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Abstract 

This study assesses the progress towards, barriers to, and equity implications of residential and 

commercial building electrification. For residential buildings, statewide electrification program 

data, building permits, and utility energy usage data were combined with renter surveys and 

multi-family property owner interviews. For commercial buildings, a prioritization framework, 

consisting of metrics on emissions, technical feasibility and social impacts, was developed to 

produce a prioritization ranking at a statewide scale, customizable by metric weighting and 

directionality. Lodging subsector was selected for a more in-depth feasibility assessment, 

featuring vendor and operator interviews, site visits, and statewide market analysis. Despite 

over $550 million in electrification incentives (2021-2023), only approximately 7% of the 600 

thousand additional households who have adopted residential electric space heating can be 

attributed to incentive programs, with most occurring through "natural adoption." Current 

programs support piecemeal, end-use-specific measures rather than comprehensive retrofits, 

failing to address panel capacity constraints, coordination costs, and whole-building planning 

needs. Multifamily buildings face particularly acute challenges, with only one-third considered 

"electrification-ready" and declining electric heating adoption in 2-4 unit buildings between 2017 

and 2022. The commercial sector demonstrates even lower uptake despite comparable 

budgets, with incentives failing to cover marginal electrification costs in most subsectors. 

Between 2006 and 2022, electricity's share of commercial energy consumption declined from 

37% to 31%, suggesting market decisions are shifting away from electrification. The feasibility 

assessment of the lodging sector found that properties are largely under consolidated 

ownership, and operators often lack the time and resources to participate in traditional 

programs. Achieving California's decarbonization goals will require substantially higher funding, 

comprehensive retrofit support, subsector-specific strategies, and addressing structural barriers 

beyond equipment rebates.
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Executive Summary 

Background 

Californiaôs building sector accounts for approximately 25% of statewide greenhouse gas 

emissions, when accounting for fossil fuels consumed onsite, electricity demand, and 

refrigerants used in air conditioning systems and refrigerators. 12 percent of total statewide 

GHG emissions are emitted onsite in residential and nonresidential buildings, with natural gas 

combustion producing significant quantities of air pollutants such as nitrogen oxides (NOx) and 

carbon dioxide that contribute to poor ambient and indoor air quality and climate change. 

Electrification is a viable strategy for achieving significant and immediate reductions in 

greenhouse gas and criteria pollutant emissions from the building sector. This research 

addresses critical knowledge gaps regarding the status of electrification progress in commercial 

and residential buildings statewide, data gaps preventing accurate cost and impact estimates, 

populations under-served by existing policies, and the values and barriers affecting 

electrification decisions, providing the California Air Resources Board (CARB) with evidence-

based findings to align policies and programs with the state's decarbonization and air quality 

goals. 

Objectives and Methods 

This study had three primary objectives that addressed six core research questions: first, to 

examine California's building electrification trends and spatial patterns across geographic and 

demographic dimensions to characterize progress, gaps, and under-served populations; 

second, to quantify electric service panel capacity constraints and understand stakeholder 

decision-making through primary data collection; and third, to develop a commercial building 

prioritization framework evaluating equity implications and feasibility to guide state investments.  

The study combined quantitative analysis with qualitative research to provide improved 

characterization of buildings and populations impacted by electrification policies.  

 

For residential buildings, researchers developed a novel bottom-up methodology estimating 

electrical service panel capacities statewide using parcel-level building attributes, historical 

National Electrical Code requirements, and empirically-derived probability functions from 

manually-assembled building permit databases for several large municipalities, analyzing how 

panel upgrade likelihood correlates with building age and CalEnviroScreen percentile scores.  

 

The team analyzed incentive program data from the California Energy Data and Reporting 

System (CEDARS) and TECH Clean California, synthesized electrification cost estimates from 

existing literature, and compared them with empirical project cost data from over 20,000 TECH 

program participants. Adoption trends were examined using the Energy Consumption Database 

(2006-2022), American Community Survey (2013-2022), Residential Appliance Saturation 

Survey (2009, 2019), and other datasets. Primary data collection included a survey of 807 
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renters in disadvantaged communities conducted by FM3 Research and 15 in-depth interviews 

with multi-family property owners managing over 10,000 units statewide.  

 

 

For commercial buildings, researchers developed a prioritization framework with seven metrics 

including emissions impacts, residential exposure risk, sensitive population exposure, worker 

vulnerability, grid outage risk, and technology readiness. To develop emission estimates, utility 

account-level consumption data (2015-2021) from investor-owned utilities were matched to 

California Commercial End Use Survey subsectors using NAICS code crosswalks, COϜ 

emissions were calculated using the emission factors from the U.S. Environmental Protection 

Agency (EPA),  NOx emissions were estimated using the NOx emission factors from the San 

Joaquin Valley Air Pollution Control District methodology along with the control factors from 

CARB. An interactive web-based tool for this prioritization framework was created allowing 

users to adjust metric weights and directionality. The lodging subsector was selected for 

detailed feasibility assessment. Through analysis of CoStar property data for over 7,000 

California hotels and stratified random sampling, 100 properties statewide were identified for 

outreach, of which 50 were in disadvantaged communities. Outreach included phone interview 

and site visits, which were conducted in August-September 2025. Data collection for existing 

sources occurred between March 2023 and February 2024.  

Results 

Residential Building Sector 

California's residential building stock demonstrates modest electrification readiness, with 

approximately half of single-family homes having sufficient electrical panel capacity (Ó200 

Amps) to support immediate space and water heating electrification, but only one-third of multi-

family properties meeting this threshold. Disadvantaged communities (DAC) face 

disproportionate challenges, with single-family homes having undersized panels at four times 

the rate of non-DAC properties (8% for DAC compared to 2% for non-DAC). Despite 231 active 

residential rebate programs and more than $550 million in combined CEDARS and TECH 

funding allocated between 2021-2023, incentive-driven adoption remains limited. Between 2019 

and 2023, 540,079 households adopted electric space heating1, yet only 42,810 electric space 

heating recorded claims in CEDARS and TECH. This indicates that fewer than 8% of electric 

space heating installations are likely attributable to an incentive. Total installed costs from TECH 

program data reveal significant gaps between available incentives and actual project expenses: 

median costs for single-family ducted heat pump installations without panel upgrades reached 

nearly $20,000, while incentives typically cover only a fraction of total costs. Consumer attitude 

research demonstrates that cost sensitivity fundamentally shapes adoption decisions, with 

renters' willingness to electrify declining precipitously even at modest monthly cost increases, 

while potential savings prove less motivatingðreflecting loss aversion and uncertainty about 

 
1 Difference between American Community Survey (ACS) 1-Year Estimate 2023 and ACS 1-Year Estimate 2019: 
Table DP04 Occupied housing unit using electricity as primary house heating fuel 
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long-term benefits. Multifamily property owners uniformly emphasized that electrification 

projects must achieve cost-neutrality for owners, not just tenants, with nearly all stating they 

would not proceed without incentives, yet many finding even subsidized projects economically 

infeasible due to inadequate funding for electrical infrastructure upgrades. 

Commercial Building Sector 

The commercial building sector whilst having a lot of resources available, they are under-

subscribed. While 120 active commercial rebates are available with budgets exceeding 

residential allocations, program participation has collapsedðfrom 2,428 claims in 2019 to 299 in 

2023, representing only 2% of residential claim volumes despite comparable funding. Between 

2006 and 2022, electricity's share of total commercial energy consumption declined from 37% to 

31% as gas use increased, with particularly concerning trends in subsectors offering the 

greatest decarbonization potential: electric space heating share declined in lodging and office 

buildings where heating demands are substantial, while electric water heating share fell in 

colleges, healthcare facilities, and offices. Cost analysis reveals severe incentive inadequacy 

across most subsectors, with the average incentive values varying considerably by end-use: 

cooking equipment incentives range from $1,130 to $17,500 per project, while whole building 

incentives average $10,000 per facility. Whole building incentives apply to projects that involve 

converting all gas appliances and equipment to electric systems. Water heating rebates, critical 

for many commercial subsectors, average between $1,550 and $1,812 per unit. Meanwhile, 

restaurants face electrification costs of $60,835-$123,855 per facility against maximum cooking 

equipment incentives of $17,500, while office buildings require $158,078 in upgrades that 

available incentives cannot meaningfully offset.  

 

The prioritization framework analysis showed that offices, restaurants, and health care facilities 

emerged as top contributors to total COϜ and NO  emissions, while colleges had the highest 

emissions per facility. Restaurants dominated indoor NO  emissions and ranked highest for 

worker vulnerability due to low wages and large workforces. Miscellaneous (e.g., movie theaters 

and gymnasiums) and office subsectors pose the greatest residential exposure risk, and 

miscellaneous facilities also rank highest for sensitive population impacts. Technology 

readiness varied, with lodging and offices scoring high, while process-heavy subsectors faced 

greater challenges. 

 

To identify a subsector offering maximum returns to learning, the team adjusted the tool's 

weights and directionalities to emphasize difficulty factors: older building vintages, larger 

building sizes, greater end-use diversity, and higher gas consumption intensity (average annual 

therms per premise). All difficulty-related criteria received a weight factor of 10, while emissions 

and social impact metrics retained their original weights and directions. The team prioritized 

technology-ready subsectors to focus the feasibility assessment on electrification processes 

rather than equipment market readiness. Under this modified framework, lodging emerged as 

the highest-priority subsector and was selected for a comprehensive feasibility assessment. A 

preliminary literature review indicated a scarcity of examples of fully electrified lodging buildings, 

in contrast to other commercial buildings such as restaurants, university buildings, and 

hospitals, which have implemented all-electric systems. The feasibility assessment encountered 
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systematic engagement barriers: despite 180+ call attempts and 15 site visit attempts, no 

substantive interviews were completed, revealing that traditional program outreach models 

fundamentally misunderstand commercial property operations where owners are rarely on-site, 

managers lack bandwidth, and contractors have abandoned certain market segments as 

economically unviable due to chronic underinvestment.  

Conclusions 

Achieving California's 2045 net-zero goals will require a paradigm shift from the current 

piecemeal, equipment-focused approach to comprehensive building system strategies. This 

includes: (1) electrification incentives scaled to actual project costs rather than equipment 

purchase prices; (2) whole-building retrofit programs that address electrical infrastructure, 

deferred maintenance, and multiple end-uses simultaneously; (3) delivery mechanisms 

designed around trusted intermediariesðcontractors, industry associations, and turnkey service 

providersðrather than expecting direct engagement from time-constrained property owners; (4) 

rate structures and financing tools that eliminate the operational cost penalty of electrification; 

and (5) workforce development and contractor training programs sufficient to build market 

capacity. The multi-family sector, where only one-third of buildings have electrification-ready 

electrical panels and split-incentive problems prevent investment despite tenant benefits, 

requires special attention through regulatory reforms that align owner and tenant interests. Most 

fundamentally, the state must confront the reality that current program participation rates and 

natural adoption trends, if unchanged, will fall orders of magnitude short of decarbonization 

targets, necessitating either mandatory standards with comprehensive support systems or 

acceptance that building electrification timelines will extend well beyond mid-century goals.
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Equitable Electrification of Existing 

Buildings: A Pathway to 

Decarbonization Final Report 

1 - Introduction 
 

This study assesses the equity implications, costs, and knowledge gaps associated with the 

electrification of existing buildings within the state of California. The scope of study is limited to 

residential and small commercial properties, with a dedicated focus on the experiences of 

priority populations as part of this transition. The results of this study are intended to aid 

policymakersô ability to evaluate existing programs and plan for the development of new 

mechanisms of State support for equitable building decarbonization.  

 

This was a multi-year project that employed a set of hybrid research methods including meta-

analysis of existing published literature and datasets, as well as the development and execution 

of novel primary research methods to fill important data gaps. The scope of the project included 

several research questions relating to the status of electrification progress within the state. 

These included documenting patterns in the adoption of electric end-use technologies 

throughout the state as well as characterizing participation in existing fuel-substitution incentive 

programs. In this process, UCLA identified several important gaps in the sources of data 

available for monitoring the progress of electrification statewide. Finally, the Research Team 

conducted novel primary research bottom-up methodology estimating electrical service panel 

capacities statewide to address several important data gaps related to the readiness of the 

residential building stock to support the adoption of electrical appliances in different end-use 

sectors.  

1.1 - Residential Buildings 

California has approximately 14.76 million total residential housing units. These can be broken 

down by type as shown in Table 1, below. 
 

Table 1. Percentage of Californiaôs total housing units by type 

Housing Type  Percentage of Total Housing Units  

Single-family Detached 56.4% 

Single-family Attached (Townhomes, etc.) 7.6% 

Multifamily (2-4 units) 8.4% 
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Multifamily (5 or more units) 23.0% 

Mobile & Manufactured Homes 4.4% 

Other (Boats, RVs, Vans, etc.) 0.2% 

 

Single-family (SF) detached homes make up the majority of California's residential building 

stock, accounting for more than half of the stateôs total housing units. The prevalence of these 

residential buildings is a defining feature of Californiaôs suburban and urban communities and 

has important implications for the dynamics of the stateôs electrification process. Attached 

single-family homes, such as townhouses and duplexes, make up a smaller but still significant 

portion of the building stock (7.6%). Multifamily (MF) housing, which includes apartments and 

condominiums in buildings of various sizes, comprises 31.4% of the stateôs housing stock, the 

bulk of which are buildings with 5 or more units. Mobile & Manufactured (MM) homes represent 

a smaller but important component of the housing market in California (4.4%). Given the stateôs 

history of complex challenges related to both housing affordability and availability, the research 

team recognizes that both MF and MM housing constitute an important component of available 

affordable housing and that these types of properties are also disproportionately inhabited by 

priority population households. To that end, and to the extent by which data were available, 

considerations related to these sectors were prioritized in the development of the projectôs 

methods and analyses. 

1.2 - Small Commercial Buildings   

For the purposes of this studyôs scope, small commercial buildings were defined and segmented 

based on the definitions developed within the 2006 California Commercial End Use Survey 

(CEUS). The CEUS categorizes commercial buildings in California into twelve distinct 

categories: small office, large office, restaurant, retail, food/liquor, refrigerated warehouse, 

unrefrigerated warehouse, school, college, health care, hotel, and miscellaneous. Table 2 below 

illustrates the breakdown of total commercial floor area within the state by these subsectoral 

designations.  
 

Table 2. Percentage of Californiaôs total commercial building floor area by subsector. 

Commercial Subsectors Percentage of Total Commercial Floor Area 

Colleges 4.4% 

Food Stores 2.7% 

Healthcare 5.4% 

Lodging 5.4% 

Miscellaneous 19.3% 

Office, Large 15.0% 

Office, Small 8.8% 

Refrigerated Warehouse 1.7% 

Restaurant 2.5% 

Retail 12.8% 
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School 7.8% 

Warehouse 14.2% 

 

While the different subsectoral designations used in the CEUS generally reflect recognizable 

building types, it is important to recognize that there can be a significant amount of diversity in 

the sizes, vintages, and composition of installed end-use energy equipment among the 

individual facilities which may be classified as belonging to each of these subsectors. The 

existence of a ñMiscellaneousò category is an obvious example of this, as it encompasses a 

huge diversity of commercial property types and associated end-use energy activities that do 

not strictly conform to the other, much more common building types. However, this same 

observation can also be applied to other sub-sectors, such as Colleges, which can encompass 

a wide range of facility types that might otherwise be individually categorized as offices, 

restaurants, lodging, or retail facilities were they to be considered in isolation.  

 

From the perspective of the electrification of existing small commercial buildings, what ultimately 

matters most is the number, type, size, and usage intensity of the different installed gas end-use 

equipment that must be substituted with zero-emissions alternatives. Unfortunately, this type of 

information is not readily accessible in any existing dataset, at least in any comprehensive and 

detailed way. Through this analysis, the project team has therefore endeavored to synthesize 

different sources of information, ranging from end-use consumption surveys to detailed 

customer electricity and natural gas meter data, to plausibly infer as much as possible about the 

composition of this existing installed gas end-use equipment within different sub-sectors. 

Moreover, the work has additionally leveraged a wide range of other contextual data ranging 

from employment to pollution exposure, to grid outage vulnerability, to better anticipate the full 

spectrum of likely barriers that will be encountered when pursuing fuel-substitution measures 

within different sub-sectors primarily via electrification.  
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2 ï Methods 

2.1 - Residential Building Sector Materials and Methods 

The evaluation of residential building electrification was conducted in two phases. First, an array 

of data reflecting different measures of electrification progress were compiled and analyzed in-

depth. This included a literature review of previously published studies within peer reviewed 

academic journals as well as reports and other trade literature sources. This literature review 

encompassed published works documenting empirical costs, incentive programs, and trends in 

end-use adoption across single-family and multi-family housing.  

 

The second phase of the residential building electrification analysis explored additional 

dimensions of electrification. These included challenges associated with the potential need for 

property owners to upgrade electric service panels in California's housing stock to support 

electrification, renter awareness of electrification options and benefits, and the experiences of 

multi-family property owners who have pursued electric service panel upgrades. These 

additional data were collected and analyzed to complement existing sources. 

 

Data collection for this project (excluding opinion research) was conducted between March 2023 

and February 2024. Datasets, studies, and analyses produced after this period are not reflected 

in the materials, methods, or findings presented here. 

2.1.1 - Existing Data  

Electrification Program Availability  

A comprehensive source of data for tracking all available and active incentives for residential 

electrification in California does not currently exist. As a result, data on rebates were collected, 

cross-referenced, and verified for accuracy and timeliness. Two primary sources of information 

were used for this process: the Building Decarbonization Coalition (BDC) and North Carolina's 

Database of State Incentives for Renewables & Efficiency (DSIRE). The BDC data source 

accessed was a snapshot of the backend database that underpins the Switch is On web tool.2 

This data set included the program administrator (PA), program areas served, incentive price, 

incentive type, eligible building types, equipment type, applicant eligibility, electrification 

requirements, and whether the program is layerable. Available offerings were cross-referenced 

and supplemented with DSIRE, which offers an overview of financial incentives and policy 

measures supporting renewable energy and energy efficiency in the United States. Prices and 

active status were validated in cases where incentives were listed in both databases. Outdated 

incentives were omitted. 

 

Incentives not specific to electrification or fuel-switching programs were excluded. These 

exclusions included incentives for whole house fans, technical assistance, smart thermostats, 

 
2 Switch Is On, Building Decarbonization Coalition, ñAboutò (webpage), available at https://switchison.org/about/.  

https://switchison.org/about/
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insulation and ductwork, home batteries, electric backup power units, air sealing, and 

comprehensive energy upgrades (which may include attic insulation, duct sealing, smart 

thermostat, and whole home energy assessment). Incentives were also excluded if they were 

exclusively free loaner programs or programs with highly limited availability. Rebates for electric 

service panel upgrades were included for consideration, as they constitute a focus area of 

primary data collection in this study. This investment is largely considered essential to enabling 

whole-house electrification and transportation electrification.3 Ultimately, 231 active residential 

rebate programs were identified across California, serving either the entire state or specific 

regions. 

Program Uptake   

Residential participation in California Public Utilities Commission (CPUC)-approved, ratepayer-

funded energy efficiency (EE) programs is reported to the California Energy Data and Reporting 

System (CEDARS) by program administrators from investor-owned utilities (IOUs), regional 

energy networks (RENs), and select community choice aggregators (CCAs). CEDARS is a 

database overseen by the CPUC that consists of both publicly and privately accessible data 

attributes. The program administrators who report to CEDARS include Pacific Gas and Electric 

(PG&E), Southern California Edison (SCE), San Diego Gas & Electric (SDG&E), Southern 

California Gas Company (SoCal Gas), select CCAs (Marin Clean Energy, Redwood Clean 

Energy Authority, San Jose Clean Energy), and RENs (Bay Area Regional Energy Network 

[BayREN], Inland REN, Southern California Regional Energy Network [SoCalREN]). CEDARS 

provides publicly accessible data on program budgets and implementation claims, which 

document when an energy efficiency measure has been delivered to a participant. Publicly 

available CEDARS reporting data span from 2016 to the fourth quarter (Q4) of 2023, the most 

up-to-date quarter of claim data at the time of analysis. 

 

The second program uptake dataset utilized was the Technology and Equipment for Clean 

Heating, known as TECH Clean California or simply TECH. In September 2018, Senate Bill 

1477 directed the CPUC to develop and supervise the administration of the TECH program. 

TECH is a statewide initiative providing incentives to distributors and contractors to sell and 

install electrification measures in existing residential homes.4 A key component of the TECH 

program was to collect, clean, and publicly publish data on claims reported by participating 

contractors. Anonymous working datasets for single-family and multi-family projects from the 

launch of statewide incentives in December 2021 to the present are published and updated on 

an ongoing basis on the projectôs website. These publicly accessible data are anonymized with 

some key identifying attributes aggregated to protect the privacy of program participants' 

identities.  

 

 
3 Jeffrey Daigle, Bryan Jungers, Building Decarbonization Coalition, Enhancing the Customer Experience of 
Upgrading an Electric Service Panel, p. 1, available at https://buildingdecarb.org/wp-content/uploads/BDC-Panel-
Upgrade-Report.pdf.  
4 SB 1477: Low-emissions buildings and sources of heat energy. Reg. Sess. (CA. 2018).Available at: 
https://legiscan.com/CA/text/SB1477/id/1809546  

https://buildingdecarb.org/wp-content/uploads/BDC-Panel-Upgrade-Report.pdf
https://buildingdecarb.org/wp-content/uploads/BDC-Panel-Upgrade-Report.pdf
https://legiscan.com/CA/text/SB1477/id/1809546
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While CEDARS focuses primarily on EE measures, claim data from 2020 onwards also include 

a fuel-substitution field. To address the absence of that attribute in claim data from 2019 and 

earlier, a filtering process was developed. Using the 2020-2022 data, common keyword search 

terms applicable to the measure description for claims classified as being of fuel-substitution 

type were identified. Those terms included "mini-split," "dxhp," "heat pump," and similar. The 

2016-2019 data were filtered on the basis of this dictionary of keyword search terms and further 

examined for the frequency of terms used to describe measures that may signal fuel-

substitution, such as "cook," "pkg_hp," "oven," "fryer," "food_service," and 

"electric_clothes_dryer". This data subsetting process helped ensure that all potential fuel-

substitution claims were investigated. Any claims that included language signaling that the claim 

was not related to an actual fuel-substitution measure, but rather straightforward replacement 

and upgrades of existing gas equipment will more efficient replacements, when not present in 

combination with the keyword "electric", were filtered out. To confirm that changes in claim 

language or keywords across the years were accounted for, the filtering process was repeated 

for each year of data from 2016 to 2019. It is important to note that the count of claims provided 

in the CEDARS database refers to each observation in the dataset. It is not a measure of the 

number of housing units or the number of equipment units. 

 

CEDARS claims were then sorted into the following categories: packaged terminal heat pumps, 

mini-split heat pumps, heat pump clothes driers, electric single ovens, electric combination 

ovens, electric friers, induction cooktops, electric steam cookers, electric holding cabinets (full 

size), electric holding cabinets (half size), water source heat pumps, and heat pump water 

heaters. 

 

The process of filtering and cleaning claims with the TECH Clean California data set was 

simpler. The installation start and end date fields were transformed into a new "year" field. 

Product type categories were then reorganized into a measure category field to align with the 

same set of categories assigned to the processed CEDARS claims. Given their level of detail, 

TECH-specific product type categories were used in analyses involving only TECH specific 

claims: ducted multi-split, ductless mini-split, ductless split unitary equipment, ducted split 

unitary equipment, and small duct high velocity. The data were then split into single-family and 

multi-family working datasets. 

 

For analysis of total residential claims across the TECH and CEDARS data sets, it was 

imperative to avoid any possible double-counting of claims. Based on clarification from Amy 

Reardon, a Senior Regulatory Analyst at the CPUC who oversees the administration of 

CEDARS, it was determined that CEDARS only captures TECH program claims submitted 

through secondary incentive program administrators. Secondary incentives are layered 

incentives associated with a single equipment installation. For example, BayREN may offer an 

incentive for a heat pump water heater, and TECH may offer an additional incentive for the 

same installation. In some cases, customers can layer these incentives to receive a higher total 

rebate. In TECHôs database, these layered claims are recorded by identifying the additional 

incentive provider as the ñsecondary incentive program administrator.ò In total, 1,361 TECH 

claims are likely represented in the CEDARS dataset, as indicated by matching secondary 
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incentive providers listed in the TECH data and corresponding claims in CEDARS. These 

program administrators (PAs) are PG&E, BayREN, and Tri-County REN. In the combined 

analysis, these overlap counts were excluded by omitting them from the TECH dataset. 

 

Through a non-disclosure agreement with the CPUCôs Energy Division, an attempt was made to 

geocode the raw, unredacted CEDARS claim data accessible to UCLA to provide insights on 

geographic and demographic dimensions. It was found that only 6,662 of 16,692 electrification 

program claims over the period from 2016 to 2020 could be confidently connected to point 

addresses. Of that collection, only 3,135 unique addresses were found. Given the insufficient 

number of unique addresses across the state, these geolocations were unlikely to consistently 

reflect the end-point locations where claim measures were implemented. Instead, it is likely that 

these shared addresses were used across upstream and midstream program claims. As a 

result, these geolocations were not used in the analysis. 

Budget Analysis  

Sixty-seven unique PAs were identified based on the electrification program compilation. 

Inconsistent methods for documenting and reporting PA budgets made it impossible to compare 

data among the different PA types (IOU, publicly owned utility [POU], CCA, REN, municipality). 

Among these, IOUs and POUs had the most consistent internal reporting standards. As a result, 

IOU and POU budgets were examined independently and in the context of their energy 

efficiency program data. 

 

The CEDARS database includes budget filing data for program administrators who have filed 

energy efficiency claims spanning 2017 to 2023. CEDARS budget filings detail the different 

measures and approved budgets within each program identification number (ID). For example, 

one program ID may include both electrification and non-electrification related measures. To 

isolate the approved budgets allocated exclusively to electrification measures, a similar filtering 

method as was used with processing the CEDARS and TECH raw program claims data was 

employed. However, the summary and record-level data only provide explicit budget amounts 

for each PA's annual approved budget. Information on their respective direct implementation 

expenditures and total expenditures remains unclear. The CEDARS budget data dictionary did 

not provide clarity on expenditure and budget amounts. Energy efficiency budget filing 

spreadsheets for each PA were downloaded from the CEDARS document section, covering the 

years 2017 through 2022. Depending on the PA, spreadsheets containing budget and 

expenditure data were listed as T-3 Exp's, T-4 Program Data, or T-4 Expenses. Administrative 

and direct implementation expenditures by individual program IDs for each PA were manually 

extracted into a unified spreadsheet. The individual program expenditures were then compared 

with the approved budget amounts included in the CEDARS budget filings. The most granular 

level of expenditure was at the program ID level. Thus, expenditures for specific electrification 

measures could not be determined. 

 

For POUs, energy efficiency total utility costs from 2020 to 2023 were manually extracted from 

the California Municipal Utilities Association (CMUA), which publishes California POU Energy 

Efficiency Reports. Data between 2016 and 2019 were downloaded from the California Energy 
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Commission's (CEC) Energy Efficiency in California's Public Power Sector interactive 

dashboard, which features data that have already been extracted from POU reports. These two 

sources only provide data on total utility costs, which are understood to be expenditures relative 

to the entire approved EE budget. The actual approved budgets, meanwhile, were not identified. 

It is hypothesized that it may be available in each POU's budget reports, as reported through 

their own internal websites. However, extracting each individual budget report across several 

years for each POU without a centralized source would be extremely cumbersome and time-

consuming. Therefore, visibility into POU budget data were limited to only the energy efficiency 

expenditures.  

 

For the budget data that were successfully acquired, interpretation was difficult because some 

PAs do not clearly indicate how much funding is dedicated specifically to electrification and 

electrification projects. For instance, SCEôs energy incentive budget includes lighting and 

energy efficiency programs that may not include the electrification of gas appliances. Similarly, 

the energy efficiency budgets of POUs reported by the CMUA have a category labeled 

"electrification." However, that encompasses both transportation and building electrification, 

complicating the task of isolating the costs specific to building electrification measures. 

Therefore, the actual expenses for building electrification by POUs are likely lower than what is 

indicated under the "electrification" category. 

Electrification Adoption and Trends  

To represent the historical progress of building electrification within California as accurately and 

in as much detail as possible, two databases and six survey reports were compiled, spanning 

32 years from 1990 to 2022. This included the CEC's Energy Consumption Database (1990-

2022), CEC's Building Decarbonization Assessment (2021), American Community Survey 

(ACS) (5-year estimates for 2013-2017 and 2018-2022, 1-year estimates for 2016-2022), 

Residential Energy Consumption Survey (RECS) (2009, 2015, 2020), American Housing Survey 

(AHS) (2015-2021), and CEC Residential Appliance Saturation Survey (RASS) (2009, 2019). 

 

The CEC Energy Consumption Database was the sole source of data for trends in aggregated 

residential building energy consumption by geography over time. Natural gas and electricity 

consumption were provided separately at county and by entity between 1990 and 2022. The 

database provides gas consumption in millions of therms and electricity consumption in 

gigawatt-hours (GWh) or millions of kilowatt-hours (kWh). To compare rates of consumption 

between fuel types over time, both units were converted to a common unit of million British 

thermal units (MMBtu). Units in GWh were multiplied by a factor of 3,412.14163312, while units 

in millions of therms were multiplied by a factor of 100,000. The electricity conversion factor 

operates under the assumption that electricity is a primary energy source and is 100% efficient 

in its conversion to MMBtu units. 

 

Given the interest in analyzing patterns across electricity and gas consumption over this full 32 

year period, all counties with incomplete data, whether across years or fuel type, were excluded. 

Residential natural gas consumption was not provided for Lake, Mariposa, and Sierra counties 
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while residential consumption data for Lassen County are only available from 2013 onward. In 

total, 119 observations were removed. 

 

Trends in fuel share (electricity consumption relative to the sum of electricity and natural gas 

consumption over time) were analyzed by entity at the county level. This analysis was not 

feasible statewide due to (1) the geographic overlap and complexity of utility territories and thus 

(2) the possibility that more than one energy entity may service customers within the same 

building. This complexity is highlighted by the number of unique electric-only and gas-only 

utilities between 1990 and 2022: 58 electric and 11 gas utilities. Pacific Gas and Electric 

Company and San Diego Gas and Electric Company are exceptions to this and provide both 

electricity and gas, allowing for analysis of the relationship between electricity and natural gas 

consumption over time in their territories. 

 

The four surveys utilized to examine electrification adoption and trends are provided in Table 3 

below with additional information about the relevant survey variables and periods. 

 
Table 3. Surveys for Residential Analysis 

Survey Title and Sponsor Survey Design  Variable(s) of Interest Geographic Granularity 

US Census Bureau 
American Community 
Survey (ACS) 

5-year estimates (2013-
2017), (2018-2022) by 
census tract  

Primary home heating fuel Census tract level 

US Census Bureau 
American Housing Survey 
(AHS) 

Longitudinal housing unit 

survey data for 2015, 2017, 

2019, and 2021, returning 

to the same households 

every other year 

Primary home heating fuel, 

water heating fuel, heating 

appliance, clothes drying 

fuel, solar panels  

State level 

California Energy 
Commission Residential 
Appliance Saturation 
Survey (RASS) 

2009 and 2019, 

households in areas 

served by the large 

investor-owned utilities 

Electricity and gas-fueled 

appliance saturation  
IOU region  

Residential Energy 
Consumption Survey 
(RECS) 

2009, 2015 and 2020 

through household 

voluntary survey  

Space Heating, Water 

Heating  

Climate Region, Census 

Region, State,  

 

Publication standards and disclosure concerns in the AHS have resulted in data gaps across 

variables and for certain years. While demographic data, housing tenure type, and income 

levels are included in the dataset, these specifics were not consistently available for housing 

units based upon their primary fuel consumption characteristics for each year surveyed. 

 

To deepen the understanding of electrification trends across various end-use categories, 

comparisons were made between AHS values and the CEC RASS (2009, 2019). However, 

disparities in sample sizes and methodologies between the AHS and RASS may impact the 

reliability of comparisons and trend analysis. 
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Home heating fuel data from the ACS are provided at the census tract level, with estimates 

available every five years. 1-year ACS estimates were additionally available at the state level. 

This home heating fuel type variable was analyzed alongside other ACS data points such as 

demographics, median income, housing characteristics (including building vintages), residential 

building types, and home values. 

Electrification Costs  

This part of the analysis seeks to identify specific cost barriers that would need to be addressed 

to support comprehensive end-use electrification. It involves an examination of retail price 

ranges for electrically powered gas-substitute equipment, installation costs, and additional 

integration costs such as the need for customer-owned building electrical infrastructure 

upgrades, labor, permitting, and inspections. Cost estimate studies that employ various 

methodologies and are specific to different geographic areas were synthesized and evaluated. 

While the costs for many commercially available electric appliances are becoming increasingly 

cost-competitive with gas-fueled appliances, the full substitution costs associated with 

electrification must be fully examined to identify the gap between existing policy-supported 

electrification and the state's long-term goals. 

 

Appliance costs were examined using three primary sources, as shown in Table 27 Section 3.1: 

the US Energy Information Administration (EIA), which reports on the costs of gas and electric 

appliances from studies by Guidehouse and Leidos; Opinion Dynamics' Heat Pump Market 

Study, which covers some, but not all, gas and electric appliance categories (appliance types 

not included are marked as "Not Reported"); and electric appliance estimates from Redwood 

Energy's A Pocket Guide to All Electric Retrofits of Single-family Homes, which were used to 

supplement the other electric appliance cost sources. Redwood Energy does not report gas 

appliance costs, as a result, gas appliance costs are listed as "Not Reported" for Redwood 

Energy. 

 

To best estimate the cost of electrification in different building types and sectors, studies led by 

state and federal agencies, nonprofit organizations, and academic institutions over the last 

decade have employed various methodologies. These include studies consisting of small 

independent convenience samples, stratified random samples, qualitative studies, and 

predictive modeling. Most studies reviewed for this memorandum evaluated capital costs, labor 

costs, and energy savings over the equipment's life cycle. The focus of those methods is on 

cost-effectiveness and benefit-to-cost ratio metrics. While this memo utilizes some of those 

metrics as a springboard for the analysis, the primary focus here is on up-to-date upfront 

installed costs. These are defined as costs that include equipment, labor, additional installation 

materials, and, if applicable, additional electrical infrastructure upgrades, such as the need to 

upgrade in-wall electrical wiring or even main electrical service panels. A summary of reviewed 

electrification cost studies and reports can be found in Table A1 of Appendix A. Operations and 

maintenance costs are outside the scope of this analysis. 

 

In alignment with the existing literature, residential building types were differentiated as single-

family and multi-family, with low-rise multi-family buildings considered as a multi-family 
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subcategory. Low-rise multi-family buildings are defined as two-story apartment buildings with 

six to eight units.5 Gas-fueled appliances with electric counterparts were the focus of the 

analysis, based on the 2019 RASS.6 Table 4 below highlights gas appliances and their electric 

substitutes from RASS. 

 
Table 4. Residential Gas-fueled Appliances and Electric Substitutes7 

End Use Gas-Fueled Appliance Electric Appliance   

Space Heating and 
Cooling 

Natural gas furnace (heating only) Electric furnace (heating only)  

Natural gas boiler (heating only) Electric baseboard heater (heating only)  

 

Central AC (cooling only)  

Room AC (cooling only)  

Evaporative cooler (cooling only)  

Packaged terminal heat pump (heating and cooling)  

Ductless mini-split heat pump (heating and cooling)  

Ducted split heat pump (heating and cooling)  

Water Heating 

Gas storage water heater Electric storage water heater  

Tankless/demand-type gas water heater Tankless/demand-type electric water heater  

 Heat pump water heater  

Cooking 

Natural gas stove 

Electric induction stove  

Electric resistance stove  

Gas oven Electric oven  

Clothes Dryer Gas clothes dryer Electric dryer   

Pool Heater Gas pool heater Heat pump pool heater  

 

The cost estimates from existing literature, largely based upon modeling studies reported from 

existing literature, were subsequently compared with empirical data from TECH's program 

claims. Special consideration was required when assessing the costs of multi-family 

electrification projects reported per dwelling unit versus those reported for entire properties. In 

 
5 "Building Energy Efficiency Standards." California Energy Commission. Accessed 10/1/23. 
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards.  
6 DNV GL Energy Insights USA, Inc., ñ2019 California Residential Appliance Saturation Study. California Energy 
Commissionò (2022), available at: https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.  
7 DNV GL Energy Insights USA, Inc., ñ2019 California Residential Appliance Saturation Study. California Energy 
Commissionò (2022), available at: https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-
saturation-study-rass.  
 

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards
https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-saturation-study-rass
https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-saturation-study-rass
https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-saturation-study-rass
https://www.energy.ca.gov/publications/2021/2019-california-residential-appliance-saturation-study-rass
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observations where the field "total project cost per residences served" was blank (256 instances 

out of 2,762 observations), the "project cost per unit installed" was used to estimate the total 

project cost per dwelling unit. It was assumed that each individual equipment unit installed 

served an individual dwelling unit. The TECH data also include true or false fields for "panel 

upgrade," "electrified stoves," and "solar photovoltaic (PV)." Though TECH did not offer 

incentives for any of those products at the time the data were accessed, the fields are included 

to signal whether those products were installed by the contractor. It is unclear whether those 

costs, panel upgrades, electrified stoves or solar PV, are included in the TECH project cost 

estimates or whether they may reflect the condition of the property prior to participation in the 

program. Thus, TECH project cost observations were filtered as reflected in Table 5 and 

subsequently by single-family and multi-family status as shown in Table 6.  

 
Table 5. TECH Project Costs Incremental Filtering Steps 

Steps Observations 

1. Raw dataset  25,059 

2. Filtering panel upgrades, electrified stoves, and solar PV  23,361  

3. Filtered project costs less than 1  23,361  

4. Filtered project costs that were NA  23,084 

 

Table 6. Single-family and Multifamily TECH Project Costs Incremental Filtering Steps 

Single-family Steps Observations Multifamily Steps Observations 

1. Filtered by single-family 20,375 1. Filtered by multi-family 2,709 

2. Filtered single-family homes with more than 
7 bedrooms 

20,326 2. Filtered if product type is 
NA  

2,709 

3. Filtered if product type is NA 18,916 3. Remove project unit costs 
that are outliers 

2,709 

 

2.1.2 - Primary Data Collection 

Electrification Readiness of the Residential Building Stock  

A key set of issues associated with the readiness of existing buildings to support gas fuel-

substitution via the installation of new electrical appliances relate to the rated capacity and 

number of available breaker slots in buildingsô main electrical service panels. The electrical 

service panel is the point of interconnection between a customer premise and their serving 

utilityôs electrical distribution infrastructure. They are part of a buildingôs energy infrastructure 

and are owned by the customer. The primary concern relative to electrification initiatives is that 

a significant number of buildings may have existing service panels which are not able to 

accommodate the installation of major new electrical loads. Existing buildings with insufficient 

panel capacities can necessitate costly panel upsizing projects or other, potentially complex, 

panel optimization strategies to electrify different end-uses.  

 

As reported in the peer reviewed journal article derived from this work (Fournier et al. 2025), a 

novel methodology was developed for estimating the size of existing electric service panels in 
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residential buildings throughout California. 8 The method operates from the bottom-up and is 

fundamentally based upon parcel-level building attributes. This approach was intentionally 

designed to complement previously published work derived from program participation data and 

survey-based studies on installed electrical panel service capacities. In this way, the intent was 

to provide a means of triangulation using estimates derived from fundamentally different 

approaches.  

 

As a general overview, the first step in this methodology was to establish an initial set of 

estimates for the as-built capacity of the electrical service panels at each single-family and 

multi-family property throughout the state. These estimates were based on a set of reported 

assumptions about the most common sizes of service panels installed in properties of different 

square footage ranges, built in different historical periods, derived from historical evolution in 

required panel sizing guidelines specified in the National Electrical Code (NEC).  

 

Following from this initial step, the likelihood that a previous panel upgrade may have occurred 

at each property since the time of its initial construction was assessed using a set of empirical 

probability density functions derived from a database of statewide panel upgrade building 

permits assembled as part of the research. This database was manually assembled from 

different publicly available sources of historical building permit application data published for 

several large municipalities throughout the state. These likelihoods were conditional upon the 

property's age and the CalEnviroScreen 4.0 (CES) composite percentile score of the census 

tract in which it is located. For a small minority of properties, the existing panel size is assigned 

on the basis of direct observations from the permit upgrade record. However, for the majority of 

properties, for which no permit data is available, a Boolean upgrade flag is assigned by 

sampling from the appropriate probability density function.  

 

In cases where a previous upgrade was assessed as having likely occurred, a corresponding 

estimate of the existing service panel size is then derived by incrementing from the as-built 

panel size according to a range of commonly used panel sizes. The procedure by which these 

upgrade likelihoods were calculated, and associated destination panel sizes selected, with 

accompanying result figures and statistics, are reported discussed in detail within Appendix G. 

Opinion Research  

To augment the previous quantitative research and help fill important data gaps, a partnership 

was formed with a specialist opinion research firm called FM3, also known as Fairbank, Maslin, 

Maullin, Metz & Associates. The goal of the partnership was to conduct a statewide survey of 

residential renters in high-priority communities and collect information about the existing 

penetration of various electrical appliances. While the survey paid special attention to the multi-

family housing context, it also included renters in single-family buildings. The survey additionally 

gauged renters in disadvantaged community householdsô attitudes toward different categories of 

home electrification measures. 

 
8 Fournier, Eric D., et al. "Quantifying the electric service panel capacities of California's residential buildings." Energy 
Policy 192 (2024): 114238. https://doi.org/10.1016/j.enpol.2024.114238 

https://doi.org/10.1016/j.enpol.2024.114238
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The result of this effort was an FM3-designed survey with 23 multi-part questions. The surveys 

were conducted over telephone or online in English, Spanish, Chinese, and Vietnamese, 

lasting, on average, 15 minutes per interview. Because the original set of sample addresses 

was insufficient to reach the survey response target, two additional address sample datasets 

were purchased. The need for additional time and supplemental contact datasets can probably 

be explained by the fact that renter populations are more likely to move than other populations, 

thus making it particularly difficult to match addresses to contact information. FM3 researchers 

also found that response rates to survey outreach efforts administered by text, email, and 

postcard were very low. Most of the successful surveys were carried out by phone. Additionally, 

a disproportionate share of respondents came from the Los Angeles County area, seemingly a 

result of initial email invitations listing UCLA as the research sponsor. Based upon this 

experience, the original invitation language was subsequently revised by removing the 

reference to UCLA, resulting in a more geographically balanced group of respondents.  

 

Overall, FM3 conducted 807 interviews as part of the study. The responses were then weighted 

by the expected proportions of ages, genders, ethnicities, and geographies among the targeted 

population. The  final survey sample was equally split between households in single-family 

buildings and multi-family buildings, was comprised of  more than 60% of  respondents 

identifying as Hispanic/Latino, one-third of respondents who reported living in Los Angeles 

County, one-third of respondents who reported living in the Central Valley, two-thirds of 

respondents with  annual household incomes of $75,000 or less, and most respondents living in 

households with three or fewer people. 

 

Following the survey of renters in high-priority communities, new questions emerged around the 

experiences and motivations of multi-family property owners in pursuing electrification projects. 

Between September 10, 2024, and January 24, 2025, FM3 additionally conducted a series of in-

depth one-on-one interviews with 15 property owners representing management over more than 

10,000 units statewide. The sample included five private small-building owners, one private low-

income housing developer, eight nonprofit affordable housing providers, and one county 

housing authority. Participants were based in regions across California, including Sacramento 

and Placer counties, the San Francisco Bay Area, Fresno County, the Central and San Joaquin 

valleys, the Central Coast, and the Los Angeles metropolitan area. Interviews were conducted 

via telephone, ranging from 20 minutes to over an hour, with an average duration of 

approximately 30 minutes. Participants received compensation through personal incentives, 

organizational donations, or donations to causes of their choice. 

 

Affordable housing providers interviewed for this study maintain portfolios that include both 

existing and newly constructed properties. As this study aims to understand the transition from 

gas to electric appliances, the discussions and subsequent findings in this report will primarily 

focus on these providers' experiences with their existing building stock.  
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2.2 Commercial Building Sector Materials and Methods 

2.2.1 - Existing Data  

Electrification Program Data  

The approach to analyzing commercial building incentives differed slightly from that which was 
used for the residential building sector. This is partly because the Switch Is On Incentive search 
tool is designed for residential customers. Consequently, the commercial analysis relied 
primarily on DSIRE. The active status of each commercial incentive was then confirmed on the 
relevant PA website. Ultimately, 113 active rebate-only commercial rebates were identified. 

Program Uptake  

CEDARS is the only public source of claim data for commercial building incentives. The same 
methodology used in the residential building claim analysis was used for the data cleaning, 
categorization, and identification of electrification claims in the commercial analysis. 
Additionally, CEDARS included over 30 unique commercial building type descriptions. To 
adequately match them to the rest of the analysis, those descriptions were re-categorized using 
the California Commercial End Use Survey (CEUS) building type subsector designations: 
health, retail, restaurants, large office, small office, school, college, lodging, warehouse, 
refrigerated warehouse, and miscellaneous. However, this process yielded some potential for 
misclassification given that the definitions of several CEDARS building categories do not have 
clear alignment with CEUS subsector building types. This issue was especially true for 
CEDARS' "miscellaneous" building type category. Not only does the miscellaneous category 
have by far the highest number of electrification claims compared to any other building type, but 
it also has the most ambiguous alignment with the CEUS subsectoral definitions. Thus, it is 
hypothesized that the "miscellaneous" category in CEDARS may refer to commercial buildings 
in general and not a specific set of commercial building types. Overall, the evaluation of 
commercial incentive uptake by building type is limited and may not reflect the actual 
commercial buildings utilizing the incentives.  

Budget Analysis  

The budget analysis for the commercial building sector followed the same budget data collection 
and analysis methodologies as were used for the residential portion of this work. Data were 
subsetted when listed in the CMUA and CEDARS by nonresidential or commercial building 
types and programs. Please consult the corresponding documentation for the residential budget 
analysis for future details on these methods.  

Account -level gas and electric data  

Subsector classification  

Account-level electricity and gas consumption data were sourced from IOUs and provided to the 
UCLA research team under a data sharing agreement with the CPUCôs Energy Division. These 
data have been shared under a non-disclosure agreement (NDA) which requires that research 
project applications receive Institutional Review Board (IRB) compliance or exemption, 
researchers adhere to strict cybersecurity guidelines, and all CPUC-mandated privacy 
preserving aggregation procedures be followed prior to public release of any consumption 
related information or derivative analyses. The account-level gas consumption data used for this 
analysis come from PG&E, SDG&E, and SoCal Gas. The account-level electricity data come 
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from PG&E, SDG&E, and SCE. The most recent available consumption data (2021) were used 
for all calculations. 
 
Each nonresidential customer in the utility consumption dataset includes a North American 
Industry Classification System (NAICS) code. A NAICS code is a three to six-digit code with a 
hierarchical structure in which each successive digit represents a higher level of categorical 
specificity. Federal statistical agencies have used NAICS codes to classify business 
establishments since 1997, and they are updated every five years. The 2006 CEUS subsectors 
are defined by Standard Industrial Classification (SIC) codes. The SIC code is a four-digit 
system developed in the 1930s to classify business establishments based on their primary 
economic activity. It was the primary classification standard used by federal statistical agencies. 
Though SIC codes are still used in some regulatory and private-sector contexts, they were 
largely replaced by the NAICS system in 1997. The SIC codes from the 2006 CEUS were 
matched to a complete list of NAICS codes. NAICS codes associated with each utility account 
varied in detail, ranging between three to six digits. In a small number of cases, the SIC to 
NAICS crosswalk matched a single NAICS code to multiple SIC codes, and thus multiple CEUS 
subsectors. Any instances of duplicates were reviewed and manually assigned to a single 
CEUS subsector. Valid NAICS codes were then matched to the utility accounts via NAICS code. 
Matches were attempted in descending order from most specific (6 digits) to least specific (3 
digits). Matching utility account NAICS codes to CEUS subsectors was only partially successful. 
Of the 2,312 unique utility NAICS codes, 100 (4.3%) could not be matched, representing 
148,164 utility accounts (5.7%) out of 2,580,793 total. These figures reflect all nonresidential 
utility accounts and are not specific to small commercial buildings. 
 

 
Figure 1. Process for Matching CEUS Subsectors to the Account-Level Natural Gas Consumption Data 

Subsector classification validation  

The mapping of NAICS codes was validated and refined using the updated 2022 California 
Commercial End Use Survey (CEUS), published on February 28, 2024. In the 2022 CEUS, 
survey respondents reported their own NAICS codes, which were then cross-referenced with 
utility-assigned NAICS codes to identify discrepancies. The initially assigned CEUS subsectors 
(as illustrated in Figure 1 above) were compared to the 2022 NAICS to SIC code crosswalk. The 
comparison introduced updated building type categorizations for 184 out of the 1,334 (13.79%) 
NAICS codes used in this analysis. For each of these codes, the building type assignment was 
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manually reviewed based on (1) the NAICS title description and (2) the building type 
designations under both the original 2006 CEUS methodology and the updated 2022 CEUS 
methodology. As a result, 124 of the 184 NAICS codes were reassigned to new CEUS 
subsectors consistent with the 2022 CEUS framework, while 60 codes retained their original 
classification based on the NAICS title description. Finally, because utility customer data do not 
include building square footage, it was not possible to distinguish between small and large office 
buildings. Therefore, the ñsmall officeò and ñlarge officeò subsectors were combined into a single 
ñofficeò category for this analysis. 

Matching electricity and gas utility accounts  

In regions without dual-fuel utility providers, the process of matching customers between gas 
and electric utilities is difficult given a lack of shared identifiers between these different utilities. 
Though addresses are provided by all utilities, the address fields cannot always be matched 
precisely across utilities due to slight differences in address string formatting. Figure 29 below 
highlights the significant overlap between SCE and SoCal Gas customers (left) and the diversity 
of climate zones (CZs) in the Southern California region (right). The complex overlap of utility 
service territories and the number of differentiable CZs in the area make it increasingly difficult 
to identify SoCal Gas customers who are also SCE customers when aggregated at this level. 
Ultimately, the 2006 CEUS gas consumption breakdowns by end-use category that were 
specific to SCE customers were also applied to SoCal Gas customers. That procedure was 
followed under the assumption that the SCE customer analysis, rather than statewide data, 
would result in greater accuracy when applied to these SoCal Gas customers. 
 
 

 

 
Figure 2.Southern California Utilities (left) and Climate Zones (right) 

 

 
9 Adapted from: US EIA, Southern California Daily Energy Report, 2021; California Energy Commission, 2020 
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Electrification Adoption and Trends  

Commercial buildings were examined both as nonresidential accounts and within small CEUS 
subsectors identified by the 2006 CEUS: offices, restaurants, retail, food stores, refrigerated 
warehouses, unrefrigerated warehouses, schools, colleges, health, lodging, and miscellaneous. 
Consumption data were sourced from the CEC's Energy Consumption Database (1990-2022), 
segmented by entity type but not distinguished by commercial building type. 
 
Additionally, utility account level electricity and gas consumption data from SCE, SoCal Gas, 
PG&E, and SDG&E from 2015 to 2021 were utilized. Utility accounts were classified according 
to CEUS small commercial sub-sectors using their associated NAICS designations, 
necessitating a multistep reconciliation process. The 2006 CEUS provides a SIC Code to the 
CEUS building type mapping table, which was crosswalked with NAICS codes. Duplicates and 
inconsistencies among NAICS and SIC codes were resolved manually to assign the prevalent 
SIC code to the appropriate CEUS category (see Figure 1, introduced previously, which 
describes this process). The newly released 2022 CEUS introduced an updated methodology 
for reconciling NAICS codes and CEUS building types. This methodology incorporated utility 
data from additional providers such as the Los Angeles Department of Water and Power 
(LADWP) and Sacramento Municipal Utility District (SMUD). This revealed variations in how 
utilities classify building types by NAICS code, impacting the accuracy of the assigned CEUS 
building types by NAICS codes. The combined datasets from CEC Energy Consumption Data 
Management System and the utility accounts provided comprehensive temporal, geographical, 
and sectoral insights into commercial building energy consumption across California. Analysis of 
electrification adoption trends first required the rigorous cleaning and manipulation of utility 
account data. These data must be geocoded to the parcel level to facilitate reaggregation and 
analysis at the level of climate zones and counties. Handling of partial customer account 
addresses or those provided with obvious typographic errors were addressed through a multi-
part procedure that involved the use of programmatic address standardization facilities available 
as extensions to the PostGRES database as well as the use of an online geocoding service that 
provided quantitative match accuracy scores. In cases where account addresses were unable to 
be confidently geocoded to the parcel level, they were instead analyzed at the utility level. 
Additionally, any net-metered solar accounts that reported energy outputs to the grid were 
adjusted to zero. This was done to avoid the inclusion of energy usage reported as negative 
values. While that solution was the most suitable for this analysis, it is important to note that the 
actual grid electricity demand of those accounts may not be zero. 
 
Electricity and gas consumption values were converted to a common unit of million British 
thermal units (MMBtu) for consistency across datasets.  
 
Throughout the analysis, outlier detection techniques were employed to exclude anomalous 
data points, ensuring data integrity and reliability. Additionally, the analysis strictly adhered to 
privacy guidelines per the CPUC which specify rules for the protection of the privacy of 
customer information via data aggregation and anonymization procedures. 

Electrification Costs  

Where possible, the analysis focused on small commercial buildings as defined by the 2006 
CEUS, however some cost estimates did not precisely match the CEUS small commercial 
prototypes. Ultimately, the majority of commercial building electrification cost estimates, 
acquired through the California Energy Codes and Standards Cost-Effectiveness Reports, 
employed the US Department of Energyôs (DOEs) set of minimum efficiency standards for 
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equipment, appliances, and building prototypes..10 Table 7 highlights the floor area and number 
of floors of the reference commercial building prototypes used by the DOE.  
 

Table 7. U.S. Department of Energy Commercial Buildings Reference Prototypes11 

  Floor Area Number of Floors 

Large Office 498,588 12 

Medium Office 53,628 3 

Small Office 5,500 1 

Warehouse 52,045 1 

Stand-alone Retail 24,962 1 

Strip Mall 22,500 1 

Primary School 73,960 1 

Secondary School 210,887 2 

Supermarket 45,000 1 

Quick Service Restaurant 2,500 1 

Full-Service Restaurant 5,500 1 

Hospital 241,351 5 

Outpatient Health Care 40,946 3 

Small Hotel 43,200 4 

Large Hotel 122,120 6 

Mid-Rise Apartment 33,740 4 

 
For small commercial buildings, the primary source of appliance cost dataðaggregated across 
all commercial subsectorsðwas the 2022 U.S. Energy Information Administration (EIA) 
Updated Buildings Sector Appliance and Equipment Costs and Efficiencies report. These data 
were supplemented with cost information from the California Energy Codes and Standards 
Nonresidential Retrofit Reach Code Cost-Effectiveness Study.12  

 
To contextualize the cost and equipment data sources discussed above, the following table 
(Table 8) summarizes the primary gas-fueled appliances used in commercial buildings and their 
corresponding electric alternatives. Commercial buildings have high variability in appliance 
configurations, especially for HVAC and water heating. Note that the end-uses and associated 
gas-fueled and electric appliances below are not exhaustive. Rather, they are the most relevant 
based on the literature review. Excluded gas-fueled equipment are primarily those related to 
processing, such as kilns, Bunsen burners, and sterilizers. 
  

 
10 ñPrototype Building Models | Building Energy Codes Program.ò available at: 
https://www.energycodes.gov/prototype-building-models.  
11 Ibid. 
12 Goyal & Farahmand, TRC Companies, ñ2022 Code: Nonresidential Alterations Cost-effectiveness Study,ò supra.  

https://www.energycodes.gov/prototype-building-models
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Table 8. Commercial Gas-Fueled and Electric Appliances 

End Use Gas-fueled Appliance Electric Appliance 

HVAC 

Space Heating and Cooling 

Packaged unit single zone (heating 
only) 

The rooftop heat pump (heating and 
cooling) 

Variable refrigerant flow (VRF) system 
(heating and cooling) 

Split single-zone system (heating 
only) 

Ducted split system heat pump (heating and 
cooling) 

Ductless heat pump (heating and cooling) 

Gas boiler (heating only) 
Variable refrigerant flow (VRF) system 
(heating and cooling) 

  Air conditioning unit (cooling only) 

Non-HVAC 

  
Water Heating 

Gas storage water heater Electric storage water heater 

Tankless/demand-type gas water 
heater 

Tankless/demand-type electric water heater 

Heat pump water heater 

Cooking 

Natural gas stove 
Electric induction stove 

Electric resistance stove 

Griddle Induction griddle 

Combination oven and gas rack oven 
 Electric oven 

Convection oven 

Fryers Electric fryers 

Air Compressor Gas air compressor Electric air compressor 

Clothes Dryer Gas clothes dryer Heat pump clothes dryer 

  
Information on the saturation of appliances across the commercial sector is even more sparsely 
available than it is for residential buildings and primarily concerns space heating trends. For 
small commercial buildings, packaged rooftop systems are the most typical end-use appliance 
type utilized for space heating.13  According to Redwood Energyôs Pocket Guide to All Electric 
Commercial Retrofits, packaged rooftop systems comprise about 59% of heating systems used 
in California, with split systems at approximately 13%, unit heaters at 8%, and packaged 
terminal units at 7%.14 Multi-zone commercial HVAC equipment was excluded from this study 
because these systems are used by approximately 1% of all buildings.15 

 
13 Mohammad Hassan Fathollahzadeh and Anish Tilak, Rocky Mountain Institute (RMI),  
The Economics of Electrifying Buildings: Medium-Size Commercial Retrofitsò (2022), available at:  
https://rmi.org/insight/economics-of-electrifying-buildings-midsize-commercial-retrofits/.   
14 Redwood Energy, "Redwood Energy's Pocket Guide to All-Electric Single-family Retrofits" (2022), available at:  
https://assets-global.website-
files.com/62b110a14473cb7777a50d28/6396be1051f34460e7dd5f26_A%20Pocket%20Guide%20to%20All%20Elect
ric%20Retrofits%20of%20Single%20Family%20Homes.pdf.   
15 Ibid. 

https://rmi.org/insight/economics-of-electrifying-buildings-midsize-commercial-retrofits/
https://assets-global.website-files.com/62b110a14473cb7777a50d28/6396be1051f34460e7dd5f26_A%20Pocket%20Guide%20to%20All%20Electric%20Retrofits%20of%20Single%20Family%20Homes.pdf
https://assets-global.website-files.com/62b110a14473cb7777a50d28/6396be1051f34460e7dd5f26_A%20Pocket%20Guide%20to%20All%20Electric%20Retrofits%20of%20Single%20Family%20Homes.pdf
https://assets-global.website-files.com/62b110a14473cb7777a50d28/6396be1051f34460e7dd5f26_A%20Pocket%20Guide%20to%20All%20Electric%20Retrofits%20of%20Single%20Family%20Homes.pdf
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2.2.2 - Prioritization Framework Development and Metrics 

Spatial, quasi-spatial, and non-spatial data layers information were assembled and analyzed to 
prioritize a single CEUS subsector for further detailed study regarding its potential barriers and 
opportunities to electrification. These CEUS subsectors, as defined by both the 2006 and 2022 
CEUS, include colleges, food stores, health care buildings, lodging, offices, refrigerated and 
unrefrigerated warehouses, restaurants, retail stores, schools, and a miscellaneous category 
that spans commercial facilities from movie theaters to gymnasiums. The novel prioritization 
framework which was developed consists of quantitative metrics associated with factors such as 
pollution impacts, worker and nearby resident vulnerability, electrification technical feasibility, 
and electric service reliability. These metrics and their respective units are listed in Table 9. 
Measurements for each metric were calculated at the statewide value to reflect the impacts of 
electrifying each CEUS subsector at scale. 
 
When considering potential data sources, building permit data from the Construction Industry 
Research Board (CIRB) were examined, which include descriptions and costs of work. 
However, these data are somewhat limited as they (1) are not explicitly categorized by NAICS 
code, and (2) would require extensive manual identification to extract relevant findings. Given 
these constraints, proxy variables were incorporated, such as building size and vintage, which 
are correlated with end-use technology characteristics. 
 

Table 9. Prioritization Framework Metrics 

Metric Category Metric Units 

Emissions 

CO2 Emissions Tons of CO2 

Ambient NOx Emissions Tons of NOx  

Indoor NOx Emissions Tons of NOx  

Social Impact 

Emissions Exposure Risk for Residential Populations Persons 

Exposure of Sensitive Populations Unitless 

Worker Vulnerability Unitless 

Difficulty 

Electric Grid Outage Vulnerability Risk Total Annual PSPS Outage Hours 

Technology Readiness Unitless 

End Use Diversity (Variance) Unitless 

Median Building Vintage Year 

Median Building Size Square feet 

Average Therms per Premise Therms 

CO2 Emissions Estimates  

To calculate carbon dioxide (COϜ) emissions, account-level gas data were assigned to the 
CEUS subsectors as illustrated in Figure 1. COϜ emissions were then calculated by applying the 

COϜ emissions factor from the U.S. EPA AP-42 to natural gas consumption in therms for each 
CEUS subsector. The emissions factor was converted to pounds per therm (approximately 
11.56 pounds per therm) in order to arrive at pounds (and tons) of CO2. 
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Table 10. CO2 Emissions Estimates Data Sources 

Estimates Calculation Input Source 

Account-level natural gas consumption  Pacific Gas & Electric, San Diego Gas & Electric, and SoCal Gas via 
CPUC Energy Division data sharing agreement 

CO2 emissions factor EPA AP-42 Section 1.416 

 
The average CO2 emissions for facilities within each CEUS subsector was then calculated by 
dividing the total CEUS subsector COϜ emissions by the count of premises provided in the 
account-level natural gas consumption data. 

Ambient NOx  

Figure 3 below provides an overview of the methodology for the ambient NOx emissions 
estimates. The ambient NOx emissions estimates built upon the steps completed for the CO2 
emissions estimates (Steps 1 and 2). The same methodology was used to assign account-level 
gas consumption data to the commercial subsectors, facilitating the assignment of consumption 
breakdowns by end use data from the 2006 CEUS (Step 3). The ambient NOx emissions 
estimates were calculated under the assumption that all indoor emissions from gas appliances 
eventually travel outdoors, which is a health protective and conservative assessment. 
 

 
Figure 3. Process for Calculating Ambient NOx Emissions Estimates 

 
 
 
 
 
 
 
 
 
 
 

 
16 U. S. Environmental Protection Agency (1998). Emission Factor Documentation for AP-42 Section 1.4ðNatural 
Gas Combustion. https://www.epa.gov/sites/default/files/2020-09/documents/1.4_natural_gas_combustion.pdf  
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https://www.epa.gov/sites/default/files/2020-09/documents/1.4_natural_gas_combustion.pdf
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Table 11 details the data sources derived for each step in Figure 3.  
 
Table 11. Data Sources for Ambient NOx Emissions Estimates 

Estimates Calculation Input  
(Process Step) 

Source 

Account-level natural gas consumption (Step 
1 in Figure 3) 

Pacific Gas & Electric, San Diego Gas & Electric, and SoCal Gas via CPUC 
Energy Division data sharing agreement 

Gas end-use breakdowns (Step 3 in Figure 
3) 

2006 California Energy Commission (CEC) California Commercial End Use 
Survey (CEUS) (Tables 8-4, 9-4, 10-4, 11-4) 

End-use to combustion process (Step 4 in 
Figure 3) 

San Joaquin Valley Air Pollution Control District 2009 Area Source Emissions 
Inventory Methodology, 060 - Commercial Natural Gas Combustion 

NOx emissions factors (Step 5 in Figure 3) 

EPA AP-42 Section 3.1, Table 3.1-1 (Uncontrolled Natural Gas-Fired 
Turbine); EPA AP-42 Section 3.2, Table 3.2-2 (Uncontrolled 4-Stroke Lean-

Burn Engines <90% Load); EPA AP-42 Section 1.4, Table 1.4-1 (Uncontrolled 
Small Boilers) 

Control factors (Step 6 in Figure 3) CARB California Emissions Projection Analysis Model (CEPAM) 

 
To estimate ambient NOx emissions, the analysis referenced the San Joaquin Valley Air 
Pollution Control District (APCD) 2008 Area Source Emissions Inventory Methodology.17 This 
methodology was used to align end-use categories with corresponding combustion processes 
and EPA AP-42 NOx emission factors. All AP-42 emission factors were converted to pounds of 
NOx per therm of natural gas. The conversion used the EIA 2021 annual average heat content 
of natural gas deliveries, reported as 1,039 British thermal units (Btu) per cubic foot. Table 12 
below summarizes the assigned end-use categories, combustion processes, and corresponding 
emission factors based on the San Joaquin Valley APCD methodology. 
 
Table 12. End Use Category Combustion Processes and Emissions Factors, San Joaquin Valley APCD (2008), EPA 

AP-42 

End Use Category Combustion Process NOx Emissions Factor (lbs/Therm) 

Space heating Small boiler 0.0096 

Water heating Small boiler 0.0096 

Cooling Turbine 0.032 

Cooking Approximated as small boiler 0.0096 

Process heat/machinery 60% small boiler 0.0096 

20% turbine 0.032 

20% engine 0.0847 

Misc. 50% turbine 0.032 

50% engine 0.0847 

 
The conversion methodology described here establishes estimates for uncontrolled NOx 
emissions. It does not consider possible emissions reductions as dictated by control levels and 
achieved by control technologies. Control levels are established by either air districts or CARB 
for each emissions inventory code (EIC). 
 
To incorporate control effects, this analysis used data from CARBôs California Emissions 

 
17 San Joaquin Valley Air Pollution Control District (APCD) (2008). 2008 Area Source Emissions Inventory 
Methodology. https://ww2.valleyair.org/media/uzuhm5hh/other_industrial-processes_2008.pdf  
  

https://ww2.valleyair.org/media/uzuhm5hh/other_industrial-processes_2008.pdf
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Projection Analysis Model (CEPAM) web tool. CEPAM generates emissions estimates for point 
and area sources using two key inputs: growth factors (which reflect emissions increases driven 
by economic and demographic trends) and control factors (which reflect emissions reductions 
resulting from regulatory controls). For each air district, annual NOx emissions projections were 
downloaded for two CEPAM scenarios: 

1. ñGrown only,ò which accounts for growth without controls (i.e., emissions 
increases driven by economic and demographic trends and excluding any 
emission reductions resulting from regulatory controls), and 

2. ñGrown and controlled,ò which includes both growth and regulatory control effects 
(i.e., emissions increases driven by economic and demographic trends and any 
emission reductions resulting from regulatory controls). 

 
CEPAM starts with a base year (2017 in the current model version), and forecasts emissions for 
point and area sources using the growth and control data available at the time of the 
development of the model version. The control levels used to develop the emission estimates 
were extracted from the CEPAM web tool. Annual emissions projections for both grown and 
grown and controlled oxides of nitrogen were downloaded for each air district from CEPAM. The 
control levels were then calculated by dividing the grown and controlled projections by the 
grown projections for emissions from commercial natural gas fuel combustion (Table 13). The 
growth factors in CEPAM were not needed for the estimates in this report given the use of up-
to-date natural gas consumption data.  
 
Based on the CEPAM data, nineteen control factors were found to be less than 1 as of 2021, 
across six air districts: Sacramento Metropolitan Air Quality Management District (AQMD), San 
Diego APCD, San Joaquin Valley APCD, Santa Barbara County APCD, South Coast AQMD, 
and Ventura County APCD. Gas consumption data were assigned to air districts using census 
tract numeric identifiers (GEOIDs).  
 
The identified control factors were then matched to end uses, combustion processes, and 
CEUS subsectors using the Source Category Code (EICSOU) and referencing air district rules 
and the 2006 CEUS Appendix J, which matches non-HVAC equipment to end uses. The space 
and water heating end uses matched clearly with the Source Category Codes. The control 
factors associated with Source Category Code 005-Boiler were applied to all small boiler 
combustion processes except for cooking as the combustion process is only "approximated as" 
a small boiler.18 The control factors associated with Source Category Code 045-I.C. TURBINE 
ENGINES were applied to all turbine combustion processes. The control factor associated with 
Source Category Code 995-OTHER was applied across the Miscellaneous end use. The 
Miscellaneous end use in the 2006 CEUS includes medical/health process heating equipment, 
such as an autoclave. Therefore, the control factor associated with Source Category Code 010-
PROCESS HEATERS was applied to the Miscellaneous end use for the health CEUS subsector 
and the process end use combustion processes. The control factor associated with Source 
Category Code 012-OVEN HEATERS (FORCE DRYING SURFACE COATINGS) was applied 
to end use combustion processes except for small boilers, as there was already a control factor 
specific to boilers applied for the air district. The control factor for Source Category Code 070-
IN-PROCESS FUEL was excluded because it is reserved for industrial processes and out of 
scope for the commercial focus of this project. One control factor was applied to each 
combustion process. 
 

 
18 San Joaquin Valley Air Pollution Control District. 2008. ñ2006 Area Source Emissions Inventory Methodology 060 - 
Commercial Natural Gas Combustion.ò https://ww2.valleyair.org/media/enlnlmiq/commercialngcombustion2006.pdf. 
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Table 13. Control factors for end-uses and combustion processes in different regions19 

End Use and 
Combustion  

Process 

Sacramento 
Metropolitan 

AQMD 

San Diego 
County APCD 

San Joaquin 
Valley  
APCD 

Santa Barbara 
County  
APCD 

South  
Coast  
AQMD 

Ventura County 
APCD 

Heating: Small 
Boiler 

1 1 0.899 0.948 0.97 1 

Cooling: 
Turbine 

1 1 1 1 1 1 

Water Heating: 
Small Boiler 

0.78 1 1 0.842 0.969 0.829 

Cooking: 
Approx. Small 

Boiler 
1 1 1 1 1 1 

Misc: Turbine 1 1 1 0.984 0.1 1 

Misc: Engine 1 1 1 0.984 0.1 1 

Proc.: Small 
Boiler 

1 0.999 0.924 0.975 1 0.979 

Proc.: Turbine 1 1 0.924 1 1 1 

Proc: Engine 1 1 0.924 1 0.95 1 

 
Data from the CEUS were additionally used to examine the breakdown of natural gas usage by 
end use and CEUS subsector (as illustrated in Step 3 of Table 11). The diversity of gas 
consumption across these various end-use categories was deemed potentially important as a 
constraint to electrification implementation due to the need to address multiple end-use 
technology types simultaneously. To calculate these distributions, the 2006 CEUS was used 
(Table 14), as this breakdown was not available in the more recent 2022 edition.  
 

Table 14. 2006 Commercial End Use Survey Natural Gas Consumption Breakdown 

 Heating Cooling Water Heating Cooking Miscellaneous Processing 

Warehouse 0.871 0 0.106 0.006 0.012 0.006 

Refrigerated Warehouse 0.145 0 0.145 0.218 0 0.49 

Retail 0.6523 0 0.169 0.111 0.058 0.009 

Food Store 0.345 0 0.277 0.375 0 0.003 

Office 0.792 0.020 0.129 0.011 0.004 0.046 

Miscellaneous 0.302 0.016 0.400 0.044 0.042 0.196 

School 0.626 0.008 0.294 0.066 0.001 0.004 

College 0.580 0.101 0.246 0.048 0.026 0.000 

Health 0.433 0.020 0.415 0.044 0.019 0.067 

Lodging 0.172 0.002 0.682 0.104 0.034 0.006 

Restaurant 0.037 0.000 0.232 0.730 0.000 0.002 

 

 
19 The control levels were then calculated by dividing the grown and controlled projections by the grown projections 
for emissions from commercial natural gas fuel combustion. 
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Indoor NOx  

Figure 4 below provides an overview of the methodology for deriving the indoor NOx emissions 
estimates. To further estimate the contributions to indoor air emissions from gas appliances, an 
additional step utilizing the variable ranges of ventilation capture efficiency rates reported in the 
literature was taken to quantify the portion of NOx emissions that stay indoors (Step 7 in Table 
15 and Figure 4). 
 

 
Figure 4. Process for Calculating Indoor NOx Emissions Estimates 

 
Table 15. Data Sources for Inputs in the Emissions Estimates Calculations 

Estimates Calculation Input  
(Process Step) 

Source 

Account-level natural gas consumption  
(Step 1) 

Pacific Gas & Electric, San Diego Gas & Electric, and SoCal Gas via 
CPUC Energy Division data sharing agreement 

Account categorization (Step 2) 
2006 California Energy Commission (CEC) California Commercial End 

Use Survey (CEUS) 

Gas end-use breakdowns  
(Step 3) 

2006 California Energy Commission (CEC) California Commercial End 
Use Survey (CEUS) (Tables 8-4, 9-4, 10-4, 11-4) 

CO2 emissions factor  
(Step 3a) 

EPA AP-42 Section 1.4 

End-use to combustion process  
(Step 4) 

San Joaquin Valley Air Pollution Control District 2009 Area Source 
Emissions Inventory Methodology, 060 - Commercial Natural Gas 

Combustion 

 

Categorize 
accounts by 
subsector 

  

Assign a NOx 
emissions 

factor to each 
combustion 

process 

Assign NOx 

control factor 
by air district, 

subsector, end 
use, and 

combustion 
process 

Apply ventilation 
capture efficiency 
range to end use 

estimates that 
contribute to 
indoor NOx 

emissions 

Indoor NOx 
emissions by 

subsector 

Account-level gas 
consumption 

 

Assign end use 
consumption 

breakdown by 
subsector and IOU  

Assign combustion 
process(es) to 
each end use 

 

2 3 4 5 

6 7 

1 



 

 27 

NOx emissions factors  
(Step 5) 

EPA AP-42 Section 3.1, Table 3.1-1 (Uncontrolled Natural Gas-Fired 
Turbine); EPA AP-42 Section 3.2, Table 3.2-2 (Uncontrolled 4-Stroke 
Lean-Burn Engines <90% Load); EPA AP-42 Section 1.4, Table 1.4-1 

(Uncontrolled Small Boilers) 

Control factors  
(Step 6) 

CARB California Emissions Projection Analysis Model (CEPAM) 

Ventilation capture efficiency 
rate  

(Step 7) 

Experimental studies on commercial kitchen exhaust hood capture 
efficiency (see Table 15) 

 

Indoor NOx emissions associated with commercial facilities by subsector were calculated 
assuming that cooking is the only end-use that is not fully vented to the outdoors. The California 
Mechanical Code and the California Health and Safety Code require that all cooking equipment 
in food facilities be vented. However, the effectiveness of the ventilation technology in capturing 
harmful pollutants is highly variable. Capture efficiency is a key performance indicator of 
ventilation systems and is influenced by disturbing airflows, hood geometric features and 
locations, burner position, and exhaust airflow rates (Han et al. 2019). Both operational 
conditions and individual equipment characteristics introduce variability in capture efficiency. 
Table 16 below summarizes field and laboratory tests on capture efficiency of kitchen exhausts 
in commercial buildings. The factors that affect capture efficiency make it difficult to apply these 
ranges based on the geographic distribution of regulations and equipment types. Therefore, the 
range of indoor NOx emissions was estimated by applying an average minimum and average 
maximum capture efficiency from the experimental studies listed below (57.6% min - 98.4% 
max).  
 

Table 16. Summary of experimental studies on commercial kitchen exhaust hood capture efficiencies (Han et al. 
2019) 

Reference Air exhaust conditions Environmental conditions Capture efficiency, (%) 

Kosonen and Mustakallio 
(2003) 

Ventilated ceiling system, 
the exhaust airflow rates 

were 0.4ï1.09 m3/s. 

Ventilated ceiling with 
capture jet. 

42.9ï91.3 

Kosonen (2007) 
Ventilated ceiling system, 
the exhaust airflow rates 

were 0.58ï1.2 m3/s. 

Ventilated ceiling and 
thermal displacement 

ventilation. 
17.3ï98.9 

Takano (2009) 
A variable-sized hood with 

5 conditions of exhaust 
flow rate. 

Air was supplied naturally 
and exhausted by the hood 

and ceiling fan. 
25ï100 

Kotani et al. (2009) 

Canopy-type exhaust hood 
with a baffle plate, the 

exhaust airflow rates were 
0.075, 0.1125 and 0.15 

m3/s. 

No supply air. 49ï100 

Huang et al. (2010) 

Wall-mounted range hood 
with exhaust airflow rates 
0.175, 0.2, and 0.25 m3/s, 
jet-isolated hood with jet 

velocity 3 and 4 m/s. 

Draft level was ω0.03 m/s. 99.4ï99.9 

Chen (2015) 

An inclined air-curtain 
range hood, the exhaust 
airflow rates were 0.168, 

0.182, and 0.21 m3/s. 

No other supply air, draft 

velocity was ω0.05 m/s. 
71ï100 
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Iwamatsu and Urabe 
(2015) 

Airflow rate of the hood 
were 0.136 and 0.16 m3/s. 

Displacement ventilation, 
and ventilated ceiling for 

exhausting air. 
91ï99 

Fujimura et al. (2017) 
Canopy hood, 11 exhaust 
airflow rates were selected 

from 0.15 to 1.27 m3/s. 

Air was supplied from the 
louver. 

65ï98 

 

Emissions Exposure Risk for Residential Populations  

Commercial facilities are defined as being within DACs if they are located within census tracts 
whose CalEnviroScreen-4.0 (CES-4.0) composite index scores are greater than or equal to the 
75th percentile, statewide. This assignment was performed by executing a spatial join between 
each parcelôs centroid coordinate and the polygon boundaries for the CES-4.0 census tracts. 
 
The methodology that was developed to quantify exposure to commercial subsector facility 
emissions is based upon the identification of residential properties located within a defined 
proximity buffer to commercial facilities. A buffer size of 200 meters around facility sites was 
selected based on a literature review of previously published public health/emissions fate-
transport studies focused on the movement of neighborhood-scale plumes of PM and other gas 
co-pollutants emitted from small commercial facility point sources.20 Feedback on this choice of 
buffer distance was also solicited from CARB staff at various junctions throughout the projectôs 
evolution.  
 
The first step in the process involved selecting all of the facilities throughout the state 
associated with each commercial subsector. Here, it is worth noting that, within this context, a 
unique ñfacilityò corresponds to a unique customer premise identification number within the utility 
customer account database. These premise designations, and thus their corresponding counts, 
do not necessarily correspond to entire buildings (such as is the case with Offices, for example) 
but rather, discrete locations where customer utility services are rendered and billed. According 
to this approach, the total number of facilities identified within each subsector is listed in Table 
17 below. 
 

Table 17. Total number of facilities identified within each designated CEUS subsector. 

CEUS Subsector Total Facility Count 

College 9,936 

Food Store 18,644 

Health Care 19,785 

Lodging 10,432 

Miscellaneous 82,665 

Office 193,297 

Refrigerated Warehouse 2,359 

 
20 Robinson, Ellis Shipley, Peishi Gu, Qing Ye, Hugh Z. Li, Rishabh Urvesh Shah, Joshua Schulz Apte, Allen L. 
Robinson, and Albert A. Presto. "Restaurant impacts on outdoor air quality: elevated organic aerosol mass from 
restaurant cooking with neighborhood-scale plume extents." Environmental science & technology 52, no. 16 (2018): 
9285-9294. 
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Restaurant 92,247 

Retail 95,292 

School 17,562 

Unrefrigerated Warehouse 23,638 

 
The next step in the process was to associate the centroid locations for these commercial 
facilities with their corresponding set of parcel boundary polygons via a spatial join against a 
statewide parcel database. Once this was done, a 200-meter buffer zone was generated around 
each distinct parcel polygon identified. In instances where multiple facilities were found to be 
collocated on the same parcel, their usage was aggregated to that parcel level to avoid double 
counting of emissions exposures. All of these individual facility-level parcel buffers were then 
spatially unioned into a single, large multi-part polygon, corresponding to all of the parcels 
associated with all of the facilities within each commercial subsector. Each of these aggregated 
polygons were then spatially joined to the centroids for all of the residential parcels in the state, 
yielding aggregated counts for the total numbers of residential parcels, and the corresponding 
total numbers of dwelling units, in proximity to each commercial subsectorôs facilities. These 
total dwelling unit counts were then multiplied by values for the average occupancy rate and 
average household size obtained from the Census American Community Survey, for the census 
tracts in which each parcel was located. The final calculation provided an estimate of the total 
residential population in proximity to each commercial subsector category summed according to 
Equation 1. Figure 5 and Figure 6 provide snapshot illustrations of two examples of residential 
parcel centroids located within 200 meters of commercial facilities. 
 
Equation 1.  

ὖ  ὟȟȟὌὕ

    

 

 
Where: 
ὖ = The estimated total population living within all residential parcels located in proximity to all 
identified facilities within each CEUS subsector (ὥ). 
Ὗȟȟ = The total number of dwelling units for each residential parcel (Ὥ ɴ ὴ) located in proximity 

to each identified facility (Ὦʂ Ὢ) within each CEUS subsector (ὥ). 
Ὄ= The average household size (persons per dwelling unit) for each parcel (Ὥ ɴ ὴ), derived 

from census tract level data 
ὕ= The average occupancy rate (percentage of occupied dwelling units) for each parcel (Ὥ ɴ ὴ), 
derived from census tract level data 
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Figure 5. Sample illustration of residential parcel centroids located within 200 meters of the University of the Pacific 
(CEUS Subsector = College) colored by DAC status (DAC = red, non-DAC = blue) 
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Figure 6. Sample illustration of residential parcels within 200 meters of Restaurant facilities in the Stockton area 
(CEUS Subsector = Restaurant) colored by DAC status (DAC = red, non-DAC = blue) 

Exposure of Sensitive Populations  

Calculation of the exposure of sensitive populations metric relied on the ambient NOx emission 
estimates, as calculated in Table 14, in addition to the use of data from the Public Health 
Alliance of Southern California Healthy Places Index (HPI). The Healthy Places Index combines 
25 community characteristics, including access to healthcare, housing, education, and more, 
into a single indexed HPI score. Higher HPI scores represent healthier communities. The 
Research Team elected to use the HPI instead of the CalEnviroScreen tool because the HPI 
included more specific community and population characteristics including race, housing, health 
risk behaviors, and more comprehensive measurements of health outcomes and community 
characteristics. These additional metrics better reflected the aim of measuring sensitive 
populations.  
 
The total ambient NOx emissions from commercial buildings for each census tract were 
calculated by summing the subsector-level estimates. For each subsector and within each 
census tract, the subsectorôs contributions to total commercial NOx emissions were then 
calculated as a percentage (e.g., as a concrete example, the restaurant subsector makes up 
40% of the total ambient NOx emissions from commercial buildings in Census Tract 229.01). 
This value was then divided by the census tractôs Healthy Places Index percentile. The quotient 
represents the relationship between community health and subsector emissions impacts: 
smaller values signal the subsector has lesser impacts in healthier communities; larger values 
indicate the subsector has greater impact in less healthy communities. The values for each 
subsector at each census tract were summed across the state, providing a statewide measure 
of the correlation between subsector emissions and community health.  
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Worker Vulnerability  

The worker vulnerability metric is meant to explore the multiple ways in which the replacement 
of fossil-fuel end uses across various commercial subsectors may impact workers. For instance, 
businesses are likely to face higher operational and capital costs, potentially leading to 
employee layoffs as they seek to offset these expenses. However, eliminating fossil-fuel end 
uses could also reduce workers' exposure to harmful air pollution. To assess both of these 
impacts in a single metric, monthly wages are used as a proxy for vulnerability. Lower wages 
have been linked to limited access to healthcare and groceries as well as increased exposure to 
air pollution.21  Additionally, low-wage workers are more likely to be employed in higher-risk 
occupations, putting them at greater risk of occupational hazards and climate-related health 
issues.22,23  
 
The analysis for the worker vulnerability metric originally used two datasets. The first is the 
Quarterly Census of Employment and Wages (QCEW), which provides a quarterly count of 
employment and wages based on tax reports submitted to Californiaôs Economic Development 
Department by employers subject to the stateôs unemployment insurance (UI) law. The second 
is the Occupational Employment and Wage Statistics (OEWS), an annual survey that produces 
employment and wage estimates for approximately 830 occupational classifications. Worker 
vulnerability was assessed by weighting wages according to the total number of employees by 
NAICS code (QCEW dataset) and by occupational wages and employment within CEUS 
subsectors (OEWS dataset). The QCEW dataset calculates average annual wages per 
employee by dividing total annual wages by the average annual employment in a given industry. 
However, this can be misleading, as each industry may encompass a wide range of 
occupations, which could hide differences between high- and low-paying roles and skew the 
averages. In contrast, the OEWS data allowed the research team to look directly at low-wage 
occupations. Given the focus on low-wage workers and low-wage occupations, the research 
team chose to proceed only with the OEWS data. 
 
Industry wage estimates from the OEWS and distinguished by NAICS are available between the 
2-digit and 3-digit industry classification levels, at most 4-digit levels, and for a subset of 5- and 
6-digit levels. The dataset was downloaded from the U.S. Bureau of Labor Statistics for the 
most recent available year, 2023. The survey defines wages as ñstraight-time, gross pay, 
exclusive of premium pay,ò which includes tips, production bonuses, commissions, incentive, 
and hazard pay and excludes back pay, holiday and year-end bonuses, meal and lodging, 
overtime, stock, and discounts.  
 
Using the same crosswalk employed in Figure 1, NAICS codes within the OEWS dataset were 
matched by their corresponding commercial subsectors defined in CEUS. There were 3,325 
unmatched entries out of the total 38,972 observations. The unmatched entries were identified 
as ñOEWS Designation.ò Some of the unmatched entries were altered versions of standard 
NAICS codes. These altered codes included extra letters and numbers to represent grouping of 
multiple 4-digit NAICS codes. For example, the code NAICS 4240A1 was used to combine 
industries represented by NAICS codes 4244 and 4248, as indicated by its OEWS designation. 
Additionally, there were unmatched entries labeled with codes like 9991, 9992, and 9993ð

 
21 Jbaily, A., Zhou, X., Liu, J. et al. 2022. Air pollution exposure disparities across US population and income groups. 
Nature 601, 228ï233. https://doi.org/10.1038/s41586-021-04190-y 
22 Schulte PA, Chun H. 2009. Climate change and occupational safety and health: establishing a preliminary 
framework. J Occup Environ Hyg. 6(9):542ï554. doi: 10.1080/15459620903066008  
23 Ndugga, Nambi, Pillai,Drishti et al. 2023 Climate-Related Health Risks Among Workers: Who is at Increased Risk? 
Kaiser Family Foundation. Accessed at: https://www.kff.org/racial-equity-and-health-policy/issue-brief/climate-related-
health-risks-among-workers-who-is-at-increased-risk/#   

https://www.kff.org/racial-equity-and-health-policy/issue-brief/climate-related-health-risks-among-workers-who-is-at-increased-risk/
https://www.kff.org/racial-equity-and-health-policy/issue-brief/climate-related-health-risks-among-workers-who-is-at-increased-risk/
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special NAICS categories used exclusively for the OEWS survey that do not correspond to any 
official NAICS industry. These categories include occupations in government establishments 
(excluding schools and hospitals). All 4-digit NAICS unmatched entries were manually assigned 
to corresponding CEUS sectors and CEUS subsectors, informed by the NAICS to Building-type 
Map in Appendix G of the 2022 CEUS.  
 
Once NAICS codes and CEUS subsectors were completely aligned, the OEWS dataset was 
filtered to only include data for California, the ómajorô occupation group, 4-digit NAICS, and the 
óCommercialô CEUS sector. The ócommercialô sector level was selected because it included 
almost all CEUS subsectors. Figure 7 illustrates the range in average monthly wages across all 
occupations within each CEUS subsector. Wages by occupation have a far wider interquartile 
range and different medians, illustrating a variation in concentration of wages by one occupation 
versus another occupation, as opposed to a concentration of wages by NAICS.  

 
Table 18. Employment and Unique Occupations per CEUS Subsector, OEWS 

CEUS Subsector Unique NAICS Codes Unique Major Occupations Total Employment 

College 81 22 563,240 

Food Store 20 14 378,270 

Health Care 190 22 1,348,760 

Lodging 35 18 232,530 

Miscellaneous 300 22 1,100,010 

Office 544 22 6,252,410 

Refrigerated Warehouse 41 20 179,430 

Restaurant 34 14 1,458,920 

Retail 201 19 1,124,660 

School 46 21 1,026,410 

Unrefrigerated Warehouse 120 18 858,940 
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Figure 7. OEWS California Average Monthly Wages by occupation grouped by CEUS Subsector 

 
The average, median, lower quartile, and upper quartile monthly wages were weighted using a 
two-stage method. First, wages were weighted by the distribution of occupations within each 
NAICS code in each CEUS subsector. Then, they were weighted by the total number of 
employees within each NAICS code in those subsectors. This methodology ensures that more 
prevalent occupations and NAICS codes within each subsector are accurately represented in 
the analysis. 
 
To assess the impact of commercial subsector scale on worker vulnerability, both wages and 
total employment by CEUS subsector were normalized and scored on a scale from 0 to 1. 
Wages were scored so that the lowest wages received a score of 1 and the highest wages 
received a score of 0. Similarly, subsectors with the highest employment were given a score of 
1, while those with lower employment received a score of 0. Wage and employment scores 
were summed by the CEUS subsector, with the highest score representing the highest scaled 
vulnerability.  

Electric Grid Outage Vulnerability Risk  

Replacing existing fossil fuel appliances and equipment across various commercial subsectors 
could potentially increase those facilitiesô vulnerability to grid outages and thus lead to 
operational downtime or temporary facility closures. This issue has previously been raised as a 
potential concern for the implementation of fuel-substitution measures in different commercial 
subsectors, particularly as the stateôs utilities have increasingly been forced to implement 
mandatory Public Safety Power Shutoffs (PSPS) to protect against wildfire risks within particular 
regions. To assess how outage vulnerability in electrical grid infrastructure might affect different 
commercial subsectors, an analysis for the spatial correlation between historical PSPS outages 
on individual distribution circuits and the number of commercial facilities in their proximity was 
analyzed.  
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A composite dataset containing the geographic locations of all three-phase distribution circuit 
centerlines located across the Stateôs major electrical IOU service territories (SCE, SDG&E, 
PG&E) was assembled, using data downloaded from each IOUôs individual Distributed Energy 
Resource Planning External Portals (DR-PEPs). These individual IOU datasets were merged 
into a unified data resource containing records for 7,759 individual distribution circuits, as 
visualized in Figure 8 below.  

 
Figure 8. Illustration of the geographic coverage area for the assembled dataset of 7,759 three phase distribution 

circuit centerlines, individually obtained from IOU hosted DR-PEP sites (Note: each named circuit has been assigned 
a unique color within this figure)t. 

 
A dataset containing information about the frequency and duration of historical grid outages at 
the distribution circuit level was obtained from the CPUC. These data are reported by the stateôs 
investor-owned electric utilities pursuant to Resolution ESRB-8, Ordering Paragraph 1 of 
California Public Utilities Commission Decision (D.) 19-05-042 (Phase 1), and Ordering 
Paragraph 1 of Decision (D.) 20-05-051 (Phase 2).24 

 
24 https://www.cpuc.ca.gov/consumer-support/psps/utility-company-psps-reports-post-event-and-post-season  

https://www.cpuc.ca.gov/consumer-support/psps/utility-company-psps-reports-post-event-and-post-season
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The raw outage reporting dataset contained information for 5,471 historical outages on 2,458 
unique circuit segments. These outage data were aggregated up to the full circuit level to 
facilitate joins against geospatial data for the location of circuit centerlines previously discussed. 
The final processed dataset provided information for the cumulative frequency (total events) and 
duration (total hours) of PSPS outages occurring along 1,410 distinct distribution circuits over 
the ten-year period from 2013 to 2023.  
 
The approach to the quantification of grid outage exposure risk for different commercial 
subsectors involved an analysis of the cumulative duration of historical PSPS grid outage 
events occurring on specific distribution circuits relative to the number and type of commercial 
facilities identified in their proximity. The first step in this process involved assigning each 
identified commercial facility to its nearest neighboring distribution circuit. This was 
accomplished through the application of a minimum distance based, geospatial proximity 
assignment rule. This approach yielded the data structure illustrated in Table 19, which was 
keyed upon each unique facility ID. It is worth noting that at this stage in the process, these data 
were complete for all of the facilities identified in the historical account-level consumption data 
assembled for the stateôs three major IOU electricity providers. Individual facilities were further 
flagged according to the DAC/non-DAC status of the census tracts in which they were located 
using a spatial join executed between the tract geographies and each facilityôs centroid 
coordinate. 
 

Table 19. Examples of intermediate results produced by assigning CEUS subsector facilities to their nearest 
distribution circuits. 

Facility ID CEUS Subsector Circuit Name Circuit Proximity (m) 
Facility Centroid 

Coordinate 

xyV8oPYB Lodging BAKERSFIELD  22.6211528 
POINT 

(93293.56839, -
291891.18256) 

e1N2S3i8 Food Store BAKERSFIELD  27.5268755 
POINT 

(93272.98989, -
292283.00699) 

A6yiGeEZ Lodging BAKERSFIELD  3.91919001 
POINT 

(93235.88011,  -
291925.29675) 

SML5REgz Health Care BAKERSFIELD  81.2138923 
POINT 

(93175.16514, -
290980.54117) 

maBqqQjV Miscellaneous BAKERSFIELD  6.02487098 
POINT 

(93220.30946, -
290868.38583) 

YEQg4NnJ School BAKERSFIELD  98.9132189 
POINT 

(93399.95807,  -
290836.37144) 

NAyDYk9S Food Store COLUMBUS  29.2649227 
POINT 

(93557.40516, -
291079.64785) 
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7LbSPLX4 Restaurant COLUMBUS  24.9978298 
POINT 

(93636.45924, -
291026.62398) 

bpa413oV Restaurant COLUMBUS  7.03140385 
POINT 

(93648.54966, -
291071.14527) 

YSUZnjhj Retail COLUMBUS  48.1185341 
POINT 

(93662.01188,  -
290990.87863) 

 
The facility level data represented in Table 19 were then joined to the PSPS shutoff data 
obtained from the CPUC using the Circuit Name field as a common join key. This join was only 
partially successful, however, in terms of the number of facilities that were able to be linked. 
This was due to inconsistencies in the way that distribution circuit names were represented 
between the two data sets, as well as the fact that many individual distribution circuits were not 
subjected to PSPS shutoffs at any time over the ten-year data coverage period. Thus, these 
circuits should legitimately not appear within the PSPS outage dataset. As a result of the partial 
success of this join, the data used for the calculation of outage vulnerability scores is considered 
to be a sample and not complete for all commercial facilities in the state. With that said, this 
sample was sufficiently large enough to be considered representative for the purposes of this 
analysis.   
 
Equation 2.  

Ὓȟ ὕȟȟ
  

  

 
Where:  
Ὓȟ = The outage vulnerability score for each CEUS subsector (ὥ) by disadvantaged community 

status (d) 
ὕȟȟ  = The duration of PSPS outage hours (O) experienced by each CEUS facility (Ὦʂ Ὢ) by 

CEUS subsector (a) and DAC status (d). 

Technology Readiness  

Facilities within different commercial subsectors consume varying amounts of gas to deliver 
different categories of end-use services. For each category, the set of technologies available to 
replace existing gas appliances and equipment vary in their stages of engineering development 
and commercial readiness. This current state of technological readiness and commercial 
viability for substitute electric appliances and equipment is a key factor in determining which 
commercial subsectors should be prioritized for future electrification. In addition, there are also 
concerns about the challenges associated with integrating these new technologies into existing 
buildings. To quantify these concerns, several metrics were developed to capture different 
aspects of the feasibility of electrification for each commercial subsector. The first metric is 
technological readiness component as described below, and the other metrics, including end 
use diversity, median building vintage, median building size and average therms per premise, 
are further described in the following sections. 
 
The technological readiness of substitute electric appliances and equipment for different gas 
end-use categories relates to the availability of substitute electric appliances and equipment that 
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could replace existing appliances and equipment. Values for this metric are generated by 
assigning a composite technological readiness level (TRL) score. TRL score is based upon the 
technological readiness and commercial viability of substitute electric appliances and equipment 
for each gas end-use category within each subsector. The scores were then weighted according 
to the fractional contribution of different gas end-uses to the total volume of gas consumption 
within different subsectors. Subsectors where most gas consumption comes from end-uses 
lacking viable electrical alternativesðor where such alternatives are still technically or 
commercially immatureðwould be assigned lower scores. 
 
Key data sources for deriving TRL scores include technical reports and documentation for 
emerging new electrical end-use technologies developed by the Department of Energy and 
other trade/industry sources, as well as the gas consumption breakdown data from the CECôs 
2006 CEUS, and statewide parcel-level building attribute information obtained from CoreLogic. 
This approach builds upon the scheme documented in the DOEôs Technology Readiness 
Assessment Guide, which defines a formal scale of different technological readiness levels 
(TRLs) ranging from 1-9 (low-high) that is based upon the achievement of key engineering 
feasibility and implementation milestones.25 Table 20 shown below, reproduced from this guide, 
provides some useful context for how these different TRLs are defined. Generally, the types of 
electrical end-use technologies that would be considered as replacements for existing gas 
appliance and equipment within commercial facilities are going to be at the higher range of 
these TRLs (7-9), though there are likely a few exceptions related to miscellaneous process 
uses that are still in the early phases of engineering development/pilot validation studies. 
 
While the TRL classifications presented in Table C1 in Appendix C provide a useful foundation 
for the development of this type of electrification readiness index, they do not readily account for 
situations where technologies have been successfully validated and deployed in real-world 
environments (i.e. TRL 9) but are not necessarily cost-competitive with incumbent alternatives. 
To address this omission, the research team introduced a TRL 10, which reflected a situation 
where an existing electric substitute technology for an existing gas end-use is not only 
commercially available, but also has the lowest levelized cost of implementation. Thus, absent 
other concerns, logical replacement for existing gas appliances and equipment should be 
considered upon its end of life if an electric alternative meets TRL 10.  
 

Table 20. TRL based electrification feasibility score assignments by gas end-use and CEUS subsector 

CEUS 
Subsector 

Air Heating Air Cooling Water Heating Cooking Process Miscellaneous 

College 8 8 8 9 6 5 

Food Store 8 8 9 9 7 4 

Health Care 8 8 8 9 5 4 

Lodging 10 10 9 9 5 5 

Miscellaneous 8 8 8 8 5 4 

Office 10 10 9 10 7 5 

Restaurant 10 8 9 10 6 5 

Retail 10 10 9 9 6 5 

School 10 10 9 9 7 5 

Unrefrigerated 
Warehouse 

10 10 9 9 7 5 

 
25 U.S. Department of Energy. Technology Readiness Assessment Guide. DOE G 413.3-4. 10-12-09. 
https://www.directives.doe.gov/directives-documents/400-series/0413.3-EGuide-04/@@images/file 

https://www.directives.doe.gov/directives-documents/400-series/0413.3-EGuide-04/@@images/file
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End Use Diversity  

Values for this metric were computed in terms of the variance in the breakdown of gas usage by 
gas end-use within each commercial subsector as shown in Table 21. Subsections with more 
evenly distributed gas usage across a wider range of categories would be considered more 
difficult to electrify, due to the need to replace multiple existing types of gas appliance and 
equipment and thus be assigned lower scores relative to this metric.  
 

Table 21. 2006 Commercial End Use Survey Natural Gas Consumption Breakdown 

 Heating Cooling Water Heating Cooking Miscellaneous Processing 

Warehouse 0.871 0 0.106 0.006 0.012 0.006 

Refrigerated Warehouse 0.145 0 0.145 0.218 0 0.49 

Retail 0.6523 0 0.169 0.111 0.058 0.009 

Food Store 0.345 0 0.277 0.375 0 0.003 

Office 0.792 0.020 0.129 0.011 0.004 0.046 

Miscellaneous 0.302 0.016 0.400 0.044 0.042 0.196 

School 0.626 0.008 0.294 0.066 0.001 0.004 

College 0.580 0.101 0.246 0.048 0.026 0.000 

Health 0.433 0.020 0.415 0.044 0.019 0.067 

Lodging 0.172 0.002 0.682 0.104 0.034 0.006 

Restaurant 0.037 0.000 0.232 0.730 0.000 0.002 

Median Building Size and Median Building Vintage  

Data on median building size and median building vintage were derived from statewide parcel 
level building attribute information obtained from CoreLogic. These related metrics attempt to 
address important scaling relationships between electrification costsðspecifically, the upfront 
cost of capital equipment and the expenses tied to upgrading building energy systems and utility 
electrical service ð and building sizes and vintages. These cost relationships have been 
observed particularly in the electrification of older and larger existing buildings. For Median 
Building Size, the Research Team computed the median size (in terms of square footage) of the 
buildings associated with the utility premises identified within each commercial subsector. For 
Median Building Vintage, the median construction vintage years were similarly computed for the 
set of buildings. As such, larger and older buildings are both assigned lower scores relative to 
each of these metrics within the framework in its default setting.  

Average Therms per Premise  

This metric utilized utility account level electricity and gas consumption data from SCE, SoCal 
Gas, PG&E, and SDG&E from 2015 to 2021. The average consumption per premise by CEUS 
subsector was computed for each census tract. In instances where the number of distributions 
of usage among premises did not meet CPUC mandated data aggregation guidelines, results 
were suppressed to maintain customer confidentiality. 

Other Variables Explored But Not Included In Prioritization Framework  

During the development of the prioritization framework and its underlying variables (Table 9 
above), the research team received periodic feedback from CARB staff and members of the 
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Technical Advisory Committee. All feedback was fully considered and evaluated, and decisions 
regarding whether to incorporate suggested updates are documented below. 

Worker Vulnerability 

Stakeholders recommended incorporating additional variables to measure worker vulnerability, 
such as small business ownership, race, sex, and unionization within a sector. The research 
team explored several data sources to include these variables in the worker vulnerability score. 
For small business ownership, datasets from the Department of General Services were 
examined, but this measure was ultimately excluded due to the lack of data available by NAICS 
or SIC code. This limitation made it difficult to align with the existing prioritization framework and 
commercial subsector categories based on the Commercial End Use Survey. 
 
Additionally, data on immigration status, race, sex, and union presence within sectors were 
considered. While such data exists at higher sector levels, demographic information at the 5- or 
6-digit NAICS level is extremely limited, preventing its inclusion in the framework. 

Indoor Air Emissions 

Stakeholders expressed interest in incorporating particulate matter (PM) data into the indoor air 
emissions metrics. CARB staff noted that while PM emissions are a strong indicator of 
combustion, there is limited data on emission factors. In contrast, NOx emissions are better 
documented and studied. Furthermore, PM can originate from multiple sources, making it a less 
precise measure for combustion-related emissions. Given these factors, the research team 
decided not to include PM data in the analysis of indoor air pollution exposure. 

Grid Outage Vulnerability  

Stakeholders raised concerns about the use of historical PSPS data to assess grid vulnerability, 
questioning its predictive value given ongoing utility investments in wildfire mitigation and grid 
reliability. They suggested renaming the category to reflect historical outage trends rather than 
implying future risk. Additionally, they noted that certain subsectors, such as warehouses, may 
experience indirect impacts from outagesðsuch as disruptions to trucking operationsðthat are 
not directly captured by PSPS data. 
 
The current criteria measure average annual outage hours per facility by commercial subsector 
based on historical PSPS data. However, this approach does not account for potential future 
changes in outage frequency or duration, including those influenced by climate change. 
Recognizing this limitation, the research team documented and qualified these factors when 
discussing grid outage vulnerability. 
 
The team also considered including grid capacity constraints as a variable, particularly in the 
context of electrification-driven demand growth. However, grid capacity is dynamic and 
generally expands in response to load growth. Rising demand from electrification is anticipated 
to influence distribution system capacity planning, leading to targeted infrastructure investments 
to increase capacity where required. Moreover, future grid capacity constraints are likely to be 
meaningfully impacted by rates of adoption of load modifying distributed energy resources 
(solar, storage, EV charging, etc.). Given the dynamic nature of this situation, it remains 
uncertain whether current grid constraints should be viewed as a long-term barrier to 
electrification. Therefore, grid capacity constraints were not included in this analysis.  
 
Previous modeling studies have investigated the potential need for future grid investments to 
support more widespread adoption of different electrification measures. However, to date, the 
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majority of these have principally focused on the impacts of transportation electrification and 
distributed energy resources. A notable example is Kevalaôs multi-part Electrification Impacts 
Study, which has been funded by the CPUC as part of their High DER proceeding. 26 In their 
Part 1 report, the Kevala team discussed several challenges related to accurately modeling both 
future building electrification uptake and the grid capacity investments would be implicated as a 
result. Generally, however, the seasonality of heating loads (which peak in winter) is not 
coincident with Californiaôs electrical systemôs current summer peak. Thus, it is likely that 
significant electrification of existing gas-powered heating end-uses can be supported before 
capacity constraints become a pervasive issue (with localized exceptions).  

Technical Difficulty  

A member of the Technical Advisory Committee inquired whether the weighting approach 
accounts for technological differences in buildings, such as the use of high-temperature steam 
systems that are not currently compatible with heat pumps. Additionally, stakeholders noted that 
buildings with mechanical equipment located in basements tend to be more difficult to electrify. 
 
To explore potential data sources, the research team examined building permit data from the 
Construction Industry Research Board (CIRB), which includes descriptions and costs of work. 
However, these data are somewhat limited, are not explicitly categorized by NAICS code, and 
would require extensive manual identification to extract relevant findings. Given these 
constraints, the research team opted to incorporate proxy variablesðsuch as building size and 
vintageðwhich are correlated with end-use technology characteristics. 
 

2.2.3 - Priority Subsector Feasibility Assessment   

 

A priority subsector was selected utilizing the prioritization framework and an assessment of 

which subsector offered maximum returns to learning. The priority subsector feasibility 

assessment featured sequential dimensions of analysis to inform sampling methodology and 

overall outreach efforts conducted by subcontracting firm, The Energy Coalition (TEC). This 

analysis was conducted using data from CoStar, a commercial real estate and hospitality 

database, and equity indicators from CalEnviroScreen 4.0. CoStar provided property-level 

information on building class, vintage, room count, renovation status, operation type 

(independent vs. chain-managed), and listed amenities. To assess energy-related impacts, 

hotel amenities were flagged for potential gas end uses (e.g., pools, spas, restaurants, bars, 

meeting/event spaces, kitchens), and hotels were categorized by their diversity of gas end use 

(basic, normal, high). CoStar contained a list of amenities for each property and the unique 

values across the dataset included: fully-equipped kitchen, outdoor pool, room service, hot tub, 

restaurant, on-site bar, meeting event space, wedding venue, pool, spa, on-site casino, and 

waterpark. The Energy Coalition created a gas end-use diversity flag for hotels based on the 

presence of amenities that typically require additional gas consumption. The classification 

criteria were as follows:  

 
26 Kevala Inc., Electrification Impacts Study Part 1: Bottom-Up Load Forecasting and System-Level Electrification 
Impacts Cost Estimates, prepared for the CPUC in support of Proceeding R.21-06-017 (Order Instituting Rulemaking 
to Modernize the Electric Grid for a High Distributed Energy Resources Future), May 9, 2023, 
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M508/K423/508423247.PDF. 
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ǒ Basic: No listed amenities beyond the standard room heating, which is common to most 

hotels in California;  

ǒ Normal: At least one listed amenities; 

ǒ High: At least one listed amenities that likely use additional space, water, and cooking 

heating (kitchens, pools, laundry, etc.) 

Analysis showed that 65% of hotels have amenities associated with a higher diversity of gas 

end uses. Equity considerations were added by overlaying hotel data with CalEnviroScreen to 

identify properties located within the top 25 percentile of DACs. 

Sampling Methodology  

To develop a representative and policy-relevant sample of lodging facilities in California, TEC 

implemented a stratified random sampling method, designed to ensure geographic, operational, 

and socioeconomic diversity while prioritizing highly diverse gas-use buildings relevant to 

decarbonization research. Figure 9 below shows the sample sizes for each step of this method. 

This method produced two parallel samples: 

ǒ A statewide cohort of 100 hotels 

ǒ A subset of 50 hotels located in Disadvantaged Communities (DACs) 

 

Stage 1: Stratification by Hotel Attributes and Climate Zone  

The foundation of the sampling design was geographic stratification by California Climate Zone 

(CZ), recognizing that energy use intensity and retrofit potential vary significantly across the 

stateôs sixteen distinct zones. TEC divided the dataset into distinct strata based on combinations 

of key hotel characteristics known to influence energy use and policy relevance. Within each 

climate zone, hotels were further classified into multi-attribute strata based on: 

ǒ Room Count: Binned into four quantiles (e.g., Bin 1: 6ï58 rooms, Bin 2: 59ï102 rooms, 

etc.), derived from the actual data distribution using pandas.qcut(). 

ǒ Hotel Class: Grouped as reported (ñEconomy,ò ñMidscale,ò ñUpper Midscale,ò ñUpscale,ò 

ñUpper Upscale,ò ñLuxuryò) with missing values labeled as ñUnknown.ò 

ǒ Chain Affiliation: Flagged as ñYesò if a parent company was listed; ñNoò otherwise. 

ǒ Disadvantaged Community (DAC) Status: Based on the presence of CalEnviroScreen or 

equivalent indicators. 

ǒ Pool Amenity: Binary flag indicating whether the hotel included a pool. 

ǒ California Climate Zone: One of 16 zones relevant to building energy standards. 

 

Each stratum represents a unique combination of these variables (e.g., Medium-sized, Non-

chain, DAC hotel with pool in Climate Zone 5). 

 

Stage 2: Proportional Target Assignment  

After defining strata, the function allocate_by_combination() computed proportional sample 

targets within each climate zone. The statewide target sample (100 hotels) was distributed in 

proportion to each stratumôs share of the population ð first by climate zone weight, and then by 

hotel characteristics within that zone.  

For example: 

ǒ A climate zone with 15% of all hotels would receive roughly 15 of the 100 sample slots. 
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ǒ Within that zone, those 15 slots were divided among strata (e.g., by class, DAC status, 

or pool presence) according to each groupôs relative frequency. 

This two-level proportional approach ensured that the final sample was geographically balanced 

while preserving intra-zone diversity. A parallel sampling frame was created for DAC-only hotels 

(target N = 50), using the same climate-zone-based allocation logic but restricted to DAC tracts. 

 

Stage 3: Random Selection Within Strata (Highly Diverse Gas Use Only)  

Once the proportional targets were set, each stratumôs hotel list was filtered to include only 

properties classified as having high gas-use diversity: 

ǒ Hotels within each stratum were filtered to include only those flagged as highly diverse 

gas use (via the Gas.Use column). 

ǒ If the number of eligible highly diverse-use hotels in a stratum met or exceeded the 

target, a random sample was drawn using a fixed random seed for reproducibility. 

ǒ If the number of eligible hotels was less than the target, all available highly diverse gas 

use hotels in the stratum were included, and the shortfall was left unfilled (i.e., no 

substitution with low-use hotels) 

 

Using the function final_sample_from_high_gas(), a random sample of hotels was drawn within 

each stratum ð bounded by its assigned climate-zone target. 

This step guaranteed that: 

ǒ Each climate zone contributed at least some hotels to the final statewide sample; 

ǒ Randomness operated within, not across, climate zones ð maintaining the stratified 

structure; 

If a stratum contained fewer eligible hotels than its target, all qualifying records were included 

and the unfilled remainder was left blank rather than reallocated, preventing artificial 

overrepresentation of any climate zone. 

 
Table 22. Illustrative table of sampling methodology 

Stratum (CZ + Features) Target Eligible Hotels Final Sample 

CZ 3, Large, A, Yes, Yes 2 5 Randomly pick 2 

CZ 7, Small, B, No, No 1 1 Take 1 

CZ 10, Medium, C, Yes, No 3 2 Take 2 (limited by available 
data) 

 
This approach preserves the statistical rigor of stratified sampling while ensuring all selected 

buildings are relevant to gas-focused decarbonization research. 

 

Output Format  

The process generates comprehensive Excel workbooks with the following five tabs: 

1. Matrix ï All strata with population counts, percentages, and sample targets 

2. Matching Hotels ï All hotels eligible within each stratum 

3. Highly Diverse Gas Use Hotels ï Subset of matching hotels filtered to highly diverse gas 

use 

4. Final Sample ï Randomly selected sample of hotels based on proportional targets 
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5. Pivot Matrix ï Summary tables showing how each dimension contributes to sample 

composition across climate zone 

 

 
Figure 9. Sampling method - funneling of sites and criteria 
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Figure 10. Random sampling and final sample illustrative workflow 

 

Figure 10 above illustrates the three-stage stratified random sampling process used to construct 

a representative and policy-relevant sample of hotels for decarbonization analysis. 

Survey Instruments  

The email template, virtual interview survey questions and site visit interview questions are 

found in Appendix E. The questions were co-developed by UCLA and TEC. 
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3 - Results  

3.1 - Residential Building Results 

This section presents findings from analyses exploring the readiness of Californiaôs residential 

building sector for electrification, as well as the barriers, impacts, and opportunities that are 

likely to shape this transition. These analyses address the following key questions: How 

prepared are Californiaôs homes to electrify their existing gas end-use equipment? What 

programs, especially in disadvantaged communities, are helping to advance this shift? How 

much progress has the state made toward its electrification goals? And how do decision makers 

and consumers view electrification? 

 

In addressing those key questions, the following results highlight major barriers facing the 

residential sector, the role of incentives and costs in influencing feasibility, and the current reach 

and effectiveness of incentive programs in reducing cost burdens and supporting the transition 

to zero-emission appliances. 

3.1.1 - Electrification Readiness of Residential Building Stock 

Electrical Service Panel Capacities  

The capacity of a homeôs electrical service panel plays a critical role in determining its 

ability to support the electrification of existing gas appliances and equipment. Homes 

with very limited panel capacity are unlikely to accommodate electric air and water 

heating without either substantial panel optimization or an upgrade to a higher-capacity 

panel. Panel optimization refers to a set of strategies that can be applied in various 

configurations to address panel capacity or space constraints of differing severity. Panel 

upsizing involves replacing the existing panel with one of greater capacity to meet 

increased electrical demand. 

 

The panel size quantification analysis revealed that only a small percentage (approximately 3%) 
of single-family properties in California are likely to have extremely small capacity electrical 
service panels (less than 100 Amps). A somewhat larger proportion of multi-family properties 
(approximately 10%) have panels in the smallest capacity range (less than 60 Amps). When 
considered together, these findings indicate that only a small minority of the state's residential 
building stock would necessarily require panel upsizing projects to comply with a zero-emission 
space and water heating appliance standard. 
 
At least half of the stateôs single-family residential buildings have sufficient electrical service 

panel amperage capacity (Ó 200 Amps) to support the immediate electrification of both space 

and water heating equipment with minimal need for additional building energy system upgrades 

or interventions beyond the potential installation of new or larger (240V) plug receptacles. By 

contrast, only about ӎ of multi-family structures can be considered similarly electrification-ready 

based upon panel size distribution estimates for their individual dwelling units. Estimates in the 

multi-family sector, however, have considerably more uncertainty. In multi-family buildings, there 
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is the possibility of installing centralized end-use equipment that could be interconnected to a 

buildingôs common ñhouse-loadsò service panel rather than the sub-panels associated with each 

individual dwelling unit. 

 
Figure 11. Estimated panel size ratings for California single-family (left) and multi-family (right) properties, both in total 

and disaggregated by DAC status. 

 

Figure 11 presents the estimated size distribution of electrical service panels in single-family 

and multi-family contexts and further differentiates between the panel size distributions within 

disadvantaged communities (DACs) and non-DACs, as defined by the CalEnviroScreen 4.0 

percentile scores of the census tracts in which each property is located. This analysis reveals 

key findings related to important equity concerns associated with the implementation of potential 

zero-emission residential air and water heating appliance standards. 

 

Single-family homes within Californiaôs DACs have panels in the smallest size category (<100 

Amps) at about four times the frequency of homes outside of DACs. It is unlikely that homes 

with such small panels will be able to electrify their air and water heating appliances without 

either significant panel optimization effort or upsizing their existing panel hardware. The 

difference in this proportion of buildings with the panels in the smallest size category decreases 

to 2x within the multi-family sector. 

 

The spatial trends in panel size estimates can be attributed primarily to differential rates of new 

housing construction, income levels, rental property ownership patterns, and the pace of retrofit 

upgrades to electrical panel hardware within different communities. Generally, disadvantaged 

communities in the state are characterized by a greater abundance of rental properties that are 

of older construction vintage, smaller in size, and less likely to have received permitted 

upgrades to their electrical systems. This pattern aligns with deferred property maintenance 

commonly observed within low-income communities where financial resources are not available 

to undertake anything beyond essential work or, in the case of rental properties, where 

structural barriers to such work exist. This issue is known as the renter-owner split-incentive 

problem: property owners who pay for electrification upgrades often do not directly benefit from 

reduced utility bills when tenants pay for their own utilities. This misalignment of costs and 

benefits fundamentally shapes decision-making on both sides of the rental relationship. 
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Figure 12. Estimated panel size ratings for California single-family (left) and multi-family (right) properties, 

disaggregated by building construction vintage year range values (top), building size (ft2) range values (middle), and 
the percentage of renter households living within the census tract where each property is located.  

Figure 12 plots the estimated distribution of existing installed electrical service panel 

capacities (Amps) among Californiaôs single-family and multi-family residential buildings 

disaggregated by construction vintage year, building square footage, and the percentage 

of renter households in the census tract where the property is located. These plots 

illustrate some of the previously discussed trends relating to structural differences 

between single-family and multi-family properties, in terms of the historical rates of 

retrofits to building electrical infrastructure and the implications that this has for future 

electrification efforts.  
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Other Installation Related Concerns  

Air-source heat pump technologies are generally regarded as the optimal solution for zero-

emissions space and water heating applications within residential contexts due to their high 

coefficients of performance (COP) and relatively low peak power consumption, as compared to 

electrical resistance-based heating technologies. Despite their significant advantages, these 

technologies present distinct physical installation and operational challenges that warrant 

careful consideration. A more detailed analysis of the costs associated with these configurations 

and solutions is presented in Section 3.1.3. 

Heat Pump Water Heater Installation Constraints 

Many heat pump water heaters utilize small packaged condenser units designed to operate at 

peak efficiency within indoor environments where ambient temperatures remain relatively stable 

(approximately 68 ± 5°F). Additionally, this equipment typically must be installed in large indoor 

spaces with unobstructed access to air volumes of at least 700 ft³.27 Operating these units 

outdoors, where ambient temperature ranges are significantly wider, or indoors, in confined or 

poorly ventilated spaces, can substantially impact their COP. In extreme cases, efficiency 

degradation may necessitate reliance on backup resistance heating systems, thereby negating 

much of the energy efficiency advantage these technologies offer. 

 

This consideration is particularly relevant in California, where gas water heaters are commonly 

installed in small, thin-walled enclosures external to the main structure. It is not well understood 

precisely how common this type of installation is in terms of the percentage of the existing 

housing stock, and whether or not appropriate alternative indoor locations might be available for 

a new heat pump substitute.  

Heat Pump Installation Physical Space Constraints  

In contrast to water heating applications, most air-source heat pump HVAC units feature robust 

condenser units specifically engineered to operate in outdoor environments with wider ambient 

temperature variations. However, a critical mismatch exists between these design requirements 

and existing infrastructure: the majority of installed gas-fueled heating appliances are located 

indoors as wall-mounted units, in attic crawl spaces, or within dedicated utility closets and 

garages. Many of these locations are likely to be unsuitable for the drop-in replacement of an 

air-source heat pump system. Thus, alternative options for the siting of these equipment must 

be identified before the existing hardware can be replaced. This can be extremely challenging in 

some space-constrained environments, which tend to be more common in denser urban areas. 

These issues can also lead to convoluted solutions where the only suitable location for an 

outdoor condenser unit is, for example, far away from the location where diffuser hardware must 

be located to integrate with existing ductwork.  

 
27 Larson, B & Larson, S. ñThe Amazing Shrinking Room: HPWHs in Small Spaces.ò Northwest Energy Efficiency 
Alliance (NEEA). 2024. Date Accessed: December 8, 2024. 
https://neea.org/product-council-documents/confined-space-analysis-the-amazing-shrinking-room 
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Electrical Panel Space Considerations 

Air-source heat pump systems present additional challenges related to electrical service panel 

configurations. Although heat pump equipment exhibits lower peak power draws than traditional 

resistance heating appliances, most air-source heat pump water heaters and HVAC systems 

still require dedicated 240V circuits rated between 30-60 Amps, with some applications requiring 

up to 100 Amps. These 240V loads occupy substantial space within electrical service panel 

enclosures because their associated circuit breakers must maintain two points of contact with 

the internal bus-bar through a dual-pole configuration. These requirements can create situations 

where a panel's main breaker possesses sufficient rated capacity to support a new 240V load, 

yet the number of available breaker slots or their configuration relative to existing breakers 

physically prevents installation of the required dual-pole breaker. In such cases, installation of a 

dedicated sub-panel may provide a cost-effective alternative to complete panel replacement and 

upsizing. A sub-panel effectively expands available breaker slot capacity while maintaining the 

existing overall service capacity rating, offering a lower-cost solution than wholesale panel 

replacement. 28 Similarly, there are also now alternative solutions for integrating new distributed 

energy resources (solar, batteries, EV chargers, etc.), called meter collars that can be used to 

bypass the main service panel if there are a limited number of breaker slots available.  

3.1.2 - Electrification Program and Access 

Different legislative and policy directives established energy efficiency and electrification 

programs, whose implementation is tracked separately. This section first discusses energy 

efficiency programs, which are more longstanding than relatively recent electrification incentives 

programs. Efforts to incentivize residential fuel-substitution via electrification are currently 

fragmented across various incentive programs which lack comprehensive data tracking and 

coordination. Energy efficiency (EE) programs that were established prior to the emergence of 

electrification as a policy objective offer incentives like rebates, loaner programs, and tax credits 

to customers to incentivize energy savings through building weatherization and more energy 

efficient gas and electric appliances. Support for the implementation of EE measures within 

residential buildings is available from local and regional, state, and federal programs, through 

implementation mechanisms that operate across the supply chain, with the vast majority of EE 

incentive programs designed and implemented by IOUs, regulated by the CPUC, and operated 

using ratepayer funds. However, since 2021, an increasing share of incentive programsð

particularly those supporting electrificationðhas been provided by CCAs and RENs. Figure 13 

below outlines the various stages at which EE incentive programs are offered. 

  

 
28 SPUR. Policy Brief: Solving the Panel Puzzle. May 2024. https://www.spur.org/sites/default/files/2024-
05/SPUR_Solving_the_Panel_Puzzle.pdf. Accessed: 1/15/2026.  

https://www.spur.org/sites/default/files/2024-05/SPUR_Solving_the_Panel_Puzzle.pdf
https://www.spur.org/sites/default/files/2024-05/SPUR_Solving_the_Panel_Puzzle.pdf
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Figure 13. Points of Intervention Along the Supply Chain for Residential Incentive Programs 

 

EE programs are implemented by various types of PAs.29 These PAs include utilities, state and 

local government agencies, nonprofits, and other types of organizations, such as community 

choice aggregators (CCAs) and regional energy networks (RENs). Public funding for EE 

programs includes taxpayer funds, utility ratepayer funds, cap-and-trade allowances, and grants 

from air districts and water agencies. However, the vast majority of EE incentive programs are 

designed and implemented by investor-owned utilities (IOUs) and funded by ratepayers (Figure 

14).  

 

 
Figure 14. Overview of EE Program Funding Sources, Program Administrators, and Oversight 

 

These programs are driven by state and CPUC policy that requires Californiaôs utilities to first 

meet their energy needs through demand-side reductions enabled by cost-effective energy 

 
29 Program administrators are the entities accountable for program performance, as defined in the US Department of 
Energy Office of Energy Efficiency & Renewable Energy Residential Program Guide Glossary.  
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efficiency measures as opposed to supply-side capacity expansion of renewable and 

conventional generation resources.30  

 

Electrification budgets within these legacy EE incentive programs, though growing, still make up 

a very small proportion of investor-owned utilitiesô total EE budgets. In 2022, the total approved 

budget for investor-owned utilities ratepayer-funded EE programs was $842,763,533 with 

$422,304,234 in total expenditures. During this same period, the total approved budget for EE 

programs that fund electrification was $46,276,967. That is about 5.5% of the total approved 

budget for EE program measures at large (Figure 15). In 2023, electrification accounted for just 

8.5% of total EE budgetsðthe highest level to date, but still only a fraction of the hundreds of 

millions invested annually. Meanwhile, gas appliance efficiency upgrades are still available 

within the residential energy efficiency portfolio.  

 

 

 
Figure 15. Total Residential Energy Efficiency and Electrification Budgets, CEDARS 

 

In recent years, efforts to incentivize building electrification have been expanded beyond 

Californiaôs legacy EE programs, as in Figure 16. The TECH Clean California initiativeða 

statewide program that provides incentives to contractors for the installation of heat pumpï

based technologiesðwas initially funded with natural gas investor-owned utility ratepayer 

dollars under the direction of the CPUC. Beginning in fiscal year 2022-2023, however, the state 

legislature directed taxpayer funding to the program.31 TECH has since emerged as the main 

electrification incentive initiative, with new electrification incentive funding being allocated and 

administered through the program. Funding earmarked by the Inflation Reduction Act (IRA), an 

estimated $582 million in Federal Home Efficiency Rebates (HOMES) and Home Electrification 

 
30 California Public Utilities Commission, Energy Efficiency Policy Manual (April 2020), p. 9, available at 
https://www.cpuc.ca.gov/-/media/cpuc-website/files/legacyfiles/e/6442465683-eepolicymanualrevised-march-20-
2020-b.pdf 
31 TECH Clean California, ñTECH Clean California receives $145 million to expand decarbonization effortsò (press 
release), available at https://techcleanca.com/about/news/september-27-2022/.  

https://techcleanca.com/about/news/september-27-2022/
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and Appliance Rebates (HEEHRA), have been channeled through TECH Clean California. 

HEEHRA Phase I rebates, a total of $80 million, were made available November 2024. As of 

January, 2026, $152 million in rebates that were allocated to HEEHRA Phase II have yet to be 

made available. In July 2024, $25 million in funding from the Stateôs Budget General Fund and 

Greenhouse Gas Reduction Fund was allocated to TECH Clean California. Overall, this signals 

a massive expansion of taxpayer-funding for electrification programs, which were previously 

primarily supported by ratepayers, and an effort to centralize electrification incentives.  

 

While budget data for CEDARS is limited to 2023, comparing the first three years of both 

CEDARS and TECH reveals that TECHôs cumulative budget is over four times as large as the 

cumulative electrification budgets in CEDARS from 2021 to 2023 ($59,161,576).  

 

 
Figure 16. Cumulative TECH Budget and Funding Sources 

 

Since 2023, TECH Clean Californiaôs cumulative budget has nearly doubled. The passage of 

the Inflation Reduction Act (IRA) and the introduction of HEEHRA rebates for multi-family 

properties serving income-qualified Californians have expanded available incentives beyond 

heat pump space heating and cooling and heat pump water heating. HEEHRA was temporarily 

paused in February 2025, as a result of President Trumpôs January 20, 2025, Executive Order32, 

then resumed one month later in March.33  Rebates offered include electric cooking equipment, 

heat pump clothes dryers, as well as electrical panel and wiring upgrades. The maximum rebate 

per low- to moderate-income multi-family household is $14,000.34 Although this represents a 

promising step toward equitable electrification, if most low-income multi-family households 

 
32 Unleashing American Energy, Executive Order 14148, January 20, 2025, White House, § 7, 
https://www.whitehouse.gov/presidential-actions/2025/01/unleashing-american-energy/. 
33 Inflation Reduction Act Residential Energy Rebate Programs. California Energy Commission. Available at: 
https://www.energy.ca.gov/programs-and-topics/programs/inflation-reduction-act-residential-energy-rebate-programs  
34 California Housing Partnership Housing Needs. Available at: https://chpc.net/housingneeds/.  

https://www.whitehouse.gov/presidential-actions/2025/01/unleashing-american-energy/?utm_source=chatgpt.com
https://www.energy.ca.gov/programs-and-topics/programs/inflation-reduction-act-residential-energy-rebate-programs
https://chpc.net/housingneeds/
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require the maximum incentive amount, the total budget would support only about 2,857 multi-

family householdsða stark contrast to the nearly 1.5 million low-income households living in 

multi-family rental housing across California. 

 

Lastly, the Equitable Building Decarbonization (EBD) Program is a statewide initiative 

established by Assembly Bill 209 (2022) and administered by the California Energy 

Commission. One of the programôs largest components is the Statewide Direct Install Program, 

which is funded through a combination of state funds (including California Climate Investments 

and General Fund appropriations) and federal U.S. Department of Energy HOMES program 

funding, totaling approximately $565ï570 million. The Direct Install Program is designed to 

provide no-cost electrification and energy efficiency upgrades, such as heat pumps, efficient 

appliances, and building envelope improvements, to low-income households in designated 

priority communities. While program guidelines were adopted in 2023 and regional 

administrators were selected in late 2024, full-scale home retrofit deployment is expected to 

begin in late 2025 and continue into 2026, and public information on early implementation 

progress remains limited as of now.35 

 

Building electrification incentives are designed to accelerate the transition away from fossil fuelï

based end uses by offsetting the higher upfront costs associated with fuel switching and 

encouraging adoption of carbon-free appliances. While these incentives are delivered through a 

range of mechanismsðincluding rebates, financing options, and loan or on-bill programsðthe 

following analysis focuses specifically on a comparative assessment of electrification rebates in 

order to evaluate how current electrification budgets translate into scale, availability, incentive 

magnitude, and end-use coverage across single-family and multifamily buildings.  

 

Table 23 and Table 24 below detail the distribution of rebates available by end-use and the 

average minimum and average maximum incentive prices for single-family and multi-family 

buildings, respectively. Appendix A Table A1 includes a list of programs summarized in this 

table. When a program does not offer a range in incentive amounts, only the average rebate 

amount is listed. Many PAs offer incentives denominated in different units, for example: per ton 

of air-conditioning load (in BTU), per equipment unit, per dwelling unit, and per kWh. Thus, the 

average minimum and maximum ranges are listed using the unit defined by the PA.  

 

Among all measures, electric service panel upgrades, which are critical enablers of building 

electrification though not fuel-switching measures on their own, offer the highest average rebate 

amounts. They are, however, among the least frequently available incentives. Additionally, 

multi-family incentives remain limited, with only 43 total offerings compared to 165 single-family 

rebates. Nonetheless, multi-family incentives exhibit a more balanced distribution across end 

uses, rather than being heavily concentrated in space heating, cooling, and water heating as 

 
35 California Energy Commission, Equitable Building Decarbonization Program: Statewide Direct Install Program, 
adopted program guidelines October 2023; funding and implementation details updated 2024, 
https://www.energy.ca.gov/programs-and-topics/programs/equitable-building-decarbonization-program/ebd-
statewide-direct.  

https://www.energy.ca.gov/programs-and-topics/programs/equitable-building-decarbonization-program/ebd-statewide-direct?utm_source=chatgpt.com
https://www.energy.ca.gov/programs-and-topics/programs/equitable-building-decarbonization-program/ebd-statewide-direct?utm_source=chatgpt.com
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seen in single-family programs. This suggests that programs serving multi-family buildings, 

though limited, may be designed to support more comprehensive electrification.  

 

Table 23. Single-family Residential Rebates by Functional Category and Average Minimum and Maximum Value 

 Cooking Clothes Drying  
Space 

Heating/Cooling 
Water Heating 

Whole 

Building 

Electric 

Service Panel 

Active 

Rebates 
18 15 82 46 1 13 

Average 

Incentive 

Price  

$336 - $377 

per unit 

$197 - $208 

per unit 

$349-$352 per 

ton 

 

$1,308 - $1,410 

per unit 

$1,122 - $1,313 

per unit  

$4,250 per 

unit  

$1,885 per 

unit 

 
Table 24. Multifamily Residential Rebates by Functional Category and Average Minimum and Maximum Value 

 Cooking 
Clothes 

Drying  

Space 

Heating/Cooling 

Water 

Heating 

Whole 

Building 

Pool 

Heating 

Electric 

Service 

Panel 

Active 

Rebates 
3 3 12 15 3 2 7 

Average 

Incentive 

Price  

$658 - $783 

per unit  

$292 - $333 

per unit 

 

$1,594 - $1,938 

per unit 

 

$975 - $1,800 

per common 

area 

$5,000 

per 

project 

 

$1,221 - 

$1,724 

per unit 

$5,133 

per unit 

$1,875 - 

$2,250 per 

pool 

Per dwelling 

unit $1,820 - 

$1,920 

 

Per project 

$6,250 - 

$7,500 
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Figure 17. Total Claims for CEDARS and TECH Clean California Residential Claims - No Secondary Incentive 

Funder Overlap 

 

Incentives are predominantly available and accessed by households in single-family buildings 

as shown in Figure 17. More detailed information by end use can be found in Tables 25 and 26. 

Multifamily buildings have fewer incentives available and remain underutilized. Only 1.5% of the 

total number of installed equipment units in the residential claims reported in CEDARS are for 

multi-family buildings. In contrast, nearly 12% of the total installed equipment units reported for 

the TECH program are for multi-family buildings. For multi-family claims, TECH also includes 

the number of spaces served by each equipment unit. Assuming each single-family claim 

accounts for one household, summing each single-family claim with the number of spaces 

served for multi-family claims, approximately 19.32% of total households served by TECH were 

in the multi-family sector. This is in contrast to nearly 30% of households in California living in 

multifamily buildings. 

 
Table 25. Single-family Claims by End Use (CEDARS and TECH) 

 2020 2021 2022 2023 

Space Heating 6022 9196 14803 24004 

Water Heating 283 687 1935 6695 

Cooking 0 122 264 767 

Clothes Drying 0 71 80 182 
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Pool Heating 0 0 0 0 

 

 
Table 26. Multifamily Claims by End Use (CEDARS AND TECH) 

 2020 2021 2022 2023 

Space Heating 35 250 1153 247 

Water Heating 4 34 740 523 

Cooking 0 0 0 0 

Clothes Drying 0 0 0 0 

Pool Heating 0 0 0 1 

 

Despite a near doubling of its cumulative budget, the annual number of the TECH programôs 

residential claims largely remained the same between 2022 and 2023. Meanwhile, while still 

minimal among multi-family buildings, single-family CEDARS claims skyrocketed between 2022 

and 2023 (Figure 18).  

 

Given that the delivery type of CEDARSô claims dramatically shifted to almost exclusively 

óupstreamô delivery after 2021, the subsequent rise in CEDARS reported claims is unsurprising 

(Figure 17). One would expect higher uptake given that upstream and midstream programs are 

less cumbersome to customers. Almost all of the increase in CEDARS reported claims can be 

attributed to these upstream measures. However, while the number of equipment units and fuel 

substitution claims have increased, it is unknown how much these incentives related savings 

are passed onto the consumer, as opposed to being retained by the contractor.  
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Figure 18. Claims by Delivery Type (CEDARS and TECH) 

 

Tracking which households and customers specifically benefit from state-funded incentive 

programs is essential for assessing progress toward Californiaôs equity and decarbonization 

goals. According to the TECH Clean Californiaôs Equity Budget and Spending Report, last 

updated on January 17th of 2024, 46% of incentives paid have been in equity communities. 

Only recently have CEDARS administrators added a new field in their public data which 

identifies DAC and low-income claims recipients. However, a preliminary review of flagged data 

from 2023 and 2024 (available up to Q3 at the time of this updated analysis in December 2024), 

suggests extremely low rates of claims among DAC and low-income customers. In 2023, 1.8% 

of all energy efficiency claims were either flagged as DAC or low-income or both. Of all 

electrification claims, only 0.5% were flagged as DAC or low-income or both. For data available 

for 2024, 11.8% of claims were flagged as DAC or low-income or both, while only 0.08% of 

electrification claims were flagged in either or both of those categories. This rate, however, may 

be attributed to the methodology of how claims are flagged, and the lack of geographic precision 

associated with upstream program claim reporting within CEDARS.  

Incentive Uptake in Opinion Research  

Findings from opinion research conducted by FM3 with multi-family property owners indicate 

that financial incentives play a decisive role in enabling electrification projects. Nearly all 

respondents who completed electrification projects in existing buildings reported that they would 

not have pursued these projects without access to financial incentives. In many cases, 

incentives served as a tipping pointðcovering the cost of upgrades already planned, such as 

the replacement of aging equipment, and making the decision to electrify economically viable. 
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Despite their importance, incentive programs face several barriers that continue to limit their 

uptake. Property owners cited a lack of awareness and understanding of available programs, 

rapid depletion of incentive funds, and complex or time-intensive application processes as major 

deterrents. Some participants also noted that incentives are typically offered as reimbursements 

rather than upfront payments, which can make participation infeasible for owners without 

sufficient cash flows or access to capital. 

 

Small scale property owners, in particular, identified additional challenges. Some expressed 

concern that program requirementsðsuch as using contractors from approved listsðcan 

increase project costs and reduce the net value of incentives. One multi-family building owner, 

for example, noted that although the TECH program incentive would have provided 

approximately $6,000 in support, using a TECH-approved contractor would have cost $30,000 

more than a nonparticipating contractor, according to FM3 reported interview. These findings 

suggest that while incentives are crucial to driving electrification in the multi-family sector, 

program design and delivery mechanisms significantly affect accessibility and participation. 

3.1.3 - Electrification Costs  

This component of the analysis examines the costs and barriers associated with residential 

building electrification in California. The study synthesizes findings from existing literature, 

empirical data from TECH Clean California, a survey of 434 renters in disadvantaged 

communities, and interviews with 15 multi-family property owners. Key findings indicate that 

while electric appliance costs are approaching parity with gas alternatives, significant ancillary 

costsðparticularly electrical infrastructure upgradesðcreate substantial barriers to adoption, 

especially for renters and low-income households.  

 

Appliance Costs 

Electric appliances are increasingly available as substitutes for the four major residential gas 

end-uses, and their cost competitiveness is rising. The upfront costs of electric appliances, 

excluding labor, ancillary materials, ducting modifications, and potential electrical infrastructure 

upgrades, are approaching parity with gas appliances and, in some cases, are even more 

affordable. Appliance costs were examined using three primary sources, as shown in Table 27: 

(1) the U.S. Energy Information Administration (EIA), which reports on the costs of gas and 

electric appliances from studies by Guidehouse and Leidos, (2) Opinion Dynamicsô Heat Pump 

Market Study, which covers some, but not all, gas and electric appliance costs (appliance types 

not included are marked as "Not Reported"), and electric appliance estimates from (3) Redwood 

Energyôs A Pocket Guide to All Electric Retrofits of Single-family Homes, which were used to 

supplement the other electric appliance cost sources. As a result, gas appliance costs from the 

other two studies are listed as "Not Reported" for Redwood Energy. 

Space Heating and Cooling 

Ductless mini-split air-source heat pumps cost roughly half as much as mixed-fuel HVAC 

systems that combine a gas furnace with electric air conditioning. Available data indicate that 
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ductless mini-split units range from $790 to $1,900, compared to $4,050 to $4,425 for combined 

gas furnace and central air systems. However, this apparent cost advantage can be misleading. 

Because ductless mini-splits are typically installed in each major room, a single home may 

require several units, which can quickly reduce or eliminate the upfront cost savings. 

 

Standard air-source heat pumps show greater cost variability. Redwood Energy estimates these 

systems at $2,000 to $3,200, representing potential savings of up to $2,000 compared to 

purchasing separate gas furnaces and air conditioning units. However, EIA and Opinion 

Dynamics report higher ranges ($3,387 to $6,740), which exceed combined mixed-fuel system 

costs by over $2,000 in some cases. Notably, CARB staff, in their modeling for the Cap-and-

Trade Program Standardized Regulatory Impact Assessment (SRIA), assume that when space 

heating equipment is replaced, the existing air conditioning unit retains 50% of its remaining 

useful life. This implies that anticipated savings from combined system purchases may not apply 

universally. 

Water Heating  

Heat pump water heaters (HPWH) have a wider range of equipment costs than their equivalent 

gas counterparts. These variations depend significantly on the size of the tank, with prices 

generally increasing with tank size. Proper sizing cannot be disregarded, and generally, it is 

recommended that HPWH tanks should be sized up from gas powered units that were 

previously in-place due to the longer recharge cycles associated with the technology. In the US 

EIAôs reported data, cost ranges for both gas-fired storage water heaters and HPWH reflect this 

expected difference in unit capacity sizing (to achieve feature parity). The US EIA captures two 

classes of water heaters: smaller- and larger-sized. The cost-difference for smaller-sized water 

heaters is reported to be $210 more for heat pump water heaters, while the electric counterparts 

of larger-sized water heaters are roughly $450 more expensive.  

Other End Uses 

In terms of electric appliances for clothes drying and cooking, there are compelling electrical 

fueled options that can be cheaper than gas-fueled options with similar features and 

performance specifications. Electric cooktops can use either resistance heating elements, with 

comparable costs to gas-fueled ranges, or more advanced induction heating elements, which 

are generally more expensive than gas alternatives at this time. Heat pump clothes dryers, 

though more energy-efficient and gentler on fabrics, cost approximately twice as much as gas 

dryers, contributing to limited market demand and retail availability. 

 
Table 27. Equipment Unit Costs for Single-family Homes 

End Use Appliance Type Appliance Cost (2022) 

US EIA36 Opinion Dynamics37 Redwood Energy38 

 
36 US Energy Information Administration (EIA), ñUpdated Buildings Sector Appliance and Equipment Costs and 
Efficienciesò (2023), p. 6, available at https://www.eia.gov/analysis/studies/buildings/equipcosts/pdf/full.pdf.  
37 Opinion Dynamics, CPUC, ñCalifornia Heat Pump Residential Market Characterization and Baseline Study," supra.  
38 Redwood Energy, "Redwood Energy's Pocket Guide to All-Electric Single-family Retrofits" (2022), supra.  

https://www.eia.gov/analysis/studies/buildings/equipcosts/pdf/full.pdf
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HVAC Natural Gas Furnace $1,200 $1,575 Not Reported 

Gas-fired Boilers $2,890 Not Reported Not Reported 

Central Air Conditioners $2,85039 Not Reported Not Applicable 

Air Source Heat Pump $3,970 - $6,740 $3,387 $2,000 - $3,200 

Portable Air Source Heat 

Pumps 

 Not Reported  Not Reported $575 - $670 

Ductless Mini-split Air-source 

Heat Pumps 

$1,580 Not Reported $790 - $1,90040 

Water Heating Gas Tankless Not Reported $1,484 Not Reported 

Gas-fired Storage Water 

Heaters 

$420 - $990 Not Reported Not Reported 

Heat Pump Water Heater $630 - $1,440 $700 - $3,250 $1,200 - $2,600 

Clothes Dryer 

  

Gas Clothes Dryer $670 Not Reported Not Reported 

Heat Pump Clothes Dryer $980 Not Reported $1,000 - $1,900 

Electric Resistance Dryer $580 Not Reported $400 - $700 

Cooking Gas Range $770 Not Reported Not Reported 

Induction Range $63041 Not Reported $1,000 - $7,499 

Electric Resistance Range $630 Not Reported $650 

Rows in grey are gas-fueled appliances or used as part of a dual-fuel system. 

Installation and Integration Costs  

The cumulative total installed cost of an electrification project can comprise several different 

elements, some of which may not be necessary in all contexts. The items included in Table 28 

reflect some of the most common ancillary costs associated with new electrical appliance 

installation and integration. These costs, over and above the upfront appliance purchase price, 

are typically captured in, but not explicitly itemized by, available studies on the total installed 

costs of electrification projects.  

 

 
39 Estimated for South (Hot-Dry and Hot-Humid) climate region in EIA.  
40 Price range given for ductless mini-split air source heat pumps of smaller capacity (under 24 kBTu/h) to match 
capacity reflected in EIA estimate. 
41 This is likely an underestimation of induction range equipment costs given the US EIA methodology. The US EIA 
cost estimates were based on DOE rulemaking data for the most representative product class: electric smooth 
cooking tops. This category includes both cooking tops with electric resistance heating elements and those with 
induction heating elements. Induction cooking tops, being a higher-end option, are expected to have higher retail 
equipment costs as well as increased installation costs due to the need for specialized technology. 
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Table 28. Common ancillary expenses associated with zero-emission air and water heating appliance installation 
projects within the existing residential building sector. 

Issue Solution42 Cost Range43 Likelihood 

Insufficient interior 
space for equipment 
installation 
 
(Heat-pump Hot 
Water Heater specific) 

Relocate the water heater in a new 
indoor location in the main structure 

Difficult to express in monetary terms Moderate 

Build new weatherized enclosure 
external to the main structure and 
run insulated water service lines 
back into the main structure 

$5,000 - $20,000+ 
(Highly variable - depends significantly 
on the site context) 

Low 

Insufficient exterior 
space for equipment 
installation  
 
(Heat-pump HVAC 
specific) 

Affix condenser unit to wall mounted 
bracket 

$300 - $500 Moderate 

Affix condenser unit to roof mounted 
platform 

$500 - $800 Moderate 

Insufficient duct size 
to provide adequate 
airflow 
 
(Ducted Heat-pump 
HVAC specific) 

Ductwork modification or 
replacement 

$900 - $6,000 
 
(Depends on extent of modification and if 
it includes insulation upgrades or 
complete replacement)44,45 

Moderate 

No available electrical 
outlet 

Install new 120V wall outlet $250 - $500 
 

Very High 

Install new 240V wall outlet $500 - $1,200 
(Depends on breaker amperage/wire 
gauge ratings) 

Very High 

Hard-wire appliance to a dedicated 
breaker on the main panel 

$300 - $800 
(Depends on breaker amperage/wire 
gauge ratings) 

Very High 

Insufficient panel 
breaker slots 

Upgrade electrical service panel - 
without upsizing amperage capacity  

$1,000 - $3,000 
(Depends on pre-existing panel capacity 
rating/size) 

Moderate 

Install new sub-panel $800 - $2,000 
(Depends on sub-panel capacity rating & 
number of breaker slots) 

Moderate 

Insufficient panel 
amperage capacity 

Upsize electrical service panel 
amperage capacity 

$3,000 - $5,000+ Low 

Insufficient utility 
service capacity 

Upsize utility distribution service 
capacity 

$5,000 - $40,000+ 
(Highly variable - depends on the need 
for sub-surface trenching as well as 
upstream hardware upgrades to feeder 
circuit conductors & transformers) 

Low 

Permitting and related 
fees 

Submit required plans, pay required 
permitting fee, be present for local 
code officer inspection following 
completion of work 

$200 - $400+ 
(Highly variable - many contractors bill by 
the hour for permitting related time and 
expenses and costs typically increase 
with a project size) 

Moderate 

Miscellaneous needs Cap existing gas service line, patch / 
fill drywall holes 

$100 - $500 High 

 
42 Proposed solutions exclude complex panel optimization strategies that could involve an array of different 
technologies, installed in different configurations, depending upon site specific needs.  
43 Rough order of magnitude costs associated with labor and materials. 
44 High end estimates from Frontier Energy & Misti Bruceri & Associates, ñ2022 Cost-Effectiveness Study: Existing 
Single-family Residential Building Upgradesò (2022), pp. 22, available at: 
https://localenergycodes.com/content/resources.  
45 Low end estimates from E3, ñResidential Building Electrification in Californiaò (2019), pp. 59, available at: 
https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf  

https://localenergycodes.com/content/resources
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
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There are a few features worth noting relative to the Table 28 above. The first is that the 

issues/solutions documented above do not include emerging panel optimization strategies due 

to their uncertain costs and heterogeneous nature. Second is that many of the quoted cost 

ranges are not based upon formal cost study data, as most published data sources do not 

itemize these types of miscellaneous expenses to this level of detail. As such, dollar amounts 

lacking a specific source reference have been derived from more anecdotal conversations with 

contractors and practitioners and have been included to depict the rough order of magnitude 

relative to overall project costs. It is worth noting that the various solutions mentioned in this 

table do not only involve electrical contractors but also potentially other trades including 

plumbers, carpenters, roofers, and general contractors. Finally, an important, yet difficult to 

quantify source of cost that is not accounted for here relates to the customerôs time, which must 

be spent managing the logistical complexity of a project (i.e., soliciting bids, coordinating 

schedules, overseeing work, etc.). 

Total Installed Costs  

Estimating total installed costs for electrification retrofits presents challenges due to limited 

sample sizes and reliance on modeled data. The TECH Clean California dataset provides rare 

empirical insight, encompassing all contractor-completed projects with associated rebates. 

While the dataset lacks explicit cost breakdowns for labor and ancillary elements, it offers a 

valuable perspective on statewide electrification project cost distributions. 

 

Figures 19 to 22 below illustrate the comparison across three widely cited studies for single-

family and multi-family retrofits: Opinion Dynamicôs California Heat Pump Residential Market 

Characterization and Baseline Study,46 E3ôs Residential Building Electrification in California 

Study,47 which captures average costs across different building vintages and climate zones, and 

the Local Energy Codes Cost-Effectiveness Study for Single and Multifamily Residential 

Building Upgrades,48 which captures total installed cost between different energy efficient 

appliance models. The TECH data includes the median and interquartile range for retrofits with 

and without panel upgrades, while both Opinion Dynamics and Local Energy Codesô studies do 

not include panel upgrades in their estimates. While E3ôs report includes estimates for panel 

upgrades, they are only included for some building vintages. TECH program cost figures are 

generally higher than existing comparable literature cost estimates. For single-family ducted 

heat pumps for example, the median installed cost without a panel upgrade under the TECH 

program is nearly $20,000, which is more than $3,000 greater than the nearest studyôs estimate 

 
46 Opinion Dynamics, Tierra Resource Consultants, Mitchell Analytics, California Public Utilities Commission (CPUC), 
"California Heat Pump Residential Market Characterization and Baseline Study" (2022), available at: 
https://opiniondynamics.com/wp-content/uploads/2022/06/OD-CPUC-Heat-Pump-Market-Study-Report-f.pdf. 
47 Energy+Environmental Economics (E3), ñResidential Building Electrification in Californiaò (2019), available at 
https://www.ethree.com/wp-
content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf  
48 Frontier Energy, Misti Bruceri & Associates, ñ2019 Cost-Effectiveness Study: Existing Single-family Residential 
Building Upgrades, California Energy Codes and Standardsò (2019). Available at 
https://localenergycodes.com/content/resources and Frontier Energy, Inc., Misti Bruceri & Associates, LLC, ñ2019 
Cost-Effectiveness Study: Existing Multifamily Residential Building Upgrades, California Energy Codes and 
Standardsò (2019). Available at https://localenergycodes.com/content/resources.  

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://localenergycodes.com/content/resources
https://localenergycodes.com/content/resources
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(E3). While the TECH ductless mini-split heat pumps project cost range was considerably lower 

than E3ôs estimate, this equipment type accounted for the smallest proportion of TECHôs space 

heating projects. Ducted heat pumps were the most common end-use incentivized through 

TECH in single-family homes, accounting for nearly half of all observations in the dataset and 

over ten times more than any other space heating equipment type for single-family homes.  
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Figure 19. Total Residential Installed Costs for Single-family Buildings 
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Figure 20. Total Residential Installed Costs for Single-family Buildings by End-Use and Panel Upgrade (TECH Clean 

California 2021-2023) 

 

Although the median cost of multi-family installations under the TECH program do not appear 

significantly different from the reviewed studiesô estimates, TECHôs costs only capture project 

expenses borne by the occupant of each individual dwelling unit, while it is unclear whether the 

other studies' estimates are for the entire project or individual units (Figure 21 and Figure 22).  
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Figure 21. Total Installed Costs for Multifamily Buildings per Dwelling Unit 
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Figure 22. Total Residential Installed Costs for Multifamily Buildings per Dwelling Unit by End-Use (TECH Clean 

California 2021-2023) 

 

Panel upgrades did not dramatically alter median installed costs in the TECH data. However, 

only 5.7% of single-family projects (1,417 of 24,711) and 0.4% of multi-family projects (106 of 

265) included panel upgrades. These low percentages may indicate that either most buildings 

did not require panel upgrades, or that customers facing high panel upgrade costs chose not to 

proceed despite available incentives. The latter scenario suggests potential selection bias in 

completed TECH projects, with costs including panel upgrades potentially exceeding upper 

quartile estimates by a substantial margin. 

 

Time disparities between studies partially explain cost differences. With the exception of 

Opinion Dynamics' 2022 single-family report, most cited reports date to 2019. In contrast, TECH 

program participation data spans from 2021-2023. California electrification costs likely increased 

during this period due to inflation and documented supply chain challenges related to the 

COVID-19 pandemic and, more recently, international trade tariffs. Within the TECH data, 

median single-family installed costs (excluding panel upgrades) increased over $3,000 between 

2022 and 2023 for HVAC appliances, while the numbers of claims remained approximately the 

same in both years. This increase may reflect higher appliance costs from premium options 

entering the market or rising installation costs from project-specific requirements. Notably, 

Opinion Dynamics' 2022 study lists single-family retrofit costs significantly below TECH's lower 

quartile cost range, suggesting recent studies may underestimate actual costs while also 

highlighting temporal cost evolution or the possibility of markup on install costs due to the 

presence of incentives. 
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Structural Cost Drivers  

TECH Clean Californiaôs project cost data was further examined to assess whether building 

vintage or location in an equity priority community were significant cost drivers. TECH uses 

three categories for equity priority: TECH Equity Community designation; SB-535 

CalEnviroScreen disadvantaged community and TECH Equity Community designation; and no 

equity priority community status.  

 

Previous studies, such as E3ôs Residential Building Electrification study, differentiated between 

three building vintages: pre-1978, 1990, and new construction. The study assumed older 

building vintages (pre-1978) would require a panel upgrade. Several of these relationships were 

tested, with the results summarized in Table 29. The most striking finding was that retrofits of 

older building vintages in the TECH program were more likely to include a panel upgrade for 

both multi-family and single-family buildings, though the effect for single-family homes was 

notably smaller. This suggests that while building vintage may influence the probability of a 

panel upgrade, there are other relevant factors. For example, permit data review indicates 

single-family panel upgrades often serve purposes beyond the electrification of existing gas 

appliances (such as for the installation Level 2 EV charging), potentially diluting vintage as a 

predictor. Alternatively, this pattern may indicate selection biasðcustomers with prohibitively 

high panel upgrade costs may decline to proceed with projects. 

 

When examining the impact of building vintage on total installed costs and controlling for 

equipment type, significant correlations were only observed for single-family projects, 

specifically for ductless mini-splits, heat pump water heaters, and packaged terminal heat 

pumps. Notably, all of these correlations were slightly negative. This indicates that although 

building vintage and equipment type can provide some insight into costs and panel upgrades, 

the relationships are weak, at least among TECH program data, and many other variables likely 

contribute to these outcomes. This is perhaps not surprising, given the advanced age of much 

of Californiaôs existing residential building stock relative to the anticipated service life-spans of 

originally installed electrical service panel and wiring hardware. Based upon these factors it is 

likely that many properties have already undergone at least one major round of electrical 

infrastructure upgrades since the time of their original construction.  

 
Table 29. Summary of TECH Clean California Cost Driver Findings 

Building Type Relationship Analysis findings  

Single-family Y = Panel Upgrade  
 
Xϛ = Building Vintage  
 
Test = Logistic Regression 

When the building vintage increases by one year, the log-odds 
of a panel upgrade decreases by 0.007867, holding all other 
variables constant, statistically significant. Older buildings are 
slightly more likely to have had a panel upgrade as part of a 
TECH project compared to newer buildings, but the effect is 
relatively small.  

Single-family Y = Panel Upgrade  
 
Xϛ = Equity Status  
 
XϜ = Building Vintage  
 
Test = Logistic Regression 

The interaction between equity status and building vintage 
does not have a statistically significant effect on the likelihood 
of requiring a panel upgrade. In other words, equity status 
does not substantially influence the relationship between 
building age and the need for a panel upgrade.  



 

 70 

Single-family Y = Total Installed Costs  
 
Xϛ= Equity Status  
 
XϜ = Building Vintage  

 
Test = Linear Regression 
Model 

No significant correlation was found between building vintage 
and total installed costs across different equity status 
categories. Building age does not appear to affect the overall 
installation costs for single-family homes. 

Single-family Y = Total Installed Costs  
 
Xϛ = Building Vintage  
 
XϜ = Product Type  
 
Test = Pearson Correlation 

The total installed cost for ducted mini-splits was slightly 
negatively correlated with building vintage (r = -0.038, p 
<1e05). The total installed costs for heat pump water heaters 
were slightly correlated with building vintage (r= -0.17, p<2.2e-
16). The total installed costs for package terminal heat pumps 
were slightly correlated with building vintage (r=-0.087, p<4e-
04). 
 
Ducted multi split, ductless mini-split, ductless multi split and 
small duct high velocity heat pumps had no significant 
correlation by building vintage on total installed cost.  
 
These weak correlations suggest that while building vintage 
can affect costs for certain products, it is not a strong predictor 
overall. 

Multifamily Y = Panel Upgrade  
 
Xϛ = Building Vintage  
 
Test = Logistic Regression 

As the year a building was constructed increases, the 
probability of a panel upgrade decreases. The relationship 
between building vintage and the likelihood of a panel upgrade 
is statistically significant (p<4.16e-10). For each additional 
year in building vintage, the odds of a panel upgrade are 
approximately 5.5% lower. 
 
The model suggests that as buildings get newer (with 
increasing year.built), the odds of needing a panel upgrade 
decrease. 

Multifamily Y = Panel Upgrade  
 
Xϛ = Equity Status  

 
XϜ = Building Vintage  
 
Test = Logistic Regression 

The interaction between independent variables of equity and 
building vintage does not have a statistically significant effect 
on the outcome of needing a panel upgrade.  

Multifamily Y = Total Installed Costs  
 
Xϛ= Equity Status  
 
XϜ = Building Vintage  

 
Test = Linear Regression 
Model 

The interaction between independent variables of equity 
status and building vintage has a statistically significant effect 
on the dependent variable of total installed costs in multi-
family projects. For every additional year vintage independent 
of equity status, the total installed cost decreases by $87.45 
(p<1.34e-09). The difference in cost for multi-family projects 
that are categorized as both being DAC and TECH Equity 
relative to not being DAC or TECH Equity, is not statistically 
significant. Projects that are only listed as TECH Equity, are 
associated with much higher costs than those that are not 
DAC or TECH Equity (p<2e-16). The interaction between 
equity status and building vintage is only significant for TECH 
Equity Only equity status category (p<2e-16) indicating that 
the total installed cost decreases more rapidly with each 
additional year of building in the TECH Equity Only category.  

Multifamily Y = Total Installed Costs  
 
Xϛ = Building Vintage  
 
XϜ = Product Type  

 

All product types had no significant correlation by building 
vintage on total installed cost.  
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Test = Pearson Correlation 

Consumer Cost Considerations from Literature Review and Opinion Research  

Previous research has identified multiple interconnected financial barriers affecting residential 

electrification adoption, with distinct impacts across different population segments. This section 

synthesizes findings from existing literature alongside qualitative data from rentersðparticularly 

those in disadvantaged communities who face heightened barriers due to split-incentive 

problemsðand multi-family property owners who have undertaken electrification projects. 

 

The net impacts of implementing different electrification measures on customersô combined gas 

and electricity utility bills can vary considerably. While electric appliances are generally more 

efficient than gas alternatives, several factors influence net costs, including marginal changes in 

electricity rates and the introduction of new end-use services. For example, households 

installing air conditioning for the first time will face higher electricity bills regardless of the 

appliance's efficiency, simply as a consequence of its use. Renter survey respondents who pay 

their own utilities consistently reported that their gas bills are substantially lower than electricity 

bills: 47% paid $50 or less monthly for natural gas compared to just 12% for electricity. This 

disparity translates into heightened cost anxiety, with 31% of participants expressing extreme 

concern about electricity bill affordability versus only 20% for natural gas bills (Figure 23). These 

existing perceptions of electricity as more expensive create additional resistance to 

electrification among renters. 
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Figure 23. Renter Survey Results When Asked How Concerned They Are About Utility Bill 

How electrification costs will ultimately be passed to renters remains uncertain and depends 

largely on housing laws governing rent increases from retrofits.49 This concern is particularly 

acute because 70% of low-income Californians rent rather than own, and rent burdens have 

increased among a majority of households in recent years.50 The limited affordable housing 

supply amplifies these concerns, as high upfront electrification costs could further reduce 

affordable housing availability by discouraging property owners from maintaining or developing 

affordable units. Survey data validated these cost concerns as decisive. Among renters who 

were initially interested in switching to electric appliances, approximately four-in-ten remained 

willing at a $75 monthly increase, while nearly all would accept just $5 more per month. Notably, 

potential savings proved less motivating: a $75 monthly savings enticed only slightly over half to 

consider switching, with just one-in-five expressing strong willingness (Figure 24). This 

asymmetry between cost sensitivity and savings responsiveness suggests that loss aversion 

and uncertainty about electrification benefits may impede adoption even when long-term 

economics are favorable. 

 

 
49 Scavo et al., op. cit.; Greenlining Institute & Energy Efficiency for All, op. cit.; Nelson, H. & Gebbia, N. (2018). Cool 
or school?: the role of building attributes in explaining residential energy burdens in California. Energy Efficiency, 11, 
2017-2032; French, E., op. cit.; Jones, B., et al. (2019). California Building Decarbonization: Workforce Needs and 
Recommendations. UCLA Luskin Center for Innovation & Inclusive Economics. 
https://innovation.luskin.ucla.edu/california-building-decarbonization/; Aitchinson, J., et al., op. cit.; Inclusive 
Economics (2021). Los Angeles Building Decarbonization. Equity concerns, employment impacts, and opportunities. 
https://www.nrdc.org/sites/default/files/los-angeles-building-decarbonization-jobs-impacts-report-20211208.pdf; 
Center for Sustainable Energy (2018). Social Science Research: Latino Homeowners and Energy Efficiency Retrofits. 
https://sites.energycenter.org/program/social-science-research-latino-homeowners-and-energy-efficiency-retrofits; 
Building Decarbonization Coalition (2020). Decoding Grid Integrated Buildings Report. https://gridworks.org/wp-
content/uploads/2020/02/Decoding-Grid-Integrated-Buildings_WEB.pdf; Harwood, M., et al., op. cit.; Im, J., et al. 
(2017). Energy efficiency in the US residential rental housing: Adoption rates and impact on rent. Applied Energy, 
205, 1021-1033; Melvin, J. (2018). The split incentives energy efficiency problem: Evidence of underinvestment by 
landlords. Energy Policy, 115, 342-352; Frank, M. & Nowak, S. (2016). Whoôs Participating and Whoôs Not? The 
Unintended Consequences of Untargeted Programs. ACEEE Summer Study on Energy Efficiency in Buildings. 
https://www.aceee.org/files/proceedings/2016/data/papers/2_542.pdf. 
50 Scavo, J., et al., op. cit.  
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Figure 24. Renter Survey Results When Asked How Much They Are Willing To Pay Monthly To Switch 

 

Even when renters have the ability to pursue electrification, limited access to funding remains a 

significant barrierðespecially for low-income households. Property owners, while typically 

having greater access to capital, do not necessarily choose to invest. As a result, the split-

incentive problem plays a central role in determining both who benefits and how decisions are 

made in renter-occupied housing. 

 

Property owners were unanimous in their survey responses in saying that electrification projects 

must make financial sense to proceed, with cost-neutrality prioritized over environmental or 

tenant benefits. Participants explained that projects needed to benefit building owners financially 

through reduced owner-paid utility bills, improved building marketability, or opportunities to fund 

necessary repairs. Several large affordable housing providers exclusively pursued projects that 

saved building owners moneyðsuch as electrifying common spaces or water heating systems 

that owners pay forðrather than projects that reduced only tenant costs. Even with available 

incentives, these providers remained unmotivated to pursue electrification that benefited tenants 

without reducing owner expenses, illustrating how the split-incentive problem operates in 

practice. 

 

Given these financial dynamics, incentives play a deciding role. Nearly every owner who 

completed electrification in existing buildings stated they would not have proceeded without 

incentives in place to ensure their financial viability. Incentives often enabled projects by 

covering already-planned upgrades, such as replacing aging equipment, making electrification 

financially feasible when it coincided with necessary repairs or appliance retirement. 

 

However, multiple barriers impede effective incentive utilization. Insufficient knowledge of 

existing program offerings leaves many owners unaware of available funding. Rapid depletion of 

incentive funds within many programs forces some to abandon projects after the initial planning 

phase. Complicated, time-consuming application processes deter participation, particularly 

among smaller property owners. The structure of rebate programs also creates obstacles: 

several participants noted that rebates are not provided upfront, and despite available 
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incentives, they could not afford to pay contractors and await reimbursement. Some small 

building owners avoided incentive programs altogether, believing applications took too long or 

that approved contractor costs exceeded the value of incentives. 

 

Most critically, even when accessible, incentives often prove insufficient. Nearly all participants 

cited inadequate funding as the primary obstacle to project completion, with infrastructure 

upgrades like increasing electrical capacity representing the most commonly cited unfunded 

need. These electrical panel and service upgrades are frequently necessary prerequisites for 

electrification but remain poorly covered by incentive programs. This gap has led some owners 

to abandon or substantially scale back their electrification plans, even when motivated to 

proceed.  

 

3.1.4 - Residential End Use Electrification Trends   

National Heat Pump Adoption Trends  

The most recent published peer reviewed academic literature on state-level heat pump adoption 

trends throughout the U.S. comes from researchers at the University of California Berkeleyôs 

Haas Energy Institute.51 Their work is based upon analysis of 2020 vintage data published by 

the U.S. Department of Energyôs (DOEs) Residential Energy Consumption Survey (RECS). As 

their findings shown in Figure 25 illustrate, California was found to lag significantly behind other 

states throughout the country in terms of the proportion of existing households using heat 

pumps as their primary heating system. This study estimated there to be ~500,000 total 

households with heat pumps installed in California as of 2020.  

 

 
51 Davis, Lucas W. "The economic determinants of heat pump adoption." Environmental and Energy Policy and the 
Economy 5, no. 1 (2024): 162-199. 
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Figure 25. Reproduced from (Davis, 2024) depicting heat pump adoption by state. Notes: This map plots the 

percentage of households in each state that have a heat pump as their primary heating equipment. These data come 
from RECS (2020). Households are weighted using RECS sampling weights. 52 

More recent estimates from 2022, published by HARDI, a trade association for major heat pump 

manufacturers and distributors, place the total number of California households with installed 

heat pumps at ~800,000. Though it is important to note that these HARDI figures were not 

published in a peer reviewed journal with documented data sources and methods. Taking both 

of these market penetration figures at face value would suggest that, although there has been 

encouraging recent growth in the uptake of heat pump technologies throughout California within 

recent years, the market has not yet entered the phase of mainstream adoption.  

According to standard technology diffusion theory, heat pumps, like many other types of new 

consumer technologies, would be expected to gain market share over time according to a 

sigmoidal growth pattern similar to that plotted in yellow in Figure 26 below. Such a growth 

pattern implies the bell shaped curve of marginal adoption rates that is depicted in blue. This is 

commonly known as Rogersô Curve for the pioneering work of Everett Rogers, whose socio-

technical theory developed labels for different characteristic classes of consumers on the basis 

of the timing of their adoption, as shown. Generally, Mainstream adoption can be said to have 

begun to occur once a technology achieves ~34% market share. Prior to this, the majority of 

adopters can either be described as either Innovators who are ñwilling to take risks, have the 

highest social status,... financial liquidity, are social and have closest contact to scientific 

sources and interaction with other innovatorsò or Early Adopters who ñhave the highest degree 

of opinion leadership,...higher social status, financial liquidity, advanced education and are more 

socially forward than late adopters.ò 

 
52 Davis, Lucas W. "The economic determinants of heat pump adoption." Environmental and Energy Policy and the 
Economy 5, no. 1 (2024): 162-199. 
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Figure 26. The diffusion of innovations according to Rogers. With successive groups of consumers adopting the new 

technology (shown in blue), its market share (yellow) will eventually reach the saturation level. The blue curve is 
broken into sections of adopters. 53 

Drivers of Heat Pump Adoption  

One of the more interesting findings from the 2024 study by Davis is that, nationally, heat pump 

adoption rates do not appear to be as significantly correlated with household income levels than 

other types of high-efficiency or renewable energy technologies. This is demonstrated by the 

plots contained in Figures 27 and 28 below, reproduced from the paper, which show adoption 

rates for various technology segments binned by household income level using RECS data. 

Building off of this insight, results from a regression analysis indicate that local electricity rates 

as well as climatic conditions (numbers of heating and cooling degree days) were actually the 

two strongest predictors of heat pump adoption rates at the state level. Though here it is 

important to recognize that in many states, particularly in the south-east, utility gas service is not 

widely available. And thus, rates of heat pump adoption could be significantly affected by the 

ready availability of sufficient electrical service and panel capacity within existing buildings. 

Overall, however, Davisô results suggest that consumer sentiments towards the technology are 

mostly focused on straightforward performance considerations and operating cost. 

 

 
53 Rogers Everett - Based on Rogers, E. (1962) Diffusion of innovations. Free Press, London, NY, USA. 
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Figure 27. Heat pump adoption by household income level. 54 

 

 
Figure 28. Adoption of other low-carbon technologies by household income. (A) Electric vehicles. (B) Solar panels. 

(C) LED light bulbs. (D) Energy-efficient clothes washer. 55 

 

 
54 Davis, Lucas W. "The economic determinants of heat pump adoption." Environmental and Energy Policy and the 
Economy 5, no. 1 (2024): 162-199. 
55 Davis, Lucas W. "The economic determinants of heat pump adoption." Environmental and Energy Policy and the 
Economy 5, no. 1 (2024): 162-199. 
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These findings have pros and cons within the context of Californiaôs current push to accelerate 

the electrification of space and water heating end-uses in the residential sector. A major pro is 

that the establishment of programs to provide financial incentives for heat pump adoption are 

unlikely to result in the same degree of biased participation as has been previously observed 

relative to other solar and EV financial incentives, for example. A major con, however, is that 

mainstream consumers are likely to be much more concerned about the implications of the 

stateôs already high, and recently increasing, electricity rates for the ongoing costs associated 

with operating new heat pump electrical equipment, despite their high coefficients of 

performance.  

 

Changes in appliance adoption rates following the implementation of South Coast and San 

Joaquin Valley Air Quality Districtsô ultra-low NOx rules provides a case study of California 

consumersô appliance preferences. In HARDIôs 2022 presentation to the California Energy 

Commission Figure 29 they illustrate the decline of furnace sales since 2019 as a result of the 

districtsô regulations. However, heat pump sales do not increase in the absence of new furnace 

sales. HARDI suggests that this may be due to either increased repair rates of existing 

furnaces, prolonging the useful life of the appliance to avoid an electric alternative, or the 

elimination of heating (electing for an AC with blower only) in those areas.  

  

 
Figure 29. Furnace, heat pump, and air-conditioner sales in California over time reported by HARDI. 

California Heat Pump Adoption Trends  

Based on findings from the CECôs longitudinal California Energy Consumption Database, the 

proportion of residential electricity fuel share (the proportion of electricity consumption to 

combined electricity and gas consumption) has been increasing, as overall electricity 
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consumption has increased and gas consumption has declined.56 This is a useful, albeit 

imperfect metric, given that year-to-year fluctuations in energy consumption are highly 

dependent on interannual changes in weather conditions and economic activity. This may signal 

that households are adopting more electric end-uses (including air conditioning installation, 

electrification of existing gas appliances, and all- or more-electric new construction) or are 

relying more on electricity-powered appliances as opposed to gas.  

 

Data on specific end-use electrification is limited; the most up-to-date estimates for clothes 

drying, cooking, water heating and space heating end-uses from surveys such as the American 

Housing Survey57 and the Residential Appliance Saturation Survey58 are from 2019. The 

American Community Survey (ACS) provides the most up to date measure of space heating 

electrification (2022). While the US Energy Information Administrationôs Residential Energy 

Consumption Survey (RECS) 2020 study captures detailed statistics on electric appliance 

adoption in its microdata, it is limited by its smaller sample size (18,500 for the entire country) 

and less up-to-date data year.  

 

According to the ACSô estimates, approximately 4.1 million households in California were using 

electric space heating as their primary heating fuel in 2022, with only 540,079 additional 

households adopting electric space heating since 2015.59 The 2023 ACS 1-Year Estimate noted 

no significant difference from the 2022 estimate within the margin of error. Meanwhile, the 

RECS estimated there to be ~500,000 total households with heat pumps installed in California 

as of 2020. More recent estimates from 2022, published by Heating, Air-Condition and 

Refrigeration Distributors International (HARDI), a major heat pump manufacturer and 

distributor trade association, place the total number of California households with installed heat 

pumps at ~800,000. Placing these estimates within the context of the ACSô 2022 household 

estimates, heat pumps make up between ~12 to 20% of electric heating end-uses.  

 

Though overall electrification of space heating is modest, demographic, and building type 

adoption trends illustrate the composition of census tracts in which there has been significant 

electrification progress over the last decade. Relying on the American Community Survey once 

again, a Welchôs t-test was conducted at the 0.01 significance level, while adjusting for unequal 

variances, examining the relationship between building characteristics (multi-family buildings 

and building vintage), income, and race and electric space heating adoption between 2017 5-

year ACS and 2022 5-year ACS (Table 30). Consistent with Davisô findings,60 heat pump 

adoption was not significantly different across different median household income levels.  

 
56 California Energy Commission. California Energy Consumption Database. Residential Gas and Electricity 
Consumption (1990 - 2022). Available at: https://www.energy.ca.gov/data-reports/energy-almanac/california-
electricity-data/california-energy-consumption-dashboards-0  
57 U.S. Census Bureau. (2024). American Housing Survey for California (2015, 2017). Available at: 
https://www.census.gov/programs-surveys/ahs.html.  
58 California Energy Commission. (2009, 2019). "Residential Appliance Saturation Survey" Available at: 
https://www.energy.ca.gov/programs-and-topics/programs/residential-appliance-saturation-survey.  
59 U.S. Census Bureau. (2024). American Community Survey (2015 - 2022) Survey 1-year Home Heating Fuel 
Survey. Retrieved from https://data.census.gov/table/ACSDP1Y2022.DP04  
60 Davis, Lucas W. "The economic determinants of heat pump adoption." Environmental and Energy Policy and the 
Economy 5, no. 1 (2024): 162-199. 

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-energy-consumption-dashboards-0
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-energy-consumption-dashboards-0
https://www.energy.ca.gov/programs-and-topics/programs/residential-appliance-saturation-survey
https://data.census.gov/table/ACSDP1Y2022.DP04
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Notably, only building type and building vintage revealed a significant difference in electric 

space heating adoption. More specifically, the proportion of households that use electric space 

heating in census tracts with a high proportion of residential buildings with 2 to 4 units, has 

declined, while electric heating appliance use in census tracts with a high proportion of single-

family homes show no significant change between these two periods. This finding suggests that 

while single-family homes have maintained steady rates of electric heating fuel adoption, 

smaller multi-family buildings have experienced a decline, indicating that electrification efforts in 

the multi-family residential setting may face greater challenges and more robust efforts may be 

required to stimulate electrification adoption. Additionally, this change likely reflects a shift away 

from older resistance-based electrical heating systems and towards newer gas-powered 

furnaces.  

 
Table 30. Results of Independent Samples t-test Between 2017 5-year ACS and 202261 

  Summary of results 

DAC Status There is no significant difference in the change in the proportion of heating fuel in households 
that are in the DAC census tract compared to households not in DAC census tracts.  

Race There is no significant difference in the change in the proportion of heating fuel in households 
by race.  

% of earners in family There is no significant difference in the change in the proportion of heating fuel in households 
by percent of earners in a family 

Median Income There is no significant difference in the change in the proportion of heating fuel in households 
by household median income within the Census Tract.  

Building Type Only households who live in buildings with 2 to 4 units have a significant difference in the 
change of electric space heating fuel. Households within tracts where multi-family 2- to 4 units 
are the majority are most likely to adopt gas heating end-uses instead of electric heating end-
uses.  

Building Vintage All building vintages were significantly different between 2017 and 202 5-year ACS electric 
heating fuel proportion of electric space heating fuel except for 1980 to 1989. Households in 
building vintages before 1979 declined in electric space heating in 2022 compared to 2017.  

3.1.5 - Consumer Preferences  

There are numerous stakeholders within the building electrification space, and their 

relationships shape the knowledge, values, beliefs, and barriers around electrification and 

electrification adoption. The first examination of consumer preferences was conducted through 

a literature review, entailing a review of more than 80 publications. The review culminated in the 

identification of several gaps and the prioritization of two populations for more in-depth study: 

multi-family property owners and renters.  

 

Overall, the literature suggests that consumer and installer levels of awareness about fuel-

substitution technologies vary. Some studies indicate that consumers and installers both know 

them well62, while others find that knowledge is more moderate.63 Renters generally do not have 

 
61 U.S. Census Bureau. (2024). American Community (2017 and 2022) Survey 5-year Home Heating Fuel Survey. 
Retrieved from https://data.census.gov/table/ACSDP5Y2022.DP04  
62 Miller, A., & Higgins, C., op. cit. 
63 Opinion Dynamics, op. cit.  
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the right to initiate renovations or retrofits and are therefore dependent on the ownerôs 

decisions. This includes most structural, equipment, or appliance upgrades.64 Owners typically 

provide appliances but are not obligated to electrify. While some retrofit work may require renter 

permission, existing regulations often allow certain improvements to proceed with only renter 

notification, such as those under the Primary Renovation Work, Capital Improvement, 

Rehabilitation Work, and Seismic Retrofit Work programs. This can increase rent burden and 

risk of harassment.65 Rental agreements also influence incentives for electrification. In master-

metered buildings, utilities are often billed as part of rent rather than individually, meaning that 

the financial motivation to electrify individual units differs from individually metered units.66 While 

some energy efficiency programs target rental properties, research shows they rarely benefit 

low-income tenants unless explicitly designed to do so.67 Retrofitting can also increase rents, 

and current policies do not prevent landlords from passing retrofit costs onto renters. As a 

result, rentersðespecially low-income householdsðface higher energy burdens, financial 

stress, harassment, and potential displacement.68  

 

Overall, few studies examined how owners, ranging from small ñmom-and-popò landlords to 

large corporate landlords, make electrification decisions. Key questions remain: who drives 

these decisions? What financial considerations are critical? Which policies or incentives are 

influential? And what funding mechanisms could prevent cost pass-through to renters? 

Concrete information on residential electrification costs, including utility impacts, is scarce. 

While some studies address decarbonization costs and incentives for low-income households, 

more research on perceptions of cost and affordability could better inform policy.  

 

Gaps identified in the literature report were reviewed with Steering Committee members and 

used to shape the qualitative focus areas for the opinion research task. While not all gaps could 

be fully addressed within the scope of this project, two key areas were prioritized: (1) the 

experiences of rentersðparticularly those in disadvantaged communitiesðwho face the 

greatest barriers to electrification due to the split-incentive problem, and (2) the perspectives of 

multi-family property owners, who manage housing for these renters and encounter high 

barriers to electrification because of the technical complexity of projects in multi-family buildings 

compared with single-family homes.  

Renter Survey Findings  

Survey findings on currently installed appliances found that natural gas and propane are 

commonly used to power a variety of household appliances, with some notable differences in 

consumer concerns and costs associated with these fuels. The most frequently used natural 

 
64 Samarripas, S., & Jarrah, A., op. cit.; Scavo, J., et al., op. cit.; McKibbin, A., op. cit.; ARUP, op. Cit.  
65 Scavo, J., et al., op cit.; ARUP, op. cit.; Kirk, C., op. Cit.  
66 Scavo, J., et al.; McKibbin, A., op. Cit.  
67 Samarripas, S., & Jarrah, A., op. cit.; ARUP, op. cit.; Chuang, Y., et al. (2022). Are Residential Energy Efficiency 
Upgrades Effective? An Empirical Analysis in Southern California. Journal of the Association of Environmental and 
Resource Economists, 9 (4).  
68 Mast, B., et al., op. cit.; Samarripas, S., & Jarrah, A., op. cit.; York, D., et al., op. cit.; Scavo, J., et al., op. cit.; 
McKibbin, A., op. cit.; Harwood, M., op. cit.; Nelson, H., & Gebbia, N., op. cit.; Im, J., et al., op. cit.; ARUP, op. cit.; 
French, E., op. Cit.  
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gas and propane appliances among the survey group included ovens, stoves, hot water 

heaters, and built-in heaters. The survey revealed that over half of respondents are open to 

replacing their current natural gas or propane appliances with electric versions if the switch 

comes at no additional cost (Figure 30). There was some variation by appliance type, but even 

for those with the lowest level of desire to change to electric versions (clothes dryers and range 

top), a plurality is open to switching if it comes at no cost. Hot water heaters had the largest 

amount of respondents having no opinion (38%) and only 40% wanting to switch. Overall, 

pluralities of renters are open to replacing all of the appliances tested in the survey, with the 

greatest willingness to switch to electric cooling and heating systems. Interest in switching to an 

electric stove was particularly surprisingly high with 46% interested compared to 27% not 

interested. 

 

 
Figure 30. Survey results when participants are asked if they are interested in switching to electric appliances if it 

came at no cost. 

Initial appliance attitudes varied by race, ethnicity, income and age. Latino respondents 

generally identified themselves as being more interested in switching to electric appliances than 

white respondents, with responses from African American and Asian/Pacific Islander 

respondents varying more by appliance type (Figure 31). A slightly higher percentage of 

households with annual incomes between $50,000 and $75,000 expressed interest in switching 

to electric appliances across the board (Figure 32). However, the exception was the combined 

replacement of heating and cooling systems, for which households earning under $35,000 

annually expressed a greater desire. Lastly, younger respondents were substantially more open 

to switching to electric appliances than older respondents, in addition to valuing the 

environmental benefits of electric appliances more than older age groups.  
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Figure 31. Interest in switching by race/ethnicity and appliance 

 
Figure 32. Interest in switching by household income and appliance 

When respondents were asked about the different aspects of choosing an appliance, safety and 

reliability were top priorities (Figure 33), though at least 77% responded that they found all 

aspects tested in the survey as extremely or very important. 

 
Figure 33. Respondents Ranking Importance of Considerations When Choosing an Appliance 
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Of the 434 respondents interested in switching out a gas appliance, the top reasons for wanting 

to switch stemmed from worries about gas leaks, general safety risks, better functionality, the 

potential for higher long-term costs associated with maintaining gas-powered appliances and 

the positive environmental impact. By large margins, electricity fits some of those attributes, 

namely it is seen as better for the environment, less polluting, less likely to release chemical 

pollutants inside homes and generally safer than gas. It is also seen as easier to use and more 

energy efficient. On the other hand, those who prefer to retain their gas appliances most often 

cited cost and performance as key factors in their decision. Respondents who did not want to 

switch to electric appliances indicated that gas appliances are perceived as more reliable in 

their performance and in the case of grid-related power outages, and overall, less expensive on 

an ongoing basis.  

 
Figure 34. Comparison of Importance Aspects of Appliances with Assessments of Electricity vs. Natural Gas 

Respondents received messaging about the benefits of electric appliances and the dangers of 

gas stoves and carbon monoxide emissions, the effects of other emissions on indoor air quality, 

climate change, future generations, cost volatility, benefits of induction stoves on cooking 

experience, expert opinions, second-hand smoke, already existing community bans on use of 

natural gas in new buildings, and impacts on extreme weather and benefits of switching to 

electric-powered systems. Of these different messaging options, the most impactful themes 

about switching to electric appliances related to the dangers of gas stoves and carbon 

monoxide and the benefits of electric-powered heating for improving indoor air quality and 

maintaining cooler indoor temperatures during extreme high heat events. (Figure 34). Direct 

messaging about climate change was somewhat weaker than other themes. Messaging had the 

biggest impact on interest in switching clothes dryers, hot water heaters, and stoves, ovens, and 

ranges (Figure 35). 
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Figure 35. Survey Responses When Asked If Theyôd Be Interested In Switching At No Cost Before and After 

Messaging 

 

Lastly, cost is a deciding factor for all respondents. Just about four-in-ten of the respondents 

who were interested in switching to electric appliances after messaging would still be willing if it 

cost $75 per month, but nearly all would be willing to pay $5 per month more. Savings were less 

impactful in motivating adoption; offering a $75 monthly savings only enticed just a little over 

half to say theyôd be ñwilling to switchò, and only two-in-ten as ñvery willingò.  

Multifamily Property Owner Interview Findings  

Following the survey of renters in high-priority communities, new questions emerged around the 

experiences and motivations of multi-family property owners in pursuing electrification projects. 

FM3 conducted in-depth interviews with 15 property owners between September 10, 2024, to 

January 24, 2025. Interviewees included a mix of private landlords with several small properties, 

as well as larger affordable housing providers, both non-profit and one for-profit, who collectively 

manage over 10,000 units statewide.  

 

In terms of the type of electrification project, most owners interviewed had undertaken some 

form of electrification or energy conservation work, primarily in their older vintage buildings. 

Eleven out of the 15 participants had either completed or were in the process of converting 

space and/or water heating systems to electric, primarily using heat pump technology. Nine of 

the 11 were working on or had installed heat pump space heating, ten of the 11 had installed or 

were planning on installing heat pump water heaters, with a combined eight having done or 

pursuing both (Figure 36). For many, a motivation for installing electric air source heat pumps 

was the possibility of offering cooling services at the same time. 
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Figure 36. Projects completed or planning on being completed by interviewed multi-family property owners 

 

Five participants had previously replaced gas stoves, and one had replaced a gas dryer. Two 

had installed EV charging stations, eight had added solar panels, and nearly all had upgraded 

their buildingsô electrical capacities and infrastructure. While all the building owners interviewed 

had embarked on electrification projects in some form or another, most have not fully electrified 

any of their legacy buildings. Moreover, many who own multiple legacy buildings have only 

pursued an electrification project in between one and a few of their buildings due to financial 

and logistical constraints, such as limited space, inadequate electrical infrastructure, or 

challenges relocating tenants. Participants noted additional hurdles to further electrification 

including contract-based restrictions on electrifying shared laundry facilities, and to a lesser 

extent, issues including asbestos or lead abatement. 

 

Property owners were unanimous: electrification projects must make financial sense for them to 

proceed. Cost-neutrality was prioritized over benefits to the environment or to the tenants. 

Several participants explained that the project had to benefit the building owner financially, 

meaning reducing utility bills for the owner, rather than only the tenants, improved building 

marketability, or an opportunity to fund already existing necessary repairs. A few large 

affordable housing providers only pursue electrification projects that save money for the building 

ownerðnot just the tenant. This included projects to electrify common spaces or water heating, 

which is often paid by the building owner. These housing providers were not motivated, even 

with incentives, to pursue electrification projects that may reduce costs for tenants but not 

owners. Some owners also mentioned a desire to future-proof buildings against anticipated 

future appliance electrification mandates, particularly for new developments, which were 

generally reported as being required to go fully electric.  

 

  

8 2 1 

Heat Pump Space Heating Heat Pump Water Heating 
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Environmental sustainability was a commonly cited motivation among non-profit providers, 

some of whom emphasized goals like grid neutrality and emissions reduction. However, all 

acknowledged that these ideals were secondary to cost considerations. Few saw electrification 

as a meaningful selling point to future buyers in large part because they are not able to raise the 

rent as a result of renovations or upgrades. Electrification was also largely not seen as a ñselling 

pointò to renters. A few said rental tenants would appreciate air conditioning if it was installed, 

otherwise they did not anticipate electrification attracting tenants.  

 

Minimizing tenant disruption was also mentioned as being a top priority for most property 

owners. More intensive retrofit projects can also sometimes necessitate costly tenant temporary 

re-locations. Many property owners selected projects specifically because they wouldnôt require 

tenant relocation, and some rejected projects outright to avoid such complications. Other tenant-

related concerns included water and power shutoffs, noise, in-unit access, changes in 

aesthetics, and possibly increases in electricity costs. Nearly all participants mentioned trying to 

avoid these impacts as much as possible. Participants that did relocate tenants cited the 

additional burden of cost in covering relocation and subsidizing the differential cost, saying 

ñsometimes we have to relocate tenants for as much as a year.ò  

 

Participants did report some instances of pushback from tenants as a result of the installation of 

electric stoves. Building owners attribute this to some tenantsô cultural preferences for the use of 

gas in cooking and lack of familiarity with how to cook on an electric stove. To address this, 

owners emphasized the importance of providing induction-compatible cookware and education 

on using electric stoves. Resistance was generally seen as transitional, with concerns fading 

once new tenants moved in. 

 

Despite these concerns, several participants reported positive outcomes for tenants, such as 

improved safety by removing the dangers associated with gas appliances, and the addition of 

air conditioning. In a few cases, electrification projects were associated with lowering utility 

costs (while just as many, if not more, mentioned higher costsðespecially with the introduction 

of air conditioning).  

 

The other most referenced specific challenge, mentioned by nearly every housing provider, 

large or small, was the need to increase building utility service capacity to accommodate electric 

conversions. While a few volunteered that incentives have provided enough funding to increase 

electric capacity, many others said the incentives did not cover enough of this cost. This led 

them to abandon electrification projects.  

 

Staffing limitations also presented a major hurdle. Several larger housing providers shared that 

they lacked the internal personnel to manage incentive applications or oversee new 

installations. Participants also mentioned a lack of maintenance staff to manage new systems or 

who have expertise with new technology.  

 

Another almost universal source of frustration that was reported by participants was the difficulty 

of working with their local utility providers, which included PG&E, SoCal Edison, and LADWP on 
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projects that required upgrades in utility electrical service capacity. They described working with 

electric utilities as ña nightmare,ò ñpainful,ò and ñterrible.ò Participants cited non-responsiveness, 

delays getting approvals, and the need for new equipment installation that further delayed 

project competition timelines. All participants said projects took longer to complete than 

anticipated, mostly attributing delays to the utility companies. A few participants mentioned 

missing out on incentive availability windows or missing incentive deadlines because utilities did 

not provide the information or services they needed on time.  

 

Beyond their interactions with utilities, several participants shared various obstacles with state 

and municipal codes, permits, and approvals. One participant reported that they wanted to 

install window mounted heat pumps that might not meet the required permanent heat source 

codes. Other participants cited that buildings that are on historic preservation lists face 

additional challenges, such as making any changes to building envelope, or changes to the 

facade visible from the street. To install window units, in those cases, would require making 

custom made windows, which are reported as three to four times more expensive.  

3.1.6 - Discussion 

The results from this study demonstrate that while the physical infrastructure required to support 

electrification exists in many California homes, significant financial, structural, and informational 

barriers still exist which are likely to prevent widespread adoption, particularly among 

disadvantaged communities and residents of multi-family buildings.  

Early Adoption vs. óNatural Adoptionô in Existing Buildings  

While rebates and incentives for electrification are primarily available to single-family 

households, their overall impact on space heating electrification remains limited. In 2022, 

approximately 4.1 million housing unitsðaround 30% of all California householdsðused electric 

space heating as their primary heating fuel. The ACS does not specify appliance types, so this 

category includes built-in electric units, portable electric heaters, and heat pumps. These 

households encompass new all-electric homes, units that previously lacked space heating, and 

those that converted from gas to electric heating. However, only a small portion of this growth 

can be attributed to incentive-driven adoption (Table 31). Most residential electric space heating 

appears to result from ñnatural adoption,ò occurring independently of available incentives. 

Overall, residential space heating electrification rose by just 3.4%ða rate insufficient to meet 

Californiaôs climate and decarbonization goals (Table 32). 

 

Table 31. Total Electrification Incentive Claims and Households Electric Space Heating 

 2019 2020 2021 2022 2023 Total (2019-2023) 

Space heating claims by 

household (CEDARS) 

83 6,057 9,087 5,989 619 21,835 

Space heating claims by 

household (TECH) 

N/A N/A 439 10,568 9,968 20,975 
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Occupied housing units using 

electric space heating (ACS) 

3.5M  

 

4M 4.1M   

 

 
Table 32. Percent of Electric Space Heating Attributed to Incentive Claims 

 2019 2020 2021 2022 

% of households using electric space 

heating (ACS) 

26.6% N/A 29.7% 30% 

Estimated % of electric space heating 

attributed to incentive claims 

0.002% NA 0.39% (includes claims for 

both 2020 and 2021) 

0.41% 

 

Despite more than $550 million in electrification incentives allocated between 2021 and 2023 

(excluding public utility budgets), the modest share of incentive-driven adoption suggests 

several key findings. First, there is insufficient funding to support mass market adoption. To 

accelerate adoption to mass market penetration levels, substantially higher funding levels will 

likely be required, particularly to support retrofits in existing buildings. Otherwise, the 

fundamental economics of electrification will have to improve as a result of changes in primary 

fuel costs as well as those for the purchase of new electrical end-use equipment. Second, the 

TECH programôs relatively static project completion rates, despite a near-doubling of its budget 

between 2022 and 2023, suggest there are limitations associated with existing program 

designs. The bottleneck appears not to only be insufficient funding, but program accessibility 

and structureðincluding issues such as contractor capacity, application complexity, cash flow 

timing, and the mismatch between incentive levels and project costs. Without addressing these 

systemic barriers, simply increasing funding is unlikely to significantly accelerate adoption at the 

pace required to meet Californiaôs decarbonization goals. While natural adoption for space 

heating alone has not thus far distinguished greatly by DAC, race, or income, typically early 

adoption is attributed to those who have higher social status, and financial liquidity.69 Future 

electrification costs, such as stranded gas assets will disproportionately burden lower-income 

and disadvantaged communities. Lastly, most CEDARS incentive claims have not been 

concentrated in disadvantaged areas. This indicates that even the small share of incentive-

driven adoption has not effectively reached households most in need of financial support. 

Program Design: Piecemeal Approaches and the Upstream Paradox  

Current electrification programs, including those offered through TECH, primarily support 

incremental, end-use-specific measures, such as space and water heating, with limited offerings 

for whole-home retrofits, panel upgrades, or cooking electrification. Most available residential 

incentives target space heating/cooling (42%) and water heating (27%) measures. This 

fragmented approach does not account for the broader costs or planning required for 

comprehensive electrification, such as electrical service upgrades or load management 

strategies. As a result, programs encourage piecemeal decision-making rather than supporting 

households in developing coordinated and comprehensive electrification plans. More recent 

 
69 Rogers Everett - Based on Rogers, E. (1962) Diffusion of innovations. Free Press, London, NY, USA. 
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developments have illustrated programmatic efforts for more comprehensive incentives. TECH 

has taken steps to address these gaps, notably by introducing HEEHRA rebates on April 11, 

2025, which include coverage for electrical infrastructure costs. However, as of December 18, 

2025, all available rebates were fully reserved and awaiting lottery selection and reservation 

review. The EBD Statewide Direct Install Program also intends to cover electrical wiring and 

panel upsizing, however it is unclear when the first home retrofits are expected to begin.  

 

Most consumers make electrification decisions when existing equipment fails and requires 

replacement. These decisions therefore occur ñon the marginò (piecemeal), so to speak, rather 

than as part of a long-term strategy to transition all existing fossil-fueled end-use equipment. 

This incremental behavior produces two recurring outcomes. First, electrical panel capacities 

and other building electrical infrastructure constraints are often overlooked until a new appliance 

exceeds available limits, thus constraining future electrification potential. Second, when these 

types of upgrades are eventually required, they are typically pursued reactively and without 

significant advanced planning or consideration. This often results in inefficient investment 

decisions that can increase long-term energy use such as with panel upsizing projects that 

install excess capacity beyond that which is necessary. Existing programs do not equip building 

decisionmakers with knowledge and incentives to optimize existing electrical capacity through 

low-power equipment, load management software, circuit control technologies, multifunctional 

systems, and whole-home energy efficiency upgrades, before defaulting to costly capacity 

expansion projects. Additionally, the role of ancillary and coordination costs remain largely 

unaddressed. Program designs overlook the time, planning, and utility coordination required for 

permitting, electrical upgrades, and incentive timing, factors that can delay or deter participation. 

While single-family homeowners may defer costly upgrades and proceed incrementally, multi-

family properties face higher upfront costs, greater logistical complexity, and the added risks of 

tenant disruption or the need to pass-through costs to recoup expenses. Expanding whole-

building retrofit support and aligning program timelines with utility coordination requirements will 

be critical to overcoming these barriers and enabling equitable electrification across building 

types. 

 

Recent shifts in incentive delivery methods from downstream incentives to primarily midstream 

have had mixed effects. While the TECH Clean California has had healthy participation among 

disadvantaged and low-income communities, participation in CEDARS programs has been 

almost nonexistentðonly 0.5% of 2023 fuel-substitution claims were flagged as DAC or low-

income. This suggests that upstream program designs, while administratively efficient, fail to 

necessarily reach priority populations without additional structural support mechanisms. This 

tension, between administrative simplicity and equitable targeting, highlights a core ñupstream 

paradox.ò Upstream programs minimize end-user engagement, but in doing so, they lose 

visibility into who benefits, whether installations occur, and how incentives translate into actual 

savings. The lack of geographic precision in CEDARS EE reporting requirements prevents 

meaningful evaluation of program equity outcomes and may even allow benefits to be 

concentrated in higher-income areas already predisposed toward electrification. 
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Multifamily Institutional and Technical Challenges  

Analysis of ACS data shows that building type and vintage are key determinants of electric 

space heating adoption. Between 2017 and 2022, census tracts with a high share of 2ï4 unit 

residential buildings experienced a decline in electric space heating, while adoption among 

single-family homes remained relatively stable. This divergence indicates that electrification in 

smaller multi-family buildings faces distinct structural, financial, and institutional barriers. It may 

also reflect a transition away from aging electric resistance systems toward newer gas furnaces, 

underscoring the risk of regressing back to fossil fuels for key end-uses in the absence of 

stronger policy and financial support for multi-family electrification. 

 

Findings from the electrical panel readiness analysis further reinforce these trends. Only about 

ӎ of multi-family structures can be considered ñelectrification-readyò based on estimated panel 

size distributions across individual dwelling units. Many multi-family buildings, especially those 

in disadvantaged communities, are older, smaller, and less likely to have received permitted 

electrical infrastructure upgrades. These characteristics are consistent with patterns of deferred 

maintenance in lower-income areas, where limited financial resources and split ownership 

incentives constrain investment in long-term improvements. 

 

Incentive structures compound these disparities. Multi-family properties have access to fewer 

available rebates and are associated with lower participation rates than are single-family home 

oriented programs. The combination of declining electric heating adoption within the sector and 

limited incentive uptake suggests that current programs are failing to meet the needs of the 

multi-family sector. The persistent split incentive problem, where owners absorb the upfront 

retrofit costs while tenants benefit from energy savings, further discourages investment. For 

larger or older buildings that require centralized systems or major electrical upgrades, even 

generous incentives may not offset the high capital costs. 

 

Beyond cost barriers, multi-family electrification projects encounter greater technical and 

administrative complexity than single-family retrofits. Interviews with multi-family property 

owners consistently noted longer timelines, extensive permitting requirements, and high 

coordination demands with utilities. Additionally, property owners all emphasized cost neutrality 

as a prerequisite for electrification and identified permit delays, utility coordination, and large-

scale infrastructure needs as key deterrents. 

Panel Optimization Strategies  

There are a large and growing number of building energy system hardware and software 

solutions to address problems of insufficient panel main breaker capacity and available branch 

circuit breaker spaces. They include smart panels, smart breakers, circuit control units, outlet 

splitters and more. These technologies can collectively be referred to as ñpanel optimization 

strategies.ò This is because it is possible for one or more of them to be implemented in different 

configurations to address panel capacity and/or space constraints of varying levels of severity. 

The successful implementation of panel optimization strategies as a viable alternative to a panel 
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upsizing project requires a number of conditions to align, however. These include, but are not 

necessarily limited to: 

(1) Both the customer and the contractor must have an 

awareness of their existence and a willingness to pursue them. 

(2) Their combined cost of implementation must be competitive 

with the cost of a more conventional panel upsizing project.  

(3) They must be able to achieve code compliance. 

(4) Inspectors must be aware of them and able to permit them if 

applicable. 

 

In addition to these conditions, there may be instances where the customer is faced with the 

inability to use different appliances concurrently or be forced to accept potential performance 

degradations (i.e., power throttling) during periods of peak energy consumption. Moreover, 

many of these technologies are currently only offered by newer companies (start-ups, in some 

cases) that lack an established track record of performance and serviceability. This can be a 

concern for some customers, as the equipment must be relied upon to deliver critical energy 

services within homes. The degree to which any or all of these issues might be a limiting factor 

for a significant proportion of Californians whose residences have intermediate panel capacities 

is currently unknown. At the moment, there are not many incentives for customers or 

contractors to deviate from panel upsizing as the default approach to resolving these types of 

capacity constraints when adding new electrical loads. This is with the notable exception of 

instances where a panel upsizing project would trigger the need for utility distribution 

infrastructure cost upgrades, which can be significant and would have to be borne, in part, by 

the customer in accordance with local utility tariff rules. 

Low -power Electrical Appliances  

Within the context of residential electrical end-use appliances, the term ñlow-powerò is typically 

used to refer to equipment that do not need to be hard wired into a dedicated branch circuit 

within the electrical service panel and are able to be plugged into standard 120V/15-20 Amp 

rated wall outlets. Depending upon the end-use involved, different engineering strategies can be 

used to reduce equipment power draw and operate within these constraints. For example, many 

low-power heat pump water heater units make use of much larger and more heavily insulated 

storage tanks, to compensate for the longer recharge cycle times implied by their lower power 

condenser units. Depending upon their specific patterns of use, some customers may not even 

perceive the differences in capability between low and high powered equipment alternatives. 

However, some others might, and it is likely that the differences could be viewed as deficiencies 

in performance. This could be a significant concern in terms of the market development for 

these types of equipment. Particularly if households are unaware of the fundamental differences 

between the new electric technology that they are substituting for their existing gas powered 

equipment and, perhaps, were under the impression that they would be ñlike-for-likeò 

replacements. More research is likely needed to assess customer perceptions of the relative 

performance of these types of new low power equipment offerings as they become available 

and see more widespread adoption.  
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Conditional Shifts in Consumer Attitudes  

Prevailing literature and public perception often portray renters as reluctant to adopt 

electrification, citing concerns about cost, disruption, and cultural attachment to gas cooking 

appliances. However, this projectôs survey results suggest that reality may be more nuanced. 

When electrification measures were framed in terms of their potential health, safety, and comfort 

benefits, many tenants expressed openness to the transition, challenging prior assumptions that 

renters are inherently resistant to these types of changes. This finding underscores the 

importance of how electrification is communicated and highlights the potential for program 

design and messaging to shape consumer receptivity. Notably, cooking electrification attitudes 

diverged from expectations. While prior studies identified strong cultural attachment to gas 

cooking as a barrier, survey data revealed that Asian and Pacific Islander respondents were 

more open to electric cooking (58%) than white respondents (37%). This suggests that cultural 

narratives around gas use are not fixed and can shift when the benefits of electrification are 

clearly articulated or directly experienced. 

 

Interviews with multi-family property owners provided additional perspective. While some 

owners reported initial tenant resistance, especially to electric stoves, many observed that this 

type of opposition diminishes over time and with experience, particularly when tenants relocate 

or when targeted education emphasizes the health and safety advantages of electric 

appliances. 

 

Crucially, these shifts occurred primarily in contexts where the cost burden to tenants was 

minimal or eliminated. In other words, willingness to electrify is contingent on affordability. When 

financial barriers are removed, consumers demonstrate far greater openness than previously 

assumed. This finding reinforces the need for comprehensive cost-offsetting strategies that 

prevent cost pass-through to renters and ensure full cost parity between electric and gas 

options, not just at the point of appliance purchase but across the full spectrum of equipment 

installation and lifetime operational costs. 
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3.2 - Commercial Building Results 

Commercial buildings represent a critical yet underserved component of California's 

decarbonization strategy. Despite comprising around 40% of building sector greenhouse gas 

emissions,70 commercial electrification has received substantially less policy attention, research 

focus, and data collection efforts compared to the residential sector. This imbalance is 

particularly evident in the limited availability of comprehensive datasets tracking commercial 

energy consumption patterns, electrification costs, and incentive program uptake. 

3.2.1 - Commercial Program Availability and Access 

The project teamôs survey of the commercial building electrification landscape in California 

reveals a stark imbalance between levels of resource availability and program utilization. While 

commercial electrification program budgets far exceed those allocated to the residential sector, 

actual program participation remains remarkably low. 

 

Analysis of rebate data from DSIRE, the only available dataset which comprehensively tracks 

the availability of commercial incentives at the time of this analysis, indicates that 120 active 

commercial rebates are currently available across six functional categories: whole building 

upgrades, electrical service panel upgrades, water heating equipment, space conditioning 

equipment, clothes drying equipment, and cooking equipment. Cooking equipment accounts for 

the highest number of active rebates, with 55 incentives available, followed by space heating 

and cooling measures, which together represent 41 active rebates. The average incentive 

values vary considerably by end-use: cooking equipment incentives range from $1,130 to 

$17,500 per project, while whole building incentives average $10,000 per facility. Whole building 

incentives apply to projects that involve converting all gas appliances and equipment to electric 

systems. Water heating rebates, critical for many commercial subsectors, average between 

$1,550 and $1,812 per unit (Table 33). 

 
Table 33. Commercial Building Electrification Rebate Distribution by Functional Category and Average Minimum and 

Maximum Value 

 Cooking Clothes Drying 

Space 

Heating/Cooling Water Heating 

Electric 

Service Panel Whole Building 

Active 

Rebates 55 1 41 19 3 1 

Average 

Incentive 

Price  

$1,130-$1,312  

per unit 

 

$17,500 per 

project $300 per unit 

 

$592 per unit 

 

$750 per project 

$1,550 - 

$1,812 per unit  

$1,333 per 

unit 

$10,000 per 

facility 

 

 

 
70 California Air Resources Board, 2018, Greenhouse Gas Emission Inventory - Query Tool for years 2000 to 2018 
(11th Edition), Available at: https://ww2.arb.ca.gov/sites/default/files/classic/cc/ghg_inventory_trends_00-18.pdf  

https://ww2.arb.ca.gov/sites/default/files/classic/cc/ghg_inventory_trends_00-18.pdf
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While commercial building electrification programs have a far larger total budget than is 

available for the residential sector, they also have far fewer claims and overall fewer incentives 

offered. CEDARSô database is the only publicly available dataset that tracks commercial 

electrification claims in California. While TECH Clean California has offered commercial 

incentives since October 2023, these claims are not currently available in any of their public 

datasets. In 2022, the commercial electrification budget documented in CEDARS was double 

the residential electrification budget (over $55 million more), despite having 2% of the number of 

claims that same year. The small number of claims in CEDARS (Table 34) may reflect the 

higher costs expended for each equipment unit installed. Alternatively, they could reflect 

property owner concerns about potential operating cost increases that could arise from 

switching to a more expensive fuel. Nevertheless, the reasons behind this lack of uptake for 

existing available commercial electrification incentives remain unclear. Additionally, the impact 

of COVID-19 may also be responsible for a lag in commercial claims and only a gradual 

rebound in 2023, 3 years after the onset of the pandemic. Another interesting pattern is that 

while commercial claims have declined since 2019 to 2023, the overall electrification budget for 

the commercial sector has more than tripled. Additionally, EE claims have also continued to rise 

and while they did decline in 2020, they rebounded in 2021 and 2022, however declining once 

again in 2023 although it was an all-time high for EE budgets. Researchers consulted with 

CPUC staff to discuss these findings but were unable to arrive at a single conclusive 

explanation.  

 
Table 34. Commercial Building Electrification Incentive Claims and Budgets, CEDARS 

Year Total EE Budget Total EE Claims Total Electrification Budget Total Electrification Claims 

2017 $498,670,284 318,752 $5,589,499 1,238 

2018 $421,587,893 234,924 $5,601,738 2,628 

2019 $385,031,381 180,194 $9,828,179 2,428 

2020 $284,060,568 52,143 $8,024,990 376 

2021 $339,747,242 65,557 $17,447,317 1 

2022 $467,236,085 70,791 $22,851,100 173 

2023 $511,071,108 10,665 $33,185,825 299 

 

An analysis of different commercial subsectors as shown in Table 35 revealed highly uneven 

rates of program participation. The ñmiscellaneousò building category consistently dominated 

claims from 2016 through 2023, accounting for 2,191 claims, or almost 90% of total claims in 

2019 alone. Large offices showed sustained but modest participation, with 66 claims in 2023. 

However, several critical subsectors exhibited minimal engagement: food stores recorded zero 

claims after 2020, restaurants had no claims reported in 2022-2023, and retail establishments 

similarly showed zero participation in recent years. This pattern possibly indicates that current 

program structures fail to address the specific needs and barriers facing different commercial 

building types.  

 

Table 35. Commercial Building Electrification Incentive Claims by Building Type (CEDARS) 

 2016 2017 2018 2019 2020 2021 2022 2023 Total 

College 20 9 1 0 0 0 0 0 30 
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Food Store 112 13 51 41 9 0 0 0 226 

Health Care 10 63 4 1 1 0 29 0 108 

Large Office 144 126 7 6 6 1 40 66 396 

Lodging 51 44 62 44 27 0 19 0 247 

Miscellaneous 220 562 2370 2191 300 0 81 159 5883 

Restaurant 26 37 59 78 20 0 0 0 220 

Retail 50 24 4 11 9 0 0 0 98 

School 231 150 7 71 2 0 4 73 538 

Small Office 201 62 6 1 1 0 0 1 272 

Warehouse - 
Refrigerated 

5 9 1 1 1 0 0 0 17 

Warehouse - 
Unrefrigerated  

1 0 0 0 0 0 0 0 1 

Total 1071 1099 2572 2445 376 1 173 299  

 

Over the period captured in available data, the distribution of commercial electrification claims 

has shifted dramatically toward a single equipment category despite broader program offerings 

(Figure 37). Heat pump water heaters now dominate claims in the most recent three-year 

period, even though currently available rebates are predominantly structured to incentivize 

cooking and space heating/cooling equipment. This narrow focus represents a marked 

departure from earlier program years, when rates of claims exceeded 1,000 per year and 

encompassed a diverse equipment mix including water source heat pumps, packaged terminal 

heat pumps, and multiple cooking end-uses. This pattern adds another layer of complexity to 

the narrative around program underutilization: expanded funding and increased rebate category 

diversity have failed to translate into either higher participation rates or a broader spectrum of 

electric equipment adoption. 

 



 

 97 

 
Figure 37. Commercial Claims by Measure Category (CEDARS) 

Delivery type distribution reveals that direct install programs have historically been the primary 

mechanism for commercial electrification, though downstream approaches have gained traction 

in recent years (Figure 38). The shift in delivery mechanisms has not, however, translated into 

increased overall participation, suggesting that program design issues extend beyond those 

related to simple points of access. 
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Figure 38. Commercial Claims by Delivery Type (CEDARS) 

3.2.2 ï Commercial Building Electrification Costs  

There is currently no empirical data source which reliably reports the costs of different 

commercial electrification projects and measures. Estimates in this report were assembled from 

the 2021 Reach Code Cost-Effectiveness Analysis on Non-Residential Alterations for the 

California Energy Codes and Standards. However, this resource only provides estimates for a 

few commercial building types and thus is not exhaustive of the range of costs that could be 

faced by the variety of commercial building types and appliance configurations.71  

 

The Reach Code Cost-Effectiveness Analysis found the incremental costs of electrification 

across most commercial building subsectors to still be very high. The financial burden 

associated with electrification is particularly pronounced for full-service restaurants, schools, 

colleges, hotels, and hospitals that rely on kitchen facilities (Table D1, Appendix D). The study 

estimates an incremental cost, per facility, of $60,835 for Quick-Service Restaurants and 

$123,855 for Full-Service Restaurants. With over 50,000 restaurant establishments with IOU 

utility accounts, based upon these cost figures the estimated minimum total cost to electrify the 

restaurant sector alone would exceed $3 billion, of which, approximately $727 million would be 

associated with restaurants located in disadvantaged community census tracts. Medium office 

buildings face total incremental electrification costs of $158,078 per facility. These costs tend to 

be driven primarily by the need to replace gas boilers ($111,562) and service water heaters 

($15,283), along with the need for substantial electrical infrastructure upgrades ($31,233). 

 
71 PS2 Engineers, TRC Companies, ñ2021 Reach Code Cost Effectiveness Analysis: Non-Residential Alterations, 
California Energy Codes and Standardsò (2021). Available at https://localenergycodes.com/content/resources.  

https://localenergycodes.com/content/resources
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Stand-alone retail establishments demonstrate more favorable cost profiles, with total 

incremental costs per facility of negative $137 (indicating potential cost savings). This is 

primarily due to the favorable economics of replacing existing packaged HVAC systems. 

Similarly, some hotel configurations show negative incremental costs, suggesting these 

subsectors should be prioritized for near-term electrification efforts. Warehouse facilities face 

moderate incremental costs of $15,003 per facility, with electrical infrastructure upgrades 

representing a substantial portion ($6,231) of this total. The 17,930 unrefrigerated warehouse 

facilities and 452 refrigerated warehouse facilities represent significant electrification 

opportunities if targeted financial mechanisms can be leveraged to address upfront cost 

barriers. 

 

Lastly, schools and colleges rely heavily on kitchen facilities for food service operations, facing 

electrification cost structures similar to restaurants. Furthermore, healthcare facilities present 

additional complexities due to critical infrastructure requirements and 24/7 operational demands. 

The lack of detailed cost data for these subsectors represents a critical policy gap, as these 

institutions serve disadvantaged communities and cannot easily absorb substantial capital 

expenditures. 

3.2.3 - Commercial Electrification Trends   

Across all of Californiaôs commercial sectors, climate zones, and counties, electricity 

consumption as a fraction of total primary energy use (gas + electricity) has cumulatively 

declined since 2006 due to overall increases in the volume of gas consumption and proportional 

declines in electricity usage, as shown in Figure 39. Figure 40 shows that in 2006, electricity 

consumption accounted for over 37% of total commercial energy consumption, progressively 

declining to around 31% in 2022.  
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Figure 39. Commercial Energy Consumption between 2006 and 2022, ECDMS72 

 

 
72  California Energy Commission. California Energy Consumption Database. Commercial Gas and Electricity 
Consumption (1990 - 2022). Available at: https://ecdms.energy.ca.gov/elecbyutil.aspx  

https://ecdms.energy.ca.gov/elecbyutil.aspx
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Figure 40. Proportion of Commercial Energy Consumption between 2006 and 2022, ECDMS73 

 

A dramatic shift occurred between 2006 and 2011, electricity consumption decreased while 

natural gas remained stable, which could possibly be explained by improvements in lighting 

energy efficiency. However, IOU account-level data demonstrates continued erosion of electric 

fuel share across all CEUS subsectors between 2015 and 2021 from a continued rise in gas 

consumption (Figure 41).  

 

 
73  California Energy Commission. California Energy Consumption Database. Commercial Gas and Electricity 
Consumption (1990 - 2022). Available at: https://ecdms.energy.ca.gov/elecbyutil.aspx  

https://ecdms.energy.ca.gov/elecbyutil.aspx
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Figure 41. Proportion of Electricity of Total Energy Consumption by CEUS Subsector 

 

Comparing DAC and non-DAC tracts, there are minimal differences in inter-annual variation for 

this metric (Figure 42). The relationship between the share of electricity consumption and 

disadvantaged community status varies slightly by commercial building type. For food store and 

miscellaneous buildings, disadvantaged communities represented in the account-level utility 

consumption data used less electricity as their total share of energy consumption their 

counterparts in non-disadvantaged communities. This relationship is reversed in college, offices, 

restaurants, and schools. There was minimal difference in the share of electricity consumed 

between the community statuses for retail, lodging, and warehouses.  

 

 
Figure 42. Proportion of Commercial Electricity to Total Utility Consumption for DAC and non-DAC tracts by CEUS 

Subsector, Utility Account Data 
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By end-use, electric space heating fuel share has increased for commercial subsectors where 

space heating is not a major end-use energy services category. This trend suggests a potential 

shift in heating technologies or operational practices within those subsectors. Specifically, 

electric space heatingôs fuel share rose from about 28% to approximately 31%, with the most 

significant increases observed in warehouses, restaurants, refrigerated warehouses, and food 

stores as shown in Figure 43. Conversely, lodging and office buildings, which both have 

substantial and consistent space heating energy demands, experienced notable declines in 

electric heating fuel share. Subsectors with significant heating needsðprecisely those where 

electrification would yield substantial greenhouse gas reductionsðcontinue to favor gas 

equipment.  

 

 
Figure 43. Cross-CEUS Comparison of Electric Heating Fuel Share by Building-type74 

Electric water heating fuel share declined from 41% to 40% between 2006 and 2022, with 

specific decreases in colleges, healthcare, offices, and retail sectors, as shown in Figure 44. 

This trend is particularly concerning given the critical role water heating plays in commercial 

building energy consumption and the availability of mature heat pump water heater technology. 

The subsectors experiencing the greatest declinesðcolleges, healthcare, and officesð

represent exactly those building types where water heating loads are substantial and consistent, 

offering significant decarbonization potential. The marginal decline in electric water heating 

share, despite technological improvements in heat pump water heater efficiency and 

performance, suggests that non-financial barriers or non-technological barriers may be 

constraining adoption. Possible factors include lack of installer familiarity, concerns about 

equipment reliability in high-demand applications, and inadequate electrical infrastructure in 

existing buildings. 

 

 
74 Ibid. 
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Figure 44. Cross-CEUS Comparison of Electric Water Heating Fuel Share by Building-type75 

Comparing the two vintages of the CEUS there have increases in electricity usage among 

restaurants. However, the overall impact of this trend on the electric fuel share remains minimal. 

Figure 45 below illustrates the penetration of electric cooking and gas cooking by building type 

for the 2006 and 2022 CEUS. Penetration refers to whether an end-use is present at the survey 

site, or not. The penetration of gas cooking equipment, in other words the presence of gas-

fueled end-uses, has slightly increased statewide, particularly in colleges, but has unexpectedly 

declined in restaurants. The decline in gas use among restaurants is an encouraging trend, 

suggesting a shift away from gas cooking in this sector. This may be driven by fuel substitution 

in existing establishments or by the disproportionate closure of older restaurants that primarily 

relied on gas-based end uses. However, the overall decrease in gas usage has not significantly 

impacted the electric fuel share in the utility account data, which shows a decline of only 2.34% 

between 2015 and 2021 (see Figure 41 above). 

 

 
75 Baroiant, Sasha, Daniel Mort, Taghi Alereza, Don Dohrmann (ADM Associates, Inc.). 2023. 2022 California 
Commercial End-Use Survey (CEUS). California Energy Commission. Publication Number: CEC-200-2023-017. 


















































































































































































































