maintain the reliability of the energy system as it begins planning for the permanent closure of
the Aliso Canyon natural gas storage facility.2°

More broadly, as California decarbonizes its electricity sector, it must also rethink the way it
conducts energy planning and balances supply and demand. Solar and wind generation have
grown dramatically, (see Chapter 3, “Changes in Electricity Generation™) reducing GHG
emissions, but also creating more variability in energy supply. Thus, California’s success in
advancing renewable energy in the electricity sector has created new operational challenges. Tools
for maintaining system reliability as California continues to decarbonize its electricity sector are
discussed in Chapter 3.

Resource Conservation and Environmental Protection

Conserving resources and protecting the environment go to the core of the state’s work to
transform its energy system to reduce GHG emissions. Efforts discussed throughout this report to
increase energy efficiency, advance renewable resources, and electrify the transportation system
are focused on reducing GHG emissions. Also, in this IEPR the Energy Commission partnered
with the CPUC and CARB to look at increasing the use of renewable gas to reduce SLCPs. (See
Chapter 9.) Other key efforts include renewable energy and transmission planning, as discussed
in Chapter 5.

The 2016 IEPR Update focused on advancements in the environmental performance of the
electricity sector over the last decade, including reducing GHG emissions through the increase in
renewables and reduction in coal use, lowering criteria pollutant emissions, phasing out the use of

25 Letter from Energy Commission Chair Robert B. Weisenmiller to CPUC President Michael Picker, July 19, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
11/TN220299 20170721T134102_July_19 2017_Letter_to_California_Public_Utilities_Commission_P.pdf.
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once-through cooling technologies that harm marine life, reducing water consumption, and
improving environmental planning for energy infrastructure. California remains committed to
reducing the environmental impact of its entire energy system.

Economic Growth

While California takes action to transform its energy system to meet its climate and other energy
policy goals, it must also protect the economy by controlling costs. Experience over the last
decade has demonstrated that California can reduce emissions while growing its economy. (See
Figure 5.) As Governor Brown said, “California, as it does in many areas, must show the way. We
must demonstrate that reducing carbon is compatible with an abundant economy and human
well-being. So far, we have been able to do that.”26

Figure 5: California Has Reduced Its GHG Emissions While Growing Its Economy

3,500,000 600
i w
3,000,000 r L 500 6I
w e
3 =
o 2,500,000 =
[+ ]
e L 400 —
S o
F 2,000,000 2
] g - 300 E
3 R F
§ 1,500,000 ¢ GSP sg32 M a
o F #-’ ]
g S L 200 5
5 1000000 4 o
7 ] 3 c
2 u
5 - L 100 &
O 500,000 1 o
u i i i : i i i : i i i 'i i i i i D
1990 2000 2010 2020 2030
Year

Source: California Energy Commission staff using data from the CARB GHG Inventories and gross state product
data from the Bureau of Economic Analysis of the U.S. Department of Commerce. Note: Not shown is California’s
2050 goal to reduce GHG emissions 80 percent below 1990 levels (Executive Order B-30-15).

Since the beginning of the century, California has achieved large economic growth with only
modest growth in its energy consumption. From 2015 to 2016, electricity consumption in
California grew less than 1 percent from 2015, totaling 285,701 gigawatt-hours (GWh). With this
slight increase in electricity consumption, job growth increased nearly 2 percent, and California’s
gross state product grew almost 3 percent.2’ Between 2000 and 2016, job growth increased nearly
13 percent, while electricity consumption grew almost 9 percent. California's gross state product

26 http://governors.library.ca.gov/addresses/39-Jbrown04.html.

27 Jobs data are from the Employment Development Department and reflect civilian employment growth. The source of
gross state product numbers is Moody's Analytics, January 2017. — June 2017.
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grew by 40 percent — more than four times as fast as electricity consumption.28 Meanwhile, the
state’s population grew by 15 percent from about 34 million in 2000 to 39 million in 2016.2°

Figure 6 shows that per capita energy use in California has remained relatively flat since the
1970s, while it rose nationwide because of the state’s forward-looking energy efficiency
regulations, industrial mix, and mild weather. This is shown in Figure 6, which is also termed the
“Rosenfeld Curve” in honor of former Energy Commissioner Arthur H. Rosenfeld. See the sidebar
for more information on the contributions of Art Rosenfeld.

Figure 6: Per Capita Electricity Use Stays Flat in California While Increasing Nationwide
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Source: https://www.eia.gov/state/seds/seds-data-complete.php

28 Gross state product data are from U.S. Bureau of Economic Analysis, Moody's Analytics. June 2017.

29 Population data are from BOC, Moody's Analytics. — Department of Finance, December 2016.
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One of the ways to help control energy Arthur Rosenfeld

costs and manage ener S .
g 9y Physicist, internationally renowned energy expert, and former

consumption while reducing GHG California Energy Commissioner Arthur H. Rosenfeld, Ph.D. died in
emissions in California is through January 2017, at age 90.

thoughtful energy planning. Dr. Rosenfeld was a driving force in shaping California’s nation-leading

Beginning in 2018, electricity utility energy efficiency policies. He pioneered and championed the energy

efficiency standards that have made California an international leader

procurement-will-becarried-eut in energy conservation and sustainability.

primarily through-an-integrated His work showed that greater energy efficiencies in buildings and
planning-appreach-thatisexpeetedte appliances would reduce the number of power plants needed and
lead-to-more-cost_effective avoid added GHG emissions. He was also an early advocate of

bringing energy companies on board as stakeholders to promote

achievement-ofenergy-poticy-goals: energy efficiencies and he helped developed several energy saving

One requirement of SB 350 is that innovations such as electronic ballasts for compact fluorescent lights.

| energy-retail electricity service Dr. Rosenfeld was appointed to the Energy Commission in April 2000
. . and reappointed January 2005. During his tenure, he oversaw the
providers develop integrated Public Interest Energy Research program and energy efficiency issues
resources plans that take a broader, including standards for buildings and for appliances. He retired from
; the Energy Commission in January 2010. His many awards and
more compre_henswe approach t(_) commendations include the Szilard Award for Physics in the Public
energy planning than the more siloed Interest in 1986, the Carnot Award for Energy Efficiency from the U.S.

approach of recent years. (See Chapter Department of Energy in 1993, and the Berkeley Citation in 2001 from
the University of California. In 2006, he received the prestigious Enrico

2 for discussion.) SB 350 requires Fermi Award, one of the highest honors from the U.S. Department of
“sach electrical corporation to fulfill Energy. In 2008, The Economist magazine named him Innovator of the

. . . Year in the field of Energy and Environment. In 2011, Russian

its obligation to serve its customers at | president Dmitry Medvedev presented Rosenfeld with the Global

just and reasonable rates” and to Energy Prize in recognition of his lifetime of achievement in energy

e , efficiency. In 2012, President Barack Obama named Rosenfeld a
minimize impacts on ratepayers recipient of the National Medal of Technology and Innovation, one of

bills.”39 While maintaining affordable the highest honors from the U.S. government for scientists, engineers,

and inventors.

costs is a principal goal of integrated
resource planning, SB 350 also For more information see .

requires that utility IRPS minimize Eg%i/éﬁ;c?sr%?r?_ng$ﬂ?£|.$:ggiPot.com/2017/01/|ong-t|me-energy-
localized air pollutants and other

GHG emissions, with early priority on disadvantaged communities.3! Some strategies for
addressing this priority are described in the Low-Income Barriers Study section. (See Chapter

2.)Fhe-abm o-easureprogress-and-cost-effectivelymeetenergy-policy-goalswhile-maintain

The integrated resource plans will complement existing cost control mechanisms embedded in
the state’s energy efficiency and renewable energy policies. For example, all energy efficiency
standards provide net benefits to the consumer. (Savings to the consumer will more than offset
the additional cost to attain the standard.)

Ultimately, innovation in the energy sector will be critical for California to achieve its climate and
energy goals at the lowest possible cost. The Energy Commission invests in research and
development (R&D) to help spur innovation and bring to market technologies that are needed to

30 PUC 454.52(a)(1)(C) and (D).

31 PUC Section 454.42 (a)(1)(H).
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help transform California’s energy system. R&D investments made through a rigorous, impartial,
and public process can move innovations through the pipeline from concept to market. The
Energy Commission funds R&D innovations that advance science and technology to make
California's energy safer, cleaner, more reliable, and less costly.

Electricity Sector Policy Drivers

The policies identified above are helping shape development of the electricity sector. As discussed
in the 2016 IEPR Update, the electricity sector has already made tremendous progress in
reducing GHG emissions and improving environmental performance. Notably, GHG emissions
from the electricity system in 2015 were already 23.9 percent below 1990 levels. Figure 7 shows
the decline of GHG emissions serving the California ISO annually since 2014.

Figure 7: GHG Reductions in the California ISO System Since 2014
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Source: California ISO, presentation by Mark Rothleder at May 12, 2017, IEPR workshop.

This reduction has been achieved even with declines in two of the state’s zero-GHG sources of
electricity with the permanent closure of the £;,2602,200 MW San Onofre Nuclear Generating
Station in 2013 and the loss of hydropower generation during the four-year drought. The state’s
last remaining in-state nuclear power plant, Diablo Canyon, will close by 2025 and Pacific Gas
and Electric Co. will increase investments in energy efficiency, renewable resources, and energy
storage beyond current mandates.32 (For more information on spent nuclear fuel management,
see Appendix A.)

Below are highlights of some of the key policy drivers that have helped reduce GHG emissions
from the electricity sector in California.

32 PG&E News Release, “In Step with California’s Evolving Energy Policy, PG&E, Labor and Environmental Groups
Announce Proposal to Increase Energy Efficiency, Renewables and Storage While Phasing Out Nuclear Power Over the
Next Decade.” June 21, 2016. Retrieved from
http://www.pge.com/en/about/newsroom/newsdetails/index.page?title=20160621_in_step_with_californias_evolving_
energy_policy_pge_labor_and_environmental_groups_announce_proposal_to_increase_energy_efficiency_renewables
_and_storage_while_phasing_out_nuclear_power_over_the next_decade.
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Legislative and Regulatory Drivers

Energy Efficiency

Energy efficiency entails using advancements in technology to provide the same or better level of
energy service33 to a consumer, while using less energy. SB 350 calls for the Energy Commission
to establish targets that will achieve a cumulative doubling of energy efficiency savings by 2030.
(For more discussion, see Chapter 2.) Additional energy efficiency innovation in buildings and
appliances — the historical focus of California’s energy efficiency work — will be needed to achieve
these savings targets. Further, deeper savings will also be needed in industry and agriculture,
areas that have received less attention but where additional potential may exist. SB 350
continues, enhances, and expands the existing building energy efficiency program established by
Assembly Bill 758 (Skinner, Chapter 470, Statutes of 2009) and contained in the Existing
Building Energy Efficiency Action Plan.34

Renewable Energy and Distributed Resources

A major policy driver in the electricity sector is the state’s RPS, which was established in 2002
and accelerated and expanded in subsequent years. The Energy Commission estimates that
California’s in-state operating renewable energy capacity (wind, solar, geothermal, biomass, and
small hydroelectric) was 27,500 MW as of June 2017,35 up from 6,800 MW in 2001.36 California
leads the nation in electricity production from solar energy, geothermal, and biomass.37

Cost reductions in renewable energy sources, particularly solar and wind energy, have helped
spur market growth for renewables. Between 2008 and 2015, the cost for land-based wind has
declined 41 percent, distributed PV has declined 54 percent, and utility-scale PV has gone down
by 64 percent. (See Figure 8.)

Figure 8: Cost Reductions in Five Clean Energy Technologies (2008-2015)
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Source: U.S. Department of Energy. September 2016. Revolution ... Now: The Future Arrives for Five Clean
Energy Technologies — 2016 Update.

33 “Energy service” includes all the ways people use energy, including for lighting, heating, and air conditioning.
34 http://www.energy.ca.gov/ab758/documents/.

35 The California Energy Commission’s Tracking Progress Web page, Renewable Energy, updated August 2017,
http://www.energy.ca.gov/renewables/tracking_progress/documents/renewable.pdf.

36 California Energy Commission Staff. 2016. 2016 Integrated Energy Policy Report Update. California Energy
Commission. Publication Number: CEC-100-2016-003-CMF.

37 Energy Information Administration California State Profile, Last Updated October 20, 2016.
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http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-05/TN205919_20150828T153953_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-05/TN205919_20150828T153953_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf

As the state moves forward to implement the 50 percent requirement, more work is needed to
maximize the benefits of renewable energy (for more discussion, see Chapter 3) while electrifying
the transportation sector (for more discussion, see Chapters 2, 3, and 4, and Appendix H) and
maintaining system reliability. (For more discussion of reliability issues in Southern California,
see Chapter 11.)

In 2006, Senate Bill 1 (Murray, Chapter 132, Statutes of 2006) established a suite of solar
programs with a goal of building a self-sustaining solar market combined with high levels of
energy efficiency in the state’s homes and businesses. The legislation set an ambitious goal to
install 3,000 MW of behind-the-meter solar by 2017. The state far exceeded the goal with about
5,800 MW of solar photovoltaics installed in California as of June 30, 2017. This is more than
triple the amount installed since 2012, and almost 2,700 MW were installed in 2015 and 2016.
Figure 9 shows the amount of new solar self-generation (rooftop PV) interconnected to the
electricity system annually from 2006 to 2016.The growth in behind-the-meter resources is a
fundamental shift in the energy sector away from large-scale facilities, which creates many new
challenges and opportunities, as discussed in Chapter 3. (See Chapter 6 for information on efforts
to better incorporate behind-the-meter solar into the 10-year electricity forecast.)

Figure 9: Annual Additional Installed Solar Self-Generation Capacity
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Source: California Energy Commission staff. Sources include [D8] through [D12], [D14]. Also includes NEM
projects that have not received California renewable energy incentives [D14]. Updated June 2017.

Transportation Electrification

California cannot meet its climate and energy goals solely with advancements in the electricity
sector. Reducing emissions from the transportation system with low-carbon alternative fuel
vehicles is critical. A major policy goal, as discussed below in “Transportation Policy Drivers,” is
to electrify the transportation sector, which addresses the use of electricity from external power
sources for mobility. With half of all the plug-in electric vehicles driven nationwide located here,
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California is already leading the way. Further growth in transportation electrification provides
challenges and opportunities to the electricity system.

Emission Performance Standard

Senate Bill 1368 (Perata, Chapter 598, Statutes of 2006) established another key policy for
reducing GHG emissions — California’s Emissions Performance Standard. This standard prevents
California utilities from making new long-term commitments (five years or more) to high GHG-
emitting baseload power plants — plants that emit more than 1,100 pounds of CO, per megawatt-
hour. This restriction is encouraging California utilities’ divestiture of high GHG-emitting power
plants. Coal-fired electricity preducedferconsumed in California has declined about #5-86
percent since the standard was enacted in 200638 and is expected to be zero by 2026.3°

Water-Use Efficiency and Phase-Out of Once-Through Cooling Technologies

As reported on in the 2016 IEPR Update, conserving freshwater and avoiding wasteful use have
long been part of the state’s water policy.40 The Energy Commission encourages power plant
developers in California to reduce water consumption by using water-efficient technologies and to
conserve freshwater by using recycled water. This policy conserves water and makes the electricity
system more resilient to drought.

In 2010, the State Water Resources Control Board (SWRCB) adopted a policy to phase out the use
of once-through cooling (OTC) technologies while maintaining the critical needs of the state’s
electricity system.#! The OTC policy reduces the discharge of heated water into marine and
estuarine ecosystems and the death of species through impingement and entrainment.42 Overall,
the state is ahead of schedule for OTC phase-out, but in August 2017, the SWRCB-recently
approved a request from the energy agencies for a delay in the implementation schedule for one
power plant, Encina_Units 2—5, to maintain energy reliability in Southern California. The Office of
Administrative Law approved the amendment in December 2017. (For more information, see
Chapter 11.)

Changes in Electricity Market Structure

As California works to further transform its electricity sector, it must do so in the midst of a
fundamentally changing industry. Market developments, technological innovations, and policy
actions have helped put into motion a shift away from having the investor-owned and publicly
owned utilities as the energy provider for most Californians. Consumer choice is proliferating. For
example, millions of Californians are installing their own rooftop solar, and local government

39 The California Energy Commission’s Tracking Progress Web page, Actual and Expected Energy From Coal for
California, updated Nevember-3;2616December 2017.

40 State Constitution, Article X, Section 2 and SWRCB Resolution 75-58.

41 SWRCB, Statewide Policy on the Use of Coastal and Estuarine Waters for Power Plant Cooling (Attachment 1), 2010,
http://www.waterboards.ca.gov/water_issues/programs/ocean/cwa316/docs/policy100110.pdf.

42 Impingement is the entrapment and death of large marine organisms on cooling system intake screens, and
entrapment is the death of small plants and animals that pass through the intake into the plant.
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agencies are forming community choice aggregators (CCAs) that can directly develop and buy
electricity on behalf of their customers.43 The CPUC exercises relatively limited authority over
CCAs,%4 as CCAs’ elected officials set rates and determine procurement strategies within certain
parameters, including the RPS mandates.

At the beginning of 2017, five CCAs were operating in California and collectively serving 915,000
customers: MCE Clean Energy, Sonoma Clean Power, CleanPowerSF, Lancaster Choice Energy,
and Peninsula Clean Energy.4® By September 2017, three-four additional CCAs — Silicon Valley
Clean Energy, Apple Valley Choice Energy, ard-Redwood Coast Energy Authority, and Pico Rivera
Innovative Municipal Energy — had begun serving customers. Up to Eeight CCAs are anticipated
to launch in 2018, and an additional 17 cities and counties are exploring CCAs.46 Reeent

eEstimates predict that as much as 25 percent of investor-owned utility retail electric load could
be unbundled by the end of 2017 due to the increase in CCAs, self-generation, and electric service
providers. This number could reach 85 percent in the next decade — or as many as 15 million to
20 million customers.47

43 Authorized in 2002 by Assembly Bill 117 (Migden, Chapter 838, Statutes of 2002) and later expanded in 2011 by Senate
Bill 790 (Leno, Chapter 599, Statutes of 2011), a CCA is created through a local city or county ordinance and automatically
enrolls all customers in its service area, unless the customer opts out. The CCA takes charge of electricity procurement,
and the local investor-owned utility retains responsibility for transmission and distribution, metering, billing, and
customer service.

44 The following is an excerpt from a report by the CPUC titled California’s Renewables Portfolio Standard, Annual
Report, November 2017, available at

http://www.cpuc.ca.gov/uploadedFiles/CPUC_Website/Content/Utilities_and_ Industries/Energy/Reports_and_White
Papers/Nov%202017%20-%20RPS%20Annual%20Report.pdf. “As additional CCAs are formed, the CPUC will oversee a
significantly smaller percentage of renewable procurement in the State, as the CPUC has limited jurisdiction over the
procurement activities of CCA or ESP providers. If the 10Us lose such large portions of their customer demand, the result
will be that the CPUC will not have the authority to monitor most renewable energy procurement activities in as much
detail, as it has traditionally done for RPS.”

45 Consumer and Retail Choice, the Role of the Utility, and an Evolving Regulatory Framework. 2017. California Public
Utilities Commission.
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/News_Room/News_and_Updates/Retail%20C
hoice%20White%20Paper%205%208%2017.pdf.

46 LEAN Energy US. http://www.leanenergyus.org/cca-by-state/california/, accessed September 1, 2017.
47 Consumer and Retail Choice, the Role of the Utility, and an Evolving Regulatory Framework. 2017. California Public
Utilities Commission.

http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/News_Room/News_and_Updates/Retail%20C
hoice%20White%20Paper%205%208%2017.pdf.
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Figure 10: Operational, Pending, and Potential CCAs
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Source: California Energy Commission Tracking Progress on Renewable Energy, Updated December 2017,
http://www.energy.ca.gov/renewables/tracking_progress/#renewable

Meanwhile, more consumers are installing their own PV systems with net energy metering, driven
largely by cost reductions and technology innovation. This has been an ongoing trend, with about
4,700 MW installed since January 2011 for a total of 5,800 MW of solar self-generation capacity

installed by June 2017. As storage costs come down, consumers may also begin installing their
own storage systems.-Censumers-are-nereasinglyableto-participate-inand-make-cheicesabed

the-energy-they-use-

The shift to CCAs, the increase in behind-the-meter solar, and increases in energy efficiency have
all contributed to 10Us being long on supply and not entering long-term contracts. PG&E
reported that it has not conducted any long-term procurement since 2014 and does not
“anticipate a need to do anything besides short-term, small, hourly, monthly procurement.”48
PG&E also stated that it is “no longer necessarily a buyer... And as more load continues to shift,
PG&E'’s position will be more capacity sales.”#2 As an example, PG&E is selling small

hydroelectric facilities. >0 forlong-term-procurement—tnstead its-procurementactivities-have

48 Joe Lawlor, PG&E, April 24, 2017, Transcript, pp. 99—100.

49 Joe Lawlor, PG&E, April 24, 2017, Transcript, pp. 88—89.

50 Jim Gill, PG&E, April 24, 2017, Transcript, pp. 94-96.
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| the-sale-of small-hydroelectricfacilities->:-In response to a question from Chair Weisenmiller
about long-term procurement for resource adequacy needs, SCE reported, “Although SCE may
ask for terms out to five years forward, recently, SCE has been executing shorter term
transactions, in consideration of load departure risk.”52

More broadly, the increase in self-generation has reduced the 10U and POU customer base and,
consequently, the revenue sources that have traditionally been available for other infrastructure
investments aside from generation. Achieving the state’s GHG emissions reduction goals will
require large investments in EV charging infrastructure, new renewable power plants, solutions to
help integrate increasing amounts of solar and wind generation, distribution system upgrades,
transmission lines, and more. A staff white paper by the CPUC stated, “Much of the policy
framework underpinning the [GHG reduction, RPS, and transportation electrification] goals has
presumed the electric utility serves as the central agent for making these investments, raising low-
cost capital in financial markets, and then recovering costs through sales of electricity. Yet, at the
same time that California is grappling with how to plot a path forward to build this infrastructure
in the most efficient, reliable and equitable way, the status quo retail electric service model is
being upended.”53

There is uncertainty about the ability of CCAs to secure financing for the magnitude of the long-
term investments needed to advance California’s energy and climate goals. Some CCAs have
begun to sign long-term contracts as their growth continues and load forecast stabilizes.”>4 CCAs

do not have credit ratings, however, and although a report by Chadbourne suggested possible
workarounds, it noted that “[credit support] would have to come from the municipalities inside
the CCA service area and, thus, would require approval by the county board of supervisors or one
or more city councils.”® Matt Freedman from The Utility Reform Network testified to the Senate

Standing Committee on Energy, Utilities and Communications on August 2, 2017, that “new CCAs
are primarily ... signing short term contracts for existing resources and it takes quite a number of
years for CCAs to build the financial capacity to get new projects developed in any significant
guantities. So ... what we get is where we are today, which essentially is the valley of death for

v 7 7 7 7

52 SCE Comments on Risk of Economic Retirement for California Power Plants, submitted May 8, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
14/TN217472_20170508T135111_Catherine_Hackney Comments_SCE_Comments_on_Risk_of Economic_Ret.pdf.

53 Consumer and Retail Choice, the Role of the Utility, and an Evolving Regulatory Framework. 2017. California Public
Utilities Commission.
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/News_Room/News_and_Updates/Retail%20C
hoice%20White%20Paper%205%208%2017.pdf.

54 Projects include a 100 MW power plant in Kings County based on contracts with Marin Clean Energy and Sonoma
Clean Power in 2016 and another 100 MW utility-scale solar project that was financed in 2017 that is expected to go on-
line in 2019. Deanne M. B. Barrow, Financing Projects with CCA Contracts, December 2017.
http://www.nortonrosefulbright.com/knowledge/publications/158256/financing-projects-with-cca-
contracts?utm_source=vuture&utm_medium=email&utm_campaign=20171220%20project%20finance%20newswire_2
0%20december%202017.

55 Chadbourne, Project Finance NewsWire, Financing Projects with Community Choice Aggregators, June 2017.
Chadbourne & Parke has since merged with Norton Rose Fulbright.
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procurement. ...There are developers that cannot get their projects contracted or built.”>6 A long-
term risk for CCAs is that their customers could opt out of service and return to the investor-
owned utility. David McNeil, finance manager at Marin Clean Energy, stated that “the opt-out
rate during an enrollment period does not really matter from a risk perspective because we are
not procuring for that load over the long term. The risk that CCAs have is that you have a whole
bunch of customers, you procure for those customers, and then they opt out.”

Considerable work is needed to better understand how best to advance the state’s climate and
energy goals in the midst of this changing landscape.

To start framing and addressing the policy issues around the shift to consumer choice and
decentralization, the Energy Commission and CPUC held a joint “en banc” workshop on May 19,
2017. There are questions about what party will make the capital investments needed, for
example, to assure energy reliability as variable, renewable generation grows. Other roles
traditionally served by the utilities that may not be well served in the changing market include:

e Energy efficiency programs.

e Research and development.

e Service to low-income consumers.

e Access to advanced technologies for all consumers.

e Large capital investments needed to assure energy reliability.

Conversely, markets and technology innovations can provide new and faster opportunities to
reduce GHG emissions. At the workshop, Energy Commission Chair Robert B. Weisenmiller
pointed to the need to transform society to meet the state’s climate goals, noting, “Utilities are
part of the engine for doing that. And their ability to do that, to provide the financial
commitments, is not obvious going forward. So somebody's got to help us do that transformation.
And there are ways that innovation can drive it faster. And there are other ways where we may
find the pieces we need are not really in place.”>’ To aid in making strategic, timely, and informed

decisions regarding the transformation of the California electric market, the CPUC formed the
California Customer Choice Project. As part of the project, the CPUC held an informal initial
public workshop on October 31, 2017, to gather stakeholder input on national and global electric
market choice models, including California’s projected 2020 status. Input from the workshop will
inform the CPUC's assessment of the state’s current regulatory structure for customer choice,
alternative frameworks, and barriers to implementation. The CPUC plans to issue the California
customer choice white paper in early 2018 for stakeholder input and a final paper in spring 2018.

56 Testimony of Matt Freedman from The Utility Reform Network to the Senate Standing Committee on Energy, Utilities
and Communications on August 2, 2017,
https://ca.digitaldemocracy.org/hearing/54261?startTime=60&vid=e321456e2bfa461c2fce3e7c92e65a8a.

57 May 19, 2017, workshop transcript, pp. 18—19.
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Assuring that California’s climate and energy goals are achieved as the industry evolves, with
access for all Californians, will require thoughtful and ongoing consideration by policy makers
and regulators.

Transportation Sector Policy Drivers

As discussed above, the transportation sector is the most significant emitter of GHGs in
California, directly accounting for 38.5 percent of in-state emissions_.and which increases to about
50 percent when including emissions from refineries. %8 Direct emissions from the transportation
sector arettis also the largest contributor to the formation of ozone and emissions of small
particulate matter and diesel particulate matter, accounting for nearly 80 percent of nitrogen
oxide emissions and 90 percent of diesel particulate matter emissions in the state.>°

To meet California’s aggressive climate change goals and to protect public health and the
environment, the state will need to dramatically reduce these emissions in the coming years.
Numerous policy drivers and programs are now in place that, if successful, will help achieve these
goals. Table 1 summarizes some of these policies and programs, which are discussed below.

58 CARB. California Greenhouse Gas Emission Inventory. June 6, 2017. Available at
https://www.arb.ca.gov/cc/inventory/data/data.htm.

59 CARB. Mobile Source Strategy. May 2016, https://www.arb.ca.gov/planning/sip/2016sip/2016mobsrc.pdf.
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Table 1: California Transportation Policy Drivers

Policy Origin

Objectives

Goals and Milestones

Policy Goals

Executive Order B-16-2012,
Senate Bill 1275 (2014)

Increased Zero-
Emission Vehicles

1 million zero-emission vehicles by 2023
and 1.5 million zero-emission vehicles by
2025, including required infrastructure

Executive Order B-32-15,
Sustainable Freight Action Plan

Air Quality Improvement
GHG Reduction
Petroleum Reduction

Improve freight efficiency and transition
freight movement to zero-emission
technologies

Senate Bill 1383 (2016)

Increase Renewable
Gas Use

Adopt policies and incentives to increase
the production and use of renewable gas

Regulations and Requirements

Advanced Clean Cars
Regulation (ZEV requirement)

Increased Zero-
Emission Vehicles

Require automakers to produce increasing
numbers of ZEVs through Model Year 2025

Senate Bill 350 (2015)

Increased Zero-
EmissionPlug-In Electric
Vehicles

Require utilities to plan for or invest in
electric vehicle charging or both

Federal Clean Air Act of 1970

Air Quality

80 percent reduction in NOy by 2031

Low-Carbon Fuel Standard

GHG Reduction

Reduce carbon intensity of transportation
fuels in California by 10 percent by 2020

Incentives

Assembly Bill 8 (2013)

GHG Reduction
Air Quality Improvement
Petroleum Reduction

Transform the state’s fuel and vehicle types
to attain state climate change goals and
improve air quality

Low-Carbon Transportation
Investments (from Greenhouse
Gas Reduction Fund)

GHG Reduction Air
Quality Improvement

Accelerate development and deployment of
clean mobile source technologies

Volkswagen Settlement
(“Electrify America”)

Increased Zero-
Emission Vehicles

Support growth of zero-emission vehicles

Source: California Energy Commission

Policy Goals

Zero-emission vehicles (ZEVs) are a cornerstone of the state’s efforts to reduce GHG and criteria
pollutant emissions. Two current policy drivers have set ZEV deployment goals, the first of which
is Executive Order B-16-12, issued by Governor Brown in March 2012. This executive order set a
target for California to have 1.5 million ZEVs, and the infrastructure to support them, on the road
by 2025 and tasked various state agencies with specific actions needed to support this goal. The
Governor’s Office of Planning and Research produced the ZEV Action Plan, issued in 201360 and

60 https://www.opr.ca.gov/docs/Governor's_Office_ZEV_Action_Plan_(02-13).pdf.
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subsequently updated in July 2016,5! to identify actions that the state government would take to
meet the milestones in the executive order.

Following Executive Order B-16-12, Senate Bill 1275 (De Le6n, Chapter 530, Statutes of 2014)
established the Charge Ahead California Initiative, which is administered by CARB in
consultation with the Energy Commission and related agencies. This statute establishes a goal of
placing 1 million zero-emission and near-zero-emission vehicles in service by January 1, 2023,
while providing increased access to these vehicles for disadvantaged, low-income, and moderate-
income communities and consumers. (For more information about transportation electrification,
see Chapters 2, 3, 4, and 6 and Appendices D and H.) Plug-in electric vehicles are expected to
form the majority of these ZEVs, with hydrogen fuel cell electric vehicles accounting for a notable
share as well.

Freight vehicles present unique opportunities for target improvement. Even though they
represent just 3 percent of the vehicle stock in California, they are responsible for 23 percent of
on-road GHG emissions. Executive Order B-32-15, issued by Governor Brown in July 2015,
ordered the development of an integrated action plan to improve freight efficiency, transition to
zero-emission technologies, and increase the competitiveness of California’s freight system. The
resulting California Sustainable Freight Action Plan was released in July 2016 and identifies
state policies, programs, and investments to achieve these targets. The plan was developed as a
combined effort by the California State Transportation, California Environmental Protection, and
California Natural Resources Agencies, including CARB, the California Department of
Transportation, the Energy Commission, and the Governor’s Office of Business and Economic
Development, in partnership with the public and stakeholders.

A requirement of SB 1383 is for the Energy Commission, along with the CPUC and CARB, to
consider incentives and policies that will significantly increase the sustainable production and use
of renewable gas. Increasing renewable gas production will not only reduce emissions of methane
(an SLCP), but can also provide a low- or negative-carbon transportation fuel well suited for
freight and fleet vehicles. For more information, see Chapter 9.

Regulations and Requirements

In 2012, CARB adopted the Advanced Clean Cars program, which included the ZEV regulation.
The ZEV regulation requires automakers to produce an increasing mix of battery-electric vehicles,
plug-in hybrid electric vehicles, and/or fuel cell electric vehicles from Model Year 2018 through
Model Year 2025. Compliance is based on generating or purchasing enough credits, which are
assigned to each vehicle based on attributes such as electric driving range. A midterm review of
the Advanced Clean Cars program included an assessment of credits generated to date and
compliance scenarios for reaching this cleaner mix of vehicles.

Although it did not set a specific goal or milestone, SB 350 also emphasizes transportation
electrification as a critical element to achieving the state’s GHG emissions reduction goals. In

61 https://www.gov.ca.gov/docs/2016_ZEV_Action_Plan.pdf.
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particular, SB 350 requires retail electrical corporations to file applications for investments with
the CPUC that will accelerate transportation electrification. The legislation also requires specified
publicly owned electric utilities to adopt IRPs that address procurement for transportation
electrification.

The federal Clean Air Act of 1970 (42 U.S.C. 7401) authorized the U.S. Environmental Protection
Agency (U.S. EPA) to establish National Ambient Air Quality Standards to protect public health.
To achieve these standards, the Clean Air Act directs states to develop state implementation plans
that describe how an area plans to attain them. The transportation sector, being responsible for
the majority of emissions for several criteria pollutants, continues to be a major focus of state
implementation plans. CARB, in coordination with local air quality districts, is the state agency
responsible for developing the California state implementation plans and for controlling
emissions from cars, trucks, other mobile sources, and consumer products.

In May 2016, CARB released a Mobile Source Strategy that outlines a coordinated effort to meet
air quality standards, achieve state GHG emissions targets, minimize exposure to toxic air
contaminants, reduce petroleum use by up to 50 percent by 2030, and increase energy efficiency
and renewable electricity generation. Many of the actions recommended in the strategy, such as
increasing the use of ZEVs and renewably sourced alternative fuels, correspond with other state
policy goals and activities undertaken by the Energy Commission.

As part of the state’s implementation of AB 32, CARB adopted the Low-Carbon Fuel Standard
(LCFS) regulation in 2009. The LCFS is designed to encourage the use of cleaner low-carbon fuels
by creating market incentives for near-term GHG emissions reductions. It has a goal of reducing
the overall carbon intensity of fuel within the transportation sector by 10 percent by 2020. Since
the regulation came into effect, regulated parties have had to slowly reduce the carbon intensity of
their fuel. The LCFS provides regulated parties with credits for the production of low-carbon fuel,
with each credit equal to the reduction of 1 metric ton of carbon dioxide equivalent (COz€), or
roughly equivalent to the amount of COze released from the combustion of about 90 gallons of
gasoline. The credits can then be sold to other regulated parties that are not achieving the
required reductions in carbon intensity.

The LCFS program also produces California-specific life-cycle analyses of GHG emissions for
fuels using a consistent method of calculation across multiple fuel pathways. The life-cycle GHG
emission numbers are used by the Energy Commission to assess opportunities from different
alternative fuels and estimate GHG emissions reduction potential.

Incentives

To help address state GHG emissions and air pollution objectives, the California Legislature
passed Assembly Bill 118 (Nufiez, Chapter 750, Statutes of 2007). This legislation created the
Alternative and Renewable Fuel and Vehicle Technology Program (ARFVTP), which is
administered by the Energy Commission; the Air Quality Improvement Program (AQIP), which is
administered by CARB; and the Enhanced Fleet Modernization Program, which is administered
by the Bureau of Automotive Repair and CARB. The ARFVTP provides up to $100 million per
year for projects that transform California’s fuel and vehicle types to help attain the state’s climate
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change policies. Assembly Bill 8 (Perea, Chapter
401, Statutes of 2013) extended the collection of
fees that support the ARFVTP through January 1,
2024. Through the ARFVTP, the Energy
Commission funds a broad range of projects types
without adopting any preferred fuel or technology.
Since its inception, the ARFVTP has been a major
source of funding for biofuel production plants,
electric vehicle charging infrastructure, hydrogen
refueling infrastructure, natural gas vehicles and
fueling stations, alternative fuel workforce training,
and alternative fuel freight vehicles. For more
information, see Appendix D: Benefits Report for
the Alternative and Renewable Fuel and Vehicle
Technology Program. Under AQIP, CARB created
the Clean Vehicle Rebate Project, which provides
funding incentives for the purchase or lease of new
battery-electric vehicles, plug-in hybrid electric
vehicles, and fuel cell electric vehicles.

With revenue from the sales of allowances under

Greenhouse Gas Reduction Fund

In December 2017, CARB adopted the Fiscal Year
2017-18 Funding Plan for Clean Transportation
Incentives. The largest part of this funding plan is
the Low Carbon Transportation Investments, which
are funded with $560 million of cap-and-trade
auction proceeds. These investments include $140
million for the Clean Vehicle Rebate Project, $100
million for transportation equity projects, $140 million
for advanced freight equipment demonstration and
deployment, and $180 million for clean truck and
bus vouchers.

Volkswagen Diesel Emission Settlement

To remedy the harm caused from the use of illegal
emission test defeat devices, Volkswagen has
agreed to a series of penalties and investments for
the benefit of the people of California. Volkswagen
will pay $422 million to mitigate excess nitrous oxide
emissions, $153.8 million in civil penalties, and $25
million for low-income consumer vehicle
replacement programs. In addition, Volkswagen,
through its subsidiary Electrify America, will invest
$800 million over a 10 year period in zero-emission
vehicle-related projects in California.

the AB 32 cap-and-trade system, CARB has also made significant investments into the
development and commercialization of cleaner vehicles. Through Fiscal Year 2016—2017, the
state had appropriated $695 million from its Greenhouse Gas Reduction Fund for low-carbon
transportation projects under CARB. This funding covers a wide array of vehicle types and
applications, with the largest share of funding supporting the Clean Vehicle Rebate Project
incentives for light-duty battery-electric vehicles, plug-in hybrid electric vehicles, and fuel cell
electric vehicles. CARB has also prioritized projects addressing the medium- and heavy-duty
vehicle sectors, including advanced technology freight demonstration projects and zero-emission
truck and bus pilot projects. For Fiscal Year 2017-2018, the state provided an additional $560
million toward similar low-carbon transportation projects under CARB, plus $85 million for
reducing agricultural sector emissions (including trucks) and $250 million to support the Carl

Moyer and Proposition 1B clean truck programs.

Beginning with its 2009 model year, Volkswagen sold diesel vehicles in California that violated

federal and state law by using illegal devices to defeat emission tests. To remedy the harm caused

by the use of these devices, Volkswagen agreed to a series of settlement agreements with the state

of California. For more information on this settlement, see the sidebar above. Volkswagen's

investments will occur over a 10-year period and are expected to fund projects such as fueling

infrastructure for zero-emission vehicles, consumer awareness campaigns, and car-sharing

programs. The first cycle of the Volkswagen ZEV investments, which covers January 2017 through
June 2019, is expected to invest $120 million in electric vehicle charging infrastructure, including
community charging and highway fast charging. The investments also include an estimated $20
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million for public education and $44 million for planning and infrastructure for a green city

initiative.

Conclusion

Meeting California’s climate goals requires a fundamental transformation of its energy system
away from fossil fuels. California is increasingly using renewable fuels in its electricity system and
moving to an electrified transportation system. The state will need to draw upon a wide variety of
solutions to meet its goals while navigating an evolving market structure. California is moving
aggressively to achieve its climate and clean air goals with advanced technologies that can be
accessed by all Californians while working diligently to maintain reliability, protect public health
and the environment, and enhance the economy.

Recommendations

e The Energy Commission and the California Public Utilities Commission (CPUC)
should continue to address policies issues associated with the decentralization
of the electricity sector. The growth in consumer choice, such as community choice
aggregators and behind-the-meter generation, are fundamentally changing the structure of
the electricity sector and affecting implementation of public policies such as energy efficiency
efforts, services to low income consumers, access to advanced technologies for all consumers,
and research and development. The Energy Commission and the CPUC should continue the
discussion initiated by the en banc public meeting held May 19, 2017, to address how best to
advance public policy in the electricity sector given these changes in the electricity market
structure.
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CHAPTER 2:
Implementing the Clean Energy and
Pollution Reduction Act, Senate Bill 350

On October 7, 2015, Governor Edmund G. Brown Jr. signed the Clean Energy and Pollution
Reduction Act, Senate Bill 350 (De Ledn, Chapter 547, Statutes of 2015), into law. SB 350
accelerated the trajectory of California’s clean energy transition to substantially reduce
greenhouse gas (GHG) emissions and respond to the threat of climate change by codifying new
ambitious clean energy goals to be achieved by 2030. Among other mandates, SB 350:

¢ Increases the Renewables Portfolio Standard (RPS) procurement target from 33 percent
to 50 percent of retail sales by 2030.

e Requires the Energy Commission to “establish annual targets for statewide energy
efficiency savings and demand reduction that will achieve a cumulative doubling of
statewide energy efficiency savings in electricity and natural gas final end uses by 2030.”

e Encourages the electrification of the transportation system.

Upon signing SB 350, Governor Brown stated, “California has taken groundbreaking steps to
increase the efficiency of our cars, buildings, and appliances and provide ever more renewable
energy. With SB 350, we deepen our commitment.”

SB 350 further requires a long-term planning process for California’s load-serving entities (LSES)
and local publicly owned electric utilities (POUSs) to cost-effectively reduce GHG emissions and
meet other policy goals with a diverse portfolio of supply-side and demand-side resources. In
planning for a low-carbon energy future, SB 350 also prioritizes transportation sector
electrification and the increased adoption of energy efficiency, demand response, and energy
storage while emphasizing the need for providing benefits of clean energy to low-income
customers and disadvantaged communities.

SB 350, and subsequently Senate Bill 1393 (De Ledn, Chapter 677, Statutes of 2016), also set the
stage for other activities to support the overarching goals of decarbonizing the state’s energy
systems and ensuring all Californians are able to participate in the clean energy economy. Other
specific requirements include:

e Setting the stage for the California Independent System Operator (California 1SO) to
become a regional organization, contingent upon approval from the Legislature. (See
Chapter 3 for more information.)

e Requiring studies to be completed on the barriers and opportunities for low-income
residents and disadvantaged communities in accessing energy efficiency, weatherization,
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renewable energy, and clean transportation options. The Energy Commission adopted the
Low-Income Barriers Study, Part A in December 2016.62

e Regularly updating the Existing Building Energy Efficiency Action Plan, consistent with
doubling statewide energy efficiency savings by 2030. The first such update was adopted
by the Energy Commission in December 2016.63 Working with the California Public
Utilities Commission (CPUC) to establish a disadvantaged community advisory group to
provide advice on programs proposed to achieve clean energy and pollution reduction. A
draft framework was published for comment in August 2017, with a charter scheduled to

be released in fall 2017.

e Adopting responsible contractor policies to ensure retrofits meet high-quality
performance standards and to establish consumer protection guidelines for energy

efficiency products and services.

e Incoordination with the CPUC, establishing a publicly available tracking system to
provide current information on progress toward meeting SB 350 goals.

Integrated Resource Planning for the Electric Sector

Integrated resource planning (IRP) is a strategy
that balances the mix of demand and supply
resources over a long-term planning horizon to
meet specified policy goals. (See sidebar for a
definition of integrated resource planning.) SB
350 requires a new emphasis on GHG
emissions reduction planning targets for 2030
while maintaining grid reliability at reasonable
cost. The IRP process, as implemented under
SB 350, requires close coordination and
alignment of agency processes to bring together
the state’s previously fragmented, resource-
specific planning and procurement activities.
The Energy Commission and the CPUC have
separate but related roles in California’s
resource planning processes. The 16 POUs that
meet threshold size requirements will file their
IRPs with the Energy Commission, while
investor-owned utilities (I0Us) and other LSEs

Definition of Integrated Resource Planning

“Rather than least-cost supply expansion, ...[integrated
resource planning] means integrating a broader range of
technological options, including technologies for energy
efficiency and load control on the ‘demand-side,’ as well
as decentralized and non-utility generating sources, into
the mix of potential resources. Also, it means integrating
a broader range of cost components, including
environmental and other social costs, into the evaluation
and selection of potential technical resources.

The expected result of the market and non-market
changes brought about by IRP is to create a more
favorable economic environment for the development and
application of efficient end-use technologies and cleaner
and less centralized supply technologies, including
renewable sources. IRP means that these options will be
considered, and the inclusion of environmental costs
means that they will appear relatively attractive compared
to traditional supply options.”

Source: Joel N. Swisher, Gilberto de Martino Jannuzzi,
Robert Y. Redllinger, United Nations Environment
Programme, Tools and Methods for Resource Planning,
Improving Energy Efficiency and Protecting the
Environment, November 1997

62 Scavo, Jordan, Suzanne Korosec, Esteban Guerrero, Bill Pennington, and Pamela Doughman. 2016. Low-Income
Barriers Study, Part A: Overcoming Barriers to Energy Efficiency and Renewables for Low-Income Customers and
Small Business Contracting Opportunities in Disadvantaged Communities. California Energy Commission. Publication

Number: CEC-300-2016-009-CMF.

63 California Energy Commission. 2016. Existing Building Energy Efficiency Action Plan Update. CEC-400-2016-023-

CMF.
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will file with the CPUC.

There are a variety of other requirements that POUs and LSEs must meet in their IRP filings.
Separate processes are underway at each agency to implement the required provisions for their
respective jurisdictions. The processes for completing these are described in the next sections,
following an explanation of the joint agency process for establishing GHG emissions targets.

Establishing GHG Emissions Planning Targets

SB 350 specifies that the California Air Resources Board (CARB) establish GHG emissions
reduction targets, in coordination with the CPUC and the Energy Commission, for the electricity
sector. Further, the statute requires CARB to set targets for each LSE and POU that reflect the
electricity sector's percentage in achieving economywide GHG emissions reductions of 40 percent
from 1990 levels by 2030.54 The LSEs and POUs will then use these GHG emissions reduction
targets in preparing their IRPs.

To develop the methods for establishing these targets, CARB has been participating in a joint
agency process with the Energy Commission and the CPUC. Efforts to establish GHG emissions
reduction planning targets for use in IRPs began with the February 23, 2017, joint agency IEPR
workshop and publication of a staff options paper on the potential pathways for determining
GHG targets.®> At the workshop, staff described a preference for using an electric sector target
based on the range identified in CARB’s Scoping Plan Update, which would then be apportioned
between the POUs under the Energy Commission’s jurisdiction and the LSEs under the CPUC'’s
jurisdiction. Staff suggested that methods for allocating targets to the LSEs and POUs be
determined separately by the respective agencies before the specific targets are ultimately
established by CARB.

At an April 17, 2017, joint agency workshop on Potential Methodologies to Establish GHG
Emission Reduction Targets for POU IRPs, Energy Commission staff presented a proposed
method for determining POU-specific targets based on CARB’s method for allocating free
emissions allowances to retail electric providers for 2021—2030. In brief, the proposed method for
developing individual targets uses the 2015 Integrated Energy Policy Report (2015 IEPR)
electricity demand forecast for 2030 retail sales and net energy for load (load minus self-
generation such as rooftop solar) for each retail electric provider minus the expected amount of
zero-GHG energy (renewables needed to meet the 50 percent RPS requirement and other zero-
carbon resources such as large hydro or nuclear). This yields a gas-fired residual with an assumed
emissions intensity of 0.4354 metric tons per megawatt-hour.86 This residual is constrained to be
at least 5 percent of net energy for load to allow a small amount of gas-fired generation to balance
the portfolio. The resulting value for each LSE and POU would be its share of the sectorwide

64 Public Utilities Code, Section 454.2 (a) (A).

65 Options for Setting GHG Planning Targets for Integrated Resource Planning and Apportioning Targets among
Publicly Owned Utilities and Load-Serving Entities, CPUC and California Energy Commission staff discussion document,
February 10, 2017.

66 Proposed Amendments to the California Cap in Greenhouse Gas Emissions and Market-Based Compliance
Mechanisms Regulation: 2021-2030 Allowance Allocation to Electrical Distribution Utilities, December 21, 2016.
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target ultimately established by CARB in its Scoping Plan Update. The CPUC informally agreed to
use this method to determine the initial apportionment between I0Us and POUs.

The proposed method could be updated with new POU and LSE forecasts developed for the 2017
IEPR or to reflect any changes in CARB’s method or both, but neither of these updates is expected
to have a significant impact on the individual targets. The sectoral target established by CARB will
be the most significant determinant of POU and LSE targets.

CARB adopted California’'s 2017 Climate Change Scoping Plan on December 14, 2017, building
on past successes while also proposing new, integrated strategies to reduce both GHGs and air
pollution. The Scoping Plan sets a range of 30—53 MMCTO2E for estimated GHG reductions
below 1990 levels for the electric power sector.8’ This range will help inform CARB's setting of the
SB 350 GHG emission reduction planning targets in coordination with the Energy Commission
and the CPUC.

POU Integrated Resource Plans

SB 350 codified Public Utilities Code Sections 9621 and 9622, which require POUs with an
average electrical demand exceeding 700 gigawatt-hours — as determined on a three-year average
commencing January 1, 2013 — to adopt IRPs and submit them to the Energy Commission for
review. Moreover, the Energy Commission is required to review POU IRPs for consistency with
Public Utilities Code Section 9621 and provide recommendations for correcting any deficiencies.

Starting with a scoping workshop held in April 2016, the Energy Commission held a public
process for developing guidelines that govern the submission of information needed to review
POU IRPs. This process culminated in the adoption of guidelines for POU IRPs on August 9,
2017.68

As specified in SB 350 and reinforced in the guidelines, affected POUs are required to adopt IRPs
that achieve several minimum planning standards. These standards were codified in Public
Utilities Code 9621. POU IRPs must:

e Meet the GHG emissions reduction planning targets described above.

e Procure at least 50 percent eligible renewable energy resources by December 31, 2030,
consistent with the RPS.

¢ Minimize impacts to retail rates and, as appropriate, serve its customers at just and
reasonable rates.

e Ensure system and local reliability.

67 CARB, California’s 2017 Climate Change Scoping Plan, November 2017,
https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf.

68 Vidaver, David, Garry O’Neill-Mariscal, Melissa Jones, Paul Deaver, and Robert Kennedy. 2017. Publicly Owned Utility
Integrated Resource Plan Submission and Review Guidelines. California Energy Commission. Publication Number: CEC-
200-2017-004-CMD.
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e Strengthen the diversity, sustainability, and resilience of the bulk transmission and
distribution systems, and local communities.89

e Enhance distribution systems and demand-side energy management.

e Minimize localized air pollutants and other GHG emissions, with early priority on
disadvantaged communities identified under Section 39711 of the Health and Safety
Code.

POU IRPs must also address procurement of:
e Energy efficiency and demand response resources.
e Energy storage.
e Transportation electrification.
e Resource adequacy requirements.
o Diversified resources and contracts.

Furthermore, PUC Section 9622 requires the Energy Commission to review POU IRPs to
determine whether each is consistent with PUC Section 9621 and the requirements described
above. If determined to be inconsistent, the Energy Commission will then provide
recommendations to correct any deficiencies identified.

POU IRP Submission and Review Guidelines

To clarify the scope of activities related to POU IRP submission and review, the Energy
Commission developed and adopted guidelines to govern POU IRP submissions. The guidelines
identify minimum requirements for analyses and data reporting to allow for Energy Commission
review, recommend additional optional analyses, define the administrative procedures for
submitting IRPs, and outline the Energy Commission’s review and determination procedures. To
develop these guidelines, the Energy Commission reviewed existing POU planning processes and
conducted a series of workshops and webinars from May 2016 through May 2017.

PUC Section 9621 requires each POU to adopt an IRP that ensures the utility achieves specific
goals and targets by 2030, as described above. The guidelines require POUs submit data and
supporting information sufficient to demonstrate the utility is meeting these goals and targets.
The minimum planning horizon for the first IRP submittal was defined to be January 1, 2019,
through December 31, 2030. Although not required, POUs are encouraged to undertake and
present analysis in IRPs that addresses the post-2030 period.

Long-term planning generally requires the evaluation of multiple planning scenarios; however, it
is not required. Therefore, the guidelines require that POUs submit data and analyses on at least
one scenario that achieves all the goals and objectives of PUC Section 9621. This scenario
includes, among other things, annual procurement of energy and capacity, renewable energy, and

69 POUs are encouraged to report plans for and progress on policies that increase local participation and effective
investments in clean energy and transportation programs in their service areas.
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demand response resources. POUs are also required to submit an annual projection of GHG
emissions from the IRP scenario portfolio.

Under PUC Section 9621, POU governing boards are required to adopt an IRP on or before
January 1, 2019. The guidelines specify that these IRPs, data, and supporting analyses must be
submitted to the Energy Commission by April 30, 2019. This filing date was chosen to coincide
with IEPR data collection. Updated IRPs are to be filed at least once every five years following the
initial IRP, with due dates specified based on the date of POU governing board adoption.

The guidelines provide that public comments will be accepted on POU IRPs for 30 days after
filing with the Energy Commission. These comments will be considered as related to the
consistency of IRPs with PUC Section 9621. As some parties requested during the development of
guidelines, the Energy Commission is developing a clearinghouse for local POU meetings and
events that highlight the development of IRPs to encourage participation at the local level.

Senate Bill 338 (Skinner, Chapter 389, Statutes of 2017) was signed into law by Governor Brown
on September 30, 2017. SB 338 amends PUC Section 9621 and requires POUs to consider net
peak demand in their IRP process. The Energy Commission’s guidelines will need to be updated
to reflect this change in the Public Utilities Code.

San Diego Gas & Electric Company (SDG&E) suggests the Energy Commission should take a more
critical look at and address the differences between the Energy Commission and CPUC IRP
processes, and advocate broadly for equal levels of oversight and management of the process
across all LSEs.’0 The Energy Commission’s guidelines and review process are consistent with the
authority granted by the Legislature in SB 350. The Energy Commission will monitor and report
to the Legislature in the 2019 IEPR about the POU IRP efforts and implement any additional
requirements from the Leqislature.

10U Integrated Resource Plans

The CPUC'’s Energy Division launched its IRP proceeding in June 2016 with the intent of breaking
down the historically siloed approach to long-term procurement planning, where procurement of
clean, preferred resources was based on targets set in separate, independent proceedings (either
by statute or programs goals). In contrast, the CPUC’s IRP process will be an iterative exercise in
optimization, looking at and modeling all the demand and supply-side resources together over a
20-year planning horizon to identify a portfolio of resources that reflects policy goals and grid
operational constraints. Responsibilities are divided between the CPUC and its jurisdictional
entities, and the analysis depends on an information exchange with the state’s other planning
activities (such as transportation electrification and distributed energy resources).

As noted by Ed Randolph, director of the Energy Division at the CPUC, at the May 12, 2017, joint
agency workshop on the increasing need for flexibility in the electricity system, “The IRP is the
first opportunity for California to look at a potential path from today’s operational conditions to a

70 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221739 20171113T135622_Steve Lango_Comments_Comments_of SDGE_on_2017_ Draft_Integrated.pdf.
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resource mix that achieves the SB 350 and the SB 32 goals.”’! SB 350 added two code sections to
the Public Resources Code as the statutory basis for the IRP. Section 454.51 specifically requires a
“diverse and balanced portfolio,” while Section 454.2 requires the CPUC to adopt a process for
filing IRP documents that ensure certain requirements are met.

The CPUC’s May 2017 staff proposal /2 suggests system modeling to generate diverse portfolios of
resources for a variety of futures and then establishing a “reference system plan” through a
stakeholder process. This preliminary plan would be a modeled, optimized portfolio that meets
the GHG emissions reduction targets reliably and at lowest ratepayer cost. Getting to that plan
involves starting with the Energy Commission’s demand forecasts, the existing fleet of resources
(including planned retirements), and the existing resource mandates, such as the 50 percent RPS
and the doubling of energy efficiency contained in SB 350. Sensitivity analyses will look at how
combinations of different policies — for example, more energy efficiency with more or fewer
electric vehicles — change cost-effective procurement. The modeling will also evaluate impacts on
disadvantaged communities.

Once this CPUC-modeled plan is completed, the LSEs will each develop an individually
responsive plan, taking into account local needs and resource capabilities. The CPUC will then
compare each plan to the reference system plan. In the final step, the CPUC proposes to
aggregate, or combine, these plans in an optimized “preferred resedree-system plan” that will
form the basis for decisions about systemwide investments, procurement, and other programs.’3

prepesed-proeess-The CPUC issuedA a proposed decision eatheoutlining a two-year planning
cycle for the IRP process and the optimal electricity resource portfolio_(reference system plan) to
reach the emissions planning target-is-scheduled-for-September2017 on December 28, 2017.74
CPUC jurisdictional entities will file their IRPs during the first two quarters of 2018, with CPUC
review and eertification-evaluation taking place in the final half of 2018, with new aggregated
portfolio and associated policy actions adopted as the Preferred System Plan to guide

procurement authorization and program activity. tdentified-precurementneedswil-be-evaluated

71 May 12, 2017, Joint Agency workshop on the Increasing Need for Flexibility in the Electricity System,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of _the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.55.

72 Proposal for Implementing Integrated Resource Planning at the CPUC, An Energy Division Staff Proposal, May 17,
2017.

73 The preferred resource plan covers the California ISO balancing area including POU load with the California 1SO. The
POUs outside the California 1SO will be included in the analysis, but not be optimized in the CPUC’s modeling. Resources
from POUs outside the California ISO are modeled as fixed values obtained from other sources.

74 CPUC, Proposed Decision of Commissioner Randolph, Decision Setting Requirements for Load Serving Entities Filing
Integrated Resource Plans, December 28, 2017.
http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M201/K974/201974336.PDF.
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Encouraging Widespread Transportation
Electrification

Transportation directly accounts for abmest-3938.5 percent of statewide GHG emissions.” To
promote emissions reduction in this sector and maximize the use of clean, renewable electricity,
SB 350 encourages widespread transportation electrification across utility service territories to be
included in IRPs.

SB 350 directs the development of transportation electrification policies in multiple sections of
the Public Utilities Code.’® Further, it establishes respective responsibilities for the CPUC and the
Energy Commission in overseeing the IOU and POU programs in transportation electrification.
Consistent with legislative direction, the CPUC, Energy Commission, and CARB have continued
to consult on programs through interagency workshops and working groups to develop policies
that enable efficient planning for the growth in electric transportation.

POU Transportation Electrification

The Energy Commission convened three workshops to inform the development of guidance for
the transportation electrification aspects of the POUs’ IRPs. In October 2016, the Energy
Commission met with four POU representatives’” and the Northern California Power Agency
(NCPA) to discuss their challenges, capabilities, targets, forecasting, and program strategies for
electrification. In addition, modeling consultants, the Southern California Association of
Governments, Nissan, Greenlining Institute, and Electric Vehicle Charging Association provided
information on local community, technology, vehicle adoption, and electricity operational factors
for consideration in resource planning.’8

Staff recommended six categories of information, data, and reports to support the Energy
Commission’s review of electrification plans in the POU IRPs. Staff also recommended that the
information serve as a best practice benchmark for the POUs to use in support of their
achievement of the state’s zero-emission vehicle goals, given their individual priorities,
capabilities, and resources.’® These categories included:

e A guantification, characterization, and location of transportation load.

e Adescription of programs intended to solve barriers to electrification, particularly
addressing disadvantaged communities.

75 CARB Greenhouse Gas Emission Inventory — 2017 Edition, June 6, 2017,
https://www.arb.ca.gov/cc/inventory/data/data.htm .

76 Including Public Utilities Code 237.5, 701.1, 740.3, 740.8, 740.12, 9621 and 9622.

77 Sacramento Municipal Utility District, Los Angeles Department of Water and Power, Burbank Water and Power, Palo
Alto Utilities.

78 California Energy Commission, Presentations — October 5, 2016, Lead Commissioner Workshop on Publicly Owned
Utility Integrated Resource Planning, http://www.energy.ca.gov/altfuels/2016-TRAN-01/documents/2016-10-
05_workshop/2016-10-05_ presentations.php.

79 Crisostomo, N., T. Olson, 2017. Transportation Electrification Guidance for Publicly Owned Utilities’ Integrated
Resource Plans, April 12, 2017, Draft, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217040_20170414T105313_Transportation_Electrification_Guidance_for_Publicly_Owned_Utilities_ Integrated__
Resource_Plans.pdf.
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e Adiscussion of how programs prioritized the segments of the transportation emissions
inventory and leveraged external funding sources.

e Anplan for education and outreach.
e Adescription of the alignment of the plan with California policy and local needs.

e Adescription of how transportation electrification programs coordinated with distributed
energy resource planning.

Staff emphasized the Energy Commission’s willingness to explore supporting the POUs’
achievement of their targets and the state’s electrification targets through collaborative technical
assistance partnerships.

During the two April 2017 workshops, Sacramento Municipal Utility District, Los Angeles
Department of Water and Power, Burbank Water and Power, Redding Electric Utility, and
utilities represented by NCPA, Southern California Public Power Association, and California
Municipal Utilities Association elaborated upon their intent to prioritize rate designs, charging
infrastructure incentives, and educational programs that ease adoption. In addition, the POUs
commonly suggested the need to use the IRPs to track the expenditures associated with adding
electric vehicle load.

Related to this issue, POUs encouraged the use of common industry or government data sets to
reduce utility costs while improving the quality of data, improving efficiency of reporting, and
enabling economic analysis.80 The POUs stated that tracking expenditures would quantify the
total infrastructure funding needed to support state policy goals, enable analysis of emissions
reductions from transportation electrification among other energy resources to justify
investments, and account for ratepayer costs of accommodating the fuel switch from petroleum to
electricity. 8! Critically, the POUs identified the need to remove financial disincentives that may
exist from the new emissions obligations resulting from adding new transportation load, per the
Cap-and-Trade regulation.82 The POUs also highlighted the role of the IRP to qualitatively
describe their programs. Overall, the POUs were receptive to the idea of funding partnerships to
develop and examine programs collaboratively with the Energy Commission to characterize load
and understand the effectiveness of programs.

At the April IEPR workshop on the light-duty vehicles sector, parties identified their information
and reporting priorities for the IRPs. CARB stressed the importance of complementary programs

80 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on_ Integrated.pdf, p.
161-162, and IEPR workshop on April 27, 2017 on Integrated Resource Plans — Light-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217504_20170509T104539_Transcript_of 04272017 __IEPR_Commissioner_Workshop_on_ Integrated.pdf, p. 68
and 92.

81 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__Integrated.pdf, p.
135, 140, 145-146, 156.

82 California Health and Safety Code Section 44258.5(b).
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to the Advanced Clean Cars regulation — like utility or load-serving entity participation in
infrastructure — to enable higher levels of electric vehicle adoption in the current market and the
subsequent version of the regulation after 2025.83 Market researchers compared their methods
on how the declining costs of battery storage and changes in mobility could alter zero-emission
vehicle penetration used in planning expenditures. Charging providers Greenlots and
ChargePoint described the need for utilities to complement their investments — which now
include high-power (150 kilowatts+) direct current fast charging — by redesigning rates, enabling
the use of storage, and streamlining interconnection.84 Tesla, the Alliance of Automobile
Manufacturers, and Coalition for Clean Air highlighted the need to maintain direct and targeted
incentives for vehicles and charging infrastructure and increase educational efforts.8% The Union
of Concerned Scientists indicated how better data about charging behaviors could assist in
modeling electric vehicles to provide flexible load.86

At the IEPR workshop on the medium- and heavy-duty vehicles sector, parties identified different
considerations. CARB stressed the need for the agencies to coordinate vehicle regulations with
infrastructural deployment to provide clear signals for market development.8” The South Coast
Air Quality Management District and San Joaquin Valley Air Pollution Control District commonly
emphasized the need for substantial expanded use of zero-emission vehicles to achieve the
reductions necessary to attain the requirements of the federal Clean Air Act.88 Southern
California Edison described the method of designing its application, which focused on medium-
and heavy-duty charging infrastructure. The California Electric Transportation Coalition cited an
assessment that found the electrification of trucks, buses, forklifts, truck stops, and truck

83 Ayala, A., “Update on CARB’s Policies for Electrification of the Light-duty Sector,” California Air Resources Board,
April 18, 2017, IEPR workshop on Integrated Resource Plans — Light-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217141_20170418T082316_Update_on_Carbs_Policies_for_Electrification_of Light-duty_Sector.pdf.

84 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__ Integrated.pdf, pp.
104, 116.

85 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__ Integrated.pdf, pp.
192, 200, 204.

86 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__Integrated.pdf, pp.
188-189.

87 Brazil, T., “Update on Policies for Electrification of the Heavy Duty Sector,” California Air Resources Board, April 27,
2017, IEPR workshop on Integrated Resource Plans — Medium- and Heavy-Duty Vehicle Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217304_20170426T151237_Update_on_Policies_for_Electrification_of the Heavy Duty Sector.pptx.

88 IEPR workshop on April 27, 2017 on Integrated Resource Plans — Medium- and Heavy-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217504_20170509T104539_Transcript_of 04272017_IEPR_Commissioner_Workshop_on_ Integrated.pdf, pp.
21-22,33-34.
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refrigeration provided net benefits to participants and society, as measured against the total
resource cost and societal cost tests.89

Representatives from CalSTART, the Port of Los Angeles, and the California Transportation
Commission agreed about the need to plan immediately for the interconnection of heavy vehicle
energy and demand to avoid unnecessary grid upgrades or impinging upon the economic or
timely operations of freight and goods movement companies. In particular, these parties
juxtaposed the grid impacts of electrifying the light-duty sector against the volume of heavy-duty
vehicles needed to attain air quality standards and the magnitudes more demand expected from
heavy vehicle fleets and goods equipment.

The California Transportation Commission, CalSTART, and the Port of Los Angeles highlighted
the need to make investments before the rate of PEV adoption accelerates and to experiment with
“creative meddling” to find solutions that ultimately avoid negative impacts to ratepayers and the
economy.90 Similarly, Earth Justice stressed that the utilities need to model the reduction of
transportation emissions within their IRPs in compliance with state and federal law. In particular,
it recommended the quantitative and qualitative measurement of air and health improvements on
disadvantaged communities.®! Toward these points, the University of California, Riverside
identified how connected vehicle and metering technology, if combined with fleet management
systems, could help determine the viability of electrification and associated charging equipment
needs and emissions benefits. 92

As a result of the workshops and in response to comments, the Energy Commission modified
recommendations for the POUs to include the following information, in summary, in their
IRPs: 93

1) Charging profiles for light-duty vehicles and tariffs.

2) Quantity, type, and location of charging infrastructure, and planned investments.

89 ICF International, Energy + Environmental Economics. California Transportation Electrification Assessment Phase
3-Part A: Commercial and Non-Road Grid Impacts — Final Report. http://www.caletc.com/wp-
content/uploads/2016/08/California-Transportation-Electrification-Assessment-Phase-3-Part-A-1.pdf.

90 IEPR workshop on April 27, 2017, on Integrated Resource Plans — Medium- and Heavy-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217504_20170509T104539_Transcript_of 04272017 _IEPR_Commissioner_Workshop_on_ Integrated.pdf, p.
119, 125, 148.

91 CCAEJ, EYCEJ, and Earth Justice Comments on Freight Electrification, May 19, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217666_20170519T165118_Adenike_Adeyeye_Comments_CCAEJ_EYCEJ_and_Earthjustice_Comments.pdf.

92 IEPR workshop on April 27, 2017, on Integrated Resource Plans — Medium- and Heavy-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217504_20170509T104539_Transcript_of 04272017__IEPR_Commissioner_Workshop_on_ Integrated.pdf, p.
137.

93 Vidaver David, Garry O’'Neill-Mariscal, Melissa Jones, Paul Deaver, and Robert Kennedy. 2017. Publicly Owned Utility
Integrated Resource Plan Submission and Review Guidelines. California Energy Commission. Publication Number: CEC-
200-2017-004-CMD. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220089_20170707T143350_Publicly_Owned_Utility Integrated_Resource_Plan_Submission_and.pdf.
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3) Information on other transportation electrification sectors and associated GHG emissions
impacts.

4) A description of how investments are prioritized to promote electrification in the different
transportation sectors and complement nonutility initiatives.

5) Utility costs associated with serving transportation electrification.

6) A description of how transportation electrification investments and planning or modeling
scenarios are aligned with federal, statewide, and/or local air pollution reduction and
zero-emission-vehicle initiatives.

7) Plans to coordinate with adjacent or similarly situated utilities to meet broader
community or regional infrastructure needs and ensure harmonious interterritory
operations of electric transportation technologies.

8) Current or planned programs to promote transportation electrification in disadvantaged
communities.

9) Customer education and outreach efforts.

10) Coordination of transportation electrification investments and incentives with other
distributed energy resource programs or planning.

10U Utilities Transportation Electrification

A September 2016 assigned commissioner’s ruling in R.13-11-007,94 developed through
workshops held in April 20169 and as ratified in D.16-11-005,96 ordered applications from the
six 10Us that addressed the goals of transportation electrification. The CPUC ruling instructed the
utilities to design a portfolio of programs that modified rates to accommodate electrification;
expanded electrification efforts beyond light-duty vehicles into the medium- and heavy-duty
vehicle on-road, off-road, maritime, rail, and aviation sectors; expanded customer education and
outreach; and leveraged the results of previous state investments. In addition, the ruling
highlighted the need to coordinate with existing state and local regulatory efforts related to
transportation, emissions reduction, and integrated resource planning; to ensure safe
interconnection of charging infrastructure and vehicles as storage devices; to complement
nonutility efforts; and to enable standardized communications with vehicles and infrastructure.
Lastly, the ruling permitted utilities to consider new utility incentives or regulatory mechanisms
to advance transportation investments in conjunction with greater use of renewable energy, while
minimizing the financial impact on ratepayers and encouraging market competition.

94 CPUC, Assigned Commissioner’s Ruling Regarding the Filing of the Transportation Electrification Applications
Pursuant to Senate Bill 350, September 14, 2016,
http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M167/K099/167099725.PDF.

95 California Public Utilities Commission’s Transportation Electrification Activities Pursuant to Senate Bill 350 Web page,
http://www.cpuc.ca.gov/sb350te/.

96 CPUC, Decision 16-11-005, Decision Making Small Electrical Corporations Respondents to this Rulemaking,
November 16, 2016, http://docs.cpuc.ca.gov/PublishedDocs/Published/GO00/M169/K717/169717954.PDF.
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The CPUC's guidance discussed the need for a utility’s portfolio of programs to reduce vehicle
emissions in proportion to its share of statewide reductions (described in CARB’s Climate Change
Scoping Plan and Mobile Source Strategy to reduce air pollution). In addition, it requested that
the portfolio align to and inform the respective IRP and use the Energy Commission and CARB
forecasts for vehicles. The CPUC outlined how utilities should describe the projects in their
portfolios to assist planning:

o Market segment and vehicles targeted

e Time frame

e Relevant regulations

e Vehicles supported

¢ Monitoring and evaluation plan

e Costs and rate impacts

e Grid impacts

e Leveraged funding and project partners
e Emissions benefits

e Stranded asset risk mitigation

In January 2017, Southern California Edison, Pacific Gas and Electric, and San Diego Gas &
Electric submitted applications requesting ratepayer investments totaling $1.06 billion. These
programs consisted primarily of charging infrastructure for on-road medium- and heavy-duty
vehicles (73 percent) and residential light-duty vehicles (23 percent).%7 The remainder consisted
of public direct current fast charging, off-road infrastructure, taxi/ride-sharing, and education
and outreach programs. In June 2017, Bear Valley Electric, PacifiCorp, and Liberty Utilities
submitted applications totaling $7.4 million, primarily consisting of public DC fast chargers and
residential make-ready infrastructure. The CPUC is-anticipated-te-approved-ermedify-the

propesals-inthe lOU-applications-by-early-2018 a decision98 authorizing six SDG&E projects
($18.5 million), five SCE projects ($16 million), and four PG&E projects ($8.1 million) that are

designed for a pilot deployment for the electrification of school buses, delivery trucks,
airport/seaport equipment, truck stops, commuter locations, DC fast charging in urban locations,
and car dealership incentives. The CPUC prioritized 100 percent deployment in disadvantaged
communities where feasible. The CPUC is anticipated to approve or modify the IOUs’ remaining
proposals in 2018.

97 Mesrobian, A., “SB 350 Transportation Electrification: A Perspective from the CPUC,” California Public Utilities
Commission, April 18, 2017, IEPR workshop on Integrated Resource Plans—Light-Duty Vehicles Sector,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217133_20170417T164542_SB_350_Transportation_Electrification.ppt.

98 California Public Utilities Commission, Proposed Decision of ALJs Golberg and Cooke, Decision on the Transportation

Electrlflcatlon Prlorltv Rewew Pr0|ects November 22, 2017

-PBFhttp://docs.cpuc.ca.gov/PublishedDocs

/Efl Ie/GOOO/M198/K874/198874393 PDEF.




Figure 11: 2017 10U Transportation Electrification Portfolios
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Next Steps

The Energy Commission will work with the CPUC and CARB to identify how transportation
electrification investments in integrated resource planning can be further aligned to attain
statewide GHG and air pollutant emissions reduction goals. Specific actions toward this
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alignment beyond and in complement to the IRP process are included in the Recommendations
section below.

Other Lessons Learned

Drawing on workshops conducted as part of the 2017 IEPR proceeding, the Energy Commission
staff identified several additional themes relevant to the accelerated deployment of charging
technologies across multiple classes of vehicles. Although these additional themes were not
discussed during the IEPR proceeding, the Energy Commission believes it important to tee them
up for possible further consideration.

Rapidly Evolving PEV Technologies and Uses

Rapid declines in battery costs are enabling greater diversification in electric vehicle classes and
models, affordability, and driving range between charges. The principal technology driver of
transportation electrification is the improving economics of battery energy storage and
corresponding increase in electric driving range.

Increases in overall vehicle use through sharing fleets and automated driving will also advance
transportation electrification. This prevalence is derived from potential lower operational and
fueling costs of an EV compared to a conventional vehicle and recovering any incremental capital
expenses over more miles. In fact, per-mile trip costs might be reduced further with autonomous
vehicles that are capable of driving themselves at even higher usage factors. CARB and the Energy
Commission have pursued research and demonstrations of shared mobility technologies, 99: 100
including those that can be integrated with the grid to guide these trends toward environmental
benefits. 101, 102 The CPUC is also considering how transportation network company regulations
might apply to autonomous vehicles providing passenger transportation service.103

Ongoing Need for Coordination and Partnerships

At the state level, infrastructure funding needs to be used as strategically as possible. This can be
better achieved by consistently tracking budgets and expenditures across sectors, identifying gaps
for additional needed funds, and identifying opportunities to reduce the need for public funding
through coordinated, scaled investment (such as for commercial applications of electrified
transportation). Better coordination will help leverage the results of prior infrastructure funding
efforts, enable more strategic procurement, advance infrastructure development, and share best

99 California Air Resources Board, “Summary of the Car Sharing and Mobility Options Pilot Project,” June 2016,
https://www.arb.ca.gov/msprog/agip/ldv_pilots/car_sharing_faq.pdf.

100 California Energy Commission, “Request for Information Innovative Electric Mobility (E-Mobility) Services,” May 10
2017, http://www.energy.ca.gov/contracts/notices/2016-05-10_ARFVTP_eMobility_RFI.pdf.

101 Gutierrez, A., V. Lew, A. Ng, F. Pifia, L. Speigel, E. Stokes. 2017. EPIC Proposed 2018-2020 Triennial Investment
Plan. California Energy Commission, CEC-500-2017-023-CMF. http://docketpublic.energy.ca.gov/PublicDocuments/17-
EPIC-01/TN217366_20170501T115606_Application_of_the_California_Energy_Commission_for_Approval_of.pdf.

102 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__Integrated.pdf, p. 37.

103 Randolph, L. Amended Phase Ill. B. Scoping Memo and Ruling of Assigned Commissioner, California Public Utilities
Commission , June 12, 2017, http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M190/K174/190174048.PDF.
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practices. Better coordination could be achieved through partnerships with local transportation
and energy decision makers to track policy and procurement developments that affect electric
transportation demand. Comments highlighted the need for local governments to lead and

develop “EV readiness plans and [pass] local ordinances to increase EV adoption and ensure
sufficient infrastructure is built out.”104 Under Assembly Bill 1236, all cities and counties must

adopt ordinances to expedite and streamline the permitting process for EV charging stations by
September 30, 2017. The Government Operations Agency is coordinating the state’s effort to
enable construction in existing nonresidential buildings and multifamily dwellings.105 Further,

requirements for new buildings will be considered in the Building Standards Commission’s 2018
Code Adoption Cycle.106 The ARFVTP’s EV Ready Communities Challenge emphasizes the
importance of “accelerated deployment of electrified transportation within the local and regional

levels with a holistic and futuristic view of regional transportation planning” and will support
subsequent installations.107

There is much to be learned at the national level and internationally as well. For example, while
the U.S. market is relatively small compared to that of Europe and China, the marginal effects of
customer demand or regulatory policy from a single market on total international production
volumes can influence the time frame when vehicles become cost-effective for customers and
profitable for automakers.108

Economics of Faster Charging Infrastructure

By 2020, the time to recharge light-duty EVs is expected to converge toward parity with
conventional, liquid-fueled vehicles, with the introduction of EVs designed with batteries capable
of accepting direct current (DC) “high power charging” from 1 kilovolt and 350—400 ampere
infrastructure.109 For example, the Combined Charging Standard has developed technology
capable of providing energy seven times as quickly as commonly available 50 kW DC fast
chargers. However, sites and facilities may not be able to sustain economic service to high-power
fast chargers or arrays of charging to fully-electrified vehicle fleets if they do not plan for
interconnection, electrical upgrades, and manage the added load on retail electric rates. This is
certainly a topic that warrants further research and discussion, including within the context of

104 Tesla comments on 2017 Draft IEPR, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221738_20171113T140110_Francesca_Wahl_Comments_2017_Draft IEPR__ Tesla_Comments.pdf.

105 Office of the Governor, October 12, 2017, https://www.gov.ca.gov/docs/AB_1239 Veto_Message 2017.pdf.

106 California Green Building Standards Code (Cal. Code Regs., Title 24, Part 11) and California Building Standards
Commission, 2018 Triennial Code Adoption Cycle,
http://www.bsc.ca.gov/Rulemaking/adoptcycle/2018TriennialCodeAdoptionCycle.aspx.

107 California Energy Commission Grant Funding Opportunity GFO-17-604, Electric Vehicle Ready Communities
Challenge Phase 1 — Blueprint Plan Development http://www.energy.ca.gov/contracts/transportation.htmI#GFO-17-604.

108 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on__Integrated.pdf, p. 60.

109 CharInN., “The path to a global charging standard,” March 23, 2017.
"http://www.charinev.org/fileadmin/Downloads/Presentations/2017_CharIN_Charge_Days_Bracklo.pdf.
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medium- and heavy-duty PEVs, as a result of pending incentives for electric trucks and buses10
and given the importance of connector standards and leveraging load control technologies to
manage costs.111

Furthering Customer Education

One critical hurdle to rapidly increasing uptake of zero--emission vehicles is that most of the
public does not realize that these vehicles are here and available for purchase. Programs to
continue consumer education about electric cars and available options to refuel these cars are
essential to driving rapid adoption. Government agencies, automakers, utilities, charging
companies, and environmental advocacy and community organizations unanimously support the
need for mass market public outreach campaigns that increase awareness about electrification. 12
These efforts will need to be sustained to broaden potential customers’ awareness and comfort
with EVs.

While outside the scope of the IEPR workshops that took place as part of the 2017 report, all four
of these other lessons learned warrant further discussion and attention.

Doubling Energy Efficiency Savings

SB 350 directs the Energy Commission to establish ambitious annual targets to achieve a
statewide cumulative doubling of energy efficiency savings in electricity and natural gas final uses
by January 1, 2030. Achieving the doubling targets is one of the primary ways the electricity
sector can help the state achieve its long-term climate goal of reducing GHG emissions to 40
percent below 1990 levels by 2030. The Energy Commission has proposed targets for electricity
and natural gas savings that can be achieved through utility and nonutility energy efficiency
programs.13 The doubling targets were developed in collaboration with the CPUC, 10Us, POUSs,
and other stakeholders in a public process. In addition to establishing the doubling targets, the
Energy Commission is required to report to the Legislature biennially on progress being achieved
toward the targets and the impacts on disadvantaged communities._The energy efficiency savings
doubling targets were adopted by the Energy Commission on November 7, 2017. Thus, the
current methods and results have been finalized. However, the Energy Commission encourages
strong stakeholder participation in future updates, and the framework for the targets is expected
to evolve over time.

110 California Air Resources Board, Proposed Fiscal Year 2017-18 Funding Plan for Clean Transportation Incentives,
Board Presentation, December 14, 2017, https://www.arb.ca.gov/board/books/2017/121417/17-12-4pres.pdf.

111 California Energy Commission, Fourth Annual California Multi-Agency Update on Vehicle-Grid Integration Research,
Discussion Panel: Identifying Opportunities and Barriers to Advance Vehicle-Grid Integration into the Medium- / Heavy-
Duty Sector, December 5, 2017, http://www.energy.ca.gov/research/notices/#12052017.

112 IEPR workshop on April 18, 2017, on Integrated Resource Plans — Light-Duty Vehicles Sector, http,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN217403_20170504T100212_Transcript_of 04182017_IEPR_Commissioner_Workshop_on_ Integrated.pdf, p.
161-162, 192, 200, 204.

113 Jones, Melissa, Michael Jaske, Michael Kenney, Brian Samuelson, Cynthia Rogers, Elena Giyenko, and Manjit Ahuja.
2017. Senate Bill 350: Doubling Energy Efficiency Savings by 2030. California Energy Commission. Publication Number:
CEC-400-2017-010-CMD. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
06/TN220927_20170828T144323_Senate_Bill_350_Doubling_Energy_ Efficiency_Savings_by_2030.pdf.
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The Energy Commission acknowledges the proposed SB 350 energy efficiency savings targets are
bold. Meeting them will require the concerted effort of many entities, including state and local
governments, utilities, program deliverers, private lenders, market participants, and end-use
customers. The state will need to harness new and emerging technologies, along with innovative
program designs and creative market solutions, to unlock California’s potential energy efficiency
savings. But with proper tracking of savings, midcourse corrections, and ongoing support from
the state’s leadership, California is poised to meet the doubling targets by 2030.

At the public workshop on the SB 350: Doubling Energy Efficiency Savings by 2030 Draft
Report, the energy efficiency industry encouraged the Energy Commission to continue the work
needed to realize the energy savings targets presented. In particular, it was suggested that specific
action steps should be established with responsible entities and time frames identified to achieve
the objective of realizing significant increases in the energy savings derived from efficiency.114
The Energy Commission expects to accomplish this in its ongoing collaborations with the CPUC,
other state and local governments, and industry, which will be reflected in the reguired-future
combined updates to the SB 350 target-setting and the Existing Buildings Energy Efficiency
Action Plan.

Establishing SB 350 Doubling Targets

SB 350 directs the Energy Commission to base the SB 350 targets on a doubling of additional
achievable energy efficiency (AAEE) contained in the California Energy Demand Updated
Forecast, 2015—2025 extended to 2030 using an average annual growth rate and the most recent
energy efficiency targets adopted by POUSs, to the extent doing so is cost-effective, feasible, and
will not adversely impact public health and safety.11> AAEE savings include incremental savings
from the future market potential identified in utility potential studies not included in the baseline
demand forecast, but reasonably expected to occur, including future updates of building codes,
appliance regulations, and new or expanded 10U or POU efficiency programs.116

Energy efficiency savings projections were developed for utility-based and nonutility activities.
Utility program portfolios are funded by ratepayers under either the CPUC or a local jurisdiction
and administered by the state’s IOUs, other LSEs, community choice aggregators (CCAs), regional
energy networks (RENS), or the state’s POUs. Nonutility activities may be funded by state
agencies_and local governments but also include efforts led by private third parties, industry, and
consumer groups with little or no government resources. Such market-oriented programs can
increase energy efficiency at the final uses of retail customers through financing, directly
installing energy efficiency measures, and increasing public awareness of energy efficiency best
practices. The Energy Commission used utility and nonutility categories as an initial attempt to
distinguish between enerqy efficiency savings potential captured in the IOU and POU potential

114 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-06/TN221285_20170921T135907

115 Kavalec, Chris, 2015. California Energy Demand Updated Forecast, 2015-2025. California Energy Commission,
Electricity Supply Analysis Division. Publication Number: CEC-200-2014-009-CMF.
http://www.energy.ca.gov/2014publications/CEC-200-2014-009/CEC-200-2014-009-CMF.pdf.

116 AAEE savings are incremental projections beyond the committed energy efficiency included in the Energy
Commission’s baseline demand forecast.
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and goals studies, and savings potential beyond these studies that can be achieved by a host of
energy efficiency providers. These categories are expected to evolve over time as the Energy
Commission works with utilities and stakeholders to implement the SB 350 doubling targets and
provide updates to the Legislature.

The statewide cumulative energy efficiency savings targets for electricity and natural gas, along
with projected savings from utility and nonutility programs, are presented in Figures 12 and 13.
The top line is the arithmetic doubling of projected AAEE savings from 2015 to 2025, with the
2026-t0-2030 projected savings extrapolated using a trend line. In addition, preliminary
estimates of projected energy savings from the agricultural and industrial sectors are included in
the subtargets.

Figure 12: Proposed SB 350 Doubling Target for Electricity (GWh)
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Figure 13: Proposed SB 350 Doubling Target for Natural Gas (MM Therms)
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Utility Energy Efficiency Program Savings

Since the 1970s, California utilities have been offering energy efficiency programs to their
residential and nonresidential customers, including the agriculture and industrial sectors. The
energy efficiency programs the utilities offer are funded by a small fee included in customer bills.
SB 350 directs the Energy Commission, when assessing the feasibility and cost-effectiveness of
utility energy efficiency programs, to consider the results of potential studies. Under current law,
the CPUC and POUs must identify all potentially achievable cost-effective energy efficiency
savings by conducting potential and goals studies.!l” The CPUC must establish energy efficiency
goals for the 10Us, while POU boards set their own efficiency goals. These studies estimate all the
potential energy savings that are available through different technologies, program measure
savings, savings from codes and standards, and savings from behavioral programs that the IOUs
and POUs can use to make up their energy efficiency portfolios.

The CPUC is setting energy efficiency goals for the IOUs based on the most recent IOU potential
and goals study that determines market-based savings potential for IOUs under a given set of
assumptions.118 The POUs’ 2017 report on energy efficiency potential and goals was submitted in

117 Senate Bill 1037 (Kehoe, Chapter 366, Statutes of 2005) and Assembly Bill 2021 (AB 2021) (Levine, Chapter 734,
Statutes of 2006).

118 CPUC. Final Public Report: Energy Efficiency Potential and Goals Study for 2018 and Beyond. August25, 2017.
http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M194/K614/194614840.PDF.
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March 2017.119 Because the most recent studies were not specifically designed to achieve SB 350
targets, additional efforts will be necessary to identify utility program savings beyond the current
goal-setting effort. Because CCAs and RENSs will be important in meeting the SB 350 targets, they
should be an important element of future potential and goals studies carried out by the CPUC.

Additional Utility Energy Efficiency Opportunities

In addition to traditional energy efficiency programs, SB 350 allows fuel substituting-substitution
to count toward the doubling goal in some circumstances;which-is-defined-nthe SB-350

GHG-emissienreductions. The Energy Commission defines fuel substitution as a measure
involving the substitution of one utility-supplied or interconnected energy source for another,
such as electricity and natural gas.120 For example, advances in heat pump technology have made
substituting electricity for natural gas for heating systems more viable and offer increased
efficiency compared to traditional resistance heating devices such as electric water heaters. The
SB350 framework allows fuel substitution to count when equipment installations and
replacements that provide both end-user energy savings and GHG emission reductions.

The vast majority of buildings in California use natural gas for water and space heating.
Substituting heat pumps for natural gas space and water heating might reduce both energy
consumption and GHG emissions.!2! The potential energy efficiency savings from fuel
substitution are included in the projections of nonutility program savings in the following
section.122 To tap into this potential, there are several issues to resolve, including developing
appropriate methods for quantifying energy savings and GHG emission reductions, as well as
addressing cost considerations. Several stakeholders encouraged the Energy Commission and the
CPUC to address all existing policy barriers that limit the ability of utility incentive programs and
the Title 24 Energy Efficiency Standards to encourage fuel substitution.123 The Energy
Commission will seek to resolve any outstanding technical, policy, and cost barriers regarding fuel
substitution, in collaboration with stakeholders. A key step will be to include the topic of fuel

119 California Municipal Utilities Association, Energy Efficiency in California’s Public Power Sector: 11th Edition — 2017,
March 15, 2017, http://www.ncpa.com/wp-content/uploads/2015/02/2017_POU_EE_Reportv2.pdf.

120 In contrast, fuel switching involves shifting from an energy source that is not utility-supplied or interconnected, for
example petroleum, to a utility-supplied or interconnected energy source. These measures are not allowed under SB 350.

121 If the electricity used (the marginal resource) is renewable-based electricity, then GHG emissions would be reduced. If
the marginal generation resource is natural gas-fired electricity, then the coefficient of performance of the heat pump (the
ratio of the useful heat or cooling to work required) would need to be factored into an analysis of emissions.

122 SoCalGas commented, “According to the Energy Planning Analysis Tool, SoCalGas found that full electrification of the
state would cost Californians approximately $345 million annually in higher energy costs, and would cost over $5 billion
to retrofit California’s more than 12 million households with high efficiency electric water heating, space heating, and
cooking end uses.” http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221758 20171113T165037_Southern_California_Gas_Company Comments_SoCalGas _Comments_on_ t.pdf.

123 http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-06/TN221277_20170921T025212;
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
06/TN221294_20170921T164758_Rachel_Golden_Comments_Sierra_Club_Comments_on_SB350_Doubling_EE.pdf;
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

06/TN221291 20170921T164333_Mohit_Chhabra_Comments_Comments_of the_Natural_Resources_Defens.pdf.
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substitution in buildings and industries to reduce the GHG emissions from fossil fuels in future
policy forums and working groups. This will bring together stakeholders to discuss and overcome
the barriers mentioned above.

SB 350 also allows conservation voltage reduction (CVR), which is a proven technology to reduce
energy use and peak demand. By controlling voltage on a distribution circuit to the lower end of
the tolerance bands, efficiency benefits can be realized by end users and the distribution utility.
The energy efficiency potential studies do not include CVR since it is outside the scope of what has
historically been considered energy efficiency. Newer technologies can enable CVR to be more
targeted, uniform, and effective than traditionally was the case. Moving forward, the Energy
Commission can help shape CVR programs that can count toward SB 350 goals.

Utilities may also achieve additional savings by adopting innovative incentive programs that
tackle deeper retrofits of existing buildings. These programs could include upgrades to building
envelopes while coordinating with statewide marketing campaigns such as FlexAlert. A program
that combines retrofits with ongoing marketing could achieve reliable savings compared to
relying on real-time individual customer behavior changes.

Nonutility Energy Efficiency Program Savings

The nonutility subtargets include savings possible from programs at the Energy Commission,
other state agencies, local governments, and private financing institutions, as well as savings due
to broader efficiency market trends that may not be directly traceable to any program at all. The
Energy Commission developed projections of nonutility pregrams-savings that are incremental to
thosethe-energy-savings identified in the utility potential studies, making every effort to minimize
possible double counting. Energy savings from nonutility pregramsactivities were categorized in
three areas: codes and standards, financing, and behavioral and market transformation programs.
Specific programs within these categories are shown in Table 2. While the Energy Commission
has categorized these additional cost-effective energy savings as nonutility programs, some of
these savings could also be realized by future expansions of utility energy efficiency programs.

The purpose for the SB 350 energy efficiency projections was to understand how existing or new
programs could be scaled up to meet the doubling goal. That purpose is different from the
additional achievable energy efficiency projections used to modify a baseline demand forecast
(create a managed forecast) for CPUC and California ISO planning purposes. The nonutility
program-specific analyses used “what if” assumptions and interpolated backward from 2029 for
intermediate year savings. The SB 350 energy efficiency nonutility program projections did not
include peak demand savings projections nor savings at the customary geographic regions that
are used in the electricity and natural gas forecast. In response, Energy Commission staff
evaluated each of these nonutility programs to create an energy scaling factor that reduced
published SB 350 savings projections for some programs for purposes of the demand forecast.
These adjustments were vetted publicly with the Demand Analysis Working Group on October 31,
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2017.124 (More in-depth discussion about these changes is found in Chapter 6 and in the 2018—
2030 California Energy Demand Forecast report.)

Table 2: Nonutility Energy Efficiency Programs

Program Categories Programs

Codes & Standards Building Energy Efficiency Standards (Title 24, Part 6)

California Green Building Standards Code (Title 24,
Part 11)

Appliance Efficiency Regulations (Title 20)

Federal Appliance Standards

Financing Property Assessed Clean Energy (PACE)

Local Government Challenge

Proposition 39

Energy Conservation Assistance Act

Low-Income Weatherization Program

Water Energy Grant

Energy Savings Program (CA Dept. of General
Services)

Potential Air Quality Management District Programs

Behavioral & Market Transformation | State-wide Benchmarking and Public Disclosure
Program

Smart Meter and Controls

Behavioral, Retrocommissioning, and Operational
Savings

Energy Asset Rating

Fuel Substitution

Industrial

Agricultural

Source: California Energy Commission staff, Efficiency Division, August 2017

Codes and Standards

Since the 1970s, the Energy Commission has been responsible for establishing standards for
buildings and appliances that conserve electricity and natural gas. Specific programs within the
codes and standards category that can contribute future energy savings to meet the SB 350
doubling target include Title 24 Building Energy Efficiency Standards (building standards) and
Title 20 state Appliance Efficiency Regulations (appliance regulations), discussed below.
Although the Energy Commission includes codes and standards as non-utility programs for SB
350 program classification, all the IOUs and more of the POUs have included ratepayer-funded
code advocacy programs within their energy efficiency portfolios. The energy savings expected
from Title 24 and Title 20 in the SB 350 target setting assume the ongoing resource commitments
from the Energy Commission, as well as the utilities across the state.

124 Mike Jaske, Role of SB 350 Energy Efficiency Savings in 2017 AAEE,
http://www.dawg.info/sites/default/files/meetings/2017%201EPR%20AAEE%20webinar_v4_MJ_10-27-2017.pdf.
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Building Energy Efficiency Standards

The 2016 building standards that went into effect January 1, 2017, include new requirements for
high-performance insulation within walls and attics. The nonresidential building energy efficiency
standards underwent numerous important yet small changes to building envelope, lighting,
mechanical, electrical, covered processes, and commissioning.125 The 2019 building standards
cycle focuses on additional efficiency opportunities, and for the first time adding self-generation
to the minimum code requirements for residential zere-netenrergy-(ZNE}new construction.
BeyondZNE-ordinances-theAdditional goals of the 2019 building standards are to continue to
reduce GHG emissions, to manage impacts of PV on the grid, to achieve grid harmonization, and
to provide independent compliance paths for both mixed-fuel and all-electric homes. Beyoend-the
2019-Future building standards_updates will likely focus on pursuing; similar goals are-expeeted
to-be-extended-toin high-rise multifamily and nonresidential buildings.

Appliance Efficiency Standards

The Energy Commission sets energy efficiency standards for appliances that are not regulated by
the U.S. Department of Energy. In 2017, the Energy Commission adopted several updates to the
appliance regulations, including improved lighting efficiency by moving toward light-emitting
diode lamps (LEDs) and away from less efficient incandescent, halogen, and compact fluorescent
lamp technologies. Earlier this year, the Energy Commission adopted efficiency standards for
computers and computer monitors.

Earhierthisin Sspring 2017, the Energy Commission formally began considering standards, test
procedures, labeling requirements, and other efficiency measures for several appliances,
including commercial and industrial fans and blowers, general service lamps, spray sprinkler
bodies, tub-spout diverters, and irrigation controllers. In addition, since energy use by plug loads
and miscellaneous electrical loads is growing rapidly in both the residential and commercial
sectors, the Energy Commission recently began developing a roadmap for reducing device
electricity consumption in standby and other low-power modes.126

Financing Programs

Several financing programs offered by state and local agencies and private entities contribute to
nonutility energy savings, as shown in Table 2. Several of these programs are discussed below.

Property Assessed Clean Energy

Since 2007, private lenders have been allowed to offer Property Assessed Clean Energy (PACE)
programs in California.l2? Property owners of residential and commercial buildings can fund
energy efficiency, water efficiency, or renewable energy projects with limited upfront capital using
PACE loans. PACE loans rely on the existing framework of residential property taxes by allowing
property owners to repay the entire loan for a project through a special tax assessment made on

125 California Energy Commission. “2016 Building Energy Efficiency Standards What's New for Residential” California
Energy Commission, accessed June 15, 2017,
http://www.energy.ca.gov/title24/2016standards/documents/whatsnew_2016_building_efficiency_standards.pdf.
126 http://energy.ca.gov/appliances/2017-AAER-06-13/17-AAER-12.html.

127 Assembly Bill 811 (Levine, Chapter 159, Statutes of 2008).
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the property.128 Loan payments can be amortized for a period of up to 20 years, with an option to
extend the payback period as necessary. Some common efficiency measures funded by PACE
financing include building envelope, attic insulation, HVAC equipment and controls, lighting
equipment and controls, and cool roofs.129

Local Government Challenge

The Local Government Challenge program was developed to create an opportunity for local
governments to leverage their connection with constituents and jurisdictions over building and
land-use decisions to help meet local and state energy goals. Fhe-This grant opportunity is open to
cities, counties, joint powers authorities, consortia, councils of governments, housing authorities,
and special districts. The first challenge funding opportunity was divided into two categories: one
for local governments with populations that do not exceed 150,000, to design and implement
their climate action plans or other planning efforts;; and the other for all local governments that
have already set climate and energy goals to propose innovative efficiency deployment projects.

The California Clean Energy Jobs Act

The California Clean Energy Jobs Act (Proposition 39) changed the corporate income tax code
and allocates projected revenue to the state general fund and the Clean Energy Job Creation Fund
for five fiscal years, beginning with fiscal year 2013—14. The Energy Commission leads the
implementation of this program and administers the Proposition 39 K—12 Program, which
provides funding annually for energy efficiency upgrades and clean energy generation projects at
local educational agencies (LEAs). LEAs include public school districts (K—12), charter schools,
state special schools, and county offices of education. The program'’s Citizens Oversight Board
produces an annual report to the Legislature, typically published in March.130

Behavioral and Market Transformation

Fhereare-aAdditional energy efficiency savings that-can result from behavioral and market
transformation changes, as opposed to installing a physical measure like new lighting or HVAC.
These measures include behavioral, retrocommissioning, and operational changes that are
initiated by informing the customer or building owner of energy usage. As of January 1, 2017,
utilities across the state are required to provide whole-building energy data to most commercial
and multifamily building owners upon request. Further, in October 2017, theFhe Energy
Commission adopted complementary is-develeping-regulations te implement-ing requirements
for Whelre—lau#dmgﬂataraeeess—benchmarkmg and publlc disclosure, to take effect in mid-2018-te

128 PACE programs are limited to participating districts where the private lenders have legal agreements with cities and
counties that allow repayment of the loans through property taxes.

129 The term cool roof refers to a roofing product with high solar reflectance and thermal emittance properties. These
properties help reduce electricity used for air conditioning by lowering roof temperatures on hot, sunny days.
http://www.energy.ca.gov/2015publications/CEC-400-2015-014/CEC-400-2015-014-BR.pdf.

130 Citizens Oversight Board Reports are found at:
http://www.energy.ca.gov/efficiency/proposition39/citizens_oversight _board/documents/.

131 Assembly Bill 802 (Williams, Chapter 590, Statutes of 2015).
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i i ite—Prospective building tenants and owners, energy
consultants, policy makers, and others can use this information to decide where to live and work,
where-to target building assessments and improvements--and-hew to develop new energy policies,
and ultimately to track progress toward the SB 350 doubling targets.

Energy Efficiency in Existing Buildings

Assembly Bill 758 (Skinner, Chapter 470, Statutes of 2009) recognized the need for California to
address climate change through reduced energy consumption in existing buildings and has as its
roadmap the Existing Buildings Energy Efficiency Action Plan (EBEE Action Plan).132 As part of
his January 2015 inaugural address, Governor Brown put forward the goal to “double the
efficiency of existing buildings and make heating fuels cleaner” by 2030. The activities described
in the EBEE Action Plan plus the expanded set of programmatic strategies for all retail end uses
will be critical to achieving the Governor’s energy efficiency savings doubling goal as codified in
SB 350.

Further, SB 350 requires the CPUC to revisit its rules governing energy efficiency programs, both
to authorize a broader array of program types and to tie incentive payments to measurable
efficiency results. Also, where feasible and cost-effective, SB 350 requires that energy efficiency
savings be measured with consideration toward the overall reduction in normalized metered
electricity and natural gas consumption.

As required by SB 350, an update to the 2015 EBEE Action Plan was adopted by the Energy
Commission in December 2016, and additional updates will be completed periodically. The 2016
EBEE Action Plan Updatel33 expanded upon the strategies identified in the 2015 EBEE Action
Plan and added new information. Since the 2015 IEPR was published, many recommendations
from the EBEE Action Plan have been put into motion. Additional strategies for addressing
multifamily buildings to build upon the recommendations from the action plan are described in
the “Addressing Barriers Faced by Low-Income Residents and Disadvantaged Communities”
section of this chapter.

132 Existing Buildings Energy Efficiency Action Plan, September 2015, CEC-400-2015-013-F
http://docketpublic.energy.ca.gov/PublicDocuments/15-1EPR-
05/TN206015_20150904T153548_Existing_Buildings_Energy_Efficiency_Action_Plan.pdf.

133 2016EXxisting Buildings Energy Efficiency Plan Update, December 2016, CEC-400-2016-023-CMF.

http://docketpublic.energy.ca.gov/PublicDocuments/16-EBP-
01/TN214801_20161214T155117_Existing_Building_Energy_Efficency_Plan_Update_Deceber_2016_Thi.pdf.
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Strategy 1.2 in the 2016 EBEE
Action Plan Update describes
the importance of
benchmarking and public
disclosure and lists the tasks
necessary to realize the
benefits of such a program. In
October 2017, the Energy
Commission adopted
regulations implementing the
whole-building energy use
data access, benchmarking,
and public disclosure
provisions of Assembly Bill
802 (Williams, Chapter 590,
Statutes of 2015). The data
access portion of the program
provides building owners
with the information they
need to understand energy
usage in their buildings and
make appropriate
improvements. The
benchmarking and public
disclosure portion of the
program will require the
owners of buildings larger
than 50,000 square feet to
report building characteristic
and energy use information
to the Energy Commission
annually beginning in 2018.
Beginning in 2019, the
Energy Commission will
disclose building-level
information on a public
website to help building
owners, prospective buyers
and tenants, energy services
companies, researchers, and
the public better understand
the buildings in which they
live and work. (For

Uneertainty-on-Changes at the National Level is-DisruptingAre Affecting the
Solar Market

energy—marketplaee—Presrdent Trump S admrnlstratlon has promoted an agenda
that focuses federal programs and budget on traditional manufacturing and fossil
fuel industries—Fhe-administration-has and is rolling back several environmental
requirements that support the transition to clean energy on a national level. ia

eredrts—less—valaable—Further aIthouqh the federal tax reform b|II S|qned on

December 22, 2017, preserves the solar investment tax credit for commercial
developers and homeowners, the net impact on solar development from the tax
reform, including a lower corporate tax rate, is unknown.t

Additionally, on January 22, 2018, President Trump approved recommendations to
impose safequard tariffs on imported solar cells and modules. The tariffs start at 30
percent and decrease each year, leveling at 15 percent in the fourth year. The first
2.5 gigawatt of cells imported each year are excluded from the tariffs. Depending
on the cost of the PV modules, the tariff could add about $355 for a 3.2 kW system,
and would drop to $178 after four years when the tariff lowers from 30 percent to
15 percent. Even at the 30 percent level, the tariff will not change the cost-
effectiveness conclusions of the Energy Commission’s Title 24 Building Energy
Efficiency Standards for 2019.

The tariffs resulted from a petition filed with the U.S. International Trade
Commission in April 2017 byAdding-uneertainty. Suniva and SolarWorld, two solar

panel manufacturrng companres —ﬂted—a—petrtren—mth—the-u%rtematrenallrade

mpeﬁed—P—\Leeus-ahd-medules— The petltroners clalmed they are experiencing

extreme financial losses caused by unfair competition from less expensive foreign
manufactured imports_and requested the federal government impose tariffs and
establish a floor price on imported crystalline silicon PV cells and modules.
HowevertThe Solar Energy Industries Association (SEIA), other members of the
solar industry, elected officials, and U.S. trading partners argued against and
continue to oppose the tariffs. SEIA has argued that instituting-tariffs on solar
equipment weuld-will more-than-deuble-theincrease the price of solar panels and
reverse the high-growth trajectory of the market and—H-estimates-the-inerease-in
price-would-decrease-the-demand; resulting in the loss of up to 88,000 solar jobs

across the country, including as many as 16,000 in California. Despite bipartisan

opposition-te-the-case, the ITC-in-ate-Septemberunanimeusly found that imports

of less expensive solar panels have caused injury to domestic solar manufacturers,

and on November 13, 2017, sent-TFhelFC-is-expected-to-presentfindings-and
remedy-recommendations-in-Nevember-2017 remedy recommendations to

President Trump, which provided the basis for the President’s decision.-

1 Keith Martin, Final US tax bill: effect on project finance market, Norton Rose
Fulbright, December 16, 2017,
http://www.nortonrosefulbright.com/knowledge/publications/160375/final-tax-bill-
effect-on-project-finance-market.
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information on how data from AB 802 will be used in the Energy Commission’s forecasting, see
the section “Data and Analytical Needs” in Chapter 7).

Renewables Portfolio Standard

California has long been a leader in transforming the electricity sector through its embrace of
renewable energy. California’s Renewables Portfolio Standard (RPS) was established in 2002 by
Senate Bill 1078 (Sher, Chapter 516, Statutes of 2002) and subsequently accelerated in 2006,
requiring retail sellers of electricity to meet at least 20 percent of retail sales with eligible
renewable resources by 2010. Senate Bill X1-2 (Simitian, Chapter 1, Statutes of 2011) increased
the RPS target to 33 percent by 2020, with benchmarks of 20 percent by the end of 2013 and 25
percent by the end of 2016. The bill also expanded the codified RPS obligations to publicly owned
utilities (POUs).

In 2015, Senate Bill 350 codified the state’s commitment to decarbonize California’s economy.
Among the provisions, SB 350 increased the RPS target to 50 percent by 2030 for all retait
seHersload-serving entities, including investor-owned utilities (I10Us), electricity service
providers, CCAs, and publicly owned utilities.

Supporting the implementation of SB 350, Senator De Ledn highlighted the need for California
utilities, under the leadership of the Energy Commission and the CPUC, to act quickly to procure
as much new renewable energy as possible in advance of the potential expiration of federal clean
energy tax credits. In a letter submitted to CPUC President Michael Picker and Energy
Commission Chair Robert B. Weisenmiller, Senator De Ledn requested that both agencies report
on the steps taken to take advantage of these tax credits in their respective planning processes.134
Chair Weisenmiller relayed this directive to publicly owned utility representatives and other
stakeholders in attendance at a public workshop held at the Energy Commission on May 25,
2017.135 The CPUC and Energy Commission followed-up with a response letter to Senator de
Ledn describing the agencies’ activities in support of his request and some of the challenges faced
by utilities in procuring additional renewable energy resources. 136 Below is a discussion of the
Energy Commission’s efforts in implementing the RPS, with particular focus on RPS rules under
SB 350. There is also a discussion of the role of the CPUC in RPS implementation, as well as
progress toward meetings the state’s RPS goals.

Renewables Portfolio Standard Background

The Energy Commission and the CPUC work collaboratively to implement the RPS. The CPUC
establishes and administers RPS compliance rules for retail sellers of electricity; the Energy

134 May 19, 2017, Letter from Senator de Ledn to CPUC President Picker and Chair Weisenmiller,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217743_20170526T074739_5192017_Letter_from_Senator_De_Leon_to_ CPUC_and_CEC.pdf.

135 May 25, 2017, workshop on Publicly Owned Utility Integrated Resource Plans,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN218252_20170613T135044_Transcript_of the 05252017 _IEPR_Commissioner_Workshop_on_ Draft.pdf, p. 89.

136 August 1, 2017, Letter from CPUC President Picker and Energy Commission Chair Weisenmiller to Senator de Le6n
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Commission has parallel responsibilities for the POUs. The Energy Commission is also charged
with:

e Certifying renewable facilities as eligible for the RPS.

e Developing and implementing a tracking and verification system to ensure that
renewable energy output is counted only once for the RPS.

o Verifying RPS procurement claims.

e Adopting regulations specifying procedures for enforcement of the RPS for POUs and
overseeing compliance activities for POUs.

Retail sellers and POUs demonstrate RPS compliance via renewable energy credits (RECs),
certificates of proof representing the renewable attributes of one megawatt-hour of electricity
generated by an RPS-eligible energy resource.137 Retail sellers and POUs retire RECs
corresponding to a certain percentage of retail sales to meet each RPS compliance period target.

As part of its administrative responsibilities, the Energy Commission verifies the eligibility of
renewable energy procured for each RPS compliance period by both retail sellers and POUs. The
Energy Commission also determines the procurement target calculations for POUSs. In light of
these responsibilities, Energy Commission staff is dedicated to closely following developments in
the changing retail market, including the potential growth of CCAs in both 10U and POU
territories, to understand and respond to issues affecting RPS procurement.

Major Renewables Portfolio Standard Changes Under SB 350

SB 350 brought significant changes to both the RPS targets and rules for compliance. Most
notably, SB 350 expanded the RPS to 50 percent by December 31, 2030. Furthermore, SB 350
provided for new compliance periods for the years after 2030, securing the future position of
renewable energy in California’s electricity sector. These requirements advance the
transformation of the grid and will necessitate the integration of a significantly increased level of
renewable energy resources. (See Chapter 3 for more information.)

SB 350 also sets requirements to bring about more long-term contracting; under SB 350, at least
65 percent of RECs applied in a given compliance period must originate from contracts at least 10
years in length, beginning January 1, 2021. The certainty of long-term contracts can provide
security for developers to finance new renewable generation, as well as stability in future resource
planning.

The RPS program has sought to provide flexibility to retail sellers and POUs in meeting the RPS
targets. In keeping with this goal of flexibility, SB 350 adjusted rules governing the optional
compliance measures that may be applied by a retail seller or POU in meeting RPS requirements.

137 Eligible renewable resources for the RPS may include wind, solar photovoltaic, solar thermal, geothermal, small
hydroelectric, biogas, and biomass. Refer to the Renewables Portfolio Standard (RPS) Eligibility Guidebook for complete
eligibility criteria.
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Additional Flexibility for Publicly Owned Utilities

California’s POUs are widely diverse in size, demographics, customer base, geography, resources,
and governance. In recognition of the unique challenges that certain POUs may face, particularly
as the RPS mandate ramps up to 50 percent by 2030, SB 350 provides partial exemptions under
specific criteria for POUs impacted by single-year fluctuations in qualifying large hydro output or
unavoidable, long-term, out-of-state contracts for coal-fired generation.

SB 350 also acknowledges the role of voluntary green pricing and shared renewables programs in
meeting California’s renewable energy and GHG reduction goals. Such programs allow utility
customers greater access to renewable energy, such as through options to purchase electricity
with a higher mix of renewables or to directly access the output of individual renewable energy
generation. SB 350 allows a POU to exclude from its retail sales any renewable generation
credited to a customer participating in a voluntary green pricing or shared renewables program,
effectively reducing a POU'’s additional RPS obligation. This recognition of green pricing and
shared renewables programs in the RPS is consistent with the treatment of 10U programs under
the Green Tariff Shared Renewables Program enacted by Senate Bill 43 (Wolk, Chapter 413,
Statutes of 2013).

Implementation Schedule

The bulk of the RPS changes for SB 350 take effect January 1, 2021; however, certain provisions
allowing program flexibility may be applied in earlier compliance periods. The Energy
Commission and CPUC are working to implement the changes in a timely manner and are
coordinating to ensure consistent application of the statute, as appropriate.

The Energy Commission has already reflected changes following SB 350 in the RPS Eligibility
Guidebook, revised in April 2017. The Energy Commission is also responsible for establishing
compliance requirements for local POUs, codified in the Enforcement Procedures for the
Renewables Portfolio Standard for Local Publicly Owned Electric Utilities (“RPS POU
Regulations™). Energy Commission staff is preparing to update the RPS POU Regulations to
implement SB 350_and to update provisions regarding the application and review of optional
compliance measures and anticipates initiating a formal rulemaking in the seeend-half-of
20%#irst half of 2018.

The CPUC implements RPS compliance rules for retail sellers. In Decision 16-12-040, the CPUC
adopted new compliance periods and procurement quantity requirements for retail sellers under
SB 350. On June 29, 2017, the CPUC approved Decision 17-06-026, which implemented new
long-term contracting requirements and updated rules for excess procurement and identified that
a subsequent decision will implement any needed changes to the RPS enforcement processes.

Progress Toward 50 Percent Renewables

The RPS provides a path for the state’s utilities to procure renewable resources equal to 50
percent of their retail sales by 2030 by establishing increasingly progressive procurement targets
for multiyear compliance periods. Table 3 below illustrates the RPS targets from the first
compliance period through 2030.
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Table 3: RPS Targets
RPS Target for Last

End of Compliance Period Year in ComPIiance
Period®
December 31, 2013 20%
December 31, 2016 25%
December 31, 2020 33%
December 31, 2024 40%
December 31, 2027 45%
December 31, 2030 50%

Source: California Energy Commission staff

As described, the Energy Commission verifies the eligibility of RPS claims for both retail sellers
and POUs. Final RPS compliance is determined by the Energy Commission and the CPUC, for
POUs and retail sellers respectively, after the Energy Commission has verified all RPS claims.
Thus, RPS compliance may be determined only after the conclusion of each compliance period.

The Energy Commission and CPUC are finalizing RPS compliance results for the 2011-2013
compliance period, and the Energy Commission is verifying RPS claims for the 2014—2016
compliance period. Based on early results from the first compliance period, as well as a proxy
estimate of RPS compliance, the Energy Commission estimates that California is well on track to
meeting its RPS mandate.

Statewide Progress

Since the California’s RPS was established in 2002, renewable-based electricity has increased by
about 2.5 times. This growth is a result of state policies to advance renewable energy (Figure 14),
coupled with reductions in the cost of renewables discussed in Chapter 1.

The Energy Commission estimates that about 29-30 percent of California’s retail electricity sales
in 2016-2017 were served by renewable energy generated from RPS-eligible resources.13° Though
this estimate is a proxy for RPS progress, rather than an exact accounting, it nonetheless indicates
significant progress toward achieving the state’s renewable energy goalsnclading-the RRStarget
of 25-percent by 2016.

138 The Energy Commission and CPUC are charged with adopting soft targets for the intervening years of each
compliance period to reflect reasonable progress toward achieving the RPS. A load-serving entity’s RPS procurement
obligation for a given compliance period is the sum of procurement needed to meet the RPS target in the last year and the
soft targets for the intervening years.

139 The generation reflected in this estimate is subject to verification and does not reflect the full accounting rules used to
determine RPS compliance.
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Figure 14: California Renewable Energy Generation by Resource Type
(In-State and Out-of-State)*
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Source: California Energy Commission, Tracking Progress, Renewable Energy, updated August-December 2017
*Does not include behind-the-meter generation

Investor-Owned Utility Progress

The CPUC estimates that for the 2011-2013 compliance period, California’s three largest IOUs
collectively served 22.7 percent of their retail electricity sales with eligible renewable electricity
based on verified RPS compliance numbers, exceeding the 20 percent target. Furthermore, the
CPUC reports California’s three largest 10Us collectively served 27.6 percent of their electric retail
sales in 2015 with electricity generated by eligible renewable resources (Table 4 below). At the
same time, these 10Us are forecasted to have contracted sufficient RPS procurement to meet their
compliance obligations in 2020, indicating substantial progress.
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Table 4: IOU Renewable Procurement Status

Actuals Forecasted
Compliance Period 1 Compliance Period 2 Compliance Period 3
20% Requirement 25% Requirement 33% Requirement

2011 | 2012 2013 2014 | 2015 | 2016 2017 | 2018 | 2019 | 2020

20% 20% 23% 28% | 30% | 35% 38% | 42% | 47% | 50%

Source: CPUC http://www.cpuc.ca.gov/renewables/h
accessed Junel9January 5,-20182017.

POU Progress

For the first compliance period, the Energy Commission has adopted final verification reports140
for 43 POUs. These 43 POUs reported to the Energy Commission a combined 20.6 percent of
retail electricity sales from eligible renewable resources, collectively meeting the 20 percent RPS
target for 2013. Based on the adopted verification reports, 26 POUs met the procurement
requirements, and 16 POUs had a procurement target shortfall but applied optional compliance
measures to meet the procurement requirements for the first compliance period, as allowed by
the RPS POU Regulations.14! In December 2017, the Energy Commission’s Executive Director

notified 15 POUs that their adoption and application of optional compliance met the
requirements of the RPS POU Regulation, and as such, they had met the RPS requirements for
Compliance Period 1. Commission staff is completing all remaining verification and compliance
activities evaluations-and-determinations-for these-the remaining POUs.142 All numbers will be
updated when the final verification and compliance activities for the first compliance period are
complete for all POUs.

Growth of RPS-Eligible Facilities

To achieve the 50 percent RPS mandate, it is implicitly necessary to have sufficient RPS-eligible
generation capacity to support that mandate. The Energy Commission is tasked with developing
and maintaining criteria for RPS eligibility, as well as approving certification to qualifying
renewable facilities. The Energy Commission regularly updates the Renewables Portfolio
Standard Eligibility Guidebook to accommodate advancements in technology and efficiency
improvements, as well as to address other burgeoning developments in the renewable energy
landscape, such as the role of energy storage.

As of OeteberiDecember 19, 2017, there are more than 2,000 facilities with active RPS
certification with a combined nameplate capacity of 45;00046,000 MW,143 |ocated in 11 states,
Canada, and Mexico. Of these, more than 1,800 are in California with a combined capacity of
more than 28,000 MW, which represents 6460 percent of all RPS-certified facility capacity. This

140 http://www.energy.ca.gov/portfolio/documents/verification_results/cp0O1_2011-2013/pous_reports.php.
141http://www.energy.ca.gov/2016publications/CEC-300-2016-002/CEC-300-2016-002-CMF.pdf.

142 A complaint may be issued against a POU for failure to meet an RPS requirement, initiating an Energy Commission
proceeding, in accordance with the RPS POU Regulations.

143 Excludes capacity classified as confidential.
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value includes certified aggregate units, which consist of multiple distributed generation facilities.
Figure 15 represents the growth in RPS-eligible facilities since 2004 estimated by the approved
RPS eligibility date for each facility.144

Figure 15: Growth in RPS Facilities With Approved Certification

Number of Facilities*
w
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=]

Source: California Energy Commission

The Energy Commission anticipates upédating-beginning an update to the Renewables Portfolio
Standard Eligibility Guidebook in 2018 to address current technologies and market conditions
and to ensure that the certification guidelines support anticipated capacity growth, integration
capabilities, and technology development necessary to meet the 50 percent RPS mandate.

Addressing Barriers Faced by Low-Income Residents
and Disadvantaged Communities

As California accelerates the trajectories of its low-carbon energy resource portfolio, it is
important that all Californians are able to benefit from the new economic opportunities created.
With this tenet in mind, SB 350 required the Energy Commission and CARB, with input from
other agencies and the public, to complete and publish studies by January 1, 2017, on:

e Barriers for low-income customers to energy efficiency and weatherization investments,
including those in disadvantaged communities, and recommendations on how to increase
access to those investments.

e Barriers to and opportunities for solar photovoltaic energy generation and other
renewable energy by low-income customers.

144 Based on the eligibility date of facilities that had active RPS certification as of January 2017, which is not the date
facilities were certified but acts as a reasonable proxy to represent change over time.
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e Barriers to contracting opportunities for local small businesses in disadvantaged
communities.

e Barriers for low-income customers, including those in disadvantaged communities, to
zero-emission and near-zero-emission transportation options_-ireluding-thoese-in

ities; and recommendations on how to increase access

to these options
(conducted by CARB).

On December 14, 2016, the Energy Commission adopted the Low-Income Barriers Study, Part A:
Overcoming Barriers to Energy Efficiency and Renewables for Low-Income Customers and
Small Business Contracting Opportunities in Disadvantaged Communities (Barriers Study).145
Adoption of the Barriers Study represented the culmination of staff efforts over the preceding
year, informed by an extensive literature review, a series of local community meetings across the
state, and several technical workshops hosted in Sacramento.

The study identified three broad categories of barriers faced by low-income residents and
disadvantaged communities. Structural barriers include low home ownership rates, insufficient
access to capital, split incentives for renters and building owners, complexities of multifamily
buildings, issues common to older residential buildings, and challenges unique to remote
communities. Program and policy barriers include inconsistent definitions and eligibility criteria
across programs, limited data sharing, unrecognized non-energy benefits, and issues with market
delivery. The third category is contracting barriers faced by local small businesses in
disadvantaged communities and includes lack of access to resources, technical assistance, and
information regarding contracting opportunities.

The Barriers Study concluded with 12 recommendations, including numerous
subrecommendations to help address the barriers identified in the study. Priority was placed on
putting forth recommendations that present scalable, sustainable solutions; address low-income
customers’ inability to access traditional financing mechanisms; and help maximize the benefits
of public investments. Summaries of the specific recommendations are included in Table 5.

145 Scavo, Jordan, Suzanne Korosec, Esteban Guerrero, Bill Pennington, and Pamela Doughman. 2016. Low-Income
Barriers Study, Part A: Overcoming Barriers to Energy Efficiency and Renewables for Low-Income Customers and
Small Business Contracting Opportunities in Disadvantaged Communities. California Energy Commission. Publication
Number: CEC-300-2016-009-CMF.
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Table 5: Energy Commission Low-Income Barriers Study Recommendations

Organize a multiagency task force to facilitate coordination across state-
1 administered programs
Enable community solar offerings for low-income customers.

N

3 Formulate a statewide clean energy labor and workforce development strategy.
Develop new financing pilot programs to encourage investment for low-income
4 customers.
Establish common metrics and encouraging data sharing across agencies and
5 programs.
Expand funding for photovoltaic and solar thermal offerings for low-income
6 customers.
Enhance housing tax credits for projects to include energy upgrades during
7 rehabilitation.

8 Establish regional outreach and technical assistance one-stop shop pilots.
Investigate consumer protection issues for low-income customers and small
9 businesses in disadvantaged communities.
Encourage collaboration with community-based organizations in new and existing
10 programs.
Fund research and development to enable targeted benefits for low-income
11 customers and disadvantaged communities.
Conduct a follow-up study for increasing contracting opportunities for small
12  businesses located in disadvantaged communities.

Source: California Energy Commission_Low-Income Barriers Study, Part A

CARB released a draft of its Low-Income Barriers, Study Part B: Overcoming Barriers to Clean
Transportation Access for Low-Income Residents!46 (draft guidance document) ein April
12,2017—Fhe-CARB s Braft Study-Part B, which includes recommended action-items that support
the recommendations in the Energy Commission’s Part A. Although PartB-of the Barriers
Study’ CARB's guidance document is not expected to be finalized until fate-2047early 2018, CARB
is moving ahead with implementation of priority clean transportation and mobility option access
recommendations, to coordinate with the Energy Commission’s ongoing efforts. CARB's priority
recommendations, as determined by conversations with_low-income residents and communities,
task force agencies and key stakeholders, are summarized in Table 6. Several-aAdditional
recommendations are described-atdength in CARB’s draftstudydraft guidance document.

146 CARB's draft guidance document is available at
https://www.arb.ca.gov/msprog/transoptions/draft_sb350_clean_transportation_access_guidance_document.pdf
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Table 6: Draft Guidance Document Priority Recommendations

Expand assessments of low-income resident transportation and mobility needs to
1 ensure feedback is incorporated in transportation planning.

Develop an outreach plan targeting low-income residents across California to
2 increase awareness of clean transportation and mobility options.

3 Develop regional one-stop shops to increase awareness and technical assistance.
Develop guiding principles for grant and incentive solicitations to increase access to
4 programs and maximize low-income resident participation.
Maximize economic opportunities and benefits for low-income residents from
investments in clean transportation and mobility options by expanding workforce
5 training and development.
Identify and expand funding and financing for clean transportation and mobility
projects, including infrastructure, to meet the accessibility needs of low-income and
6 disadvantaged communities.

Source: California Air Resources Board, Low-Income Barriers Study, Part B Draft Guidance Document

SB 350 Low-Income Barriers Multiagency Task Force

The first recommendation from the Barriers Study was for the Governor’s Office to assemble a
multiagency task force “to facilitate coordination of all state agencies administering energy, water,
resilience, housing, and low-emission transportation and infrastructure programs for low-income
customers and disadvantaged communities.” Convening the task force was an essential first step
to determining roles and responsibilities for each of the involved agencies, identifying resources
available for implementing the-Barriers-Study-recommendations_in both the Barriers Study and
CARB'’s draft guidance document, and seeking opportunities to align with other existing state
efforts.

Key priorities of the task force include encouraging multi-level collaboration, standardization,
streamlining, integration, and cofunding opportunities; leveraging lessons learned and best
practices from prior experience within and outside California;; building upon existing programs
that have demonstrated success;; and leveraging partnerships to amplify energy and non-energy
benefits to low-income customers and disadvantaged communities. Under the direction of the
Governor’s Office, agencies represented on the task force are working together to implement the
Barriers Study recommendations and establish guiding principles and common measurements to
track progress on performance of clean energy and transportation programs in low-income and
disadvantaged communities over time.

To augment the task force’s effortsthisend, the Energy Commission is also working with the
United States Department of Energy and other states through the Clean Energy for Low-Income
Communities Accelerator project, as part of the Better Buildings Initiative.147 Many states across

the country are working through similar efforts to address clean energy and transportation
barriers for low-income customers, and participation with this group allows knowledge transfer
and coordination.

147 https://betterbuildingsinitiative.energy.gov/accelerators/clean-energy-low-income-communities.
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Potential Solutions for Multifamily Low-Income Clean Energy Issues

Almost half of low-income residents live in multifamily housing, and 20 percent of all multifamily
housing is rent assisted, which equates to roughly 900,000 households in California.148 As such,
the Barriers Study calls for developing a comprehensive action plan to improve opportunities for
energy efficiency, renewable energy, demand response, energy storage, and electric vehicle
infrastructure for multifamily housing, with particular attention to pursuing pilot programs for
properties in low-income and disadvantaged communities. The SB 350 task force has placed a
strong priority on improving clean energy opportunities for residents of multifamily buildings._In
2018, the Energy Commission, in close coordination with other agencies, will work to define the
scope and schedule for developing this multifamily building distributed energy resource action

plan.

Stakeholders identified that collaboration with building owners is essential to ensuring proposed
energy upgrade solutions meet owners’ needs. One strategy suggested to address this issue is to
enlist the participation of trade allies, such as contractors or consultants that have established
relationships with building owners. They will then be driven to convince the owners to make
improvements because it affects their bottom line. Another strategy could be to offer higher
incentives to owners for tenant energy savings measures to surmount the split incentive
barrier.149

Additional strategies to address issues with multifamily buildings are described in the 2015
Existing Building Energy Efficiency Action Plan and 2016 plan update described in the Doubling
Energy Efficiency Savings section above.

Statewide Low-Income Clean Energy Labor and Workforce Strategy

The Barriers Study calls on relevant state agencies to collaborate with labor and workforce experts
to form a statewide labor and workforce development strategy across clean energy and
transportation programs. Specific subrecommendations include creating a green workforce fund
to address local workforce development in clean energy and transportation programs, offering
preference points for energy service companies that commit to hiring employees from
disadvantaged communities, expanding the use of community workforce agreements, and
coordinating 10U programs with California training and education institutions.

Expanding upon this goal, Energy Commission staff is engaged with stakeholders, including the
CPUC and building owners, on the best ways to implement changes to state workforce and
contracting policies. Energy Commission staff and stakeholders are working on ways to use
contracting opportunities to foster small business supplier networks that focus on the growth of
workforce development opportunities in disadvantaged communities. One commenter stated that
as California increases access to clean energy technologies in disadvantaged and low-income

148 Bill Pennington (Energy Commission), “Potential Solutions for Multifamily Low-Income Clean Energy Issues”
presentation, May 16, 2017, IEPR Workshop. TN217584.

149 May 16, 2017, IEPR Workshop Transcript, pp. 36—37.
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areas, it is important to also promote “well-paying, family-sustaining clean energy job
opportunities for residents in these communities.”150

This goal is also shared by CARB’s-draft-study in its draft guidance document, which emphasizes
the need to maximize economic opportunities and benefits for low-income residents from
investments in clean transportation and mobility options by expanding workforce training and

development.prioritize-proje hat-demonstratelocal-economic-bene or-low-income

stuely-guidance document suggests accomplishing this by strategizing and tracking progress of
clean transportation and mobility option access workforce goals; prioritizing incentive projects
that demonstrate local economic benefits for low-income residents (such as job creation, training
opportunities, and workforce development, including for youth); and expanding access to
vocational training and preapprenticeship and apprenticeship programs to support clean
transportation and energy jobs and workforce development in low-income and disadvantaged
communities, especially for youth.

The May 16, 2017, workshop panel discussion on a clean energy labor and workforce strategy
hammered on the importance of identifying actual job types before focusing too much on training.
Apprenticeships and preapprenticeship programs fostering hands-on experiences in the
construction trades were highlighted as the most effective mechanisms for preparing
disadvantaged workers for actual clean energy jobs. A recent study by the UC Berkeley Labor
Center highlighted the importance of the solar industry and apprenticeships in creating well-
paying jobs for residents of disadvantaged communities, using Kern County as an example. 15!

As summarized by Sarah White of the California Workforce Development Board, “to unlock the
health and economic benefits of the clean energy economy with communities who have suffered
the worst impacts of the old energy economy, the State needs to offer something more substantial
than a simple training program. Solutions need to engage the entire system.”152

Apprenticeship and preapprenticeship programs address only part of the workforce development
equation. Community workforce agreements are most powerful when they intersect with local
community-based organizations and local businesses to advise how to identify the most relevant
strategies to target workforce opportunities for residents in low-income and disadvantaged
communities.

Regional Outreach and One-Stop Shop Pilots

During development of the Barriers Study, stakeholders expressed concerns about their inability
to access information on available clean energy offerings. Even those who know how to find the
correct information may not know how to take full advantage of efferingsavailable programs.

150 Brightline October 27, 2016, Brightline Defense Project Comments on Staff Draft Recommendations. Submitted to
Energy Commission Docket 16-OIR-02, http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-
02/TN214215_20161027T154439_Ivan_Jimenez_Comments_Brightline_Defense_Project_Comments_on_ St.pdf.

151 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN221127_20170912T134715_New_Study_ Finds_Diversity_in_EntryLevel Renewable Energy_Jobs.pdf.

152 May 16, 2017 , IEPR Workshop Transcript, pp. 162—163.
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Therefore, the Barriers Study calls for state and local agencies to coordinate on establishing
regional outreach and technical assistance one-stop shop pilots to streamline access to energy
efficiency, clean energy, low-emission transportation infrastructure, and water-efficient upgrades
in existing buildings across low-income and disadvantaged communities. CARB'’s draft guidance
document also identifies one-stop shops as a critical mechanism in increasing awareness,
education, and outreach in low-income and disadvantaged communities and is moving ahead
with implementing this priority recommendation in close coordination with the Energy
Commission, Strategic Growth Council, and other relevant state agencies.

These cross-cutting one-stop shop pilots would use some combination of physical centers and
online portals (bricks and clicks) to provide information and resources needed by low-income
consumers and local stakeholders to navigate existing incentive programs and funding
opportunities. A critical success factor for the development of one-stop shops will be tailoring the
distribution and packaging of information to the specific needs of California’s diverse low-income
populations and disadvantaged communities. Partnering with local community-based
organizations will be key to building relationships and trust with target communities.

Any potential pilots should leverage and expand on existing regional programs that have
demonstrated success. One such example is a recent pilot program conducted by CSD that
successfully combined weatherization funding from multiple sources. 193 Efforts should also be
combined with other pre-existing outreach programs to increase coverage at a lower cost. In the
same spirit, statewide funding should be combined with other local utilities and water districts to
provide locally tailored services to streamline access and create efficiencies. This model reportedly
worked well for Southern California Edison (SCE) and its partners in the Irvine Ranch Water
District and should be considered a model for a pilot.1>4

The success of a one-stop shop model has been demonstrated in the Chicago area, as documented
in a recent study. The study showed that rates from first outreach to owner completion of a
retrofit exceeded 40 percent for owners participating in a one-stop intake/technical assistance
program. In comparison, reported completion rates for other programs that didn’'t employ the
one-stop/technical assistance model were about 7 percent.19°

Innovative Financing Pilots to Unlock Access to Funding

As discussed in the Barriers Study, existing rebates and incentives are not enough to meet the
need for an estimated $80 billion in building retrofits in California, taking into account the
building stock in Title 24. Taxpayer dollars are insufficient to meet this need, so creative market
solutions are needed, coupled with public-private partnerships, to unlock new financing
opportunities. Comments from the Silicon Valley Leadership Group also highlighted the need for
increased coordination across state financing efforts to “ensure that the stakeholders and

153 May 16, 2017, IEPR Workshop Transcript, pp. 102—104.
154 May 16, 2017, IEPR Workshop Transcript, pp. 105—106.

155 May 16, 2017, IEPR Workshop Transcript, p. 40.
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intended beneficiaries of the programs easily understand what programs are available to them
and how they work.”156

While not aimed exclusively at low-income customers, there are some ongoing energy efficiency
financing pilots in development that have yet to bear fruit. In 2013, the CPUC approved $75
million in funding to develop the California Hub for Energy Efficiency Financing (CHEEF), a
collaborative public-private partnership established to get more capital providers into the energy
efficiency market to lower costs of and expand access to financing.1>’ The CHEEF program is
aimed at surmounting the upfront cost barrier for energy efficiency retrofits with pilots intended
to address single-family, affordable multifamily, and commercial markets.

The Barriers Study called for developing a series of new financing pilot programs to encourage
investment for low-income customers. While four potential new pilots are identified in the study,
much of the discussion at the May 16, 2017, IEPR workshop focused on the proposed tariffed on-
bill financing pilot to encourage investments in energy efficiency and drive customer adoption
without requiring low-income customers to take on new debt.

The workshop discussion highlighted Arkansas as a case study for successful implementation of a
tariffed on-bill financing mechanism using the pay-as you-save model with the Ouachita Electric
Cooperative. The program allows the utility to finance any upgrade on the customer side of the
meter, as long as those upgrades are cost-effective, and to recover costs with a charge on the bill
that is substantially less than the estimated savings. This same concept has been used in other
states like Kansas, Kentucky, North Carolina, and New Hampshire and on a limited basis in a few
counties in California.1%8

California utilities are already taking additional steps beyond the CHEEF program to unlock new
financing mechanisms. For example, PG&E is developing a menu of financing solutions, including
a revolving commercial unsecured loan fund for small businesses and others, alternative
underwriting, and a program that will provide energy efficiency loans of up to $2,000 with on-bill
repayment. PG&E has also expanded on-bill financing for multifamily buildings and offering up
to 10 years and up to $2 million potentially for buildings serving low-income people.159
Separately, Sempra Utilities has also revised loan terms to expand on-bill financing program for
multifamily rental properties.160

From the POU perspective, there is wide diversity of local priorities and program offerings,
although there are very few POU programs providing financing options geared toward this

156 Silicon Valley Leadership Group Comments Clean Energy Financing Clearinghouse. Comments submitted to the 17-
IEPR-08 docket on May 30, 2017 . TN-217631.

157 “New & Existing Clean Energy Financing Pilots for Low-Income Customers.” Presentation from Deana Carrillo,
California Alternative Energy and Advanced Transportation Financing Authority at the May 16, 2017 Low-Income Barriers
Workshop. TN # 217580.

158 Expanding Opportunity with Inclusive Financing comments submitted to the 17-IEPR-08 docket on May 30, 2017 .
TN-217631.

159 August 1, 2017, IEPR workshop transcript, pp. 217—220.

160 Sempra Utilities comments submitted to 17-1EPR-08 on May 30, 2017 — TN 217771.
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segment of the market. POUs tend to view efficiency as a customer service. This differs from the
10U perspective, which is focused on strict cost-effectiveness tests. POUs have collectively urged
the Energy Commission to focus on improving and expanding use of the California Utility
Allowance Calculator to drive efficiency investments, as it has the potential to achieve scale and
impact. 161 Staff is working toward exploring the option to transfer the California Utility Allowance
Calculator database from its Microsoft Access implementation to a Web-based application to
make the tax credit renewal process easier for housing developers. Implementing the calculator as
a web-based application could help developers get their projects approved more quickly by the
California Tax Credit Allocation Committee by providing developers with access to their prior
years’ applications.

Better Use and Sharing of Data to Benefit Disadvantaged
Communities

The Barriers Study underscored the need for establishing common metrics and encouraging data
sharing across agencies to track progress towards achieving statewide clean energy equity goals.
To this end, Energy Commission staff published and sought public comments on a draft
California Clean Energy Equity Framework and Indicators paper in May 2017.162 The draft
paper identifies six geospatial indicators related to the local economy, geography, demography,
social engagement, public health, and environmental quality. The draft paper also proposes 12
performance indicators that can be used to form a baseline and evaluate progress on energy
equity efforts across California. W i indi
t&ne%ma#zﬁe#va%ymg—pep&aﬁmﬂensﬁy—aemss%he%tat&At the May 16, 2017, IEPR workshop
on Low-Income Barriers, the Los Angeles Department of Water described a similar effort, the
Equity Data Metrics Initiative, which tracks performance of programs across its service
territory.163 This program serves as a world-leading model for future improvements to the Energy

Commission’s energy equity indicators tracking progress efforts.

The proposed indicators are intended to support three major objectives, including increasing
access to clean energy resources and technologies; amplifying clean energy investments in low-
income and disadvantaged communities; and improving local energy-related resilience, or the
ability to recover from grid outages and extreme weather events.

Staff anticipates releasing a-revisedan initial draft staff-paperintate-2017tracking progress164
report for comment in JaruaryFebruary 2018, which will focus on a subset of the indicators

161 “Joint POU Comments on Implementation of the SB 350 Low-Income Barriers Study” submitted to the 17-IEPR-08
docket on May 30, 2017. TN-217772.

162 Doughman, Pamela, and Michael J. Sokol. 2017. California Clean Energy Equity Framework and Indicators: An
Approach for Tracking Progress of Energy Efficiency and Renewables for Low-Income Customers and Small Business
Contracting Opportunities in Disadvantaged Communities. California Energy Commission. Publication Number: CEC-
300-2017-051-SD.

163 “Equity Metrics Data Initiative.” Presentation given by John Chen, Los Angeles Department of Water and Power, at
the May 16, 2017, Low-Income Barriers Workshop. TN # 217582.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

08/TN217582_20170512T140144 Equity Metrics_Data_Initiative.pdf.

164 http://www.energy.ca.gov/renewables/tracking_progress/index.html.
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as additional data sources are identified and relevant information is obtained. In addition to the

annual tracking progress report, the Energy Commission intends to develop an interactive

mapping tool to allow stakeholders to perform their own analysis using the energy equity

indicators displayed in the report. Figure 16 shows an example of the type of map layers that will

be available in this tool, showcasing the locations of low-income and disadvantaged communities

across the state.

Figure 16: California Disadvantaged Communities, Low-Income Communities, and

Tribal Lands
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165 The Energy Commission regularly posts sector-specific updates to California’s clean energy goals at
http://www.energy.ca.gov/renewables/tracking_progress/.
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In addition to establishing energy equity indicators and tracking progress, the Barriers Study
highlighted limitations with the current use of data to inform and align existing state programs
and encourage agencies administering programs to “collect and use data systematically across
programs to increase the performance of these programs in low-income and disadvantaged
communities.” Discussions among the agencies participating in the barriers task force are
working to improve data sharing practices and identify opportunities for further collaboration to
improve programs serving disadvantaged communities.

Plug-Load Efficiency Opportunities for Low-Income Customers

The Barriers Study recommends ensuring that low-income persons have product selection
options and information necessary to avoid driving up their plug-load energy use. As such, a
panel at the August 1, 2017, IEPR workshop was charged to identify opportunities for expanding
plug- load efficiency to low-income households.

One large opportunity highlighted by a panelist from Enervee follows from implementation of
Assembly Bill 793 (Quirk, Chapter 589, Statutes of 2015), which required utilities to develop
online marketplaces that include energy-efficient appliances. These marketplaces will also include
energy management technologies, which will help reduce standby load of plug-load devices when
they are not in use. Using this information, the total projected economic savings from increased
efficiency in low-income neighborhoods may be much larger than are expected. For example, in
New York, research showed that for every dollar spent in energy efficiency for low-income
customers, there were four fewer dollars of California Alternate Rates for Energy (CARE) program
subsidies needed.166 Any CARE savings accrued from improved energy efficiency have the
potential to improve cost-effectiveness of low-income programs, both for building retrofits and
appliance purchase programs. These platforms could be used to further lower program costs,
increase participant satisfaction, and bolster data collection for low-income programs, consistent
with the goals of the SB 350 Barriers Study.

Smart meter data could also be leveraged to reduce home energy use and better understand low-
income consumer behaviors. However, even with data available, there is a need to educate energy
consumers on how to reduce the use of old, inefficient appliances and operate them more
efficiently. To be more energy-efficient, people do not necessarily need to buy new products;but:
they can also realize efficiency gains simply by changing their behavior.

There is also a need for more frequent and precise research to inform improvements to energy
efficiency programs. Data show that generic surveys of the devices people own often do not
represent accurately how much energy they are using. Further, the devices people have in their
homes vary greatly from household to household. In some cases, something that appears as if it
would save energy may in fact do the opposite. For example, a study conducted by the California
Plug Load Research Center found that 67 percent of people did not know that their computer
sleep settings were incorrect and inadvertently using more energy than expected.

166 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220847_20170822T082055_Transcript_of the 08012017 Joint_Agency Workshop_on_Senate Bill.pdfArre

Arguit-Niederberger-August 12017 +EPR-werkshop-transeript. p. 266.
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Ultimately, the biggest barrier low-income households face in purchasing energy-efficient
products is cost. The least expensive products tend to be inexpensive because they are only
designed to perform the core function, with energy efficiency as an afterthought. Sftentimes;
Tthere are-may be significantly more efficient options available that are only slightly more
expensive. Purchasing a more efficient ENERGY STAR® preddet-major appliance might add $50
to $150 to the total product cost, which is-typicaty-roetan-optionformay deter low-income
customers. Note that this is not always the case, the online marketplaces have identified
numerous examples of more efficient products for sale at no incremental cost. The barrier in
these cases is purely informational. As pointed out by panelist Marti Frank, representing
Efficiency for Everyone, at the August 1, 2017, IEPR workshop this creates an opportunity to
realign incentives and encourage these customers to purchase more efficient products, helping lift
the bottom of the market and allowing Californians with the most limited budgets to support the
state’s efforts to curb GHG emissions.167

Existing Utility Efforts to Improve Clean Energy Access for Low-
Income Customers

As highlighted at a disadvantaged community en banc held on July 6, 2017, SB 350 helped shift
the CPUC's thinking in terms of broadening 10U programs to consider more holistically the
impacts and benefits to disadvantaged communities.168 Similarly, California’s POUs also have
diverse offerings to assist low-income ratepayers, and SB 350 has stimulated POU activity to
strengthen this priority. In addition, community choice aggregators now have a growing role to
play in enabling access for all energy customers to energy efficiency, renewables, and clean
transportation options.

Of the disadvantaged community population in California, 47 percent reside within SCE’s
territory,169 making this area an important priority for early action. To explore opportunities for
success, SCE has assembled a working group with environmental justice groups and community-
based organizations to better understand needs within their territory. Similarly, about 23 percent
of the top-ranked disadvantaged communities are in PG&E service territory, according to
CalEnviroScreen.170

In Southern California Gas Company (SoCalGas) territory, more than one-third of customers
receive bill assistance each month, with energy affordability being of primary importance.17!

167 First cost as the key barrier to efficiency among lower-income households. Marti Frank comments submitted to 17-
IEPR-08 in response to August 1, 2017, Low-Income Barriers Workshop. TN # 220748.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

08/TN220748_20170814T224855_ Marti_Frank_Comments_First_cost_as_the_key_barrier_to_efficienc.pdf.

168 En Banc Hearing on Environmental Justice and Disadvantaged Communities. California Public Utilities Commission.
July 6, 2017. http://www.cpuc.ca.gov/calEvent.aspx?id=6442453767

169 August 1, 2017, Workshop Transcript. Page 47. TN 220847.

170 “PG&E Barrier Study Comments.” Submitted to 17-IEPR-08 in response to August 1, 2017, Low-Income Barriers
Workshop. TN #220778. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220778_20170815T151323_Valerie_Winn_Comments_PGE_Barriers_Study_Comments.pdf.

171 “SoCalGas Comments on Low-Income Barriers Workshop.” Submitted to 17-1EPR-08 in response to August 1, 2017

workshop. TN # 220779. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220779_20170815T150305_Jennifer_Morris_Comments_SoCalGas_Comments_on_Lowlncome_Barrier.pdf.
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Current efforts also include partnerships with Los Angeles Department of Water and Power
(LADWP) and South Coast Air Quality Management District to offer a simplified, one-stop
approach for their customers. This approach allows access to a suite of gas, water, and electricity
measures without having to deal with multiple touch points. This approach has resulted in 1.2
megawatt-hours, 51,000 therms, and 26 million gallons of water savings in just the first half of
2017.172

From the POU perspective, Sacramento Municipal Utility District (SMUD) has been reexamining
its efforts to assist low-income communities in light of SB 350 and the Barriers Study. Its
programs include the Energy Assistance Program Rate, in which roughly 20 percent of its
residential customers participate.1’3 SMUD also works closely with the City of Sacramento by
sharing customer information and allowing automatic discounts on city utilities (sewer, water,
trash, and so forth). In addition, SMUD has several new program offerings aimed at accelerating
adoption of solar technologies, energy efficiency, and electric vehicles for low-income customers
across its territory.

Offering a different POU perspective, Imperial Irrigation District (11D) estimates that roughly 70
percent of its service territory is designated as disadvantaged according to CalEnviroScreen, with
about 86 percent of the contract accounts designated as residential. With this in mind, 11D
recently evaluated its low-income energy subsidies and concluded that the existing program
offerings were not effective in engaging with this customer group. 11D looked closely at its
customers’ needs, system needs, and technical needs in light of SB 350 and, as a result, developed
the eGreen program, which leverages a utility-scale solar program offering to provide a financial
settlement on-bill for its low-income customers.174 The eGreen program provides opportunities
for low-income customers to access solar power without the need to install photovoltaics on their
roofs.

Efforts to help low-income customers overcome the burden they face in meeting basic energy
needs now extend beyond traditional utilities to include community choice aggregators as well,
with Marin Clean Energy (MCE) serving as an example. MCE administers energy efficiency efforts
with implications for disadvantaged customers, including a proposed pilot program blending
Energy Savings Assistance funds and core energy efficiency program funds at a single touch point
to overcome some of the split incentives barriers encountered in multifamily properties.1’>

172 August 1, 2017, Workshop Transcript. Page 78. TN 220847.

173 “SMUD Comments Re Senate Bill 350 Low-Income Barriers Study Implementation.” Submitted to 17-IEPR-08 in
response to August 1, 2017, Low-Income Barriers workshop. TN # 220784.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220784_20170815T163029_Lourdes_JimenezPrice_Comments_Comments_Re_Senate_Bill_350_LowIn.pdf.

174 “Imperial Irrigation District Comment Letter SB 350 Barriers.” Sean Neal. Comment submitted to 17-1EPR-08 in
response to the August 1, 2017, Low-Income Barriers Workshop. TN 220797.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220797_20170815T165449_Sean_Neal_Comments_ Imperial_Irrigation_District_Comment_Letter.pdf.

175 Beckie Menten on behalf of Marin Clean Energy. August 1, 2017, IEPR Workshop Transcript, pp. 57-62,

http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220847_20170822T082055_Transcript_of the 08012017_Joint_Agency_Workshop_on_Senate_Bill.pdf.
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Investigating Consumer Protection in the Clean Energy Economy

The Barriers Study called for the state, in coordination with local entities, to investigate the need
for heightened consumer protection in the clean energy economy, with particular emphasis on
reducing cases of fraud against low-income and disadvantaged residents. New York State Public
Service Commission has recently pursued a similar investigation into energy service companies
operating in its territory that have allegedly been overcharging customers.176

At the IEPR workshop on May 16, 2017, David Fogt of the Contractors State License Board
provided some information and resources about the state of consumer protection in the California
clean energy economy and the solar energy industry, in particular. During his presentation, Mr.
Fogt highlighted the need for increased scrutiny in the face of increasing solar industry
complaints.

To highlight a recent example, a task force was established in 2016 to investigate instances of
abuse in the solar industry. As a result, $600,000 has been recovered for consumers who were
financially harmed by dishonest practices. The types of complaints received include
misrepresentation regarding green funding, power purchase agreements, and lease agreements.
Complaints usually occur because there are unlicensed contractors, some salespersons who are
not registered, and/or contracts that are being given in a language the customer does not speak.
Therefore, this is an area where the Energy Commission can help by implementing more intense
verification measures within its programs and promoting the same practices at other state
agencies. In 2017, there continue to be about 40 complaints per month, and the task force would
like to see that number drop to below 25.

Research and Development to Encourage Adoption of Advanced
Technologies in Disadvantaged Communities

A recommendation from the Barriers Study is for the Electric Program Investment Charge (EPIC)
program to target 25 percent of the Technology Demonstration Deployment funds to projects in
disadvantaged communities. As of August 2017, $53.4 million out $172.7 million of EPIC funds,
or roughly 31 percent,1’7 has gone to projects in the most disadvantaged census tracts across the
state as defined by CalEnviroScreen.

To increase this number, the EPIC program has developed a three-pronged strategy that is
reflected in the Proposed 2018—2020 Triennial EPIC Investment Plan.178 This strategy includes:

e Ramping up outreach to reach a broader and more diverse group of stakeholders.

176 “Commission Moves Ahead with ESCO Investigation.” Press Release. Submitted to IEPR docket on 8/10/17. TN#
220640. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220640_20170810T100932_Commission_Moves_Ahead_with_ESCO_ Investigation.pdf.

177 “Adoption of Advanced Technologies in Disadvantaged Communities.” Presentation given by Erik Stokes, California
Energy Commission, at the August 1, 2017, Low-Income Barriers Workshop. TN # 220464. Slide 9.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220464_20170731T142151 Adoption_of Advanced_Technologies_in_Disadvantaged_ Communities.pdf.

178 California Energy Commission, 2017. The Electric Program Investment Charge: Proposed 2018 — 2020 Triennial
Investment Plan. Publication Number: CEC-500-2017-023-CMF.
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e Implementing new approaches to motivate technology developers to seek project sites in
disadvantaged communities.

¢ Identifying key pain points in low-income market segments and scoping out possible
technology solutions to address those needs.

Existing projects benefiting disadvantaged communities have been classified into four categories,
including projects where technology advancement is helping improve critical services needed by
these communities and projects aimed at improving the living environment for residents by
lowering their energy costs. The third category is for projects that are benefitting the local
economy in disadvantaged communities, and lastly, there are projects developing new analytical
tools that can better inform policy and program decisions. The Natural Resources Defense
Council offered specific action items to ensure that the benefits of research and development
funding flow to disadvantaged communities.1’9

One example is the Central Valley Innovation Cluster by BlueTechValley. The project helps
incubate energy sector technologies and entrepreneurs, with a focus on enabling technology
deployment in remote localities within the Central Valley. The discussion of this project at the
IEPR August 1, 2017, workshop, highlighted some opportunities for Chinese investment in
California clean energy technology ventures, and encouraged some startups to travel there. The
suggestion was taken by Ismael Herrera from BlueTechValley.180

As a second example project discussed at the August 1, 2017, workshop, Chollas EcoVillage is
designing plans for developing an advanced energy community at Chollas Creek Regional Park in
San Diego. Lessons learned thus far include that residents are motivated and interested in
participating in clean energy programs because they recognize the larger social and community
benefits. There is also a need for more trust. Unfortunately, the current political climate has
contributed to a reluctance from part of the community to even talk to outsiders, as residents are
not sure of who is coming into their neighborhoods. Therefore, the project team has worked to
identify trusted members of the community, like local faith-based organizations and schools, and
identifying key champions on each block to be the messengers for the project.18!

Small Business Contracting Opportunities in Disadvantaged
Communities

The Barriers Study calls for an in-depth, data-driven follow-up study on the barriers faced by
small businesses in disadvantaged communities, including potential opportunities to address
those barriers. Several key agencies need to be involved in this study to enable success across
programs. For example, the Governor’s Office of Business and Economic Development (GO-Biz)
is a one-stop shop to assist businesses in navigating state government. Small businesses need help

179 “Natural Resources Defense Council comments on SB 350 Implementation Workshop Regarding EPIC Application.”
Comments submitted to 17-1EPR-08 in response to the August 1, 2017, Low-Income Barriers Workshop. TN #220786.

180 August 1, 2017, IEPR Workshop Transcript. Page 210-211. http://docketpublic.energy.ca.gov/PublicDocuments/17-
IEPR-08/TN220847_20170822T082055_ Transcript_of the 08012017_Joint_Agency_Workshop_on_Senate_Bill.pdf.

181 August 1, 2017, IEPR Workshop Transcript. Page 199. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220847_20170822T082055_Transcript_of the 08012017_Joint_Agency_Workshop_on_Senate_Bill.pdf.
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to make sense of all the contracting rules they are subject to when receiving state funding. The
Department of General Services (DGS) should also play a role in this study, given the oversight
responsibilities of state agency procurement and contracting requirements.

To reinforce the conclusions and recommendations from the Barriers Study, a DGS survey of
2,300 contractors found that responding contractors faced a number of issues, including that
many are financially insecure, and it often takes longer for them to receive payments from prime
contractors. Some contractors are very difficult to reach, as they may not be able to attend events
during business hours. To provide an idea of scale, the survey found that 78 percent of
contractors’ earnings come from private contracts, 4 percent from contracts with the state, 3
percent from federal contracts, and 3.5 percent from utilities.182

One of the major gaps identified during the August 1, 2017, workshop is that many firms do not
travel more than 50 miles, and state officials are having difficulty finding firms based in rural
areas. There are a lot of good job opportunities if contractors can begin to look past this 50-mile
range. As Tanya Little with DGS noted in written comments, even if a small business is able to get
a contract, often they simply do not have the capacity necessary to fulfill the requirements, and
they may not have access to the network of vendors necessary to do the work.183

To complicate matters, contractors often do not know about the full range of opportunities
available to them, such as how to get bonded, how to get a line of credit, and how to take
advantage of innovative programs such as NOW Account, which is a federal program that
accelerates their payment process. At the August 1, 2017, IEPR workshop, Angelica Tellechea with
Brownstone advocated for providing a cheat sheet to local small businesses so they can see the
steps they need to follow and provided an example for consideration.184

Recommendations

Integrated Resource Plans

Energy Commission staff expects that the initial integrated resource plan (IRP) will demonstrate
the feasibility of the process and the success of efforts to bring fragmented planning and
procurement efforts into alignment.

o FheEnergy-Commissionshoeuld-eContinue to provide guidance and

assistance to publicly owned utilities (POUs) as needed while they develop

182 “DGS Licensed Contractor Demographic Information.” Submitted to 17-1EPR-08 docket on September 5, 2017, in
response to August 1, 2017, Low-Income Barriers Workshop. TN # 221036-2.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-08/TN221036-

2_20170905T155220_DGS_ Licensed_Contractor_Demographic_Information.pdf .

183 “California Barriers to Small Businesses in Disadvantaged Communities.” Comments submitted to 17-IEPR-08 docket
on September 5, 2017 in response to August 1, 2017, Low-Income barriers Workshop. TN# 221036-1.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-08/TN221036-
1_20170905T155221_California_Energy_Commission_California_Barriers_to_Small_Busin.pdf.

184 DVBE/DBE/SBA Cheat Sheet 2017. Submitted to 17-1EPR-08 on August, 8, 2017 in response to August 1, 2017, Low-
Income Barriers Workshop. TN # 220736. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220736_20170814T094049_DVBEDBESBA_Cheat_Sheet_2017.pdf.
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their initial IRPs for submittal in 2019. The Energy Commission will continue to
hold webinars or workshops as necessary for POUs to be able to meet the IRP Guidelines.

FheEnergy-CommissionsheuldpPeriodically update the IRP Gguidelines for

POUs to account for new laws and regulations affecting POUs and the
electricity sector. The Energy Commission will conduct any updating through its
public IEPR process with input from all affected parties.

In coordination with the Energy Commission and the California Public
Utilities Commission (CPUC), the California Air Resources Board (CARB)
should adopt greenhouse gas (GHG) emissions reduction targets for use in
integrated resource planning, consistent with the requirements of Senate
Bill 350. CARB should implement the Energy Commission’s proposed allocation method
for assigning POU-specific GHG targets based on the identified sectorwide target.

Transportation Electrification

Moving forward, the Energy Commission will work with the California Public Utilities
Commission (CPUC) and the California Air Resources Board (CARB) to identify how integrated
resource planning (IRP) filings can be further aligned. Specific actions toward this alignment that
complement the IRP process include the following:

Formalize load research and infrastructure cost tracking capabilities. The
Energy Commission should develop analytical, technological, or regulatory means
fncluding-through-the-ongeingFitle 20-Rulemaking)to enable the utilities to track the
market growth of advanced vehicle technologies, and associated charging behaviors for
load planning. The Energy Commission will explore collecting energy-use data from plug-
in electric vehicle (PEV) charging service providers and other market participants.
Although the Energy Commission has not previously collected data from these entities,
data related to PEV charging are becoming increasingly important in energy planning as
the state works to meet its electric transportation goals. In spring 2018, the Energy
Commission anticipates starting Phase 2 of the Title 20 Data Collection Rulemaking and
through this process looks forward to engaging PEV market participants on what data are
available to share with the Energy Commission.

Coordinate electric transportation emissions allowance policies with CARB.
The Energy Commission should assist the utilities and CARB in identifying and
guantifying potential financial liabilities associated with the emissions from serving
electric transportation load, as described in Health and Safety Code Section 44258.5. In
2018, the Energy Commission intends to convene workshops with CARB and utilities, to
identify how to use load research, Title 20 data collection, and charging infrastructure
program information collected through integrated resource plans to measure emissions
costs and to assess utilities’ alignment with charging investments. If eleetrification
emissions allowances poses a disincentive for investments in electric transportation, the
Energy Commission and CARB should explore whether mechanisms exist with existing
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programs, such as the Cap-and-Trade regulation, to remove financial disincentives for
publicly owned utilities, as well as other types of mechanisms.

Align with established emissions assessment methods. The Energy Commission
should consider how transportation electrification emissions and electricity
guantification methods and measurements used in integrated resource planning are
consistent with methods permissible for CARB-jurisdictional programs, such as the Cap-
and-Trade Program, Low Carbon Fuel Standard, Mobile Sources Strategy, and
Greenhouse Gas Inventory programs.

Enhance accessibility for charging infrastructure programs and tracking. The
Energy Commission should collaborate with researchers as well as local government, air
district, or utility charging infrastructure program administrators to share data about
charging infrastructure programs. This collaboration can help enhance existing program
practices and may serve to enable more strategic and better coordinated charging
infrastructure deployments. The Energy Commission’s charging infrastructure modeling
and planning tools and its recently launched block grant project for electric vehicle
charging infrastructure, for instance, could serve as a critical conduit for information on
electric vehicle charging infrastructure programs serving metropolitan transportation and
air management regions and utility territories throughout the state.

Additional recommendations on transportation electrification not directly related to the IRP
process include the following_(see Chapter 4 for recommendations related to vehicle grid

integration):

Partner with local utilities and governments. Increase the frequency of non-
regulatory engagements outside the formal integrated resource planning process with
publicly-owned utilities to identify areas to support utility, governmental, and community
initiatives that advance transportation electrification, including funding partnerships for
readiness and implementation planning and collaborative procurement and deployment

initiatives.

Learn and share from interstate and international charging technology best
practices. The Energy Commission should use informal partnerships or memoranda of
understanding or both with other state energy and transportation offices, international

governments, or industry standards bodies or any of these entities to encourage joint
procurements and technology deployment.

Support development of specialized consumer education and engagement
tools. The Energy Commission, in coordination with the CPUC, CARB, and nonprofit
outreach organizations like Veloz, should enhance public understanding of the adequacy
of electric vehicles for their transportation needs, the costs and benefits of using utility
electricity rates, and the availability of public charging infrastructure services.
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Doubling Energy Efficiency Savings

To carry out the mandates of Senate Bill 350 and ensure that the doubling goals are achieved,
recommended actions are outlined below. The Energy Commission should coordinate with other

agencies to:

Develop a comprehensive roadmap to achieve a doubling of energy efficiency

savings. Combine the required 2019 updates to the SB 350 energy efficiency doubling
targets and the Existing Building Energy Efficiency Action Plan into a single
comprehensive document that provides stakeholders with both an update to the efficiency
doubling targets and an action plan for achieving the bulk of the savings through
retrofitting existing buildings.

Enhance workforce training. This would improve the quality of energy efficiency
equipment installation and maximize opportunities for disadvantaged customers to
benefit from the clean energy economy. The Energy Commission will pursue a
responsible contractor policy with stakeholder input that improves the energy efficiency

workforce.

Expand education and outreach to improve code compliance. Increase
interagency collaboration and stakeholder engagement for outreach and education at the
local level, especially for local building permit offices and contractor communities. The
creation, adoption, and enforcement of a responsible contactor policy in ratepayer-
funded energy efficiency programs will also help improve code compliance and result in
additional energy savings.

Coordinate closely with the CPUC and POUSs to ensure comparability of their
respective potential and goals studies developed in support of the Senate Bill
350 doubling targets. Detailed baselines are required for characterizing consumption,
identifying locational and sector trends, and tracking realized savings over time.
Improved analytical methods are needed for estimating future energy savings, as well as
for tracking savings by source.

Work with utilities and the CPUC to develop guidelines for conservation
voltage reduction techniques and fuel substitution that can count toward
Senate Bill 350 goals. The Energy Commission recommends the Energy Commission,
CPUC, CARB, utilities, and stakeholders develop a comprehensive framework to
implement fuel substitution that maximizes energy savings and GHG emission
reductions. Part of this effort should include coordination with the state’s Short-Lived
Climate Reduction Pollutant Strategy to develop recommendations about
complementary or competing roles of substituting electricity for natural gas and replacing
natural gas with renewable gas as strategies for reducing GHG emissions.

Implement an effective food processor emission reduction program.
Greenhouse Gas Reduction Fund budget control language in Assembly Bill 109 (Ting,
Chapter 249, Statutes of 2017) tasks the Energy Commission with developing a $60
million research and development program for grants, loans, or other financial incentives
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to food processors to implement projects that reduce greenhouse gas emissions. The
Governor’s Office has convened a California Food Processors Task Force to examine
issues and identify strategies that will assist food processors’ compliance with California’s
climate programs. Agencies including the Energy Commission, the CPUC, CARB,
California Department of Food and Agriculture (CDFA), California Department of Water
Resources (DWR), U.S. Department of Agriculture (USDA), and the Treasurer’s Office are
partnering with food processor industry members to identify technology needs and
incentive funding to address those needs. The Energy Commission will use the task force
input to inform the program design and issuance of competitive grant opportunities for
efficiency and renewable projects.

Work with the CPUC, utilities, other state and local agencies, and
stakeholders to identify and pursue additional energy savings from the
agricultural and industrial sectors. These efforts to reduce carbon emissions from
California’s food processing energy needs could be replicated for other major industrial
processes in the state. Identifying cost-effective and feasible energy and demand
reductions from energy efficiency and demand response, as well as emission reductions
from fuel substitution in industrial facilities, will be a focus in the next update to the SB
350 energy savings targets to achieve a doubling of energy efficiency by 2030. The Energy
Commission will also engage industry in its research roadmapping to align research
grants with industries’ efficiency and renewable priorities. The Energy Commission will
seek out innovative and resilient programs that may be best determined through the
California Technical Forum. The goal is to use a venue for resolving barriers to new
program design that rewards risk-taking to an appropriate extent.

Work with other state, regional, and local agencies; building owners;
builders; financial institutions; small businesses; inspectors; consumer
groups; environmental and environmental justice groups; and other
stakeholders to identify new energy savings opportunities that would help
achieve the state’s doubling goal.

Ensure that clean energy investments in buildings, agriculture, and industry
— including behind each meter — support grid resilience. The 2019 Building
Energy Efficiency Standards will develop compliance pathways

that encourage investments in all distributed resources within both new and existing
buildings, thus supporting systematic attention to grid resilience.

Evaluate and introduce wide-scale remote auditing tools to use multiple
datasets for modeling and reporting facilities with the greatest need for
assistance. Using better data on existing buildings, additional policies and programs
can be made to focus incentive dollars where the most impact can be made to reduce
GHG emissions. As each of these modular pieces becomes functional in this larger
analytical suite, audit and utility data will become valuable pieces, offering an additional
dimension to better understand the building stock as a whole.
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Improve the efficiency and comfort of existing homes with whole-building
envelepe-retrofit solution incentives. Whole-building retrofits will play a role in
reaching the state’s energy goals. Such efficiency improvements can be exploited through
pay-for-performance programs and the CalTrack tool that PG&E has developed. CalTrack
does not depend on (often inaccurate) engineering estimates, but rather quantifies real-
world impacts of upgrades, which enables appropriate and effective payment and
provides much needed and tlmelv InSIth on Droqrammatlc trends and issues. Other
incentive program i idi
eﬂvelrepeure#ef-rts—'lihesemeeﬂﬂves could be coordinated with FlexAlert marketlng to
offer consumers a meaningful way to permanently improve the efficiency of their homes,
improving the predictability of communitywide energy savings compared to relying solely
on behavior changes in real time.

Renewables Portfolio Standard

The Energy Commission should:

Coordinate with the CPUC for implementation of new Renewables Portfolio
Standard (RPS) rules. As the Energy Commission and the CPUC jointly implement the
RPS, the agencies should continue to work closely together, as well as with their
respective stakeholders, to ensure that the new rules are implemented consistently and
appropriately for the load-serving entities to which they apply.

Continue to improve and accelerate RPS program administration. In January
2017, the Energy Commission launched a new online reporting system for the RPS
program aimed at simplifying and expediting the certification of eligible renewable
energy facilities as well as utility reporting under the RPS. The online system will also
support efficient verification of reporting by staff. The Energy Commission should
continue to explore and implement program administration improvements to ease
reporting burdens for regulated entities and to expedite administrative activities.

Monitor the impact of decreased demand due to factors such as increased
energy efficiency, increased distributed generation, and more competitive
electricity markets on RPS procurement obligations and long-term
contracting. Though actual RPS procurement targets are calculated based on annual
retail sales, load-serving entities must procure renewable electricity based on forecasted
sales. Decreasing load and particularly rapid and unpredictable load changes associated
with increases in retail choice could affect development of new RPS-eligible resources.
Lack of long-term load certainty has adversely affected the willingness and ability of a
load-serving entity to enter into long-term contracts for RPS procurement.

In assessing paths to achieve the 50 percent renewable mandate, consider
the role of smaller-scale and distributed renewable energy generation. As the
penetration of rooftop solar and other distributed renewable generation continues to rise,
the Energy Commission should evaluate the future role of distributed renewables in the
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RPS through public processes in future revisions of the Renewables Portfolio Standard
Eligibility Guidebook.

Continue to update the Renewables Portfolio Standard Eligibility
Guidebook to reflect technological advancements. In support of the 50 percent
RPS mandate, the Energy Commission should continue to revise the Renewables
Portfolio Standard Eligibility Guidebook to ensure that the certification guidelines
appropriately address technology developments and do not hinder increased renewable
energy development.

Emphasize that the RPS program can support POU initiatives to serve
disadvantaged communities. Along with the renewable energy and greenhouse gas
emissions reduction goals, SB 350 affirmed the state’s commitment to promoting
equitable access to clean energy for all Californians. In recognition that the circumstances
and financial resources of load-serving entities, and particularly POUs, vary substantially,
the RPS program provides flexibility in achieving the associated mandates through
application of optional compliance measures, such as adopting cost limitations. The
Energy Commission should continue to support flexibility in the RPS program to ensure
that achieving the RPS mandate is not at odds with POU efforts to reach underserved and
disadvantaged communities.

Low-Income Barriers

The Energy Commission should:

Coordinate closely with CARB, the CPUC, community groups, key
stakeholders, and other state and local agencies to implement the Barriers
Study recommendations, beginning with those recommendations identified as high
priority by the Senate Bill 350 barriers task force._One of the key priorities for 2018 will
be leading the development of a multifamily building distributed energy resource action
plan focused on addressing barriers for low-income and disadvantaged communities.

Continue to conduct regional outreach meetings and workshops across the
state to engage with local residents and community groups representing low-
income and disadvantaged residents to identify and reinforce key local
priorities and amplify program benefits. Outreach should be coordinated with
local stakeholders and community-based organizations to increase participation and trust
in information provided.

Work with the California Tax Credit Allocation Committee and other
relevant stakeholders to implement the California Utility Allowance
Calculator for multifamily housing retrofits.

Continue to refine proposed energy equity indicators based on best available
information and use those indicators to help track progress over time and
inform opportunities to refine California’s energy programs as they affect
low-income and disadvantaged communities._As indicators and data are refined,
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the Energy Commission should move from a static tracking progress report to an
interactive mapping tool containing a variety of layers for stakeholders to use in
conducting their own assessments of the performance of the clean energy and

transportation programs’ in such communities.

Implement more intense clean energy technology and contractor verification

measures within Energy Commission programs and promote similar actions

by other state agencies administering energy programs to increase consumer
protection. Particular emphasis should be placed on limiting predatory practices against
low-income customers and those that live in disadvantaged communities.
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CHAPTER 3:
Increasing the Resiliency of the
Electricity Sector

As California transforms its electricity system to reduce greenhouse gases (GHGSs) further work is
needed to increase the resiliency of the system. Reducing GHGs through increasing additions of
new renewable resources to meet the state’s 50 percent Renewables Portfolio Standard (RPS)
necessitates changes in how operators manage the grid. Most new renewable generation is
expected to come from wind and solar, for which output varies depending on if the wind is
blowing or if the sun is shining. Thus, solar and wind are intermittent unlike the fossil fuel power
plants they are displacing.

There are other factors that will also impact the operation of the grid. For example, California
wants to electrify transportation to reduce emissions of both GHGs and criteria air emissions.
(For more information on transportation electrification policies and forecasts, see Chapters 1, 2,
and 7 and Appendix H.) Electrifying transportation should significantly increase electricity
demand (Chapter 6). Electric vehicle charging could place further strains on grid operations if it
occurs at the “wrong” times or could promote grid operation if the batteries in these vehicles can
be smoothly integrated into grid operations.

Similarly, between now and 2030, the state also expects changes in the natural gas infrastructure
system, such as the likely closure of the Aliso Canyon natural gas storage facility (for more
information, see Chapters 8 and 11) and similar changes to the electricity system with the closure
of California’s remaining nuclear power plant at Diablo Canyon. In addition, climate change is
expected to exacerbate variations in the hydroelectric system, increase the frequency and severity
of forest fires, and increase coastal flooding, as well as affect energy demand (such as increased
demand for air conditioning in the summer; for more information see Chapters 6 and 10). AH}

The term “resilience” in this chapter focuses on the reliable operation of the electricity grid in
light of these technical, market, and climatic factors that pose new challenges to the system.185

For example, along with rising temperatures and drought, the state needs to plan for even more
forest fires in the future. (See Chapter 10 for more discussion of fire hazards.) As an indication of
the risk, in 2017 California suffered the largest wildfire in history with a record number of deaths.

185 The National Academies of Sciences, Engineering, and Medicine defined resiliency in the electricity sector as follows:
“Resilience is not the same as reliability. While minimizing the likelihood of large-area, long-duration outages is
important, a resilient system is one that acknowledges that such outages can occur, prepares to deal with them, minimizes
their impact when they occur, is able to restore service quickly, and draws lessons from the experience to improve
performance in the future.”

National Academies of Sciences, Engineering, and Medicine, Enhancing the Resilience of the Nation's Electricity System,
Washington, D.C.: The National Academies Press, 2017,

https://doi.org/10.17226/24836.
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To have a more resilient energy system, the CPUC has substantially enhanced fire safety
requirements and utilities are increasing wind monitoring and starting to deenergize parts of the
grid in high hazard areas. California must fundamentally rethink its energy practices and
infrastructure to have a more resilient grid given the growing fire hazards.

Another major factor that must be addressed to increase the resiliency of the grid is Managing-the
increasing variation in generation and demand. This requires a more flexible and nimble system

and use of a variety of tools as discussed below. Fertunatelyavariety-eftoolsare-available-to

Achievingthese-selutionsThe successful use of these tools, however, will be affected by the
evolving market structure of California’s power industry. (See the section in Chapter 1 titled,
“Changes in Electricity Market Structure,” for more information.) Utilities are not-evenr making
short-term, _let alone long-term, financial commitments in the power procurement area due to a
growing number of customers switching to community choice aggregators.;arg Ceommunity
choice aggregators have limited credit worthiness_to make investments. At the May 24, 2017,
IEPR workshop, several parties suggested that the challenges to increasing flexibility are not
technical, but rather commercial and contractual.18% Efforts to advance the flexibility of
renewable and conventional generation, to deploy storage that can compensate for variability, and
to retain power plants that provide fast, flexible capacity are all examples of tools to increase the
resiliency of the electricity grid that are facing contractual barriers stemming from market
uncertainty. Still, the state must advance a portfolio of solutions that can be drawn upon to
increase resiliency as it decarbonizes its energy system.

Operational Changes

The shift to renewable resources and the growth in solar resources in particular have dramatically
shifted when and how much conventional generators produce electricity in California. Figure 17
shows how solar generation dominates California renewable energy production in the middle of a
summer day.

186 May 24, 2017, IEPR workshop on Strategic Transmission Investment Planning: Interactive Data Platforms to Support
Collaborative Planning and Advanced Technologies, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
13/TN217924_20170607T144655_Transcript_of 05242017_IEPR_Lead_Commissioner_Workshop_on_ Strat.pdf, Matt
Barmack from Calpine, p. 85, Brian Theaker from NRG, p. 92, Josh Nordquist from Ormat, p.95, Energy Commission
Chair Robert B. Weisenmiller, p. 120.

101



Figure 17: Hourly Average Breakdown of Renewable Resources
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Source: California ISO Daily Renewables watch, July 1, 2017,
http://content.caiso.com/green/renewrpt/20160701_DailyRenewablesWatch.pdf.

The California 1ISO’s graphic representation of the “net load,” electricity demand minus electricity
and wind and solar generation, is emblematic of how changes in the generation profile are
creating challenges and opportunities for grid operators. (See Figure 18.) When solar peaks at
midday and the net load is low, the figure shows the “belly of the duck.” As solar generation trails
off at the end of the day and demand remains high, the steep ramp up is referred to as the “neck
of the duck.” The ramps up and down (“the tail of the duck”) in the net load curve have become
more pronounced and steeper than the California ISO anticipated. In fact, during the summer of
2017, the net load fell below 9,000 MW twice, which was not anticipated until well after 2020.
When the California ISO initially developed the “duck curve,” it did not expect renewable
generation to achieve current levels before 2020, nor did it expect the rapid rate of growth in
behind-the-meter solar generation.187

Ramping

Multihour ramps up and down have been a factor in California’s electrical system for decades, but
the deployment of large amounts of renewable capacity with strong daily cycles exacerbates these
patterns — especially in winter and spring months — and is spurring the need for increased
flexibility in the system.188

187 Rothleder, Mark, California ISO, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p. 11.

188 “Tracking Progress, Resource Flexibility,” updated December 15, 2016, California Energy Commission,
http://www.energy.ca.gov/renewables/tracking_progress/documents/resource_flexibility.pdf.
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Figure 18: Duck Curve, Electricity Demand Minus Wind and Solar Generation on a Typical
Spring Day
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Source: California ISO, presentation by Mark Rothleder at May 12, 2017, IEPR workshop.
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Challenges Meeting a Spring 2017 Evening Ramp

During the afternoon and evening of May 3, 2017, the California ISO
experienced conditions that led to it declaring a first Stage 1
emergency from 7:00p.m. to 9:00 p.m. This was the California ISO'’s
first Stage 1 emergency declaration in 10 years. Although the
California I1SO routinely provides generation and other resources to
respond to rapidly changing solar generation during the day, not
enough resources responded to requests as the event unfolded from
afternoon through the evening.

The first significant sign of trouble was the unexpected shutdown of a
330 MW unit at AES’s Alamitos generation station. This unit had been
scheduled the day before to provide 270 MW on May 3. Then,

1,150 MW of power scheduled the previous day for May 3 did not
arrive. Next, 1,230 MW was “awarded” in the hour-ahead market for

During the day, when net load is
lowest — the belly of the duck —
the system operator works to get
as many resources off the system
as possible to make room for the
renewable generation. (See
“Overgeneration” below.) At the
same time, some resources need
to be available to ramp up to
compensate for renewable
generation decreasing. The late
afternoon ramp from the belly of
the duck up is approaching

the hour from 8 to 9 p.m., but only about 400 MW was delivered. By
6:45 p.m., solar generation was well into the rapid plunge to zero MW,
and the emergency was declared about 7 p.m.

13,000 MW in a three-hour
period on some of the hottest
days. The potentially thin margin
of energy available to meet the
evening ramp is illustrated in the
sidebar “Challenges Meeting a
Spring 2017 Evening Ramp.” The
transition from the low net-load
condition to the head of the duck is an operational challenge for the California 1ISO but also
presents opportunities for better managing the grid to maximize the benefits of renewables. 189

At the same time, the California 1ISO started arranging for almost

850 MW of demand response resources from its utilities. The utilities
responded, and the California ISO was able to release the emergency
at9p.m.

For more information, see https://www.rtoinsider.com/caiso-stage-1-
emergency-43153/.

The ramps are also becoming increasingly steep. Over the last six years, the three-hour net load
ramp has increased 62 percent, and the one-hour net load ramp has increased about 50
percent.190 Figure 19 illustrates projected maximum monthly three-hour ramps (the metric that
defines flexible capacity needs) for the California 1ISO for 2018 and 2026, as well as historical
values for 2012.

189 Rothleder, Mark, California 1ISO, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf,, pp.
11-12.

190 Theaker, Brian, NRG, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the Electricity
System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.
89.
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Figure 19: Actual and Projected Maximum Three-Hour Ramps, California ISO,
Years 2016 (Actual), and the Projection to 2017, 2018, and 2020 (MW)
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Overgeneration

As the late afternoon ramp is expected to become steeper, the net load during midday and
afternoon hours is expected to drop further. In March 2016, average net loads at midday were just
under 18,000 MW.191 However, the projected net loads were about 12,000 MW by 2020192 and
8,800 MW by March 2026.193 As mentioned previously, the grid has actually experienced much
lower net loads ahead of projections, and in 2017, the net load was already as low as 9,187 MW.
Net load projections may fall farther if California continues to see a rebound in hydroelectricity
generation and as the state pursues a doubling of energy efficiency savings. (See Chapter 2 for
more information on the energy efficiency savings goal.) Moreover, the net load may further
decrease based on Energy Commission staff’s projection that more than 9,269,700 MW of
additional customer-side rooftop PV could be installed as early as 2022 in the low demand
scenario and astate-as-2624more than_6,000 MW by 2030 in the high demand scenario of the

prehminary-revised California energy demand forecast for 2018—206282030. (See Chapter 6 for
more information.)194

191 California I1SO daily renewables output data

192 Mark Rothleder, California 1SO, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.10.

193 Dataset from California 1SO used for special studies in the 2016—17 Transmission Plan; provided by Shucheng Liu,
May 18, 2017.

194 California Energy Commission, California Energy Demand Forecast, 2018 —2030 Revised 2028-Preliminary
Forecast. Note that the high demand scenario assumes a slower adoption rate for PV than does the low demand scenario.
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The lower net load has led to increases in oversupply and curtailment of electricity generation.
This is exacerbated by the high hydroelectric generation conditions in 2017, following four years
of drought. Figure 20 shows the effect of increasing renewable generation (and high hydroelectric
generation in 2017) on the frequency of negative prices. While on average about 2 percent of total
wind and solar power is being curtailed, it is much higher on specific days. At times, more than 30
percent of the renewable energy is being curtailed to maintain grid operation. Instead of
curtailing the energy, increasing and better aligning the flexibility of loads (see “Demand

Response” below) and supply will increase system resiliency and help California further reduce
GHG emissions.19°

Figure 20: Freqguency of Negative 5-Minute Prices by Month in 2016 and 2017
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Oversupply causes low or negative prices for wholesale energy during periods of overgeneration.
Negative bids often represent the lost opportunities for the generator to take advantage of tax
credits for renewable energy production or sell renewable energy credits.19¢ (For more
information about renewable energy credits, see Chapter 2, section on “RPS Background.”) When
load is settled at negative prices, either the generator foregoes this revenue or the purchasing
utility must make the generator whole and ratepayers incur excess costs. Increasingly, the
California ISO is able to anticipate when negative pricing will occur. Figure 21 illustrates a
declining trend in the price of wholesale energy on the California ISO markets since 2014,
reflecting the downward price pressures of increasing generation output from renewable
resources with very low operating costs.

195 Rothleder, Mark, California ISO, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p. 14.

196 Rothleder, Mark, California 1SO, May 12, 2017, IEPR workshop transcript, pp. 11-12.
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Figure 21: Total Annual Wholesale Costs per MWh of Load Served, 2012-2016
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Source: California ISO,
http://www.caiso.com/Documents/2016AnnualReportonMarketlssuesandPerformance.pdf.

Reliability

Another challenge is related to maintaining the reliability of the electricity system. Traditionally,
natural gas power plants are equipped with automatic governor control (to adjust the power
output of multiple generators at various power plants as needed in response to load changes) and
automatic voltage regulation (to adjust fluctuating voltage to keep it at a constant level).197 These
power plants are being displaced with renewable resources that typically do not include such
controls, although efforts are underway to launch technologies that will help make variable
resources increasingly “grid-friendly.” In 2015, a North American Electric Reliability Corporation
(NERC) task force report suggested that to maintain adequate reliability with the increased use of
variable resources nationwide, such generation resources need to provide sufficient voltage
control, frequency support, and ramping capability—the “essential components of a reliable bulk
power system.”198 (See the sidebar on “Reliability Issues With Transmission-Interconnected PV
Generation.”)

197 Loutan, Clyde, and Vahan Gevorgian, “Using Renewables to Operate a Low-Carbon Grid: Demonstration of Advanced
Reliability Services from a Utility-Scale Solar PV Plant.” California ISO, National Renewable Energy Laboratory, 2016,
https://www.caiso.com/Documents/UsingRenewablesToOperateLow-CarbonGrid.pdf.

198 North American Electric Reliability Corporation. Essential Reliability Services Task Force Measures Framework

Report, November 2015,
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf.
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A primary responsibility of a system
operator is to maintain system
frequency at 60 hertz and to make
sure that the amount of energy
coming into or out of the system
matches what was scheduled_in a
manner that meets, eensistent-with
both NERC reliability requirements
and Federal Energy Regulatory
Commission-approved tariffs.-Over
The theyearthe-California ISO
meets or exceeds the annualthis
standard by balancing every 4
seconds through automatic
generation control, but is
experiencinges an increasing number
of instances heurs-in whichwhen it is
not. This is associated with the high
levels of volatility in renewable
generation not previously

experienced. For example, while the
daily swings in solar generation are
fairly predictable, cloud formations
can suddenly develop over large solar
arrays and cause rapid changes in
electricity generation that were not

anticipated and, therefore, difficult to
manage. Still, while the state has had

Reliability Issues With Transmission-Interconnected
PV Generation

In recent months, there have been several instances of
transmission-level disturbances that resulted in a regional loss of
generation from large PV generators whose inverters ceased to
inject power. These disturbances were transmission-level faults,
and the most significant instance was the loss of nearly 1,200 MW
of PV generation on August 16, 2016. The inverter-based
resources affected were primarily utility-scale resources
interconnected at the transmission level under the jurisdiction of
the California 1ISO. Due to the large amount of PV generation
impacted in multiple events, NERC issued an alert on June 20,
2017, that references their report (1,200 MW Fault Induced Solar
Photovoltaic Resource Interruption Disturbance Report) and
recommends a review of inverter-based control settings for PV
resources.

In response to the alert, the California ISO contacted the inverter-
based generators under their jurisdiction to gather additional
information about existing inverters. The California ISO
determined, based on information gathered, if the inverters could
be adjusted to improve functionality. Depending on the inverter
vintage, some inverter manufacturers were able to work with the
California I1SO to adjust setting functions, including voltage and
frequency "ride-through,” increased tolerance of disturbances, and
reduced time an inverter ceases to inject electricity after an event.
The California I1SO held a workshop on July 24, 2017, to discuss
the issues with stakeholders. The main conclusion was that
NERC should require the development of new standards for
inverter-based resources specific to transmission level
operations—separate from IEEE 1547. The development of a
transmission interconnection standard would greatly impact utility-
scale inverters and would take several years to complete and
standardize throughout existing lines.

to take more mitigation measures to manage the increased variability, it has maintained the
reliability of the grid.199

The increased use in behind-the-meter generation also poses reliability and operational
challenges. Most of California’s behind-the-meter generation is small, load-serving PV generation
interconnected at the distribution level that may export excess generation to the grid, depending
on the interconnection type. These small projects are not visible to system operators and until

199 Rothleder, Mark, California 1SO, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p. 35.
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recent years had little to no impact on distribution system operations. However, with increased
penetrations-ir-behind-the-metergeneration, the exported electricity can cause disturbances to
the distribution system._Conversely, cloud cover can cause a rapid decline in rooftop solar output,
triggering increases in demand. The failure of a large generator can cause a sudden drop in
system frequency, causing many roof top solar units to “trip off,” leading to a sudden, sharp

increase in demand-Cenversely—a-distarbancecanresulifthe-systems-are-gisconnected;
potentially-triggering-sharp-inereasestr-demand. 200 |n the near term, smart inverters can

increase resiliency and even enable market participation in grid-benefitting services, as discussed
below in “Increasing Operational Flexibility of Renewable Resources.”201

While the state faces new challenges in managing its electricity system, these issues are not
unique to California. Germany and China — regions that are also increasing the use of renewable
resources — are experiencing many of the same challenges. Energy Commission Chair Robert B.
Weisenmiller noted that Texas, Germany, and China have their own versions of the duck curve
and that China has periods when renewable curtailment is 40 percent.202 The state has
opportunities to learn from other regions as they encounter challenges while working to
decarbonize their respective electric grids. Moreover, California’s leadership in advancing its own
grid operations can help spur renewable development and GHG emissions reductions throughout
the world.

Solutions to Increase Flexibility in the Electricity
System

The operational challenges described above are the result of California’s successes in
transforming its power mix. It is time to redouble the planning for ever-increasing levels of
renewables. i
Ha%queuef—FeneMﬂbJreugeﬂeraHeﬂ—There is no one measure that will address all erX|b|I|ty needs, but
rather a suite of tools can help manage the fluctuations in supply and demand. Chair
Weisenmiller noted, “Some of them are more significant than others. Although, frankly, I think
we're going to need a portfolio of solutions.”203 These solutions include:

200 http://www.cpuc.ca.gov/General.aspx?id=4154.

201 The Energy Commission and the CPUC facilitate the Rule 21 Smart Inverter Working Group, which made
recommendations for autonomous functions (Phase | of its three phases of recommendations) that will reduce adverse
impacts of high penetrations of PV on the California grid. Phase | recommendations will become mandatory for new
inverters in September 2017. Phase || recommendations relate to enabling communications functionality and are expected
to become mandatory in 2018. The Energy Commission is funding two projects to test and validate the Phase | and |1
functions that will conclude in 2019. Phase 11 includes recommendations for inverters to respond to signals from the
utility to support the grid, allowing DER systems to provide grid services. The Energy Commission is funding two projects
to test and validate Phase 111 functions that will conclude in 2020.

202 Chair Weisenmiller, Energy Commission, May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility
in the Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of _the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp. 2
and 35.

203 Chair Weisenmiller, California ISO May 12, 2017, Joint Agency Workshop on the Increasing Need for Flexibility in the

Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p. 3.
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¢ Managing the grid on a more regional scale, capturing a greater diversity of loads and

resources.

e Ensuring that market mechanisms are in place to encourage ongoing operation of the
most flexible natural gas power plants in strategic locations.

e Improving the operating characteristics of existing and new resources, both natural gas-
fired and renewables.

e Improving forecasting capabilities.

¢ Expanding and improving the use of pricing signals, particularly time-of-use rates and
potentially dynamic pricing signals (which would allow smart devices to help manage the
grid by actively responding to system conditions), to encourage consumers to use
electricity when it is clean and abundant and reduce usage at other times.

e Deploying energy storage.
e Using excess electricity productively.

e Managing the charging of electric vehicles smartly and accessing the batteries of plug-in
electric vehicles to ease grid operations issues.

The discussion below lays out the opportunities and barriers for each solution. For a detailed
discussion of actions needed to advance demand response, energy storage, vehicle-to-grid, and
distributed energy resources in general, see Chapter 4.

Regional Coordination

California has targeted increased regional coordination as one of its strategies for achieving the
state’s renewable energy and GHG reduction goals. The benefits of increased regional
coordination, to both California’s utility customers and those of the entire Western
Interconnection, include more efficient use and integration of renewable energy (including hydro
in the Pacific Northwest), reduced carbon emissions, more efficient use of the transmission grid,
reduced costs, and enhanced reliability.

Western Region Electricity Trade Opportunities

Most of the sought-after western electricity transactions involve the operation of the existing
generation systems to take advantage of regional diversities and the availability of surplus
generation. Consequently, between one-quarter to one-third of California’s electricity loads are
supplied from out-of-state wholesale electricity transactions.

California’s electricity grid is interconnected with a larger system that serves 11 western states and
parts of two countries: British Columbia and Alberta, in Canada, and Baja California Norte, in
Mexico. This interconnection is mutually beneficial by allowing greater dispatch flexibility and
sharing of surplus capacity. Overall, the Western Interconnection is summer peaking, including

California, though the Northwest is winter-peaking.204-California’s-demand-peaks-during-the

204 See page 6 of
https://www.wecc.biz/Reliability/State%200f%20the%20Interconnection%20Digest%20(Summer%202017).pdf.
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peaks do not coincide, these areas can share excess seasonal capacity and therefore each-system
does not need to build the full capacity to meet theirits annual peak demand-but-can-instead-share

There are also opportunities to develop renewable generation in regions with high-capacity-factor
renewable resources that have seasonal and diurnal operating profiles that complement
California’s operational needs. Specifically, the resource diversity implicit with widely dispersed
solar resources, which capitalize on variations in production patterns from east to west, as well as
improved resource portfolio mixtures incorporating high-quality wind outside California offer
significant potential benefits.

Western markets present an opportunity to sell California renewable generation during surplus
periods instead of potentially curtailing operations. Studies of expanded regional markets,
including the California 1ISO SB 350 Study,29° calculate and catalog expected benefits from
improved system operating efficiencies, GHG reductions and improved air quality in critical
California communities, and improvements in job creation and broad economic stimulation
through reductions in retail electricity rates.

Utilities that are at risk of losing market sales and needed revenues, such as the Bonneville Power
Administration, are unbundling and reshaping their energy products to become more competitive
in the western wholesale energy market. Competitive wholesale markets and an expanding
Western Energy Imbalance Market (EIM) EHM-footprint as discussed below allow increased
transparency into emissions trends and the ability to monitor for potential resource shuffling.206

The California 1SO and California Air Resources Board (CARB) continue to collaborate on
comprehensive GHG tracking measures that are likely to be the foundation for emissions tracking
under any future regional grid operator market implementation.

Western Energy Imbalance Market

The recent formation and implementation of the Western EIM have proven to be an
unprecedented step forward in exploring new and highly effective methods of increased regional
coordination. The EIM has been in place since November 2014, has produced substantial savings,
and continues to grow through the continual addition of new participants.297 As shown in Table

205 The Brattle Group, Inc., Energy and Environmental Economics, Inc., Berkeley Economic Advising and Research,
LLC., and Aspen Environmental Group. 2016. Senate Bill 350 Study. The Impacts of a Regional 1SO-Operated Power
Market on California. Prepared for California 1SO. July 8, 2016. http://docketpublic.energy.ca.gov/PublicDocuments/16-
RGO-01/TN212271_20160713T111132_SB_350_Study Aggregated Report.pdf.

206 Resource shuffling is implementing pairwise changes in buyers and sellers of energy (for example, contract
reassignment) to reduce GHG emissions allowance obligations without reducing actual emissions. For a detailed
discussion of what activities constitute resource shuffling and regulatory measures to prevent it , see 17 CCR 95852.

207 Utilities participating in the Western EIM include Oregon-based PacifiCorp; NV Energy of Las Vegas; Puget Sound
Energy of Washington state; Arizona Public Service of Phoenix, Arizona; and Portland General Electric. Other utilities that
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7, the benefits of avoided renewables curtailment are significant according to California 1SO
studies, with an estimated 479,626502,357 MWh exported instead of curtailed, which displaced
an estimated 204;941214,927 metric tons of carbon dioxide (CO3) since inception. The total
finanetal-gross benefits for Western EIM participants are $213:24254.98 million as of July
31September 30, 2017. Table 7 also shows the volume of avoided renewable curtailments, the
estimated metric tons of CO, displaced, and the total menetary-gross benefits for each quarter.
The Western EIM delivers significant efficiency enhancements in real-time operations. The
expansion of renewable resources in the Western Interconnection (primarily in California) and
EIM implementation have encouraged additional assessments of system efficiency and driven
operational enhancements.

have formally agreed to join the Western EIM include Powerex Corp. of Canada and Idaho Power in April 2018; Seattle
ity-Hight-the Balancing Authority of Northern California/SMUD and the Los Angeles Department of Water and Power
(LADWP) in April 2019; and Seattle City Light and Phoenix-based Salt River Project in April 2020.
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Table 7: Western EIM Reduced Curtailment of Renewable Energy, Associated Reductions
in CO2, and Participant Finaneial-Gross Benefits by Quarter

Avoided

Renewable Equivalent Total Participant
Ylaar Quarter Participants Curtailment Metric Tons of Gross Benefits in
(MWh) CO; Displaced Millions USD208
2014 4 California ISO, PacifiCorp N/A N/A $5.97
1 California ISO, PacifiCorp 8,860 3,792 $5.26
2 California ISO, PacifiCorp 3,629 1,553 $10.18
2015 3 California ISO, PacifiCorp 828 354 $12.00
California ISO, PacifiCorp, NV
4 Energy (Dec. 2015) 17,765 7,521 $12.29
1 California IS&;;;WnCorp, NV 112,948 48,342 $18.90
> California ISE(?],eféi;mCmp, NV 158,806 67,969 $23.60
2016 3 California 'SE?]'e ':;‘;'f'corp' NV 33,094 14,164 $26.16
California ISO, PacifiCorp, NV
Energy, Arizona Public Service
4 (APS, Oct. 2016), Puget Sound 23,390 10,011 $28.26
Energy (PSE, Oct. 2016)
1 Ca"forE”r'zr';yoAEaSC'f;%"Erp' NV 52,651 22,535 $31.10
2017 2 Ca"folrznéir';yo'p\';asc'f;cscgp' NV 67,055 28,700 $39.5240.71
3 Cal|f0|r£nr|]2rquvOA|:)aSC|fé)(;oErp, NV 23.331 0,986 $40.55
| Total All 479.026502,357 | 2047941214927 $213.24254.98

Source: Adapted from California ISO, Western EIM Benefits Report: Seeond-Third Quarter 2017, July-31October
18, 2017, available at https://www.westerneim.com/Documents/ISO-EIMBenefitsReportQ32 2017.pdf.

The most recent map of Western EIM entities is shown in Figure 22.209. 210

| 208 For attribution of gross benefits by participant, see each quarterly Western EIM benefits report, available at
https://www.westerneim.com/Pages/About/QuarterlyBenefits.aspx.

209 For more information, see https://www.westerneim.com/pages/default.aspx.

210 In its November 13, 2017, comments on the Draft 2017 IEPR and workshop, LADWP indicated that “the realistic

planned EIM entry for LADWP has been updated to 2020 due to an ongoing gap analysis.” See

http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221735_20171113T143301_Ramon_D_Gamez_Comments LADWP's_Comments_to DRAFT_2017_IEPR_and.p

df.
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Figure 22: Existing and Future Western EIM Entities

Market Operator
[ California ISO

EIM entity

[ Active participant

[ Planned EIM entry 2018
B Flanned EIM entry 2019
[ Flanned EIM entry 2020

Source: Western Energy Imbalance Market, https://www.westerneim.com/Pages/About/default.aspx, accessed
January 25, 20180e¢tober4,-2017. Note: The Los Angeles Department of Water and Power commented that it has
updated its planned entry into the Western EIM to 2020. http://docketpublic.energy.ca.gov/PublicDocuments/17-
IEPR-

01/TN221735 20171113T143301 Ramon_D_Gamez Comments LADWP's_Comments_to DRAFT 2017 IEPR

and.pdf

From the foundation of the Western EIM and the voluntary participation of Western
Interconnection entities, innovative market opportunities are evolving.

Bonneville Power Administration

Power transfers between California and the Pacific Northwest have a long and rich history. A
substantial surplus of electrical generating capacity and energy can exist depending on
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hydroelectricity conditions in the Pacific Northwest, the operational requirements of the
Columbia River system managed by the Bonneville Power Administration (BPA) and the seasonal
demand characteristics of the region. Demand in the Pacific Northwest peaks in the winter, along
with majority of load on the western system, while California demand peaks in the summer. Thus,
during the spring and early summer, a period of low demand and high hydroelectric supply in the
Pacific Northwest, a large amount of surplus power can be, and often is, available for export to
California. Likewise, the Pacific Northwest has the opportunity to purchase surplus generation
from California during the winter peak season. The complementary nature of California and the
Pacific Northwest electricity supply and demand patterns makes the two regions natural trading
partners.

About 8,020 MW of transmission capacity links the Pacific Northwest with California — the
California-Oregon Intertie allows for the scheduling of up to 4,800 MW in 15-minute increments.
The Pacific Direct Current Intertie (PDCI) is scheduled hourly, and recent upgrades to it,
completed in November 2016, expanded the power transfer capability from 3,100 MW to 3,220
MW. BPA was pursuing its Interstate 5 Corridor Reinforcement Project, which was intended to
reduce potential future congestion, but cancelled it in early 2017 after extensive review. The
decision “reflects a shift for BPA — from the traditional approach of primarily relying on new
construction to meet changing transmission needs, to embracing a more flexible, scalable, and
economically and operationally efficient approach to managing our transmission system.”

Operational practices can prove to be valuable sources of increased transfer capability. BPA has
long advocated for improved coordination of California ISO market timelines with WECC real-
time scheduling practices. BPA indicates that the capacity of the California-Oregon Intertie can be
described in terms of the flexibility that can be offered. For example, at the May 12, 2017, IEPR
Joint Agency Workshop on the Increasing Need for Flexibility in the Electricity System, BPA
indicated that 400 MW are flexible within 5-minute intervals to support 5-minute dispatch and
delivery of dynamic resources, and 4,800 MW are flexible on a 15-minute scheduling interval.
BPA further indicated that the PDCI can similarly be described in terms of flexibility: 3,220 MW
are flexible from one hourly scheduling interval to the next.

Further, the California ISO and BPA have collaborated on a great deal of telemetry and
operational data sharing in support of the EIM implementation. BPA does not directly participate
in the Western EIM but operates some 75 percent of the high-voltage transmission facilities in the
Northwest and has an operational interest in EIM transfers.

At the May 12, 2017, workshop, BPA expressed interest in California developing intra-hour and
day-ahead flexible capacity products. BPA suggested that the new flexible capacity products can
be developed using existing proceedings and entities, such as the California ISO’s Flexible
Resource Adequacy Criteria and Must Offer Obligations stakeholder process,2!! the CPUC

211 This initiative is exploring enhancements to flexible capacity requirements to help address generation oversupply and
ramps less than three hours. This effort also seeks new rules to allow intertie resources and storage resources not
operating under nongenerator resource provisions to provide adjustable capacity. Through this effort the California ISO
will also assess the impact of merchant variable energy resources on flexible capacity requirements. For more information,
see https://www.caiso.com/informed/Pages/StakeholderProcesses/FlexibleResourceAdequacyCriteria-
MustOfferObligations.aspx.
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Resource Adequacy proceedings and integrated resource plan, the long-term procurement
proceeding (R.16-02-007), and the IEPR proceeding.212 BPA has stated that the federal hydro
resources, which have within-hour adjustability, can provide the flexibility California needs to
support increasing amounts of renewables if California adopts appropriate adjustable capacity
products; a durable long-term method and solution for resource adequacy; and bilateral power
exchanges with load-serving entities in the Pacific Northwest. An appropriately structured flexible
capacity product may be offered in large quantities into a day-ahead market when supply-demand
conditions in the Pacific Northwest are known and a surplus is available. The California ISO and
BPA successfully negotiated an agreement for BPA to provide frequency responsive reserves,
which the Federal Energy Regulatory Commission (was-metwith-FERC) approvedappreval.
Collaborations such as these hold the potential for innovative and fruitful solutions.

Currently, Northwest hydro generation is providing a limited amount of within-hour flexibility to
the California ISO. The flexibility of Northwest hydro generators is under-utilized by the
California ISO due to a combination of physical limitations on dynamic transfer capability (DTC),
current market timing and rules, and the resulting inadequate economic incentives. Addressing
these limiting factors has the potential to support system operations and provide economic
benefits to both California and the Pacific Northwest. One significant source of flexible carbon-
free capacity is the extensive hydro system that exists in the Pacific Northwest. In 2018, the
California ISO has begun to investigate market design changes that can unlock the flexibility
benefits from hydro resources and result in an overall more efficient market for all participants in

the long run.

BPA continues to engage in the market design processes at the California 1SO. The 2018 Draft
Policy Initiatives Catalog reflects a productive dialogue among the California ISO, BPA, and the
broader group of stakeholders. For example, BPA submitted a candidate stakeholder initiative to
the process that proposed to shorten Western EIM timelines for binding schedules. Discussions of
the core issues revealed that cost-related aspects of the proposal would best be treated through
modifications to the Open Access Transmission Tariffs of affected transmission providers. Other
aspects of the proposal, in particular shortened Western EIM process timelines, will be affected
under a few other key stakeholder initiatives.

Two stakeholder initiatives added to the initiatives catalog by the California ISO prove responsive
to the demands of market participants in a fast-changing regional market space. The “Combined
Integrated Forward Market and Residual Unit Commitment” initiative proposes to add backstop
capacity reservation into the co-optimization of day-ahead energy and ancillary service market
clearing. The “15-minute day-ahead scheduling granularity” initiative proposes to assess benefits
of incorporating subhourly scheduling features into the Integrated Forward Market.213. 214 The

212 BPA comments on the Joint Agency Workshop on Increasing Need for Flexibility in the Electricity System, June 1,
2017, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217795_20170601T144930_Aimee_Higby Comments_BPA_Comments__Joint_Agency_Workshop_on_Inc.pdf.

213 California ISO, Draft Policy Initiatives Catalog, November 8, 2017,
http://www.caiso.com/Documents/2018DraftPolicylnitiativesCatalog.pdf

214 In its December 7, 2017 Market Notice, the California ISO states, “The 1SO will also post a 2018 Final Policy Initiative
Catalog that includes an effort that would enhance its day-ahead market. The proposed enhancements could dramatically
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California ISO has begun outreach to regulatory bodies to inform decision makers about the
proposed enhancements to its market designs.

California’s energy agencies must continue working with Pacific Northwest balancing authorities,
hydro asset owners, and other stakeholders on developing a flexible capacity product that
encourages the provision to California in day-ahead markets. This may be best facilitated in the
context of increasing grid regionalization, with the goal of conducting commitment, dispatch, and
planning over a larger geographic area. Entities in the Pacific Northwest anticipate this
regionalization, themselves increasing the flexibility of their existing thermal resources to
accommodate a low-carbon, variable-energy regional system. The Energy Commission agrees that
operational practices, as well as intrahour scheduling and continued market development, are
important ways to increase transfer capability and support greater coordination among
California, BPA, and other parties.

Regional Westwide Electricity Market Development

Development of a regional, westwide electricity market is critical to help integrate renewable
energy resources, maximize the use of these resources, and achieve benefits beyond those gained
with the Western EIM.215 The Energy Commission, CPUC, and CARB held several workshops in
2016 to discuss matters related to a regional westwide market, including governance structure
and studies on the environmental and economic impacts of a regional grid operator.216 In July
2016, the California I1SO released final study results of the effects of a transformation to a regional
market and found that California ratepayers would save $55 million per year under a limited
expansion with only PacifiCorp fully participating in a regional grid in 2020. The final studies also
estimate that California ratepayers would save up to $1.5 billion per year assuming a larger
regional footprint that includes all the U.S. balancing authorities in the Western Interconnection
except for the two Western federal power marketing administrations.

The Energy Commission should continue to support broad-based objective consideration of
potential new regional coordination opportunities. Of high importance is improved
understanding and tracking of the environmental impacts (GHG and other) of dispatch under
different market arrangements (for example, Western EIM versus full or partial regional day-
ahead market), dispatch coordination protocols (for example, voluntary bilateral, subregion only,
or centralized regional), and varying generation futures.

Some developments under consideration in the West have the potential to challenge traditional
concepts of the bulk electric system. On September 22, 2017, the Mountain West Transmission
Group participants announced they were beginning final negotiations with the Southwest Power

increase the efficiency of the day-ahead market by establishing resource schedules that more closely reflect expected real-
time operation. The catalog also includes an effort to extend the day-ahead market to EIM participants. Both initiatives
will also present an opportunity for participants in the western EIM to explore expansion into the day-ahead timeframe.”

215 The California ISO prepared a matrix that compares the responsibilities of a conventional balancing authority (BA), an
1SO BA, the Western Energy Imbalance Market, and a regional ISO BA. See http://www.caiso.com/Documents/BA-EIM-
FullParticipation-Checklist.pdf.

216 For more information see http://www.energy.ca.gov/sb350/regional_grid/.
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Pool for regional transmission organization membership.2!7 If these negotiations and the

resulting implementation are successful, the Southwest Power Pool would become the first

regional transmission organization to operate in separate synchronous interconnections. This

development represents one of several fronts in a many-faceted competition to deliver

competitive market solutions to participants in the Western bulk electric system.

Another development announced on December 7, 2017, has Peak Reliability, the reliability

coordinator for the majority of the Western Interconnection, engaging with PJM Connext, a

subsidiary of the PJM Interconnection (PJM), to explore alternative market solutions in the

Western region?8 The announcement has proven somewhat controversial, as market participants

in the Western region have expressed concern that PJM lacks experience in the West.219

On January 2. 2018, the California 1SO announced it plans to become its own reliability

coordinator?20 and offer reliability services to other balancing authorities and transmission

operators in the Western United States. The California ISO also notified Peak Reliability of its

intent to withdraw from the Reliability Coordinator Funding Agreement it has with Peak, effective

September 2019. The California ISO
plans for its new reliability coordinator
unit to be certified and operational by

spring 2019.

Using Natural Gas Power
Plants to Integrate
Renewables

To date, natural gas power plants have
been the primary resource for managing
the integration of renewable resources.
Natural gas power plants that can be
readily turned up and down to balance
supply and demand are the workhorses
of the grid. Fheycan-be-called-uponin
I iaehfl .
I iel_includi s .

Risk of Flexible Generation Retiring

Natural gas-fired power plants are California’s primary source of
operational flexibility to maintain reliability in its electricity system.
On April 24, 2016, the Energy Commission jointly conducted a
workshop with the CPUC and California 1SO titled “Risk of
Economic Retirement for California Power Plants.” The workshop
revealed a variety of market issues threatening the ongoing
operations of some of California’s most nimble gas-fired power
plants that needed to maintain reliability. Further work is needed to
ensure that market mechanisms are in place to encourage
ongoing operation of the most flexible power plants in locations
where they are most needed.

More than 11,000 MW of capacity in California has retired since
2010 and an additional 12,263 MW is scheduled to do so by 2030
(see Table 8). Table 8 shows a total estimated retirement of
natural gas and nuclear capacity between 2010 and 2029 of about
23,285 MW. Additionally, PG&E is evaluating another 47 MW of
hydropower plants for possible sale or decommissioning.

217 https://www.wapa.gov/newsroom/NewsReleases/2017/Pages/Mountain-West-SPP-negotiations.aspx.
218 Peak Reliability and PJM Connext, Press Release titled Peak Reliability and PJM Connext Agree to Jointly Explore

Reliability Services and Markets in the West, December 7, 2017,

https://www.peakrc.com/aboutus/Newsletters/2017_12 07%20Final%20Release.pdf.

219 RTO Insider, PIJM Unit to Help Develop Western Markets, December 8, 2017, https://www.rtoinsider.com/pjm-

connext-peak-reliability-western-electric-markets-81332/.

220 A reliability coordinator is responsible for complying with NERC and regional standards, including providing

oversight, monitoring operational and security risks, acting or directing action to preserve system reliability, and

providing leadership in system restoration following a major reliability event. As noted in the January 2, 2018, press

release, the RC services the California ISO is contemplating will include outage coordination and day-ahead planning, in

addition to real-time monitoring for reliability. For more information see California ISO, News Release titled California

1SO Announces Plans to Become Reliability Coordinator, January 2, 2018,

http://www.caiso.com/Documents/Californial SOAnnouncesPlanstoBecomeReliabilityCoordinator.pdf.
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iek They can be called upon in
response to the myriad fluctuations, including variations in hydropower availability, daily swings
in renewable resource generation, power plant outages, and changes in demand. Conversely,
California needs to retire inflexible natural gas power plants_to meet its climate goals (See
Chapter 8 for discussion on long-term trends in natural gas).

Retaining Natural Gas Power Plants Needed for Reliability

In its written comments on the Draft 2017 IEPR, Cogentrix recommended that the California
energy agencies identify the existing flexible natural gas-fired generation that will be needed for
reliability during the next five years; work together on a comprehensive, immediate plan for
retaining this generation; and facilitate related power purchase contracts.?2! The Northern
California Power Association, a consortium of publicly owned utilities (POUSs), also noted the
need for a comprehensive plan for retaining generation resources that increase the resiliency of
the electricity system in its submitted comments.222 During 2018, the energy agencies are

evaluating the necessary operating characteristics for dispatchable resources in a high-renewable,
low-carbon, and reliable electricity system as well as mechanisms for procuring and retaining
them.

For example, the California ISO’s Flexible Resource Adequacy Criteria and Must Offer Obligations
initiative, which is undergoing a stakeholder update, provides an example of collaboration on
near-term options for ensuring reliability. The California ISO also conducted initial studies in
2017 that examined the impact of retiring natural gas-fired generation capacity on reliability,
GHG emissions, and cost. Staff is undertaking a study examining the status of the merchant
natural gas combined-cycle, peaking, and cogeneration units in each local capacity area. The issue
of identifying natural gas generation units most needed for reliability applies to POU facilities as
well as merchant plants.

While the need for flexible capacity will increase substantially as solar capacity is added on both
sides of the meter, the amount of flexible capacity available in the near -term is projected to fall.
About 6,200 MW of flexible capacity in the California 1SO service territory is slated to retire by
the end of 2020 because the state’s policy to phase-out once-through-cooling technologies. Table
8 shows power plants in the Los Angeles Department of Water and Power (LADWP), Imperial

221 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221822_20171117T151946_Greg_Blue_Comments_Cogentrix_Comments_on_2017 Draft Integrated.pdf.

222 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221746_20171113T161515_Susie_Berlin_Comments_Northern_California_Power_Agency_Comments.pdf.
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Irrigation District, and California ISO service areas that have been retired since 2010 or planned
for retirement.223 The CPUC and the Energy Commission have approved about 2,000 MW of
replacement capacity which is in the early phase of construction, with approximately 260 MW
under consideration in the Energy Commission’s licensing process. (For more information see

Chapter 11.) mentof Waterand-Powe

In an April 24, 2017, joint agency workshop, numerous merchant power plant owners noted an

inability to secure contracts, which they assert are needed to continue operations. The investor-
owned utilities (10Us) commented that they are no longer in a position to offer contracts for
natural gas generation, other than for resources needed to meet resource adequacy requirements.
See Chapter 1, the section on “Changes in Electricity Market Structure.”) If a merchant gas-fired
plant does not receive a utility contract but is needed for reliability, the California ISO can award
a temporary Reliability Must-Run (RMR) contract or use its Capacity Procurement Mechanism to
award a contract of up to one year. It has entered into RMR contacts for 2018 with three Calpine
facilities: Feather River (46 MW), Yuba City (46 MW), and the Metcalf Energy Center (580 MW).

In January 2018, the CPUC issued a resolution?24 requiring PG&E to solicit and procure

223 Tracking progress is available at
http://www.energy.ca.gov/renewables/tracking_progress/documents/once_through_cooling.pdf. Note, staff updated
information for the Encina power plant. Staff also updated the repower dates for Scatergood 1 and 2 and Haynes 1, 2, 5,
and 8 based on written comments from LADWP, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221735_20171113T143301_Ramon_D_Gamez_Comments LADWP's_Comments_to DRAFT_2017_IEPR_and.p
df. PG&E provided information on hydro facilities.

224 CPUC, Agenda ID number 16195, Energy Division Resolution E-4909, January 11, 2018,
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M200/K602/200602742.PDF.
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Table 8: Actual and Planned Retirements of Natural Gas and Nuclear Power Plants in
California and PG&E Hydro Facilities Under Evaluation (2010—-2029)

Facility & Units Fuel Type C?&%@;ty Retll:;:trgent Reason
Humboldt Bay 1, 2 nat. gas 135 9/30/2010 OTC compliance
South Bay nat. gas 296 12/31/2010 OTC compliance
Potrero 3 nat. gas 207 2/8/2011 OTC compliance
Texaco Exploration Cogeneration nat. gas 19 3/14/2011 Economic retirement
Wellhead Gates nat. gas 47 12/31/2011 Economic retirement
El Centro 3 nat. gas 50 12/31/2011 Economic retirement
JRW Associates Cogeneration nat. gas 10 12/31/2011 Economic retirement
United Cogeneration nat. gas 31 3/31/2012 Economic retirement
Huntington Beach 3, 4 nat. gas 452 11/1/2012 OTC compliance
Escondido Energy Center nat. gas 44 12/31/2012 Economic retirement
Los Esteros Critical Energy nat. gas 192 12/31/2012 Economic retirement
Contra Costa 6, 7 nat. gas 674 4/30/2013 Retired 4/30/2013
Wheelabrator Lassen Cogeneration nat. gas 39 5/21/2013 Economic retirement
San Onofre 2, 3 nuclear 2,246 6/7/2013 Economic retirement
Haynes 5, 6 nat. gas 535 6/1/2013 OTC compliance; replaced as air-cooled
El Segundo 3 nat. gas 335 7/27/2013 OTC compliance; replaced as air-cooled
Lake Shore Mojave Cogeneration nat. gas 55 8/5/2013 Economic retirement
Morro Bay 1-4 nat. gas 912 2/5/2014 OTC compliance
North Midway Cogeneration Plant nat. gas 11 5/9/2014 Economic retirement
Kearny 1 nat. gas 15 12/28/2014 Economic retirement
Coolwater nat. gas 727 1/15/2015 Economic retirement
Cardinal Cogeneration nat. gas 54 3/31/2015 Economic retirement
El Segundo 4 nat. gas 335 12/31/2015 OTC compliance
Scattergood 3 nat. gas 450 12/31/2015 | OTC compliance; replaced as air-cooled
Kearny 3 nat. gas 55 12/31/2015 Economic retirement
Oildale Cogeneration nat. gas 40 1/5/2016 Economic retirement
Moss Landing 6, 7 nat. gas 1,510 12/31/2016 OTC compliance
El Cajon nat. gas 13 12/31/2016 Economic retirement
Mid-Set Cogeneration nat. gas 39 12/31/2016 Economic retirement
Miramar nat. gas 33 12/31/2016 Economic retirement
Pittsburg 5, 6, 7 nat. gas 1,307 12/31/2016 OTC compliance
Encina 1 nat. gas 106 4/18/2017 OTC compliance
San Joaquin Cogeneration nat. gas 48 6/27/2017 Economic retirement
Mandalay 1, 2, 3 nat. gas 565 2/7/2018 Economic retirement
Encina 2,3,4,5 nat. gas 840 12/31/2018 OTC compliance
Metcalf 1, 2,3 nat. gas 565 TBD 2018 Economic retirement
Feather River nat. gas 48 TBD 2018 Economic retirement
Yuba City nat. gas 48 TBD 2018 Economic retirement
Redondo 7 nat. gas 493 10/1/2019 OTC compliance
Huntington Beach 1 nat. gas 226 12/31/2019 OTC compliance; being replaced as air-cooled
Alamitos 1, 2, 5 nat. gas 848 12/31/2019 | OTC compliance; being replaced as air-cooled
Moss Landing 1, 2 nat. gas 1,020 12/31/2020 OTC compliance deadline
Huntington Beach 2 nat. gas 226 12/31/2020 | OTC compliance deadline
Redondo 5, 6, 8 nat. gas 850 12/31/2020 OTC compliance deadline
Alamitos 3, 4, 6 nat. gas 1,163 12/31/2020 | OTC compliance deadline
Ormond Beach 1, 2 nat. gas 1,516 12/31/2020 | OTC compliance deadline
Diablo Canyon 1 nat. gas 1,120 11/2/2024 Owner decision to close; forego federal relicensing
Scattergood 1, 2 nat. gas 367 12/31/2024 | OTC compliance; plans to replace as air-cooled
Diablo Canyon 2 nuclear 1,120 8/26/2025 Owner decision to close; forego federal relicensing
Haynes 1, 2 nat. gas 444 12/31/2025 | OTC compliance; plans to replace as air-cooled
Haynes 8 nat. gas 575 12/31/2028 | OTC compliance; plans to replace as air-cooled
Harbor 5 nat. gas 229 12/31/2029 OTC compliance; plans to replace as air-cooled
TOTAL RETIREMENTS 23,285
DeSabla-Centerville hydro 26 TBD Facility owner has not announced retirement plans
Narrows hydro 12 TBD Facility owner has not announced retirement plans
Potter Valley hydro 9 TBD Facility owner has not announced retirement plans
Hydro Facilities Under Evaluation 47

Source: Energy Commission, Tracking Progress, Once-Through Cooling Phase-Out, 3/8/2017.
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Modify Operations of Natural Gas Plants

Renewable curtailment and GHG emissions can be
avoided in part by reducing the level at which
nonrenewable generators must run. Figure 23
below shows an overall trend in capacity factors
declining for the gas-fired fleet, although annual
results vary depending on several factors,
including hydro availability and marginal gas
prices. Meanwhile, the heat rates of combined-
cycle gas turbines have increased from an average
of 6,974 Btu/KWh in 2001 to 7,329 Btu/KWh. (An
increase in heat rate means that the overall
efficiency of the power plants is declining.)22® The
change in heat rate and efficiency reflects
operational changes at the power plants are
increasingly being used to ramp up and down to
integrate renewables and run at lower levels to
limit renewable curtailment.

Resiliency During Record Heat on
September 1, 2017

California experienced record high temperatures
and correspondingly high demand for electricity
on September 1, 2017. San Francisco had a
peak temperature of 106° F, while temperatures
in Los Angeles reached 101° F. Electricity
demand in the California ISO footprint peaked at
50,116 MW. Based on the Energy Commission's
1-in-2 forecast plus a planning reserve margin of
15 percent, the total Resource Adeguacy
capacity was 47,000 MW. After credits for
demand response and outages, the operational
Resource Adequacy capacity was just under
45,000 MW. Nonetheless, a combination of
factors allowed the California 1ISO to maintain
reliability. First, the California ISO issued a Flex
Alert on September 1, 2017, and the preceding
two days, requesting that customers reduce air
conditioning use and shift appliance operation to
off-peak times. Second, the market responded
with 8,700 MW of imports at peak load and the
major I0Us activated their various demand
response programs both in and out of the
California ISO markets. SCE, PG&E and SDGE
report that approximately 500 MW, 139 MW and
70 MW of demand response was activated in
their service territories, respectively.

225 Nyberg, Michael. 2016. Thermal Efficiency of Gas-Fired Generation in California: 2015 Update. California Energy

Commission. CEC 200-2016-002.
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Figure 23: Changes in the Capacity Factor of Various Types of Natural Gas Power Plants in
California (2001-2016)
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For the natural gas facilities that continue operating, there is an increasing need fe+to reduce
minimum loads and increase the speed of start times. One innovative solution is to pair storage
with a peaker power plant. (Storage is discussed in detail belew-inr-the~Sterage”sectionChapter
4.) SCE converted its Center and Grapeland peaker power plants to a hybrid system that pairs the
gas turbine peaker with a 10 MW lithium-ion battery. The battery provides immediate energy to
the grid, allowing time for the gas turbine to ramp up and provide energy, if needed. The battery
is later recharged.226 The system is called a hybrid enhanced gas turbine and is the first in the
world. SCE is also considering converting three additional peaker plants.227

There are also opportunities to modify natural-gas fired combined-cycle power plants to increase
flexibility. Combined-cycle power plants combine a combustion turbine and a steam generator
such that the waste heat from the former is used to generate electricity. At the May 12, 2017, IEPR
workshop, Matt Barmack, director of market and regulatory analysis at Calpine, explained that
flexibility limitations are related to the steam component of the power plant, which does not
operate well with temperature swings (thermal transience) associated with the rapid start and
stop of the combustion turbine. Opportunities to increase the flexibility of combined-cycle power
plants include redesigning control systems to minimize the impact of thermal transience on the
heat recovery steam generator and steam turbine. These operational changes can also allow for a

226 Aoyagi-Stom, Caroline. April 18, 2017. “SCE Unveils World’s First Low-Emission Hybrid Battery Storage, Gas Turbine
Peaker System. Press Release.” http://insideedison.com/stories/sce-unveils-worlds-first-low-emission-hybrid-battery-
storage-gas-turbine-peaker-system.

227 SCE, August 1, 2017, IEPR workshop on Senate Bill 350 Low-Income Barriers Study Implementation,

http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
08/TN220847_20170822T082055_Transcript_of the 08012017_Joint_Agency_Workshop_on_Senate_Bill.pdf, p.81
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faster start time.228 Improvements in emission controls and control systems can also ensure
stable emissions rates over a broader range of combustion turbine output, allowing for lower
minimum loads (for example, 10 to 25 percent of full combustion turbine output, rather than 50
percent).

Renewable Resource Forecasting

Forecasting is an important and cost-effective tool for integrating the variable production of solar
and wind generation into an affordable and reliable power system.229 Improved renewable energy
forecasting models can help grid managers accurately anticipate the fluctuation of variable
resources to better anticipate power generation availability and improve grid operations.

Research and development projects on renewable generation forecasting are ongoing and will
become increasingly important as the state integrates greater amounts of renewable resources.
From 2011 to 2014, the Energy Commission funded projects that developed tools and strategies

that improve short-term solar forecasting models and support grid operations and electricity
market planning.230

Through the EPIC program, the Energy Commission is contributing to the advancement of solar
and wind forecasting by developing advanced modeling tools. The tools will:

e Improve forecasting accuracy of solar and wind resource and power generation in short-
term horizons to increase confidence in the operation of large-scale renewable energy
resources.

o Develop low-cost irradiance sensors to provide real-time data on solar power plant
production and assess the performance of a network of sensors to assist with intrahour
market dispatch.

e Improve the understanding of the impact of behind-the-meter solar PV on loads and
identify needed modifications to the California 1SO’s load forecast models.

o Identify the benefits and costs of improved forecasts to determine the value of these
forecasts to utilities, grid operators, and California IOU ratepayers.

e Integrate an improved solar forecast into a feed-forward charge controller23! to minimize
net-load variability of electric vehicle charging and solar generation.

228 Barmark, Matt, Calpine, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity System,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN220098_20170710T104319_Transcript_of _the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp.
83-85.

229 http://www.nrel.gov/docs/fy160sti/65728.pdf.

230 For example, one of the funded projects developed the FleetView forecast that is used by the California 1SO, and
another funded project tested and verified a sky-camera forecasting model for shorter-term forecasting at both the utility-
scale and distribution levels. A sky-camera forecasting model is a solar production forecast based on fisheye camera
images (ultrawide-angle, panoramic images).

231 A feed-forward charge controller is a controller that uses future (forecast) information to schedule electric vehicles
for charging.
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Newer research projects are
focused on holistic electricity
forecasting for the day-ahead and
short-term horizons that consider
all grid-connected renewable
generation, and improved
forecasting systems that better
integrate meteorological data. A
research and development project
with the Electric Power Research
Institute will develop an improved
forecasting system for solar
irradiance in California, with a
partietdar-focus on fog and stratus
conditions, through targeted use of
instrumentation. Fhe-etherAnother
research project, with Clean Power
Research, will provide the
California ISO with an improved
next-minute to day-ahead high-
resolution, systemwide,
probabilistic power production
forecast for all California PV
systems, including rooftop PV.

At the May 12, 2017, IEPR
workshop, Mark Rothleder, vice
president of market quality and
renewable integration at the
California I1SO, suggested that
forecasting techniques are good at
anticipating east-west cloud
movement, but that cloud cover
that develops over solar fields
creates significant differences
between even 10- and 30-minute
forecast values and actual
generation. He identified a day

Demonstration of Advanced Reliability Services
From a Utility-Scale PV Power Plant

The California ISO worked with the National Renewable Energy Laboratory
(NREL) and First Solar to test advanced power controls on a 300 MW PV
power plant. The tests showed that PV power plants can provide services
that range from spinning reserves, load following, voltage support, ramping,
frequency response, variability smoothing, and frequency regulation to
power quality. In total, the test results exceeded the performance of
conventional generation sources.

For example, the demonstration tested ramp rate capability. The power
plant successfully ramped from 280 MW to zero and back to 250 MW at 30
MW per minute, consistent with expectations for a natural gas-fired power
plant. Then they looked at how well the plant could follow a 4-second
regulation signal. A combined-cycle power plant can typically follow a 4-
second ramp rate with about 40 percent accuracy, a gas turbine can with
about 63 percent accuracy ;-and- Tthe PV power plant test followed the 4-
second regulation signal with 87 percent to 94 percent accuracy. The study
also tested voltage control, which has been typically has been available
from conventional generation — voltage tends to be high off-peak and low
during peak demand—and-conventional-generation-has-historically-been
the-primany-source-of-control-voltage. The reactive capability (ability to
adjust to help stabilize the voltage of the electricity system) itis typically
about one-third of the capacity of the resource. The expectation for a 300
MW plant is to provide 100 megavolt ampere reactive (Mvar),2 at 50
percent output, the expectation is to provide about 50 Mvars. The test
results showed a startling capability to provide reactive power support: The
plant could provide full reactive power support of 100 Mvar even-when-the
plantwas- operating at only 5 MW. Further, the plant could provide voltage
support even at night.3

The test also showed that the plant was able to follow frequency response
well and respond very quickly to a simulated frequency event in which a
large amount of capacity drops off the system. In the dermenstration-test,
the power plant increased output when frequency dipped and decreased
output as the frequency recovered. These tests showed that the newer
solar plants can provide the central, reliable services needed to control the
grid. Later this year, the California ISO will similarly test a wind plant.

1Loutan, Clyde, and Vahan Gevorgian,. “Using Renewables to Operate a Low-
Carbon Grid: Demonstration of Advanced Reliability Services from a Utility-Scale
Solar PV Plant.” California ISO, National Renewable Energy Laboratory, 2016,
https://www.caiso.com/Documents/UsingRenewablesToOperateLow-
CarbonGrid.pdf.

2 Volt-ampere reactive (VAR) is a measure of reactive power that exists when
current and voltage are not in phase in the transmission or distribution system.
Reactive power reduces system efficiency and its management is important to
ensure voltage stability throughout the grid.

3 Clyde Loutan, California ISO, May 12, 2017, IEPR workshop on the Increasing
Need for Flexibility in the Electricity System,
http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
07/TN220098_20170710T104319_Transcript_of the_05122017_IEPR_Joint_Agenc
y_Workshop_on_the_In.pdf, pp. 42-43.

when the California ISO anticipated 4,000 MW of solar generation, but only 2,000 MW was
available due to unanticipated monsoonal cloud cover.232 A research project titled "High-Fidelity
Solar Power Forecasting Systems for the 392 MW Ivanpah Solar Plant (CSP) and the 250 MW

232 Rothleder, Mark, California ISO, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity

System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
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California Valley Solar Ranch (PV)"233 may help address this forecasting challenge. With funding
from the Energy Commission, this project is developing and validating tools to forecast
components of solar irradiance that are critical to concentrating solar technologies like those at
lvanpah: predicting wind speed that impacts the use of heliostats (the moving or tracking mirrors
used to focus solar energy on boilers in the solar power plant); and improving the Resource-to-
Power model for Ivanpah and the California Valley Solar Ranch.

To identify other renewable energy forecast research needs in California, the Energy Commission
held a workshop on January 17, 2017, seeking input from forecast modeling experts, California
I1SO staff, and utility representatives. Participants discussed forecasting research and
development needs, as well as solutions to address the anticipated operational needs of utilities
and balancing authorities. Recommendations for research included:

e Developing a long-term forecasting tool covering all types of generation resources.

e Identifying distributed sensor networks that could enable telemetry-intensive forecasting
models, as well as developing forecasting tools that do not use telemetry.234

Increasing Operational Flexibility of Renewable Resources

Renewable power plants also offer opportunities to increase the flexibility of California’s evolving
grid and help increase resiliency of the system. The greatest opportunities are with wind and solar
resources, particularly as they are showing the most growth. (See sidebar below “Existing
Hydroelectric, Geothermal, 235 and Biomass Generation Have Limited Potential to Provide
Flexibility.”)

Solar

Deployment of utility-scale, “grid-friendly” PV power plants that can support grid stability and
reliability will be key for the large-scale integration of PV generation. (See sidebar on
“Demonstration of Advanced Reliability Services From a Utility-Scale PV Power Plant.”)
Advanced or “smart” inverters greatly increase the value of PV to the grid, as discussed above in
“Reliability.” A typical utility-scale PV power plant often includes multiple power electronic
inverters that can contribute to grid stability and reliability with the use of advanced controls.

07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp.
17-18.

233 The project received funding from the Energy Commission’s EPIC program. For more information see
http://innovation.energy.ca.gov/SearchResultProject.aspx?p=29961&tks=636504249153870171.

234 http://www.energy.ca.gov/research/notices/2017-01-17_workshop/2017-01-
27_Forecasting_Workshop_Summary_and_Recommendations.pdf.

235 11D commented that the IEPR should remove the qualifier that the potential for geothermal resources to provide
flexibility is “limited” stating that technological advances allow geothermal resources to be fully dispatchable.” 11D also
noted that 70 percent of its service territory is designated as disadvantaged communities and “the development of
geothermal generation in the 11D service territory provides a helpful synergy to meeting the needs of disadvantaged
communities in terms of jobs ... and contributing to the local economy.”
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221751 20171113T162523 Sabrina_C_Barber_Comments_Imperial_Irrigation_District's_Commen.pdf.
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In addition to converting direct current (DC) to alternating current (AC) power for transmission
over distribution and transmission lines, a smart inverter can provide benefits to the grid,

including voltage ride-through (the ability of an electric generator to maintain connection to the
grid during short periods of lower electric network voltage) in response to conditions on the grid

or signals from the grid operator.

) ERCOT’s Integration of Wind Resources
Smart inverters can:

Reduce the impact of
variable renewable
resources.

Provide grid services to
improve grid operations
and system efficiency.
Increase distribution grid
safety and reliability.

Reduce or defer the need
for the distribution
system upgrades to
integrate variable

ERCOT has developed and refined over time market rules to maintain
reliability with large amounts of wind resources. When ERCOT first
experienced the rapid influx of wind resources, it implemented a real-
time, five-minute market in which all wind resources are dispatched by
ERCOT and penalized if they do not follow curtailment requirements. The
rapid energy fluctuations due to curtailment, however, caused frequency
problems, so ERCOT added restrictions on how fast wind generators may
ramp up or down. Further, most wind resources were required to provide
primary frequency response such that if a generator is curtailed and the
frequency is low, then it is released from curtailment. Conversely, if
frequency is too high, then the wind generator curtails itself.

Next, ERCOT added market signals to secure ancillary services to help
maintain grid reliability. In ERCOT, ancillary services are generally served
by natural gas-fired resources that can start within 10 minutes. ERCOT
also implemented other reliability requirements (such as a voltage, ride-
through, reactive power requirement) and is evaluating whether further

requirements are needed to assure that adequate ramping capability and
inertia are available. When ramping resources are limited, prices spikes
create a market signal to add resources including dispatching distributed
resources. As part of its control operations, ERCOT has dedicated staff
reduce the risks introduced by renewables. These operators determine
generation requirements based on their evaluation of probabilistic, five-
minute wind forecasts and compare that with generator commitments to
evaluate whether further ramping capability and/or inertia will be needed
in the next five minutes.

renewables and
distributed energy
resources. 236

The California ISO continues to
work with inverter eriginat

egaipment-manufacturers to
evaluate their ability to modify

inverter settings for frequency

tripping-settings and voltage blocking-settings in existing PV power plants within the California
ISO’s jurisdiction. For the long-term, the California I1SO is supporting efforts to develop or revise
NERC standards around needs to develop transmission specific inverter standards. (Standards
developed for Rule 21 apply to distribution interconnected generation.)

Texas Experience Integrating Wind Resources

Texas has demonstrated that large amounts of wind resources — equivalent to up to 50 percent of
load — can be successfully integrated into the grid. The Electric Reliability Council of Texas
(ERCOT) is a balancing authority that is isolated and does not have the advantage of the regional
grid that California can access. It has about 18,000 MW of wind, which is expected to rise to
24,000 MW by the end of 2017 and 28,000 MW by 2020.237 In comparison, as of June 2017,

236 For example, smart inverters can in increase hosting capacity, the upper bound for the size of PV installation that will
pose no risk to the network; it will not trigger the need for an upgrade to the electricity system. For instance, the
deployment of smart inverters with distributed solar resources can increase the solar hosting capacity of a circuit by an
average of more than 75 percent. https://www.osti.gov/scitech/serviets/purl/1242804.

237 Surendran, Resmi, ERCOT, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity
| System, http://docketpublic.energy.ca.gov/.PublicDocuments/17-1EPR-
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California had about 5,600 MW of
wind_in-state238 — about a third of
the wind capacity in ERCOT.
Overall, ERCOT is larger than the
California I1SO, with about 25
percent more capacity, 30 percent
more load, and a 40 percent
higher annual peak than the
California 1S0.239

ERCOT developed a suite of
market rules and operating
requirements to integrate wind
resources and maintain reliability.
(See side-bar for additional
information.) At the May 12, 2017,
IEPR workshop, Resmi
Surendran, senior manager for
wholesale market operations and
analysis at ERCOT, reported that
although the high influx of wind
energy initially created some
reliability concerns, the market
rules have corrected the issues,
and reliability is not a problem.240

Recently, ERCOT has experienced
rapid growth in solar energy that
it anticipates will be on a similar
scale to its wind resources. In
response, ERCOT has put forward
the same requirements for solar as
for wind. Unlike California,
ERCOT does not expect a rapid

Existing Hydroelectric, Geothermal, and Biomass Generation
Have Limited Potential to Provide Flexibility

Hydroelectric generation has limited flexibility and may require
variable-speed pumps to improve theirresponsiveness. However,
and-some projects are expected to shut down respense-due to
increasing environmental mitigation costs, decreasing wholesale
prices, and utility disinterest in long-term contracts.

Geothermal has primarily been a baseload resource, and flexible-

mode production at-gecthermal-power-plants-typically includes-daily
cyelesinproduction-thatresults in extraordinary stress on the

wellbore and reservoir system. Existing gGeothermal facilities,
however, can provide flexible generation through retooling or the use
of advanced technologies. For example, Matt Barmack stated at the
May 12, 2017, IEPR workshop that the 720 MW Geysers geothermal
power plant routinely offers flexible capacity into the California ISO
market and has ramped down the dispatch by 300 MW several times
in close succession. Josh Nordquist from Ormat testified that a newer
geothermal power plant in Hawaii uses advanced technology and is
dispatchable from 22 to 38 MW and can ramp up or down at 2
MW/min.! The Energy Commission encourages new geothermal
resources to have flexibility capabilities.

Bioenergy tends to provide baseload generation, but the California
Biomass Energy Alliance reports that biomass facilities often can be
turned down 40-60 percent of rated output without significant loss in
performance.2 Since 1980, the number of hiomass plants in
California has decreased significantly because of expiring long-term
contracts and because they are hindered by high operation and
feedstock transportation costs, which can result in insufficient capital
for operation and for maintenance expenses.3 Also, they sometimes
lack support from the community or environmental organizations.

1. http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Ag
ency_Workshop_on_the_In.pdf, p. 96-97

2. http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-
07/TN217739_20170525T162302_California_Biomass_Energy_Alliance_Comm
ents_Re_|EPR_20170512_Wo.pdf.

3. Application of the California Energy Commission for Approval of EPIC Proposed
2018-2020 Triennial Investment Plan, p. 161,
http://docketpublic.energy.ca.gov/PublicDocuments/17-EPIC-
01/TN217366_20170501T115606_Application_of_the_California_Energy_Comm
ission_for_Approval_of.pdf.

07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.

102.

238 California Energy Commission, Renewable Energy, Tracking Progress, updated August-December 2017
http://www.energy.ca.gov/renewables/tracking_progress/documents/renewable.pdf.

239 https://ferc.gov/market-oversight/mkt-electric/texas/elec-texas-glance.pdf and https://ferc.gov/market-

oversight/mkt-electric/california/glance.pdf.

240 Surendran, Resmi, ERCOT, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity
System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of _the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf,

pp.128-129.

128




growth in behind-the-meter solar resources due to market conditions in Texas. Instead, it expects
growth in utility-scale solar, which is more readily visible and controllable. Still, ERCOT is
examining reliability issues associated with distributed solar in response to the reliability
challenge it expects the growth would pose.24!

Time-of-Use Rates
At the May 12, 2017, IEPR workshop, Mr. Rothleder with the California ISO described the need
for time-of-use (TOU) rates that encourage people and businesses to make energy-use decisions
consistent with system costs. Hewever-Tthe TOU rate design — in particular, the peak and off-
peak period definition — needs to be aligned with system needs; otherwise, it can exacerbate the

conditions it is intended to address.242

To date, although almost all nonresidential customers are on TOU rates, most IOU TOU periods
do not reflect current conditions. All three large electric utilities have proposed changes to TOU
rates to reflect changes in the times of day when electricity expected to be at the highest value,
and demand reductions are needed to help manage the grid, as shown in Table 9. In Decision 17-
01-006, the CPUC adopted a framework for designing, implementing, and modifying the time
intervals reflected in TOU rates. Among the guiding principles is that TOU periods should be
based on forecasted marginal generation costs, thereby aligning price signals with grid needs. In
December 2017, SDG&E will-begirbegan implementing recently adopted periods that reflect
expected conditions. Decisions in PG&E and SCE rate cases are expected in 2018, allowing
implementation in late 2018 or 2019. This shift to updated TOU periods for standard rates should

be largely completed #+-2619by 2020 and will affect both nonresidential and residential

customers.

Table 9: IOU Proposed or Adopted Base Time-of-Use Periods

On-Peak Partial Peak Off-Peak
Summer (June-September) | ©:00pm - 10:00pm 3:00pm - 5:00pm
nonresidential: nonresidential only
PG&E - . ’ All other hours
Winter (October-May) 4:00 - 9:00pm 10:00pm - 12:00pm
Y residential nonresidential only
Summer (June-September) 4:00pm - 9:00pm 4:00pm - 9:00pm
SCE weekdays weekends All other hours
Winter (October-May) 4:00pm - 9:00pm 9:00pm - 8:00am
. . . Midnight - 6:00am
Summer (June-October) 6..00am ) 4.QOpm, (Midnight - 2:00pm
9:00pm - midnight
weekends)
SDG&E 4:00pm - 9:00pm —
Midnight - 6:00am;
Winter (November-May) All other hours 10:00am - 2:00pm in
March and April

Sources: PG&E 2017 General Rate Case, Phase Il, A.16-06-013; SCE 2016 Rate Design Window, A.16-09-003;
SDG&E 2016 General Rate Case, Decision 17-08-030, August 24, 2017.

241 Ibid., p. 127.

242 Rothleder, Mark, California 1SO, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity

System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.

20.
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Most residential customers are
not on time-varying rates, and
voluntary participation rates
have been very low. A TOU
pricing pilot conducted by
SMUD in 2012 and 2013
provided important insights on
the implementation of TOU
rates for residential customers.
Dr. Stephen George, senior vice
president at the consulting firm
Nexant, described key findings
from the pilot that Nexant
evaluated. The pilot tested opt-
in (the ratepayer chooses to use
TOU rates) and default
implementation (the ratepayer
must opt out from having TOU
rates), as well as multiple rate
options for TOU pricing and
critical peak pricing. A key
finding was that, given the low
opt-out rates of default
customers, default plans are
likely to produce much higher
total load reductions at lower
cost than opt-in plans, even
considering the lower per-
household reductions. At the
same time, most customers
preferred a time-varying rate to
the standard tiered rate (non-
TOU rate). See the sidebar for
highlights on the pilot results.

Taking note of the SMUD pilot
study and changing system

SMUD’S Smart Pricing Options (SPO) Pilot

The SPO pilot was the first in the industry to compare enrollment and
load impacts from time-varying rates for both opt-in and default
recruitment. The SPO pilot ran for two summers, 2012 and 2013.
Customers were allowed to remain on the SPO pricing plans at the end
of the pilot period, and most did. Some key findings include the
following:

e  For default customers, the opt-out rates were very low: about 2 to 3
percent before enrollment at the beginning of the pilot and about 5
to 8 percent over the next two years. The opt-out rate was higher
for the customers in the opt-in group but still relatively low, with
about 16 to 19 percent of customers opting out.

e The default customers reduced their summertime peak period load
by about 6 to 8 percent. Opt-in consumers reduced their peak
period consumption by about 10 to 12 percent.

e Due to the high enrollment and low opt-out rate of the default
customers, total load reduction from all default customers was
higher than for the opt-in customers.

e  Forsix of the eight pricing plans, average load reductions per
customer persisted across the two summers

e The pilot also measured load reductions from critical peak pricing
for very high load days. The default customers reduced their
demand about 12 to 14 percent and the opt-in customers reduced
demand about 20 to 25 percent.

e  Energy savings were statistically insignificant for all but three

pricing plans. Savings for the default TOU plan equaled 1.3
percent.

e  Almost 60 percent of respondents said they preferred some type of
time-variant rate over the standard tiered rate.

e Significantly more customers on time-variant pricing plans agreed
with the statement, “My current pricing plan provides me with
opportunities to save money” than did customers on the standard
rate.

George, Stephen S., Jennifer Potter and Lupe Jimenez. SmartPricing Options

Final Evaluation. September 5, 2014,

https://www.smartgrid.gov/files/SMUD_SmartPricingOptionPilotEvaluationFinalC
omboll 5_2014.pdf

conditions, the CPUC concluded that the potential benefits clearly warranted a transition to
default residential TOU rates by 2019, as enabled by Assembly Bill 327 (Perea, Chapter 611,
Statutes of 2013), and directed the 10Us to begin preparations.243 In response, the IOUs are
conducting a TOU pilot study to assess customer understanding and acceptance of various rate

243 CPUC Decision 15-12-012.
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designs, estimate load and bill impacts, evaluate the effects of enabling technologies, and address
concerns about vulnerable populations. Vulnerable populations including low-income, seniors,
and households in hot climate zones were oversampled to assess the potential for hardship.
Interim results for summer 2016 are available, and key findings were discussed at the May 12,
2017, IEPR workshop. To allow time to further evaluate the likelihood of unreasonable hardship,
the CPUC decided to exclude economically vulnerable customers in hot climate zones from the
planned 2018 default pilots.244 Whether these customers will be defaulted to TOU rates in 2019
will be addressed in 2018 rate design applications.

The interim 10U pilot results showed similar opt-out rates as the SMUD program and resulted in
peak load reductions of about 4 to 6 percent. Aside from load shifting, there was also 1to 3
percent total load reduction. CPUC staff estimated the implications of these peak and total load
reductions. Assuming a 20 percent opt-out rate, which is much higher than that observed in the
pilot, the 10Us would achieve a 280 to 330 MW peak demand reduction. The CPUC noted that
this could potentially rise as more automated technologies become available to better capture the
value of TOU rates and as consumers become more familiar with the rates.24> However, Dr.
George noted that research to date indicates that enabling technology increases load impacts for
dynamic, but not TOU, rates. The second interim study on pilot results reported that customers
also reduced peak period loads by statistically significant amounts during winter and spring,
although impacts were about half the size of summer impacts. For most rates, there were small
increases in off-peak electricity use.246 The demand forecasts developed for the 2017 IEPR wil

include scenarios on load impacts of default TOU rates. (See Chapter 6 for more information
about the demand forecast.)

Dr. George pointed out that a key finding of both the SMUD and 10U pilots was that the TOU
rates resulted in “meaningful demand reductions” during the late afternoon and early evening
periods, when ramp rates are highest. For SMUD, the peak period was fairly narrow, from 4:00
p.m. to 7:00 p.m., and for two TOU rates in PG&E’s hot climate zones, the peak periods were 4:00
p.m. to 9:00 p.m. and 6:00 p.m. to 9:00 p.m. There were similar findings for the SDG&E service
territory, which sometimes has weekend peak demand.247 These results are encouraging in light
of the relatively mild peak to off-peak rate differential. To promote customer acceptance and
address concerns about bill volatility, the CPUC directed that default rates should have this “TOU

244 CPUC Decision 16-09-016, September 15, 2016.

245 Murtishaw, Scott, CPUC, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity
System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp
146-150.

246 California Statewide Opt-in Time-of-Use Pricing Pilot Second Interim Evaluation, November 1, 2017, Nexant and
Research Into Action. http://www.cpuc.ca.gov/General.aspx?id=12154.

247 George, Stephen, SMUD, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity
System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp
150-151.
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Lite” structure. The 10Us will also offer optional TOU rates with steeper differentials that could
allow some customers to save more.248

The 10Us will launch large-scale default pilots in 2018 to gain information on operational
readiness for implementing TOU rates in 2019. These default pilots will also test a variety of
marketing, outreach, and education options to find the cost-effective mix of approaches that
maximizes awareness and understanding and educates enough customers to achieve meaningful
load impacts while maintaining high customer satisfaction.24°

Meanwhile, SMUD'’s board of directors has approved a default TOU rate with a year-round 5:00
p.m. to 8:00 p.m. peak period. The transition will begin in 2018 with a soft launch, with all
customers moved to the TOU rate by the end of 2019. SMUD will offer additional programs and
tools to help customers adjust throughout the transition.250 For example, a new bill scenario
analysis tool will allow SMUD representatives to provide customers with personalized estimates
of their bills under various energy-use scenarios, such as shifting energy use to different periods,
deploying rooftop solar, or adding an electric vehicle.251

The redesign of TOU periods has significant potential to encourage shifts in electricity-use
patterns, but unlocking the greatest benefits will require adaptation and investment by
customers, many of whom have planned operations around TOU periods that have not changed in
decades. At the May 12, 2017, IEPR workshop, Lon W. House, an energy consultant for AQUA,
discussed an opportunity for urban water managers to shift when they pump water to better align
their load with grid management needs. He described how urban water management operates on
a daily, 24-hour schedule in which water is pumped in the evening to fill storage by morning and
then drained throughout the day to meet water demand. A shift in the pumping schedule from
evening to afternoon is an opportunity to use excess renewable generation and help avoid
curtailment. (See “Opportunities to Use Excess Energy” below for more opportunities to use
excess energy.) A constraint is that water managers are reluctant to make investments to shift
their electricity usage without some stability in TOU rates over a multiyear time horizon.252

The CPUC addressed the need to balance the customer perspective with rate designs based strictly
on grid conditions in its guidance on TOU time intervals, directing that base TOU periods should
continue for a minimum of five years. The guidance also indicates that a menu of options should
be available that take into account customers’ need for predictable TOU periods when they make
investment decisions regarding energy efficiency, storage, photovoltaics, electric vehicles, and

248 CPUC Decision 15-07-001, pp. 136—144.

249 Chair Weisenmiller and Mr. Murtishaw, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the
Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp
182-183.

250 https://www.smud.org/assets/documents/pdf/board-packet-06-15-2017.pdf.

251 https://www.smud.org/en/about-smud/news-media/news-releases/2017/2017-08-17-smud-gridx-agreement.htm.
252 House, Lon W., energy consultant for AQUA, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in
the Electricity System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

07/TN220098_20170710T104319_Transcript_of_the_05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, p.
227.
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other distributed energy resources, or consider major operational changes to shift usage outside
peak periods.

Demand Response and Storage

Mr. Rothleder with the California 1SO also described the need for demand response that responds
to system conditions, both for reducing load when needed and for increasing load during
overgeneration. Demand response increases the flexibility of load to respond to system needs,
allows for more cost-effective use of electric infrastructure, and can increase the resiliency of the
electric system. It is an important tool for managing the grid but unfortunately it has declined in
recent years and continues to be underused in California. See Chapter 4 for more information
about actions needed to advance demand response in California.

Energy storage (such as pumped hydropower, thermal energy, batteries, and flywheels — not
underground gas storage such as the Aliso Canyon natural gas storage facility) can be used to
capture electricity or heat for use later. It is another key tool for managing fluctuations in supply
and demand. It is also discussed further in Chapter 4.

Opportunities to Use Excess Energy

The availability of excess electricity produced from low-emission or carbon-free resources
presents a new opportunity for productively using low-cost and clean energy. Rather than
curtailing renewables or selling the power at low or negative prices as discussed above, the power
can be used to benefit both the consumers and the grid. Below is a discussion of some of the

opportunities-ferusing-the-excessenergy.

Desalination

Assembly Bill 2717 (Hertzberg, Chapter 957, Statutes of 2002) authorized the Department of
Water Resources to convene a Water Desalination Task Force to advise on the economic and
environmental impacts of desalination, the impediments or constraints to increasing the use of
desalinated water, methods for streamlining regulatory processes, the potential relationship of
desalination technology and alternative energy sources, and the need for research, development,
and demonstration for more cost-effective and technologically efficient desalination processes. In
a 2003 report to the Legislature, the Department of Water Resources stated that a primary
finding of the task force is that “economically and environmentally acceptable desalination should
be considered as part of a balanced water portfolio to help meet California's existing and future
water supply and environmental needs.”253

Another-optionferDesalination also offers an opportunity to productively useirg excess energy-is
to-use-the-energy-to-desalinate-water. After one and a half years of operation, California’s largest
desalination plant is performing as expected with a load of 30 MW to 35 MW. Graham Beatty
with Poseidon Water — the infrastructure developer who built the Carlsbad desalination plant —
sees the potential for positive benefits to grid management. Operational experience indicates that
load can be shifted or dropped fairly quickly, along the lines of demand response in the water

253 Department of Water Resources, Water Desalinization Findings and Recommendations, October 2003,
http://www.water.ca.gov/desalination/docs/Findings-Recommendations.pdf.

133



treatment realm. This is true not just for ocean desalination, but for water recycling and advanced
sewage treatment plants; the general concept of pumps that can be ramped up or down to match a
load profile are the same. Managing desalination plants to shift load has two key challenges:
capital investments and tariffs.254

A desalination plant is not like a battery that can charge and discharge. Building larger water
storage tanks, however, is one way to be-able-te-shift load. The water companies that are
Carlsbad’s customers expect water flows to be constant and care about costs. Using larger tanks
could balance this dual water and electrical balancing problem by filling and discharging at a
variable rate, while water continues to the customer at a constant flow. Larger water intakes to
flow more water during the middle of the day and then ramp back down weuld-beis another
possibility te-asefor using surplus day time energy. Capital infrastructure for such changes takes 5
to 10 years to plan, design, permit, and construct, so some form of assurance for these long-run
investments in this highly regulated industry is desired.

Significant demand charges, which are based on the highest 15-minute average usage within a
given month, typically provide éisincentives for load shifting. Using power at more consistent
rates over the month rather at high intensity for short periods tends to lessen these charges.2%°
Shifting peak energy use into midday, however -alse is contrary to 30 years of practice and will

require a realignment of and more long-term certainty about tariffs and use periods. (See “Time-
of-Use Rates” above and “Demand Response” abevein Chapter 4.)

Hydrogen Production From Electrolysis of Water

©ne-Another pathway for preserving the value of excess renewable electricity is to use it in the
electrolysis of water. This involves the use of electricity to split water molecules into hydrogen and
oxygen gases. The hydrogen can be stored more cheaply than electricity in a battery and can be
used on demand in fuel cells. These fuel cells convert the hydrogen back into electricity, whether
for stationary applications or for the powering of fuel cell electric vehicles.

Alternatively, the hydrogen produced from excess renewable electricity can be refermed
#tecombined with waste or captured carbon dioxide to create renewable methane for the direct

254 Beatty, Graham, Poseidon, May 12, 2017, IEPR workshop on the Increasing Need for Flexibility in the Electricity
System, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN220098_20170710T104319_Transcript_of the 05122017_IEPR_Joint_Agency_Workshop_on_the_In.pdf, pp.
219-223.

255 Demand charges usually apply to commercial and industrial customers that pay time-of-use rates and cover the
infrastructure and maintenance costs utilities incur providing energy to their customers.

256- inization Fing .
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displacement of fossil fuel natural gas. erThis renewable hydrogen or methane can be directly
injected into natural gas pipelines. This strategy of transferring electrical energy into gaseous
chemical energy for energy storage_or other useful purposes is termed power-to-gas. Power-to-
gas systems can provide long-term energy storage and be deployed in scales similar to pumped
hydropower and compressed air, but are modular and flexible in siting. Compared to electric
battery storage, while battery costs go up in proportion to the quantity of energy stored, power-to-
gas costs are nearly independent of the quantity of energy stored when the existing gas grid is
used as the storage medium.

The University of California, Irvine, in partnership with SoCalGas, is demonstrating power-to-gas
technology on the campus microgrid. Preliminary results of the demonstration using 0.24—0.78
percent of pipeline hydrogen have shown that power-to-gas technology can increases the use of
intermittent renewable energy. The portion of renewable energy used in the campus microgrid
thereased-could increase from 3.5 percent to 35 percent by implementing a power-to-gas
strategy.2>7

Energy + Environmental Economics (E3) aralyzed-performed a preliminary cost-effectiveness
analysis of various strategies for CARB’s 2017 Climate Change Scoping Plan Update and for the
Energy Commission’s scenario analysis of long-term energy strategies through 2050. The study
included thata2050long-term-energy-scehario-with-a power-to-gas system consisting of 7
percent of pipeline hydrogen and 25 percent of pipeline synthetic methane would provide 19
million MT-CO.e of emissions reduction at a cost of $1,100/MT-CO,e.2%8 In comparison,
increasing RPS from 33 percent to 95 percent would cost $200/MT-CO-e, and a 35 percent
electrification of industrial non-electric end use energy would cost $900/MT-COze. The costs of
delivered compressed hydrogen and synthetic methane in 2050 were assumed to be $62/GJ and
$81/GJ, respectively, while the commodity price for pipeline blending was assumed to be $49/GJ.
An electrolysis power-to-gas hydrogen system would have a capital cost of $0.65/kg/year,
whereas a synthetic methane system that uses air- or sea-capture of CO; reduced to methane with
electrolytically produced hydrogen, powered by grid electricity would have a capital cost of
$7.6/MMBTU/yr.

Detailed economic analyses by the National Fuel Cell Research Center calculated the levelized
cost of returned energy for a power-to-gas system to be $20.57—$66.60/MMBtu under current
costs and efficiencies for the production of fuel with free electricity.

Using excess renewable energy to produce hydrogen was discussed at the May 12, 2017, IEPR
workshop and at the June 27, 2017, IEPR workshop on Renewable Gas. (See Chapter 8, “First
Steps in Transforming the Natural Gas Sector” and Chapter 9, “Renewable Hydrogen,” for more
information.) Commenters suggested that power-to-gas and power-to-hydrogen could previde-be
used in various applications including grid services, such as voltage and frequency regulation,
demand response, ramping services, and avoiding curtailment or negative pricing of

257 http://www.prnewswire.com/news-releases/socalgas-and-university-of-california-irvine-demonstrate-power-to-gas-
technology-can-dramatically-increase-the-use-of-renewable-energy-300432101.html.

258 Energy + Environmental Economics, Long-Term Energy Scenarios In California: Draft results, October 12, 2017.
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renewables. 259 Within these workshops and in written comments, stakeholders suggested several
actions that could accelerate the development and use of power-to-gas and power-to-hydrogen:

o Develop a means to track and verify the renewable attributes of power-to-gas when the
production sources are not colocated with the demand sources.

e Develop protocols for the injection of hydrogen into the natural gas pipeline.

e Consider granting access to wholesale markets for power-to-gas projects and encourage
utilities to pursue rate structures that reflect the flexibility of electrolysis.

e Recognize renewable hydrogen as an eligible storage resource under CPUC regulations.

o Develop a commercial-scale power-to-gas pilot project in California to develop a clearer
understanding of costs and potential revenue streams.

Under its Alternative and Renewable Fuel and Vehicle Technology Program (ARFVTP), the
Energy Commission-ispreparingte released a competitive solicitation.on December 22, 2017, to
fund the production of renewable hydrogen. (See Appendix D for more information on the
ARFVTP.) AsprepesedtThis renewable hydrogen must be generated using electricity from RPS-
eligible resources or reformation from biogas or biomethane_(except landfill gas). (Given the
ARFVTP’s purpose of reducing transportation sector emissions, the hydrogen must be used for
refueling Hight-duty-fuel cell electric vehicles.) The prepesed-funding allocation for this draft
solicitation is up-te-$2-3.9 million;-heweverthe-Enrergy-Commissionreserves-the-diseretionto

Integrating Electric Vehicles

SB 350 states that electric vehicles should “assist in grid management, integrating generation
from eligible renewable energy resources, and reducing fuel costs for vehicle drivers who charge
in a manner consistent with electrical grid conditions.” This section highlights the status of plug-
in electric vehicle (PEV) charging; for more information on the recent progress of the Vehicle-
Grid Integration Roadmap, see Chapter 4 and Appendix H.

Charging Trends

To date, most PEV owners rely primarily on overnight charging at home for most of their
recharging needs. This is consistent with early efforts to encourage PEV charging at night to best
match historical electric system needs. Based on data from a California vehicle survey used in the
transportation energy demand forecast (see Chapter 7), Figure 24 shows the percentage of

259 California Hydrogen Business Council, comments on the May 12, 2017, IEPR workshop, May 25, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217733_20170525T152821_Emanuel_Wagner_Comments_California_Hydrogen_Business_Council_Co.pdf; ITM
Power Comments, Hydrogen Energy Storage can Play a Key Role Just Like it Does in Europe, May 25, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217727_20170525T125714_Steve_Jones_Comments_Hydrogen_energy_storage_can_play_a_key_rol.pdf;
SoCalGas, Comments on 2017 IEPR, Docket number: 17-1EPR-07, Joint Agency Workshop on the Increasing Need for
Flexibility in the Electricity System, May 26, 2017, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217755_20170526T141048_Jennifer_Morris_Comments_SoCalGas_Comments_on_Joint_Agency_Work.pdf.
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personally owned battery-electric vehicles (BEVs) that are plugged in each hour by location.260
Slightly more than two-thirds of these BEVs are plugged in during the middle of the night. This
self-reported behavior matches findings from 10U load research, which shows that on average,
the peak charging time for residential customers with PEV TOU rates is between midnight and 2
a.m.261

One reason for reliance on nighttime charging is the relative ubiquity of detached homes with
garages or driveways among early PEV adopters.262 However, this convenient access to home
charging is not the norm, as only about 45 percent of all personal vehicles are parked within 20
feet of a residential electrical outlet in California.263

260 Adapted from the Energy Commission 2016-2017 California Vehicle Survey. Transportation Energy Forecasting Unit,
Transportation Energy Demand Forecast, 2017—2030, California Energy Commission, June 20, 2017, IEPR workshop on
the Preliminary Transportation Energy Demand Forecast, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
05/TN219810_20170620T141018 Transportation_Energy _Demand_Forecast_20172030.pdf.

261 Southern California Edison, Pacific Gas and Electric, and San Diego Gas & Electric. Joint IOU Electric Vehicle Load
Research Report. 5t» Report. Electric Vehicle Load Research and Cost Studies. R.09-08-009/R.13-11-007. Filed on
December 30, 2016, http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M171/K806/171806139.PDF.

262 Johnson, Clair, Brett Williams, Carlos Hsu, and John Anderson (2017).

263 Energy Commission analysis of the U.S. Energy Information Administration, Residential Energy Consumption Survey
Data, 2009, https://www.eia.gov/consumption/residential/data/2009/index.php?view=microdata and

National Research Council of the National Academies of Science. Overcoming Barriers to Deployment of Plug-In Electric
Vehicles, 2015, https://www.nap.edu/read/21725/chapter/7#84.
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_Figure 24: Plug-In Times and Locations of Battery Electric Vehicles for Personal Use
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Smart Charging to Help Manage the Grid

As renewable generation during the day has grown, the aim has shifted to encourage day time
charging and capitalize on the opportunity to use the excess energy available. Figure 24 shows
that during the day, when PV systems are generating maximum power, fewer than 30 percent of
PEVs are being charged.

Assumptions about charging behaviors and infrastructure placement may need to change to
enable increased use of daytime charging during peak solar generation and encourage continued
electric vehicle (EV) adoption. As nonresidential charging options expand, they could encourage
PEV adoption among customers who may not have ready access to charging at home. For
example, if chargers located at workplaces become more prevalent and can be managed among
other colocated building demand, EVs could help increase the daytime net load, essentially
“lifting” the belly of the duck.264

Getting the timing of charging right is important. If the reaghly-46-more than 60 percent of PEV
owners that are not subscribed to TOU rates2%5 plug in and initiate charging when returning

264 Tesla, written comments submitted May 25, 2017, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN217744_20170525T165931_Damon_Franz_Comments_Comments_on_Workshop_addressing_need_for_f.pdf.

265 Johnson, Clair; Williams, Brett; Hsu, Carlos; and Anderson, John (2017), The Clean Vehicle Rebate Project:

Summary Documentation of the Electric Vehicle Consumer Survey, 2013—2015 Edition, Center for Sustainable Energy,
San Diego, California, June 2017.
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home from work, during evening system peaks, charging could exacerbate ramping
requirements.266 As charger capacity continues to increase, 257 and if controllable vehicle load is
delayed to initiate during periods of low prices (when residential customers are defaulted to TOU
rates by 2019), a “timer spike” may cause a local peak distribution transformer capacity
constraint.268 This could be controlled by installing charging equipment with the localized
intelligence needed to avoid simultaneous loading without compromising charging preferences.
(See Appendix H.) On the other hand, charging during peak renewable generation can offer
benefits to consumers and the grid.

As discussed in Chapter 4, California has the largest demonstration for vehicle--to--grid
integration worldwide, but it is only 40 vehicles. Altheugh-Because it holds promise, barriers
preventing vehicle--grid integration should be addressed so that flexible charging becomesis-ret
readily available for grid management.

Conclusion

California’s increased use of renewable resources, predominantly solar and wind, has been
successful in reducing GHGs but has also created new challenges in maintaining the reliability of
the electricity system. In response to the variation in renewable generation, having the capability
to turn up or down both generation and load as needed is increasingly important. A variety of
tools are available to do so, but they hold varying levels of promise both in terms of magnitude
and timeline of availability.

The Western EIM Energy-Hmbalanee-marketis an example of an important tool in managing
fluctuations in supply and demand on a 5- to 15-minute-ahead basis that is already operating and

is expanding rapidly. Increasing opportunities for power exchanges with the BPA offers another
solution that could readily be advanced to improve the resiliency of California’s system. Creating
regional opportunities for power exchanges in day-ahead markets over a larger geographic area is
an involved process that has proven difficult realize, although it holds promise to substantially
increase resiliency and lower GHGs.

Improvements in TOU rates to encourage shifts in energy usage patterns are also important but
will not be implemented on a large-scale in California before 2019. Also, they are not designed to
provide the rapid responses needed to help manage large and fast ramps in generation. As
discussed in Chapter 4, demand response has failed to realize the potential to play a significant
role in helping manage grid needs. Storage has been more promising in the short term but faces
cost barriers to large-scale deployment.

266 Crisostomo, N. “Vehicle-Grid Integration Communications Standards.” California Energy Commission, December 7,
2016, workshop on Vehicle-Grid Integration Communications Standards,
http://docketpublic.energy.ca.gov/PublicDocuments/16-TRAN-

01/TN214649_20161207T080617_VehicleGrid_ Integration_Communications_Standards.pdf.

267 Ibid.
268 Kaluza, S., D. Almeida, P. Mullen. BMW i ChargeForward: PG&E's Electric Vehicle Smart Charging Pilot, BMW

Group, BMW/Mini, and Pacific Gas & Electric Company, June 2017, http://www.pgecurrents.com/wp-
content/uploads/2017/06/PGE-BMW-iChargeForward-Final-Report.pdf.
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As electric vehicle demand grows, it will be important to encourage smart charging that can help
increase the resiliency of the grid. Altheugh-California is on a trajectory to rapidly increase
deployment of electric vehicles, and its potential fer-to use electric vehiclesuse in grid
management is stil-atleast several-years-euta near-term opportunity for increased grid stability
and reliability.

On the generation side, more work is needed to improve the flexibility of renewable resources.
Ongoing work to modify inverters at existing power plants and development of NERC standards
for transmission specific inverter standards are critical for improving the reliability of solar power
plants. There are limited opportunities to increase the flexibility of existing hydropower,
geothermal, and biomass. At least in the short term, natural gas-fired power plants that can
provide fast responses to grid needs are a critical tool that can be deployed in the magnitude
needed. Yet, market conditions are putting ongoing operations of flexible natural gas power
plants at risk. More work is needed to ensure that California has the resources it needs to increase
the resiliency of its grid as it further decarbonizes its energy system.

Recommendations

e Expand and improve rate setting to send price signals aimed at adjusting
energy usage to help better manage the grid and integrate renewable
resources. By offering a variety of rate designs that maintain the integrity of the price
signal, while addressing the customer need for transparency and certainty, the California
Public Utilities Commission (CPUC) and utilities can motivate customer innovation and
investment in clean, cost-effective ways to use electricity.

e Support regional coordination opportunities. The Energy Commission should
continue supporting potential new regional coordination opportunities. Of high
importance are improved understanding and tracking of the environmental (greenhouse
gas and other) impacts of dispatch of the system under different market arrangements,
dispatch coordination, and generation mixes.

e Continue to support advancements in smart inverters. The Energy Commission
should continue participating in the Smart Inverter Working Group and funding research
to test and verify the smart inverter functions for both behind-the-meter and utility-scale
applications. Wide deployment of smart inverters with inverter-based generators will lead
to greater resiliency in the grid with fewer issues with inverter-based generation like
those that led to the North American Electric Reliability Corporation’s report, 1,200 MW
Fault Induced Solar Photovoltaic Resource Interruption Disturbance Report. For
behind-the-meter applications, it will also allow higher hosting capacity and simpler
interconnection. The Energy Commission should also support the California Independent
System Operator (California 1SO) in developing a-transmission-speeific North American
Electric Reliability Corporation standard for transmission-interconnected, inverter-based
generation.

e Continue to support research to improve forecasting capabilities. The Energy
Commission should continue to fund research that improves solar irradiance,
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photovoltaic production, and gross load forecasting models. Improvements in these areas
will enable solar generators to bid more frequently into short-term markets and allow
grid operators to more accurately predict the amount of generation that will be needed to
meet the net load.

Establish mechanisms to retain power plants that increase the resiliency of
the electricity system. The Energy Commission, the CPUC, and the California 1ISO
should work together to develop a thoughtful and comprehensive plan to retain
generation that is needed for reliability Stancardize-elestric-vehicle-chargins

Use excess renewable electricity productively. California is likely to have
significant and increasing amounts of renewable electricity, with an excess at times.

Along with development of increasing amounts of regional markets, flexible resources,
storage, controlled and/or bidirectional charging, California should continue to explore
near- and long-term options to productively use excess renewable energy. Potential uses

for excess electricity means-to-exploitthis-excess-eleetricity-byinclude desalination or

conversion to hydrogen er-beth-either to fuel stationary or mobile fuel cells or to
storesterage power.

See Chapter 4 for recommendations to support the advancement of
distributed energy resources, including demand response, storage, and
vehicle grid integration.

The Energy Commission should re-examine the status of power-to-gas in four

years as part of the Integrated Energy Policy Report. The reexamination should
draw on experience in Europe and at University of California, Irvine. See Chapter 9 for

recommendation to reexamine renewable gas in general in four years.
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CHAPTER 4:
Accelerating the Use of Distributed
Energy Resources on the California Grid

Distributed energy resources (DER) — including demand response, distributed renewable energy
generation, energy storage, and electric vehicle resources — have important roles in helping
increase the resiliency of California’s electricity grid. California has set a goal to double energy
efficiency savings by 2030 and calls for increased investments in transportation electrification as
key parts of its strategy to reduce greenhouse gas (GHG) emissions. (See Chapters 1 and 2 for
more information.) Demand response, energy storage, and electric vehicles are important tools to
help modify electricity demand and supply — a need that is becoming increasingly important as
the state increases its use of zero-GHG renewable resources. (See Chapters 1 and 2 for
information on renewable goals and Chapter 3 for information on increasing resiliency in the
electricity grid.) The growth of distributed renewable energy has played a major role in changing
the supply of electricity in California, helping reduce GHG emissions, but also contributing to
excess supply during the day and the need for added resources in the evening when the sun sets,
as discussed in Chapter 3.

DERs provide important opportunities for customers to generate electricity and help manage
California’s electricity grid, but they also add complexity to electricity planning and operations.
(See Chapter 6 for discussion of how DERs are being factored into the electricity and natural gas
forecast and Chapter 7 for the transportation demand forecast, including electric vehicles.) To
help navigate this emerging complexity and maximize the benefits of DERs, in 2013 and 2014, the
Energy Commission, California Public Utilities Commission (CPUC), and California Independent
System Operator (California 1SO) worked together to develop roadmaps for demand response, 26°
storage, 279 and vehicle-grid integration.2’! A summary of the roadmaps and accomplishments to
date is provided in Appendices H and J.

In 2016, the CPUC initiated implementation of California’s Distributed Energy Resources Action
Plan and developed working groups to help implement the transition to this new grid system.272
The CPUC has initiated public rulemakings for energy storage, demand response, electric vehicle
integration, and time-of-use rate development. Also, as part of the CPUC’s smart inverter
proceeding, the Smart Inverter Working Group has developed new requirements for inverter-

269 California 1SO, December 2013. Demand Response and Energy Efficiency Roadmap: Maximizing Preferred
Resources. https://www.caiso.com/Documents/DR-EERoadmap.pdf.

270 California 1SO, CPUC, and the Energy Commission. Advancing and Maximizing the Value of Energy Storage
Technology: A California Roadmap. December 2014. https://www.caiso.com/Documents/Advancing-
MaximizingValueofEnergyStorageTechnology _CaliforniaRoadmap.pdf.

271 California 1SO. February 2014. California Vehicle-Grid Integration (VGI) Roadmap: Enabling Vehicle-Based Grid
Services. Available online at http://www.caiso.com/informed/Pages/CleanGrid/Vehicle-GridIntegrationRoadmap.aspx.

272 California’s Distributed Energy Resources Action Plan (November 10, 2016 and May 3, 2017) and related documents
are available online from CPUC President Picker’'s Web page, http://www.cpuc.ca.gov/picker/.
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connected DERs in California to help distribution systems operate smoothly with high levels of
rooftop solar systems and other distributed energy resources.273

The Energy Commission is assisting the CPUC in its working group activities through research
under the Electric Program Investment Charge (EPIC) Research and Development Program and
by leading a three-agency working group (Energy Commission, CPUC, and the California 1SO) to
develop a roadmap for the commercialization of microgrids in California.2’4 Microgrids27® are
one of the most effective methods to help integrate DER on the grid.

In addition, the California 1SO has completed several activities to incorporate DER into its
markets. For example:

e In 2014, the California I1SO received Federal Energy Regulatory Commission approval of
the Reliability Demand Response Resource Participation Model. This model helped
enable integration of emergency-triggered utility demand response programs into the
California ISO market, which started in 2015.

e By the summer of 2015, SCE had integrated about 1,000 MW of demand response into
the California ISO markets, well ahead of the 2018 deadline set by the CPUC for demand
response to receive resource adequacy credit.276

e The California ISO made changes to allow demand response to participate in nonspinning
and spinning reserve markets and the flexible resource adequacy must-offer obligation
market.

e Beginning in 2016, the California I1SO revised its network modeling to allow DER
resources to be interconnected quickly, without waiting up to six months for a full
network model update.

e Also, in 2016, the California ISO implemented statistical sampling methods for behind-
the-meter generation use where 15-minute data were not available.277

273 Smart Inverter Working Group, http://www.cpuc.ca.gov/General.aspx?id=4154. Also see, Lydic, Brian. June 28,
2016. How California’s Rule 21 inverter requirements expand grid capacity, limit energy (revenue) generation.
http://solarbuildermag.com/featured/california-rule-21-inverters-explained/.

274 http://www.energy.ca.gov/research/microgrid/documents/index.html.

275 Microgrids combine distributed energy resources, including generation, energy storage, and demand response
capabilities, with a controller to manage energy use. A key feature of many microgrids is the ability to continue operating
even if the surrounding electricity grid experiences an outage due to severe weather or other challenging operational
conditions. For further information, see Bower, Ward, Dan Ton, Ross Guttromson, Steve Glover, Jason Stamp, Dhruv
Bhatnagar, and Jim Reilly. March 2014. The Advanced Microgrid: Integration and Interoperability. Sandia National
Laboratories. https://energy.gov/oe/downloads/advanced-microgrid-integration-and-interoperability-march-2014

276 Kaneshiro, Bruce. CPUC. August 8, 2017. Transcript of the August 8, 2017, IEPR workshop.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

12/TN221097_20170908T094338_Transcript_of _08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf.
Pages 25-26.

277 Jill Powers. California Independent System Operator. August 8, 2017. Transcript of the August 8, 2017, IEPR
workshop. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf,p
p. 46-52.
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o At the wholesale level, the California ISO worked with stakeholders to develop a platform
for DERSs to participate in the wholesale electricity market. In March 2016, the California
I1SO filed tariff revisions with FERC to enable resources connected to distribution systems
within the California ISQ’s balancing area authority to form aggregations of 0.5 MW or
greater to participate in California ISO energy and ancillary services markets. FERC
approved the California 1SO’s new DER aggregation platform in June 2016.278

As discussed in Chapter 3, California has made great gains in the use of many types of distributed
energy resources in recent years (Table 10).272 However, additional work is needed to capture
opportunities for demand response in California.

Table 10: DER in California 2013 Compared to 2017 (Percentage Change)

Percent
Technology 2013 | 2016/2017 Change
Energy Efficiency" (GWh) 1,693 3,197 89%
Demand Response2 (MW) 2,187 1,997 -9%
Behind-the-Meter PV (MW) 2,102 | 5,8005,900 | 176180%
B " T
Plug-In Electric Vehu_:le (P_EV) (number of 69.999 266,866 281%
PEV registrations)
T . 5
Distributed Advanced Energy Storage 54 350 548%
(MW)
Microgrids6 (MW) 122 390 220%

Source: 1. Total electricity saving within PG&E, SCE and SDG&E service territories in 2013 and 2016, California
Energy Efficiency Statistics Website - http://eestats.cpuc.ca.gov/Views/EEDataPortal.aspx. 2. The total capacity of
I0U-operated demand response programs in 2013 and 2016, 2016 Annual Report on Market Issues and
Performance, California ISO annual report. 3. The California Energy Commission’s Tracking Progress Web page,
Renewable Energy, updated August-December 2017,
http://www.energy.ca.gov/renewables/tracking_progress/documents/renewable.pdf. 4. California New Car Dealers
Association: "California Auto Outlook Covering Fourth Quarter 2014: New Light Vehicle Registrations Likely to
Exceed 1.9 million units in 2015" and "California Auto Outlook Covering First Quarter 2017: State New Vehicle
Market Predicted to Remain Strong in 2017." 5. U.S. Department of Energy - Energy Storage Database,
http://www.energystorageexchange.org/. 6. Navigant Research - Microgrid Database.

Accelerating the use of DERs is a high priority to maintain system reliability, especially in
Southern California. Relying on these preferred energy resources continues to be critical in
managing energy demand following the permanent closure of the San Onofre Nuclear Generating
Station (San Onofre) in 2013 and the massive leak of natural gas from the Aliso Canyon Natural
Gas Storage Facility in 2015. (See Chapter 11 for more information.) As discussed at the May 22,
2017, IEPR joint agency workshop on Energy Reliability in Southern California, interagency
coordination to advance preferred resources helped the region provide reliable electricity service
without San Onofre. The workshop also reviewed energy reliability issues for the summer of 2017

278 http://www.caiso.com/participate/Pages/DistributedEnergyResourceProvider/Default.aspx.

279 The National Fuel Cell Research Center commented that fuel cells should be a unigue DER.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221737_20171113T140701_Professor_Scott_Samuelsen_Comments NFCRC_ Comments_on_the 2017 D.pdf.
They are not called out as a separate DER in the IEPR, however, to be consistent with the CPUC's definition in
“California’s Distributed Energy Resources Action Plan: Aligning Vision and Action” but they are an integral part of
microgrids discussed below and have been a preferred technology in addressing reliability issues in Southern California as
discussed in Chapter 11.
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related to operational limitations of the Aliso Canyon Natural Gas Storage Facility.280 In July
2017, at the request of Governor Edmund G. Brown Jr., Energy Commission Chair Robert B.
Weisenmiller announced that the Energy Commission plans to work with other agencies to plan
for the permanent closure of the Aliso Canyon natural gas storage facility within 10 years. Urging
the CPUC to do the same, Chair Weisenmiller stated, “Closure of Aliso Canyon is nho small task,
and the recommendation to close the facility is not one that | take lightly or without thoughtful
consideration. However, | am confident that through sustained investments in renewable energy,
energy efficiency, electric storage technologies, and other strategies, we can make this transition a
reality.”281

This chapter asks what steps are needed to accelerate deployment of DERs in California,
especially Southern California. Specific questions include the following:

e What work remains unfinished, and what updates are needed in DER-related action plans
and roadmaps?

e How can California continue to help drive down DER costs?
e What steps are needed to expand business opportunities for DERs?

e What are the key issues and opportunities to ease integration of DERs into California’s
electricity system?

The chapter concludes with recommendations to accelerate the use of DERs in California.

Demand Response

At the August 8, 2017, IEPR workshop on Demand Response, Commissioner Andrew McAllister
summarized the importance of accelerating demand response: “We're at a critical juncture in the
way we’re organizing the operation of our grid. ... We've got to reduce combustion. We've got to
figure out new ways to do load management at the local, regional, and statewide levels. Demand
response has to be a key piece of that or else we’re going to over invest in hardware.”282

280 http://www.energy.ca.gov/2017_energypolicy/documents/#05222017.

281 http://www.energy.ca.gov/releases/2017_releases/2017-07-19-energy-commission-chair-releases-letter-ailso-
canyon_nr.pdf.

282 Transcript August 8, 2017, IEPR workshop, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf,
p. 12.
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As noted by PG&E, 283 demand
response is unique among DERS “in
the sense that it is a tool for enabling
... other behind-the-retail-meter
DERs to be dispatched when needed
by the grid.” Demand response is
broadly applied to technologies such
as communications and controls, rate
designs such as time-variant pricing,
programs that provide incentives for
load reduction upon notification or
surrender of end-use control to the
utility, and wholesale markets that
treat load like generation. Ultimately,
it can serve as both a resource in and
of itself and a tool to manage both
loads and DERS such as storage. A
2017 study by Mary Ann Piette of the
Lawrence Berkeley National
Laboratory indicates there is a largely
untapped potential for demand
response in California, including the
potential to shift 2 to 5 percent of
daily load by 2025 with a system
value of $200 million to $500
million per year.284 Another major

contribution of the study was to
categorize demand response as four
types (shed, shift, shape, and
shimmy) that reflect the load-
reduction capability of different
customers and explore options for

Retrospective on Demand Response — Working to Get More

From the 1970s until the energy crisis in 2000-2001, volunteers offered to
help reduce peak demand under emergency conditions in exchange for
compensation. Following the energy crisis, a new idea, price-responsive
demand response, was developed. This type of demand response is intended
to be called upon frequently to reduce the risk of price fluctuations; however,
participation in this type of demand response remains low in California. In
2012, the Federal Energy Regulatory Commission reported that demand
response was growing in the PIJM Interconnection and the Midwest
Independent System Operator, but not in California. The 2013 IEPR provided
the following summary of issues limiting the use of demand response to
address more dynamic, market-based needs:

“There is a need for wholesale market design to recognize the advantages
and limitations of demand response as compared to traditional generation.
Customer loads cannot always be as easily and consistently manipulated as
traditional generation. These issues are manageable by a functioning
marketplace: demand response products can be composed of a large number
of loads that together provide a portfolio, consisting of both load reductions
and strategic load additions, that balances performance risk and customer
needs. Finally, rules for participation by demand response providers in
existing California ISO wholesale markets need to be resolved and finalized.
On the technology side, current telemetry requirements are a challenge
because of expensive equipment requirements to participate in the demand
response market”

At the August 8, 2017, demand response workshop, Susan Kennedy asked,
“Large commercial and industrial customers are installing these technologies
today because they want reliability and cost control. The key is how do you
enable, how do you take those technologies and design them in such a way
that you're also providing grid resources?” Also, she offered the following
observation on work underway that will jump start price-responsive demand
response in California:

e  “The single-most important policy that's underway right now is the
bifurcation of the demand response resources [into supply and load
modifying] ... that the CPUC undertook several years ago, and is just
now coming into fruition.”

e  “The second is the integration of those supply-side demand response
resources into the California ISO wholesale market.”

e “And the third is the very nascent efforts to integrate demand response,
distributed generation, and energy efficiency customer incentives into
one demand-side management bucket.”

attributing resource adequacy value to load-modifying demand response. Recognizing demand
response reliability programs can provide a critical resource in the event of a grid emergency, Aa

notable conclusion of the study is that while traditional “shed” demand response is of limited
value in a system that is long on capacity, “shift” resources can be very valuable given the highly

283 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221734 20171113T143653_Pacific_Gas

Electric_Comments_PGE_Comments_on_2017_ Draft IEPR.pdf.

284 LBNL. March 1, 2017. 2025 California Demand Response Potential Study. Presented at the August 8, 2017, IEPR
workshop http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN220511_20170802T120454_2025_California_Demand_Response_Potential_Study.pdf. The full report is available
online at http://www.cpuc.ca.gov/General.aspx?id=10622.
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temporal nature of today’s grid management challenges.28°> Demand response is in a period of
transition as utilities (and CCAs), grid operators, and policy makers struggle to translate that
potential into a value stream that garners meaningful levels of customer participation.

California Has Not Realized the Potential of Demand Response

Despite this impressive potential, demand response is not thriving in California. Megawatts-The
amount of demand response in the state hashave remained fairly flat, even declining slightly in
recent years. Concern over the lack of progress in demand response has been a theme in prior
IEPRSs, such as the 2007 IEPR and the 2013 IEPR, with lack of coherent policy direction being
raised as one of the major causes. While there have been a number of efforts to expand
participation — including development of new 10U programs and growing third-party provider
participation in California ISO markets — California still has a serious demand response
underperformance problem. Solutions do exist but require proactive and coordinated leadership
in the policy and ratemaking realms_to achieve their potential. Additional research is also needed
to develop and demonstrate innovations that use demand response as both an energy supply
resource and a tool to manage load and other DERs.

On the one hand, demand response is a technology success. Impressive technologies are enabling
ingenious approaches and business models to develop services that provide value to end-use
customers. The August 8, 2017, workshop highlighted several such approaches that essentially
extend and modernize on-site energy management approaches by applying moderns monitoring,
analysis, and automation. Customer-sited DER technologies are a natural complement to these
new services: self-generation, storage, and demand management can enable improved load
factors and reduced utility charges via arbitrage and the like.

However, the value being produced is almost entirely — and unnecessarily — behind the meter.
Robust technological advances have not resulted in demand response becoming a grid-relevant
resource. California’s lack of success in cultivating, aggregating, and scaling-up its demand
response resource has been and remains the result of limited, episodic policy attention. Giventhe

i i i i ia—Through sustained efforts at
the California ISO and CPUC, California is making some necessary policy improvements.
However, the state also needs new approaches to support rapid growth of demand response-
enabled capacity that can take its place among the state’s broad array of DERs and, most
critically, help assimilate — at scale — the increasingly diverse array of renewables, distributed and
centralized. DERSs, including combinations with microgrid control, can enhance the capabilities of

DERs to provide flexible energy services to meet customer needs and provide grid services.

Critical to this demand response expansion are widespread communications, control
functionalities, and electricity rates that consistently reflect grid needs and constraints, clearly
and temporally, such that customers can perceive value from their actions. The former area,

285 The authors define “shed” as traditional demand response in which loads can be curtailed to provide peak capacity
and support the system in emergencies or contingency events. “Shift” represents demand response that encourages the
movement of energy consumption from times of high demand to times of the day when there is excess renewable
generation.
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technology, has seen significant progress in the last few years. In contrast, despite tentative
evolutions toward time-differentiated pricing for customers, overall tariff regimes remain
inflexible and unadapted to the new grid realities. (See “Time-of-Use Rates” in Chapter 3 for more
information.)_At the August 8, 2017, workshop, Chair Weisenmiller, Commissioner McAllister,
and others pointed out that in the past the Energy Commission has used its authority under the
Warren Alguist Act to issue load management standards. They questioned whether it might not
be appropriate to revisit this statutory authority in the context of expanding the use of demand
response.286

Working to Reshape Load Through Demand Response

Published in December 2013, the Demand Response and Energy Efficiency Roadmap: Pathways
for Maximizing Preferred Resources included recommendations to reshape load through actions
to advance energy efficiency programs and incentives, evolve demand forecasting, align load-
modifying efficiency and demand response with grid conditions, and assess value and
effectiveness of conservation messaging.287

Commercialization of emerging technologies is creating new opportunities to reshape load
through demand response. For example, many new energy-efficient appliances, such as
dishwashers, dryers, and other home appliances, come from the factory with automated demand
response capabilities.Z88 Such appliances create untapped opportunities for expanding demand
response. Because the impacts would be categorized primarily as load-modifying, the incentive to
invest in such technologies and to program them to provide demand response is muted. One way
to provide incentives for load-modifying demand response is to count it toward teeal-system
resource adequacy requirements. Other options suggested by the California I1SO at the August 8,
2017, workshop include: 289

e Time-variant rate options to encourage energy shifts timed to match grid needs.

e Flexible demand response programs that can be tailored to customers’ demand response
capabilities.

e Improved demand response dispatching systems and algorithms with incremental and
locational dispatch capabilities.

e Improved real-time visibility of demand response performance and availability using
existing advanced metering infrastructure.

Doubling energy efficiency by 2030 will require aggressive investments by utilities as well as
expansion of market-based efficiency services. (See Chapter 2 for further discussion.) Recognizing

286 Transcript August 8, 2017, IEPR workshop, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017 IEPR_Commissioner_Workshop_on_Demand_Res.pdf,
pp. 12, 110-111, and 287.

287 https://www.caiso.com/Documents/DR-EERoadmap.pdf.
288 For further information, see http://www.openadr.org/over-50-certified-products.

289 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN220578_20170807T113157_CAISO_Progress_on_Meeting_IEPR_Demand_Response_Recommendations.pdf.
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the potential for cost-saving synergies, CPUC staff proposes to promote coordinated energy
efficiency and demand response equipment incentives. The proposal includes suggestions to:290

e Develop customer-friendly time-of-use thermostats to make it easy for customers to
reduce energy use during high-price hours.

e Provide training and incentives to accelerate deployment of nonresidential heating,
ventilation, and air-conditioning (HVAC) and lighting controls. Conduct pilots to advance
variable-frequency irrigation pumps and variable-frequency drives for commercial HVAC.

e Combine demand response and energy efficiency potential studies to inform 2019
integrated resource planning. (See Chapter 2 for more information.)

A finding of the June 29, 2017, IEPR roadmap workshop was the need to update the demand
response/energy efficiency roadmap to address the need for more demand response capabilities
to support the rapidly changing electric grid.

At the August 8, 2017, IEPR demand response workshop, Susan Kennedy, founder and chief
executive officer of Advanced Microgrid Solutions, noted the following challenges for demand
response: 291

e “Rationalizing the rate design around what you’'re trying to achieve with load-modifying
resources, with the rate recovery that’s necessary for maintaining the system on the utility
side.”

e On the supply side, “make the economics beneficial to [large commercial and industrial
customers] to install the technology that allows them to respond without the economic
pain of having to shut things down.”

In addition, to accelerate price-responsive demand response, actions are needed to:

e Reduce the transaction costs for customers to sign up and participate in demand response
programs, particularly with third-party demand response providers.

e Streamline customer and customer-designated demand response provider access to data.
e Launch a new integrated DER/microgrid roadmap effort to determine how to clarify and

improve income opportunities for load-modifying demand response.

Electricity Storage Systems

Energy storage can be used to capture electricity or heat for use later in the electric power
sector. and-1t is a key tool for managing fluctuations in supply and demand. Because of
legislation and state policy, California is becoming the largest energy storage market in the

290 Lamming, Jean. CPUC. August 8, 2017, presentation. EE-DR Integration: Energy Division Staff Proposal.
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

12/TN220508_20170802T120455_EEDD_ Integration_Energy_Division_Staff Proposal.pdf. The staff proposal is
available online at http://www.cpuc.ca.gov/General.aspx?id=7032.

291 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf,
p. 212-213.
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United States. IOUs must procure more than 1.3 gigawatts (GW) of energy storage by 2020
(Assembly Bill 2514, Skinner, Chapter 469, Statutes of 2010) and an additional 500 MW of
energy storage (Assembly Bill 2868, Gatto, Chapter 681, Statutes of 2016), with specific targets
for transmission, distribution, and customer-side energy storage systems. Examples include
pumped hydropower, thermal energy (such as molten salt), batteries, flywheels, and
compressed air and do not include natural gas storage facilities. Energy Sstorage can be used
to buffer variable costs (storing energy when prices are low and using it when costs are high),
store excess renewable generation, provide “load-shaving” services by injecting energy into the
system during peak demand, and other ancillary services. Through these services, storage can
help reduce GHG emissions and increase resiliency to variable demand and generation.

the-eustomer-meter—Some technologies are commercially available and well established,
whereas others are in various stages of research and development. Figure 25 shows various
energy storage technologies222 grouped by end use applications in relation to the duration of

discharge (from minutes to days) and power output (from watts to gigawatts [GW]).
Figure 25: Energy Storage Technologies by Discharge Time, Size, and Use

Energy Storage Options Versus Applications

Customer / Industry Distribution Support Transmission Support Bulk Storage

EVs, Peak Shaving, & Power Peak Shaving & Voltage Peak Power & Energy Shifting to Increased Renewables to
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Source: Electric Power Research Institute

292 The Hydrogen Business Council commented that hydrogen and power-to-gas should be included in Figure 25. They
are not included, however, because CPUC Decisions 14.10.045 and 17.04.039 clarified that hydrogen and power-to-gas
systems do not qualify as energy storage under the implementation of AB 2514 and AB 2868. The Hydrogen Business
Council comments are available at http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221779 20171115T0Q71055_California_Hydrogen_Business _Council_Comments_Hydrogen_Scaling.pdf.
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The CPUC requires investor-owned utilities (I0Us) to procure 700 MW of transmission-level
electricity storage, 425 MW of distributed electricity storage, and 200 MW of customer electricity
storage by 2020. Moreover, the CPUC requires community choice aggregators (CCAs) and
electricity service providers to procure electricity storage in an amount equivalent to 1 percent of
their annual 2020 peak load.293

California agencies have made substantial progress toward improving planning, opening the
procurement process, developing new rates, simplifying grid interconnection requirements, and
opening market participation to more energy storage systems. Examples of electricity storage
systems are shown in Figure 26. (For more information see Appendix B.)

Figure 26: Examples of Battery Storage Used on the California Grid

Source: Pacific Gas and Electric and Southern California Edison for the photo on the left and right, respectively.

At the August 8, 2017, IEPR workshop, stakeholders highlighted new opportunities for demand
response created by the availability of lower-cost battery storage.294 For example, Susan Kennedy
said that batteries combined with energy efficiency and state-of-the-art demand control make it
possible for customers to earn energy savings and participate in demand response programs
without reducing comfort.29°

Several issues warrant further attention to accelerate electricity storage investment opportunities
in California. Based on information from the June 29, 2017, and August 8, 2017, IEPR workshops,
an updated roadmap is needed with next steps to accelerate development of energy storage.
Actions to consider advancing through the roadmap include:

e Developing and approving the rules by which electricity storage systems can provide
multiple services from the same system and ensure the rate payer is not paying more than
once for the same service. Also, ensuring the system can actually provide these services
and meet the overall requirements.

e Addressing how the state should deal with the end-of-life, behind-the-meter, utility-scale,
and electric vehicle battery systems.

293 CPUC Decision 13-10-040.

294 Also see http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN220857_20170822T173619_Damon_Franz_Comments_Tesla_Comments_on_Barriers_to_DR_Workshop.pdf.

295 August 8, 2017, workshop transcript, pages 237—238.
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e Developing consumer protection and standardized testing/certification for behind-the-
meter electricity storage to ensure batteries meet the expected lifetime anticipated when
installed.

Vehicle-Grid Integration

In October 2016, the Governor’s Interagency Working Group on Zero-Emission Vehicles
published the 2016 ZEV Action Plan, an updated roadmap toward 1.5 million zero-emission
vehicles on California roadways by 2025. Some of the high-priority actions included steps to:296

e Make ZEVs affordable by reducing upfront costs of owning or leasing a ZEV.

e Ensure availability of convenient charging and fueling stations, including expanded
financial incentives for employers and commercial property managers to install
workplace PEV charging,

e Maximize economic and job opportunities from ZEV technologies, including a
recommendation to promote collaboration among state, local, and federal partners to
maximize in-state manufacturing opportunities.

To advance deployment of zero-emission vehicles, the proposed California Air Resources Board
(CARB) 2017 Climate Change Scoping Plan Update sets a target of 4.2 million ZEVs by 2030.297
California’s energy agencies and the California ISO are working to create the infrastructure and
smooth integration of ZEVs to help prepare for rapid growth needed to achieve this goal. Plug-in
electric vehicles, which contribute to California’s ZEV goals, present an opportunity to help
integrate high levels of distributed photovoltaic energy systems to the extent charging can be
shifted away from early evening hours. (See Chapters 1, 2, 3, and 6 and Appendix H for more
information on transportation electrification.)

As part of implementing the 2014 vehicle-grid integration roadmap, the Energy Commission’s
Alternative and Renewable Fuel Vehicle and Technology Program (ARFVTP) is-provideding
funding with the Department of Defense to assess the ability of a fleet of electric vehicles to
participate in the California I1SO ancillary services market298 and assess its effectiveness on
battery health.299 | ocated at the Los Angeles Air Force Base, the project wasis the largest vehicle-

296 https://www.gov.ca.gov/docs/2016_ZEV_Action_Plan.pdf.
297 https://www.arb.ca.gov/cc/scopingplan/2030sp_pp_final.pdf.

298 Black, Douglas, “U.S. Department of Defense Vehicle-to-Grid Demonstrations in California,” Lawrence Berkeley
National Laboratory, November 19, 2014, First Annual California Multi-Agency Update on Vehicle-Grid Integration
Research, http://www.energy.ca.gov/research/notices/2014-11-19 workshop/presentations/Doug_Black_CEC-VGI-
Workshop-LBNL-DOD-V2G_2014-11-19.pdf; Michael Genseal, “LAAFB Technical Update,” Concurrent Technologies
Corporation, December 14, 2015, Second Annual California Multi-Agency Update on Vehicle-Grid Integration Research,
http://www.energy.ca.gov/research/notices/2015-12-

14 _workshop/presentations/13 _ CTC_Los_Angeles_Air_Force Base _Genseal Kenner.pdf; Southern California
Edison, “Vehicle-to-Grid Pilot Overview,” December 12, 2016, Third Annual California Multi-Agency Update on Vehicle-
Grid Integration Research, http://www.energy.ca.gov/research/notices/2016-12-

12_workshop/presentations/08 SCE_Los_Angeles_Air_Force Base.pptx

299 Markiewicz, Dan, “California Energy Commission Vehicle-to-Grid Testing and Demo with DoD,” Concurrent
Technologies Corporation, December 5, 2017, Fourth Annual California Multi-Agency Update on Vehicle-Grid Integration
Research, http://www.energy.ca.gov/research/notices/2017-12-05_workshop/presentations/07_CTC.pdf
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to-grid (V2G) demonstration in the world with more than 40 vehicles supperting-the
gridproviding frequency regulation when at charging stations on the base. Following the V2G
demonstration, some batteries will be removed from the PEVs/plug-in hybrid electric vehicles
(PHEVs) to evaluate and quantify potential impacts to the batteries from V2G operational cycles
and to predict potential long-term impacts. This analysis will provide real-world data on the
viability of V2G cost for PEVMSBEVs/PHEVs and fill gaps in understanding the potential impacts of
V2G operations on PEVVBEV/PHEYV batteries.300 The need to collect V2G data is discussed further
in the section of Chapter 2 titled “Encouraging Widespread Transportation Electrification.” In
2017, the Energy Commission awarded a follow-on grant to LBNL funded by EPIC to continue the
data collection and assessments at LA AFB ensuring this critical data will continue to be collected
and evaluated.

Comments from the joint utility-automakers and SCE call for redirecting funding in support of a
partnership among automakers, utilities, charging-station providers, and others to assess vehicle
grid integration (VGI) valuation and pursue “large-scale, multi-year demonstration projects to
validate the real-world value of VGI.”30! The Energy Commission recognizes that Ffurther
demonstrations are needed to advance V2G technologiesand-simplify-pathways-te-commerecial
depleyment and will consider ideas for demonstration projects through the ARFVTP’s investment
plan proceeding and through the 2018—2020 triennial Electric Program Investment Charge.392

During the werkshops-June 13, 2017, workshop to discuss progress on California’s energy
roadmaps, the Energy Commission discussed advances on VGI, including the completion of
pilots, assessments of economic value, advancements in distributed energy resource proceedings
and initiatives, growth in the smart charging industry, development of new utility rates and
infrastructure programs, development of protocols for metering and communications, and
continued research and development in the capabilities of VGI technologies.303

A conclusion drawn from the June 13, 2017, IEPR workshop is that the VGI Roadmap needs to be
updated to address new opportunities generated in this rapidly changing market in recent

300 See https://building-microgrid.lbl.gov/projects/los-angeles-air-force-base-vehicle-grid and
http://www.energy.ca.gov/research/energystorage/tour/af_v2g/.

301 Final (Updated) Joint Utility Automaker Comments re: Draft Oct. 2017 IEPR, November 15, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221781 20171115T100743_Hannah_Goldsmith_Comments_Final_Updated Joint_Utility Automaker.pdf and
SCE Comments on the Draft IEPR, November 13, 2017, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221731 20171113T150258 Catherine_Hackney Comments SCE_Comments_on_the CEC_Docket_No_17.pdf.

302 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221731 20171113T150258 Catherine_Hackney Comments SCE_Comments_on_the CEC_Docket_No_17.pdf
and http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221781 20171115T100743_Hannah_Goldsmith_Comments_Final_Updated_Joint_Utility Automaker.pdf.
California Public Utilities Commission Decision 18-01-008, Addressing applications of the California Energy Commission,
PG&E, SCE, and SDG&E for approval of their Triennial Investment Plans for the Electric Program Investment Charge
Program for the years 2018 through 2020, and Modifying Decision 12-05-037,
http://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M199/K995/199995953.pdf.

303 Pratt, K., and N. Crisostomo, “California Vehicle-Grid integration Roadmap Gap Analysis and Update” California
Energy Commission, June 13, 2017, Joint Agency Staff Workshop on the Review of the Actions and “Statue of State-level
Energy Roadmaps,” http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN218219_20170613T112307_California_VehicleGrid_Integration_Roadmap_Gap_Analysis_and_Upd.pdf.
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years.304 Comments from the joint utility-automakers39° pointed out that VGI is a complex issue
that has been difficult to resolve despite ongoing efforts by the VGI Communications Protocol
Working Group. They also suggest that the “value barrier” should be addressed as part of the
updated VGI roadmap.306

The Energy Commission agrees that Bdevelopment of the new roadmap is critical, that issues are
complex, and that expeditious progress is needed.397 The updated roadmap should be led by the

California I1SO, Energy Commission, and CPUC with input from a diverse group of stakeholder
greups (such as industry, academia, and other governmental agencies) and representatives from
disadvantaged communities_to prioritize and address the value and technical barriers to the VGI
use cases identified by the VGI Communication Protocol Working Group for accelerated PEV
adoption (discussed further in Appendix H).308

Drawing on comments from the June 13, June 29, and August 8 IEPR workshops held in 2017,
the next VGI Roadmap should be integrated with other DER technologies to better promote rapid
growth and business opportunities arising from aggregating, or combining, DERs within and
across buildings.

At the June 29, 2017, IEPR workshop, the following were identified as top priorities for updating
the Vehicle-Grid Integration Roadmap_that need to be addressed expeditiously, and through a
broad stakeholder process, to realize the benefits that VGI offers: 309

e Establish interoperability capabilities so that these vehicle resources can be certified and
operated as a dispatchable demand response or eventually storage device and grid
resource with three considerations: seamless interoperability across public networks,
consistent charging experiences at home or work and among power levels, and
integration with larger home and building energy management systems, so that these
vehicles work in concert as a suite with other building demand.

304 IEPR workshop on June 13, 2017, on Joint Agency Staff Workshop on the Review of the Actions and Status of the
State-Level Energy Roadmaps, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN220754_20170815T091531_Transcript_of 06132017_Joint_Agency_Staff Workshop_on_the_Revie.pdf, pp.
123-124.

305 Representing California Electric Transportation Coalition, American Honda Inc., BMW of North America LLC, Fiat
Chrysler Automobiles, Ford Motor Company, General Motors. PG&E, SMUD, SDG&E, SCE, and Southern California
Public Power Authority.

306 Joint Utility-Automaker Parties, Comments on the Draft 2017 Integrated Energy Policy Report, November 13, 2017,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
01/TN221781 20171115T100743_Hannah_Goldsmith_Comments_Final_Updated Joint_Utility Automaker.pdf.

307 Comments from Oxygen Initiative also expressed frustration with the slow progress of the VGI Working Group,
commenting that, “stakeholders that have been involved in an unproductive stalemate for years simply replicated that
unproductive dialogue in the VGI working group.” http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
07/TN221741 20171113T155256_Stephen_Davis_Comments_Oxygen_ Initiative_2017_IEPR_Comments.pdf.

308 California Energy Commission, Fourth Annual California Multi-Agency Update on Vehicle-Grid Integration Research,

Discussion Panel: Identifying Opportunities and Barriers to Advance Vehicle-Grid Integration into the Medium- / Heavy-
Duty Sector, December 5, 2017, http://www.energy.ca.gov/research/notices/#12052017.

309 Transcript for June 29, 2017, IEPR workshop, pages 46—58.
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¢ Promote the return of value of ancillary services and controlled charging grid integration
investments to drivers, automakers, charging providers, and utilities and provide clarity
for business planning and component and equipment manufacturing decisions.

e Coordinate vehicle technology research and development plans with charging
infrastructure deployment plans, including the use of the U.S. Environmental Protection
Agency’s ENERGY STAR certification of chargers with demand response and grid

dispatchability capabilities.

The 2014 vehicle-grid integration roadmap requires annual research review workshops
coordinated by the Energy Commission to monitor progress on VGI research and demonstration
projects, including VGI research under the EPIC program. The fourth annual multiagency update
on the Vehicle-Grid Research Review Workshop held December 5, 2017, highlighted the cost
savings and importance of open standards communication protocols in enabling the design of
integrated control systems capable of smart charging and vehicle-to-grid services that are friendly
enough for use by mass market PEV adopters. The workshop included presentations from
representatives of projects that were awarded EPIC funds, utilities, agencies, and the California
1SO.310 The workshop also explored the roles and relationships between medium- and heavy-duty

electrification stakeholders and how existing research could be leveraged to address the barriers
to medium- and heavy-duty electrification. Based on the presented research, the Energy
Commission solicited stakeholder feedback on future research opportunities to advance VGI and
vehicle electrification.

Microgrids

The Energy Commission, CPUC, and California 1ISO are working with stakeholders to develop a
roadmap for actions needed to commercialize microgrids in California. Although a standard
definition is still under development, these agencies have used the following working definition: a
small, self-contained electricity system with the ability to “manage critical customer resources,
provide services for the utility grid operator, disconnect from the grid when the need arises, and
provide the customer and the utility different levels of critical support when the need exists.
Microgrids can incorporate clean, low-carbon energy resources with increased energy efficiency,
and distributed energy resources, such as energy storage, distributed renewables, fuel cells, 311
demand response, electric vehicles, and other advanced generation and advanced distributed
energy systems.”312

Made of DERSs, storage, and demand response capabilities, microgrids can be used to shift
commercial load to help address net load ramps (in the morning and afternoon when solar energy
is not available) in a distribution network. A microgrid with a properly configured controller can
provide higher reliability, lower electricity bills, and cleaner air. The controller allows the
management of electricity generation and consumption. It can control the rate and schedule of

310 http://www.energy.ca.gov/research/notices/#12052017.

311 AB 1400 (Friedman, Statutes of 2017, Chapter 476) denies funding spent on diesel generators within microgrids.

312 http://www.caiso.com/Documents/CEC-CPUC-ISOCaliforniaMicrogridRoadmapJointWorkshop100217.html.
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DER generation, coordinate the use of energy storage, and implement demand response. Figure
27 provides an example of a microgrid. Table 11 provides a list of the renewable capacity,
generation type, and energy storage capacity of the top 10 California microgrids from Navigant’s

Microgrid Tracker.
Figure 27: Microgrid
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' - Many new things to manage!
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Source: https://microgridknowledge.com/wp-content/uploads/2016/12/distributed-energy-graphic-
e€1480617672252.png
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Table 11: Top 126-California Microgrids in the Navigant Research Q2 2017 Microgrid Tracker

Top 20-California Microgrids

ety Energy Storage
Host Renewables Generation Type C :
. apacity
Capacity

Santa Barbara County 93 MW Solar PV 0 MW

Imperial Irrigation District 83 MW Solar PV, Energy 33 MW
Storage

Moffett Field 50 MW CHP, Solar PV, Not available
Energy Storage, Other

UC San Diego 37.6 MW CHP, Solar PV, 2.5 MW
Energy Storage, Fuel
Cell, Other

Borrego Springs Microgrid | 33.8 MW Diesel, Solar PV, 4.23 MW
Energy Storage, Other

Marine Corps Air Station 24.7 MW Diesel, CHP, Solar 0.25 MW

Miramar PV, Energy Storage,
Fuel Cell

UC Irvine 24.2 MW Solar PV, Fuel Cell, 0 MW
Blogas, Other

Twentynine Palms Marine | 22.2 MW Diesel, CHP, Solar 1 MW

Corps Air Ground Combat PV, Energy Storage

Center

Apple Campus 2 21 MW Solar PV, Fuel Cell 0 MW

Source: Navigant Research Q2 2017 Microgrid Tracker, as reported in California Energy Markets on September 18, 2017.

The Energy Commission’s EPIC research program is making progress toward advancing the
capabilities of microgrids. As part of the first Triennial EPIC Investment Plan, the Energy
Commission developed and issued a competitive solicitation (PON 14-301) that offered EPIC
funding for microgrid research and focused mainly on using microgrids to support high
penetrations of renewables and the operations of critical facilities such as hospitals, fire stations,
and regional command centers. The microgrid projects awarded through this solicitation in 2015
have equipment installed, have systems that are operational, and are collecting data on
performance, value streams, and reliability. These ongoing projects reduce GHG emissions,
improve reliability, and increase resiliency and flexibility to provide critical services in
emergencies. Further, they are providing a wealth of information on microgrid configurations,
interconnection of multiple DERs through a single controller, and system interconnection
challenges. These demonstrations help increase the electric industry’s knowledge of the
operations of microgrids and advance commercial acceptance of the business cases being
developed.

In 2017, the Energy Commission released an EPIC competitive solicitation, GFO-17-302,

to fund research to promote commercialization of microgrids.3!3 Through this solicitation, the
Energy Commission seeks to fund research to identify opportunities where microgrids can be
developed into standardized configurations that are easily repeatable to provide benefits to the

313 http://www.energy.ca.gov/contracts/epic.htmI#GFO-17-302.
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grid and end users.

Much of the growth in California DER from 2013—2017 has been driven by research, incentives,
and procurement programs funded by ratepayers of California’s three largest 10Us. Going
forward, the growth of CCAs in California is creating uncertainty regarding the scope and
structure of these programs. (For more information, see Chapter 1, “Changes in Electricity Market
Structure.”)_The Energy Commission urges and welcomes CCA participation in advancing
innovation in DERs.3!4 CCAs can participate in research to help the state evaluate the value of
DER systems while recognizing the need to protect customer data.

The three agencies have completed a series of five workshops in developing the Roadmap for the
Commercialization of Microgrids in California. This roadmap, scheduled to be published in early
2018, addresses the key obstacles that microgrids face in commercialization and recommends
how to address those obstacles. The stakeholders in attendance at the workshops recommended

actions the three agencies can consider. Key topics included:

e How microgrids can improve resiliency and reliability for the microgrid owner/operator.

e \Ways to provide financial value to the services provided by a microgrid.

e How microgrids can help the state meet future DER integration goals.

e What new grid services microgrids can provide the utility grid.

e How microgrids might receive financial compensation for utility grid services.

e Ways microgrid research and demonstration projects can address the issues around
fielding multiple advanced technologies onto one operating system.

During the IEPR public comment period, Bloom Energy recommended that the microgrid
roadmap also address overcoming barriers to deploying multiple technologies at one location.
This recommendation was incorporated in the action items section of the roadmap.

Since no specific state policies or directives to implement microgrids exist, this roadmap is
addressing how commercially available microgrids can play a role in the future implementation of

the state’s aggressive energy policies.

em—As mentioned
previously, the Energy Commission EPIC program will award several new microgrid research
grants in 2018 under GFO-17-302. The top priorities_from these new-in-the microgrid
roadmapresearch projects include:

e Developing microgrid configurations that can easily be configured to accept high
concentration of DER systems.

314 Marin Clean Energy commented that “MCE encourages the [Energy Commission] to leverage CCAs as laboratories of
innovation to develop and test the market readiness of DER” and that “each CCA is in a unique position to test
technologies that best suit their communities’ and programs’ needs.”
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

01/TN221749 20171113T161412_MCE_Comments_on_Draft_2017 IEPR_Report.pdf.
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o Developing solid business cases for microgrids that clearly define the economic value of
microgrids while clearly identifying all the benefits microgrids will provide to the larger
California electric grid.

o Like with energy storage systems, developing and approving the rules by which energy
storage systems can provide multiple services from the same system_to maximize value to
the customer, grid, and utility, ensuring the rate payer is not paying more than once for
the same service, and ensuring the system can actually provide these services and meet

these overall requirements.

Costs

Continued reduction in costs is the top priority for accelerating DERs. Demand response is one of
the cheapest resources for addressing local area reliability concerns in Southern California.
Advanced Microgrid Solutions is one of the few companies stepping forward with energy
management services to help meet the call315 for greater demand response in the area affected by
the closure of San Onofre and restrictions at the Aliso Canyon natural gas storage facility.316 More
work is needed, however, to bring down soft costs, such as installation, customer acquisition,
interconnection, and integration.

As discussed in Chapter 1, recent years have seen steep declines in cost for clean energy
technologies. For example, in 2016, the U.S. DOE estimated battery costs dropped 74 percent.317
The growth in electric vehicle sales has helped generate economies of scale to bring down the
price of lithium-ion batteries (Figure 28).318

315 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf,
p. 113.

316 For example, see Advanced Microgrid Solutions, June 22, 2016, press release "California State University and
Advanced Microgrid Solutions Announce a Portfolio of State-of-the-Art Hybrid Electric Buildings,”
http://advmicrogrid.com/assets/docs/press/pr-ams-csu-joint-announcement.pdf and AMS November 2, 2016, press
release “Invesco Real Estate Collaborates with Advanced Microgrid Solutions to Introduce Hybrid Electric Technology”
http://advmicrogrid.com/assets/docs/press/pr-invesco.pdf. Also see AMS April 20, 2017, press release “Advanced
Microgrid Solutions to Build 16 MWh Distributed Energy Storage Project in San Diego,”
http://advmicrogrid.com/assets/docs/press/pr-sdge.pdf.

317 U.S. Department of Energy. September 2016. Revolution ... Now: The Future Arrives for Five Clean Energy
Technologies — 2016 Update.

318 https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf.
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Figure 28: China and United States Lead Growth in Electric Vehicles (2010-2016)
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Notes: The electric car stock shown here is primarily estimated on the basis of cumulative sales since 2005. When available, stock
numbers from official national statistics have been used, provided good consistency with sales evolutions.

Source: International Energy Agency, Global EV Outlook 2017

The central question for advanced energy storage is how to continue to drive costs down. For
example, should investment go to development of new chemistries or expansion of economies of
scale? Electric vehicles continue to play a big role in bringing down costs through economies of
scale. Tesla is building the first Gigafactory in Nevada and has announced plans for more.319
China is expected to be home to a dominant share of lithium-ion battery manufacturing by
2020.320 Lithium iron phosphate batteries are also widely used in China and in electric buses in
the United States.32! For example, BYD, a Chinese manufacturer of automobiles and rechargeable
batteries, sold more than 100,000 electric cars in 2016.322 Other chemistries, such as chemistries
suitable for flow batteries, hold promise as well.

Expanding DER Income and Savings

At the August 8, 2017, IEPR Demand Response workshop, Commissioner Andrew McAllister
highlighted the importance of promoting customer participation in opportunities for demand
response income and savings: “We need the correct rates, we need the right programs, and we
need an integrated suite of policies that work together well and seamlessly.”323 This suite of
policies includes rate designs, such as the CPUC time-of-use programs. (See Chapter 3.)

As discussed in Chapter 1, the section on “Changes in Electricity Market Structure,” on May 19,
2017, the CPUC and the Energy Commission held an en banc meeting to discuss the rapid growth

319 Tesla. February 22, 2017. “Tesla Fourth Quarter & Full Year 2016 Update.” http://ir.tesla.com/releases.cfm.

320 Ryan, Joe. June 28, 2017. “China is About to Bury Elon Musk in Batteries.” Bloomberg.
https://www.bloomberg.com/news/articles/2017-06-28/china-is-about-to-bury-elon-musk-in-batteries.

321 http://www.byd.com/usa/about/.

322 http://www.afr.com/business/transport/automobile/chinas-byd-has-overtaken-tesla-in-the-battery-and-electric-car-
business-20170517-gw6wal .

323 August 8, 2017, IEPR Commissioner Workshop on Demand Response,
http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-

12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf,
p. 13.
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in community choice aggregators and behind-the-meter DER anticipated over the next several
years. DER-related CPUC rules and requirements designed for the current market will require
adjustment to function well in the new context. For example:

e Inthe new market structure, what types and levels of DERs will be eligible for CCA
procurement processes?

e Current rules limit the geographical footprint eligible for demand response resource
adequacy credit and limit customers to a single LSE. If customers move from one LSE to
another within a small geographical area, this can put the ability of the demand response
aggregator to meet contracted demand response obligations at risk.324 In PIM, for
example, curtailment service providers are allowed to compete with utilities to provide
demand response throughout the PJM system.325 Should systemwide services be allowed
in California to help ramp up demand response?

Many DERs seek to provide services and earn revenues at multiples levels of the system. Although
current market rules do not support stacking of incremental values that DERs can provide to the
wholesale market, distribution grid, and end users, the CPUC and California ISO have undertaken
a joint effort to examine a path forward.326

As noted above, today most DERs do not participate in the California ISO wholesale market as
supply resources, but “self-dispatch” as load modifiers to the end-use customer. At this level,
DERs could provide end-use customer services from behind the customer meter such as time-of-
use bill management, service resilience to critical loads, or reducing the customer’s demand
charges. However, load-modifying demand response does not have resource adequacy value,
reducing customers’ incentive to participate in such programs.

Also, DERs could provide services to the distribution operator to support reliable operation (for
example, voltage and power quality) or defer a distribution infrastructure upgrade. The definition
and provision of these services are the subject of the CPUC’s Integrated Distributed Energy
Resource proceeding.327

At the wholesale market level, the California 1SO has developed several market participation
models328 to enable the many forms of DER to participate in the wholesale market. As a result, it

324 Barkovich, Barbara. California Large Energy Consumers Association. Transcript of the August 8, 2017, IEPR
workshop. http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN221097_20170908T094338_Transcript_of 08082017_IEPR_Commissioner_Workshop_on_Demand_Res.pdf.
Pages 92-94.

325 PJM. Curtailment Service Providers. http://www.pjm.com/markets-and-operations/demand-response/csps.aspX.
Accessed September 10, 2017.

326 The CPUC is examining multiple-use applications for storage in Rulemaking (R.) 15-03-011. The California ISO is
examining multiple-use applications in its Energy Storage and Distributed Energy Resources (ESDER) stakeholder
initiative. Together, the CPUC and California 1ISO have held joint workshops on the topic and issued a joint staff proposal
on May 18, 2017. The joint staff proposal may be found at
http://docs.cpuc.ca.gov/PublishedDocs/Efile/GO00/M187/K237/187237488.PDF.

327 CPUC Rulemaking (R.) 14-10-003.

328 http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
12/TN219945 20170628T090419_Transmission_and_Distribution_DER_ Activities_ DER_ Participation.pdf.
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is expected that the amount of DER participating in the wholesale market is likely to grow over
time. Demand response is able to participate in the California ISO wholesale market through use
of the proxy demand response and reliability demand response resource market participation
models. Demand response participating in the wholesale market today is less than 200 MW for
proxy demand response and about 1,250 MW for reliability demand response resource.
Distributed storage is able to participate using the nongenerator resource model, which is
designed to accommodate resources that can vary between consuming and producing energy.

Increasingly, building operators, demand response aggregators, and others are working to
integrate multiple DERs into a single system to capture energy-saving, cost-saving, and
reliability-enhancing opportunities.32° Microgrids provide a tool to help manage such integrated
systems.

Aggregations of all types of DER are able to participate in the wholesale market by virtue of the
California ISO’s distributed energy resource provider platform. Although there are not yet
aggregations of DER participating in the wholesale market, it is expected that such aggregations
will use the nongenerator resource model to participate. To lower barriers and enhance the ability
of DER to participate in wholesale markets, the California ISO has been enhancing these market
participation models through successive phases of its energy storage and distributed energy
resource stakeholder initiative.

Transmission and Distribution Implications of the
Growth in Distributed Energy Resources

As discussed in the 2007 IEPR,330 while providing many opportunities for helping manage
California’s evolving grid, the growth in DER also poses new operational and planning
complexities. California’s interconnected transmission and distribution systems drive the need for
advanced operational models and methods, improved coordination to manage interactions across
transmission and distribution systems, and new market design and pricing policies.33! DERs use
both the transmission and distribution systems, whether they operate autonomously (in other
words, “self-dispatch” as load modifiers), provide distribution services to the distribution
operator, or participate in the California ISO wholesale market.

In response to these challenges, More Than Smart332 brought together diverse industry
participants and stakeholders to identify needs and develop recommendations toward building a
new transmission and distribution grid coordination framework. In 2017, More Than Smart
published a paper highlighting new ways for California’s grid operators to coordinate operations

329 Susan Kennedy, AMS, August 8, 2017, IEPR workshop, Transcript, p. 235.

330 See Chapter 5, “California’s Electric Distribution System” in California Energy Commission 2007, 2007 Integrated
Energy Policy Report, CEC-100-2007-008-CMF. http://www.energy.ca.gov/2007publications/CEC-100-2007-008/CEC-
100-2007-008-CMF.PDF.

331 De Martini, Paul, K. Mani Chandy, and Neil Fromer, eds. September 2012. GRID 2020: Towards a Policy of
Renewable and Distributed Energy Resources. The Resnick Institute. California Institute of Technology.
http://resnick.caltech.edu/docs/R_Grid.pdf.

332 Information about More Than Smart is available at www.morethansmart.org.
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to maintain reliable customer service in a more decentralized power grid.333 The findings of this
paper were discussed at the June 29, 2017, joint agency IEPR DER workshop.

DER has the potential to provide nonwire alternatives, deferring the need for new or upgraded
transmission and distribution infrastructure. To capture this potential, planners must consider
where and when DER will develop and whether it will develop to the levels forecasted. Also, to
update technical modeling inputs, planners need information on the portion of the load profile to
be served/managed by DERs by geographic area (coastal versus inland), as well as demand
response aggregators. Aggregators, such as Advanced Microgrid Solutions, offer energy
management products incorporating energy storage technologies to adjust the load profile of
buildings and groups of buildings. Going forward, such services may be bid into the California
ISO wholesale market as nongenerating services to help balance supply and demand for
electricity.

For system operations, recent efforts to address DER complexities and opportunities include:

e Deploying enhanced inverter capabilities for voltage regulation, as recommended by the
Smart Inverter Working Group, discussed above.

e Developing the capability to incorporate the photovoltaic-related peak shift (from midday
to early evening) within the IEPR demand forecasts, starting with the final 2017 IEPR
forecast. (See Chapter 6.)

Remaining issues for transmission and distribution planning and operation include the following:

e Higher levels of DER may make balancing loads among the three phases334 of the
distribution system and managing voltage regulation more challenging. More
sophisticated interconnection and planning processes may help address this challenge.

e Today, the California ISO communicates with the utility transmission owners, but there is
no direct connection between the California ISO and the utility distribution operators. In
a high-DER future, operational coordination between the California 1ISO and the utility
distribution operators will be needed, and the transmission-distribution interface is
where this coordination comes together.

To illustrate these information gaps, consider the relatively simple scenario where a DER does not
engage in multiple-use applications but only bids into the California ISO wholesale market and
receives a California 1SO dispatch instruction. Under today’s existing processes and procedures,
the utility distribution operator will be unaware of the bids of the DER or California ISO
dispatches and thus is unable to predict whether this impacts the distribution grid and whether

333 Coordination of Transmission and Distribution Operations in a High Distributed Energy Resource Electric Grid,
More Than Smart, June 2017. The paper was prepared by the California Independent System Operator, Pacific Gas and
Electric, Southern California Edison and San Diego Gas & Electric, in partnership with More Than Smart. The paper is
available at http://morethansmart.org/wp-content/uploads/2017/06/MTS_ CoordinationTransmissionReport.pdf.

334 Electric power is generated, transmitted, and distributed using a three-phase system. A three-phase system is more
economical than a single-phase system. In a three-phase system, there are three wires that carry the power. Each wire
carries an alternating current of the same frequency and voltage but with a phase difference of one-third. Three-phase
power may serve a neighborhood, but the household loads are connected only as single phase. In a perfectly balanced case,
all three wires share equivalent loads.
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any adjustments may be necessary. In addition, both the California ISO and DER will be unaware
of current distribution system conditions that could inhibit the DER from fully responding to a
California ISO dispatch instruction. Without increased operational coordination, the three
entities lack the information needed to assess effects to the distribution system or how
distribution system conditions may affect dispatch feasibility. Under a scenario involving
multiple-use applications, the operational coordination and communication needs become even
more complicated.33°

The More Than Smart paper proposes four near-term recommendations to begin addressing the
need for increased coordination and communication at the transmission-distribution interface.
These recommendations may be implemented as pilots or manual procedures for the near term
and then considered for automation as DER volumes increase: 336

e Utility distribution operators should communicate advisory information on current
system conditions to DERs, so that DERs can modify their California ISO market bids
accordingly and, if necessary, submit outage or derate notifications to the California 1SO.

e The California I1SO should provide day-ahead DER schedules to the utility distribution
operators, for the utility distribution operators to pilot a feasibility assessment to identify
schedules that may create distribution system reliability problems.

e DER providers should communicate constraints on the performance of its resources to
the California ISO in the form of updated market bids or outage notifications, if needed.

e The utility distribution operators should pursue a pro forma “integration agreement”337
with the DER provider with regard to DER aggregations.

The More Than Smart paper also identifies several topics for continuing work. One topic is to
explore how different “distribution system operator” (“DSO”) constructs that are being explored
in the industry would affect the structure of DSO-DER-1SO coordination. Although More Than
Smart acknowledges that the different possible DSO models are beyond the scope of the paper, it
points out that the design of an optimal transmission-distribution coordination framework will
depend on the functions, roles, and responsibilities of the future DSO.

335 On the afternoon of September 8, 2011, an 11-minute system disturbance occurred in the Pacific Southwest, leading to
cascading outages and leaving nearly 2.7 million customers without power for up to 12 hours. Arizona Public Service
Company, Imperial Irrigation District, California ISO, and Southern California Edison Company agreed to pay civil
penalties of more than $21 million, with cash penalties of more than $7 million shared between the U.S. Treasury and
NERC, and credits for enhancements to the reliability of the grid beyond the requirements of the reliability standards and
required mitigation that included a utility-scale battery storage system, an innovative system for visualizing real-time
system conditions, equipment to maintain system voltage in vulnerable areas, and additional system operators for the
reliability coordinator, among other improvements. See https://www.ferc.gov/media/news-releases/2015/2015-2/05-26-
15.asp#.WahcZrJ97Z5 and http://www.nerc.com/pa/rrm/ea/Pages/September-2011-Southwest-Blackout-Event.aspx.

336 More Than Smart, Coordination of Transmission and Distribution Operations in a High Distributed Energy
Resource Electric Grid, June 2017, available at http://morethansmart.org/wp-
content/uploads/2017/06/MTS_CoordinationTransmissionReport.pdf.

337 The distribution operator will typically have an interconnection agreement with a DER on its system, but when
multiple DERs are aggregated into a virtual resource for ISO market participation, today there is no comparable
agreement between the distribution operator and the DER provider. The agreement could specify, for example, the
responsibilities of the parties to support reliability of the system and enable the DER provider to realize the full value of
the DER aggregation through provision of the various services its performance characteristics allow.
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Recommendations

To accelerate use of distributed energy resources in California, the Energy Commission, the
California Public Utilities Commission (CPUC), and the California Independent System Operator
(California 1SO) should:

Promote rapid growth in demand response. Reconvene a commissioner-led
demand response working group to coordinate work to quickly expand demand response,
especially in Southern California, and explore options for attributing resource adequacy
value to load-modifying demand response. Demand response is-thelew-cost-eptioncan be
a cost-effective, carbon-free substitute for fossil resources and for capturing excess

renewable energy.

Consider New Load Management Standards. The Energy Commission should
consider developing load management standards. Load management standards hold
some promise to reduce requlatory barriers that are one of the factors inhibiting
expanded use of demand response.

Develop an updated integrated distributed energy resources/microgrid
roadmap. With input from stakeholder groups and representatives from disadvantaged
communities, the California ISO, the Energy Commission, and the CPUC should
coordinate development of an integrated roadmap to identify technical requirements and
market rule changes to promote coordination of distributed energy resources (DER),
including energy efficiency, demand response, electricity storage, and electric vehicle
expansion in the context of unprecedented growth in community choice aggregators.

Update the Vehicle-Grid Integration (VGI) Roadmap. The Energy Commission
should lead-an-effertwork with the California 1SO and the CPUC to update the VGI
Roadmap reflecting the needs to use open standards, to return the value of grid
integration to stakeholders, and to commercialize prior investments in research and
maintain leadership in advanced technology development. For details, see Chapters 2, 3,
6, and Appendix H.

Standardize electric vehicle charging equipment to enable resource dispatch.
The Energy Commission should work with the CPUC, the California ISO, CARB, and
interested stakeholders including charging equipment and vehicle manufacturers to help
standardize charging equipment to better integrate electric vehicles with the grid.

Continue to support research on distributed energy resources (DER),
including demand response, storage, VGI, and microgrids. Continue to fund
research that enables the ability of DER to provide flexibility and grid services. Sinee
wtitiesWhile large-scale renewables are most cost-effective, 338 utilities are not planning
to enter long-term procurement contracts_in the near term, limiting the ability of large-

338 The California Energy Commission’s Tracking Progress Web page, Renewable Energy, updated December 2017, Figure

13: U.S. Residential and Nonresidential PV System Prices,

http://www.energy.ca.gov/renewables/tracking_progress/documents/renewable.pdf.
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scale resources to provide electricity system flexibility, DER must fill the gap. Improved
communication, control platforms, cybersecurity, and business models will be needed to
accelerate customer participation in DER aggregation and in electricity markets.

Expedite revision of retail rates to clarify DER value streams. Clear information
on value streams will expedite rapid ramp-up of energy-as-a-service business models for
demand response combined with energy storage, building management, and other DER
resources, especially in the high-priority area affected by the Aliso Canyon natural gas
storage facility.

Continue to improve coordination between the transmission and
distribution system operators through continuation of the More than Smart
working group. As the amount of DER in California grows, greater communication is
needed to enable efficient and effective dispatch of energy resources and grid stabilizing
services.
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CHAPTER 5:
Strategic Transmission Plan and
Landscape-Scale Planning

Introduction

As noted in previous chapters, the 2017 IEPR focuses on the implementation of Senate Bill 350
(De Leon, Chapter 547, Statutes of 2015), including implementing integrated resource plans
(IRPs) for the electricity sector and achieving 2030 Renewables Portfolio Standard (RPS) and
greenhouse gas (GHG) reduction goals. As noted in the 2017 IEPR Scoping Order, the Renewable
Energy Transmission Initiative 2.0 (RETI 2.0) recognizes that greaterrehance-onrenewable
energy-mayregaire-additional transmission or restructuring of the transmission system_may be
required to achieve renewable energy goals and reduce GHG emissions 40 percent below 1990
levels by 2030. RETI 2.0 found that while there may be a relative abundance of transmission
capacity at the system level, there are likely to be limits in specific areas that may-would require
additional evaluation, depending on the level of renewable development assumed in each area.
RETI 2.0 concluded that multiple scenarios reflecting different portfolios of renewable energy
build-eutdevelopment would be useful to inform planning as well as to guide decisions necessary
to maximize use of the existing transmission system.339

Measures to achieve the-RPS-and-GHG reduction, RPS, and other clean energy goals should
minimize the environmental and land-use impacts of transmission infrastructure while ensuring
that reliability (both planning and operational) standards are met, even as transmission_—tevel
renewable-integrationissues-as-wel-asand distribution-level issues; create new challenges and
opportunities. As discussed in Chapter 4, in the last several years, California has alse-evaluated
opportunities for greater use of the distribution system to promote distributed energy resources
(DER) and rew-other technologies, including electric vehicles, energy storage, and demand
response, as an alternative to transmission upgrades. This shift in focus has resulted in fewer
transmission projects and greater attention to DER and distribution system upgrades as a way to
transform California’s electric system and achieve GHG reduction goals. However, as the state
continues to moves toward higher levels of renewable resources, transmission infrastructure will
continue to play a role in meeting reliability, economic, and policy goals.

Consistent with the Garamendi Principles,340 the state should pursue strategies to maximize the
use of the existing transmission system and existing rights-of-way before considering the

339 http://docketpublic.energy.ca.gov/PublicDocuments/15-RETI-
02/TN216198_20170223T095548_RETI_20_Final_Plenary Report.pdf.

340 Senate Bill 2431 (Garamendi, Chapter 1457, Statutes of 1988) recognized the value of the transmission system and the
need for coordinated long-term transmission corridor planning to maximize the efficiency of transmission rights-of-way
and avoid single-purpose lines. The bill established four principles, commonly referred to as the “Garamendi Principles,”
for the planning and siting of rew-transmission facilities_that are to be-Fhe-four-Garamendi-Principlesshedldbe pursued
in the following order: 1) Encourage the use of existing rights-of-way{ROW) by upgrading existing transmission facilities
where technically and economically feasible; 2) when construction of new transmission lines is required, encourage
expansion of existing ROWrights-of-way, when technically and economically feasible; 3) provide for the creation of new
ROWArights-of-way when justified by environmental, technical, or economic reasons defined by the appropriate licensing
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expansion efexisting;-or creation of new; rights-of-way. Such strategies should include advanced
transmission technologies;sueh-as-advanced-conducters-and-flow-contrelers; as well as targeted
supply resources in strategic locations.

Where new rights-of-way or corridors are needed, landscape-scale planning provides an
important tool for ensuring thatthe most appropriate locations for future transmission are
plannedidentified. The Energy Commission’s transmission corridor designation responsibilities
under Senate Bill 1059 (Escutia and Morrow, Chapter 638, Statutes of 2006) provides a
mechanism for ensuring that only those transmission locations that are expected to be needed,
consistent with the attainment of the state’s long-term RRSard-GHG reduction and clean energy
goals, are environmentally appropriate, designated, and preserved. The designation of a
transmission corridor zone shall identify a feasible corridor where one or more future high-
voltage electric transmission lines can be built that are consistent with the state’s needs and
objectives as set forth in the Strategic Transmission Investment Plan.34! The Energy
Commission’s transmission corridor designation program should also consider the protection and
management of natural and working lands to reduce GHG emissions, as directed by Senate Bill

1386 (Wolk, Chapter 545, Statutes of 2016).Fre-desighation-efa-transmission-corridorzoneshall

a \ hlo o0 a

This chapter builds on recommendations in the 2016 IEPR Update relating to statewide energy
planning and permitting coordination.

The major topics covered in this chapter and in Appendices E and F include western reliability
and planning coordination activities, the status of major transmission projects, minimizing the

environmental effects of transmission infrastructure, lardscape-seale-planningintegrating for
renewables-and-transmissien;use-of-data gathered and produced in landscape planning efforts,

platforms-and-analytical- tools-inlandsecape-seale-planning;-and next stepsfrem-RETI2.0.342
While Fthe chapter concludes with recommendations:-hewever, planning is ongoing on several
fronts, which will continue beyond the current IEPR cycle.

agency; and 4) where there is a need to construct additional transmission capacity, seek agreement among all interested
utilities on the efficient use of that capacity.

341 http://www.energy.ca.gov/2009publications/CEC-700-2009-011/CEC-700-2009-011-CMF.PDF.

342 As described below in the section titled “Emerging Issues,” expanding interest in, and experience with, retail choice
providers is shaping the size, location, technology type, control, and ownership of electricity generation, storage, and
demand response. Community choice aggregation (CCA) is a state program that allows cities and counties to partner with
their investor-owned utility (IOU) and become the default electricity supplier. Like any other load-serving entity (LSE), a
CCA schedules load and supply through the California ISO day-ahead and real-time markets. See Chapter 1 for more
information on CCA trends.
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The IEPR Lead Commissioner and Siting Lead Commissioner conducted a public workshop ateng
with the Governor’s Office of Planning and Research on May 24, 2017, in support of this strategic
transmission planning. The main topics covered were policy perspectives, arg-projects examples
using interactive data platforms to support collaborative planning, and maximizing existing
transmission through advanced technologies and targeted resources. The information presented
belew-in this chapter draws on workshop materials, as well as written and oral comments, as
appropriate.343

In addition, the records-developed-from of several related Energy Commission workshops have
been considered in developing this chapter, including—Fhese-irelude-the foHlowing:

e April 6, 2017, staff workshop on Environmental Planning Case Studies (Docket Number
17-MI1SC-03).

e May 12, 2017, IEPR joint agency workshop on the Increasing Need for Flexibility in the
Electricity System.

e August 2, 2017, IEPR staff workshop on Environmental Information for Energy Planning.

e Various staff workshops, forums, and webinars for Offshore Wind Energy Planning
(Docket Number 17-MISC-01).

Transmission Needed to Support the State’s Clean
Energy and GHG Reduction Goals

As noted above, greaterreliance-onrenewable-energy-mayregquire-additional transmission or

restructuring of the transmission system_may be needed to achieve the state’s clean energy goals
and reduce GHG emissions by 40 percent from 1990 levels by 2030.

Status of Major Transmission Projects

The California 1ISO and other entities have identified and approved many transmission projects to
meet reliability requirements, provide economic benefits, and support recent policy goals,
including deliveringrenewable-generationto-meetthe 33percent-RPS mandate of 33 percent
renewable energy by 2020-mandate. The California 1SO 2016—2017 Transmission Plan lists 177
previously approved transmission lines, new substations, reconductoring projects, and other
upgrades. The California ISO’s 2015—2016 and 2016-2017 Transmission Plans determined
thatthe projects identified and approved in the previous plans are sufficient to meet California’s
33 percent RPS within the California ISO footprint. Future California ISO planning cycles will
focus on moving beyond the 33 percent RPS framework.

The Energy Commission provides annual trackingpregress-updates on transmission expansion
for delivering renewable energy.344 The May 24, 2017, update summarizes e£21 major

343 The transcripts, WebEXx recording, and docketed comments for the May 24, 2017, IEPR Workshop on Strategic
Transmission Investment Planning: Interactive Data Platforms to Support Collaborative Planning and Advanced
Technologies are available at http://www.energy.ca.gov/2017_energypolicy/documents/#05242017.

344 For more information, see http://www.energy.ca.gov/renewables/tracking_progress/#transmission.
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transmission projects approved by the California ISO er-and other balancing authorities that-the
Energy-Commissiontracks-due to the potential of these projects to expand the state’s capabilities
to integrate and deliver renewable energy or to provide other critical grid reinforcements, as
shown in Table 12 and Figure 29. Material changes in expected grid conditions, such as evolving
load growth trends, or cancellations of generation projects, can subsequently force the
postponement or cancellation of transmission projects. For more information on the status of the
projects shown in Table 12 and Figure 29, see Appendix F.

Table 12: Status of California 1ISO-Approved-and-OtherCalifernia-Transmission Projects_to

Integrate Renewable Ener

Transmission Proiect California ISO CPUC or Lead Agency Construction E)’?C;gfel dolrn-
) Status34 Permit Status Status pe
service Date
1- Sunnsk?/FI’-(i)r\]/zerlmk 500 Approved CPCN Approved Operational 2012
2 — Tehachapi 500 kV Line Approved CPCN Approved Operational 2016
3 - Colorado River-Valley .
500 KV Line Approved CPCN and PTC Approved Operational 2013
4 — West of Dever_s 230 kv LGIA CPCN Approved Engme_ermg/ 2021
Reconductoring Design
5- E'dorigloi'i‘éinpah 230 LGIA CPCN Approved Operational 2013
6 — South of Contra Costa
230 kv Reconductoring LGIA CPCN Approved On Hold

SCE'’s Pisgah-Lugo project was identified by the California ISO as being needed for the

interconnection of the 850 MW K Road Calico Solar Project. On June 20, 2013, K Road,

LLC filed a request with the Energy Commission to terminate the Calico Solar Project. As
a result, the Pisgah-Lugo project is not moving forward.

7 — Pisgah-Lugo 500 kV
Line

8 - Borden-Gregg 230 kv LGIA NOC/CPCN TBD On Hold
Reconductoring
9 — Carrizo-Midway 230 ,
kV Reconductoring LGIA NOC Approved Operational 2013

Significant material changes in grid conditions on SCE's application for a CPCN for the
Coolwater-Lugo project necessitated withdrawal of this project. On May 21, 2015, the
CPUC Commissioners approved the ALJ proposed decision and closed SCE's

10 - Coolwater-Lugo 230
kV Line

application.
11 - Path 42 230 kV Approved ,
Reconductoring Policy Project N/A Operational 2016
o~ ID: Path 42 230 KV IIDISCE/BLM Joint Final
o g N/A Mitigated Negative Construction suspended

additional upgrades Declaration Adopted
(outside CAISO grid) P
13 - LADWP: Barren LADWP/US Forest Service.

Ridge 230 kV Line N/A BLM Joint Final EIR/EIS Operational 2016
(outside CAISO grid) Adopted

345 In 2012, the Federal Energy Regulatory Commission (FERC) approved the California 1SO’s revised generator
interconnection procedures known as the Generator Interconnection and Deliverability Allocation Procedures (GIDAP).
Before the GIDAP, both the Generator Interconnection Procedures and the TPP identified large-scale network upgrades.
With FERC's approval of the GIDAP, the TPP is now the primary vehicle for identifying the large-scale network upgrades
associated with the interconnection of renewable generation necessary to achieve the RPS. The Large Generator
Interconnection Agreement (LGIA) projects were approved by the California 1SO through the Generator Interconnection
Procedures prior to the GIDAP.
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Transmission Project

California ISO
Status34

CPUC_or Lead Agency
Permit Status

Construction
Status

Actual or
Expected In-
service Date

14 — Imperial Valley-
Liebert 230 kV Line

California 1ISO selected Imperial Irrigation District (D) as project sponsor. On July 8,
2014, the 11D Board of Directors adopted the final mitigated negative declaration. The
California 1SO received notice from 11D on November 24, 2015, exercising its right to
terminate the approved project sponsor agreement. As the project depended on IID’s
participation, the project has been cancelled.

Approved
15 — Sycamore- Policy Project . .
Penasquitos 230 kV Line | with Reliability CPCN Approved Planning/Design 2018
Benefits
16 — Warnerville-Bellota Approved Engineering/
230 kV Reconductoring Policy Project NOC Approved Design 2022
17 — Wilson-Le Grand 115 Approved Engineering/
kV Reconductoring Policy Project NOC Approved Design 2020
18 — Central Valley Power ggﬁ;%\ﬁd
Connect (formerly Gates- . 'yh Continued CAISO Study On Hold
Gregg 230 kV Line) iject with
Policy Benefits
19 - Ten West Link 500 Approve.d .
kV Transmission Line Economic Competitive
. Project with CPCN Filed Solicitation 2020
Project (Delaney-Colorado S
, . Reliability and Process
River 500 kV Line) . ,
Policy Benefits
Approved
Economic L Competitive
20 — Harry AIIen_—EIdorado Project with N/A_(Ime_s is located Solicitation 2020
500 kV Line S entirely in Nevada)
Reliability and Process
Policy Benefits
Western Area Power
91 — San Luis Administration/San Luis & Engineering/
Transmission Proiect N/A Delta-Mendota Water %esi n g 2022
) Authority Joint Final 9
EIS/EIR Adopted

Source: California Energy Commission, May 2017, Transmission Expansion for Delivering Renewable Energy,
http://www.energy.ca.gov/renewables/tracking_progress/documents/transmission_expansion_projects.pdf.
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Figure 29: Map of CalifernialSO-and-Outside CalifornialSO-Grid-Approved
Transmission Projects_in California to Help Integrate Renewable Enerqgy
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discussed in Chapters 1 and 2, SB 350 requires large publicly owned utilities (POUSs) to file IRPs
with the Enerqv Commission and aH-load-serving entities &neleHhe—w—ntrsel—reHea—ef—the—GPUC—te

; to file IRPs with the CPUC; by
January 2019. Through their IRPs, filing entities will demonstrate how they wiH-plan to meet the
electricity sector’s share of the 2030 GHG reduction target and other goals, including achieving
50 percent RPS and ensuring reliability. Going forward, the system-information developed in the
IRPs will be used in transmission planning.

Update on Multistate Transmission Project Proposals
The 2015 IEPR covered five proposed major multistate transmission projects prepesals-thathave
beenpropesed-ever-thelastseveralyears-that are in various stages of permitting and could be on-

line in the early 2020s.346 Since that time, as part of the RETI 2.0 process, the Western Interstate

Energy Board (WIEB) identified 12 WWestera-proposed transmission projects (including those
discussed in the 2015 IEPR) that could deliver high-quality renewable resources to California and

346 The five projects are the Centennial West Clean Line Transmission Project, the Southwest Intertie Project, the SunZia
Transmission Project, the TransWest Express Transmission Project, and the Zephyr Power Transmission Project. See pp.
95-97 of the 2015 IEPR, available at http://www.energy.ca.gov/2015_energypolicy/index.html.
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provide other benefits such as relieving congestion and enhancing reliability. The status of these
projects is included in the RETI 2.0 Western Outreach Project Report.347 See also Appendix F for
more information.

Congestion on Major Paths

Consistent with Senate Bill 1565 (Bowen, Chapter 692, Statutes of 2004) mandates, previous
IEPRs have addressed congestion348 on major transmission paths349 identified by the California
1SO. However, recent analyses have not identified sufficient congestion within or into the
California ISO to justify new transmission upgrades. The historical analysis of congestion in the
California ISO Annual Report on Market Issues & Performance found that “the frequency and
impact of congestion was higher in 2016 than 2015 on most major interties connecting the 1SO
with other balancing authority areas, particularly for interties connecting the 1SO to the Pacific
Northwest and Palo Verde.”3%0 The California 1ISO 2016—2017 Transmission Plan forecasted

congestion within and into California for 2026, including only-butneteneugh-tojustifya
potential upgrade—The 2026-study-included-only renewable generation needed to meet athe 33

percent RPS requirement. The California ISO found, “The congestions are not significant for
justifying an upgrade, based on either the studies in previous planning cycles or engineering
judgment.”351

In the 2016—2017 Transmission Plan, the California 1SO alse-looked closely at congestion on the
California-Oregon Intertie and ties between the California ISO and the Imperial Valley. The study
found increased California-Oregon Intertie congestion relative to other studies but not enough to
justify upgrades. For the Imperial Valley, the study did not identify significant congestion. For
both the California-Oregon Intertie and the Imperial Valley, the planr-2016—2017 Transmission

Plan recommended further study with the applications of modeling enhancements.352

large-enough-to-triggerthe-need-fortransmissionupgrades—Existing Fforecasts by the California

I1SO have relied largely on resource portfolios developed to meet 33 percent RPS targets primarily

347 Published in October 2016 and available at http://docketpublic.energy.ca.gov/PublicDocuments/15-RETI-
02/TN214339_20161102T083330_RETI_20_Western_Outreach_Project_Report.pdf.

348 The term “congestion” refers to situations where transmission constraints reduce transmission flows or throughput
below levels desired by market participants or government policy (for example, to comply with reliability rules). A high
degree or level of transmission system utilization alone does not necessarily mean congestion is occurring. Congestion can
arise only when there is a desire to increase throughput across a transmission path, but such higher utilization is thwarted
by one or more constraints. Transmission congestion has costs—they may induce higher costs for consumers on the
downstream side of the transmission constraint if the consumers’ electricity supplier(s) must rely on higher-cost
generation sources, and they may make it more difficult to achieve policy goals such as increased reliance on renewable
generation resources. Transmission congestion may also cause reliability problems, where such constraints affect
operations by limiting access to reserves.

349 The major WECC transmission paths that are within or tie into California are shown in Figure 103 in Appendix F
(Status of Major California and Western Transmission Projects).

350 California I1SO, 2016 Annual Report on Market Issues & Performance, May 2017, p. 177,
http://www.caiso.com/Documents/May9_2017_DMM_2016_AnnualReport_Marketlssues_Performance_ZZ17-4.pdf.

351 California 1SO, 2016—2017 Transmission Plan, March 2017, p. 180, http://www.caiso.com/Documents/Board-
Approved_2016—2017TransmissionPlan.pdf.

352 Ibid, p. 195.
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under “full capacity deliverability status” interconnection assumptions. Potential congestion
issues related to a 50 percent RPS target have not been fully explored, and “energy-only”
interconnection assumptions will factor in those analyses.3%3

Similar to the situation in California, WEEE-system loads for the Western Electricity Coordinating
Council (WECC) have largely been trending flat to downward-trending on a year-over-year basis,
planning reserve margins have been ample, and transmission investment over the past five years
has been steady. Generally, when system fundamentals align in this way, the effects of congestion
on the system are low. Confirming this expectation, the WECC State-efthe-lrterconnection-ontine
analytiestoel-identifies only four monitored paths with flows at or above 75 percent of the path
operating limit for more than 20 percent of the time in 2016.3%4

Peak Reliability (Peak)355 provides reliability services for the vast majority of balancing authority

areas in the Western Interconnection and helps drive mere-efficient use of the bulk power system
by using state-of-the-art tools and implementing cutting-edge standards and modernization
revisions. On June 27, 2017, the Ppeak-Eenhanced Ceurtailment Cealculator ended a parallel
operations phase with the retiring WECC Web SAS tool and became the sole analytical tool for
managing unscheduled flow on WECC-qualified paths per the unscheduled flow mitigation plan.
The calculator uses near real-time inputs from Peak’s supervisory control, are-data acquisition,
and state estimator systems to identify sources of flows contributing to system operating limit
{SOL) exceedance3%6 in support of more effective and efficient operation of the Western

Interconnection bulk electric system.

In April 2017, Peak deployed a modified SGk-system operating limit method to align Western
Interconnection procedures with rew-North American Electric Reliability Corporation (NERC)
Reliability Standards, which had a compliance date of April 1, 2017. Previous system operating
limits were static and established far in advance of the operating horizon. The new standards
effectively establish dynamic calculation of S©ks-system operating limits much closer to real-time
operations;while i , A i i i y i
herizon—Bynamic-SOLs and allow significant improvements in the operational efficiency of the
Western Interconnection. As noted in Chapter 3, the Energy Commission supports operational
and system improvements, as well as intrahour scheduling and continued market development,

353 To date, most contracts for renewable energy have required full deliverability of renewable resources during peak
conditions. This contractual requirement, which is a prerequisite for obtaining resource adequacy credit, has resulted in
costly transmission projects that may result in little or no additional renewable energy being delivered into the system.
Many interconnected generators are able to deliver full output most of the time, even without additional network upgrades
beyond those required for interconnection. As renewable generation requirements grow, California energy agencies are
exploring the value of “energy-only” renewable resources contracts instead of requiring full deliverability. This option has
the potential to lower costs and increase the potential for renewable energy generation in many areas.

354 https://www.wecc.biz/epubs/StateOfThelnterconnection/Pages/Transmission/WECC-Paths.aspx.

355 Peak Reliability (Peak) was formed as a result of the bifurcation of the WECC into a regional entity (the role served by
WECC) and a reliability coordinator (the role served by Peak). The bifurcation of WECC received final approval from the
FERC on February 12, 2014. As the reliability coordinator (RC), Peak provides reliability services for the vast majority of
balancing authority areas in the Western Interconnection, except Alberta, Canada. For more information, see Appendix E
and https://www.peakrc.com/whatwedo/Pages/default.aspx.

356 WECC defines the SOL as the maximum flow possible on the path that ensures reliable operations. Thermal, voltage,

or stability criteria performance may be impacted if flow exceeds the prevailing path SOL. See
https://www.wecc.biz/epubs/StateOfThelnterconnection/Pages/Transmission/SOL-Exceedance.aspx.
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| as important ways to increase transfer capability and suppert-provide greater coordination
between California and the rest of the West.

Opportunities to Support the State’s Clean Energy and
GHG Reduction Goals Through Efficient Use of Existing
Transmission Grid

California’s renewable energy and GHG reduction goals have driven development of significant
amounts of utility-scale renewables in the last decade. Unlike most conventional generation,
utility-scale renewable energy projects are often far from load centers and, without transmission
upgrades, may trigger congestion on the transmission grid. As-neted;-greaterrehiance-on

and looking for opportunities to maximize the efficiency of the existing transmission grid before

expanding it, these-energy planners and adverse-decision makers can minimize environmental

effects associated with ean-bereduced--As-noted-eartier-Senate Bil 2431 (Garamendi,-Chapter

1
N ad tha noand aWaaly m atho n aney

1
ha o a¥a

i construction of additional transmission capacity,
threughexpansion of existing rights-of-way, or creation of new rights-of-way.

This section identifies three opportunities for maximizing the efficient use of the existing
transmission grid: use of advanced transmission technologies, application of transmission “right-
sizing,” and increased regional coordination.357

Advanced Transmission Technologies

Flow controllers and advanced conductors are among the advanced transmission technologies
that present an opportunity for making efficient use of the existing grid. Both solutions have the
potential to increase transmission capacity in existing rights-of-way.

Flow controllers, or distributed series reactors (DSRs), are devices that can be deployed directly
onto existing transmission line conductors to route power around transmission constraints by
“pushing” and “pulling” power from overloaded lines and onto underused lines. The result is
additional transmission capacity on existing transmission paths and increased use of the existing
system and rights-of-way without changing out the existing conductor or transmission tower

| structures.

357 Two of these three opportunities—use of advanced transmission technologies and application of transmission right-
sizing—were addressed during a panel discussion at the May 24, 2017, IEPR workshop on strategic transmission planning.
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| Fhese-devices-are-alse-krown-as-distributedseriesreactors{BSRs)-In 2016 Pacific Gas and
Electric Company’s (PG&E’s) Electric Program Investment Charge project 1.09C report358

demonstrated the safe and effective operation of DSRs on PG&E’s transmission system to reduce
line flow. The project installed 90 DSRs and associated communication and control equipment on
PG&E’s Las Positas-Newark 230 kilovolt (kV) line. PG&E reports that the project demonstrated
that DSRs can reduce line flow and could be used to reduce transmission congestion. PG&E noted
two other findings. First, a proposed line needs to have sufficient conductor and tower strength
capable of supporting the DSR devices. Second, many hundreds of units would be required to
mitigate any sizable line overload. Nevertheless, PG&E concluded that use of DSRs would be
significantly less costly than a traditional transmission upgrade to increase capacity in most
scenarios.

In 2017 the California I1SO considered the Mission-Old Town flow control upgrade project, which
would haveuse installed-ef flow controllers te-address-multiple-contingencies-underwhichon San
Diego Gas & Electric’s (SDG&E) Mission-Old Town and Mission-Old Town Tap 230 kV lines-eant
everload.3%9 The Mission-Old Town flow control upgrade project would haveinvelve-the
instalation-of flow-control-devices-en-these-two-tines-te partially addressmitigated contingency
thermal overloading concerns for the summer of 2018 in the event of delays to other transmission
projects under construction. According to a California ISO market notice, it ultimately
determined not to grant approval of the project because SDG&E subsequently identified potential
| engineering and permitting challenges, questioning the ability of the project to meet the June 1,
2018, target in-service date and avoid other schedule effects on transmission projects in the
area.360

| Reconductoring an existing_transmission line with advanced conductors is another way to
increase the transmission capacity of the existing grid and reduce line losses. Reconductoring a
transmission line involves replacing the existing conductors with newer designs with better
design features or increased current carrying capacity or both. Advanced conductors available
today tend to be “high-temperature, low-sag” meaning that they have higher ampacity36! without
violating sag clearance requirements. Lower sag can equate to less need for new towers.
Conventional conductors consist of outer aluminum conductor strands wrapped around a steel-
reinforced core. In contrast, advanced conductors typically consist of outer aluminum conductor
strands wrapped around a composite core that is lighter weight than the traditional steel core.
This enables additional aluminum conductor strands to be wrapped around the core without

358 PG&E, EPIC 1.09C — Test New Remote Monitoring and Control Systems for T&D Assets, Discrete Series Reactors,
December 2016, https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-
programinvestment-charge/PGE-EPIC-Project-1.09C.pdf.

359 California 1SO, “Pacific DC Intertie Upgrade and Mission-Old Town Flow Control Upgrade,” April 2017,
http://www.caiso.com/Documents/Agenda_Presentation_Mission-OldTown_ PacificDCIntertieUpgradeProjects.pdf.

360 California 1SO, Market Notice titled “Mission-Old Town and Pacific DC Intertie Upgrade Projects Update,” May 23,
2017, http://www.caiso.com/Documents/Mission-OldTown_PacificDCIntertieUpgradeProjectsUpdate.html.

361 Ampacity is the maximum amount of electric current a conductor or device can carry before immediate or progressive
deterioration.
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increasing the total weight. These higher-capacity conductors can be used to reduce congestion
where transmission towers cannot easily or cost-effectively be replaced.

Several California utilities have used advanced conductors to increase line capacity in existing
rights-of-way. For example, Southern California Edison reconductored its Rector-Vestal and
Magunden-Vestal 200 kV lines using high-temperature, low-sag conductors, and the Sacramento
Municipal Utility District (SMUD) reconductored some of its transmission lines with advanced
conductors. SMUD has observed that there are cases where reconductoring with advanced
conductors is less likely to be cost-effective. Much of SMUD’s system uses all-aluminum
conductors with lighter support structures, and these structures would need to be replaced to use
advanced conductors.362 Thus, there are limitations to applying advanced conductors.

In addition to flow controllers and advanced conductors, the conversion of alternating current
transmission lines to direct current holds the potential for increasing the transfer capability of the
existing transmission grid. SDG&E submitted such a project as a proposed interregional
transmission project to the California ISO, Northern Tier Transmission Group, and WestConnect
in early 2016.363 This alternating current to direct current conversion project proposes to convert
a portion of the existing 500 kV Southwest Powerlink to a multiterminal, multipolar high-voltage
direct current (HVDC) system with terminals at the North Gila and Imperial Valley 500 kV
substations and the Miguel 230 kV substation. SDG&E reports that this HVDC conversion project
may increase the San Dlego import capablllty by 500 to 1,000 MW or more. ihewestem—planmag

Transmission Right-Sizing

A second opportunity for maximizing the efficiency of the existing transmission grid is through
transmission right-sizing. Where appropriate, right-sized transmission projects can reduce future

costs and environmental impacts and make efficient use of existing (and new) rights-of-way.
Existing transmission rights-of-way are not only highly valuable assets, but should be viewed as a
scarce resource that should be managed as efficiently as possible in meeting state climate change
and energy goals as new transmission rights-of-way are extremely difficult to site. Right sizing is
also receiving growing consideration given the forecast uncertainties created by such emerging
trends as the SIGnIflcant qrowth of communltv choice aqureqatlon and the shift to DER in

California.

362 May 24, 2017, IEPR workshop on Strategic Transmission Investment Planning: Interactive Data Platforms to Support
Collaborative Planning and Advanced Technologies, http://docketpublic.energy.ca.gov/PublicDocuments/17-1EPR-
13/TN217924_20170607T144655_Transcript_of 05242017_IEPR_Lead_Commissioner_Workshop_on_ Strat.pdf, pp.
135-135.

363 The relevant planning regions for this particular project are the California 1ISO and WestConnect.
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When the concept of transmission right-sizing was first described in the 2011 IEPR, and brought
up again by stakeholders in the 2014 IEPR Update,364 right-sizing or “upsizing” referred to

building transmission lines that have greater capacity than needed over the short-term planning
period (10 years) to accommodate longer-term electricity growth or connect new generation

development for the future or both. Jiheeeﬂeep{—e%ﬂed—e*pandmg#}eaﬂalmeﬂarge

projects to be upsized beyond current needs could also maximize the value of land associated with
already necessary transmission investment and avoid future costlier upqrades to accommodate
future need and development

In the 2015 IEPR,366 the concept of right-sizing was expanded te-entail-tecking-beyond the
ceurrentplanning-horizon—typically-10 years —to see if needed projects should initially be built
larger or built such that they can easily be made larger in the future. Thus, right-sizing evolved to
include designing future flexibility into transmission projects so they can be scalable or
upgradable in the future. The 2015 IEPR recommended that the state develop a set of right-sizing
policies through the 2016 IEPR Update process.

As part of the 2016 IEPR Update, the 2016 Environmental Performance Report of California’s
Electrical Generation System367 (2016 EPR) noted that a good right-sizing policy would
essentially expand the analysis of large transmission facilities and look beyond a 10-year planning
horizon to determine whether a proposed transmission line or project should be sized Iarger to
meet needs more than 10 years out.

appheel—m—the—trans#nsswn—plamqmg—pmeess—ﬁhe Fepeﬁ—2016 EPR neted-cautioned that a

blanket extension of the California 1ISO’s transmission plan beyond the current 10 years is likely
not reasonable because transmission planning requires location-specific load and resource
forecasts that are less accurate as the planning horizon is extended. There is an inherent tension

364 California Energy Commission, 2014 IEPR Update, February 2015,
http://www.energy.ca.gov/2014publications/CEC-100-2014-001/CEC-100-2014-001-CMF.pdf.

366 California Energy Commission, 2015 IEPR, February 2016, http://docketpublic.energy.ca.gov/PublicDocuments/15-
IEPR-01/TN212018_20160629T154356_2015_ Integrated_Energy_Policy_Report_Full_File_Size.pdf.

367 Bartridge, Jim, Melissa Jones, Eli Harland, Judy Grau. October 2016. Final 2016 Environmental Performance Report
of California’s Electrical Generation System, California Energy Commission. Publication Number: CEC-700-2016-005-
SF. http://docketpublic.energy.ca.gov/PublicDocuments/16-1EPR-

03/TN214098_20161018T145845_Staff Report_Final_2016_Environmental_Performance_Report_of_Cal.pdf.
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between promoting right-sizing through a transmission planning horizon longer than 10 years
and the forecast uncertainties that may result in an unnecessary right-sizing recommendation.

To avoid spending resources on studies with uncertain outcomes, Fthe 2016 EPRpekhey- suggested
that right-sizing analyseis should be limited to large transmission projects found needed in the
10-year transmission plan_to see if there could be a need for a larger project. It further suggests
establishing a reasonable size threshold of 200 kV and above or 115 kV and above in constrained
areas for the longer-term analysis to ensure the state’s longer-term transmission needs are being
met without overburdening the transmission planning agencies.

H A right-sizing policy could also be applied through the alternatives analysis of the
environmental review of a proposed project or thea CPUC's certificate of public convenience and
necessity process.-aright-sizing-pelicy for the licensing-phase-of transmission-facilities- would
reguire This would require project objectives to be defined in a mannersueh that they include
transmission needs beyond 10 years.

In the case of either right-sizing through expanded-transmission planning or permitting review of
expanded alternatives-analysispermitting, the-right-sizing options would be limited to changes
in the specific transmission project that either enlarge the proposed project or build in an option
to easily enlarge the project later.

California has already used the concept of transmission right-sizing extensively in Southern
California Edison’s Tehachapi Renewable Transmission Project and PG&E’s Gates-Gregg 230 kV
line. These projects included the construction of 230 kV double-circuit towers strung initially with
only one circuit and, in the case of the Tehachapi Renewable Transmission Project, the
construction of towers built to 500 kV specifications but initially energized at 220 kV.

Regional Coordination

A third opportunity for maximizing the efficiency of the existing transmission grid is through
increased regional coordination. Beth-tThe Western EIM and the proposed development of a
regional, westwide electricity market are examples of regional coordination. Both are




opportunities to use the existing transmission grid more efficiently and are discussed more
broadly in Chapter 3.

The state also continues to coordinate with federal agencies on planning activities in the West.
Section 368 of the Energy Policy Act of 2005 required the U.S. Department of Energy, the U.S.
Forest Service, and the U.S. Bureau of Land Management (BLM), in cooperation with the
Departments of Agriculture, Commerce, Defense, and Interior, to designate new right-of-way
corridors on western federal lands for electricity transmission, distribution facilities, and oil, gas.
and hydrogen pipelines.

In May 2016, the U.S. Department of Energy, U.S. Forest Service, and the BLM (the federal
agencies) released the Section 368 Corridor Study.3%9 The Section 368 Corridor Study reviewed
6.000 miles of designated Section 368 energy corridors on federal land in 11 western states to
understand whether they promoted environmentally responsible siting decisions and reduced the
need for new rights-of-way on federal lands. The Section 368 Corridor Study also evaluated how
each corridor was used, the types and the number of projects within them, and identified areas for

further study.

In September 2016, the federal agencies began a regional corridor process seeking stakeholder
review and comment.379 Beginning with Region 1, which encompasses Western Arizona,

Southern Nevada, and Southern California, the federal agencies developed corridor abstracts that
identified high-level environmental, land-use, and permitting issues associated with each of the
26 corridors in Region 1.37! As part of the review, the federal agencies provided accessible
geospatial data and information for the designated energy corridors. 372

In late October 2016, the Energy Commission submitted a letter recommending BLM consider
county land-use data and rules as it evaluates 368 corridors.373 The letter further recommended

that BLM maintain Section 368 corridors near designated focus areas in the Desert Renewable
Energy Conservation Plan (DRECP) as those corridors are important to reliably meeting
California’s energy needs and GHG reduction goals.

The Energy Commission will continue to work closely with the federal agencies in evaluating
Section 368 corridors and coordinate state and federal planning efforts to ensure that
environmental and land-use issues associated with transmission corridors are appropriately
considered and evaluated for potential designation by the Energy Commission. This work could
create opportunities to connect federal and state transmission corridors in areas with high
renewable energy potential, where future transmission may be necessary.

369 Argonne National Laboratory, Section 368 Corridor Study, May 2016,
http://corridoreis.anl.gov/documents/docs/Section_368_Corridor_Study.pdf.

370 See http://corridoreis.anl.gov/.

371 These abstracts are available at http://corridoreis.anl.gov/regional-reviews/.

372 https://bogi.evs.anl.gov/section368/portal.

373 California Energy Commission, letter from Chair Robert B. Weisenmiller to Stephen Fusilier (BLM Washington
Office), Comments on Region 1 Review of Section 368 Energy Corridors, October 24, 2016.
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Landscape-Scale Planning fexto Reduce GHG
EmissionsRenewables-and Fransmission

The dramatic growth of renewable energy projects throughout California over the last decade isa
sueeess-storyhas helpeding reduce GHG emissions and improve the environmental performance
of the state’s electric generation system. As California considers fatarestronger renewable energy

developmentgoals to meet its GHG reduction goals, landscape-scale planningappreachesfor
electricity-generationand-transmissionnfrastractureprejects can help simplify development

while reduc_qe adverse effect