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ABSTRACT

The 2021 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 reliability and controlling costs.

The year 2021 has been ar-unprecedented year-as the state continues to face the impacts and
repercussions of multiple-challenging events, including the continued effects of the COVID-19
pandemic, extreme summer weather, and drought conditions. In addition to these events, the
2021 Integrated Energy Policy Report covers a broad range of topics, including building
decarbonization, energy efficiency, challenges with decarbonizing California’s gas system,
quantifying the benefits of the Clean Transportation Program, and the California Energy
Demand Forecast.

Keywords: Integrated Energy Policy Report, building decarbonization, energy efficiency,
embodied carbon
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EXECUTIVE SUMMARY

Introduction

The 2021 Integrated Energy Policy Report (IEPR) provides information and policy
recommendations on advancing a clean, reliable, and affordable energy system for all
Californians. The 2021 IEPR is presented in the following volumes:

e Volume I addresses actions needed to reduce the greenhouse gases (GHGS) related to
the buildings in which Californians live and work, with an emphasis on energy
efficiency. It also addresses reducing GHGs from the industrial and agricultural sectors.

e Volume II examines actions needed to increase the reliability and resiliency of
California’s energy system.

e Volume III looks at the evolving role of gas in California’s energy system;beth-the

e Volume IV reports on California’s energy demand outlook, including a forecast to 2035
and long-term energy demand scenarios to 2050. The analysis includes the electricity,
gas, and transportation sectors.

e Appendix assesses the benefits of California’s Clean Transportation Program.

Decarbonization of Buildings, Industry, and Energy-Efficienecy
Agriculture is Critical to Meeting the State’s Climate Goals

California faces numerous climate change-induced challenges from wildfires to heat waves to
droughts. These challenges impact the safety and health of residents, the reliability of energy
systems, and the economy of the state. California has studied, planned, and acted over the
last 15 years to reduce the emissions of GHGs and impacts of climate change through the
energy, transportation, natural lands, agricultural, and industrial sectors. Residential and
commercial buildings account for about 24 percent of GHG emissions when including fuel used
in buildings such as electricity and gas for heating, cooling, lighting, and cooking and
emissions from refrigerants used in those sectors (Figure ES-1). Similarly, the industrial sector
accounts for about 24 percent of statewide GHG emissions (when including emissions from
electricity as well as other fuels and refrigeration). Collectively, energy (including electricity)
and refrigeration use in buildings and industrial and agricultural processes contribute about 50
percent of statewide emissions. Proactive decarbonization of these sectors is critical to meet
midcentury climate goals.




Figure ES-1: Buildings, Industry, and Agriculture Account for Half of the
State’s GHG Emissions — Reflects Fuel, Refrigerant, and Electricity Use by Sector

(MMT COze)

L _ Residential,
2019 GHG Emissions 50.74, 12%
418.2 MMT CO2e

Commercial,
51.23, 12%

Other*,
210.38, 50%

Agriculture,
7.09, 2%
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98.76, 24%

*This figure includes GHG emissions from fuel use (termed “direct” or “onsite” emissions in the
California Building Decarbonization Assessment) as well as GHG emissions from electricity and
refrigerant use in the residential, commercial, agricultural, and industrial sectors. “*Other” includes
emissions from transportation, recycling and waste, and non-fuel-use-related emissions from
agriculture including livestock and crops. GHG data for 2019 are the most recent available.

Source: CEC using the California Air Resources Board’s 20002019 GHG Inventory (2021 Edition)
Figure 4 and 17b and the CEC's adopted 2021 California Energy Demand Forecast.

Building Decarbonization Is Achievable With Focused Attention and
Investment

Decarbonization requires policies and programs that balance the needs, priorities, and

capacities of people, especially those in low-income and disadvantaged communities, and

those of manufacturers, distributors, utilities, and builders. rearlya-quarterof-GHG-emissions
i Heli ization i —chi —Building

decarbonization is achieved through a combination of:

¢ Energy efficiency.

e Renewable electricity (utility and distributed generation).

e Electrification of end uses (for example, water heating or air conditioning).

¢ Implementing distributed energy resources like rooftop solar and batteries.

e Switching to climate-friendly refrigerants and improving refrigerant management.
¢ Displacing fossil gas.

e Shifting and shaping energy loads with demand flexibility.

¢ Reducing the embodied emissions of building materials.



California is taking bold steps to reduce GHG emissions in buildings through statewide
regulations such as the Building Energy Efficiency Standards, Appliance Efficiency Standards,
Flexible Demand Appliance Standards, Load Management Standards, and minimum
requirements for electric vehicle supply equipment in new buildings. The state’s research and
development efforts are supporting the development of innovative technologies and methods
to deepen emissions reductions and reduce costs. Meanwhile, ratepayer- and publicly funded
energy programs are adapting to support GHG emission reduction and grid-supporting
reliability.

California regulators have a powerful array of tools in the building decarbonization toolbox.
These include the Building Energy Efficiency Standards, the California Green Building
Standards Code (or CALGreen), and ethersother programs and efforts at the CEC. The
California Air Resources Board (CARB) has authority under ABAssembly Bill 32 (Nuiez, Chapter
488, Statutes of 2006) and other provisions within Statestate law to regulate GHG emissions,
and Statestate law makes CARB the lead agency for developing the State Implementation Plan
and approving AirQuality-Manragement-Plansair quality management plans developed by
regional air districts based on relevant air quality authorities. Further, an array of state
affordable housing finance programs and local government powers over safety, land use, and
utility concession can help advance building decarbonization. Most or all of these tools will be
needed to realize the public benefits of shifting to clean electric technologies.

In the proposed 2022-2023 California budget, Governor Gavin Newsom called for more than
$22.2 billion to combat climate change, including $2 billion for clean energy. Of this funding,
almost $1.3 billion would be directed to decarbonize buildings and processes, including an
equitable building decarbonization program encompassing rebates, a low-income direct
installation retrofit program, and the adoption of low-global warming potential refrigerants;
industrial decarbonization; food production investment; and clean energy loans.

Further, California will need to stimulate significant private market investment into end--use
decarbonization if it is to achieve a doubling of energy efficiency and stay on track for climate
goals. Special regulatory and programmatic attention is also required to ensure that energy
services remain affordable and that low-income and disadvantaged communities receive
prioritized and direct decarbonization investments.

As-deseribed-nThis volume also provides an updated analysis of the 2679-Cafifornia-£Erergy
Eftictency-Action-Plan;progress toward doubling statewide energy efficiency savings by 2030.
The analysis shows that while current programs and policies are not projected to
achievegenerate the necessary energy savings and GHG reductions thatare-enapath-to 2030
targets—MeFemeet that 2030 qoal the qoal can be met with more aggressive efficiency and

; etelectrification (Figure ES-2).




Figure ES-2: Aggressive Building Decarbonization Is Needed to get-en-trackfor
2030-climate-goals—Meet Climate Goals
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Goal Setting to Advance Building Decarbonization

The year 2030 is just around the corner; given the rate of equipment replacement, replacing
most existing equipment stocks with low-carbon emission alternatives would take more than
15 years — well beyond 2030. The key space and water heating equipment that drives the
bulk of on-site GHG emissions havehas an expected lifetimeslifetime of one to two decades.
That makes the market transformation of new equipment sales a key priority.

Heat pumps are a critical enabling technology for achieving building decarbonization. As such,
the CEC is recommending a goal of installing at least 6 million heat pumps by 2030. Further,
the CEC commits to working with stakeholders — including manufacturers, labor, and
environmental advocates — to accelerate the market to meet this goal and to push beyond it
toward comprehensive migration to heat pumps for space and water heating.

Each replacement of major equipment presents a precious opportunity to achieve long-term
savings and make additional performance improvements to the building. Also, opportunities for
energy savings and GHG reductions will be missed if equipment is not installed to meet
California Energy Code requirements.

Embodied Carbon in Buildings

California is making significant progress toward decarbonizing buildings through energy
efficiency, clean renewable energy, and electrification and is now addressing the carbon
produced by manufacturing building materials, finishes, equipment, and appliances, with initial
emphasis on the largest contributors (cement and steel production).
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Industrial and Agricultural Decarbonization Are Also Needed

California’s industrial sector includes a diverse group of manufacturers. About half of the GHG
emissions from the industrial sector are from petroleum refining and hydrogen production as
well as oil and gas production and processing. Other sources (listed in order of emissions)
include cement, chemicals, combined heat and power for industrial purposes, and food
processing. Figure ES-3 shows the sources of California’s GHG emissions from major
industries.

Decarbonizing this sector will require a combination of increased energy efficiency through
improvements in energy management and process changes, material efficiency to reduce
waste, use of advanced technologies such as carbon capture, fuel substitution to electricity or
low-carbon hydrogen, and demand management. However, decarbonization is hindered by the
diversity of industrial processes, the lack of real-world data on emerging technologies, and
several technical and economic challenges. Because industrial plant managers are hesitant to
invest in technologies with paybacks longer than two to three years and those with unproven
performance in industrial applications, they are most likely to adopt technologies that receive
financial support from the state, federal government, or utilities. Thus, programs advancing
industrial decarbonization, including demonstrating technologies and offering financial support
for decarbonization, will be needed.

Figure ES-3: California Industrial Sector GHG Emissions (MMT CO2e

Petroleum Refining
and Hydrogen Production
Oil & Gas,
Production & Processing

Cement

Chemicals & Allied Products _ B Non-combustion

CHP: Industrial B Fuel combustion

Food Products

Other

0 5 10 15 20 25 30
GHG Emissions (MMTCOze)

Source: CEC analysis based on CARB’s 2000—2019 GHG Inventory (2021 Edition)

California’s agricultural sector is responsible for 7.6 percent of the GHG emissions — more
than 70 percent of agricultural emissions are from livestock and the remaining are from
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irrigation and crop production. As shown in Figure ES-1, fuel use related emissions from the
agricultural sector account for about 2 percent of the state’s GHG inventory. California
agriculture is led primarily by the dairy, nut, and grape subsectors. California’s agricultural
industry is the state’s largest user of water and one of the state’s largest users of energy.
Similar to the industrial sector, realizing the potential to decarbonize the agricultural sector is
hindered by technical and economic challenges, risk aversion, and lack of real-world data on
emerging technologies. Decarbonization strategies needed for the agricultural sector include a
range of options specific to the unique characteristics of each subsector.

The CEC administers research programs through the Electric Program Investment Charge and
the Natural Gas Research and Development Program. These programs support industrial and
agricultural decarbonization by developing, testing, and demonstrating advanced and
emerging technologies and strategies, and providing real world performance data, savings,
and benefits for these technologies. Research has focused on energy efficiency, energy
management controls, refrigeration, industrial heat pumps, heat recovery, and demand
response. As noted above, the Governor’s proposed 2022-2023 budget includes funding for
industrial decarbonization activities.

To decarbonize buildings, and industrial and agricultural processes, California must extend the
suite of policy and programmatic action on the following topics+arging-frem-state.

o State interagency coordination:—€entinued

e Continued use of regulatory authority for standard setting;atigament

Alignment of funding and incentives with decarbonization objectives:—expanding

e Expanding, training, and supporting the clean energy workforce;—improving

e Improving public outreach:-suppetting

e Supporting local and federal leadership;anrd-continued

e Continued research and development of low-carbon technologies and practices-
Specific recommendations are available in the body of the volume.




CHAPTER 1:
Achieving Decarbonization

Reducing greenhouse gas (GHG) emissions and increasing the resiliency of buildings and
energy systems are critical for California to manage the—€ests-ef-climate change costs. The
International Panel on Climate Change found that to limit global warming to 1.5 degrees
Celsius (1.5°C), the power sector must be almost completely decarbonized by midcentury.!
The report also notes building end-use energy efficiency and electrification are key strategies
to limit global warming.2

Emission Reduction Progress

California agencies and local jurisdictions are focused and coordinating on reducing GHG
emissions economywide. This effort is supported by many pieces of legislation and Executive
Order B-55-18, which set a goal to achieve economywide carbon neutrality? no later than
2045. Since 2000, California has reduced roughly 40 million metric tons* of carbon dioxide
(CO2) emissions per year from the electricity sector by aggressively supporting renewable
energy generation, supporting energy efficiency, reducing imports of coal-fired generation,
and shifting to a decreased reliance on fossil natural gas.> By comparison, buildings,
refrigerants, industrial processes, and agricultural processing sectors;~whieh-_collectively
contribute about 36 percent of direet-GHG emissions;_and have not been as successful as the

1 IPCC. 2018. Special Report: Global Warming of 1.5 Degrees Celsius. Chapter 2, p. 130.
https://www.ipcc.ch/sr15/chapter/chapter-2/.

IPCC’s Special Report on Global Warming includes an FAQ that states, “theThe overwhelming majority of
countries around the world adopted the Paris Agreement in December 2015, the central aim of which includes
pursuing efforts to limit global temperature rise to 1.5°C.” It also states that “in some regions and vulnerable
ecosystems, high risks are projected even for warming above 1.5°C"." (https://www.ipcc.ch/sr15/fag/fag-chapter-

1/.)
2 Ibid. Chapter 2, p. 134. https://www.ipcc.ch/sr15/chapter/chapter-2/.

3 Carbon neutrality occurs when the sum of carbon dioxide emission and sequestration results in no increase of
atmospheric carbon dioxide levels.

4 Metric ton is a unit of weight equal to 1,000 kilograms or appreximatelyabout 2,205 pounds.

5 California Energy Commission (CEC). final 2019 Integrated Energy Policy Report actudiralncluding Errata —
PDF. Publication Number: CEC-100-2019-001-CMD. https://www.energy.ca.gov/data-reports/reports/integrated-
energy-policy-report/2019-integrated-energy-policy-report.
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electricity sector in reducing emissions (Figure 1).6 When distributingaccounting for the GHG

emissions of electricity generation and refrigerant-usetorefrigerants in the appropriate-sector
in which they are consumed, buildings and industrial and agricultural processes then

contribute about 50 percent of statewide emissions (Figure 2).

Figure 1: 2019 California Direct-GHG-EmissionsGHG Emissions (1) Fuel Use in

Commercial and Residential Buildings, Agriculture, and Indust 2) Refrigerants

and (3) Electricity Sector (MMT CO-e)

Residential  commercial
6.70% 3.80%

Agriculture
0.60%

Industry
21.07%

Other*

64.35% Refrigerants

3.49%

6 California Air ReseureedResources Board (CARB) GHG Emissions Inventory webpage,
https://wwz2.arb.ca.gov/ghg-inventory-data.
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* In the residential, commercial, industrial, and agricultural sectors, this figure shows GHG
emissions from fuel use (termed “direct” or “onsite” emissions in the California Building
Decarbonization Assessment). “Other” includes emissions from transportation, eleetrieity

generation;—recycling and waste, transpertation—+refrigerants;-and non-fuel-use-related emissions

from agriculture including livestock and crops._Data from 2019 are the most recent available.
SeurceCARB

Source: CEC using data CARB’s 2000—2019 GHG Inventory (2021 Edition), data from Figure 4 and
Figure 17b

Figure 2: 2019 Systemwide-GHG Emissions_ From Commercial and Residential

Buildings, Agriculture, and Industry — Accounts for Fuel, Refrigerant, and
Electricity Use by Sector (MMT CO-e

Residential
11.27%

Commercial
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* This figure includes GHG emissions from fuel use (termed “direct” or “onsite” emissions in the
California Building Decarbonization Assessment) as well as GHG emissions from electricity and
refrigerant use in the residential, commercial, agricultural, and industrial sectors of California.

"Other” includes emissions from transportation, recycling and waste, transpertation—refrigerants;
and non-fuel-use-related emissions from agriculture including livestock and crops._GHG data for

2019 are the most recent available.
Seuree:-CARB

CEC staff used the 2019 statewide electricity sales data to allocate electricity sector GHG
emissions to the residential, commercial, agricultural, and industrial sectors. CEC staff allocated
emissions from refrigerants by sector based on CARB'’s inventory data for refrigerants.

Source: CEC using data from CARB’s 2000—2019 GHG Inventory (2021 Edition) Figures 4 and 17b
and the CEC's adopted 2021 California Energy Demand Forecast.

Reducing Emissions From Residential and Commercial Buildings
The challenge of building decarbonization is much greater for existing buildings than newly
constructed ones. This is partly due to the scale of the two markets — California has an
estimated 13.7 million existing homes’ and 7;392illien.4 billion square feet of existing
commercial space (Figure 3).8 In 2020, California multifamily construction starts totaled 47,000

7 CEC staff analysis of Department of Finance data
8 CEC staff analysis of data provided by Dodge Data and Analytics.
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units, while single-family home construction starts in 2020 totaled 59,000.° On average, 1,614
commercial buildings are added statewide each year.19 Despite the more limited scale,
decarbonizing new buildings during the design and construction phases is most cost-effective
and significantly easier than retrofitting existing buildings due to the ability to install electrical
infrastructure and omit gas infrastructure during construction when walls and ceiling are open,
equipment space is not established, and people are not using the space. This action also
prevents locking in gas infrastructure and appliances that may become uneconomical during
their useful life.

While retrofits to existing buildings offer the greatest potential for emission reductions, they
also face more barriers, such as scheduling around occupant presence, equipment installation
requirements, upfront costs, space constraints, structural issues, and building upgrade
requirements for a construction permit. The building owner might be unaware of these issues;
or might have chosen to defer maintenance because of cost or the split incentive, where the
building owner is not the occupant who pays the energy bills. Technological innovation, best
practices, and contractor experience can help limit these costs. Careful attention should be
paid to the technical assistance, financial products, and incentives that would make these
retrofits attractive and feasible to building owners. Similarly, large public and private
investments and technological shifts are necessary to decarbonize industrial and agricultural
processes by converting them from using fossil fuels use to renewable forms of energy. To
meet the state’s climate goals, private markets, with greater capital, must be activated to
direct funds into retrofits.

9 firsttuesday Journal. August 19, 2021. “The Slowing Trend in California Construction Starts.”
https://journal.firsttuesday.us/the-rising-trend-in-california-construction-starts/17939/.

10 Landvision is a database service contracted by CEC to identify commercial and multifamily buildings, data isare
not available to the public.
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Figure 3: Energy Consumed in California Residential and Commercial Buildings

IT

oo00oaoaq
oo0oaaoa
oo0ooaoaq
O0o0o0ooao

;

Commercial Space
1,392 million sq. ft.

Annual Electricity Consumption
105,174 GWh

Annual Gas Consumption
2,130 MM therm

IP

O00a0a0
O00agao
O00agao
O0000oa0

;

Commercial Space
1.4 billion sq.ft.

Annual Electricity Consumption
105,174 GWh

Annual Gas Consumption
2,130 MM therm

Source: CEC 2019 Energy Demand Forecast

Building and appliance efficiency standards and programs have been successful at reducing
electricity and gas usage, also referred to as /oad, and avoiding GHG emissions even as



population and the number of appliances has grown. Limitinglead-growthFor example, Figure
4 shows the drop in electricity consumption of households from 2009 to 2019 while the state’s
population and the number of plug loads in homes increased. Limiting load growth continues
to be critical as consumers shift to electric equipment in buildings or increase energy demand
as result of efforts to withstand extreme heat and poor outdoor air quality-eentinueste-be
eritieal. Further, the capability of people and busiressbusinesses to shift and reduce their
energy usage to reduce GHG emissions is key to constraining the consumer and infrastructure
costs of a clean energy future.

Figure 4: Statewide Residential Appliance Electricity Consumption, 2009 and 2019
2009 RASS: 6,296 kWh per Household
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Source: 2019 California Residential Appliance Saturation Survey

Building Energy Efficiency and Demand Flexibili

Energy costs and GHG emissions can be reduced through efficiency and demand flexibility.
Better designed building envelopes and other technologies can reduce energy consumption
and improve the resilience of the building and grid infrastructure to extreme temperatures.
Further, flexible loads offer the potential to decrease demand when the grid is otherwise
strained, which coincides with high real-time prices, and to take advantage of opportunities
when the grid has excess renewable resources. An-example-efAn example was shared by RMI
during the October 5, 2021, TIEPR workshop on grid-interactive efficient buildings on how the
energy use of a building can be shaped by demand flexibility and energy efficiency to minimize

grid strain and maximize renewable energy consumption was-shared-byRMI-duringthe IEPR
14




workshop-on-grid-interactive-efficient-buildings-(Figure 5).1L The line labeled “base load”
shows a standard office buildings energy consumption in a given day;tke. The line labeled
“base load plus efficiency” is that daily consumption adjusted by energy-efficient technologies,
and the “efficient load with flexibility” shows the efficient building moving load to times of the
day when the marginal emissions (the gray bars) are lowest.

Figure 5: Load Profile of an Office Building
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11 October 5, 2021, IEPR workshop on Grid-Interactive Efficient Buildings transcript,
https://efiling.energy.ca.gov/GetDocument.aspx?tn=241091.
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The need for extreme weather resiliency and affordability is therefore both well-aligned with
investments in building retrofits, well-insulated buildings, distributed energy resources, and
demand-flexible technologies. Coordinating these investments with targeted energy efficiency
programs and greater penetration of electric appliances results in fewer GHG emissions and a
more resilient built environment.

Maintaining Affordability

As California pushes for greater decarbonization, energy services must remain affordable and
reliable. Affordable and reliable energy services are particularly important for low-income
households and disadvantaged communities. In its first annual affordability report released in
April 2021, the California Public Utilities Commission (CPUC) found that 13.3 percent of
California’s lower--income households spend more than 15 percent of their income on
electricity service. The CPUC also found that 6 percent of lower income households spend
more than 10 percent of their income on gas service. The specific areas where affordability is
a significant concern are similar for both electricity and gas service.1?2 These households and
communities require direct investment to remedy the systemic inequalities, environmental

12 CPUC. 2021. 2019 Annual Affordability Report. https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-
topics/reports/2019-annual-affordability-report. pdf.
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hazards, and energy burdens affecting them. The COVID-19 pandemic and related recession
have only exacerbated these issues and made investments all the more urgent.!3 There is a
real risk that these Californians become some of the last to receive the benefits of a clean
energy future due to lack of capital, credit, and access to infrastructure. It is imperative that
California prioritize its most vulnerable people in its efforts to decarbonize.

California must communicate and, to the extent possible, ensure building occupants benefit
financially from, the cobenefits of decarbonization. These cobenefits include indoor air quality
improvements leading to fewer doctor visits or hospitalizations, improved indoor temperature
regulation leading to fewer illnesses or deaths, and more.

Future Gas Demand

Gas demand is forecasted to decline annually by nearly 12 percent by 2035, according to the
mid-additional achievable energy efficiency and mid-additional achievable fuel substitution
(mid-AAEE-Mid-AAFS in Figure 6) 2021 gas demand forecast.* Statewide planning will be key
to avoiding unintended consequences of the gas system transition such as increasing costs of
gas services to customers and job losses in the workforce that maintains the gas system. (See
Volume III of the 2021 IEPR for more information on gas.)

13 Memmott, T., S. Carley, M. Graff, et al. “"Sociodemographic Disparities in Energy Insecurity Among Low-
Income Households Before and During the COVID-19 Pandemic.” Nat Energy 6, 186—193 (2021).
https://doi.org/10.1038/s41560-020-00763-9.

14 CEC. 2022. Final 2021 Integrated Energy Policy Report Volume IV: California Energy Demand Forecast.
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Figure 6: Statewide Managed Gas Scenarios
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Decarbonization Strategies

The CEC identified seven pathways in the 2021 Building Decarbonization Assessment, which
fulfilled the statutory requirements of Assembly Bill 3232 (Friedman, Chapter 373, Statutes of
2018) for reducing GHG emissions from buildings: 1>

1. Efficient Electrification of End Uses: Since the electricity generation sector is rapidly
becoming less carbon-intensive, it provides a perfect pathway to decarbonize buildings.
Electric end uses will benefit from an increasingly clean energy supply, and some
technologies — notably heat pumps — are substantially more energy-efficient than the
combustion alternative. Electrification also reduces local emissions of the criteria pollutants
associated with combustion. Therefore, substituting energy-efficient electric equipment for

15 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-2021-006-CMF.
https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.
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gas equipment can not only reduce GHG emissions, but alse-save energy and improve
public health.

2. Clean Electricity: Buildings consume significant amounts of electricity, which drives GHG
emissions in the electricity system. The mix of generation resources needed to meet
electricity demand has fluctuating GHG content, or GHG emission intensity, across hours
and seasons. Renewable energy resources generate no carbon emissions, while energy
generated from fossil fuel sources is more carbon-intensive. The electric system has
become increasingly powered by renewable energy, which is expected to continue to lower
GHG emission intensity.

3. Energy Efficiency: The least-cost strategy for reducing GHG emissions is often energy
efficiency. The less fuel that is used to perform the same task, whether electricity or gas,
provides a reduced utility bill and fewer GHG emissions. Improving the envelope of
buildings can save energy regardless of fuel type and can enable heating and cooling
demand flexibility. California has pursued energy efficiency savings for more than 40 years
through codes and standards, incentive programs, financing, and outreach.

4. Refrigerant Conversion and Leakage Reduction: Existing cooling and other heat-
pump-driven systems rely on high global-warming-potential (GWP) hydrofluorocarbons
(HFCs) as refrigerants. While all new heating, ventilation, air--conditioning, and
refrigeration equipment sold in California will soon be required to comply with CARB’s
lower-GWP refrigerant standards, encouraging building owners to transition their existing
high-GWP systems with lower-GWP systems and encouraging the proper disposal of
refrigerants when the system is replaced will help decrease GHG emissions.

5. Distributed Energy Resources: Numerous distributed energy resources support building
decarbonization, including rooftop solar photovoltaic (PV) systems, solar thermal systems,
thermal batteries like tank water heaters, electric vehicles, and stand-alone batteries.
These resources provide clean electricity, load shifting, and grid services, among other
benefits.

6. Gas System Decarbonization: While the electricity generation system is rapidly
decarbonizing with renewable resources, the state’s gas system delivers gas that is 99
percent fossil-based.!® The pathways to decarbonize the gas system are less developed
and the focus of ongoing research and development. Moreover, the markets providing
renewable gas today are structured for use in the transportation sector, electric generation,
or onsite consumption, not for delivery to homes or businesses via the gas distribution
system.

16 CEC staff analysis based on CARB LCFS data and CEC data.
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7. Demand Flexibility: Some equipment can respond automatically to a price or grid signal.
This automatic response enables alignment of electricity demand with renewable energy
generation, the shifting and shedding of loads, the lowering of customer utility bills, and
the increasing reliability of buildings and the electric system.

While the above strategies were developed for homes and businesses, they are also applicable
to the industrial and agricultural sectors, where the focus is on decarbonizing processes and
energy sources. This IEPR volume also presents the decarbonization pathways and challenges
in these sectors and applies the same strategies with some caveats.

Building Decarbonization Policies

Over the last 20 years, California has passed several pieces of legislation aimed at combatting
climate change. Much of this legislation has focused on reducing economywide GHG emissions,
which to date has been driven through electricity generation decarbonization and
transportation electrification.” More recently, the conversation has turned to reducing GHG
emissions from buildings — recognizing that decades of energy efficiency activity can be
honed into building decarbonization through proper equipment replacements, understanding
time and locational values of energy usage, and displacing the use of fossil gas.

Recent State Legislation and Executive Orders

e Senate Bill 350 (De Ledn, Chapter 547, Statutes of 2015) codified California’s goals to
reach 50 percent procured renewable energy sources, double energy efficiency savings
in electricity and gas end uses by 2030, and study barriers to energy efficiency and
clean energy for low-income customers and disadvantaged communities.

e Senate Bill 32 (Pavley, Chapter 249, Statutes of 2016) amended the Global Warming
Solutions Act of 2006. It called for a statewide reduction of GHG emissions of 40
percent below 1990 levels by 2030. The bill codified the goal initially set in former
Governor Edmund G. Brown Jr.’s Executive Order B-30-15.

e Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016) sets targets for statewide
reductions in short-lived climate pollutants that are more potent than CO; such as black
carbon (soot), methane, and HFCs. The goals are to reduce methane and HFCs to 40
percent below 2013 levels by 2030 and anthropogenic black carbon by 50 percent
below 2013 levels by 2030, as well as provide specific direction for reductions from
dairy and livestock operations and from landfills by diverting organic materials.

17 Transportation electrification is the process by which vehicles are switched to rely on electricity for power
instead of fossil fuels.
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Executive Order B-55-1818 established a statewide goal to achieve carbon neutrality no
later than 2045 and maintain net negative emissions thereafter.

Senate Bill 100 (De Ledn, Chapter 312, Statutes of 2018) increased the Renewables
Portfolio Standard (RPS)!° to 50 percent by 2025 and 60 percent by 2030. Moreover,
the bill sets a policy that eligible renewable resources and zero-carbon resources supply
100 percent of retail sales of electricity to end-use customers and 100 percent of
electricity procured to serve all state agencies by December 31, 2045. The California
Energy Commission (CEC), California Air Resources Board (CARB), CPUC, and California
Independent System Operator (California ISO) are collaborating on this process. An
initial report was published in March 2021.%°

Assembly Bill 3232 (Friedman, Chapter 373, Statutes of 2018) required the CEC to
assess the potential to reduce GHG emissions from homes and businesses by at least
40 percent of 1990 levels by 2030. ArThe CEC published an assessment of the potential
reduction pathways and associated barriers was-published-in August 2021.%!

Senate Bill 1477 (Stern, Chapter 378, Statutes of 2018) requires the CPUC, in
coordination with the CEC, to establish the Building Initiative for Low-Emissions
Development (BUILD) and Technology and Equipment for Clean Housing (TECH)
programs funded by the auction of Cap-and-Trade Program allowances that are
allocated to natural gas utilities. The BUILD program is intended to provide incentives to
build new buildings with low GHG emissions, with a focus on low-income new
construction. The TECH program is meant to drive market transformation in key
building and appliances technologies that will drive down GHG emissions in the state.

Assembly Bill 33 (Ting, Chapter 226, Statutes of 2021) calls on the CEC to provide
grants and loans to local governments, public institutions, and Native American tribes to
advance energy efficiency, energy storage, and electric vehicle charging in existing and
planned buildings.

18 Executive Order B-55-18, https://www.ca.gov/archive/gov39/wp-content/uploads/2018/09/9.10.18-Executive-

Order.pdf.

19 The Renewable Portfolio Standard is a regulatory mandate requiring increased renewable energy production
over time.

20 CARB staff, CEC staff, CPUC staff. 2021. 2021 SB 100 Joint Agency Report. CEC-200-2021-001.
https://www.energy.ca.gov/publications/2021/2021-sb-100-joint-agency-report-achieving-100-percent-clean-
electricity.

21 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-2021-006-CMF.

https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.
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e Senate Bill 68 (Becker, Chapter 720, Statutes of 2021) requires the CEC to provide
information to building owners, the construction industry, and local governments to
help overcome the barriers to building electrification and electric vehicle charging. The
CEC will work in coordination with relevant state agencies and stakeholders to gather
and publish a variety of tools such as best practices, guides, and information on
equipment, incentives, permitting, and financing.

In the 2021 legislative session, the Budget Act of 2021 (Senate Bill 170, Skinner, Chapter 240)
approved $75 million in one-time funding to implement and administer a complementary
program to BUILD providing incentives for all-electric new construction in multifamily and
single-family buildings. The budget also approved millions of dollars for solar energy
permitting, SB 100 planning and grants, offshore wind outreach and research, and energy
emergency planning.??

Governor Newsom has proposed more than $2 billion to clean energy initiatives in the 2022—
2023 budget.?3 The proposed funding includes almost $1.3 billion to decarbonize buildings and
processes over two years and is allocated as follows:

e $922.4 million for equitable building decarbonization ($622.4 million for a statewide
low-income direct-install building retrofit program, $300 million for rebates for building
upgrades, and $40 million to speed up adoption of ultra-low-global-warming-potential

refrigerants).
e $210 million for industrial decarbonization.
e $85 million for the Food Production Investment Program.

The Governor’s Office, in coordination with the United States Department of Energy Loan
Program Office, is also exploring predevelopment financing for projects and technologies that
address climate change in disadvantaged communities.

Changing Energy Efficiency Landscape

While electrification of buildings is a key strategy to decarbonizing buildings, energy efficiency
remains a foundational strategy to limit load growth, keep consumer costs down, and reduce
GHG emissions. As said best by Jessica Granderson, panelist at the IEPR workshop discussing
the role of energy efficiency in building decarbonization, “This is our tried-and-true strategy
that's brought us extraordinary consumer, system, and greenhouse gas benefits for decades.

22 Budget Act of 2021 https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill_id=202120220SB170.

23 Proposed 2022—2023 Governor’s Budget, Climate Change. Governor Newsom, January 2022.
http://www.ebudget.ca.gov/2022-23/pdf/BudgetSummary/ClimateChange.pdf.
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And it's going to remain critical to our success in decarbonization.”* It is essential for energy
efficiency programs to evolve to take advantage of whole-building approaches, flexible-
demand appliances, and dynamic rates that together enable decarbonization. Energy efficiency
can also reduce the marginal cost and total portfolio cost of renewable energy generation by
limiting the new capacity needed.?

Evolving Metrics

Efficiency savings have been historically evaluated on an annual basis and assumed the same
value to the customer and utility in all hours. This evaluation framework worked well while the
grid was delivering energy with a nearly constant GHG intensity and rates were not dynamic.
However, the growth of renewable energy resources changed the GHG intensity and demands
of the electricity system, and new “smart” electric meters allowed for more dynamic rates.
Efficiency programs and standards now have more granular metrics with which to evaluate
and track potential and realized energy and GHG savings. In addition, the more granular data
can be compared with the GHG intensity of the grid and the varying costs of producing energy
at different hours of the year.

California Energy Code — Time-Dependent Valuation and Hourly Source Energy
Metrics

The CEC has used the time-dependent valuation (TDV) metric to determine the life-cycle cost-
effectiveness and impacts of the Building Energy Efficiency Standards (Energy Code) since
2005. TDV is based on the concept that the energy impacts of a building energy feature
should be valued when energy is consumed. This concept reflects the actual cost of energy to
consumers and to the grid. TDV offers incentives for building designs that perform well during
high-energy-cost hours. The TDV multipliers are developed for every hour of the year using
long-term forecasts (15- and 30-year forecasts) of hourly electricity, gas, and propane costs to
consumers and account for the primary marginal cost of producing and delivering the energy.
TDV is calculated for each of California’s 16 climate zones.

While the TDV metric provides a strong signal for energy efficiency, demand flexibility, and
grid harmonization, as well as keeping the monthly energy bills low, the metric provides only a
modest signal for building decarbonization. AsBecause the state’s climate change goals

24 Comments by Jessica Granderson at the August 24, 2021, IEPR Workshop on the Role of Energy Efficiency in
Building Decarbonization — The Importance of Energy Efficiency. Session 1 transcript, p. 28.
https://efiling.energy.ca.gov/getdocument.aspx?tn=240005.

25 Presentation by Eric Cutter at the August 24, 2021, IEPR Workshop on the Role of Energy Efficiency in
Building Decarbonization — The Importance of Energy Efficiency. “"GHG Value of EE for a Zero-Carbon Electric
Grid.” Slide 7. https://efiling.energy.ca.gov/getdocument.aspx?tn=239442.
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demandrequire accounting for GHG reductions, the CEC used the long-run marginal source
energy as an additional performance metric in the 2022 Title 24, Part 6 Update. This metric is
a variation of hourly source energy (HSE) and evaluates the environmental impact of energy
use in buildings. HSE is defined as the long-run marginal source energy following the long-
term effects of any associated changes in resource procurement to align the Energy Code with
the state’s environmental goals and policies. This new metric focuses specifically on the
amount of fossil fuels associated with demand-side energy consumption, assessed over a 15-
year and 30-year lifetime. HSE is calculated differently for electricity, gas, and propane
consumption, based on planned changes for each fuel. Specific to electricity-ferexample, HSE
accounts for long-term changes to the grid in response to RPS and SB 100 mandates. The
resulting HSE values are proportional to the GHG emissions for each hour of the year, and
therefore are a good proxy to evaluate GHG emissions. HSE is not intended to replace TDV,
but to provide a complementary metric.

To comply with the Energy Code, the TDV and HSE target budgets must be met independently
by the building design. Pairing both TDV and HSE metrics in the Energy Code ensures strong
signals for energy efficiency, demand flexibility, grid harmonization,2 and building
decarbonization, all while ensuring energy standards are cost-effective for building owners.

CPUC Energy Efficiency Portfolio

The CPUC also has a new approach to evaluate energy efficiency programs.?” The new total
system benefit metric makes use of the cost-effectiveness tool and the avoided cost calculator
to evaluate avoided costs from transmission, distribution, grid services, GHG emissions,
refrigerant emissions, and generation.28 The granularity provided by this metric allows
program operators to understand where and when certain efficiency measures have the
greatest savings.

Diminishing Value of Gas Efficiency Investments

The combustion and leakage of fossil gas and propane emit GHGs and contribute to climate
change. Continued investments in gas appliances and infrastructure in buildings will require
ratepayers to pay back the investment. While some of these investments are understandable

26 Grid harmonization refers to strategies and measures that harmonize customer--owned distributed energy
resources with the grid to maximize self-utilization of PV array output; and limit grid exports to periods beneficial
to the grid and the ratepayer.

27 CPUC. May 26, 2021. Assessment of Energy Efficiency Potential and Goals and Modification of Portfolio
Approval and Oversight Process. Decision 21-05-031. R. 13-11-005.
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M385/K864/385864616.PDF.

28 Ibid.
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in the present, as time goes on, it becomes increasingly important to consider how gas-related
investments are made in and for buildings.

When upgrading or replacing natural gas equipment, increased energy efficiency provides
valuable GHG reductions. However, while achieving even modest GHG reductions is progress
toward the state’s goals, the limited time frames to accomplish deep reductions creates a need
to be strategic with gas efficiency investments. Water heaters are expected to operate for 10—
15 years and HVAC equipment for even longer.2? Significant GHG reduction targets exist in
those time frames, and the state is targeting to be carbon-negative during the first or second
replacement of all current equipment. This means gas equipment efficiency investments have
a growing likelihood over time of becoming stranded assets, becoming a liability for carbon
offsets, or causing the state to miss its goals. Some gas efficiency programs include
improvements to building insulation, duct work, and sealing. These investments do not have
the same dynamic as equipment investments and are valuable whether the equipment is gas
or electric.

Demand Flexibility

Technologies that shift the timing of electricity use can optimize building operations, enable
customer savings, and allow clean energy supplies to be used rather than curtailed. Policies
and regulations that increase the availability of flexible demand resources will support an
affordable and reliable grid as the share of carbon-free resources expands.

Indoor Air Quality

Energy efficiency programs also result in indoor air pollution reductions. Indoor air pollution
caused by gas stove combustion in kitchens is a public health issue as indoor air is largely
unregulated in the United States and is often more polluted than outdoor air.3% In 2019,

29 To estimate the scale of building retrofits needed to reach building decarbonization goals, staff used
equipment turnover rates as a proxy for building retrofit rates. CEC assumed a 7 percent annual turnover for
water heaters, based on effective useful life. This major appliance was chosen as the proxy because of the wide
adoption of the appliance and significance for building decarbonization. The Department of Finance estimates
that there are 9.2 million single-family homes. Applying the estimated turnover rates results in about 644,000
water heater changeouts per year. A similar exercise for multifamily units shows about 69 percent, or 3.1 million
of the 4.5 million multifamily units have water heaters. Assuming the same 7 percent turnover rate, about
217,000 water heaters are replaced each year. In total, Californians are replacing about 861,000 water heaters
across single- and multifamily buildings each year. At that rate of replacement, it would take up to 14 years to
convert each water heater to an efficient electric alternative or, if used as a proxy, 14 years to retrofit the existing
building stock with electric water heating.

30 U.S. Environmental Protection Agency. 2020. The Inside Story: A Guide to Indoor Air Quality. Accessed
December 8, 2020. https://www.epa.gov/indoor-air-quality-iag/inside-story-guide-indoor-air-quality.
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roughly two-thirds of California households used fossil fuels such as gas and propane for
cooking.3! Fossil gas combustion for household cooking is a large source of health-damaging
pollutants including nitrogen dioxide (NO2) and fine particulate matter (PM2.5) in the indoor
environment where individuals spend most of their time. Gas stove combustion in California
homes routinely exposes occupants to pollutant concentrations that are considered harmful
outdoors.32

Previous research has shown that children are at a higher risk of developing childhood
respiratory illnesses such as asthma due to air pollution exposure.33 Even at relatively low
concentrations, well below the EPA’sSU.S. Environmental Protection Agency’s (EPA) annual
average ambient air quality standard of 53 parts NO:z per billion, exposures to NO2 can
increase asthma morbidity among children.3* A 2013 meta-analysis found that children in
homes with gas stoves have a 42 percent increased risk of having current asthma, a 24
percent increased risk of lifetime asthma, and an overall 32 percent increased risk of having
current and lifetime asthma.3> Also, asthmatic children living in lower-income communities and
communities of color are likely the most disproportionately burdened by indoor air pollution
from gas stoves because of factors such as inadequate mechanical exhaust ventilation above

31 U.S. Census Bureau. 2020. American Housing Survey (AHS). Accessed December 8, 2020.
https://www.census.gov/programs-
surveys/ahs/data/interactive/ahstablecreator.html?s_areas=00006&s_year=2019&s_tablename=TABLE3&s_bygro
upl=18&s_bygroup2=1&s_filtergroupl=18&s_filtergroup2=1.

32 Mullen, Nasim, Jina Li, and Brett Singer. 2012. Impact of Natural Gas Appliances on Pollutant Levels in
California Homes. Berkeley: Lawrence Berkeley National Laboratory.
https://indoor.lbl.gov/sites/all/files/impact_of _natural_gas_appliances.pdf.

33 Vrijheid, Martine. 2014. "Commentary: Gas Cooking and Child Respiratory Health — Time to Identify the
Culprits?" International Journal of Epidemiology 42: 1737-1739.

U.S. Environmental Protection Agency. 2016. "Integrated Science Assessment (ISA) for Oxides of Nitrogen —
Health Criteria (Final Report, January 2016)." Washington, DC.

CARB. 2021. Asthma & Air Pollution. https://wwz2.arb.ca.gov/resources/asthma-and-air-pollution.

34 Belanger, Kathleen, Theodore R. Holford, Janneane F. Gent, Melissa E. Hill, Julie M. Kezik, and Brian P.
Leaderer. 2013. "Household Levels of Nitrogen Dioxide and Pediatric Asthma Severity." Epidemiology 24: 320-
330.

35 Lin, Weiwei, Bert Brunekreef, and Ulrike Gehring. 2013. "Meta-Analysis of the Effects of Indoor Nitrogen
Dioxide and Gas Cooking on Asthma and Wheeze in Children." International Journal of Epidemiology 42: 1724-
12737.
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cookstoves and smaller unit size in lower-income, multifamily buildings.3® However, contrary to
the above research, a global study of asthma among children reported no association between
gas cooking and symptoms of asthma.3” These differing and conflicting results suggest a need
for research — such as that to be supported through an Electric Program Investment Charge
GrantFunding-Oppertunity(EPIC) grant funding opportunity (GFO-21-301) released fall 2021
— to help resolve inconsistencies and provide California-specific observations.38

Electrification has been identified as a clean, relatively low-cost strategy for improving indoor
air quality.3® In an intervention study, researchers found that replacing a gas stove with an
electric stove decreased median NO2 concentrations by 51 percent in the kitchen.*® While field
and simulation modeling studies have looked at the impacts of household interventions, such
as improved ventilation, outreach/education, air cleaners, and high-efficiency filtration on

36 Seals, Brady, and Andee Krasner. 2020. Health Effects From Gas Stove Pollution. RMI, Physicians for Social
Responsibility, Mothers Out Front, and Sierra Club. https://rmi.org/insight/gas-stoves-pollution-health.

Wolstein, Joelle, Ying-Ying Meng, and Susan H Babey. 2010. Zncome Disparities in Asthma Burden and Care in
California. UCLA Center for Health Policy, Los Angeles, CA. Accessed July 8, 2021.
https://healthpolicy.ucla.edu/publications/search/pages/detail.aspx?PubID=45.

California Department of Public Health. 2017. Asthma Prevalence in California: A Surveillance Report.
Environmental Health Investigations Branch, Richmond. Accessed July 8, 2021.
https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/CPE/Pages/CaliforniaBreathingData.aspx#.

37 Wong, Gary WK, Bert Brunekreef, Philippa Ellwood, H Ross Anderson, M Innes Asher, Julian Crane, and
Christopher KW Lai. 2013. "Cooking Fuels and Prevalence of Asthma: A Global Analysis of Phase Three of the
International Study of Asthma and Allergies in Childhood (ISAAC)." The Lancet 1: 386-394.

38 California Energy Commission. 2021. GFO-21-301-Randomized Trial Study to Investigate the Impact of Gas
Stove Interventions on Children with Asthma. Accessed September 16, 2021.
https://www.energy.ca.gov/solicitations/2021-09/gfo-21-301-randomized-trial-study-investigate-impact-gas-
stove-interventions.

39 Aas, Dan, Amber Mahone, Zack Subin, Michael Mac Kinnon, Blake Lane, and Snuller Price. 2020. 7he
Challenge of Retail Gas in California’s Low-Carbon Future. Technology Options, Customer Costs and Public Health
Benefits of Reducing Natural Gas Use. California Energy Commission. Publication Number: CEC-500-2019-055-F.

Billimoria, Sherri, Mike Henchen, Leia Guccione, and Leah Louis-Prescott. 2018. 7he Economics of Electrifying
Buildings.: How Electric Space and Water Heating Supports Decarbonization of Residential Buildings. RMI.
http://www.rmi.org/insights/reports/economics-electrifying-buildings/.

40 Paulin, L. M., G. B. Diette, M. Scott, M. C. McCormack, E. C. Matsui, J. Curin-Brosnan, D. L. Williams, et al.
2014. "Home Interventions Are Effective at Decreasing Indoor Nitrogen Dioxide Concentrations." Zndoor Air 24:
416-424.
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children with asthma,*! there are no known studies that directly investigate the impact of
kitchen electrification on asthma outcomes.

California has made substantial progress toward reducing indoor air pollution through efforts
such as continuous indoor-outdoor air exchange ventilation as required by the Energy Code
and decarbonization efforts that support building electrification. State regulatory agencies
£such as the California Department of Public Health f{(CDPH}) and CARB} have strategic goals
and programs to address the public health issue of indoor air quality. To effectively and
appropriately support policies that maximize health cobenefits of California’s energy policies,
systematic measurement of health impacts of gas stove replacements is needed, particularly
health impacts to children in underresourced communities (such as low-income or
disadvantaged communities or both as defined by Assembly Bill 523 [Reyes, Chapter 551,
Statutes of 2017]). Understanding the health benefits of electrification in vulnerable

41 Lajoie, P., D. Aubin, V. Gingras, P. Daigneault, F. Ducharme, D. Gauvin, D. Fugler, et al. 2014. "The IVAIRE
Project — A Randomized Controlled Study of the Impact of Ventilation on Indoor Air Quality and the Respiratory
Symptoms of Asthmatic Children in Single Family Homes." Zndoor Air 25: 582-597.

Butz, Arlene M., Elizabeth C. Matsui, Patrick Breysse, Jean Curtin-Brosnan, Peyton Eggleston, Gregory Diette,
D'Ann Williams, Jie Yuan, John T. Bernert, and Cynthia Rand. 2011. "A Randomized Trial of Air Cleaners and a
Health Coach to Improve Indoor Air Quality for Inner-City Children with Asthma and Secondhand Smoke
Exposure." Arch Pediatr Adolesc Med. 165: 741-748

Moreno-Rangel, Alejandro, Juha Baek, Taehyun Roh, Xiaohui Xu, and Genny Carrillo. 2020. "Assessing Impact of
Household Intervention on Indoor Air Quality and Health of Children with Asthma in the US-Mexico Border: A Pilot
Study." Journal of Environmental and Public Health 9

Bennett, Deborah, Nicholas Kenyon, Daniel Tancredi, Marc Schenker, Rebecca Moran, Katya Roudneva, Xiangmei
Wu, and Paula Krakowiak. 2018. Final Report: Benefits of High-Efficiency Filtration to Children With Asthma.
Sacramento: CARB.

Wu, Felicia, and Tim K. Takaro. 2007. "Childhood Asthma and Environmental Interventions." Environmental
Health Perspectives 115.

Krieger, James K., Tim K. Takaro, Carol Allen, Lin Song, Marcia Weaver, Sanders Chai, and Phillip Dickey. 2002.
"The Seattle-King County Healthy Homes Project: Implementation of a Comprehensive Approach to Improving
Indoor Environmental Quality for Low-Income Children With Asthma." Environmental Health Perspectives 110.

Chan, Mei, Melinda Gray, Christine Burns, Louisa Owens, Susan Woolfenden, Raghu Lingam, Adam Jaffe, and
Nusrat Homaira. 2021. "Community-Based Interventions for Childhood Asthma Using Comprehensive Approaches:
A Systematic Review and Meta-Analysis." Allergy, Asthma & Clinical Immunology 17.

Tieskens, Koen F., Chad W. Milando, Lindsay J. Underhill, Kimberly Vermeer, Jonathan I. Levy, and M. Patricia
Fabian. 2021. "The Impact of Energy Retrofits on Pediatric Asthma Exacerbation in a Boston Multifamily Housing
Complex: A Systems Science Approach." Environmental Health 20.
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populations, such as children and the elderly, is critical to developing strategies for equitable
energy transitions in California.

Decarbonization programs are looking at ways to monetize or put a dollar value on the benefit
of improved occupant health as a result of removing or limiting indoor gas combustion. Future
proposed research under the EPIC could support integration of health cobenefits of
electrification in policy implementation (for example, Energy Code and building
decarbonization pilots discussed in Chapter 3), as well as strategic design of residential
building decarbonization projects that maximize health cobenefits and affordability in low-
income and disadvantaged communities.

Mechanical ventilation is also important for protecting indoor air quality, particularly in homes
with gas-powered cooking appliances. The 2022 Building-Energy Efficieney-StandardsCode
adopted in August 2021 incorporated results from CEC-funded research that recommended
tightening kitchen exhaust ventilation standards through a performance standard designed to
keep pollutant concentrations below health-based thresholds.#2 The updated kitchen exhaust
ventilation requirements are tailored to protect air quality in smaller homes more common
among low-income renters. However, the efficacy of ventilation-based strategies depends on
consistent use of mechanical ventilation, and these new standards apply only to new homes.
Existing homes will need other strategies — such as electrification or retrofit ventilation
systems — to address indoor air quality issues.

Decarbonization and Rates

The CPUC forecasts the annual electricity and gas costs for the residential sector to grow at an
annual rate of 3.5 to 3.7 percent between 2021 and 2030.43 This growth is due in part to the
numerous fixed costs and programs funded by the volumetric rate{see. (See example rate
breakdown of 2019 Pacific Gas and Electric Company [PG&E] in Figure 6).7.) Recent work by
Severin Borenstein, Meredith Fowlie, and James Sallee at the Energy Institute at Haas,
University of California, Berkeley (UC Berkeley), have pointed out the need to align rates with
the associated true cost of generating electricity, transmission and distribution capacity, and
GHG emissions. Making this move would lower electricity rates. The numerous fixed costs

42 Singer, Brett C., Wanyu Rengie Chan, William W. Delp, Iain S. Walker, and Haoran Zhao. 2021.
Effective Kitchen Ventilation for Healthy Zero-Net-Energy Homes With Natural Gas. California Energy Commission.

43 Jain, Ankit, Bridget Sieren-Smith, Jefferson Hancock, Jeremy Ho, and Wylen Lai. April 2021. 2019 Annual
Affordability Report. https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/reports/2019-annual-
affordability-report.pdf.
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currently recovered from volumetric electricity rates have pushed the rates away from the
actual cost of providing electricity, creating an economic disincentive to use electricity.**

44 Borenstein, Severin, Meredith Fowlie, and James Sallee. Designing Electricity Rates for An Equitable Energy
Transition. February 2021. University of California, Berkeley, Energy Institute at Haas.
https://haas.berkeley.edu/wp-content/uploads/WP314.pdf.
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Figure 7: Example Electricity Rate Breakdown — PG&E
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Source: Modified after “Designing Electricity Rates for An Equitable Energy Transition.” Energy Institute at
Haas. https://www.next10.org/publications/electricity-rates.

The electricity and gas rates consumers pay will greatly affect the success of end-use
decarbonization. Many stakeholders have raised the need for a managed decarbonization
transition to limit the possibility of runaway gas rates for customers that remain tied to the
system, alongside the imperative to keep electric bills affordable as reliance on electricity
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grows.* Rate design is therefore a key part of decarbonization strategy, with rates that enable
savings accelerating decarbonization while the rates that increase costs are a significant
barrier. Rates are particularly critical for low-income customers who are particularly sensitive
to costs; and, therefore, will be key to an equitable decarbonization.

A CPUC rulemaking proceeding on building decarbonization (R.19-01-011) is evaluating
whether electric utility rates are a cost barrier that disireentivizesdiscourages residential
customers from switehing-fromsubstituting fossil gas tewith electricity for water heating. On
November 4, 2021, the CPUC adopted D.21-11-002, which directs PG&E, Southern California
Edison Company, and San Diego Gas & Electric Company to each study the electric and gas bill
impacts for residential customers switching-fremsubstituting a fossil gas water heater tewith
an electric heat pump water heater (HPWH). If a study shows a net increase in a customer’s
bill, the IOUs are required to propose a rate adjustment that covers the bill increase.* For
more information on gas transition and rates, see the 2021 IEPR, Volume III: Decarbonizing
the State’s Gas System.

Building GHG Emissions Reduction Analysis to 2030 and-2045

As required by SB 350, the CEC regularly assesses the state’s progress toward doubling energy
efficiency savings by 2030.4/ In 2015, California set an ambitious goal to achieve a statewide
cumulative doubling of energy efficiency savings and demand reductions in electricity and gas
end uses by January 1, 2030, to the extent doing so is feasible and cost-effective. In addition
to traditional efficiency programs, efficient electrification offers energy and GHG savings.

The California Building Decarbonization Assessment highlighted the significant energy and
emissions savings opportunities from electrifying newly constructed and existing buildings with
efficient equipment.“® Achieving a doubling of energy efficiency by 2030 while reducing GHG
emissions from buildings requires continued success of traditional efficiency programs, as well
as new efforts to electrify end uses. To this end, CEC staff-khas modeled scenarios that achieve

45 Example — Karas et al., Environmental Defense Fund. January 2021. Aligning Gas Regulation and Climate
Goals. p. 26.

46 CPUC. Decision on Incentive Layering, The Wildfire and Natural Disaster Resiliency Rebuild Program, Data
Sharing, Rate Adjustments for Electric Heat Pump Water Heaters, and Propane Usage. (D.21-11-002), November
9, 2021. https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M421/K107/421107786.PDF.

47 See Senate Bill 350: Doubling Energy Efficiency Savings by 2030 (2017) Report and 2019 California Energy
Efficiency Action Plan for prior updates.

48 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. Galifornia Building
Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-2021-006-CMF.
https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.
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the 2030 goal to double energy efficiency while striving to achieve GHG reduction benchmarks
introduced by AB 3232. Aralysisincluding-figures,-will-be-available-indate 2021 Staff modeled
these aspirational scenarios as well as a reference scenario describing business-as-usual
projections. The objective was to identify what additional effort will be required to move from
business-as-usual to a future that meets the state’s energy and GHG goals.

The analysis of SB 350 energy savings is cumulative, meaning that the first-year savings, some
of which started in 2015, and those in every year thereafter are summed over the product
lifetime for all end uses studied. (The analysis of lifetime savings accounts for declining
benefits over time.) This means that the first seven years of the analysis are historical, and the
remaining eight years include additional projected savings. These projections are similar to
those described in the 2021 IEPR Volume 1V: California Energy Demand Forecast, Chapter 2.
The main difference is that additional achievable energy efficiency (AAEE) is incremental to a
baseline forecast from 2021 to 2035, whereas the SB 350 analysis accounts for cumulative
energy savings from 2015 through 2029, the results of which are measured against achieving
a target to double energy efficiency by January 1, 2030.

2021 SB 350 Energy Savings Method Updates

For the 2021 update to SB 350 energy savings tracking and projections, staff used the same
accounting, aggregation, and extrapolation method and tools as those developed for the 2019
update.*® Staff updated historical data and potential savings projections and added new
analytics to reflect recent programmatic activities. While some program projections were
revised based on additional historical data, staff updated the savings from the 2019 Energy
Code with information from a study titled Zmpact Analysis, 2019 Update to the California
Enerqy Efficiency Standards for Residential and Non-Residential Buildings.>® The update
showed that savings from the 2019 Energy Code were larger than originally anticipated.
Analysis submitted in support of adopting the 2022 Energy Code was likewise leveraged to
improve future savings projections in the residential and commercial sectors. New modeling of
Title 20 Appliance Efficiency Standards as well as Federal Appliance Energy Efficiency
Standards completed as part of the CPUC’s Potential and Goals Study were also included in the

49 Kenney, Michael, Heather Bird, and Heriberto Rosales. 2019. 2019 California Enerqy Efficiency Action Plan.
Supporting Methodology. California Energy Commission. Publication Number: CEC400-2019-010-SF.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=231528&DocumentContentId=63338.

50 Study prepared for the CEC by NORESCO and Ken Nittler of Enercomp. 2018. IMPACT ANALYSIS, 2019 Update
to the California Energy Efficiency Standards for Residential and Non-Residential Buildings. Contract 400-15-006,
Work Authorization 9. https://s3-us-west-

1.amazonaws.com/waterfrontballparkdistrict.com/13 ReferencesintheDraftEIR-Section4-5Energy/2018-06-29-cec-
2019title24impactanalysis.pdf.
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new projections. Staff considered potential overlap in customer segments being targeted by
different programs and took steps to avoid double counting. Lastly, market-based activities
were considered that may result in energy efficiency savings that were not captured
elsewhere.

Staff also developed new analytical tools to reflect the broader policy context of building
decarbonization, which includes building electrification. Staff developed a new forecasting
product in 2021, AAFS. AAFS is as an annual and hourly load modifier to the baseline demand
forecast, which is described in more detail 2021 IEPR Volume 1V: California Energy Demand
Forecast, Chapter 2. Like AAEE, it is focused on established programs and projections since it
modifies the core demand scenarios used for planning and procurement. Creating AAFS
allowed staff to integrate new data into the analysis, such as those from utility pilots, incentive
programs, and emerging programs supporting building electrification. Lastly, staff incorporated
electrification resulting from local ordinances encouraging electrification and the recently
adopted 2022 Energy Code supporting heat pump deployments.

SB 350 Scenario Updates
Staff developed two scenarios for this SB 350 update:

e Scenario One includes historical or committed energy efficiency savings data and
business-as-usual enerqy efficiency and fuel substitution®! projections.

e Scenario Two includes the same committed enerqgy efficiency savings as Scenario One
but includes projections for more aggressive electric enerqy efficiency savings, as well
as more aggressive fuel substitution impacts to reflect a Aigh electrification future.

Staff also modeled a modified Scenario One in which business-as-usual energy efficiency
projections were paired with more aggressive fuel substitution impacts, called Scenario One,
High Electrification Future. In both this scenario and Scenario Two, the first-year projected
business-as-usual gas energy efficiency savings are retained only through 2024 and then
allowed to decay without adding additional first year savings in 2025 and beyond. This
approach assumes a high electrification future by including aggressive building electrification
instead of gas appliance efficiency after 2024. The elements for the 2021 SB 350 scenarios are
summarized in Table 1.

51 In this analysis, fuel substitution refers to electrification of equipment and processes.
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Table 1: SB 350 Scenario Elements

Scenario 1, Scenario 2,
Included . High High
Element Scenario 1 Electrification | Electrification
Future Future
Historic
energy Committed Committed Committed
efficiency savings savings savings
savings
Projected e "
electric _busmessl business-as- Additional
efficiency —aSI-USLIIa usual level adgressive
Savinas eve savings
m]%ed business- | business-as- | business-as-
effi?:gn c as-usual usual level usual level
ericiency level until 2024 until 2024
savings
New
Projected business- aqq%:vsive aqq%:vsive
fuel as-usual fuel fuel
substitution fuel uel Tuel
impacts substitution substitution substitution
L projections projections
projections
Source: CEC

As the results of this analysis show, fuel substitution that results in net energy savings can be
included in SB 350 targets. While energy efficiency saves electricity and gas, fuel substitution
or building electrification displaces gas and adds incremental electric demand. This reduces
gas consumption but adds electricity consumption, which is accounted for as negative
electricity savings. Even accounting for increased electricity consumption, the net result of
efficient electrification is lower overall energy use.
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Figure 8: Electricity Savings in SB 350 Scenario One
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Figure 9: Gas Savings in SB 350 Scenario One, High Electrification Future
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The results for the Scenario One, High Electrification Future show that the scenario meets 64
percent of the targeted electricity savings but exceeds the gas target at 152 percent (Figures 8
and 9). The fuel substitution in this scenario is a more optimistic level of efficient electrification
that results in fewer GWh added. Traditional gas efficiency is replaced by fuel substitution
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starting in 2025, so while cumulative gas savings continue in 2024 and prior, no new gas
savings from energy efficiency are added from 2025 onward.

Figure 10: Electricity Savings in SB 350 Scenario Two, High Electrification Future
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Figure 11: Gas Savings in SB 350 Scenario Two, High Electrification Future
2,000

1,800
1,600
1,400
1,200
1,000
800
600
400
200

0

Gas Savings (MM Therms)

2002 g0\® HNT g0AB 90N9 9020 02 9027 027 9024 9025 020 9021 4028 02

E==Energy efficiency = ==Fuel substitution = ———SB 350 Target Line

Source: CEC

The Scenario Two, High Electrification results reach 91 percent of targeted electricity savings
and 152 percent of gas savings when traditional gas energy efficiency is replaced with fuel
substitution starting in 2025 (Figures 10 and 11). The difference between Scenario Two and
Scenario One is that the former has more optimistic levels of electric energy efficiency, as can
be seen in the larger blue electric savings wedge in Figure 12.
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Electricity and gas savings are converted to a common energy metric of British thermal units
(BTU) savings to show when each of the scenarios meet the 2030 doubling target. This
conversion gives a clear picture of the combined effect of traditional energy efficiency and fuel
substitution toward the SB 350 target. As illustrated in Figure 12, Scenario One meets 84
percent of the combined target savings by 2030. If the projections are extrapolated, the full
doubling target is met in 2036 without further policy intervention. In Figure 13, the Scenario
One, High Electrification Future meets 90 percent of combined savings, and when the results
are extrapolated, the doubling target is fully met in 2032. Figure 14 shows Scenario Two, High
Electrification Future exceeds the combined savings (109 percent) by 2030 and meets them
one year earlier than targeted.

Figure 12: Electricity and Gas Savings Combined in SB 350 Scenario One
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Figure 13: Electricity and Gas Savings Combined in SB 350 Scenario One, High

Electrification Future
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Figure 14: Electricity and Gas Savings Combined in SB 350 Scenario Two, High

Electrification Future
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Figures 15 through 17 compare the energy efficiency and fuel substitution impacts of each
scenario at the sector level. They show that residential and commercial sector energy
efficiency is foundational to reaching the 2030 goal, but significant fuel substitution is required
across all sectors to achieve the goal.
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Figure 15: SB 350 Scenario One by Sector
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Figure 16: SB 350 Scenario One, High Electrification Future by Sector
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Figure 17: SB 350 Scenario Two by Sector
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While the energy efficiency savings drop between Scenario One and Scenario One, High
Electrification Future, (first column of Table 2) the combined energy reduction from fuel
substitution is much larger. The industrial fuel substitution increase is large because very little
fuel substitution is being pursued, while a sizeable achievable potential exists.

In the second column of Table 2, the two High Electrification Future scenarios are compared.
Aggressive fuel substitution still has the large positive impacts on gas displacement, but
traditional electric energy efficiency can still account for significant positive savings. The
increase in agricultural energy efficiency is large because of the sizeable potential for energy

savings.

Table 2: SB 350 Scenario Compared by Sector

. Scenario 1, High Electrification Future
Scenario 1 Compared to
Sector Scenario 1, High Electrification Future Compared to
* Scenario 2 in High Electrification Future
; Energy Efficiency, Fuel Substitution Energy Efficiency, Fuel Substitution
Residential -9%., +83% +17%, +83%
Commercial -2%., +34% +32%, +34%
Industrial -6%, +10,000% +37%, +10,000%

Agricultural -10%. NA +400%, NA

Mining -1%., NA +6%., NA

Source: CEC
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Finally, comparing the 2021 SB 350 scenarios to broader decarbonization goals requires
translating from combined energy savings in BTU to GHG emissions (million metric tons carbon
dioxide equivalent [MMTCO2¢€]) avoided by these savings. Since both SB 350 and AB 3232
consider reductions in the next decade, staff examined which scenarios met the AB 3232
systemwide emissions reduction goal.>?

When comparing SB 350 to AB 3232, staff considered only the combined energy savings from
the residential and commercial sectors; these sectors dominate Scenario One combined energy
savings, but the industrial, agricultural, and mining sectors gain importance in the High
Electrification Future modifications. The GHG emission reductions from each scenario are
detailed in Table 3.

52 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. Page 32. California Energy Commission. Publication Number: CEC-400-2021-006-
CMF. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.

Systemwide emissions include those from electricity generation consumed at buildings, fuels combusted at
buildings, and refrigerants emitted at buildings. Direct emissions, by contrast, exclude the electricity generation
emissions and focus on emissions from sources at the building site.
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Table 3: GHG Emission Reductions for SB 350 Scenarios
Combined Scenario 1  Scenario 1in  Scenario 2 in
. High High
Savings Electrification Electrification

Type Future Future
Traditional NA NA Additional
energy aggressive
efficiency electric
savings energy
efficiency
savings
New fuel New New New
substitution | business- aggressive aggressive
impacts as-usual fuel fuel
fuel substitution substitution
substitution | projections projections
projections
Combined 2.7 4.7 7.1
GHG MMTCO2e MMTCO.e MMTCO.e
Reduction
Source: CEC

Figure 18 shows the GHG emission reductions of the SB 350 scenarios compared to the AB
3232 goal. Scenario One meets 49 percent of the AB 3232 systemwide emissions reduction
goal, while Scenario One, High Electrification Future meets 86 percent of the goal. Scenario
Two, High Electrification Future exceeds the AB 3232 systemwide emissions reduction goal
(130 percent) by 2027. In Scenario Two, 66 percent of GHG reductions come from
electrification and the remaining 34 percent from additional electric efficiency. The results
show that greater GHG reductions are expected as efficient electrification increases.

None of the scenarios analyzed in support of the 2021 SB 350 tracking and projection update
meets the additional 22.1 MMTCO:ze reduction goal set by the AB 3232 direct emissions
baseline (on-site emissions from buildings). This more aggressive emissions reduction goal
sets the trajectory for residential and commercial buildings toward economywide carbon
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neutrality goals in 2045.53 The CEC’s Long-Term Energy Demand Scenarios Project as
described Chapter 4 of the 2021 IEPR Volume 1V: California Enerqy Demand Forecast will
further explore various pathways toward economywide midcentury climate goals.

Figure 18: SB 350 GHG Emissions Reductions Relative to Systemwide AB 3232 Goal
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Goal Setting in Support of Building Decarbonization

The above analysis for SB 350 shows just how important electrification is to meeting energy
and decarbonization goals. Heat pumps are a critical enabling technology for achieving

building decarbonization. As such, the CEC is recommending a goal of installing at least six
million heat pumps in new and existing buildings by 2030. Further, the CEC commits to
working with stakeholders, including manufacturers, labor, and environmental advocates, to
accelerate the market to meet this goal and beyond it toward comprehensive migration to heat
pumps for space and water heating.

53 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. Page 33. California Energy Commission. Publication Number: CEC-400-2021-006-
CMF. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-assessment.
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CHAPTER 2:
Implementing Decarbonization

Across federal, state, and local initiatives, California is pursuing many decarbonization
strategies. These include energy efficiency codes and standards, incentive and financing
programs, benchmarking requirements, and research and development. This combined effort
has led to energy and greenhouse gas (GHG) reductions across residential, commercial,
industrial, and agricultural sectors, as noted in Chapter 1. Still, more investment is necessary
to further reduce energy consumption and GHG emissions from end uses to meet 2030 and
midcentury climate goals. Although a plethora of programs are available, they do not provide
enough capital for successful statewide decarbonization. The state needs bold policies to
encourage and advance additional investment in decarbonization.

Federal Efforts

The federal government has taken many steps in the last year to support decarbonization
including passing legislation, issuing executive orders, and establishing internal policies,
including_the following:

e Executive Order 13990 of January 20, 2021, directs federal agencies to review existing
regulations, orders, policies, and guidance issued in 2017 through 2020 that may be
inconsistent with or conflict with improving public health, protecting the environment,
accessing clean air and water, reducing GHG emissions, and bolstering resiliency to
climate change. The executive order also establishes an interagency working group on
the monetary impact of GHG emissions resulting from regulations and actions.

e Executive Order 14008 of January 27, 2021, sets goals for a carbon pollution-free
electricity sector by 2035 and economywide net-zero emissions by 2050. It also created
the White House Environmental Justice Interagency Council, which is responsible for
developing a strategy to address current and historical environmental injustice, and the
Justice40 initiative. The Justice40 initiative is focused on ensuring energy equity and
directs that 40 percent of benefits from federal investments in climate and clean energy
flow to disadvantaged communities.>*

54 July 20, 2021, "Memorandum From the Executive Office of the President, Office of Management and Budget,
on Interim Implementation Guidance for the Justice40 Initiative,” https://www.whitehouse.gov/wp-
content/uploads/2021/07/M-21-28.pdf.
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e Energy Act of 2020 is the first comprehensive update to federal energy policy since
2008 and was signed into law December 27, 2020. It contains provisions and funding
for energy and water efficiency, renewable energy and storage, carbon management
and removal, industry and manufacturing technologies, grid modernization and
resiliency, phasedown of HFCs, and research, development, and deployment. The act
extends tax credits and incentives for decarbonization activities.

Federal Agency Policy

The General Services Administration (GSA) is set to procure 100 percent renewable electricity
for federal buildings by 2025, electrify all new federal buildings, and achieve net-zero carbon
emissions by 2030. Further, the Council on Environmental Quality launched a federal
interagency initiative with GSA, United States Department of Energy (U.S. DOE), and the U.S.
Environmental Protection Agency (U.S. EPA) to develop the first federal building performance
standards. These performance standards will define metrics, goals, and tracking tools and
methods to achieve federal carbon emissions goals.

One building model that captures many of the decarbonization strategies is a grid-interactive
efficient building (GEB) as detailed by the U.S. DOE.>¢ The goal is to construct and retrofit
buildings to accommodate carbon-free, but intermittent, energy resources. These buildings
combine energy efficiency and demand-flexible appliances and provide health, comfort, safety,
energy affordability, and grid services. Over the next two decades, the U.S. DOE estimates
that the national adoption of GEBs could be worth between $100 billion and $200 billion in
national electric power system cost savings.>’ By reducing and shifting the timing of electricity
consumption, GEBs could decrease CO2 emissions by 80 million tons per year by 2030, or 6
percent of total power sector CO2 emissions.>8 That is more than the annual emissions of 50
medium-sized coal plants or 17 million fossil fuel-powered cars.>?

55 H.R. 133 — 116th Congress (2019-2020): Consolidated Appropriations Act, 2021. December 27, 2020.
https://www.congress.gov/bill/116th-congress/house-bill/133/.

56 U.S. Department of Energy’s webpage on Grid-Interactive Efficient Buildings, accessed September 22, 2021.
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings.

57 Prepared by U.S. DOE Buildings Technology Office. A National Roadmap for Grid-Interactive Efficiency
Buildings. May 2021. page 8. https://gebroadmap.lbl.gov/.

58 Ibid.
59 Ibid.
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State Agency Efforts

State agencies are studying and advancing decarbonization across an array of programs. While
the California Energy Commission (CEC), California Public Utilities Commission (CPUC), and the
California Air Resources Board (CARB) are the agencies with the greatest focus on building
decarbonization, a-rumber-ofseveral other agencies are also coordinating and implementing
policies such as the California Department of Food and Agriculture,®® Strategic Growth
Council,®! California Department of Community Services and Development, California
Alternative Energy and Advanced Transportation Financing Authority, and California
Department of Resources Recycling and Recovery (CalRecycle).62

The CPUC has several ongoing proceedings that support building decarbonization strategies.

e Building decarbonization: The CPUC launched a rulemaking in 2019 to address building
decarbonization in phases.®® This rulemaking includes the implementation of the BUILD
and TECH programs, the development of pilot programs including wildfire rebuild
programs, direction on incentive layering, ard-reconsideration of residential aatural-gas
allowances:, coordination with CEC on Title 24 and Title 20-related®* building

decarbonization, and future policy framework guiding building decarbonization.®®

e Gas planning: The CPUC issued an Amended Phase III Scoping Memo on November 16,
2021, which amends the scope of this rulemaking proceeding to consider changes to
gas line extension rules. It includes a staff proposal that recommends eliminating gas

60 California Department of Food and Agriculture, State Water Efficiency and Enhancement Program,
https://www.cdfa.ca.gov/oefi/sweep/.

61 Strategic Growth Council programs webpage. (Decarbonization program examples: Transformative Climate
Communities, Affordable Housing and Sustainable Communities.) https://sgc.ca.gov/programs/.

62 CalRecycle webpage, https://www.calrecycle.ca.gov/organics/slcp.

63 CPUC—+ulemaking. R.19-01-011;.
https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP,57,RIR:P5_PROCEEDING_SELECT:R1901011.

64 Within this document, 7itle 24 refers to California Code of Regulations, Title 24, Part 6 (California Energy
Code) and Part 11 (California Green Building Standards Code). 7itle 20 refers to California Code of Regulations,
Title 20, Division 2, Chapter 4, Article 4 (Appliance Efficiency Regulations) and Article 5 (Load Management
Standards).

65 CPUC. Assighed Commissioner’s Scoping Memo and Ruling. May 17, 2019. R.19-01-011.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M290/K324/290324466.PDF.
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line extension incentives, including allowances, refunds, and discounts for all customer
classes.®®

e Long-term planning: The long-term gas system planning rulemaking launched in 2020
will examine the regulations, processes, and standards governing or being used by gas
utilities.®” The three tracks of this rulemaking include examining the reliability standards
for the gas transmission system to determine if design changes are necessary to
account for climate change; reviewing proposals for mitigatingreducing the negative
impacts from gas system operational issues, prices, and system reliability; and finally,
determining the regulatory solutions and planning strategy that should be implemented.

e Energy efficiency program portfolio:68 The CPUC addressed the barriers to electrification
in the energy efficiency program portfolio in mid-2019.%° In June 2021, the CPUC
updated the structure of the energy efficiency portfolio to address cost-effectiveness
requirements for equity and market transformation programs and introduced a new
metric to measure the success of energy efficiency programs.”’® This metric tracks the
life-cycle energy, capacity, and GHG benefits of a program in dollar values.

¢ Distributed Energy-Reseureesenergy resources (DERs):”! FhisA new rulemaking and a
proposed decision will dealwith-questions+elatedtoaddress distribution planning and

modernization of the grid to support increasing numbers of DERs:_and net-energy-
metering changes, respectively. The CPUC will address issues along three tracks,
including—high:
High-level policy issues regarding distribution system operator roles and
responsibilities-as-well-asinvestor.

66 CPUC. R.19-01-011. Assigned Commissioner’s Amended Scoping Memo and Ruling. November 16, 2021.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M423/K516/423516230.PDF.

67 CPUC. R.20-01-007. Order Instituting Rulemaking to Establish Policies, Processes, and Rules to Ensure Safe
and Reliable Gas Systems in California and Perform Long-Term Gas System
Planning. https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP,57,RIR:P5_PROCEEDING_SELECT:R2001007.

68 CPUCRutemaking. R.13-11-005.

69 CPUC. August 2019. “Decision 1908009, Decision Modifying the Energy Efficiency Three-Prong Test Related to
Fuel Substitution, R.13-11-005.”

70 CPUC. R13-11-005. “Decision 2105031, Assessment of Energy Efficiency Potential and Goals and Modification
of Portfolio Approval and Oversight Process.”
https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M385/K864/385864616.PDF

71 CPUC R.21-06-017. Order Instituting Rulemaking to Modernize the Electric Grid for a High Distributed Energy
Resources Future. https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M390/K664/390664433.PDF.
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e Investor-owned utility (IOU) and aggregator business models;,€arryever.

e Carryover work from previous DER proceedings focusing on optimizing grid
investments to allow DER growth while supporting resiliency and electrification
goals and community engagement, and grid infrastructure investments in the
near- and medium--term that allow smart inverters to be grid services and
further align the general rate case filings with planned investments identified in
IOU distribution planning.

. The rulemaking includes issues left over from the prior Distributed Resources
Planning and Integrated Distributed Energy Resources proceeding.

e The CPUC is also expected to issue two rulemakings pertaining to DERs following
closure of the Distributed Resources Planning and Integrated Distributed Energy
Resources rulemakings in 2021. One will be a successor to the Integrated Distributed
Energy Resources proceeding focused on how DERs should be sourced; a second will
focus on customer demand.

e On December 13, 2021, the CPUC issued a proposed decision for proceeding R.20-08-
020.72 The proposed decision puts forward a new net billing tariff that includes four
components:

o Pays net billing customers for the electricity they export to the grid based on the
value, determined by the avoided cost to the utility of buying clean energy
elsewhere.

o Charges net billing customers for the electricity they receive from the grid based
on high differential time-of-use tariffs, creating more benefit for customers who
install storage and offering them incentives to store solar energy and shift
exports later in the day.

o Creates a grid participation charge based on the size of the solar system to
ensure that net-billing customers are paying the same fixed costs of the electric
grid as non-net-billing customers.

o Provides a market transition credit so that customers can pay back the cost of a
new solar plus storage energy system in less than 10 years, ensuring that the
solar industry in California continues to grow and rooftop solar remains
economical. The credit will phase out for new customers over four years.

72 CPUC. Revising Net Energy Metering decision.
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M430/K903/430903088.PDF.,
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The net billing tariff offers incentives for storage adoption to support net peak
reliability, promotes equity, and supports the sustainable growth of customer-sited
renewable energy. The proposed decision may be heard, at the earliest, at the CPUC's
January 27, 2022, voting meeting. If adopted, the proposed decision would implement
a sunset on the NEM 2.0 tariff four months after issuance of the final decision and the
next phase of the NEM proceeding will include workshops to consider community
project tariffs, which will be coordinated with other related proceedings. The next phase
would also include a workshop by April 30, 2022, to solicit stakeholder feedback on the
allocation of the Equity Fund, and a ruling to seek stakeholder input on the five-year
evaluation of the net billing tariff, with a focus on affordability and equity metrics.

CARB is updating the Climate Change Scoping Plan for 2022.73 This update will assess
progress toward the 2030 GHG reduction targets and highlight a path to achieving carbon
neutrality by 2045. Building decarbonization is a focus of the 2022 plan, especially the GHG
reduction potential from electrification. CARB is also working on air pollution and refrigerant
issues that impact decarbonization across all sectors.

Many other state agencies operate programs that reduce GHG emissions from buildings,
industry, and agriculture and support one or more of the strategies described above. Most of
these efforts are funded by the state’s GHG Cap-and-Trade Program.’4 Economywide GHG
reduction policies are the primary drivers of these efforts, including those introduced by SB 32
and SB 100.

California Energy Code, Title 24 Part 6

The Energy Code, Title 24, Part 6, applies to newly constructed buildings and retrofits to
reduce wasteful and unnecessary energy consumption and save consumers money. California’s
residential and commercial buildings use nearly 70 percent of California’s electricity and are
responsible for a quarter of California’s GHG emissions. The Energy Code increases energy
efficiency and promotes all-electric buildings ina-cost-effective-mannereffectively for building
owners, contributing to the state’s decarbonization goals. It also reduces impacts on the
electricity grid by encouraging demand flexibility and on-site solar photovoltaic (PV)
generation. In addition, the Energy Code focuses on improving comfort and health for building
occupants.

73 CARB AB 32 Climate Change Scoping Plan webpage, https://ww2.arb.ca.gov/our-work/programs/ab-32-
climate-change-scoping-plan.

74 CARB webpage for California’s Cap-and-Trade Program, https://ww2.arb.ca.gov/our-work/programs/cap-and-
trade-program.
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The CEC updates the Energy Code triennially through a technically rigorous process that
depends heavily on public engagement and stakeholder feedback. The most recent version is
the 2022 update,’> which becomes effective January 1, 2023. The most notable updates
related to the state’s building decarbonization strategy are listed below.

e Heat pump technology: The 2022 Energy Code includes prescriptive requirements for
the use of heat pump technology in single-family homes, multifamily buildings, and
select commercial buildings.

e Solar PV and battery storage: The 2019 Energy Code was the first Energy Code update
to include prescriptive requirements for solar PV, which applied to single-family homes
and low-rise residential buildings (multifamily with three stories or less). The 2022
Energy Code expands on these requirements by prescriptively requiring solar PV and
battery storage’® for high-rise multifamily buildings (multifamily with four stories or
more) and selected commercial occupancy types (such as office and tenant spaces,
schools, warehouses, retail, grocery, restaurants, medical clinics, theaters/auditoriums,
convention centers, and hotel/motels). These prescriptive requirements specify system
sizes to ensure that most PV generation is used on-_site.

e Mandatory “electric-ready” and “energy storage-ready” requirements: Electric-ready
means being able to accommodate the installation of electric appliances by having the
designated space, circuitry, and breaker panel available. The 2022 Energy Code
includes electric-ready requirements for the installation of heat pump space heaters,
heat pump water heaters, electric cooktops, and electric clothes dryers for single—-family
homes and multifamily buildings. It also includes requirements for interconnection
ability of energy storage or a panel rating of 225 amps. These requirements are
included to support all-electric homes.

As with every code update, the 2022 Energy Code includes changes that introduce new energy
efficiency requirements or increase the stringency of existing requirements. Lighting, building
envelope, mechanical systems, and covered process requirements for all building types were
added or revised that result in significant energy and cost savings. Mechanical ventilation

75 California Energy Commission. July 14, 2021. 2022 California Energy Code, Title 24 Parts 1 and 6.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238848.

76 Battery storage refers to rechargeable energy storage systems consisting of electrochemical storage batteries,
battery chargers, controls, and associated electrical equipment designed to provide electrical power to a building.
Such systems are typically used to provide standby or emergency power, uninterruptable power supply, load
shedding, load sharing, or similar capabilities. (California Code of Regulations, Title 24, Part 6, Section 100.1)
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requirements were also strengthened to improve indoor air quality for homes and building
occupants.

While the Energy Code has resulted in significant GHG reductions of buildings in California and
has potential to continue to do so in future code cycles, important limits in its authority in
federal and state law prevent the esdeEnergy Code alone from being able to decarbonize new
buildings.

California Green Building Standards, Title 24, Part 11

The California Green Building Standards (CALGreen), Title 24, Part 11,77 improves public health
and safety through mandatory requirements for building design and construction. These
requirements reduce negative environmental impacts and encourage sustainable practices, as
well as provide voluntary provisions (often termed “reach codes”). CALGreen applies to the
planning, operation, construction, use, and occupancy of newly constructed buildings; and
could alse-apply to additions and alterations to the building.

The CEC is responsible for developing and maintaining the voluntary measures for energy
efficiency in CALGreen (Appendices A4 and A5).78 The intent of these voluntary provisions is to
provide the basis for local jurisdictions to adopt local energy efficiency standards that go
beyond the statewide requirements of the Energy Code. The CEC updates the voluntary
measures for energy efficiency in CALGreen triennially, coinciding with updates to the Energy
Code.

The updates to 2022 CALGreen include revised residential design rating performance margins
and four new residential prerequisite options: heat pump space and water heating, heat pump
water heater demand management, battery storage system controls, and high-performance
vertical fenestration.

Appliance Efficiency Standards, Title 20

The CEC sets water and energy efficiency standards for nonfederally regulated appliances.
These regulations cover most major residential and commercial appliances sold or offered for
sale in California. Following the adopted energy standards for computers, computer monitors,
and state-regulated light-emitting diode (LEDs) lamps in 2017, the CEC adopted efficiency

77 2019 California Green Building Standards Code, Title 24, Part 11. California Building Standards Commission.
https://codes.iccsafe.org/content/CAGBSC2019/cover.

78 The model language in Appendices A4 and A5 outlines the energy design rating performance margins above
the Energy Code that buildings must achieve to comply and specifies a menu of prerequisite energy efficiency
measure options for local jurisdictions to additionally.
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standards for several appliances.”® In 2018, the CEC adopted efficiency standards for portable
air conditioners and updated the efficiency standards for portable electric spas, estimated to
save 369 gigawatt-hours per year (GWh/year)® and 242 GWh/year8! after stock turnover
statewide, respectively. In 2019, water performance standards for spray sprinkler bodies were
adopted, saving California billions of gallons of water — roughly 152,286 billion gallons per
year and 543 GWh/year of embedded energy after stock turnover.82 Between 2019 and 2020,
the CEC adopted energy efficiency standards for commercial and industrial air compressors,
general service lamps, and replacement pool pump motors. These standards are estimated to
save 217 GWh/year,® 4,060 GWh/year,8* and 451 GWh/year,8> respectively, in electricity
consumption after stock turnover statewide.

The CEC is considering standards, test procedures, labeling requirements, and other efficiency
measures for several appliances, including commercial and industrial fans and blowers,
federally exempted linear fluorescent lamps, gas hearth products, and irrigation controllers.8
Further, since energy use by plug loads and miscellaneous electrical loads are growing rapidly
in the residential and commercial sectors, the CEC is developing a roadmap for reducing
device electricity consumption in standby and other low-power modes.8”

79 Docket for computer and computer monitors 16-AAER-02
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=16-AAER-02.

Docket for LEDs 17-AAER-15 https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=17-AAER-15,

80 Staff Presentation on Portable Air Conditioners Public Hearing. November 27, 2018. TN# 225965,
https://efiling.energy.ca.gov/GetDocument.aspx?tn=225965&DocumentContentld=56657.

81 Presentation on Portable Electric Spas and Battery Charger Systems and the Negative Declaration. April 12,
2018. TN#223187, https://efiling.energy.ca.gov/GetDocument.aspx?tn=223187&DocumentContentld=31347.

82 Final Staff Analysis of Water Efficiency Standards for Spray Sprinkler Bodies. April 25, 2019. CEC-400-2018-
005-SF, https://efiling.energy.ca.gov/GetDocument.aspx?tn=227860&DocumentContentld=59234.

83 CEC Air Compressor Public Hearing Presentation. January 1, 2019. TN# 226210,
https://efiling.energy.ca.gov/GetDocument.aspx?tn=226210&DocumentContentIld=56962.

84 Supplemental Staff Analysis for General Service Lamps Expanded Scope. August 16, 2019. TN#229471,
https://efiling.energy.ca.gov/GetDocument.aspx?tn=229471&DocumentContentIld=60864.

85 Final Analysis of Efficiency Standards for Replacement Dedicated-Purpose Pool Pump Motors. February 20,
2020. CEC-400-2020-001.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=232151&DocumentContentId=64054.

86 CEC webpage for Appliance Efficiency Proceedings- Title 20, https://www.energy.ca.gov/rules-and-
regulations/appliance-efficiency-regulations-title-20/appliance-efficiency-proceedings.

87 Ibid.
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Benchmarking and Performance Standards

California’s Building Energy Benchmarking Program has been in effect since 2018, requiring
building owners of more than 50,000 square feet of gross floor area, and with no residential
utility accounts or 17 or more utility accounts, to track and annually submit the energy use
intensity (EUI) of their building, as determined by dividing the building energy use by the
square footage. The EUI provides a baseline and allows owners and operators to compare the
efficiency of buildings.

Building upon their respective benchmarking programs, states such as Washington and
Colorado, and cities such as New York City and Washington, D.C:., have enacted building
performance standards, requiring owners of buildings to take action to reduce their EUI below
a specified threshold (Figure 719 shows building performance standards across the United
States).88 According to the U.S. EPA, “BPS [building performance standards] can improve the
comfort and productivity of building occupants. As building owners seek to manage indoor air
quality, high-efficiency HVAC systems with improved controls have become increasingly
important. Clean energy upgrades can also lead to EPA recognition, such as ENERGY STAR®
Tenant Space recognition for efficient tenants or ENERGY STAR certification for building
owners at the property level*.” An ACEEE white paper estimates that if a mandatory
performance standard requiring 30 percent energy and emission reduction is applied to two-
thirds of the pre-2020 U.S. building stock, there is a potential for 11 percent reduction in
energy use and CO2 emissions in 2050 compared to a base case.?

88 May 25, 2021, IEPR workshop on Building Decarbonization — National, Regional, and California Activities,
Session 1 transcript, p. 72, https://efiling.energy.ca.gov/getdocument.aspx?tn=239358.

89, United States Environmental Protection Agency. 2021. “Section 2. Building Performance Standards: Overview
for State and Local Decision Makers.” EPA-430-F-21-002. https://www.epa.gov/sites/default/files/2021-
02/documents/benchmarking_building_performance_standards_section2.pdf.

90 Nadel, Steven and Adam Hinge (American Council for an Energy-Efficiency Economy). 2020. Mandatory
Building Performance Standards: A Key Policy for Achieving Climate Goals.
https://www.aceee.org/sites/default/files/pdfs/buildings_standards_6.22.2020_0.pdf.
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Figure 19: Building Performance Standards Across United States
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In California, the cities of Berkeley, Los Angeles, and San Francisco have implemented building
performance standards and other energy-conservation measures that building owners must
satisfy on a five-year cycle. Chula Vista, Brisbane, and San Jose will implement similar
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requirements in 2022 and 2023. Post-_benchmarking requirements amengstamong California’s
local benchmarking programs generally allow building owners to demonstrate their building is
high-performing, or complete audits, retrocommissioning,®! and other improvement measures.
California is in a prime position to implement and enforce a building performance standard
using the numerous local, state, and national examples._The CEC acknowledges there is a
disconnect between the metrics required to show compliance for new buildings versus existing
buildings. The CEC will aim to create a building performance standard with metrics for existing
buildings that align with new building metrics using data from utility interval meters, the
statewide building benchmarking program, and HERS compliance reports. The goals of the
new metric will be to show new and existing buildings on the same spectrum of performance
and support energy modeling used in developing building standards, forecasts, and programs.

Reach Codes

The 2019 Energy Code cycle has seen increasing movement on the part of local jurisdictions to
adopt electric-preferred, all-electric, and gas infrastructure--limiting local ordinances. As shown
in Figure 820, roughly 42 local jurisdictions in California have adopted energy ordinances
stricter than state standards, with 26 requiring all-electric construction and an additional 10
banning or limiting the installation of new gas lines as of October 2021. However, this situation
is dynamic as more jurisdictions throughout the state are adopting or considering local
ordinances that address climate change on an ongoing basis.

In addition, some jurisdictions that have adopted and enforced energy-efficient or electric-
preferred ordinances are reconsidering that decision and adopting all-electric ordinances or
gas bans.

91 Retrocommissioning refers to tuning the energy consuming systems in an existing building to operate more
efficiently.
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Figure 20: Reach Code Adoption in California
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All-Electric and Electric-Ready

Gas bans and all-electric requirements for all new construction have been in effect for a few
jurisdictions since the beginning of 2020, with more adopting ordinances as the year
progressed and throughout 2021. Gas bans apply to all new construction;aH. All-electric
requirements vary by jurisdiction and don’t necessarily apply to all building types.

To tabulate the number of residereeshomes subject to these new requirements, staff at the
CEC has been tracking and compiling new construction permits for single-family homes in
jurisdictions that adopted gas bans or all-electric construction; for single-family homes;
beginning after the ordinance requirements went into effect. These homes will have heat
pump water heaters, heat pump space--conditioning equipment for heating and cooling, and
induction stovetops. In 2020, 1,293 new single-family housing construction permits were
issued in those jurisdictions. As of August 2021, 2,056 permits have been issued. It's
important to recognize the impact of the pandemic and the depressing effect it had on new
construction permits in 2020.

Gas-Infrastructure Limitations

In July 2019, the City of Berkeley became the first jurisdiction in the nation to prohibit gas
infrastructure in new buildings. Its ordinance applies to all new buildings that request permits
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after January 1, 2020.°2 In the time since, evermore than 50 additional jurisdictions have
taken action to reduce future gas infrastructure.®3 Jurisdictions that use their police powers to
adopt bans on the use of gas do not have to seek CEC approval to enforce their local
ordinances.

Decarbonization Codes Outside California

Across the country, states and cities are setting notable decarbonization policies and taking
actions to address their respective building sectors. The following profiles highlight examples
of decarbonization policies from states and cities throughout the country.

The City and County of Denver, Colorado, adopted Denver’s 2020 Net-Zero Energy (NZE) New
Buildings and Homes Implementation Plan.®* The Denver NZE plan sets goals for new and
existing buitdingsbuilding stock to achieve net-zero energy by 2030. Additional guidelines
include objectives on energy efficiency, all-electric, renewable electricity, and demand
flexibility. By 2024, new homes will be all-electric under the city’s Building-Cedebuilding code.®>
Denver is also working on a “Beneficial Electrification Implementation Plan” for existing

buildings. Fhis-plan-is-expectedto-be-completedlate 2021

In late 2020, the Washington State Department of Commerce released the Washington 2021
State Energy Strategy.% The strategy calls for a building decarbonization policy framework and
a planned transition off the gas system. The strategy assesses actions to help the state
achieve its 2050 emissions reduction targets.

92 Ordinance NO. 7,672-N.S, City of Berkeley, City Council July 23, 2019 Meeting,
https://www.cityofberkeley.info/Clerk/City_Council/2019/07_Jul/City_Council__07-23-2019_-
_Regular_Meeting_Agenda.aspx.

93 Gough, Matt. November 2021. California’s Cities Lead the Way to a Gas-Free Future.-Newvember282%= Sierra
Club. https://www.sierraclub.org/articles/2021/07/californias-cities-lead-way-gas-free-future.

94 January 2021. Denver’s Net Zero Energy (NZE) New Buildings & Homes Implementation Plan, by City of
Denver's Office of Climate Action, Sustainability, and Resiliency (CASR).
https://www.denvergov.org/files/assets/public/climate-action/documents/denver-nze-implementation-
plan_final_v1.pdf.

95 City of Denver’s, Net Zero Energy (NZE) goals for 2024 Building Code.
https://denvergov.org/Government/Agencies-Departments-Offices/Climate-Action-Sustainability-
Resiliency/Initiatives/High-Performance-Buildings-and-Homes/Net-Zero-New-Buildings-Homes.

96 The 2021 State Energy Strategy was produced by the Washington State of Department of Commerce as a
roadmap to meet the state’s greenhouse gas limits. View Chapter D, Buildings, of the Energy Strategy to
understand the proposed buildings decarbonization framework. https://www.commerce.wa.gov/growing-the-
economy/energy/2021-state-energy-strategy/.
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In December 2020, the Massachusetts Executive Office of Energy and Environmental Affairs,
released the Massachusetts 2050 Decarbonization Roadmap.” With more than 2 million
buildings in Massachusetts, decarbonizing commercial and residential buildings will require an
intervention in every home and commercial structure over the next 30 years.® The
Massachusetts roadmap lays out pathways to meet its overall goal of achieving net-zero
emissions while reducing emissions equitably and cost-effectively across the economy,
including the buildings sector. Massachusetts seeks to reduce GHG emissions 85 percent by
2050.

New York is also working on a building decarbonization policy. The state is developing the
Carbon Neutral Buildings Roadmap?® to address emissions from theirits buildings sector. The
New York roadmap is intended as a long-term planning tool to reduce emissions from the
state’s buildings sector and will include action steps. Ultimately, the roadmap is intended to
identify pathways to decarbonize New York’s building stock by 2050, and the final draft is
expected to be publicly available by-tate202%in 2022.

Quality Installation of Heating and Air--Conditioning Equipment

Since the 1990s, the CEC has recognized the need to improve the installation of space-heating
and air-conditioning equipment. Research has indicated that poor quality installation can lead
to the loss of 30—40 percent of the energy savings benefits of energy efficiency
improvementsi% and can compromise indoor air quality, comfort, and potentially health and
safety. The CEC has developed minimum quality installation standards to address important
installation problems in residentialbuildingshomes and has included requirements for meeting
those standards in the Energy Code, beginning in 2001 for newly constructed homes and in
2005 for equipment replacements in existing homes.

97 December 2020, Massachusetts 2050 Decarbonization Roadmap, released by the Massachusetts Executive
Office of Energy and Environmental Affairs, https://www.mass.gov/info-details/ma-decarbonization-
roadmap+#final-reports-.

98 The buildings figure is from Executive Summary of the December 2020 Buildings Sector Report: A Technical
Report of the Massachusetts 2050 Decarbonization Roadmap Study https://www.mass.gov/info-details/ma-
decarbonization-roadmap#final-reports-.

99 The Carbon Neutral Buildings Roadmap is scheduled for release late 2021. Visit the Carbon Neutral Buildings
webpage for policy material and other related information. https://www.nyserda.ny.gov/All-
Programs/Programs/Carbon-Neutral-Buildings.

100 John Proctor, Chris Neme, and Steve Nadel._February 1999. National Energy Savings Potential frerFrom
Addressing Residential HVAC Installation Problems—February-1999-, p. 16.
https://www.proctoreng.com/dnld/NationalEnergySavingsPotentialfromAddressingResidentialHVACInstallationProb
lems.pdf.
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Assembly Bill 2021 (Levine, Chapter 734, Statutes of 2006,-Chapter734) directed the CEC to
develop a plan to improve the energy efficiency and decrease the peak electricity demand of
air conditioners. In collaboration with the CPUC, the CEC formed a 45-member working group
of heating, ventilation, and air--conditioning (HVAC) professionals to prepare the plan. The
working group concluded:

“Failure to ensure quality installations or maintenance of cooling systems result in a 20
to 30 percent increase in the peak electricity needed by such systems to provide
customers with the cooling and comfort they demand on hot summer afternoons.”

“The lack of quality control is exacerbated by the failure of many contractors to pull
building permits and verify minimum quality installation when replacing air-conditioning
systems. 101

The working group concluded that only 10 percent of an estimated 350,000 residential
replacement installations per year are done with building permits, and only 15 percent of those
installations would meet CEC minimum quality installation standards. This level of peak savings
is comparable to the peak savings of 166 MW reported for Southern California Edison’s entire
energy efficiency program portfolio in 2006.

Several efforts were conducted to address these quality installation problems:

e Following Governor Arnold Schwarzenegger’s Executive Order S-20-04, the CEC entered
into a-Memeranrdum-of-Understandingan agreement with the Contractors State
Licensing Board (CSLB) to collaborate to improve the performance of licensed
contractors in their responsibility to comply with the Energy Code.

e The CPUC established a large industry collaborative, the Western Heating, Ventilation,
and Air Conditioning (HVAC) Performance Alliance to work on solutions. 102

e The investor-owned utility (IOU) Codes and Standards Program formed the
Construction Improvement Advisory Group that developed a series of white papers on
approaches to improve installation quality.!03

101 California Energy Commission._2008. Strategic Plan to Reduce the Energy Impact of Air Conditioners—2068-
P, bp. 5 and v. http://web.archive.org/web/20190228183210/https://www.energy.ca.gov/2008publications/CEC-
400-2008-010/CEC-400-2008-010.PDF.

102 California Public Utilities Commission. California Energy Efficiency Strategic Plan.: Codes and Standards Action
Plan, 2012-2015. https://www.cpuc.ca.gov/-/media/cpuc-
website/files/uploadedfiles/cpuc_public_website/content/utilities_and_industries/energy/energy_programs/deman
d_side_management/ee_and_energy_savings_assist/cs-actionplan-20140219.pdf.

103 Ibid.
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e The California Attorney General’s Office requested that IOUs mandate incentive
applications of high-efficiency HVAC equipment in existing homes require affirmation
that the installation had been done in accordance with all applicable permitting
requirements and, where applicable, by a licensed contractor.104

e The CEC emphasized quality installation in programs aimed at home HVAC
replacements using funding from the American Recovery and Reinvestment Act (ARRA),
requiring incented projects with incentives be completed by licensed contractors, to pull
permits and comply with the CEC's quality installation standards.

In 2017, DNV-GL, under contract to the CPUC, revisited the top-down estimates made by the
AB 2021 working group regarding the rate to which contractors pull permits when installing
HVAC units in existing homes. The comparable estimates made by that study were that 7.9
percent of about 1 million such installations in 2014 pulled permits for the project.19> This
estimated number of annual installations was triple the number from the AB 2021 working

group.

In recent years, the Legislature enacted two bills directly related to quality installation of
heating and air-conditioning equipment:

e Senate Bill 350 (De Ledn, Statutes of 2015, Chapter 547) directs the CEC to “adopt,
implement, and enforce a responsible contractor policy ... to ensure that retrofits meet
high-quality performance standards and reduce energy savings lost or foregone due to
poor-quality workmanship.” “"Adopt, implement, and enforce a responsible contractor
policy ... to ensure that retrofits meet high-quality performance standards and reduce
energy savings lost or foregone due to poor-quality workmanship.”

e Senate Bill 1414 (Wolk, Statutes of 2016, Chapter 678) directs the CEC to “promote
compliance with Part 6 of Title 24 of the California Code of Regulations in the
installation of central air-conditioning and heat pumps” and “adopt regulations to
increase compliance with permitting and inspection requirements for central air
conditioning and heat pumps, and associated sales and installations.”

Another major consequence of poor-quality installation of heating and air-conditioning
equipment is the failure of contractors to properly recapture the HFC-gas, or for older

104 CEC. March 14, 2014. Testimony to the Little Hoover Commission. Underground Economy: Contractors
Failure to Pull Permits for Residential HVAC Replacements:, p. 7.

105 Palmgren, Claire, Miriam Goldberg, Ph.D., Bob Ramirez, Craig Williamson, and DNV GL Energy Insights USA,
Inc. 2019. 2019 California Residential Appliance Saturation Study. California Energy Commission. Publication
Number: CEC-200-2021-005. https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.
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appliances predating HFCs — ozone-depleting hydrochlorofluorocarbon-gas (HCFC) —
refrigerant when the equipment is replaced. Commonly used refrigerants, HFCs and HCFCs,
are potent GHGs, with a warming effect that is hundreds to thousands of times more powerful
than COz. Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016) directs CARB to “achieve a
reduction in the statewide emissions of ... hydrofluorocarbon gases by 40 percent ... below
2013 levels by 2030.” CARB estimates that 80 percent of the refrigerant in heat pumps and air
conditioners is lost to the atmosphere at the end of life of the equipment (at replacement).106

In the past, quality installation problems have resulted in substantial lost energy savings and
peak-demand reductions for California. As the state advances building decarbonization, the
number of heat pumps will greatly increase. Consistent quality and code-compliant installation
is essential to accomplishing the full value of the expected energy savings, to properly
recapturing and recycling the refrigerant from replacement heat pumps and air conditioners,
and thus to aeeemplishaccomplishing the state’s commitment to achieve carbon-_neutrality.

On September 10, 2021, the CEC conducted a public workshop on actions needed to address
quality installation problems for residential replacement of heating and air-conditioning
equipment. The IEPR workshop supplements the record previously established in Docket 17-
EBP-01 for preparation of the SB 1414 Plan. The SB 1414 Plan is expected to be finalized in
20212022 with the following initial recommendations:

e Expand the authority, responsibility, and resources of the CSLB to identify and take
disciplinary action with higher consequences for (1) licensed contractors who fail to pull
permits and fail to meet CEC quality installation standards for heating and air-
conditioning projects and (2) other persons who complete such projects without a
license to do so.

e Require distributors to-enly sell heating and air-conditioning equipment only to licensed
contractors and report to the CEC the number of equipment units sold to each
purchaser.

e Work with manufacturers and distributors to ensure warranty registrations include the
permit number for the equipment installation and that-warranty claims require permits
to have been pulled for the installation.

e Require all permits record the license number of the installing contractor.

106 CARB. 2016. Galifornia's High Global Warming Potential Gases Emissions Inventory: Emission Inventory and
Technical Support Document., p.10, Table 2,5-10- https://www.arb.ca.gov/cc/inventory/doc/methods_00-
14/ghg_inventory_00-14_technical_support_document.pdf.
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e In coordination with CARB and the U.S. EPA, take action to ensure refrigerants are
properly recaptured and recycled upon equipment replacement.

e Consider alternatives to demonstrate compliance with the CEC's quality installation
standards, including participation in utility programs that verify quality installation,
verified use of remote quality control monitoring systems, and installation of fault
detection and notification equipment.

e Encourage simplification of building department permitting and inspection for heating
and air-conditioning system replacement installations, including online permitting and
remote inspections.

e Encourage training for contractors and technicians to properly meet quality installation
standards and refrigerant recapture and recycling procedures.

e Encourage consumer protection information regarding the benefits of quality- and code-
compliant installation be provided to persons for whom space heating and air-
conditioning is installed.

Comments from the California Energy Alliance recommend reconvening the stakeholders in the
SB 1414 proceeding to discuss this multipronged approach.9”

State and Federal Regulation of Refrigerants

HFC refrigerants are a major source of building GHG emissions. The California Building
Decarbonization Assessment found that HFC refrigerants contributed about 15 percent of
direct building emissions.1%8 As the state installs more heat pumps, the use of refrigerants will
increase and could lead to greater emissions if work is not done to use lower GWP refrigerants
and more effectively capture and recycle refrigerants at the end of their-useful life.

State Regulation

As noted above, SB 1383 requires CARB to reduce HFC emissions 40 percent below 2013
levels by 2030.109 H

e#trmes—mere—pewerftﬂ—thaﬂ—earben—ére*rde—Nearly 90 percent of HFC emissions in Callfornla

107 California Energy Alliance. Comments on Draft 2021 Integrated Energy Policy Report. TN 241038. Docket 21-
IEPR-06. https://efiling.energy.ca.gov/GetDocument.aspx?tn=241038.

108 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. PageCalifornia Building
Decarbonization Assessment, page 34.-Califernia-Building-Decarbenization-Assessment: CEC. Publication Number:
CEC-400-2021-006-CMF. https://www.energy.ca.gov/publications/2021/california-building-decarbonization-
assessment.

109 Senate Bill 1383 (Lara, Chapter 395, Statutes of 2016),
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201520160SB1383.
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come from HFC use as refrigerants.!19 With the increasing use of refrigerant-based equipment
to heat and cool buildings; and heat water, actions are needed to reduce HFC emissions. In
2017, CARB published the Short-Lived Climate Pollutant Reduction Strategy,'! which contains
recommendations to phasedown HFC supply, prohibit sales of very high GWP refrigerants,
provide incentives for climate-friendly refrigerant technologies, and prohibit sales of new
equipment that uses high-GWP refrigerants.

In 2017, CARB initiated a regulation to prohibit the use of certain HFCs in stationary
refrigeration and air conditioning, the HFC Regulation.!12 The FinalRevised-Regulation
Fextfinal revised regulation text and Final-Statementfinal statement of Reasensreasons were
submitted October 14, 2021.113 The proposed regulatory language would limit refrigerants with
a GWP less than 150 for stationary refrigeration systems containing more than 50 pounds of
refrigerant in new faeilitiesbuildings effective January 1, 2022. AdditienallyFurthermore, there
are GWP limits for refrigeration systems in existing food retail fa€ilitiesbuildings. The proposed
regulatory language would limit refrigerants to a GWP less than 750 in new residential and
nonresidential air conditioning equipment{the. (The HFC Regulation uses 100-year GWP
values based on the IPCC Fourth Assessment Reporty.) The air-—-conditioning measures would
be effective in:

e 2023 for new room air-conditioning equipment and dehumidifiers.
e 2025 for new residential and commercial stationary air-conditioning equipment.

e 2026 for air-conditioning equipment that is variable refrigerant flow or are variable
refrigerant volume systems.!14

110 CARB. October 2020. Public Hearing to Consider the Proposed Amendments to the Prohibitions on Use of
Certain Hydrofluorocarbons in Stationary Refrigeration, Chillers, Aerosols-Propellants, and Foam End-Uses
Regulation.
https://wwz2.arb.ca.gov/sites/default/files/barcu/regact/2020/hfc2020/isor.pdf?_ga=2.219140569.1510372616.16
34743827-787897627.1600907038.

111 CARB. March 2017. Short-Lived Climate Pollutant Reduction Strategy.
https://wwz2.arb.ca.gov/sites/default/files/2020-07/final_SLCP_strategy.pdf.

112 CARB. Prohibitions on Use of Certain Hydrofluorocarbons in Stationary Refrigeration, Chillers, Aerosols-
Propellants, and Foam End Uses Regulation. December 10, 2020.

https://ww2.arb.ca. gov/rulemakmg/2020/hfc2020

114 Heat pump system that can modulate the amount of refrigerant needed to cool or heat an area.
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The HFC Regulation also implements the Refrigerant Recovery, Recycle, and Reuse (R4)
Program. This new program requires air-conditioning manufacturers to use 10 percent
reclaimed refrigerant annually for 2023 and 2024. The regulation gives early action credit for
low-GWP refrigerant use implemented before the regulation deadlines. For variable refrigerant
flow systems, 15 percent of refrigerant use must be reclaimed in 2023 and 2024, increasing to
25 percent in 2025. The R4 Program also specifies the reclaim refrigerant quality, limiting the
amount of virgin refrigerant that can be added to 15 percent. CARB will work with
stakeholders to develop the R4 Program further, with the aim of expanding and catalyzing
national action.

Federal Regulation

The American Innovation and Manufacturing (AIM) Act of 2020,1!> enacted by Congress,
directs the U.S. EPA to address HFCs by providing new authorities in three main areas:

1) Phasing down production and consumption
2) Maximizing reclamation and minimizing releases from equipment

3) FaeilitatingEasing the transition to next-generation technologies through sector-based
restrictions

The HFC production and consumption phasedown follows a step-down schedule, starting at 90
percent of baseline in 2022 and reducing down to 15 percent in 2036. Figure 921 shows the
projected decrease of HFC supply with the phasedown compared to a business-as-usual HFC
supply without the AIM Act.

115 U.S. EPA. 2020. AIM Act. https://www.epa.gov/climate-hfcs-reduction/aim-act.
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Figure 21: U.S. HFC Supply Under the AIM Act — 20-Year Outlook
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The phasedown will be implemented through an allowance allocation and trading program.
The U.S. EPA has established the HFC production and consumption allowance caps from 2022
to 2036. The phasedown is expected to prevent 171 MMTCO2 emissions in 2036.116 Companies
that use HFCs to manufacture refrigeration and air-conditioning equipment may be affected by

the AIM Act The meaet—ef—phasedown en—reeever—aHd—Feelam—ametmts—eaa—be—seen—Frem—Hore

eest—e#Fe#ngFant—meFeases—w%ePrls expected as—lessto increase refrlgerant is—pfedueed—'Fhls
is-being-ebservedinrecovery and reclamation.

Figure 22 below shows the easecost per pound trend of previedsR-22, an ozone depleting

substance refrigerants,such-as R-22+"TFhere-wasan-upward-trend-of reclaimed R-22from
2000-to2008,1eadingup-tewhere a ban enin production was in effect starting in 2010. From

2010-te2020,there-There is a somewhatsteady-amount-ofreclaimedR-22-evenvisible cost

increase after 2011, presumably when the supply of R-22 decreased.

Figure 22: Historical Cost ($/pound) of R-22
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Source: CEC using data from Heating, Air-conditioning and Refrigeration Distributors International (HARDI)

116 U.S. EPA. September 2021. Final Rule — Phasedown of Hydrofluorocarbons: Establishing the Allowance
Allocation and Trading Program Under the American Innovation and Manufacturing (AIM) Act Fact Sheet.

September2021--https://www.epa.gov/system/files/documents/2021-09/hfc-allocation-rule-nprm-fact-sheet-
finalrule.pdf.
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There are no , ; S . ;
everdirect data on better refrigerant capture by HVAC technicians, but increased capture can
be concluded based on the value of refrigerant. These trends reflect the rext315-yearsfirst two
main areas of the AIM act, phasing down production and consumption and maximizing
reclamation and minimizing release from equipment of HFCs. These trends, along with the
development of low-emission technologies, will ease the transition away from HFC
refrigerants.

Research and Development

The CEC’s research and development programs fund innovation, enabling a safer, more
reliable, equitable, decarbonized, and affordable energy system. Building decarbonization is
one of the focus areas of the CEC’s EPIC and Natural Gas Research and Development
programs. Other areas include the entrepreneurial ecosystem, resiliency, health and safety,
grid decarbonization and decentralization, industrial and agricultural innovation, low--emission
transportation including electrification, and gas system decarbonization.

EPIC

EPIC was established by the CPUC in 2011 to fund research leading to technological
advancement and scientific breakthroughs supporting California’s clean energy goals, with a
focus on providing ratepayer benefits, including reliability, lower costs, and safety. The
program annually provides about $133 million in research and development funding.

To date, EPIC has provided substantial benefits to the state, including:
e Directing 65 percent of technology demonstration and deployment project funding to
research in, and benefiting, low-income or disadvantaged communities.
e Commercializing more than 34 technologies and related service companies.

e Contributing to the ability of companies funded by EPIC research to collectively receive
more than $2.2 billion in private investment and subsequent funding.

e Improving the effectiveness of energy-related codes and standards. Five such research
projects could lead to more than $1 billion in annual energy cost savings if adopted into
regulatory codes.

As of December 2020, roughly $194 million has been invested in building decarbonization
projects.11® This amount includes investments in new sustainable energy efficiency and
demand response technologies that improve the affordability, health, and comfort of homes

118 2020 EPIC Highlights. https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2021-029-SUM_1.pdf.
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| and businesses. These investments helped-te validate technology solutions that reduce
electricity use while increasing production of goods and products on which much of the world
relies.

Natural Gas Research and Development

The 2004 CPUC Decision 04-08-010 designated the CEC as the administrator for the Natural
Gas Research and Development Program. The CPUC allocates $24 million annually and defines
public interest gas research activities as those “directed towards developing science or
technology, and (1) the benefits of which accrue to California citizens, and (2) are not
adequately addressed by competitive or regulated entities.” The annual research funding
focuses on advancing technology innovation and scientific breakthroughs that enable the gas
sector to support California’s energy and environmental goals. One of the major objectives is
to drive large-scale customer adoption of efficient and low-carbon technology solutions for gas
end uses, especially for those that are difficult to electrify.

As of October 2020, about $55 million has been invested on building decarbonization novel
technologies to improve the energy efficiency, affordability, health, and comfort of California’s
homes and businesses.11?

Demand Flexibility

| Demand flexibility is a growing and critical component of building decarbonization. It allows-fer
maximization of renewable energy resources, alignment of energy demand with real-time
energy prices, and other beneficial grid services without disrupting customer needs. With
communications and automated control technologies, customers can shift electric services to
take advantage of cleaner and cheaper supplies without sacrificing comfort or quality of
service. Buildings and water can be precooled or preheated. Batteries and electric vehicles can
be charged on schedules that meet the needs of both consumer and grid. Consumers can set
dishwashing, laundry, and many other services to be automatically scheduled based on the
electricity cost or GHG content. Advanced meters, communications, and automation
technologies make this possible today. Across federal and state levels, work is ongoing to put
this strategy into action through standards, programs, and research and development in the
residential, commercial, industrial, and agricultural sectors.

| 119 CEC._2020. 2020 Natural Gas Research and Development Program, Annual Report, July 1, 2019 — June 30,
2020. https://www.energy.ca.gov/sites/default/files/2021-05/CEC-500-2020-073.pdf.
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Load Management Standards

The Warren-Alquist Act defines load management as “any utility program or activity that is
intended to reshape deliberately a utility's load duration curve” (Public Resources Code
Section 25132). Load management strategies, including those established by the CEC's first
load management standards, have been used to help balance the supply and demand of
energy in California since the 1970s. Today, existing load management resources are largely
met by utility incentive programs that reward customers for reducing demand when it is at a
peak. However, these programs are incapable of shifting loads to periods of high renewable
generation and, thus, are inadequate for supporting the carbon-free grid of the future.

Throughout 2020, CEC staff worked with the CPUC, California ISO, utilities, community choice
aggregators!20 (CCAs), automation service providers, equipment manufacturers, and other
stakeholders to identify the steps needed to increase demand flexibility statewide. In March
2021, the CEC released the Draft Staff Report: Analysis of Potential Amendments to the Load
Management Standards.?! This report recommended CEC amend the Load Management
Standards!?? to require the state’s five largest electric utility service territories in California —
Pacific Gas and Electric (PG&E), Southern California Edison (SCE), Los Angeles Department of
Water and Power (LADWP), Sacramento Municipal Utility District (SMUD), and San Diego Gas
& Electric (SDG&E) — and the CCAs operating within these service territories to:

1) Maintain the accuracy of existing and future time-varying rates in the publicly available
and machine-readable Market Informed Demand Automation Server (MIDAS) rate
database.'®

2) Implement a single statewide standard method for providing automation service
providers with access to their customers’ rate information.

3) Develop retail electricity rates that change at least hourly to reflect locational marginal
costs and submit those rates to the utility’s governing body for approval.

120 A CCAis a local, not-for-profit, public entity that determines energy sources for local electricity needs.

121 Herter, Karen and Gavin Situ. 2020. Analysis of Potential Amendments to the Load Management Standards:
Load Management Rulemaking. Docket Number 19-OIR-01. CEC. Publication Number: CEC-400-2021-003-SD.
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/2020-load-management-rulemaking.

122 Load Management-Standardsmanagement standards are cost-effective programs which result in improved
utility system efficiency, reduced or delayed need for new electrical capacity, reduced f(fossil}) fuel consumption,
and lower long-term economic and environmental costs to meet the State's electricity needs. (California Code of
Regulations, Title 20, Section 1621{[a}])

123 MIDAS database, https://midasapi.energy.ca.gov/.
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4) Integrate information about new time-varying rates and automation technologies into
existing customer education and outreach programs.

The proposed amendments intend to form the foundation for a statewide system of granular
time- and location-dependent signals that can be used by automation-enabled loads to provide
building owners and operators more control of their energy usage and real-time load flexibility
on the electric grid. In August 2021, the CEC published a limited version of the MIDAS, a
statewide real-time signaling system that can collect and share time-varying electricity rates,
California 1S©Independent System Operator (California ISO) Flex Alerts, and marginal GHG
emissions data and then share that information via a signal to utilities, aggregators, and

homeowners.124 Figure 23 presents a graphical representation of the proposed load
management signal framework.

Figure 23: Proposed Load Management Signal Framework
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This work will be further piloted and tested in the FlexHub studies of EPIC and will help form
the foundation for successful implementation of future flexible demand appliance standards.
Staff is collecting public feedback on MIDAS and aimsreleased proposed amendments to begin
the rulemaking-fer-load management standards in December 2021.

Flexible Demand Appliance Standards

Governor Gavin Newsom signed Senate Bill 49 (Skinner, Chapter 697, Statutes of 2019) in
October 2019, giving the CEC new authority to set flexible demand standards and labeling
requirements for appliances.!?> Flexible demand means the capability to schedule, shift, or
curtail the electrical demand of a load-serving entity’s (LSE’s) customer through direct action
by the end user, a third party, the LSE, or a grid-balancing authority, each with the consumer’s
consent. Since then, the CEC held a public workshop on approaches to develop successful and

125 Senate Bill 49. Skinner, Chapter 697, Statutes of 2019.
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB49.
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acceptable flexible demand appliance standards,2¢ submitted a request for information,2” and
published a staff report.128 The staff report proposes introducing flexible demand standards for
select groups of appliances in three phases beginning in late 2022 and ending in 2024 (Table
14). For the first phase, load shift potential (kilowatt-hours or kWh), ability to shed capacity
(megawatts or MW), and GHG avoidance metrics are included in the staff report for four
appliances.

Table 4: Proposed Initial Flexible Demand Appliance Standards — Implementation

Phases

Schedule Appliance
Phase 1 Thermostats
Phase 1 Pool Pump Controls
Phase 1 Consumer Dishwashers
Phase 1 Electric Clothes Dryers
Phase 2 Electric Water Heaters
Phase 2 Behind-the-Meter Batteries
Phase 3 Electric Vehicle Supply Equipment

Source: CEC staff

Using a phased approach, design standards will be required initially but are expandable. The
aim is to provide a foundation for future rulemakings to implement a performance approach as
technologies and test procedures are developed within industry. For example, preliminary
design standards can specify:

o Minimum timer functions as a direct action by the consumer.

« Automated price response capability as a direct action by a third party, LSE, or grid-
balancing authority.

« Scheduling features that provide consumers the ability to better control when
appliances use electricity.

126 December 14, 2020, CEC staff workshop on Flexible Demand Appliance Standards.
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/flexible-demand-appliances.

127 CEC._2021. Request for Information: Flexible Demand Appliances. 2621
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239571&DocumentContentId=73004.

128 Steffensen, Sean. 2020. Introduction to Flexible Demand Appliance Standards. California Energy Commission.
Publication Number: CEC-400-2020-013. https://efiling.energy.ca.gov/GetDocument.aspx?tn=235899.
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« Basic cybersecurity and communication features that protect the consumer and the
electric grid.

« Certification, labeling, and enforcement requirements to support the sales and leasing
prohibition for noncompliant appliances.

Appliances will be considered based on several criteria, including feasibility,+isk-ef pre-emption
orinacedrate-savingstechnical feasibility, load-shift potential, ability to provide capacity and
resiliency to the grid, innovation and market growth, equity, and synergy with state and CEC

policy.

California FlexHub

In 2021, the CEC launched the California FlexHub.2° The FlexHub was designed to conduct
research projects that would increase the use and market adoption of advanced,
interoperable, and flexible demand technologies and strategies. These flexible demand
technologies and strategies would provide enhanced grid-stabilizing energy resources by
modifying demand load based on grid and user needs while helping integrate intermittent
renewable energy generation such as wind. The FlexHub projects will not only develop,
demonstrate, and deploy advanced signal (GHG or price or both) responsive, interoperable,
and scalable technology solutions, but document the performance, economic and
environmental value, and customer acceptance to create technology pathways to market
adoption.

Residential Demand Flexibility

Electrifying buildings shifts end uses such as water heating and space heating away from gas
combustion equipment to electric alternatives. These additional demands for electricity may
add stress to the electric grid unless they are medulatedshifted to match the available energy
supply. Load management or demand flexibility can reduce consumer energy costs, reduce
GHG emissions, reduce the need to curtail renewable energy, and support grid resiliency when
optimized. Demand-flexibility--enabling technologies are needed to balance these end uses as
grid energy resources while cost-effectively operating to meet the-customer needs. Programs
such as OhmConnect’s OhmHour incentive program have successfully demonstrated that
homeowners are willing to shed or shift their load to times of day with less grid stress and
modify their demand if they are compensated for their efforts.130

129 California Load Flexibility Research and Development Hub (CalFlexHub) webpage, https://calflexhub.org/.

130 Duesterberg, Matt, and Lillian Mirviss. 2021. Reinventing Residential Electric Demand Response. California
Energy Commission. Publication Number: CEC-500-2021-019.
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Commercial Demand Flexibility

Commercial electricity loads are made up of mostly air conditioning, lighting, refrigeration, and
ventilation. Space heating, water heating, and cooking are usually fueled by gas and are large
contributors to energy demand. These end uses are prime targets to be electrified. With the
shift to commercial building electrification and operation occurring during the morning and
afternoon hours, commercial demand flexibility is critical to maintaining grid stability,
especially during the winter months when demand for space heating increases and availability
of renewable energy generation is lowest.

The Ideal Building: Efficient, Low Carbon, and Flexible

First-anrd-foremest, buildings must be comfortable, safe, and affordable environments in which
people live and work. Each of the decarbonization measures described here khavehas its own
merits — when combined, many of the measures support and amplify each other. Together,
they form a vision of an “ideal building” that-beth satisfies occupant energy needs and cost-
effectively minimizes environmental impact.

For example, efficient building envelopes and high-performance windows not only improve
comfort and reduce heating and cooling costs, but alse-increase the potential for valuable
automated load shift. Improving envelopes is a necessary first step to retrofitting the existing
building stock toward this ideal building vision since it reduces energy costs regardless of fuel.
An improved building envelope effectively creates additional thermal storage at no cost.
Installing technology that communicates and automates demand shift while prioritizing
customer needs can ensure that customers receive a share of the value they generate and
that the changes persist over the long-_term. Figures 124 and 1225 show examples of ideal
single-family and multifamily decarbonized residential buildings.

https://www.energy.ca.gov/publications/2021/reinventing-residential-demand-response-breaking-through-
barriers-gamification.
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Figure 24: Efficient, Low--Carbon, Flexible Single-Family Homes
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Figure 25: Efficient, Low--Carbon, Flexible Multifamily Homes
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Many of the key technologies necessary to achieve this vision are already available, and others
are in development (Figure +326). Most notably, smart thermostats allow automated load
shifting for space conditioning, and heat pump water heaters decarbonize fossil gas heating
loads and allow for intelligent scheduling without reducing customer hot water supply. Space
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heating and water heating are key building decarbonization concerns since fossil fuels continue
to be the dominant energy source for both.131

Figure 26: Demand Flexibility- (DF) Enabled Technology Availability
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Credit: Lawrence Berkeley National Lab, 2021. https://efiling.energy.ca.gov/getdocument.aspx?tn=239952.

Improving utility ability to accept the benefits of such buildings will be key both through
forward-looking grid planning tools and real-time system analytics and management.!32
FhisImproving utility acceptance of building benefits will require updates to utility resource
planning, rate structures, and billing systems. These changes in turn will require updates to
utility regulatory frameworks. The CEC and CPUC have already begun to address some of

131 FheRegulatery-AssistancePrejeet"The Reqgulatory Assistance Project.” 2021.
https://efiling.energy.ca.gov/getdocument.aspx?tn=239958.

132 Southern California Edison. 2021. Grid-Interactive Efficient Buildings.
https://efiling.energy.ca.gov/getdocument.aspx?tn=239953.
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these issues under the CEC’s Load Management Standards authority!33 and muttipleseveral
CPUC proceedings, 34 but research is ongoing to support the utility transition.!3> Applying
open-source and normalized metered energy savings measurement methodelogiesmethods
will also be necessary to compare technology and program performance betweeramong
utilities and climate zones.136

This vision of an ideal building in California shares many common goals with the U.S. DOE’s
work on A National Roadmap for Grid-Interactive Efficient Buildings.'3” Both California and the
federal government see significant potential value and environmental benefits through
combined implementation of building energy efficiency, grid interactivity, occupant-centric
automation, and cost-effective load flexibility. These measures —combined with a 100 percent
clean energy grid, electrification of fossil fuel combustion, and attention to the embodied
carbon of buildings — form the basis for the building decarbonization approach outlined in this
report.138 While California has historically been a leader in sustainable building and appliance
policy, the increasing support from the federal government and other jurisdictions (nationally
and globally) will accelerate adoption of this vision.

Decarbonization and Energy Efficiency Workforce

As California heads toward a clean energy future, the workforce making it happen is central to
success. Decision makers need information on what skillsets the current workforce provides,
what a future workforce will need, and how to achieve what is needed in the workforce to
support decarbonization.

133 CEC Load Management Rulemaking (19-OIR-01). https://www.energy.ca.gov/proceedings/energy-
commission-proceedings/2020-load-management-rulemaking.

134 CPUG;. 2021. IEPR Commissioner Workshop on Grid Interactive Efficient Buildings - Load Flexibility: Demand
Response Policies, Programs, and Initiatives. https://efiling.energy.ca.gov/getdocument.aspx?tn=239966.

135 State and Local Energy Efficiency Action Network. 2020. Determining Utility System Value of Demand
Flexibility from Grid-Interactive Efficient Buildings. Prepared by Tom Eckman, Tom, Lisa Schwartz, and Greg
Leventis, Lawrence Berkeley National Laboratory. https://emp.Ibl.gov/publications/determining-utility-system-
value.

136 Presentation by Carmen Best, "CEC-IEPR Building Decarbonization Workshop.” October 5, 2021, IEPR
workshop on Grid-Integrated Efficient Buildings. https://efiling.energy.ca.gov/getdocument.aspx?tn=239957.

137 U.S. DOE and LBNL. 2021. A National Roadmap for Grid-Interactive Efficient Buildings.
https://gebroadmap.lbl.gov/.

138 RML. 2021. The Value of Grid Interactive Efficient Buildings.
https://efiling.energy.ca.gov/getdocument.aspx?tn=239959.
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The Current Workforce and Training Environment

Decarbonizing California’s buildings will require a trained and locally available workforce.
Nationally, there was a 10 percent decline from 2019 to 2020 to 7.5 million workers-atthe-end
of2020 across the electric power generation, fuels, transmission, distribution, and storage,
energy efficiency, and motor vehicles sectors;-a—10-percent-decline-year-ever-year.13°
Employment in these sectors grew twice the rate of the general economy priertebefore the
pandemic, and investments in infrastructure may help restore growth, according to the report.
The_2020 California Energy and Employment report has found that the energy workforce is

roughly 800,000 people (Table 5) and receives around 34 percent higher wages compared to
other industries in the United States.140

Table 5: California Energy Jobs by Sector — 2019 and 2020

Sector 2019 2020
Employment Employment
Energy 323,529 283,839
Efficiency
Motor
Vehicles 221,077 191,315
Electric
Power 182,559 169,987
Generation
Transmission,
Distribution, 152,204 144,820
and Storage
Fuels 77,049 66,147

Source: National Association of State Energy Officials and BW Research

States—Enerqv—and—amlevmeﬁt—ReaeFt—" U. S DOE. “Unlted States Enerqv Workforce in 2020 A Snapshot of Key
Findings From the 2021 United States Energy and Employment Report.”
https://www.energy.gov/sites/default/files/2021-07/USEER%202021%20Key%20Findings.pdf.

140 BW Research. 2020. California Energy and Employment Report. Prepared for the CEC and CPUC.
https://www.energy.ca.gov/filebrowser/download/2272.
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The 2019 University of California, Los Angeles (UCLA), report on California Building
Decarbonization Workforce Needs and Recommendations'*! highlighted the differences in the
workforce for residential retrofitsf_and construction, as opposed to the large commercial,
multifamily, and institutional markets. The report showed residential jobs tend to be easier to
access but are also price-driven with high turnover rates, while the latter is unionized, well-
trained, and relatively stable. In public workshops, Randy Young from Sheet Metal Workers
stated that job opportunities are lacking in disadvantaged and underserved communities, 142
while the University of California, Davis (UC Davis), California Lighting Technology Center
noted the current workforce is getting older and choosing retirement over retraining.143

The 2019 UCLA study further found that decarbonizing and electrifying 100 percent of
California’s existing and new buildings by 2045 would result in a net increase of 64,200 to
104,100 jobs.1** The greatest increase in jobs is in the building retrofit and renewable energy
construction industries (59,200-100,200 jobs), whereas there is a small decrease of jobs in
the gas distribution (6,800-14,400) and labor-saving all-electric new construction (3,100-
3,600) industries.14>_The study also found that three out of five jobs would be in “high-road”
sectors — positions in which worker pay tends to increase with training and experience. These
high-road sectors are large commercial and municipal, university, school and hospital
construction, utility employment, and electricity construction and generation. The residential
construction sector is forecasted to eempesecomprise 40 to 47 percent of all construction jobs

141 Jones, Betony, Jason Karpman, Molly Chlebnikow, and Alexis Goggans. 2019. Galifornia Building
Decarbonization Workforce Needs and Recommendations. UCLA Luskin Center for Innovation.
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf.

142 Presentation by Randy Young, “Current and Future Workforce and Training Ecosystems.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization — Decarbonization and the Workforce, Session 3:
Decarbonization and Workforce transcript. https://efiling.energy.ca.gov/getdocument.aspx?tn=239943-3.

143 Presentation by Cori Jackson, “"Workforce Development Opportunities and Challenges Related to Building
Decarbonization.” July 13, 2021, IEPR Commissioner Workshop on Building Decarbonization, Session 3:
Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238818&DocumentContentld=72223.

144 Jones, Betony, Jason Karpman, Molly Chlebnikow, and Alexis Goggans. 2019. Galifornia Building
Decarbonization Workforce Needs and Recommendations. UCLA Lushkin Center for Innovation.
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf.

145 Ibid.
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created; thus, policy makers must ensure that jobs created by residential building
electrification follow high-road approaches.146

Like many industries, the energy sector was significantly impacted by the COVID-19 pandemic.
In 2020, energy sector jobs decreased by roughly 840,000 jobs or 10 percent from 2019 to
2020 across the United States, with energy efficiency losing the largest number of jobs across
the five major energy sectors. California alone lost 100,308 energy jobs and was second
behind Texas in the greatest number of energy jobs lost. (See Table 25 above for job losses
between 2019 and 2020.) Energy job losses were lower than other industries impacted by the
pandemic. The California Energy Employment report states that critical investments in
infrastructure can reignite job growth in the energy sector, which outpaced the overall
economy before the pandemic.

Future Workforce Needs

To achieve building decarbonization goals, California will need to have a trained workforce and
access for people living in disadvantaged communities and coming from low-income
households to be a part of that workforce. Rising Sun’s Julia Hatton commented that “green
jobs” must provide family-sustaining wages, benefits, career advancement, a voice for the
worker, safety, and accessibility. In addition, a successful workforce development program
must provide training, career services, case management (removing individual barriers,
referrals, housing, and so forth), and wrap-around services (such as stipends, mental health
care, and trauma-informed care).14’ High-quality jobs must also receive policy and program
support, which is part of Governor Newsom'’s vision for an equitable economic recovery. These
objectives describe what is often referred to as a Aigh-road job plan.

Supporting high-road jobs aligns goals for equity, job quality, and sustainability. It treats
economic growth, income and wealth equality, and environmental protections as
complementary, not contradictory, policies. Neha Bazaj from Emerald Cities Collaborative
stated not all jobs are created equal and jobs created to implement decarbonization policies

146 BW Research. 2020. Galifornia Energy and Employment Report. Prepared for CEC and CPUC,
https://www.energy.ca.gov/filebrowser/download/2272.

147 Presentation by Julia Hatton, “Rising Sun Center of Opportunity.” July 13, 2021, IEPR Commissioner
Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/getdocument.aspx?tn=238826.
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should be high-road jobs. This creation includes a focus on building diversity, improving labor
standards, offering contractor and worker training, and creating livable wages.148

Cori Jackson from the UC Davis Lighting and Technology Center identified that current
workforce challenges include new technology coupled with an aging workforce choosing
retirement over retraining, integrated systems that require cross-disciplinary knowledge, and
lack of computer, programming, and cybersecurity curriculum training within the building
trades.14

Neha Bazaj from Emerald Cities Collaborative stated that the residential construction sector
tends to be more low-road, meaning lower pay and fewer job protections, than the
commercial sector.150 However, residential construction jobs are forecasted to compose 4047
percent of all construction jobs created. Thus, policy makers must ensure that jobs created by
residential building electrification contain high-road pathways.

New Technology Training

Proper workforce training is essential to creating high-road careers and ensuring that
equipment is properly installed, and GHG emission reduction goals are achieved. The 2019
UCLA report found that construction work like installing new circuits, plumbing, ductwork,
appliances, and increasing electricity generation capacity for new electric demands will
constitute a large portion of the jobs generated through electrifying California’s building
stock.1>! The California Workforce Development Board (CWDB) stated that addressing the
quality of work performed and developing skill standards can build consumer confidence and

148 Presentation by Neha Bazaj, “Economic Inclusion in Residential Building Electrification.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238789&DocumentContentId=72194.

149 Presentation by Cori Jackson, “"Workforce Development Opportunities and Challenges Related to Building
Decarbonization.” July 13, 2021, IEPR Commissioner Workshop on Building Decarbonization, Session 3:
Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238818&DocumentContentld=72223.

150 Comments by Neha Bazaj with “Emerald Cities Collaborative”. July 13, 2021, IEPR Commissioner Workshop
on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/getdocument.aspx?tn=239943-3.

151 Jones, Betony, Jason Karpman, Molly Chlebnikow, and Alexis Goggans. 2019. Galifornia Building
Decarbonization Workforce Needs and Recommendations. UCLA Lushkin Center for Innovation.
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf.
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support market growth of new technologies.152 The CWDB referred to the California Advanced
Lighting Controls Training Program certification requirement for lighting control installation
projects as one example of standards that can help achieve energy and environmental goals.

Building decarbonization is also technology-heavy and will require manufacturing jobs to
produce new equipment.>3 The UCLA report found that additional specialized training is
needed for trades that are heavily involved in building decarbonization: electricians, sheet
metal and HVAC workers, and plumbers and pipefitters. The clean energy workforce of the
future will also need training on working with heat pumps, handling new low-GWP
refrigerants, and changing building practices.

Philip Jordan from BW Research highlighted that professionals require only short training
programs to install technologies like heat pumps and electric vehicle battery chargers.1>* A
professional HVAC technician can complete training in 3 days for the former technology, and a
certified electrician can complete 10-day online training for the latter technology. While
training in these new technologies is a relatively low burden for seasoned professionals,
pathways should also be created for workers outside these sectors.

Community-Focused Training

Economic transition looks different in all communities, and regional partnerships are necessary
to enable communities to develop solutions tailored to their needs. To promote this workforce
development, communities, workers, stakeholders, and contractors should be engaged early in
policy development for input and collaboration.!>> Engaging with community-based
organizations offers a-partaerpartners well-positioned to serve the specific needs of individuals
in their communities.1>6 When these frontline training organizations have formal agreements

152 Comment by Shrayas Jatkar of the California Workforce Development Board, moderator of workshop panel
K ini Current and Future Workforce and Training Ecosystem,”
July 12, 2021, IEPR Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and
Workforce. https://efiling.energy.ca.gov/GetDocument.aspx?tn=238791&DocumentContentId=72196.

153 Ibid.

154 Presentation by Philip Jordan, “Overall Projected Clean Energy Job Creation.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238791&DocumentContentld=72196.

155 Presentation by Neha Bazaj, “Economic Inclusion in Residential Building Electrification.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238789&DocumentContentld=72194.

156 Jones, Betony, Jason Karpman, Molly Chlebnikow, and Alexis Goggans. 2019. California Building
Decarbonization Workforce Needs and Recommendations. UCLA Lushkin Center for Innovation.
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf.
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with employers, agencies, and apprenticeship programs, better job training and placement
outcomes are achieved.

SMUD points to the “Earn and Learn” program as a model that brings training and awareness
to communities where workers can participate and benefit from upcoming job opportunities.
These types of programs combine learning in the workplace with paid wages, which allow
workers to gain relevant experience and develop skills and competencies that are needed to
reach building decarbonization goals.!>”

Diversity

Current clean energy workforce demographics fail to represent the diversity of the state.
According to the 2021 United States Energy Employment Report, 26 percent of workers in the
fuels sector were female compared to the national workforce average of 48 percent.!>8 In this
sector, 8 percent of workers were Black or African American compared to the national
workforce average of 13 percent.15® Women were underrepresented by varying degrees in all
energy sectors examined, and Black or African American workers were underrepresented in
three of the five sectors examined.160

Experts provided comments on how diversity can be improved in the building and clean energy
workforce. Possible actions to increase diversity include aggregating projects, specifically
focusing on the workforce within disadvantaged communities, improving gender diversity in
the building trades, and developing a database of small, minority- and women-owned
contractors.161 Other methods of increasing workforce diversity include exposing minority
workers to jobs in the energy sector.162 The California Community College system reflects
California’s diversity, has a strong presence in vocational trades, and can help increase

157 Sacramento Municipal Utility District comments on the July 13, 2021, IEPR Commissioner Workshop on
Building Decarbonization and Workforce. TN 239579. Docket 21-IEPR-06.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239579.

158 NASEO and EFI. 2021 U.S. Energy and Employment Report., p. 13.
https://www.energy.gov/sites/default/files/2021-07/USEER%202021%20Main%?20Body.pdf.

159 Ibid.
160 Ibid.

161 Presentation by Neha Bazaj, “Economic Inclusion in Residential Building Electrification.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce. Transcript
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238789&DocumentContentld=72194.

162 Jones, Betony, Jason Karpman, Molly Chlebnikow, and Alexis Goggans. 2019. Galifornia Building
Decarbonization Workforce Needs and Recommendations. UCLA Luskin Center for Innovation.
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/11/California_Building_Decarbonization.pdf.
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equitable access to employment. The Public Policy Institute of California’s 2021 report
Improving Career Education Pathways into California’s Workforce found that Black and Latino
students, younger students, and men are less likely to complete a college credential. It also
found that few students complete a second credential after reenrolling at a community
college.1®3 These findings suggest that additional support needs to be provided to
disadvantaged groups and students seeking to complete a stackable credential.

Getting to an Expanded, Just, Equitable, and Well-Trained Workforce

To get to a clean energy workforce that is diverse, is well-trained, receives a living wage, and
includes communities traditionally excluded from participation, California could take potential
actions presented in recent research and shared by panelists and commenters at the IEPR
workshop on Decarbonization and Workforce, such as:

e Bringing in a more diverse set of workers to fill in for the currently aging workforce.

e Partnering with minority-serving institutions, vocational and technical schools, K-12
schools and school districts, and other community-based organizations that can inform
and codevelop workforce development and diversity strategies in local communities.164

e Developing contractor standards that require outreach and hiring from disadvantaged
communities, enact policies that protect contractors and unions paying workers living
wages, and continue apprenticeship programs to ensure workers develop necessary
skills — suggested by Randy Young from Sheet Metal Workers.16>

e Providing career and mentoring opportunities to new entrants to the energy workforce
and incumbent workers so they have guidance as they start their career and can

163 McConville, S., S. Bohn, B. Brooks, and M. Dadgar. 2021. Improving Career Education Pathways fptelnto
California’s Workforce. Public Policy Institute of California. https://www.ppic.org/wp-content/uploads/improving-
career-education-pathways-into-californias-workforce-july-2021.pdf.

164 NASEO. Energy Sector Workforce Diversity, Access, Inclusion, and the Policy Case for Investment:
Recommendations for State Energy Office Action. https://www.naseo.org/Data/Sites/1/documents/tk-
news/workforce-diversity-report_final2%5B2%5D. pdf.

165 Presentation by Randy Young, “Current and Future Workforce and Training Ecosystems.” July 13, 2021, IEPR
Commissioner Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238787&BecumentContentldDoc//umentContentId=72192.
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maximize their potential, as demonstrated by Rising Sun during its IEPR workshop
presentation. 166

e Close collaboration among the state, associations of community-based organizations,
labor unions, utilities, and community colleges is necessary to create energy sector
pathway opportunities and minimize job losses due to decarbonization.¢”

e Relevant agencies should set terms and conditions on loans, grants, and investments to
promote positive labor market outcomes and create public benefits, according to
Shrayas Jatkar from CWDB. 168

e Engaging unions, local building trades councils, and Labor Management Cooperation
Committees to develop high-road jobs and minimize job loss.6°

e Establishing workforce standards for programs and policies.!”°

o ConditioningCondition rebates and incentives for electrification on skill standards or
responsible contractor criteria to attract high-performing contractors, ensure work
quality, and prevent wage and labor law violations common in the residential
construction market.”!

e The state should guide investments to small businesses in underserved communities as
part of workforce development efforts. This will ensure that all communities can
participate and benefit from the economic growth of building decarbonization, according
to SMUD.172

166 Presentation by Julia Hatton, “Rising Sun Center of Opportunity.” July 13, 2021, IEPR Commissioner
Workshop on Building Decarbonization, Session 3: Decarbonization and Workforce.
https://efiling.energy.ca.gov/getdocument.aspx?th=238826.

Rising Sun is a California nonprofit working on climate resilience and economic equity in the Bay Area and San
Joaquin County. https://risingsunopp.org/.

167 Jones, B., J. Karpman, M. Chlebnikow, and A. Goggans. 2019. California Building Decarbonization.: Workforce
Needs and Recommendations.

168 July 13, 2021, IEPR Commissioner Workshop on Building Decarbonization — Decarbonization and the
Workforce, Session 3 transcript. https://efiling.energy.ca.gov/getdocument.aspx?tn=239943-3.

169 Jones, B., J. Karpman, M. Chlebnikow, and A. Goggans. 2019 California Building Decarbonization: Workforce
Needs and Recommendations. https://innovation.luskin.ucla.edu/wp-
content/uploads/2019/11/California_Building_Decarbonization-Executive_Summary-1.pdf.

170 Ibid.
171 Ibid.

172 SMUD comments on the July 13, 2021, IEPR Commissioner Workshop on Building Decarbonization and
Workforce. TN 239579. Docket 21-IEPR-06. https://efiling.energy.ca.gov/GetDocument.aspx?tn=239579.
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The California Energy Alliance expressed support for these actions. In comments submitted to
the IEPR docket, they stated, “...[I]ncreased funding for workforce training and education
focused on just transition and community-focused clean energy jobs is greatly needed as well
as increased resources and training for compliance and enforcement staff. Increasing support
for quality installation, as called for in the high-road jobs plan, and enforcement of workforce
standards will lead to improved energy savings as identified in the Quality Installation of
Heating and Air Conditioning Equipment section.””3

173 California Energy Alliance. Comments on Draft 2021 Integrated Energy Policy Report. TN 241038. Docket 21-
IEPR-06. https://efiling.energy.ca.gov/GetDocument.aspx?tn=241038.
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CHAPTER 3:
Residential and Commercial Building
Decarbonization

Residential and commercial buildings are responsible for about a quarter of greenhouse gas
(GHG) emissions in the state.1’4 Fossil gas is widely used in both sectors and presents a major
obstacle in reducing GHG emissions as the GHG intensity of the electricity system continues to
drop. To help inform deployment at the scale needed to achieve deep GHG emission
reductions, this chapter reviews:

e The current equipment landscape.

e The costs of decarbonizing existing buildings and constructing new buildings.
e Energy affordability challenges.

e Ongoing research and development.

e Challenges experienced in the equipment supply chain and manufacturers and
distributors.

Decarbonization in Residential Buildings

The residential sector in California accounts for 6.1 percent of GHG emissions, 17>
predominantly from space and water heating. To double energy efficiency savings by 2030
and reach midcentury climate goals, major changes in the type of equipment installed and
used in homes are needed. The 2021 California Building Decarbonization Assessment shows
that mass deployment of heat pumps for space and water heating is required for deep GHG
reductions.”® Fable-3Table 6 compares average rates of emissions and costs for a selection of
end uses.

174 CARB. 2020-2019 GHG Inventory webpage. https://ww2.arb.ca.gov/ghg-inventory-data.
175 1Ibid.

176 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. California Energy Commission. Publication Number: CEC-400-2021-006-CMF.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311.
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Table 6: Estimated Electrification Equipment Emissions and Costs

Category/ Up-
Nameplate | Annual Annual Front
( Fuel :r‘g::ta o Energy Emissions | Operating A :J_i;rf‘r%nt
pereet |Ep__g_ Factors (Ibs. CO2) Costs PP
saturation) Costs
Cooking
Gas Range/Oven (60) SK/BIt?J'Sk 245-292 |  $32-439 | $1000 - $2000
Elec. Radiant Cook
Top/Oven (28) 1900 W 156 - 282 $59 - $93 $700 - $900
Elec. Induction Cook
Top/Oven (no data) 1476 W 157 - 282 $45 - $72 $2000 - $3200
Clothes Drying
Gas Dryer (36) 3.48 CEF 292 - 408 $39 - $55 $700 - $1000
Electric Dryer (32) 3.93 CEF 49 -61 $127 - $157 $800 - $1000
Heat Pump Dryer ) ) )
(no data) 5.2 CEF 17 - 18 $45 - $47 $1300 - $1750
Central HVAC
Gas Furnace (63) 96 AFUE 12'13?5?6' $157 4315 | $2800 - $4600
Air Conditioner, ) ) )
Split 3.5 ton (70) 18 SEER 90 - 100 $235 - $260 | $3300 - $4300
Heat Pump, 18 SEER ) ) )
Split 3.7 ton (0) 10 HSPF 48 - 103 $125 - $267 | $5500 - $6100
Water Heating
Gas Storage (65) 0.73 UEF 2?:402069' $324 - $402 | $800 - $1000
Electric Storage (9) 0.93 UEF 404 - 531 | $1049 - $1380 | $510 - $830
Heat Pump Storage 3.45 - ) ) $1,500 -
(no data) 3.75 UEF 82-119 $213 - $309 $1,700

Notes: Yp-FrentUpfront costs for Central HVAC include installation.

Sources: PereentCEC staff compiled using percentage saturation from 2019 RASS—Anntdat and annual

emissions from U.S. EPA GHG Equivalencies Calculator.

odit- CEC ctaff e "
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Gas Equipment Saturation

As of the 2019 Residential Appliance Saturation Study (RASS),1’7 gas consumption in homes is
59 percent water heating, 32 percent space heating, and 5 percent cooking (Figure $427).178
The remaining home gas appliances account for around 4 percent of total gas use, which
includes clothes dryers, fireplaces, and pool or spa heaters.

Figure 27: 2019 Residential Gas End Use Unit Energy Consumption

Pools, Spas, Misc. Dryer
2% B 2%
Cooking _

5%

Space Heating-

0,
32% _Water Heating

59%

Source: DNV GL Energy Insights USA, Inc. 2020. CEC, RASS.

The most common gas appliances are also the largest consumers of gas. A complete
breakdown of gas use and equipment penetration across single-family, multifamily, and mobile
homes is shown in Table 47.

177 The California Residential Appliance Saturation Study (RASS) is a comprehensive study of residential sector
energy use. The California Home Energy Survey is the primary data source for the RASS. For more information,
see https://www.energy.ca.gov/data-reports/surveys/2019-residential-appliance-saturation-study.

178 Palmgren, Claire, Miriam Goldberg, Ph.D., Bob Ramirez, Craig Williamson, and DNV GL Energy Insights USA,
Inc. 2019. 2019 California Residential Appliance Saturation Study. California Energy Commission. Publication
Number: CEC-200-2021-005. https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.
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Table 7: Gas Unit Energy Consumption (UEC) and Appliance Saturation by Dwelling

Type
Single-Family Multifamily Mobile Home
Single- | Saturation of Multifamil Saturation of Mobile Home Saturation of
Family Homes UEC y Homes UEC Homes
UEC withWith Gas withWith Gas withWith Gas
Data Data Data
Household Total UEC 443 17,269 241 2,999 300 338
homes homes homes
Primary Heat 191 83% 67 63% 136 73%
Auxiliary Heat 59 2% 43 3% 37 <1%
Water Heating 260 94% 252 69% 257 85%
Solar Water Heat 184 <1% 166 0% 174 <1%
Dryer 12 53% 18 28% 17 35%
Range/Oven 25 77% 23 71% 20 82%
Pool Heating 163 5% 178 1% 181 1%
Spa Heating 38 8% 28 1% 38 <1%
Miscellaneous 17 12% 18 6% 27 5%
Household Total UEC
for All Homes with Gas 434 226 324
Service

Source: DNV GL Energy Insights USA, Inc. 2020. CEC, RASS.

The RASS estimated that statewide, 77 percent of homes use gas for heating, 86 percent use
gas for water heating, and 75 percent use gas for cooking. Looking at the type of home, gas
use is about 200 therms higher in single-family homes than multifamily units. The biggest
contributor to this difference comes from lower gas use for space heating in multifamily units.
Another difference is gas water heating, which is 25 percent higher in single- versus
multifamily homes (94 percent single-family to 69 percent multifamily). However, a substantial
number of apartments and condominiums lack individual water heating. These two differences
highlight the nuanced approached to decarbonization that must be taken when dealing with
single-family versus multifamily homes. Mobile homes fall in between single-family and
multifamily units in terms of gas equipment saturation and use. Regardless of subsector, the
same primary end uses must be addressed: space heating, water heating, and cooking.

One challenge decarbonization programs face today is the customer preference for tankless
gas water heating. Utility programs show that well over 50 percent of water heater
changeouts are from tank to tankless gas. The tankless gas water heaters have an effective
useful life of around 20 years. Less than 1 percent of gas equipment switched to electric
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during the 2019 program cycle.1”® The opportunity to convert gas tank water heaters to
electric is still present as the RASS shows more than 71 percent of single-family and 37
percent of multifamily homes have tank water heaters.

Electric Equipment Saturation

Homes in California consume electricity across dozens of different end uses. Most consumption
powers refrigeration and freezers (25 percent), air conditioning (13 percent), lighting (10
percent), and computers, televisions, and office equipment (8 percent) as shown in Figure
1528. There are also differences between single-family and multifamily homes in energy
usage. The 2019 RASS estimated single-family homes consume more electricity than other
residences. Some of the common appliances that drive this increase are space heating, air
conditioning, and water heating.

Figure 28: 2019 Electricity Usage by End Use
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21% ‘ 9
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Laundry _
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Source: DNV GL Energy Insights USA, Inc. 2020. CEC, RASS.

179 DNV GL and NMR Group Inc. on behalf of the CPUC. 2019. Impact Evaluation of Water Heating Measures
Residential Sector — Program Year 20109.
http://calmac.org/publications/CPUC_Group_A_Report_Water_Heating_PY_2019_Final_CALMAC.pdf.
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Today, homes have low penetration of electric water heating (6 percent) and heat pump space
conditioning (4 percent), and fewer than half of homes have electric cooking (47 percent). The
2019 RASS also showed that primary electric space heating saturations in single-family and
multifamily homes have changed very little compared to the 2003 and 2009 studies, although
the penetration of electric space heating becomes greater the larger the size of the multifamily
building. Electric water heating saturation decreased slightly from the 2003 and 2009
studystudies. Electric dryer saturation increased slightly for single family and multifamily
homes. Electric range and oven saturation increased as well although more noticeably in the
multifamily homes.

The RASS reported that the age of central air conditioners varies, but more than 50 percent
are 9 years or older. This finding presents a decarbonization opportunity if the replacement of
these units coincides with electrification of space heating as well.

Costs of Residential Decarbonization

To reach midcentury climate goals, both newly constructed buildings and existing buildings
need to take advantage of efficient electric equipment. The California Building Decarbonization
Assessment estimated the marginal abatement cost!® for various electrification measures of
new and existing buildings of -$17 for heating, ventilation, and air conditioning (HVAC); $96
for water heating; and $592 for other appliances in the moderate electrification scenario.18!
These values support the environmental and societal benefits of pursuing electrification. Within
newly constructed buildings, there are potential cost savings to builders and buyers by going
all-electric. Building retrofit costs will vary because of the diversity of the building stock and
climate zones.

New Construction

In developing the 2022 Energy Code heat pump measures, the California Energy Commission
(CEC) found that heat pump space-conditioning and water-heating equipment cost less than
the equivalent gas equipment in single-family homes.!82 Table 58 summarizes the cost

180 Marginal abatement cost measures the costs and savings of reducing, in this case, carbon dioxide equivalent
(CO2e) emissions.

181 Marginal abatement costs include the annualized incremental technology costs over the life of the equipment
and the operational fuel costs (or savings) of using the equipment.

Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building Decarbonization
Assessment. CEC. Publication Number: CEC-400-2021-006-CMF.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311.

182 CEC. 2022 Energy Code Update Rulemaking. July 2021. Docket 21-BSTD-01.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=238850&DocumentContentld=72258.
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comparison over a 30-year period. The table does not include costs that are constant across
the base case and proposed scenario, such as refrigerant piping, ducting, and maintenance.
The costs also do not include labor for system installation. Labor costs for installing two
systems such as an air-conditioning system and a gas-fired furnace would likely be greater
than installing a single heat pump system.

Table 8: Average Per Home Costs for HVAC System

Air Conditioner Heat Incremental
Item withWith Gas P Cost for Heat
ump

Furnace Pump
HVAC Equipment $2,582 $2,275 ($307)
Gas Piping $200 $0 ($200)
Flue and Pad $350 $0 ($350)
Electrical circuits $0 $150 $150
Replacement $2,050 $2,275 $225
Total $5,182 $4,700 ($482)

Note: Single-Zene-Air-Conditiorerzone air conditioner with GasFurrace-Comparedgas furnace
compared to Single-ZereHeatPump—New-Censtructionsingle-zone heat pump — new construction
Source: CEC

These costs include data from distributors of different brands of space-conditioning
equipment.183 Across the three brands, the proposed heat pump space-conditioning system
ranged from $125 to $441 less than the baseline of installing an air conditioner with gas
furnace. Costs not applicable to heat pump systems include gas piping to the appliance and an
exhaust flue from the appliance. The cost of gas piping is assumed at $200 per gas appliance,
and flue costs are $350 per home, based on conservative estimates collected through
interviews with mechanical contractors and designers.184 Heat pumps require an additional
240-volt, 20-amp circuit for electric resistance backup at an estimated $150 cost.

For single-family domestic water heating, CEC analysis shows that a heat pump water heater
(HPWH) is less expensive over a 30-year period than instantaneous gas water heating.18>

183 Cost data for three brands for which there was information for a 14 SEER air conditioner with 0.80 AFUE
furnace were used as the baseline system, excluding cost data for higher-efficiency furnaces. The proposed
system was a single-zone 14 SEER, 8.2 HSPF heat pump system.

184 Ibid.
185 City of Palo Alto 2019 Title 24 Energy Reach Code Cost Effectiveness Analysis

Equipment costs were updated with 2021 Home Depot and supplyhouse.com data. Supplyhouse.com webpage,
https://www.supplyhouse.com/.
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Though water heater equipment and replacement costs for the HPWH are greater, savings for
installation, exhaust flue, and maintenance result in a total cost savings of $1861,178.
Instantaneous gas water heaters require regular chemical flushing every two years to remove
mineral buildup and cleaning of inducer fan motors at an estimated cost of $205 per
occurrence. HPWHs do not require maintenance from a professional service provider. Table 69
summarizes the costs for the base case instantaneous gas water heater and proposed HPWH
over a 30-year analysis period.

Table 9: Average Per Home Costs for Domestic Hot Water System
Instantaneous Incremental
Item Gas Water HPWH Cost of
Heater HPWH
Water Heater $1,306 $1,370 $64
Installation $1,017 $945 ($72)
Gas Piping $200 $0 ($200)
Flue $313 $0 ($313)
Electrical $331 $500 $169
Replacement $1,162 $2,315 $1,153
Maintenance $1,979 $0 ($1,979)
Total $6,308 $5,130 ($1,178)

Note: Instantaneous Gas-WaterHeater-Compared-to-HeatPump-Water

Heatergas water heater compared to heat pump water heater
Source: CEC staff

Analysis done in support of the utility codes and standards program found the cost of a new
single-family, all-electric home is $3,000 to $30,000 less that for than a mixed-fuel home.186
Most of the cost savings are due to avoided gas infrastructure. Similarly, a 2019 Studystudy
found that the capital costs to build all-electric single-family homes are several thousand
dollars less expensive than mixed-fuel homes. The capital costs per unit to build all-electric
multifamily buildings were also several thousand dollars cheaper everywhere except in Climate
Zone 3 (San Francisco).187

186 Prepared by Frontier Energy for the PG&E Codes and Standards Program. 2849-Energy-Efficieney-Ordinance
Cost-Effectiveness-Study:tew-Rise-Residential-August 2019. p:2019 Energy Efficiency Ordinance Cost-
Effectiveness Study: Low-Rise Residential, p. 16. https://efiling.energy.ca.gov/GetDocument.aspx?tn=234020-
6&DocumentContentld=66846.

187 E3._April 2019. Residential Building Electrification in California: Consumer Economics, Greenhouse Gases and

Grid Impacts. Apri-2819--https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf.
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Cost savings in multifamily buildings are more complex but may yield substantial savings when
compared with traditional mixed-fuel buildings.188 Analysis done for the IOU Codes and
Standards program indicates the lifetime costs for all-electric new multifamily units are
negative; thus, they are cheaper to operate than a mixed-fuel unit.18

Multifamily buildings were also evaluated as part of the 2022 Energy Code development for
heat pump measures.!?: Table 710 summarizes the HVAC system total installed cost per
dwelling unit in @ multifamily building and compares a split system air conditioner paired with
a gas furnace against different types of heat pump systems. The analysis was done for
multiple building pretetypestypes. The installed cost includes the equipment and materials,
labor, and soft costs such as overhead, markup, design, and permitting costs.

Heat pump systems are less expensive to install than the baseline split--system air conditioner
with gas furnace, both due to lower equipment cost as well as lower labor costs. This is
because the baseline system includes two separate devices, a split DX cooling system and a
gas-fired furnace heating system, whereas the proposed system is a single system that
provides both cooling and heating. AdditienallyFurthermore, unlike single-family residential
buildingshomes, there are limitations to where a gas furnace can be placed in multifamily
buildings due to constraints on open combustion devices and the need for venting. Therefore,
the installation costs for a both gas furnace and air conditioner are higher in multifamily
buildings than in single—-family. The baseline system costs account for gas piping to the gas
furnace, whereas the single--zone heat pump system costs account for additional electrical
capacity. The gas piping costs are for gas pipelines from the building main meter to individual
gas furnaces serving each dwelling unit and do not include cost savings from eliminating the
gas infrastructure to the building.

For all scenarios modeled, the proposed heat pump system costs less than the baseline split
system air conditioner with gas furnace.

188 Prepared by Frontier Energy for the PG&E Codes and Standards Program. August 2019. 2019 Energy
Efficiency Ordinance Cost-Effectiveness Study: Low-Rise Residentiak, p. 16.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=234020-6&DocumentContentld=66846.

189 Ibid.

190 CEC._May 2021. 2022 Energy Code Update Rulemaking. May-202+—-Docket 21-BSTD-01.
https://efiling.energy.ca.gov/GetDocument.aspx?tn=237692&DocumentContentId=70915.
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Table 10: Average Per Dwelling Unit Installed Costs for HVAC System: Split System

Air Conditioner withWith Gas Furnace Compared to Heat Pump

Installed Cost —

Installed Cost —
Proposed Heat

Flow Heat Pump

Building . .
Proto Tvpe Baselme_ Split Pump _Syste_m Incremen_tal Cos_t
—YBe, System with Gas Described in per Dwelling Unit
Heat Pump Type ot
Furnace Building
Pretetypelype
2-story Garden Style,
Single-Zone Heat $20,750 $14,018 ($6,732)
Pump
3-story Loaded
Corridor, Single-Zone $22,516 $16,368 ($6,118)
Heat pump
5-story Mixed Use,
Single-Zone Heat $22,405 $15,371 ($7,034)
Pump
10-story Mixed Use,
Single-Zone Heat $22,435 $15,304 ($7,131)
Pump
5-story Mixed Use,
Ductless Mini-split $22,405 $19,802 ($2,604)
Heat Pump
10-Story Mixed Use,
Ductless Mini-split $22,435 $19,102 ($3,332)
Heat Pump
5-story Mixed Use,
Variable Refrigerant $22,405 $17,606 ($4,800)
Flow Heat Pump
10-story Mixed Use,
Variable Refrigerant $22,435 $17,008 ($5,427)

Source: CEC

Existing Building Retrofits

The costs of retrofitting existing homes can vary greatly depending on the scale of the retrofit

and barriers to electrification. There are four levels of effort to consider when planning a
retrofit: equipment, building infrastructure, distribution system, and operating costs.
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1. Low- or zero-emission equipment: Installation of equipment includes costs for new
zero-emissions appliance(s), required ducting or system material, labor, permitting, and
disposal fees.

2. Building infrastructure: Building infrastructure upgrades include costs for service
panel replacement, new wiring and material, plumbing, structure, and permitting. These
upgrade costs are contingent on the panel capacity to accommodate added load from
converted fessi-fuelgas equipment to electric. One CPUC study showed that at least 65
percent of existing buildings would need some type of infrastructure upgrade (wiring,
plumbing, or electrical panel upgrades) to install a heat pump water heater. Further, 90
percent of building owners indicated that they would make such a ekarge-eutchangeout
only when existing equipment failed or was near the end of life.1°!

Existing homes built before 1990 may require structural rehabilitation or weatherization
measures before installing new low- or zero-carbon equipment. The costs vary
according to building type and vintage and equipment choices.

Most homes built priertebefore 1990 have service panels with 100-amp capacity or
smaller that may need to be replaced. Research conducted on behalf of the CPUC found
that nearly 20 percent of heat pump water heater projects funded by investor-owned
utility (I0U) incentives required electric panel upgrades.19? AdditionatlyMoreover, nearly
65 percent of projects incurred additional costs for wiring and plumbing. According to
SMUD, fuel switehingsubstitution of a storage water heater from gas to electric adds
about $500 due-tebecause of added wiring and installing a condensate drain.193 The
costs to rewire an entire single-family home range between $500 and $2,200 based on
variables such as labor, permitting requirements, and materials.1%4

However, space--conditioning heat pump systems are a different situation. A heat pump
system can provide space heating and cooling to a home. The highest—efficiency
systems include demand-flexible controls that conserve energy for customers and

191 Sadhasivan, Getachew, Trapp, Abraham. 2021. Impact Evaluation of Water Heating Measures — Residential
Sector- Program Year 2019. CPUC. CALMAC ID: CPU0233.01, p. 9.
http://www.calmac.org/publications/CPUC_Group_A_Report_Water_Heating_PY_2019_Final_CALMAC.pdf.

192 DNV and NMR Group Inc. on behalf of the CPUC. 2019. Impact Evaluation of Water Heating Measures —
Residential Sector — Program Year 2019.
http://calmac.org/publications/CPUC_Group_A_Report_Water_Heating_PY_2019_Final_CALMAC.pdf.

193 "SMUD Residential Electrification Projects Costs.” September 2020.
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=19-DECARB-01.

194 Cutrona, Salvatore. “Electrical Wiring Cost.” March 2021. Home Advisor.
https://www.homeadvisor.com/cost/electrical/install-electrical-wiring-or-panel/.
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provide grid benefits. Thus, it provides an overall cost advantage of about $3,0001%
when compared to replacing a combined gas furnace and split air-conditioning systems.

In cases where building infrastructure upgrades are required, this cost advantage would
diminish substantially. Average service panel upgrades costs range from $2,744 and
$4,256 throughout California.1? Replacing service panels requires relocating old circuits
to the new panel before it is energized. It can also take weeks before the utility is
available to come and switch the supply from the old panel to the new one, forcing
consumers to possibly choose between timeliness and reducing GHG emissions. All
these factors contribute to making infrastructure a barrier to all-electric conversion.

3. Distribution system: Electrical distribution upgrades include costs for electrical
hardware, wiring, and material across distribution circuits. As the electric grid
undergoes transformation from a centralized, fossil-fuel-powered system toward a grid
that is dynamic with zero-emissions, the distribution system will require investment in
upgraded equipment. Historically, the cost of equipment upgrades to the distribution
system are passed through to customers as part of their retail electricity rate. As
residential zero-emissions retrofits drive an increase in on-site electrical appliances,
retail rates will reflect the system upgrades required to support these load changes.
These distribution upgrades become necessary investments to promote a zero-
emissions future. The CEC noted the potential for infrastructure and rate cost impacts in
the California Building Decarbonization Assessment. “The significant increases in
demand caused by building decarbonization will likely necessitate additional investment
in distribution and transmission infrastructure compared to what is already planned for
the base load forecast. For transmission costs, avoided capacity costs developed for the
avoided cost calculator were used. These provide a cost per kilowatt (kW) of load
growth that can be applied to demand forecast scenarios to estimate incremental
revenue requirements. 1%’

4. Operating costs: The cost of operating the new equipment must also be considered
by the consumer. Replacing gas equipment for electric equivalents may result in

195 E3. April 2019. Residential Building Electrification in California: Consumer Economics, Greenhouse Gases, and
Grid Impacts. https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf.

196 Ibid.

197 Kenney, Michael, Nicholas Janusch, Ingrid Neumann, and Mike Jaske. 2021. California Building
Decarbonization Assessment. CEC. Publication Number: CEC-400-2021-006-CMF. Chapter 4, “Electricity Price
Impacts,” p. 78. https://efiling.energy.ca.gov/GetDocument.aspx?tn=239311.
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increased utility bills. As discussed in Chapter 1, electricity rates are expected to
increase moving forward, which adds to this concern.

Decarbonization for Low-Income Households

Low-income households face additional barriers to decarbonization compared to middle- and
high-income households. These barriers include greater energy burden,?8 poorer housing
conditions, lack of access to capital, potential lack of access to programs, and lack of control of
the decision if they rent. Together, these barriers create a high bar that must be reached to
participate in decarbonization_activities.

Energy Burden

Low-income residents face a growing energy burden, that is, a significant portion of their
income goes to energy costs:, which can lead to energy insecurity.!®® Nearly one in three
United States households face some form of energy insecurity, or risk of disconnection.2%
Figure 1629 breaks down the energy burden in California counties as of 2018, highlighting that
inland and rural areas see higher rates of burden. The 2019 Annual Affordability Report®!
found that roughly 11.2 percent of low-income households in California spend more than 35
percent of their disposable income on bundled services — electricity, gas, water, and
communications services combined.202 The report also found that areas with the highest
service costs tend to have relatively low incomes. The map below shows the average energy
burden across California counties. While this_map does not show the impacts to low-income
communities within a given county, it is clear the inland and mountainous portions of the state
have higher energy burden than the coastal regions. Even within coastal communities,

the energy burden experienced by low-income households is often three times greater than
non-low-income households.

198 Energy burden refers to the percentage of household income spent on energy costs.
199 Energy insecurity refers to an inability to adequately meet basic household energy needs.

200 Berry, Chip, Carolyn Hronis, and Maggie Woodward. “One in Three U.S Households Faces a Challenge in
Meeting Energy Needs.” Energy Information Administration. 2018.
https://www.eia.gov/todayinenergy/detail.php?id=37072.

201 Jain, Ankit, Bridget Sieren-Smith, Jefferson Hancock, Jeremy Ho, and Wylen Lai. 2019 Annual Affordability
Report. April 2021. https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/reports/2019-annual-
affordability-report.pdf.

202 Low-income households are defined as households at the twentieth percentile of the regional income
distribution. The twentieth percentile was selected for analysis in this report because it represents households
that are low-income, but do not qualify for assistance programs like the California Alternate Rates for Energy
(CARE) program.
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Figure 29: 2018 Energy Burden in California Counties
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Source: Low-Income Energy Affordability Data Tool Map Export.
https://www.energy.gov/eere/slsc/maps/lead-tool.

Future iterations of the California Public Utilities Commission’s (CPUC's) Annual Affordability
Report will investigate the extent to which assistance programs such as the California
Alternate Rates for Energy (CARE) and Family Electric Rate Assistance (FERA) programs are
being used effectively in areas where low-income households spend a high portion of their
disposable income on essential services. The report also encourages the CPUC to use the
affordability metrics of the report to identify regions for targeted assistance, as well as the
previously identified disadvantaged communities.
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Further, CPUC staff at the CPUC'’s Rates and En Banc Hearing on June 10, 2021, estimated
annual energy increases of 3.5 to 4.7 percent for 2021-2030.293 This financial picture shows
the challenge of low-income households to pay for rent, buy groceries, pay bills, let alone to
invest in energy-saving measures. Further, moderate- or middle-income residents do not
necessarily have disposable income to invest in energy projects. Decarbonization policy and
financing solutions must recognize the financial constraints households face.

Research and Development

The CEC is funding research and development projects in residential buildings that focus on
improving their efficiency and reducing GHG emissions. These projects include advancing
building envelope technologies, improving the efficiency of major energy using systems, and
using low-global-warming potential refrigerants in mechanical systems.

o Improving building envelopes: This research aims to advance envelope measures
to minimize technology and implementation costs while reducing heating and cooling
energy use and costs for building occupants. One such project is researching the
benefits of triple-pane windows in retrefit-situationsretrofits that can reduce energy use
and increase comfort for occupants of multifamily and single-family homes.2%4

e Advancing energy efficiency: Research has focused on implementing and
demonstrating technologies or combinations of technologies to maximize energy
savings and cost-effectiveness and reduce greenhouse gas emissions. Examples include
evaluating cost-effective bundles of efficiency measures for existing low-income
multifamily homes2% and testing next-generation air-conditioning systems tailored to
California’s climate.20®

e Demonstrating use of low-GWP refrigerants: Reducing hydrofluorocarbon (HFC)
emissions is essential for the success of building decarbonization. Current commonly
used refrigerants, such as R-410A or R-134a, have global warming potentials of 2,088
and 1,410, respectively based on the IPCC's Fourth Assessment Report. One research

203 Jain, Ankit, Bridget Sieren-Smith, Jefferson Hancock, Jeremy Ho, and Wylen Lai. April 2021. 2019 Annual
Affordability Report. https://www.cpuc.ca.gov/-/media/cpuc-website/industries-and-topics/reports/2019-annual-
affordability-report.pdf.

204 EPC-19-033, https://www.energy.ca.gov/filebrowser/download/730.
205 EPC-15-053, https://www.energizeinnovation.fund.

206 EPC-14-021, https://www.energizeinnovation.fund.
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project is testing low-GWP ammonia and carbon-dioxide-based heat pumps in
multifamily and small commercial spaces.?%”

Reducing fossil gas use: The CEC is also funding projects to reduce gas use in
buildings through use of solar thermal technologies or measures to improve operational
efficiencies, especially in buildings with central plants.

Testing and demonstrating novel electric technologies: Most HVAC and water-
heating systems in beth-single-family and multifamily residential buildings use gas.
Research projects have focused on solutions that reduce the cost of deployment of
decarbonization measures. Examples include large-capacity central heat pump water
heaters,2%® combination HVAC and water heating systems, and improved air-to-air heat
pumps with high-efficiency heat exchangers that use low-GWP refrigerants.20?

Low-income and disadvantaged communities: The CEC's research program
supports several efforts to address some of the challenges of decarbonizing the low-
income housing sector. These efforts include overcoming the need for panel upgrades
to achieve electrification of HVAC and water-heating systems, maintaining or improving
occupant comfort, and ensuring housing and energy services are affordable. For
instance, one research project is demonstrating advanced envelope and efficiency
improvements in all-electric manufactured homes that are fire-resistant and will meet or
exceed the state’s Title 24 requirements.21° The finished home will be installed in a low-
income or disadvantaged community. Another project is demonstrating use of 120-volt
electric HVAC heat pumps and large-capacity carbon dioxide water heaters that avoided
having to upgrade electric panels in a multifamily complex located in a disadvantaged
community.?!!

Decarbonization in Commercial Buildings

The commercial sector?? in California contributes 7 percent of GHG emissions.213 The major

sources of GHG emissions are water heating, space heating, and cooking. The greatest

207 EPC-19-014, https://www.energizeinnovation.fund.

208 EPC-19-030, https://www.energy.ca.gov/filebrowser/download/723.

209 EPC-18-019, https://www.energizeinnovation.fund.

210 EPC-19-043, https://www.energy.ca.gov/filebrowser/download/732.

211 EPC-15-053, https://www.energizeinnovation.fund.

212 For thepurpeses-of-thethis report, the definition of commercialincludes hotels and motels.
213 CARB GHG Emissions Inventory webpage, https://ww2.arb.ca.gov/ghg-inventory-data.
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opportunity for decarbonization comes from electrifying those end uses, as well as introducing
lower-GWP refrigerants. Large offices and retail spaces are the greatest consumers of
electricity (32 percent), while restaurants and hospitals account for 38 percent of gas use. The
most recent data for energy use in the commercial sector is the 2006 Commercial End Use
Survey.21* The next iteration of this survey finishes data collection this year, and the final
report is expected in 2022.

Gas Equipment Landscape

Gas use in commercial buildings is split mostly among space heating (36 percent), water
heating (32 percent), and cooking (23 percent). The diversity of this sector means that there
are many other processes that may also use gas. However, these processes account for about
6 percent of commercial gas consumption.

Figure 30: Commercial Gas Consumption by End Use
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Source: CEC, Commercial End Use Survey

The commercial sector uses water heaters of varying sizes, which makes substitution for
electric water heaters more challenging. Heat pump water heaters capable of meeting the

| 214 CEC._2006. Commercial End Use Survey. 2006. https://www.energy.ca.gov/data-reports/surveys/california-
commercial-end-use-survey.
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needs of commercial buildings are available but have not reached significant market
penetration.

Electric Equipment Landscape

Electricity use in commercial buildings is dominated by interior lighting (29 percent), air
conditioning (15 percent), refrigeration (13 percent), and ventilation (12 percent), which
together make up about 59 percent of usage. Similar to gas end uses in this sector, there are
numerous end uses 