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Abstract 
This study evaluates the consumer economics, greenhouse gas savings and grid impacts of electrification in 

residential low-rise buildings across six representative homes type in six climate zones in California. 

Consumer economics are evaluated in three ways, by comparing: 1) upfront installed capital costs, 2) energy 

bills, and 3) lifecycle savings between gas-fired and electric technologies.   

Prior research has suggested that electrification of buildings is likely to be a lower-cost greenhouse gas (GHG) 

mitigation strategy over the long-term than a heavy reliance on renewable natural gas. This study takes a 

closer look at the near-term consumer economics of building electrification than prior work, considering 

both commonly available and best-in-class electric equipment options, as well as expected near-term 

increases in electric and natural gas.  

We confirm that the electrification of buildings represents an important opportunity to reduce greenhouse 

gas emissions from buildings both in the near term and long term, and can lead to consumer capital cost 

savings, bills savings, and lifecycle savings in many circumstances. The most promising near-term 

opportunities for consumer cost savings among low-rise residential building electrification options can be 

found in all-electric new construction, and high efficiency air source heat pumps in homes where air 

conditioning can be replaced with heat pumps.  

However, for electrification retrofits to succeed at scale, the market for building electrification technologies 

should be further developed in California. Ensuring contractors understand best-practices during scoping 

and installation of heat pump equipment will be critical to the long-term success of an electrification market 

in California. Likewise, international markets in Europe and Japan offer a wider range of high-efficiency 

electric technologies to choose from than are available in the United States. Finally, California should 

encourage the development of άǊŜǘǊƻŦƛǘ ǊŜŀŘȅέ ƘŜŀǘ ǇǳƳǇ ǿŀǘŜǊ ƘŜŀǘŜǊǎ ŀƴŘ I±!/ ǎȅǎǘŜƳǎ to provide 

consumers with more low-cost and high efficiency electric choices.  

This report is available to download at: https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf   

 

https://www.ethree.com/wp-content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf
https://www.ethree.com/wp-content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf


  

  
 

© 2019 Energy and Environmental Economics, Inc. 

 

Acronyms 

AEO  Annual Energy Outlook 

AFUE  Annual Fuel Utilization Efficiency 

AHRI  Air-Conditioning, Heating, and Refrigeration Institute 

ASHP  Air-Source Heat Pump 

CAISO  California Independent System Operator 

CARB  California Air Resources Board 

CCA  Community Choice Aggregator 

CEC  California Energy Commission 

CFC  Chlorofluorocarbon 

CO2  Carbon Dioxide 

CO2eq  Carbon Dioxide Equivalent 

COP  Coefficient of Performance 

CPUC  California Public Utilities Commission 

DHW  Domestic Hot Water 

DOE  Department of Energy 

DOF  Department of Finance 

DSHP  Ducted Split Heat Pump 

EE  Energy Efficiency 

EER  Energy Efficiency Ratio 

EF  Energy Factor 

GHG  Greenhouse Gas 

GRC  General Rate Case 

GWh  Gigawatt-hour 

GWP  Global Warming Potential 

HCFC  Hydrochlorofluorocarbon 

HFC  Hydrofluorocarbon 

HPWH  Heat Pump Water Heater 



 

 
 

 

HRMF  High-Rise Multifamily 

HSPF  Heating Seasonal Performance Factor 

HVAC  Heating, Ventilation, and Air Conditioning 

IOU  Investor-Owned Utility 

kWh  Kilowatt hour 

LADWP  Los Angeles Department of Water and Power 

LPG  Liquefied Petroleum Gas 

LRMF  Low-Rise Multifamily 

LSE  Load Serving Entity 

MMBtu  Million BTU 

MSHP  Mini Split Heat Pump 

NGO  Non-Governmental Organization 

NREL  National Renewable Energy Laboratory 

PG&E  Pacific Gas and Electric 

PTHP  Packaged Terminal Heat Pump 

RASS  Residential Appliance Saturation Survey 

RNG  Renewable Natural Gas 

RPS  Renewable Portfolio Standard 

SB  Senate Bill 

SCE  Southern California Edison 

SCG  Southern California Gas Company 

SEER  Seasonal Energy Efficiency Ratio 

SF  Single Family 

SMUD  Sacramento Municipal Utility District 

TOU  Time-Of-Use 

UEF  Uniform Energy Factor 

VRF  Variable Refrigerant Flow 

ZEV  Zero-Emissions Vehicle 



  

  
 

© 2019 Energy and Environmental Economics, Inc. 

 

  
  





  

i | P a g e 
 

© 2019 Energy and Environmental Economics, Inc. 
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ES Executive Summary and 
Recommendations 

Study Overview 

Greenhouse gas (GHG) emissions attributable to buildings in California currently represent about a 

ǉǳŀǊǘŜǊ όнр҈ύ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎΦ1 Lƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭ ƻŦ ŀƴ ŜŎƻƴƻƳȅ-

wide 40% GHG reduction by 2030, greenhouse gas emissions from buildings will need to fall by 40% or 

more over the next decade.2 CǳǊǘƘŜǊƳƻǊŜΣ ǘƻ ǊŜŀŎƘ /ŀƭƛŦƻǊƴƛŀΩǎ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ Ǝƻŀƭ ōȅ нлпрΣ ƘƛƎƘ ƭŜǾŜƭǎ 

of building electrification are likely to be required.3  

In 2018, E3 evaluated several long-term energy and climate scenarios for the California Energy 

Commission (CEC), assessing how California could achieve its 2050 climate goals. That analysis suggested 

that electrification of buildings is likely to be a lower-cost GHG mitigation strategy over the long-term than 

a heavy reliance on renewable natural gas (RNG), given current trends in the industry.  The 2018 study 

suggested that building electrification could be a lower cost carbon mitigation option than other 

alternatives. However, the study did not include a detailed assessment of the customer economics of 

building electrification, or of the market barriers and opportunities for electrification. This study addresses 

these issues.  

                                                           
1 E3 estimate based on data from the California Greenhouse Gas Emission Inventory and the California PATHWAYS model.  
2 See Mahone et al. (2018) 
3 The 2018 Intergovernmental Panel on Climate Change report shows a dramatic increase in the levels of building electrification between 2030 and 
нлрл ƛƴ ǘƘŜ ǎŎŜƴŀǊƛƻǎ ǘƘŀǘ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ /ŀƭƛŦƻǊƴƛŀΩǎ ŎŀǊōƻƴ ƴŜǳǘǊŀƭ ŎƭƛƳŀǘŜ Ǝƻŀƭ όƭƛƳƛǘƛƴƎ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǘƻ мΦр ŘŜƎǊŜes Celsius). See Figure 2.22 
in Rogelj et al. (2018)  
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The study was jointly funded by Southern California Edison (SCE), Sacramento Municipal Utility District 

(SMUD), and the Los Angeles Department of Water and Power (LADWP). Energy and Environmental 

Economics, Inc. (E3) is the lead author of the study and completed the economic analysis. Frontier Energy 

developed the electrification technology specifications and performed the building simulations of the 

electric- and natural gas-fueled homes. AECOM developed the installed capital cost estimates for the 

natural gas and electrification technologies in each home type, including the costs of building retrofits, 

labor and other installation costs. Point Energy Innovations served as an advisor to the study and helped 

evaluate the current market for electric heat pump technologies. 

Methodology & Assumptions 

This study evaluates the consumer costs and benefits of several types of electric air source heat pumps 

for space heating and cooling (HVAC), heat pump water heaters, electric and induction stoves, as well as 

electric and heat pump clothes dryers. Each of these electric technologies are compared individually to a 

natural gas alternative. In addition, all-electric new construction is evaluated relative to a mixed-fuel new 

construction home, as well as a άretrofit packageέ, where the gas furnace, gas water heater and air 

conditioner are replaced with electric heat pump options.  

The study evaluates electrification in two building types: single family homes and low-rise multifamily 

homes. It considers three vintages for each home type: pre-1978 vintage homes that are assumed to 

require electric panel upgrades, 1990s vintage homes, and new construction ŎƻƳǇƭȅƛƴƎ ǿƛǘƘ /ŀƭƛŦƻǊƴƛŀΩǎ 

2019 Title 24 building code. New construction homes are assumed to install the same size rooftop solar 

panel in both the gas baseline and all-electric home, and as a result the rooftop solar has a relatively minor 

impact on the relative bill savings between these two options. In the retrofit homes, we sought to compare 

comparable levels of thermal comfort in both the gas and electric HVAC alternatives. As a result, the 

existing gas-fired homes evaluated in the study are assumed to either already have, or be retrofitted to 
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include, air conditioning to provide a like-for-like comparison to the heat pumps, which also provide both 

heating and air conditioning.  

Building simulations used bw9[Ωǎ .ŜhǇǘ ǎƻŦǘǿŀǊŜ ŀƴŘ ǘƘŜ 5h9Ωǎ 9ƴŜǊƎȅtƭǳǎ ǎƛƳǳƭŀǘƛƻƴ ŜƴƎƛƴŜ. The single 

family and low-rise multifamily building prototypes are from the Californƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ Title 24 

energy code. The six building types are simulated with both a natural gas baseline and an electric option 

across six California climate zones. These factors combined resulted in 72 unique building simulations.  

The six climate zones modeled in this study include: San Francisco (CZ3), San Jose (CZ4), Sacramento 

(CZ12), Coastal Los Angeles (CZ06), Downtown Los Angeles (CZ09) and Riverside (CZ10). These regions 

cover many of the growing population centers of the state and, combined, directly represent 51% of the 

ǎǘŀǘŜΩǎ households. Another 36% ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƘƻǳǎŜƘƻƭŘǎ ŀǊŜ ŦƻǳƴŘ ƛƴ ǎƛƳƛƭŀǊ ŎƭƛƳŀǘŜ ȊƻƴŜǎ ǘƻ ǘƘƻǎŜ 

studied. The remaining 13҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƘƻǳǎŜƘƻƭŘs are in northern, mountainous, or desert climates 

that are not well covered by the study area.  

The installed capital costs for both gas and electric technologies were developed by an experienced 

building technology cost-estimator, using a combination of the cost-ŜǎǘƛƳŀǘƻǊΩǎ ƳŀǊƪŜǘ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ 

public sources of equipment costs. This study sought to overcome many of the shortcomings in publicly 

available electrification technology datasets by creating an internally consistent and detailed cost build-

up, reflecting regionally-specific labor costs and contractor mark-ups, as well as the installation and 

permitting costs of retrofits and new construction for both gas-fired and electric end uses.  

The bill savings analysis is based on a forecast of residential natural gas and electric retail rates under a 

άŎǳǊǊŜƴǘ ǇƻƭƛŎȅέ ƻǊ άǊŜŦŜǊŜƴŎŜέ ŦƻǊŜŎŀǎǘΦ The upfront capital cost estimates and the future bill savings are 

used to calculate the lifecycle savings of electric options, over the expected useful lifetime of the 

equipment or the building. For more details on the study methodology, see Chapter 2.  
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This study does not assume any incentives for gas or electric equipment, nor do we assume any market 

transformation of the California building electrification market. As such, this analysis represents our best 

ƎǳŜǎǎ ŀǘ ǘƘŜ άŎǳǊǊŜƴǘ ƳŀǊƪŜǘέ ŎƻƴŘƛǘƛƻƴǎ for low-rise residential electrification. In the future, capital costs 

or installation costs for equipment may change, higher efficiency equipment may become available, and 

ōƻǘƘ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ŜƭŜŎǘǊƛŎ ǊŀǘŜǎ Ƴŀȅ ŎƘŀƴƎŜ ŘǊŀƳŀǘƛŎŀƭƭȅ ŦǊƻƳ ǘƘŜ άǊŜŦŜǊŜƴŎŜ ŎŀǎŜέ ŦƻǊŜŎŀǎǘ ŜǎǘƛƳŀǘŜŘ 

here. The California building market is changing rapidly, and future policies that are currently under 

development, such as the implementation of SB 1477, could have a large impact on the cost-effectiveness 

results shown here.  

Key Findings 

GREENHOUSE GAS SAVINGS 

Electrification of buildings τ switching from fossil fuels to electricity use for space heating, water heating, 

cooking, and clothes drying τ represents an important strategy to reduce greenhouse gas emissions. In 

California, the electricity mix is already relatively clean and renewableΣ ŀƴŘ ōȅ нлпрΣ млл҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ 

retail electricity sales will be met with zero-carbon resources (per SB 100)4. This means that using 

electricity to power our homes already reduces carbon emissions relative to direct-use of natural gas, and 

these carbon savings will increase over time as the grid become cleaner.  

Electrification is found to reduce total greenhouse gas emissions in single family homes by ~30% ς 60% in 

2020, relative to a natural gas-fueled home. As the carbon intensity of the grid decreases over time, these 

savings are estimated to increase to ~80% ς 90% by 2050, including the impacts of upstream methane 

leakage and refrigerant gas leakage from air conditioners and heat pumps. If the state succeeds in 

                                                           
4 The details of implementing and interpreting SB 100 have not yet been clarified by the state. In this analysis, we interpret the definition of SB 100 to 
require about 96% zero-carbon generation by 2050, which allows over 100% of RPS-qualifying retail sales to be met with zero-carbon generation.  
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achieving a completely decarbonized grid by 2045, the GHG savings would be even larger in 2050. The 

absolute level of greenhouse gas savings in buildings depends on the size of the home, the quality of the 

building shell (which is generally better in newer homes), and the climate zone where the home is located. 

Figure 1-1 illustrates the expected greenhouse gas emissions savings from an all-electric single family 

home in Sacramento in 2020, 2030 and 2050, compared to a mixed fuel home, assuming no change in the 

eŦŦƛŎƛŜƴŎȅ ƻŦ ǘƻŘŀȅΩǎ ŎƻƳƳƻƴƭȅ ŀǾŀƛƭŀōƭŜ electric and natural gas end uses.  The largest source of 

greenhouse gas savings comes from eliminating on-site combustion of natural gas. Emissions from 

ŜƭŜŎǘǊƛŎƛǘȅ ŘŜŎǊŜŀǎŜ ƻǾŜǊ ǘƛƳŜ ŘǳŜ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ ȊŜǊƻ-carbon generation goals. The increase in GHG 

emissions from refrigerant leakage associated with heat pumps in the all-electric home is relatively small, 

since the mixed-fuel home uses a conventional air conditioner, which also results in GHG emissions from 

leaked refrigerant gases. Natural gas leakage is also assumed to decrease over time as well.  
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Figure 1-1: Annual GHG emissions from a mixed-fuel and all-electric 1990s vintage home in Sacramento 

 
Electricity emissions are based on the High Electrification scenario consistent with SB 100; see the greenhouse gas methodology section for more 
details. The 2030 and 2050 bars assume that the next generation of low-GWP refrigerants are used in all applicable heat pump systems modeled, 
including air conditioners, HVAC heat pumps, heat pump water heaters, and heat pump clothes dryers. We do not estimate refrigerant leakage from 
refrigerators and freezers, but these fugitive emissions would be the same in both electric and natural gas homes. We assume that by 2030, fugitive 
methane emissions are reduced by 40%, as mandated by the CARB Short-Lived Climate Pollutant Strategy and as previously set as a goal by the Obama 
administration. We based our calculations of fugitive refrigerant emissions on CARB data as described further in Appendix C. 
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Table 1-1: Greenhouse gas savings achieved across all-vintages of the all-electric homes, annual % reduction relative 

to the natural gas-fueled homes 

 2020 2030 2050 

Single family 33%-56% 52%-72% 76%-88% 

Low-rise multifamily 25%-46% 49%-65% 74%-85% 

Percentages show the percent reduction of GHG emissions achieved in an all-electric home relative to a natural gas-fueled home. Ranges 
represent the spread across climate zones and across vintages. Homes without AC in the mixed fuel case (new construction in climate zone 3) are 
excluded. 

GRID IMPACTS  

In California today, the grid is a summer peaking system, with peak electricity demand driven by 

residential and commercial air conditioning. This means that the summer peak load is used to plan system-

wide capacity additions and investments. Residential building electrification (as well as commercial 

electrification, though not studied here), will lead to an increase in winter electricity demand across all 

climate zones. This study suggests that even in a relatively high residential building electrification future, 

buildingǎΩ contribution to statewide winter electricity demand is likely to remain lower than the residential 

summer peak demand levels, at least under typical weather year conditions.  

In general, building electrification will contribute to a better utilization (higher load factor) of the bulk 

power grid. The regional and distribution-level grid impacts may have more localized impacts. For 

example, in regions without large air conditioning loads, such as San Francisco, the addition of electric 

heating loads could trigger a new winter-peak demand period, necessitating local distribution grid 

upgrades. Grid planners will need to monitor these local trends.  
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BUILDING ELECTRIFICATION CONSUMER COSTS AND SAVINGS 

Near-term low-rise residential building electrification opportunities  

All-electric new construction is one of the most promising near-term applications for building electrification 

efforts. All-electric new construction is expected to be lower cost than gas-fueled new construction homes 

in homes that have air conditioning, resulting in lifecycle savings of $130 - $540/year. These findings are 

based on commonly available technology, without incentives or intervening policies. 

Retrofits to electric air source heat pumps for space heating and cooling represent another near-term 

savings opportunity in existing homes that have air conditioning. High capital costs of electric heat pump 

retrofits in existing homes are often perceived as a barrier to electrification, but this assumption was not 

borne out for homes that are otherwise already upgrading the air conditioning system. While HVAC systems 

are highly capital-intensive in general, in most cases we found capital cost savings when replacing the 

combination of an air conditioner and a gas furnace with a standalone heat pump HVAC unit. Further, 87% 

of the simulated single family retrofit  homes (all of which are assumed to have air conditioning) see lifecycle 

savings from switching from a gas furnace and air conditioner to an electric heat pump HVAC system.  

Near-term electrification barriers and market transformation needs 

While electrification can be lower cost in many cases, the incremental upfront capital costs can be higher 

for electrification when retrofitting the HVAC system in older homes that lack air conditioning. This is 

because air source heat pumps provide both air conditioning and space heating; when compared to just a 

gas furnace the cost of the heat pump is often higher. In general, Californians could benefit from having 

access to a broader range of high-efficiency, lower-cost heat pump options, including those available in 

international markets such as Japan and Europe, but which lack a UL listing in the United States.  
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Another retrofit challenge is that older homes can require an electrical panel upgrade to support new electric 

loads. Electrical panel upgrades can add $2,000 - $4,000 in capital costs for some older homes that lack 200-

amp electrical panels, although these are not expected to be required for the majority of existing homes. 

Furthermore, older homes that require electrical panel upgrades will represent a decreasing proportion of 

the housing stock over time as buildings are renovated or as panels are upgraded for other purposes, such 

as to add electric vehicle charging, rooftop solar or to add rooms or auxiliary dwelling units to an existing 

home. The development of low-ŀƳǇŜǊŀƎŜ άǊŜǘǊƻŦƛǘ ǊŜŀŘȅέ ƘŜŀǘ ǇǳƳǇ ƻǇǘƛƻƴǎΣ ŀƴŘ lower cost solutions to 

the standard electrical panel upgrade package represent important areas for market transformation.  

This study also evaluates the consumer economics of heat pump water heaters, electric stoves and electric 

clothes dryers. Heat pump water heaters are currently more expensive than conventional gas storage water 

heaters found in many existing homes but are comparable in cost to tankless gas water heaters which have 

become the norm in new construction and in home renovations. Heat pump water heaters have mixed 

results for lifecycle costs but can generate lifecycle savings when water heater retrofits are combined with 

heat pump HVAC retrofits. Electric stoves and clothes dryers are not found to generate lifecycle savings for 

ŎǳǎǘƻƳŜǊǎ ǳƴŘŜǊ ǘƻŘŀȅΩǎ ǊŀǘŜǎ in most cases and represent end-uses that may benefit from different electric 

rate designs, or from a longer-term market transformation effort.  

Figure 1-2 summarizes the bill savings results across all six climate zones for the simulated pre-1978 and 

1990s vintage ƘƻƳŜǎ ǿƛǘƘ ǘƘŜ άǊŜǘǊƻŦƛǘ ǇŀŎƪŀƎŜέΣ ǊŜǇƭŀŎƛƴƎ ōƻǘƘ ǘƘŜ I±!/ ǎȅǎǘŜƳ ŀƴŘ ǿŀǘŜǊ ƘŜŀǘŜǊ ǿƛǘƘ 

heat pumps, as well as the bill savings results for new construction single family and low-rise multifamily 

homes.  
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Figure 1-3 summarizes the lifecycle savings results across all six climate zones for the retrofit and new 

construction homes. Lifecycle savings represent the difference between the annualized capital costs and 

operating costs of gas equipment versus electric equipment.   

Figure 1-2  Share of simulated households with bill savings from adopting electric end uses; 

results are weighted by the estimated share of households in each climate zone and utility service 

territory  

 

The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in section 
2.2.1., to create this summary figure. Average bill costs of HVAC heat pumps are compared against a combined gas furnace and air conditioner 
(AC) system except for a new construction home in San Francisco (Climate Zone 3) where we assume all homes do not have AC. For retrofit 
homes, we show the average bill impact of electrifying HVAC and water heating systems at the same time. For new construction, we look at an 
all-electric home with all four appliances modeled electrified. 
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Figure 1-3  Share of simulated households with lifecycle savings from adopting electric end uses; 

results are weighted by the estimated share of households in each climate zone and utility service 

territory  

 

The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in 
section 2.2.1., to create this summary figure. 
*  We assume that all consumers in retrofit homes have or would install air conditioning in the mixed fuel baseline. 
**  This category corresponds to buildings modeled in San Francisco (Climate Zone 3) that we assumed would not install air conditioning in the 
gas baseline home. 100% of all-electric new construction single family and low-rise multifamily homes that include air conditioning show lifecycle 
savings. 

Recommendations   

California policymakers are already starting to evaluate policy options around building decarbonization. 

The Final 2018 Integrated Energy Policy Report (IEPR) Update Volume II, released by the CEC in January 

2019, dedicates the first chapter of the report to building decarbonization and includes an important set 
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of policy recommendations.5 Likewise, the California Public Utilities Commission has recently opened a 

new rulemaking proceeding on Building Decarbonization. Without presupposing the outcome of these 

ongoing policy dialogues, we suggest a few broad policies to encourage higher levels of building 

electrification in California.  

Overall, building electrification represents an important strategy for reducing greenhouse gas emissions 

in California. Additional strategies will need to be pursued in parallel if California is to meet its climate 

goals, including continued improvements in electric and natural gas energy efficiency in buildings, the 

development of sustainable renewable natural gas for remaining natural gas consumption in non-

converted buildings and in industry, and mitigation of methane leaks and high global warming potential 

gases. However, given the long lifetimes of buildings and building equipment, California cannot afford to 

miss windows of opportunity to electrify building end uses where possible. Near-term policies are needed 

to encourage higher rates of building electrification, when benefits can be created for customers and for 

society. 

Electrification can support sustainability and equity policy goals. For example, heat pump HVAC systems 

provide a climate adaptation advantage, because they provide both air conditioning and heating. Air 

conditioning, along with better building design and more resilient communities, can help protect public 

health in low-income and vulnerable communities as heat waves become more severe under climate 

change. Likewise, California is currently facing a historic housing affordability crisis driven largely by a 

housing supply shortage. In this study we found that all-electric new homes can reduce building costs. By 

prioritizing the construction of new and affordable housing, and ensuring that these homes are designed 

to be highly efficient, California has a greater chance of meeting its climate policy goals while protecting 

its most vulnerable residents.  

                                                           
5 See Bailey et al. (2019). 
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Despite the positive economic results for many homes, current heat pump market penetrations are much 

lower than the economic potential. The following recommendations suggest ways to address the market 

barriers to heat pumps, accelerating adoption so that building electrification may occur quickly enough to 

Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ƳŜŜǘƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ ƎƻŀƭǎΦ  

Our recommendations can be summarized into the following five points, which are elaborated on below:  

1. Incentivize all-electric new construction and update the building code 

2. Incentivize high-efficiency heat pump HVAC, particularly in areas with high air conditioning loads 

3. Ensure efficient price signals are conveyed in electric and natural gas rates 

4. Develop a building electrification market transformation initiative  

5. Align energy efficiency goals and savings with GHG savings opportunities  

1. INCENTIVIZE ALL-ELECTRIC NEW CONSTRUCTION AND UPDATE THE BUILDING CODE 

+ All-electric new construction in residential low-rise homes appears to be among the most 

promising near-term ways to save consumers money and reduce GHG emissions and could be 

incentivized in the near term to help transform the market. It avoids the costs and hassle 

associated with retrofits, and in most cases, we found that all-electric new construction offered 

lifecycle cost savings for residents. Savings could be larger if capital costs were reduced, if higher 

efficiency electric technologies were available, or if the costs of gas distribution interconnection 

were more directly reflected in the cost of new construction.  

+ Align building standards with GHG savings opportunities. Lƴ /ŀƭƛŦƻǊƴƛŀΩǎ ōǳƛƭŘƛƴƎ ŎƻŘŜΣ ǘƘŜ 

current approach to assessing cost effectiveness (Time Dependent Valuation [TDV]) does not fully 

measure or fully value GHG emissions savings. The CEC is working to update the TDV metric in the 

next code cycle to allow the emissions benefits of building electrification to be appropriately 

valued and considered in new construction design decisions. In addition, the building code could 

include a GHG emissions performance standard for new buildings. The estimated GHG emissions 
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from a building would be calculated based on the efficiency and simulated performance of the 

building, combined with a long-term forecast of emissions from electricity and pipeline gas, using 

policy goals or verifiable commitments from utilities. The GHG performance standard could 

become stricter in each code cycle, ŀǎ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ ōŜŎƻƳŜ ƳƻǊŜ ǎǘǊƛƴƎŜƴǘΦ ! DID 

emissions performance standard is a technology-neutral way to encourage the decarbonization 

of buildings.  

+ New construcǘƛƻƴ ƘƻƳŜǎ ǎƘƻǳƭŘ ōŜ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ άŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴ-ǊŜŀŘȅέΣ with sufficient 

electrical amperage and circuitry in the right places for future electric HVAC, water heating, 

cooking, and clothes drying equipment, as well as for electric vehicles (EVs) where possible. Given 

the long lifetime of buildings and heating equipment and the cost of upgrading electrical 

infrastructure in existing buildings, new construction is the ideal time to design buildings to be 

prepared for an all-electric future. In retrofit homes, electrical panel upgrades to accommodate 

room additions, electric vehicles, and rooftop solar panels can be specified to ensure that there is 

sufficient electric panel capacity for electric HVAC, water heating, cooking and clothes drying. 

+ Factor fugitive emissions from high-GWP refrigerants and natural gas leakage into GHG metrics. 

Future building standards metrics should incorporate the emissions from high-GWP refrigerant 

leakage as well as methane leakage in the gas distribution system and within houses. This will 

yield a balanced and comprehensive perspective on emissions from gas and electric technologies 

and encourage best practices for using lower-GWP refrigerants and reducing methane leakage. 

2. INCENTIVIZE HIGH-EFFICIENCY HEAT PUMP HVAC, PARTICULARLY IN AREAS WITH HIGH AIR 
CONDITIONING LOADS 

California should consider developing programs to incentivize:  

+ Heat pump HVAC systems in residential low-rise retrofit homes, where central air conditioning 

is needed/wanted. Higher efficiency heat pumps should be encouraged above existing code 

minimums. Heat pumps provide both space heating and space cooling and are found to be cost-

effective in homes where they can serve both these purposes. While the 2015 federal code 

minimum for heat pump HVAC systems encourages high efficiency heat pump installations, higher 

efficiency heat pump HVAC products are readily available in the market and provide customer 
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benefits. Heat pump HVAC systems with higher efficiencies (Heating Seasonal Performance Factor 

[HSPF] of 10 or higher) create lifecycle savings for residential customers in homes that require air 

conditioning. 

+ HVAC heat pumps to replace space heating currently provided by propane, distillate, or electric 

resistance heat. The economic benefits of replacing high cost fuels with electric HVAC heat pumps 

have been demonstrated in other studies. Replacing high cost heating fuels, including propane, 

distillate, and electric resistance heat with high efficiency HVAC heat pumps rŜǇǊŜǎŜƴǘǎ άƭƻǿ-

ƘŀƴƎƛƴƎ ŦǊǳƛǘέ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ǎŀǾƛƴƎǎ ŎǳǎǘƻƳŜǊǎ ƳƻƴŜȅ ŀƴŘ ǊŜŘǳŎƛƴƎ DID ŜƳƛǎǎƛƻƴǎΦ  

+ Encourage the installation of high efficiency HVAC heat pumps rather than standalone central 

AC units whenever possible. The capital cost analysis found that HVAC heat pumps are generally 

cheaper than the combined cost of a new gas furnace and standalone central air conditioner, and 

bill savings are seen in most home types as well. Incentives could take advantage of these cost 

savings to encourage consumers to install an HVAC heat pump when replacing an air conditioner 

whenever it makes sense for that building. This will give the home the option to use gas heating 

or electric heating (with the option to not replace the gas furnace upon failure), while providing 

high efficiency air conditioning during the summer.  

+ Consider early replacement programs for older gas furnaces and gas water heaters. These 

programs would be designed to avoid the practical ŎƘŀƭƭŜƴƎŜǎ ŀǊƻǳƴŘ άŜƳŜǊƎŜƴŎȅέ ǊŜǇƭŀŎŜƳŜƴǘ 

of equipment upon failure, when there is less time to retrofit a home to electric technologies. 

Early replacement programs could also target the oldest, least efficient equipment, thereby 

maximizing bill savings and GHG savings.  

+ Target incentives and low-cost financing to landlords and low-income consumers to overcome 

capital cost barriers and ensure that clean energy benefits are enjoyed by all communities. 

Upfront capital cost barriers will prevent many consumers from investing in new equipment 

unless they absolutely have to when their existing equipment fails. This is particularly true for low-

income customers.  The CPUC could call for proposals or pilots for innovative business models, 

ǎǳŎƘ ŀǎ /ƻƴ9ŘƛǎƻƴΩǎ ǇǊƻǇƻǎŀƭ ŦƻǊ ŦƛƴŀƴŎƛƴƎ ǎƳŀƭƭ ǘƻ ƳŜŘƛǳƳ ŎƻƳƳŜǊŎƛŀƭ I±!/ ƘŜŀǘ ǇǳƳǇǎ ŀƴŘ 
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developing a utility-owned ground-source heat pump program6 . Other financing options to 

explore include on-ōƛƭƭ ŦƛƴŀƴŎƛƴƎ ǇǊƻƎǊŀƳǎ ƭƛƪŜ ǘƘŜ άtŀȅ !ǎ ¸ƻǳ {ŀǾŜ όt!¸{®ύέ ǇǊƻƎǊŀƳǎΦ 

Furthermore, incentives targeting landlords would allow renters to take advantage of bill savings 

from efficient heat pumps. 

3. ENSURE EFFICIENT PRICE SIGNALS ARE CONVEYED IN ELECTRIC AND NATURAL GAS RATES 

+ Design more efficient electricity rates. ¢ƻŘŀȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǊŀǘŜǎ ŀǊŜ ƭŀǊƎŜƭȅ ŘŜǎƛƎƴŜŘ ōŀǎŜŘ ƻƴ 

volumetric charges (i.e. $/kWh of use). However, many costs on the electric grid do not vary with 

the quantity of electricity used, but are rather based on system-wide, and distribution level costs. 

More efficient, cost-based electric rates would remove disincentives for electrification and could 

better align customer choices with socially beneficial outcomes. While electric rates do not need 

to be designed to preferentially encourage building electrification, they should at least be 

evaluated to ensure that they do not discourage electrification. For example, electric rates could 

collect more of the άfixed costsέ via fixed charges rather than volumetric rates, which tend to 

penalize electrification. In addition, in regions with time-of-use (TOU) rates, the TOU periods 

should be aligned with system costs as well as GHG emissions on the grid.   

+ Higher carbon prices, or complementary policies aimed at reducing the GHG emissions from 

natural gas, would better align ŎǳǎǘƻƳŜǊΩǎ ŜŎƻƴƻƳƛŎ ƛƴŎŜƴǘƛǾŜǎ ǿƛǘƘ ǘƘŜ ǎǘŀǘŜΩǎ climate goals. 

This study finds that electrification of water heating and HVAC results in substantial GHG savings 

ƛƴ ŀƭƭ ŎŀǎŜǎ ŀǘ ǘƻŘŀȅΩǎ ŜƳƛǎǎƛƻƴ ǊŀǘŜǎΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳ ƛǎ ǊŜǉǳƛǊŜŘ ōȅ {. млл ǘƻ 

reduce emissions to near zero by 2045. No comparable policy exists for the natural gas system to 

reduce GHG emissions. Yet, carbon prices in California, ranging between $12 and $22/tonne as of 

early 2019, have been too small to effectively signal to customers the GHG benefits associated 

with fuel-switching to electricity. In 2016 the US Environmental Protection Agency (EPA) 

calculated a mid-ǊŀƴƎŜ άǎƻŎƛŀƭ Ŏƻǎǘ ƻŦ ŎŀǊōƻƴέ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ Ǝƭƻōŀƭ ƘŀǊƳǎ ƻŦ ƛƴŎǊŜƳŜƴǘŀƭ /h2 

                                                           
6 Petition of Consolidated Edison Company of New York Inc. for Approval of the Smart Solutions for Natural Gas Customers Program, Case 17-G-0606, 
December 20th, 2018.  
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emissions of $42/tonne for emissions occurring in 2020, with a more recent study estimating an 

order of magnitude larger value represented a mid-range estimate (Ricke et al. 2018). 

+ Consider requiring builders, rather than ratepayers, to pay for the full cost of new gas 

distribution hookups. Currently, utilities cover a portion of the cost of new gas hookups to 

buildings, anticipating that these costs will be recovered from ratepayers through future 

revenues. These discounts can be up to 50% of the total estimated installed costs to complete a 

distribution main extension.7 However, continued natural gas distribution revenue growth is not 

guaranteed in a carbon-constrained future, and these gas distribution fixed costs may become 

shared among a shrinking base of natural gas customers.  Ensuring that new gas hook-ups are 

paid for by the builder at the point of construction could mitigate future cost increases for existing 

gas customers.  

4. DEVELOP A RESIDENTIAL BUILDING ELECTRIFICATION MARKET TRANSFORMATION 
INITIATIVE 

Market transformation can mean many things to many people. In this context, we mean that the 

residential building electrification market would benefit from having access to a wider range of high 

ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ άǊŜǘǊƻŦƛǘέ ǊŜŀŘȅ ǇǊƻŘǳŎǘǎΣ ƛƴŎƭǳŘƛƴƎ ǎƻƳŜ ǘƘŀǘ ŀǊŜ ŀƭǊŜŀŘȅ ŀǾŀƛƭŀōƭŜ ƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

markets, as well as a better trained workforce to ensure experienced installers and service providers are 

readily available and operating competitively across the state, and more information available to 

consumers about electrification options, costs and benefits.  A few recommendations describing what 

such a market transformation initiative could include are described below:  

+ Encourage the development of retrofit-ready electrification technology options for older 

homes. In general, 200-amp electrical service is needed to serve a home with both a heat pump 

HVAC system and heat pump water heater. While most newer homes have 200-amp service, many 

                                                           
7 {ŜŜ ŦƻǊ ŜȄŀƳǇƭŜ tDϧ9Ωǎ Dŀǎ wǳƭŜ bƻΦ мр ŦƻǊ Ǝŀǎ Ƴŀƛƴ ŜȄǘŜƴǎƛƻƴǎΥ 

https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_RULES_15.pdf  

https://www.pge.com/tariffs/assets/pdf/tariffbook/GAS_RULES_15.pdf
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older homes in California do not (data is not readily available on the share of homes in each 

category). In this study, the electrical panel upgrade costs triggered by the adoption of heat pump 

HVAC and heat pump water heating units together were large enough to create net costs instead 

of net savings for some of the low-rise multifamily homes that were modeled (the panel upgrade 

costs were applied to pre-1978 vintage single family homes in this situation). An area for on-going 

market ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛǎ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƳƻǊŜ άǊŜǘǊƻŦƛǘ-ǊŜŀŘȅέ ƘŜŀǘ ǇǳƳǇ ƻǇǘƛƻƴǎΣ ǘƘŀǘ ŀǊŜ ǎƳŀƭƭ 

enough to fit in existing spaces and require lower current, to avoid the need for an electrical panel 

upgrade in these older, retrofit homes.  

+ Educate consumers about building electrification options. Consumers may have preconceptions 

about electric technologies, based on earlier generations of electric heat pumps and electric 

resistance stoves. Some consumers are entirely unfamiliar with heat pump technologies; others 

are unaware of newer options like ductless heat pumps and induction stoves. Many consumers 

are not aware of the non-economic advantages of new electric technologies, such as the option 

for multi-zone temperature control with ductless heat pumps, or the health, safety and 

performance advantages of induction stoves over conventional gas stove. Customers should also 

be aware of other differences between electric and gas options, such as the potential for noise or 

vibrations from an electric heat pump condenser/compressor. Consumers generally want to know 

about real-world experiences from a trusted source before they make important decisions a new 

electric technology in their home. Ideally, they should have this information before their existing 

equipment fails.   

+ Workforce training and certification for electrification in buildings. Currently, few 

building contractors and HVAC professionals are well-versed in building electrification 

technologies. Poorly installed heat pumps could create a customer backlash against the 

technology. Workforce training, combined with a voluntary certification program for building 

electrification, could provide quality assurance to customers interested in making the switch to 

electric HVAC or water heating. Similarly, with CPUC guidance, utilities could consider direct utility 

install programs to ensure electrification technologies are readily available on the truck, and that 

high-quality installations can be ensured. Quality control is needed for proper sizing and 

installation of the right heat pump ŜǉǳƛǇƳŜƴǘ ŦƻǊ ŜŀŎƘ ŎǳǎǘƻƳŜǊΩǎ ƴŜŜŘǎΦ  



  

xix | P a g e 
 

© 2019 Energy and Environmental Economics, Inc. 

 Executive Summary and Recommendations 

+ Coordinate with manufacturers to bring emerging technologies to the US market, including very 

efficient heat pumps, ultra-low global warming potential refrigerants, and retrofit-ready or low-

voltage options. Many high efficiency heat pump products available in other countries are not 

available in the U.S., and manufacturers may be reluctant to invest in market expansion on their 

own given the relatively small size of the U.S market today. State and local governments and 

utilities could commit to purchasing initial tranches of equipment for use in buildings they own 

and operate to help bring new heat pump technologies to the U.S. market. 

+ Encourage lower global warming potential gases to be used in heat pumps and encourage heat 

pump innovation over time. Higher incentives could be made available for appliances featuring 

low-Global Warming Potential (GWP) refrigerants.  

5. ALIGN ENERGY EFFICIENCY GOALS AND PROGRAMS WITH GHG SAVINGS OPPORTUNITIES  

+ Energy efficiency incentives should be aligned with GHG savings opportunities. Historically, 

energy efficiency programs have been designed with separate goals for reducing natural gas and 

electricity consumption. These programs focus on cost-effective kWh and therm energy savings 

rather than cost-effective carbon savings. Energy efficiency programs for fuel substitution, (e.g. 

switching from natural gas to electric end uses), have been effectively prohibited by the current 

interpretation of the /t¦/Ωǎ άǘƘǊŜŜ-ǇǊƻƴƎ ǘŜǎǘέΦ8 The CPUC should update the three-prong test to 

directly consider carbon savings and allow incentive programs for electrification where cost-

effective energy and carbon savings can be achieved. Furthermore, California should pursue a 

combined, all-fuels approach to cost-effectively reduce carbon emissions from buildings, reducing 

silos between natural gas and electrical efficiency programs.  

                                                           
8 The CPUC developed a standard to known ŀǎ ǘƘŜ άǘƘǊŜŜ-ǇǊƻƴƎ ǘŜǎǘέ ƛƴ ǘƘŜ мффлǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳ ŦǳƴŘƛƴƎ ŎƻǳƭŘ 
be used for projects involving fuel switching. The broad objectives of the three-prong test, which are to ensure that energy efficiency programs: 1) 
save energy, 2) are cost-effective, and 3) not harm the environment, are valid. However, the definitions and application of the test have become 
outdated, and so in practice, the three-prong test has become a hurdle, preventing utilities from using energy efficiency funds to incentivize electric 
end uses over the direct use of natural gas. The CPUC has issued a ruling (R-13-11-005) seeking comments on possible revisions to the definition and 
implementation of the three-prong test, but no decision has been reached. For more information on the three-prong test, see the California Public 
Utilities Commission, 2013 Energy Efficiency Policy Manual, R.09-11-014, Version 5, July 5, 2013, pages 24-25: 
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus tries/Energy_-
_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf.  

http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus%20tries/Energy_-_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus%20tries/Energy_-_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf
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In summary, many low-rise residential building owners and residents could already see cost and GHG 

savings from electrifying space heating and water heating, even in the absence of incentives or programs. 

However, in order to increase adoption rates of low-rise residential building electrification options in 

California, the state will need to develop new policies and programs such as those described above, 

educate and train both contractors and consumers about building electrification technologies, and 

encourage market transformation for building electrification technologies.  
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1 Introduction  

1.1 Study motivation 

1.1.1 /![LChwbL!Ω{ /[La!¢9 GOALS 

California has established itself as a global leader in reducing greenhouse gas emissions (GHGs). The state 

has set ambitious targets to reduce emissions 40% below 1990 levels by 2030 (40x30; Senate Bill 32 of 

2016) and to achieve carbon neutrality by 2045 (Executive Order B-55-18 of 2018). Recent analysis has 

indicated that to meet these goals, California will need to significantly reduce emissions from direct fossil 

fuel combustion in buildings, which currently represent ~10% of total statewide GHG emissions9.  

Greenhouse gas emissions from electricity use in buildings ŀǊŜ ŀƭǊŜŀŘȅ ƻƴ ǘƘŜ ŘŜŎƭƛƴŜΣ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ǎǘŀǘŜΩǎ 

renewable portfolio standard and energy efficiency efforts.  However, GHG emissions from natural gas 

use in buildings has remained flat in recent decades. California Assembly Bill 3232 (2018) calls for the 

California Energy Commission to assess how to achieve a 40% reduction in GHG emissions by 2030 within 

ǘƘŜ ǎǘŀǘŜΩǎ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ōǳƛƭŘƛƴƎǎΦ Achieving this goal in buildings in 2030, while remaining 

on the path to carbon neutrality by 2045, will require a major transformation of the existing building stock, 

and new construction, in California.  

                                                           
9 See Mahone et al. (2018). 
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1.1.2 BUILDING ELECTRIFICATION IN THE CONTEXT hC /![LChwbL!Ω{ Dw99NHOUSE GAS 
REDUCTION GOALS 

There are two primary strategies to mitigate direct GHG emissions from buildings: 1) natural gas energy 

efficiency combined with extensive use of renewable natural gas (RNG), and 2) electrification of fossil fuel 

end uses in buildings. Neither one of these strategies have seen wide adoption to date, and both face 

implementation challenges. 

In the near-term, progress is needed on both fronts. In the long-run, electrification in buildings appears 

to be a lower-cost GHG mitigation strategy from a societal perspective, particularly if the supply of 

renewable natural gas is limited, and limited progress is made on the commercialization of carbon neutral 

synthetic fuels and power-to-gas technologies. ¢Ƙŀǘ ǿŀǎ ŀ ƪŜȅ ŎƻƴŎƭǳǎƛƻƴ ŦǊƻƳ 9оΩǎ нлму ŜǾŀƭǳŀǘƛƻƴ ƻŦ 

several long-term energy and climate scenarios for the California Energy Commission (CEC), assessing how 

California could achieve its 2050 climate goals. The High Electrification scenario was one of those 

scenarios, and was among the lower cost, and lower risk scenarios evaluated.  

In the High Electrification scenario, the sales share of electric heat pumps for residential space heating 

and water heating ramps up quickly, from less than 10% at present, to about 50% in 2030, and to 100% 

of all new sales in 2040 (Figure 1-1.). In this scenario, heat pumps for space heating and water heating 

saved 27 MMT CO2e in 2050, relative to a 2050 economy-wide emissions target of 86 MMT statewide. 

While this scenario assumed that equipment is only replaced at the end of its useful lifetime, achieving 

this level of adoption of building electrification by 2050 would still require retrofitting at least half the 

existing residential building stock, more than 7 million homes, with electric heat pump space heating. 

Buildings, and the space heating and water heating equipment used in buildings, are long-lived and slow 

to change ς which is why any effort to electrify buildings would need to begin in the early 2020s, in order 

to assure ŀ ǊŜŀǎƻƴŀōƭŜ ǇŀŎŜ ƻŦ ǘǊŀƴǎƛǘƛƻƴƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ ōǳƛƭŘƛƴƎ ǎǘƻŎƪ ǿƛǘƘƻǳǘ ŎŀǳǎƛƴƎ ŘƛǎǊǳǇǘƛƻƴ ƛƴ 

ǇŜƻǇƭŜΩǎ ƘƻƳŜǎΦ  
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Figure 1-1. Residential Space Heating Technology Sales Share and Equipment Stock in the High Electrification 

Scenario  

 

Source:  Mahone, 2018. 

The market share trajectory shown in the figure above is based on what might be required to meet the 

ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ ƎƻŀƭǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ŘŜǘŀƛƭŜŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŎƻƴǎǳƳŜǊ ŜŎƻƴƻƳƛŎǎ ŀƴŘ ŜȄƛǎǘƛƴƎ ƳŀǊƪŜǘ 

barriers.  

1.1.3 PREVIOUS STUDIES OF BUILDING ELECTRIFICATION 

Other regions, including the U.S. Northeast and Northwest, have begun to explore the economic and 

ǇǊŀŎǘƛŎŀƭ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƛǎǎǳŜǎ ŀǊƻǳƴŘ άōŜƴŜŦƛŎƛŀƭ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴέ ŀǎ ŀ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ǊŜŘǳŎǘƛƻƴ 

measure (Regulatory Assistance Project, NYSERDA, Northeast Energy Efficiency Partnership). The National 

Renewable Energy Laboratory assessed the potential for electrification in buildings, transportation, and 

industry throughout the US, including reviewing the likelihood for future heat pump innovation. 10 

                                                           
10 See Mai et al. (2018). 
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However, California has unique climate, building stock, and energy prices compared with the rest of the 

US. Several recent studies have focused on the economics of electrification in California. The Rocky 

Mountain Institute analyzed case studies for four national locations, including Oakland, and highlighted 

three situations when building electrification is generally expected to be cost-effective: 1) when replacing 

oil or propane, 2) in new construction, and 3) when replacing both an air conditioner and a furnace.11 A 

recent study from the Natural Resources Defense Council, performed by Synapse Energy Economics, also 

found the potential for both capital cost savings and bill savings from electrification in California, and 

identified a set of next steps to encourage building electrification in the state.12 This study confirms many 

of the high-level findings of these previous studies, while taking a more detailed look at the consumer 

economics of residential electrification across more heat pump technologies, climate zones, and building 

types within California (Section 1.1.5).  

1.1.4 HISTORICAL POLICY BARRIERS TO BUILDING ELECTRIFICATION & WI!¢Ω{ /I!bD95  

Historically, the California Public Utilities Commission (CPUC) and CEC enacted energy efficiency policies 

to reduce electricity consumption and encourage on-site use of natural gas over electric heating. This 

made sense, because electricity was largely generated from fossil fuels, in relatively inefficient 

powerplants, separated from the customer by transmission and distribution losses which further wasted 

energy. Meanwhile, on-site combustion of natural gas for heating was encouraged because it was more 

efficient than conventional electric resistance heating fueled by a fossil power plant.  

It was in this context that the CPUC developed a standard known as the άthree-prong testέ in the 1990s 

to determine whether energy efficiency program funding could be used for projects involving fuel 

                                                           
11 See Billimoria et al. (2018). 
12 IƻǇƪƛƴǎΣ !ǎŀΣ YΦ ¢ŀƪŀƘŀǎƘƛΣ 5Φ DƭƛŎƪΣ aΦ ²ƘƛǘŜŘΣ ά5ŜŎŀǊōƻƴƛȊŀǘƛƻƴ ƻŦ IŜŀǘƛƴƎ 9ƴŜǊƎȅ ¦ǎŜ ƛƴ /ŀƭƛŦƻǊƴƛŀ .ǳƛƭŘƛƴƎǎΣέ {ȅƴŀǇǎŜ 9ƴŜrgy Economics, October 
2018.  
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switching.13 The broad objectives of the three-prong test, which are to ensure that energy efficiency 

programs: 1) save energy, 2) are cost-effective, and 3) not harm the environment, are valid. However, the 

definitions and application of the test have become outdated, and so in practice, the three-prong test has 

become a hurdle, preventing utilities from using energy efficiency funds to incentivize electric end uses 

over the direct use of natural gas. The CPUC has issued a ruling (R-13-11-005) seeking comments on 

possible revisions to the definition and implementation of the three-prong test, but no decision has been 

reached.  

/ŀƭƛŦƻǊƴƛŀΩǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ǇǊƻƎǊŀƳǎ, including the standards in the three-prong test, must be updated 

to reflect current requirements for low-carbon electricity on the grid, ŀƴŘ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ǎǘŀǘŜΩǎ ƭƻƴƎ-term 

climate goals.  Today, /ŀƭƛŦƻǊƴƛŀΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƎǊƛŘ ƛǎ relatively clean, with about 50% from renewable or 

zero carbon generation, and almost no coal generation. The grid will only get cleaner as load-serving 

entities comply with Senate Bill (SB) 100, which requires a 60% renewable portfolio standard (RPS) by 

2030 and 100% of retail sales to be served by zero carbon electricity by 2045. 

Meanwhile, increasingly efficient electric heat pumps are available in the market. Modern air-source 

electric heat pumps are 3 to 4 times more efficient than electric resistance or gas heaters, especially in 

/ŀƭƛŦƻǊƴƛŀΩǎ ƳƛƭŘ ŎƭƛƳŀǘŜ. This means that a high-efficiency electric heat pump, powered by electricity from 

a natural gas combined cycle power plant, will generally consume less natural gas in total than the on-site 

combustion of natural gas in a conventional furnace. 

9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛǎ ƻƴŜ ƪŜȅ ŎƻƳǇƻƴŜƴǘ ƻǊ άǇƛƭƭŀǊέ ƻŦ ŘŜŜǇ ŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ, along with electrification and 

the use of low carbon fuels (Mahone, 2018). The challenge at hand for regulators and policymakers today 

is to ensure that the definitions and policies around energy efficiency in buildings and appliance standards 

                                                           
13 California Public Utilities Commission. 2013. Energy Efficiency Policy Manual, R.09-11-014, Version 5, July 5, 2013, pages 24-25: 
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus tries/Energy_-
_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf.  

http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus%20tries/Energy_-_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus%20tries/Energy_-_Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf
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are updated to reflect ǘƘŜ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ, including by enabling and encouraging electrification and 

the use of low-carbon fuels in buildings. 

1.1.5 GOALS OF THIS STUDY 

This report evaluates the factors affecting market adoption of electric end uses in residential buildings in 

California, including retrofits of existing mixed-fuel buildings, as well as new all-electric construction. The 

key goal of this study is to provide a more detailed set of customer-focused analyses of building 

electrification options than have been previously undertaken in California. Elements of this study include:  

é An assessment of impacts of building electrification using detailed electric and natural gas rate 

structures compared to hourly electricity demands; 

é A detailed breakdown of electrification and natural gas equipment capital costs, labor costs, and 

installation costs across different regions of California; 

é Scenarios to assess the changing dynamics in customer costs over time, with two scenarios of how 

electric and natural gas rates may change over time, as well as sensitivities with improved heat 

pump performance and lower capital costs over time; 

é A disaggregation of the impacts of building electrification by end-use, focusing on HVAC, water 

heating, cooking and clothes drying in different building types and climate zones across the state;  

é An identification of priority actions and market segments for future utility or state programs to 

encourage building electrification. 

This study focuses on the economics of electrification with current market and policy conditions and is 

not intended as a detailed program design assessment for building decarbonization. Likewise, previous 

work14 has highlighted the need for a more detailed assessment of the role of the natural gas system in 

ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ. California will need to develop a natural gas transition strategy if 

building electrification proves to be a successful decarbonization strategy, particularly for natural gas 

                                                           
14 See Mahone et al. (2018). 
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customers and distribution utilities. The potential implications of this gas transition strategy are outside 

the scope of this study. 

1.2 Building electrification market overview  

In the United States, the use of electric space heating is highest in the South and Pacific Northwest. These 

regions are characterized by mild winters and historically, cheap electricity and limited natural gas 

distribution (Figure 1-2.). Historically, these regions have relied on lower efficiency electric resistance heat 

and older technology heat pumps. However, as heat pump technology has improved, electric heat pumps 

are becoming an increasingly attractive option even in very cold climates. Electric heat pump adoption 

has grown in the Northern US, particularly in states like Maine and Vermont, largely displacing higher cost 

heating fuels like fuel oil, wood, coal, and propane15. 

                                                           
15 See Lapsa et al. (2017) 
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Figure 1-2. Residential Electric Space Heat Market Share in the United States 

Data from the American Community Survey (2016). 

While modern, higher efficiency heat pumps still represent a relatively small share of most segments of 

the US heating market, they represent a growing share of HVAC deployments in new homes, particularly 

in the Southern US. The Energy LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ƭŀǘŜǎǘ wŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ 

Survey (RECS) estimates 12 million American households (10% of total households) currently use electric 
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heat pumps as their primary space heating equipment, with 40 million households using electricity as their 

primary heat source. Over 70% of households relying primarily on heat pumps are in the South16. 

In the US Northeast and Northwest, policymakers and utilities have begun to develop rebates and 

incentives for electric heat pump adoption, including in New York, Washington, and Vermont. These 

policies are generally viewed in the context of energy efficiency, with the added benefit of displacing fuel 

oil or other expensive fuels; however, using electric heat pumps to reduce greenhouse gas emissions from 

fossil fuels is increasingly part of the policy conversation in these regions. Further, policymakers are 

increasingly interested in electric heating as a method for renewables integration and electric system 

management17. 

In California, despite its moderate climate, the use of electric heat remains limited, outside of rural areas 

that lack natural gas. Electric heat pump adoption in California remains limited largely due to the relatively 

low cost of natural gas and widespread natural gas distribution system in urban areas. The California 

9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ нллф wŜǎƛŘŜƴǘƛŀƭ !ǇǇƭƛŀƴŎŜ {ŀǘǳǊŀǘƛƻƴ {ǳǊǾŜȅ όw!{{ύ ŜǎǘƛƳŀǘŜǎ ƘŜŀǘ ǇǳƳǇ ǎǇŀŎŜ 

heating accounted for only one percent of California households. 

Many municipal utilities and Community Choice Aggregators (CCAs) in California, including the 

Sacramento Municipal Utility District (SMUD), Los Angeles Department of Water and Power (LADWP), 

Marin Clean Energy, and Sonoma Clean Power have begun to offer incentives and programs for electric 

heat pumps as a cost-saving and greenhouse-gas saving measure. Some of these programs focus on 

incentivizing electrification in new homes.18  

                                                           
16 From the EIA Residential Energy Consumption Survey: https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.8.php  
17 See Billimoria et al. (2018). 
18 CƻǊ ŀ ǊŜŎŜƴǘ ǎǳƳƳŀǊȅ ƻŦ ǇƻƭƛŎƛŜǎ ŀƴŘ ǇǊƻƎǊŀƳǎ ŦƻǊ ōǳƛƭŘƛƴƎ ŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴΣ ǎŜŜΣ άaŜƧŀ /ǳƴƴƛƴƎƘŀƳΣ !Φ wŀƭǎǘƻƴΣ aΦ ŀƴŘ ²ǳΣ YΦΣ ά{ǘǊŀǘŜƎƛŜǎ ŀƴŘ 
!ǇǇǊƻŀŎƘŜǎ ŦƻǊ .ǳƛƭŘƛƴƎ 5ŜŎŀǊōƻƴƛȊŀǘƛƻƴΣέ ¢ǊŀƴǎŎŜƴŘŜƴǘ 9ƴŜǊƎȅ ŦƻǊ ǘƘŜ .ǳƛƭŘƛƴƎ 5ŜŎŀǊōƻƴƛȊŀǘƛƻƴ /ƻŀƭƛǘƛƻƴΣ нлмуΦ  

https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.8.php


 

10 | P a g e 
 

 California Residential Building Electrification Market Assessment 

1.3 Report contents 

The remainder of this report is organized as follows: 

+ Section 2 describes the modeling approach applied in this analysis, including assumptions about 

the California housing stock and heating fuel mix, building energy simulations, customer 

economics, greenhouse gas impacts, and grid impacts. 

+ Section 3 presents the results of the analysis. 

+ Section 4 identifies barriers to electrification and potential solutions. 

+ Section 5 concludes with recommendations and additional research needs. 

Additionally, several appendices with additional technical details are included: 

+ Appendix A: Technology Characterization and Screening describes the criteria for selecting the 

appliances modeled. 

+ Appendix B: Building Simulation Descriptions describes the modeling of building energy 

demands. 

+ Appendix C: Additional Methods Detail for greenhouse gas calculations  

+ Appendix D: Market Adoption Barriers and Potential Solutions provides a more complete list of 

market barriers and solutions than the key examples discussed in Section 5. 

+ Appendix E: Additional Results provides additional charts and tables of results, including site 

energy savings results. 
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2 Modeling Approach 

2.1 Methods Overview  

This section describes the methods and modeling approach used in this study. At a high level, we started 

with data on the existing housing and appliance stock. Building simulations were used to develop 

estimates of hourly energy demands. This information was used to estimate the bill impacts of building 

electrification, which combined with estimates of the capital costs of building electrification, allowed us 

to calculate lifecycle costs and savings. The building simulation data was also used to evaluate the 

greenhouse gas savings of building electrification and changes in hourly electricity demand that could be 

associated with high levels of building electrification in California.  Each of these steps are described in 

more detail below. 

Figure 2-1. Analysis steps schematic  
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2.2 California Housing Stock and Market Potential  

2.2.1 HOUSING STOCK 

Lƴ нлмпΣ /ŀƭƛŦƻǊƴƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ƻŦ оф Ƴƛƭƭƛƻƴ ǊŜǎƛŘŜŘ ƛƴ мо Ƴƛƭƭƛƻƴ ƘƻǳǎŜƘƻƭŘǎΣ ǿƘƛŎƘ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 

Department of Finance (DOF) forecasts will grow to 50 million people by 2050, in approximately 16 million 

households.19 The majority of households live in single family dwellings, although multifamily housing 

comprises the majority of new construction.20 California also includes about 0.6 million mobile homes, 

which are not pictured, and are not studied here, but which are included in the California PATHWAYS 

model. The characteristics of the building stock over time determine the characteristics of the market for 

new appliances and the potential for electrification. 

Figure 2-2: Projected residential housing stock for single family, low-rise multifamily and high-rise multifamily  

 

Source: Based on 2019 data from the E3 California PATHWAYS model, residential building stock-rollover assuming a 75-yr mean life and that new 
housing keeps up with population growth 

The California PATHWAYS model (Mahone et al. 2018) simulates the state building stock using historical 

and projected county-level population based on the DOF forecast. It assumes a stock-rollover of housing 

units, treating substantial building shell upgrades and retrofits as new buildings for the purposes of 

                                                           
19 See http://www.dof.ca.gov/Forecasting/Demographics/projections/ (version available in 2016 was used; more recent data is now available) 
20 See http://www.dof.ca.gov/Forecasting/Economics/Indicators/Construction_Permits/  

http://www.dof.ca.gov/Forecasting/Demographics/projections/
http://www.dof.ca.gov/Forecasting/Economics/Indicators/Construction_Permits/
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modeling building energy demands (Figure 2-2). A 75-yr mean lifetime is assumed for turnover and shell 

upgrades. The proportion of existing appliances is determined from the Residential Appliance Saturation 

Survey (RASS)21. 

The rate of new construction relative to existing homes is a key metric for assessing the potential for 

electrification, as logistical barriers to electrification are generally much lower for new construction than 

for retrofitting existing housing. New buildings naturally provide a decision point for installing an efficient 

technology, whereas retrofits may require cumbersome or costly adjustments to features such as ducts, 

electrical wiring, and appliance placement. All-electric new buildings can avoid the costs inherent in 

supporting dual fuel capability. Previous studies have identified new buildings as a priority for building 

electrification.22 Following the assumptions in PATHWAYS, new construction is expected to represent 

about one half of the building stock by 2050; this means that meeting the adoption rates in the High 

Electrification Scenario (Section 1.1.2) will require retrofitting at least half the existing residential building 

stock, more than 7 million homes. 

California housing construction has not kept up with population growth, with a current shortfall estimated 

at more than 3 million homes.23 This is reflected in building permit data, with the 117,000 building permits 

issued in 2017 for new construction or substantial modifications exceeding that of any year in the last 

decade, which averaged 74,000. This number is short of the approximately 100,000 annual new homes 

required to keep up with population growth at constant household size, with no allowance for turnover 

of the existing housing stock. In this study, we assume that building turnover and new construction will 

eventually rise commensurate with a 75-year turnover of the existing building stock and population 

growth. We note that if this does not occur, even more retrofits may be needed than we estimate here to 

ǊŜŀŎƘ ǘƘŜ ǎǘŀǘŜΩǎ ŎƭƛƳŀǘŜ ƎƻŀƭǎΦ /ƻƴǾŜǊǎŜƭȅΣ ƘƻǳǎƛƴƎ ǇƻƭƛŎȅ ǊŜŦƻǊƳǎ ǘƘŀǘ ŦŀŎƛƭƛǘŀǘŜ ƴŜǿ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ 

                                                           
21 2003 California Residential Appliance Saturation Study (KEMA-XENERGY, Itron, and RoperASW 2004). 
22 See Billimoria et al. (2018) and Hopkins et al. (2018). 
23 See Woetzel et al. (2016). 
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faster turnover of existing buildings ς many of which are currently overdue for upgrades ς could 

potentially accelerate a transition to building electrification. 

The two tables below show the share of the residential existing housing and new construction housing 

stock for single family detached and low-rise multifamily that are assumed to be located in each 

combination of climate zone and utility service territory modeled in this study (eight combinations). The 

tables illustrate the estimated share of housing in each region in 2020; these shares may change slightly 

over time as new housing is constructed in different parts of the state. These estimated shares are used 

to weight the results of the building simulations to come up with estimates of total impacts from 

residential low-rise building electrification.  The data for Table 2-1 and Table 2-2 are derived from the 

estimated housing shares from the California PATHWAYS model (as illustrated in Figure 2-2) and a 

geographic mapping to climate zone and utility.  

Table 2-1. Share of low-rise residential existing housing (as of 2020) assumed by climate zone and utility in the 
modeled study area 

Climate 
Zone 

Major City Utility  

Retrofits 

Single 
Family 

Low-rise 
Multifamily  

CZ03 San Francisco PG&E 17% 4% 

CZ04 San Jose PG&E 8% 2% 

CZ12 Sacramento SMUD 7% 2% 

CZ06 Coastal LA SCE 10% 3% 

CZ06 Coastal LA LADWP 2% 1% 

CZ09 Downtown LA SCE 12% 3% 

CZ09 Downtown LA LADWP 13% 3% 

CZ10 Riverside SCE 11% 3% 

  Total 80% 20% 
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Table 2-2. Share of low-rise residential new construction housing (as of 2020) assumed by climate zone and utility in 
the modeled study area 

Climate 
Zone 

Major City Utility  

New Construction 

Single 
Family 

Low-rise 
Multifamily  

CZ03 San Francisco PG&E 14% 9% 

CZ04 San Jose PG&E 6% 4% 

CZ12 Sacramento SMUD 6% 4% 

CZ06 Coastal LA SCE 7% 5% 

CZ06 Coastal LA LADWP 1% 1% 

CZ09 Downtown LA SCE 8% 5% 

CZ09 Downtown LA LADWP 9% 6% 

CZ10 Riverside SCE 9% 6% 

  Total 61% 39% 

 

2.2.2 APPLIANCE STOCK 

The existing fuel mix and appliance population in California homes also provides a starting point for 

analysis. Most urbanized areas in California are predominantly natural gas heating, with electric heating 

(typically cheaper electric resistance heating) and propane (Liquefied Petroleum Gas, or LPG) in many 

rural areas (Figure 2-3). Overall, 86% of single family homes were estimated to use natural gas as their 

primary heating fuel in 2009, with a somewhat lower proportion in multifamily homes, particularly high-

rise apartments (Table 2-3). This data is used to populate the 2015 PATHWAYS equipment stock and when 

estimating statewide impacts (except for SMUD, where utility-specific data indicated a higher prevalence 

of electric resistance space and water heating). 
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Figure 2-3: Residential Space Heating Fuel Market Share in California 

 
{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ǾƛǎǳŀƭƛȊŀǘƛƻƴΦ Data from the American Community Survey (2016). Only the plurality heating fuel is shown in each geographic region. 
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Table 2-3: Heating Fuel Prevalence by Housing Type in California24 

Fuel Single Family 
Detached 

Townhouse 2-4 Unit 
Apartment 

5+ Unit 
Apartment 

Mobile Home 

Electric (Resistance) 5% 13% 19% 30% 4% 

Electric (Heat Pump) 2% 3% 3% 5% 4% 

Natural Gas 86% 78% 69% 53% 73% 

LPG 3% 1% 1% 1% 8% 

No central space heating 4% 5% 8% 11% 11% 

These building types are mapped to the categories used elsewhere in this report. Single family detached are single family homes. Townhouses and 2 
to 4 unit apartments are grouped together ŀǎ ά[ƻǿ-ǊƛǎŜ aǳƭǘƛŦŀƳƛƭȅέΦ aƻōƛƭŜ ƘƻƳŜǎ and 5+ unit apartment buildings (high-rise multi-family) are not 
considered in this report. 

The prevalence of air conditioning also indirectly plays a key role in assessing the potential for building 

electrification, as heat pumps have a similar design and building footprint to central air conditioners, and 

can provide both cooling and heating functionality. The Residential Appliance Saturation Study (RASS) 

provided data on air conditioning prevalence by home type and climate zone.25 Overall, it estimated that 

54% of low-rise homes in California were equipped with central air conditioning and another 14% with 

room conditioning, with a greater proportion of central air conditioning in single family and in warmer 

climates in Southern California and inland in the Central Valley. The 2009 RASS showed a clear trend 

towards increasing central air conditioning prevalence in newer home vintages, with over 90% of new 

single family homes including central air conditioning statewide post-2000, but this trend was not 

explicitly modeled in this study.26 

As California temperatures continue to warm due to climate change27, it is possible that more people will 

adopt air conditioning to remain comfortable and avoid adverse health impacts with heat stress. This 

study does not take into account the fact that the AC saturation rate may continue to increase in California 

                                                           
24 These data were based on the 2003 California Residential Appliance Saturation Study (RASS) (KEMA-XENERGY, Itron, and RoperASW 2004); heating 
fuel prevalence showed little change in the 2009 version (Palmgren et al. 2010).  
25 These data were from the 2003 RASS (see above). 
26 Data available from https://webtools.dnvgl.com/RASS2009/Default.aspx?tabid=0. Across all home types statewide, over 80% of new homes 
included central air conditioning after 2000. However, large regional variation remained, which much higher prevalence of new homes lacking central 
air conditioning in climate zones 3 and 5. 
27 See Pierce, Kalansky, and Cayan (2018). 

https://webtools.dnvgl.com/RASS2009/Default.aspx?tabid=0
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over time, which could also make heat pump HVAC systems economically attractive to a larger number of 

households in the state.  

2.3 Building Simulations and End Use Technologies 

2.3.1 BUILDING SIMULATION TOOLS AND ASSUMPTIONS  

Building simulations and hourly energy consumption 

The hourly energy consumption of natural gas and electric technologies in homes was evaluated using 

industry-standard building simulation tools. Two building types were evaluated: single family (SF) and low-

rise multifamily (LRMF). For each of these building types, a base case mixed-fuel home was modeled with 

natural gas providing space heating, water heating, cooking and clothes drying. This base case was 

compared to an upgraded all-electric home, with gas appliances converted to electric appliances. 

Frontier Energy used ǘƘŜ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅΩǎ όbw9[Ωǎύ .9ƻǇǘ ǎƻŦǘǿŀǊŜ ŀƴŘ ǘƘŜ 

5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ 9ƴŜǊƎȅtƭǳǎ ǎƛƳǳƭŀǘƛƻƴ ŜƴƎƛƴŜ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ ŜƴŜǊƎȅ ƳƻŘŜƭǎΦ aƻŘŜƭƛƴƎ 

assumptions were mostly based on the 2014 Building America House Simulation Protocols28, with a few 

exceptions. Water heater hourly draw profiles and lighting energy use reflect the most current algorithms 

and data incorporated in the 2016 and 2019 CBECC-Res software, which is used to demonstrate 

compliance with the Title 24, Part 6 energy code. This is documented in the 2016 Residential Alternative 

Calculation Method Reference Manual29. Certain modeling capabilities desired for this analysis were not 

available within BEopt, and therefore the energy model input files were exported and additional edits 

were made using EnergyPlus before running the simulations. EnergyPlus was used directly to apply the 

                                                           
28 See https://www.energy.gov/sites/prod/files/2014/03/f13/house_simulation_protocols_2014.pdf 
29 See https://www.energy.ca.gov/2015publications/CEC-400-2015-024/CEC-400-2015-024-CMF-REV3.pdf 

https://www.energy.gov/sites/prod/files/2014/03/f13/house_simulation_protocols_2014.pdf
https://www.energy.ca.gov/2015publications/CEC-400-2015-024/CEC-400-2015-024-CMF-REV3.pdf


  

19 | P a g e 
 

 Modeling Approach 

© 2019 Energy and Environmental Economics, Inc. 

California water heater draw profiles and also make adjustments to other water heating inputs that could 

not be done in BEopt. 

Lƴ ŀƭƭ ōǳƛƭŘƛƴƎ ǎƛƳǳƭŀǘƛƻƴǎΣ ǿŜŀǘƘŜǊ ŦƛƭŜǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ ¢ƛǘƭŜ нп ǘȅǇƛŎŀƭ 

meteorological year data. The key modification from the Title 24 building specifications was a modification 

of the heating and cooling set-point schedules, to conform with observed California data. The Title 24 

schedules include uncharacteristic setbacks. The project team settled on a heating and cooling setback 

schedule based on a review of relevant literature, including California Nest data. For more details about 

the thermostat set point assumptions and other building simulation parameters see Appendix B: Building 

Simulation Descriptions.   

2.3.2 BUILDING TYPES AND CLIMATE ZONES MODELED  

Two building types are modeled across six California climate zones (see Table 2-4 and Figure 2-4). The 

assumptions about each home type are described below. We designed each case as a comparison 

between a mixed fuel home, with natural gas space heating, water heating, cooking, and clothes drying, 

and an all-electric home. 

We attempted to compare options with similar levels of comfort and aesthetic characteristics whenever 

possible in order to provide the most fair comparison. For instance, we only compared retrofit homes in 

which air conditioning would be found in the mixed fuel home, for comparison with an electric home 

containing an HVAC heat pump providing cooling services. For new construction, we excluded technology 

options like packaged terminal heat pumps (PTHPs) that may be inexpensive but are seen as less 

aesthetically desirable. 

1) Single family homes are assumed to be a one- or two-story detached home, with the square footage 

of the home depending on the vintage. The older pre-1978 vintage homes are assumed to be constructed 

before the California building code went into effect and include poor levels of building insulation and 
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single pane windows.  These homes are assumed to be single-story, two-bedroom, 1,400 square foot 

homes. ¢ƘŜ мффлΩǎ ǾƛƴǘŀƎŜ ƘƻƳŜǎ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ǎƛƴƎƭe story, three-bedroom, 2,100 square feet 

homes built to comply with the 1992 building code, with minimal building insulation and double-pane 

windows. New construction homes are the largest homes modeled, at 2,700 square feet with two floors 

and four bedrooms. New construction homes are designed to meet the 2019 Title 24 building code 

requirements, including the requirements for new rooftop solar PV (a 3 kW solar array per home is 

assumed). New construction homes are assumed to install the same size rooftop solar panel in both the 

gas baseline and all-electric home, and as a result the rooftop solar has a relatively minor impact on the 

relative bill savings between these two options. ¢ƘŜ нΣмлл ǎǉǳŀǊŜ Ŧƻƻǘ όмффлΩǎ ǾƛƴǘŀƎŜύ ŀƴŘ ǘƘŜ нΣтлл 

square foot (new constǊǳŎǘƛƻƴύ ƘƻƳŜǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ ǎƛƴƎƭŜ family 

prototypes used in the Title 24, Part 6 development process. 

2) Low-rise multifamily (LRMF) homes are assumed to be two-story apartment buildings with six to eight 

units, depending on the building vintage. Like the single family homes, the LRMF new construction 

buildings have minimal insulation for the older vintage construction, meet the 1992 building code 

requirements ŦƻǊ ǘƘŜ мффлΩǎ ǾƛƴǘŀƎŜ ƘƻƳŜǎΣ ŀƴŘ ŀŎƘƛŜǾŜ ǘƘŜ нлмф ¢ƛǘƭŜ нп ōǳƛƭŘƛƴƎ ŎƻŘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 

new construction, including the use of rooftop solar PV (1.75 kW per unit is assumed). New construction 

homes are assumed to install the same size rooftop solar panel in both the gas baseline and all-electric 

home, and as a result the rooftop solar has a relatively minor impact on the relative bill savings between 

these two options. The pre-1978 vintage and the new construction building prototypes both include four 

one-bedroom, 780 square foot units, and four two-bedroom 960 square foot units. The 1990s vintage 

building includes six three-bedroom, 1,500 square foot units. The pre-1978 and the new construction 

vintage homes are based on the Californiŀ 9ƴŜǊƎȅ /ƻƳƳƛǎǎƛƻƴΩǎ ƳǳƭǘƛŦŀƳƛƭȅ ǇǊƻǘƻǘȅǇŜǎ ǳǎŜŘ ƛƴ ǘƘŜ ¢ƛǘƭŜ 

24, Part 6 development process. 
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Table 2-4  Modeled building types and vintages 

 

For each of the six building types evaluated (as described in Table 2-4 above), building simulations are 

performed across six California climate zones. The climate zones were selected to represent a sample of 

the largest population centers in California across the service territories of the participating utilities (SCE, 

{a¦5 ŀƴŘ [!5²tύΣ ǿƛǘƘ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ǘǿƻ bƻǊǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ ŎƭƛƳŀǘŜ ȊƻƴŜǎ ƛƴ tDϧ9Ωǎ service territory 

for completeness. Overall, these six climate zones represent about 50҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƘƻǳǎŜƘƻƭŘǎ, 

covering the regions around: San Francisco, San Jose, Sacramento, Coastal Los Angeles, Downtown Los 

Angeles and Riverside. Data from the Residential Appliance Saturation Survey suggest that 62% of the 

households in the six climate zones we studied have central or room air conditioning in our study area, 

compared to 68% statewide, suggesting that our study area is moderately representative of the statewide 

air conditioning saturation rate. We estimate that the climate zones included in this study are broadly 
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representative of about 90҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƘƻǳǎŜƘƻƭŘǎΦ An assessment of building electrification for the 

remaining мо҈ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ƘƻǳǎŜƘƻƭŘǎ, largely rural, represents a potential area for further study. 30 

Figure 2-4Φ /ŀƭƛŦƻǊƴƛŀΩǎ .ǳƛƭŘƛƴƎ /ƭƛƳŀǘŜ ½ƻƴŜǎ, six study area climate zones evaluated are shaded in blue and grey 

 

                                                           
30 Poorly covered climate zones which may be quite dis-similar to those modeled include the climate zones 1 and 2 along the northern coast, the 
northernmost Central Valley in climate zone 11, the mountainous climate zone 16, and the southeastern desert climate zones 14 and 15. We note 
that many of these climate zones include rural households that lack natural gas infrastructure and use expensive propane or electric resistance heating 
(Figure 2-3), so may be good candidates for heat pump retrofits as shown in previous studies. 
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For each climate zone, the electric and natural gas residential rates for the corresponding major utilities 

are evaluated in the customer bill savings calculations: PG&E, SMUD, SCE and LADWP electric rates, and 

PG&E and SoCalGas natural gas rates are applied, as shown in Table 2-5 below.  

Table 2-5  Electric and gas utilities in the six climate zones 

.ǳƛƭŘƛƴƎ 
/ƭƛƳŀǘŜ 
½ƻƴŜ 

aŀƧƻǊ /ƛǘȅ 
¦ǘƛƭƛǘȅ wŀǘŜǎ 9ǾŀƭǳŀǘŜŘ 

9ƭŜŎǘǊƛŎ Dŀǎ 

/½ло {ŀƴ CǊŀƴŎƛǎŎƻ tDϧ9 tDϧ9 

/½лп {ŀƴ WƻǎŜ tDϧ9 tDϧ9 

/½мн {ŀŎǊŀƳŜƴǘƻ {a¦5 tDϧ9 

/½лс /ƻŀǎǘŀƭ [! {/9 κ [!5²t {ƻ/ŀƭDŀǎ 

/½лф 5ƻǿƴǘƻǿƴ [! {/9 κ [!5²t  {ƻ/ŀƭDŀǎ 

/½мл wƛǾŜǊǎƛŘŜ {/9 {ƻ/ŀƭDŀǎ 

2.4 Upfront equipment costs and efficiencies 

For this study, we found that existing data sources on natural gas and electric equipment costs were 

lacking in key respects. The existing data sources that we evaluated generally did not include estimates of 

the labor and installation costs of building electrification retrofits, focusing only on equipment costs. For 

example, the U.S. National Energy Modeling System (NEMS) data assumes a άƭƛƪŜ ŦƻǊ ƭƛƪŜέ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ 

equipment and does not include estimates of retrofit costs. In addition, some data sets did not include a 

comprehensive set of cost data for a range of natural gas and electric technologies.  
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Given the need for a comprehensive and internally-consistent set of installed equipment cost data across 

a range of building types and regions of California, we decided to create new estimates of installed 

building equipment technology costs using a professional cost estimator from AECOM.  Of course, no 

single point cost estimate of installed building equipment will be applicable across all buildings, even if 

those cost are specific to a given building type and geography. Buildings are heterogenous; in particular, 

retrofit and equipment installation costs vary based on many factors.  

The cost-estimation approach relies on a combination of published equipment costs and market and 

professional experience.  By creating this bottom-up estimate of installed capital costs using the same 

cost estimator, we hope that we have at least captured the most common sets of cost drivers in an 

internally consistent way.  

The all-in, installed capital costs of electric equipment are compared to the cost of natural gas equipment 

using cost estimates. Capital costs, including installation, labor and retrofit costs were developed using 

California-specific information about labor rates and standard industry mark-ups. In the case of heat pump 

HVAC systems, which provide both heating and cooling, the costs of the electric heat pump are compared 

to the cost of a natural gas furnace plus an air conditioner, in regions of the state where air conditioning 

is prevalent. In retrofit situations, the electric heat pump HVAC system is assumed to replace a gas 

furnace, plus a portion of the cost of a new air conditioner. This adjustment is made to reflect the fact 

that there is still some useful economic life remaining in an air conditioner if it is replaced when the gas 

furnace fails. The guiding principal here is to minimize early retirement of equipment where possible ς 

ƎŜƴŜǊŀƭƭȅ ŀǎǎǳƳƛƴƎ ƻƴƭȅ άǊŜǇƭŀŎŜ-on-ōǳǊƴƻǳǘέ ƛƴ ǊŜǘǊƻŦƛǘ ǎƛǘǳŀǘƛƻƴǎΣ ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊ ǿƘƛŎƘ 

is replaced upon burnout of the gas furnace.  

We assume that homes that do not currently have air conditioning (primarily those in the San 

Francisco/Climate Zone 3, in this study), will not adopt air conditioning in gas-fueled homes. However, 

existing homes that currently have window AC units are assumed to upgrade to a central AC system when 
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they replace the HVAC system. This assumption attempts to ensure that we are comparing similar levels 

of thermal comfort in both the gas-fueled and electric homes in areas where air conditioning is commonly 

needed.     

Capital costs are estimated for heat pump HVAC systems, heat pump water heaters, electric resistance 

and induction stoves and electric resistance and heat pump clothes dryers separately. For all-electric new 

construction homes, the avoided cost of natural gas infrastructure (both in-home and for interconnections 

to the utility) is included in our cost model. The avoided in-home natural gas piping infrastructure is 

reflected in the equipment capital cost estimates developed by AECOM.  

An additional cost saving is applied separately based on an estimate of the avoided natural gas piping cost 

associated with the service and meter connection. In practice, these avoided costs will be highly site-

specific and could vary widely depending on the size and location of the housing project. The estimated 

avoided costs of natural gas infrastructure and interconnection to the utility (outside of the avoided gas 

piping in the building itself) are based on estimates from the draft 2020 California Title 24 Building Reach 

Code 31 and include:  

é Single family residence: $6,000 

é LRMF: $6,000 (cost is shared by 6-8 units, resulting in $750 or $1,000 per household) 

Gas interconnection costs will vary greatly depending on the location of the building, making it difficult to 

come up with a single, central estimate. If anything, these avoided gas infrastructure costs may represent 

conservative estimates. However, it is important to note that in this study, the avoided gas infrastructure 

cost savings within the building itself are included in the equipment capital cost estimates. This study does 

                                                           
31 .ŀǎŜŘ ƻƴ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳΣ άPG&E Residential Building Gas Service Installation Costsέ ŘŀǘŜŘ WŀƴǳŀǊȅ нуΣ нлмфΦ  
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not attempt to estimate the avoided societal costs of gas interconnections for new construction, which 

are shared among all gas ratepayers and would not be a cost or benefit to individual customers. 

In retrofit homes moving from gas to electric end uses, the individual replacement of one end use or 

appliance is not assumed to trigger the need for a complete electrical panel upgrade. Pre-1978 vintage 

homes are assumed to trigger the incremental cost of a panel upgrade to 200A when both the HVAC and 

domestic hot water systems are electrified at the same time. The following panel upgrade costs are 

applied32,33: 

é Single family: $4,256  

é Low-rise multifamily: $2,744  

Hourly labor rates vary by region of the state and are estimated based on all-in costs for experienced and 

licensed contractors. These labor rates vary from $65/hour to $95/hour depending on the region. The 

total cost estimates also reflect a mark-up for overhead, which varies between 15% to 20% depending on 

the region of the state. Design and engineering costs are 10% of the project cost. Permit, testing and 

inspection costs are 1.25% of project costs, while contractor profit and market factors are used to reflect 

local market conditions in some markets and vary from 0% in Sacramento and Riverside to 8% in San 

Francisco.  

To illustrate the categories included in the capital cost estimates for each technology, an example is 

provided below for a 1990s vintage single family home that retrofits a gas furnace to an electric HVAC 

heat pump.  

                                                           
32 See the City of Palo Alto 2019 Title 24 Energy Reach Code Cost Effectiveness Analysis: 
https://cityofpaloalto.org/civicax/filebank/documents/66742  
33  See the Palo Alto Electrification Final Report: https://www.cityofpaloalto.org/civicax/filebank/documents/55069  

https://cityofpaloalto.org/civicax/filebank/documents/66742
https://www.cityofpaloalto.org/civicax/filebank/documents/55069
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Figure 2-5. Example of installed equipment capital cost data developed for this analysis: Singe family HVAC heat 

pump retrofit , 1990s vintage, Climate Zone 6 

 




















































































































































































































