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Abstract 

Widespread building electrification is critical to achieving deep emissions reductions in 
the building sector. Building electrification can reduce onsite fossil fuel consumption and lower 
the carbon intensity of energy consumption by taking advantage of increasing amounts of power 
sector renewable energy. Despite these societal benefits, regulators, utilities, and consumer 
advocates are concerned about the potential increases in customer electricity bills from building 
electrification. This paper shows that prior analyses of the customer bill impacts of electrification 
may overestimate bill increases by not considering the efficiency improvements from advanced 
building electrification technologies (e.g., heat pumps, induction cooktops) retiring older, less 
efficient appliances and other efficiency improvements common in comprehensive energy 
retrofits.  

We quantify residential customer energy and bill impacts for a comprehensive building 
electrification retrofit package. Importantly, the package includes efficiency improvements that 
are likely to occur with comprehensive retrofits of end-use technologies (e.g., efficient 
equipment upgrades for electric technologies and ducting replacement or retrofit for reduced 
leakage). We use the National Renewable Energy Laboratory’s ResStock simulations of 
residential building end-use consumption to capture the heterogeneity in buildings due to 
differences in vintage, size, construction practices, installed equipment, appliances, and climate. 
The results have implications for the design of retail electricity rates and programs to encourage 
building electrification, including the consideration of the differential prices for electricity and 
fossil-fuels, the building end-use and technologies that drive bill impacts, and the efficacy of 
changing volumetric vs. fixed charges. 

Introduction 

Building electrification is critical to meeting state, utility, and U.S. decarbonization and 
greenhouse gas (GHG) goals (Williams et al. 2012; Nadel and Ungar 2019; Langevin et al. 
2023). Specifically, there is growing policy interest in building electrification to reduce fossil 
fuel consumption and take advantage of increasing amounts of power sector renewable energy 
(Inflation Reduction Act 2022). However, regulators, utilities, and consumer advocates are 
concerned about the potential increases in customer electricity bills from building electrification. 
In this paper, we explore the extent of this potential issue by estimating the distribution of 
residential customer energy bill impacts from building electrification investments in four 
different geographic regions across the United States.  
 Importantly, this study explores the heterogeneity of customer bill impacts across a large 
number of building electrification measures, building and household characteristics, and 
locations. We estimate residential electricity and non-electricity bill savings across different 
potential building electrification measures (paired with other equipment efficiency upgrades) 
under actual utility electricity rates in four utility service areas. We use the National Renewable 
Energy Laboratory (NREL)’s ResStock simulations of residential building end-use consumption 
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to capture the heterogeneity in these results across households due to differences in building 
vintage, size, construction practices, installed equipment, and appliances. To capture a variety of 
climates, we analyze building electrification investments in four different geographic and climate 
regions: the Southwest, Great Plains, Midwest, and Northeast.  
 This study also advances the literature on the impacts of building electrification on 
customer energy bills by considering the switch from fossil-based to electrical consumption in 
conjunction with the influence of corresponding direct and indirect efficiency improvements. For 
example, installing heat pumps to replace pre-existing fossil fuel space and water heating directly 
improves the energy efficiency of these end-uses, but there may also be indirect efficiency 
improvements from replacing paired electric resistance air conditioning and from complementary 
retrofits, such as improved ducting for space heating and cooling. Much of the prior research on 
building electrification does not consider the coupling of electrification and efficiency. For 
example, Davis (2022) focuses on the electrification of new buildings and calculates the costs of 
electric technologies relative to highly efficient fossil-based technologies. In contrast, we analyze 
retrofits and consider efficiency gains from retiring older, less efficient appliances. Moreover, 
unlike prior studies that focus exclusively on the impact of changing the fuel sources of a 
specific building technology in isolation (e.g., Sergici et al. 2022; Hermine et al. 2022), our 
analysis also considers additional efficiency improvements that are likely to occur in 
comprehensive building electrification retrofits. Deetjen et al. (2021) and Wilson et al. (2024) 
quantify the distribution of the energy bill impacts of heat pump retrofits with a focus on the 
climate-specific drivers but do not consider electrification of other customer end-uses (e.g., water 
heating, cooking) and more comprehensive efficiency retrofits beyond envelope improvements. 
Additionally, Deetjen et al. (2021) and Wilson et al. (2024) use state-level retail energy prices 
and simplified representation of monthly fixed charges. This study uses current retail electricity 
and non-electricity rates from actual utility tariffs to quantify total retail energy costs and 
compute revenue neutral alternative retail electricity rate designs. While this paper is not the first 
to highlight the importance of comprehensive retrofits (e.g., Wang et al. 2022), it is the first 
analysis to our knowledge to quantify the resulting bill impacts of these comprehensive retrofits 
across a large and realistically diverse sample of customers using actual retail energy prices. 

Analytical Approach 

We quantify the range of customer bill impacts of building electrification investments 
under default (i.e., flat) retail electricity rate designs. Our analytical approach proceeds in two 
steps. First, we derive hourly electricity and non-electricity load shapes for building 
electrification measure packages by end-use. Second, we estimate customer energy bills by 
multiplying the electric and non-electric building load shapes by the applicable electric and non-
electric (i.e., propane, natural gas, and/or fuel oil) prices. We describe each step in more detail 
below. 

Determining building electrification load shapes and energy savings 

We first use NREL’s ResStock database to generate hourly baseline energy usage using 
simulated building characteristics for current building technology deployment and appliance 
stock. ResStock produces a representative sample of buildings across climate zones with a 
realistic diversity of building types, vintages, sizes, construction practices, installed equipment, 
and appliances. Non-electric end-uses in the baseline building stock are based on survey data for 
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location-specific appliance saturation rates where non-electric fuels include natural gas and 
propane for all regions and fuel oil for the Northeast region only. The hourly load shapes come 
from a physics-based simulation model that is calibrated and validated using empirical data on 
actual energy use in buildings, including metered utility data from more than 2.3 million 
customers throughout the country and circuit-level sub-metered data (Pigman et al. 2022; Wilson 
et al. 2022). NREL provided custom-generated annual hourly profiles for approximately 10,000 
residential buildings using 2019 Actual Meteorological Year (AMY) weather data, which 
represents the most recent year where data are available, for each of four regions we examine. 
Within each region, all buildings share the same weather data profile.  

We then use ResStock to model alternative technology deployment scenarios intended to 
represent increased building electrification. ResStock combines information about the existing 
appliances and building characteristics with commercially-available energy efficient and electric 
alternatives to model feasible upgrade packages. The building electrification package used in this 
study replaces non-electric space and water heating with efficient electric alternatives, including 
heat pump water heaters and heat pumps for space heating and cooling (both ducted and mini-
split systems), as well as non-electric clothes dryers and cooking ranges. The package also 
includes improved ducting and energy efficiency upgrades of existing electric appliances, which 
may be common in a comprehensive retrofit. For this package, we include all buildings with at 
least one non-electric end-use in the baseline and focus our analysis on the combined impacts of 
electrification and efficiency improvements. The energy impacts of electrification are, therefore, 
the difference in annual electricity consumption between the building electrification upgrade 
package and the baseline profile. 

Selecting retail electricity rate designs and calculating bill savings  

 For electricity rates, we use 2019 residential default retail tariffs in four regions: the 
Southwest, Great Plains, Midwest, and Northeast. This variety enables us to capture real-world 
differences in electricity prices and rate designs. We use publicly available tariff data for a 
representative utility in each region and include all applicable tariff charges, including 
volumetric energy charges, fixed charges, additional energy supply charges, sales tax, and other 
adjustment charges (e.g., cost recovery, program fees, cost sharing). 

All of the electric rates in this study are two-part tariffs composed of fixed monthly 
charges ($/month) and volumetric electricity charges ($/kWh). In the Southwest and Northeast 
utilities, the rate schedule has one electricity price that is constant throughout the year. In the 
Midwest utility, electricity prices vary by season: one electricity price for the summer months 
(June-September) and a different electricity price for the other (i.e., “winter”) months. In the 
Great Plains utility, the rate schedule has a declining block design in the winter and an inclining 
block design in the summer after customers use 1,400 kWh in a month. 

For natural gas prices, we also use 2019 residential retail tariffs available to customers in 
the four regions. Similar to electricity rates, natural gas prices are two-part tariffs composed of 
fixed monthly charges and volumetric charges. Natural gas charges are converted from $/therm 
to $/kWh. For propane and fuel oil prices, we use the Energy Information Administration’s 
Weekly Heating Oil and Propane Prices reported by state and area. We calculate volumetric 
charges by taking the average fuel price for all weeks in 2019 for the state or area that 
corresponds to each region and converting from $/gallon to $/kWh. 

The volumetric price of non-electric fuels on a $/kWh basis is lower than the average 
price of electricity in nearly all cases (see Table 1). The difference between average electricity 
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and natural gas prices is especially pronounced. For example, the natural gas price is as much as 
ten times lower in the Midwest utility when normalized by unit of energy. 

Table 1. Comparison of utility average volumetric energy prices by fuel type 

Price ($/kWh) Midwest Southwest Northeast Great Plains 
Electricity (flat rates) 0.19 0.13 0.19 0.07 
Average natural gas 0.02 0.05 0.05 0.02 
Average propane 0.06 0.07 0.11 0.07 
Average fuel oil N/A N/A 0.06 N/A 

 
We calculate the total bill for each building before and after electrification using these 

electricity rates and regional fuel prices with the customer load profiles for the baseline and 
building electrification package. We include the consumption and cost of all fuels in the total bill 
saving calculations. 

Results 

   Figure 1 shows the share of non-electric fuels in the baseline building stock (left bars) 
compared to the building electrification upgrade scenario (right bars) normalized on a 
kWh/month basis. With the electrification upgrades, monthly average energy consumption 
decreases across all regions. Differences in the size of these reductions across utilities are driven 
by baseline consumption levels and mix of fossil fuel technologies. Monthly average electricity 
consumption either increases (for the Northeast and Midwest utilities) or decreases (for the 
Southwest and Great Plains utilities) depending on the cumulative effects of the relative 
electricity increase from the electrified end-use technology, as well as additional energy 
efficiency gains from other measures included in the building electrification upgrade package. A 
large driver for the increase in electricity consumption in the Northeast and Midwest is higher 
consumption from the heat pump in the winter due to colder temperatures—an end-use with non-
electric fuel sources in the baseline. By contrast, the Southwest and Great Plains have hotter 
temperatures and benefit from efficiency measures for cooling end-uses, which are entirely 
electric in the baseline. 

Across the distribution of customers1, we find a consistent reduction in total energy 
consumption with the electrification upgrade portfolio (see left panel of Figure 2). Excluding 
outliers, customers reduce energy consumption by more than 10% and median customer energy 
savings range from 39% to 61%.  
  
 
 

 
1 We report bill savings as box-and-whisker plots where the box represents the first and third quartile values, the 
center represents the median value, and the whiskers represent the first and third quartile values with 1.5 times the 
interquartile range subtracted and added, respectively. Outliers are not shown in plots. 
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Figure 1. Average monthly energy consumption for baseline (left bar) and building electrification 

upgrade profiles (right bar) 

 
 Due to the opposing effects of higher energy prices and lower energy consumption, we 
find that the net impact of electrification on bills differs across utilities and customers. We 
observe consistent positive energy bill savings for the Southwest and Great Plains utilities while 
the Midwest and Northeast utilities show a range of energy bill savings and energy bill increases 
(see right panel of Figure 2). Although the efficient electrification measures produce total energy 
savings across the distribution of customers of the Midwest and Northeast utilities (see left panel 
of Figure 2), the much higher price of electricity relative to fossil fuel prices results in energy bill 
increases for some customers (see Table 1 and Figure 2). This is most evident for Midwest utility 
customers, who see a 61% decrease in median energy consumption but a 3% increase in median 
energy bills due to the much higher cost of electricity compared to natural gas. The range of 
customer energy bill savings within a utility service area is large and varies significantly across 
utilities. While most customers experience energy bill reductions, these results suggest that a 
large proportion of customers in some regions may face substantial increases in energy bills 
when adopting building electrification measures. For example, 25% of Northeast utility and 
Midwest utility customers experience energy bill increases of at least 27% and 38%, 
respectively.   
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Figure 2. Distribution of energy savings (left panel) and energy bill savings (right panel) for building electrification 

upgrades 

 
We further explore these bill savings by separately quantifying the energy bill impacts 

from electrifying heating, cooling, and water heating end-uses. This analysis allows us to 
disentangle the impact of the electrification retrofit itself from any additional energy efficiency 
measures in our comprehensive package. Figure 3 shows the distributions of customer bill 
savings for the portion of the energy bill associated with space heating (top panel), water heating 
(middle panel), and cooling (bottom panel) end-uses. Accounting for energy bill savings on an 
end-use basis reveals significant differences across utilities due to differences in electricity price, 
climate, and baseline saturation of fossil-based technologies.  
 Importantly, the results suggest that the electrification measures can, in many cases, 
improve the efficiency of end-use energy consumption without any additional efficiency 
upgrades. In fact, for both space heating and water heating, nearly all customers for all utilities 
(~95% of the sample size) save energy with the modeled electrification package compared to the 
baseline. Replacing fossil-based space heating or water heating technologies with heat pumps is 
much more energy efficient (e.g., heat pumps can transfer 300-400% of energy they consume 
compared to 90-95% for a natural gas furnace). Similarly, replacing electric resistance space 
heating and water heating with heat pumps is more efficient.  
 Notwithstanding the importance of these efficiency gains from older equipment, there are 
still instances in which space heating and water heating electrification results in higher customer 
energy bills due to the higher cost of electricity. For example, Figure 3 shows that most Midwest 
utility and Northeast utility customers experience increases in their space heating costs. The 
results reinforce the importance of the differences between electricity prices and non-electric fuel 
prices in driving customer energy bill outcomes. 
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Figure 3. Distribution of building electrification energy bill savings for flat rates separated by space 

heating (top), water heating (middle), and cooling (bottom) end-uses 

© 2024 ACEEE Summer Study on Energy Efficiency in Buildings



 
In practice, customers investing in building electrification are replacing and retrofitting 

different combinations of building equipment and baseline efficiency levels. We further segment 
the buildings in our ResStock dataset across different groupings of pre-electrification baseline 
equipment to identify what electrification upgrades drive the highest amount of energy bill 
savings and where coupled electric efficiency upgrades may be most beneficial for improving 
energy bill savings. We analyze the impacts of different building characteristics by creating 
seven customer groups based on the following equipment present in the baseline: 

 
1. Electric resistance space heating and electric resistance water heating 
2. Electric resistance space heating (i.e., any electric space heating besides heat pumps)  
3. Electric resistance water heating (i.e., any electric water heating besides heat pumps)2 
4. Non-electric space heating, electric resistance water heating, and cooling 
5. Non-electric space heating, electric resistance water heating, and no cooling 
6. Non-electric space heating, non-electric water heating, and cooling 
7. Non-electric space heating, non-electric water heating, and no cooling 

 
Figures 4 through 7 show the distribution of customer energy bill savings for each utility 

and customer group. For comparison, the figures also include the results for all simulated 
buildings (“all buildings”) that are shown in the right panel of Figure 2. 

The results show that a key driver of energy bill increases is the introduction of air 
conditioning for customers who previously did not have cooling. While nearly 90% of U.S. 
households have space cooling (Beall and McNary 2022), some homes still lack air conditioning, 
especially in highly populated areas of coastal California with ambitious heat pump adoption 
goals. Heat pump technologies provide more efficient space heating and cooling, resulting in the 
introduction of new cooling loads to customers without cooling in the baseline. Customers 
without cooling in the baseline are more likely to experience increases in energy bills compared 
to customers with cooling in the baseline (i.e., comparing customer groups 5 to 4 and 7 to 6). 
This result is especially pronounced for the Southwest utility because the climate requires large 
cooling demand and is somewhat muted for the Northeast utility with minimal cooling demand.  

Among all the utilities, customers with electric resistance space and/or water heating in 
the baseline experience the highest bill savings (i.e., comparing customer groups 1, 2 and 3 to all 
other groups). Regardless of the climate characteristics, the efficiency gains from replacing 
electric resistance end-uses with heat pumps reduce electricity consumption. Most customers 
with either baseline electric resistance space heating or water heating (or both) experience 
overall energy bill reductions due to the large energy efficiency gains and despite higher 
electricity prices relative to fossil fuel prices. In fact, Figures 4-7 show that much of the variation 
in bill impacts among customers with pre-existing space cooling can be explained by the relative 
difference in electricity prices and the relative share of electrification versus paired electric 
efficiency. In areas with relatively low electricity prices (i.e., the Southwest and Great Plain 
utilities), the efficiency gains lead to energy bill savings regardless of baseline technology fuel 
uses. In areas with relatively high electricity prices, bill impacts are highly sensitive to whether 
there is preexisting electric water or space heating. The customers at the highest risk of 
experiencing bill increases are customers with non-electric space and water heating in areas with 

 
2 We consider buildings with both baseline electric space heating and water heating in the electrification scenario if 
other end-uses are electrified, such as clothes dryers or stoves.  
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high electricity prices. Although heat pump technologies offer more efficient energy conversion 
relative to fossil-based space heating and water heating technologies, these efficiency gains may 
not be large enough to outweigh the much higher electricity prices (see Table 1). 

 

 
Figure 4. Distribution of building electrification energy bill savings for Southwest Utility by customer baseline 

building technology group 
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Figure 5. Distribution of building electrification energy bill savings for Northeast Utility by customer baseline 

building technology group 
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Figure 6. Distribution of building electrification energy bill savings for Midwest Utility by customer baseline 

building technology group 
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Figure 7. Distribution of building electrification energy bill savings for Great Plains Utility by customer baseline 

building technology group 

Finally, we explore how shifting customer costs to fixed charges for electricity impact 
bill savings, which ultimately might influence how customers invest in electrification. Shifting 
customer electricity costs from volumetric-based charges to fixed charges has been identified as 
a strategy to mitigate electricity bill increases from electrification investments (Borenstein et al. 
2021) as well as to improve alignment with utility cost structures (Faruqui and Leyshon 2017). 
To explore this alternative retail electricity rate design, we develop revenue neutral retail 
electricity rates for the four regional utilities that collect the same total residential class revenue 
(i.e., total residential customer bills) in the baseline (pre-electrification) case using the current 
volumetric and fixed charges as a starting point, which is consistent with how utilities design 
alternative rates. In order to calculate the alternative retail electricity rates, we either increase 
fixed charges with proportional decreases in volumetric charges such that a portion of total 
revenues collected from volumetric charges shifts to fixed charges, or vice-versa. We then apply 
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the alternative retail electricity rates to calculate energy bill savings (i.e., including non-electric 
fuel costs) for each customer in our dataset. 

For all utilities, we see a convergence in the distribution of energy bill savings as fixed 
charges increase (see Figure 8). Compared to the original rate design, increasing the fixed charge 
reduces the variance in potential bill impacts with a large reduction in the share of customers 
who experience especially large bill increases or reductions. This implies that an increased fixed 
charge may reduce customer uncertainty about the resulting bill impacts of an electrification 
investment. For example, about a quarter of customers of the Midwest utility would experience 
bill increases of more than 25% under a 5% fixed charge. In contrast, under a fixed charge of 
30% or greater, fewer than a quarter of customers would experience bill increases greater than 
10%.  

Whether an increased fixed charge mitigates energy bill increases from electrification 
among utilities depends largely on climate differences. The utilities with higher winter loads and 
where electrification generally results in a net increase in electricity consumption (e.g., Midwest 
and Northeast utilities) see greater mitigation of energy bill increases under higher fixed charges 
compared to utilities with higher cooling loads and higher electric baseline consumption (e.g., 
Southwest utility) where the efficiency gains - and energy savings opportunities - from 
electrification are high.  

 

Figure 8. Energy bill savings for building electrification by the proportion of fixed charges to total electricity cost 
for each region  

© 2024 ACEEE Summer Study on Energy Efficiency in Buildings



Discussion and Conclusions  

We explored changes in building electrification customer energy bills across a large 
number of simulated building profiles in four regions under default electric rates. The study 
captured heterogeneity in hourly savings shapes across different building technologies and 
measures, as well as the large differences in residential building characteristics (e.g., vintage, 
appliance saturation) and weather.  
 Changes in energy bills with building electrification varied noticeably by utility. The 
electrification package modeled in this study resulted in substantial energy savings from 
replacing older equipment with much higher efficiency heat pumps (in addition to efficiency 
gains from new ducting as part of a comprehensive retrofit package). Yet, despite reductions in 
building energy consumption, median customer energy bills for some utilities increased because 
of the much higher price of electricity compared to fossil fuel prices. The portfolio of customer 
baseline building technologies was a strong determinant of energy bill increases or decreases, 
and in many cases a more impactful driver than climate. Importantly, customers with either or 
both electric resistance space heating and water heating in the baseline typically experienced bill 
savings by converting to more energy efficient heat pump technologies. In addition, the heat 
pump-driven introduction of cooling load for customers without previous cooling caused 
noticeable increases in energy bills for some customers. However, the benefits to these 
customers of improved indoor air quality, increased comfort in summer, and better health may 
outweigh the cost of higher bills.  
 Shifting customer electricity costs to fixed charges with commensurate decreases in 
volumetric charges can reduce extreme cases of bill increases under electrification. However, as 
volumetric charges decrease and a larger portion of the bill is fixed, there is a potential reduction 
in energy bill savings and a disincentive to make energy efficiency investments. Importantly, 
increasing fixed charges may not mitigate bill increases from electrification for all utilities, and 
certainly not for all customers. The extent to which higher fixed charges mitigate electricity bill 
increases from electrification depend on the customer-specific mix of fossil- and electricity-
based end-uses, as well as their actual electricity and fossil fuel prices.  
 The results have several implications for promoting the adoption of heat pump 
technologies. First, there are areas of the country where electricity rates are sufficiently low that 
retrofitting existing buildings with heat pumps may benefit all customers. Second, in areas with 
higher electricity rates, utilities, program administrators, and contractors may use targeted 
marketing to customers with some electric resistance technologies who are likely to experience 
aggregate energy bill savings and favorable payback times by pairing electrification with electric 
efficiency. Likewise, the results suggest targeted programs to customers with fossil-based 
baseline technologies or no pre-existing space cooling may benefit from additional education 
about the potential financial costs and health and comfort benefits of electrification. Third, 
lowering average retail volumetric electricity rates, either by changing the allocation of cost 
recovery from variable to fixed costs or through other ratemaking decisions, may decrease the 
risk of electricity bill increases and increase the potential for energy bill savings for building 
electrification customers by reducing the difference between variable fossil fuel and electricity 
prices. However, the same decrease in average retail volumetric electricity rates may also reduce 
energy bill savings by lowering the value of electricity savings. Fourth, the heterogeneity in bill 
impacts among customer groups imply that additional, non-rate incentives may be necessary to 
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incentivize heat pump adoption among some customer populations, especially for customers 
replacing predominantly fossil-based technologies in areas with high electricity rates.  

Acknowledgements 

The work described in this study was funded by the U.S. Department of Energy’s Grid 
Modernization Laboratory Consortium under Lawrence Berkeley National Laboratory Contract 
No. DE-AC02-05CH11231.  

References 

Beall R., and B. McNary. 2022. “Nearly 90% of U.S. households used air conditioning in 2020.” 
Today in Energy. Washington, DC: EIA. www.eia.gov/todayinenergy/detail.php?id=52558 

Borenstein, S., M. Fowlie, and J. Sallee (2021). “Designing Electricity Rates for An Equitable 
Energy Transition.” Energy Institute Working Paper 314. https://haas.berkeley.edu/wp-
content/uploads/WP314.pdf. 

Davis, L. 2022. “What Matters for Electrification? Evidence from 70 Years of U. S. Home 
Heating Choices.” Energy Institute Working Paper 309R. haas.berkeley.edu/wp-
content/uploads/WP309.pdf. 

Deetjen, T. A., L. Walsh, and P. Vaishnav. 2021. “US residential heat pumps: the private 
economic potential and its emissions, health, and grid impacts.” Environmental Research 
Letters, 16(8):084024. doi.org/10.1088/1748-9326/ac10dc 

Faruqui, A. and K. Leyshon. 2017. “Fixed charges in electric rate design: A survey.” The 
Electricity Journal, 30(10):32-43. 

Hermine, M., B. Mast, A. Scheer, D. Sarkisian, B. Menten, and N Kim. 2022. “Meter-Based 
Targeting for Beneficial Electrification at Scale.” In Proceedings of the 2022 ACEEE 
Summer Study on Energy Efficiency in Buildings. Washington, DC: ACEEE. 

Inflation Reduction Act of 2022, Pub. L. No. 117-169, 136 Stat. 1818 (2022). 

Langevin, J., A. Satre-Meloy, A. J. Satchwell, R. Hledik, J. Olszewski, K. Peters, and H. 
Chandra-Putra. 2023. “Demand-side solutions in the US building sector could achieve deep 
emissions reductions and avoid over $100 billion in power sector costs.” One Earth, 
6(8):1005-1031. doi.org/10.1016/j.oneear.2023.07.008. 

Nadel, S. and L. Ungar. 2019. Halfway There: Energy Efficiency Can Cut Energy Use and 
Greenhouse Gas Emissions in Half by 2050. Washington, DC: ACEEE. 
www.aceee.org/sites/default/files/publications/researchreports/u1907.pdf. 

Pigman, M., N. M. Frick, E. Wilson, A. Parker, and E. Present. 2022. End-Use Load Profiles for 
the US Building Stock: Practical Guidance on Accessing and Using the Data. Berkeley, CA: 
LBNL. emp.lbl.gov/publications/end-use-load-profiles-us-building-1. 

© 2024 ACEEE Summer Study on Energy Efficiency in Buildings

http://www.eia.gov/todayinenergy/detail.php?id=52558
https://haas.berkeley.edu/wp-content/uploads/WP314.pdf.
https://haas.berkeley.edu/wp-content/uploads/WP314.pdf.
https://haas.berkeley.edu/wp-content/uploads/WP309.pdf
https://haas.berkeley.edu/wp-content/uploads/WP309.pdf
https://doi.org/10.1088/1748-9326/ac10dc
https://doi.org/10.1016/j.oneear.2023.07.008
https://www.aceee.org/sites/default/files/publications/researchreports/u1907.pdf
https://emp.lbl.gov/publications/end-use-load-profiles-us-building-1


Sergici, S., A. Ramakrishnan, G. Kavlak, A. Bigelow, and M. Diehl. 2022. Heat Pump Friendly 
Retail Rate Designs. Reston, VA: Energy Systems Integration Group. www.esig.energy/heat-
pump-friendly-rate-designs/. 

Wang, Y., K. Qu, X. Chen, X. Zhang, S. Riffat. 2022. “Holistic electrification vs deep energy 
retrofits for optimal decarbonisation pathways of UK dwellings: A case study of the 1940s’ 
British post-war masonry house.” Energy, 241:1-19. doi.org/10.1016/j.energy.2021.122935 

Williams, J.H., A. Debenedictis, R. Ghanadan, A. Mahone, J. Moore, W.R. Morrow, S. Price, 
and M.S. Torn. 2012. “The Technology Path to Deep Greenhouse Gas Emissions Cuts by 
2050: The Pivotal Role of Electricity.” Science, 335,53-59. doi.org/10.1126/science.1208365. 

Wilson, E. J. H., P. Munankarmi, B. D. Less, J. L. Reyna, and S. Rothgeb. 2024. “Heat pumps 
for all? Distributions of the costs and benefits of residential air-source heat pumps in the 
United States.” Joule, 8(4):1000-1035. doi.org/10.1016/j.joule.2024.01.022 

Wilson, E., A. Parker, A. Fontanini, E. Present, J. Reyna, R. Adhikari, C. Bianchi, C. 
CaraDonna, M. Dahlhausen, J. Kim, A. LeBar, L. Liu, M. Praprost, L. Zhang, P. DeWitt, N, 
Merket, A. Speake, T. Hong, H. Li, N. M. Frick, Z. Wang, A. Blair, H. Horsey, D. Roberts, 
K. Trenbath, O. Adekanye, E. Bonnema, R. El Kontar, J. Gonzalez, S. Horowitz, D. Jones, R. 
T. Muehleisen, S. Platthotam, M. Reynolds, J. Robertson, K. Sayers, and Q. Li. 2022. End-
Use Load Profiles for the U.S. Building Stock: Methodology and Results of Model 
Calibration, Validation, and Uncertainty Quantification. United States: N. p., 2022. 
doi.org/10.2172/1854582. 

© 2024 ACEEE Summer Study on Energy Efficiency in Buildings

http://www.esig.energy/heat-pump-friendly-rate-designs/
http://www.esig.energy/heat-pump-friendly-rate-designs/
https://doi.org/10.1016/j.energy.2021.122935
https://www.science.org/doi/10.1126/science.1208365
https://doi.org/10.1016/j.joule.2024.01.022
https://doi.org/10.2172/1854582

	The Customer Bill Impacts of Efficient Building Electrification
	Cesca Miller and Andrew Satchwell, Lawrence Berkeley National Laboratory
	Jenya Kahn-Lang, Stanford University and Resources for the Future

	Abstract
	Introduction
	Analytical Approach
	Determining building electrification load shapes and energy savings
	Selecting retail electricity rate designs and calculating bill savings

	Results
	Discussion and Conclusions
	Acknowledgements
	References

