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Energy Hogs and Energy Angels:
What Does Residential Electricity Usage Really

Tell Us About Profligate Consumption?

Severin Borenstein∗
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Abstract

Since the 1970s, high volumetric (per kilowatt-hour) electricity prices have been justified
in many policy discussions as encouraging more efficient use of electricity and placing more
of the cost burden on those who are less prudent in their use. The latter argument has been
used in support of increasing-block electricity pricing, under which the price per kilowatt-
hour rises as a household consumes more electricity per month. More recently, in California,
opponents of a proposal to lower volumetric prices and replace the revenue through fixed
monthly charges have suggested that the change would just benefit “energy hogs”. In this
paper, I first investigate characteristics of households who are high electricity consumers. I
conclude that such pricing primarily targets household characteristics that are unrelated to
imprudent usage—e.g., many occupants, children and elderly present, not adopting rooftop
solar, living in locations with more extreme temperatures—rather than profligate consump-
tion. I then look more broadly at the energy usage individuals are responsible for in the
economy, how other energy usage is priced, and the role that residential electricity use plays
in the overall picture. Finally, I connect the discussion of profligate direct and indirect energy
consumption with the negative externalities produced, which are typically the justification
for such penalty pricing.

∗Professor of the Graduate School, Haas School of Business, University of California, Berkeley (fac-
ulty.haas.berkeley.edu/borenste); Faculty Director, Energy Institute at Haas (haas.berkeley.edu/energy-institute/);
Research Associate of the National Bureau of Economic Research (www.nber.org); Member, Board of Governors,
California Independent SystemOperator (www.caiso.com). Email: severinborenstein@berkeley.edu; Bluesky: @sev-
erinborenstein. For very helpful comments, I thankMohit Chhabra, Lucas Davis, Jim Sallee, and seminar participants
at the University of Calgary’s Electricity Camp in the Rockies, Energy Institute at Haas’s Energy Camp, and the En-
ergy Markets Workshop at U.C. Berkeley. Thanks to Next 10 (www.next10.org), which provided support for much
of the data development used in this study. All opinions, errors, and omissions are solely attributable to me.
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1 Introduction

Residential electricity prices in the US are often set with the goal of rewarding low usage and
shifting the revenue burden more towards high-usage households. This is evident in increasing-
block pricing and in setting relatively low fixed monthly charges while setting volumetric (per-
kilowatt-hour) prices well above the marginal cost of incremental supply (Kahn, 1988). California
is an extreme case, with the investor-owned utilities collecting virtually no fixed charges and set-
ting volumetric prices at least 2-3 times higher than social marginal cost (inclusive of the damages
from emissions) (Borenstein, Fowlie and Sallee, 2021). Furthermore, the fixed costs driving the
differential between retail price and social marginal costs are rising rapidly in California (Elmal-
lah, Brockway and Callaway, 2022; CPUC, 2021; JDSupra, 2023).

High volumetric prices have been justified on both efficiency and equity grounds. The effi-
ciency argument is based on the view that high prices encourage more prudent use of electricity.
However, this view conflicts with economic efficiency in placeswhere price is already above social
marginal cost, as is true in much of the US (Borenstein and Bushnell, 2022a), but it has proven to
have very strong political appeal. On equity, it is often noted that wealthier households buy more
electricity on average. While that is true, the correlation was never terribly strong in California
(Borenstein, 2012), and has become weaker with the adoption of rooftop solar disproportionately
by wealthier households (Borenstein, Fowlie and Sallee, 2022).

High volumetric prices are also frequently supported based on the idea that large consumers
are more profligate in their use of electricity and therefore it is appropriate to require them to
pay more towards system fixed costs and state policies that are financed out of electricity rates.
In the recent California debate over implementing a fixed charge, one NGO testified in the CPUC
proceeding that “high fixed charges [result] in the ratepayers with the least efficient consumption
patterns realizing the greatest amount of savings”, while an industry group that includes many
rooftop solar companies filed comments arguing that increased fixed charges would hurt low-
usage customers “who are aligned with California’s long-standing energy conservation goals”.1

1The California proceeding considered implementation of an income-graduated fixed charge. The first quote
is from the rebuttal testimony of Ben Schwarz on behalf the Clean Coalition (page 2). The second quote is
from comments filed by Brad Heavner on behalf of the California Solar & Storage Association (page 3). Filings
are available at https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-
dr/demand-flexibility-rulemaking . Other vocal opponents of the proposed change have argued “the big winners
will be energy hogs in the Central Valley”, and “[The IGFC] will reward the energy hogs and penalize the energy
misers”. These quotes are taken from postings on the “Electricity Brain Trust”, an online chat forum with about 700
members whose contributors are primarily consultants, industry participants, and policymakers. Nor is this attitude
new. In 2001, then-CPUC president Loretta Lynch defended increasing-block pricing by saying on the PBS Frontline
show, “What we have is a baseline concept. We take the average use of residents in a particular climate zone …
and say, ‘If you can use 130 percent of baseline, your electric bill won’t go up. If you use, say, up to 200 percent of
baseline, you’ll be paying more for that increment of power to incent you to use less. And if you use over 200 percent
of baseline–basically, if you’re an energy hog–then that portion over 200 percent is going to be pretty expensive.’ ” 2
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In this paper, I study more closely the argument that high net electricity demand by a house-
hold is a useful indicator of less careful or efficient usage, where net refers to the fact that nearly
all California households with distributed solar generation are billed based on total consumption
minus the generation from their solar system.3 While it is difficult to knowwhether a customer is
consuming electricity for uses that provide low social or private value, i.e.,whether the customer’s
usage is wasteful or imprudent, it is more straightforward to ask howmuch of the variation across
households is attributable to factors that most policymakers would not consider profligate. For
instance, households withmany occupants will usemore electricity, but policymakers would gen-
erally not see such housing decisions as wasteful; more likely, just the opposite, because more
occupants of a dwelling typically make it more efficient on a per capita usage basis.

Likewise, while households that install rooftop solar may be making the system generation
mix less polluting, their decision to become a so-called “prosumer” doesn’t address the prudence
of their electricity consumption any more than if they installed a diesel generator. I also consider
the climate in which the household is located and a number of demographic characteristics, such
as the occupancy by young or old individuals. The idea is that all these factors play some role in
household electricity consumption, but are generally not viewed as drivers of usage that merit
disapproval or penalty.

I find that adjusting electricity usage for these factors unrelated to profligate consumption
greatly changes the distribution of usage, and changes who would be considered an “energy
hog”. I also examine “energy angels”, those households with low net electricity consumption,
and find that they too look much more like the population as a whole after adjusting for the same
factors. Overall, I find that about 60% to 90% of the difference in consumption between heavier
users and lighter users is associated with factors that most policymakers would say are unrelated
to efficiency or prudence of usage. The analysis is not intended to reach causal conclusions,
but rather to point out that judging the appropriateness of consumption yields very different
conclusions when adjusted for factors that are generally not viewed as meriting rebuke.

I then examine residential electricity consumption in the larger context of all energy usage
in the economy as a whole. Virtually all energy usage in the economy is ultimately attributable
to some individuals’ consumption, so it seems reasonable to ask how much household net elec-
tricity consumption reveals about the overall energy usage, and GHG emissions, attributable to
the activities of individuals. Although I don’t reach a conclusion on that question, some simple
statistics of economy-wide energy use suggest that residential electricity is a very small factor.

3California changed this “net metering” policy in April 2023 so that households adopting distributed generation
after that time would be paid a separate, and lower, price for electricity they inject into the grid than they are charged
for retail electricity that they consume from the grid. However, all households that filed an application to install
distributed generation before April 15, 2023 fall under a net metering policy that rewards production at, or very close
to, the retail price.
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Therefore, at the least, singling out this one form of energy use for disapproval or penalty seems
misguided, particularly given how much of even that variation is driven by factors unrelated to
the prudence or efficiency of consumption.

2 How Residential Rate Design Penalizes Heavy Usage

Residential electricity rates are structured in twoways that penalize heavy usage, one that is fairly
clear to all consumers, and one that is much less obvious. By “penalize”, I mean rates that cause
some customers to pay more than others in excess of the social marginal cost of serving them.
Heavy usage is penalized when the excess payments are based on the volume of consumption.

In California and in many utility areas in other states, heavy residential usage is explicitly
and transparently penalized through increasing-block pricing (IBP), in which the marginal price
per kWh rises with the total quantity consumed during a billing period.4 In the past, California
has had very steep IBP; the marginal price of a residential customer at the 75th percentile of
consumption has been two or more times the marginal price of a customer at the 25th percentile.
The structure has flattened considerably in the last five years so that ratio is now 1.25 or less on
the default residential tariff.

Though some people conflate IBP with time-varying pricing, there is no time-based compo-
nent to IBP, so these marginal price differences are not reflecting the time of consumption. It
is true that, on average, heavier users consume a somewhat higher share of their electricity at
high usage times—probably because they are more likely to use air conditioning—but Borenstein
(2013) finds that the difference in cost is just a few percentage points, nowhere near the difference
in marginal price across the tiers of IBP tariffs. In addition, because that relationship is only true
on average, many heavier users who are less expensive to serve per kWh are still penalized.

One frequent argument for IBP is that it will encourage conservation. From an economic
point of view, however, a marginal price above social marginal cost encourages excessive conser-
vation, just as a marginal price below social marginal cost encourages excessive consumption. In
any case, whether or not IBP reduces total usage versus a flat rate that collects the same revenue
depends on how much it triggers increased usage among customers who face a lower rate com-
pared to how much it causes reduced usage among customers who face a higher rate. Ito (2014)
suggests that the net effect is approximately zero.

The less obvious way in which heavy users are penalized is through volumetric rates that
are above social marginal cost, covering additional costs that do not vary with usage. Setting

4Borenstein and Bushnell (2022a) finds that 37% of US residential consumers face rates with increasing-block
pricing.
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volumetric price equal to social marginal cost (SMC) is economically efficient,5 but two factors
frequently lead to prices above SMC. The first is that transmission and distribution services are
natural monopolies, which implies that marginal cost is below average cost, so setting price at
SMC will typically not recover all of the utility’s costs.6 The second factor is that states fre-
quently use volumetric electricity rates to fund energy policies that are not intrinsic to operation
of the electric utility, such as energy efficiency programs, subsidies for low income customers
and rooftop solar adopters, and R&D on new energy technologies.

Few people would disagree with the assertion that raising the retail price of electricity to
fund public schools, for example, penalizes heavy electricity users. Not only does a household
using more electricity not have a causal effect on the cost of public education, public education is
not a direct part of supplying electricity. Similarly, the cost of energy policies funded by raising
electricity prices does not increase with a household’s consumption of electricity. Nor are those
policies intrinsic to supplying electricity, as for instance are the fixed costs of distribution net-
works. Thus, funding activities that are only indirectly related to a household’s consumption of
electricity allocates the burden of those policies across households based on their consumption,
essentially a tax on electricity consumption.

When the drivers of revenue requirements are fixed costs of grid infrastructure that is intrin-
sic to delivery of electricity, there is less agreement on the appropriateness of raising volumetric
price above SMC to cover these costs. It is clear that most of the cost of local distribution systems
does not increase when households on the circuit increase their consumption, so are not part of
SMC. Thus, allocation of these costs in proportion to electricity consumption can’t be justified as
economically efficient. Still, some people suggest allocation in proportion to consumption is the
most equitable approach, even if it is not efficient, because customers who consumemore are get-
ting greater benefit from that fixed infrastructure. Borenstein (8 July 2019) unpacks this view a bit
more, arguing that a more economic-grounded equity foundation would base the contributions
of customers on their consumer surplus, but because that is not practical to measure, quantity
consumed is used as an approximation. It is, however, not difficult to suggest real-world cases in
which it would be a poor approximation, such as when a high-usage customer has very elastic

5This statement is strictly true only if all other goods in the economy are priced efficiently. Borenstein and
Bushnell (2022b) finds that two of the most important substitutes for electricity—natural gas and gasoline—are also
mispriced. At a social cost of carbon of $100 per metric tonne, gasoline is underpriced nearly everywhere in the US,
and natural gas is underpriced in most of the US, implying that the optimal price of electricity is likely to be below
SMC. See Davis and Sallee (2020) and Borenstein (20 June 2023) for further discussion of the impact of the social cost
of carbon on the optimal price of electricity.

6For a more detailed discussion of the implications of natural monopoly, see Kahn (1988) and Borenstein (2016).
Setting volumetric price equal to SMC does not always create a revenue shortfall, because utilities often create
negative pollution externalities for which they are not required to pay, so setting price equal to SMC generates extra
revenue towards covering fixed costs. Borenstein and Bushnell (2022a), however, shows that most utilities still charge
residential customers volumetric prices above SMC.
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demand due to an alternative technology that becomes cost-effective at a slightly higher price.
Furthermore, many other government services that yield differential benefits across households—
such as police, fire, and public health services—are simply financed out of the government budget
and paid for through income or other broad-based taxes, regardless of the benefits that any house-
holds get from the service.

3 Data

The primary data I use for studying household energy usage is the Residential Appliance Satura-
tion Survey (RASS) created by the California Energy Commission.7 The most recent survey took
place in 2019. This dataset incorporates survey responses from about 40,000 households in Cali-
fornia. I focus on over 33,000 customers who are individually-metered and reside in the service
territories of the three large investor-owned electricity utilities, Pacific Gas & Electric (PG&E),
Southern California Edison (SCE), and San Diego Gas & Electric (SDG&E). The survey includes
utility-verified information on location, annual electricity and natural gas usage, and a flag for
distributed generation at the residence, as well as extensive demographic information about the
household, appliance ownership and other variables. Each observation in the RASS includes a
sample weight calculated to match the overall population demographics of the utility service ter-
ritory.8 All analysis here utilizes the sample weights, though the results are similar if the data are
used unweighted.

As part of the data analysis in Borenstein, Fowlie and Sallee (2022), the RASS data were aug-
mented and extended in two important areas that I utilize here. First, the RASS includes a flag for
solar installation, but does not have detailed information on the size or attributes of the instal-
lation. Through careful matching of the RASS with household billing information, the detailed
installation information in Lawrence Berkeley National Laboratories’ Tracking the Sun project
database,9 and solar generation simulation software, Borenstein, Fowlie and Sallee (2022) created
estimated solar generation for every household in the RASS that has installed distributed (i.e.,
customer-sited) solar. Second, for about one-third of the IOU-served households in the RASS,
the total annual electricity consumption value is missing, including a very high share of house-
holds with solar. By matching the RASS households to 2019 customer billing data, Borenstein,
Fowlie and Sallee (2022) created a consistent data series of household consumption for virtually
all IOU-served, individually-metered residential customers in the RASS. Further details on the
construction of individual variables are in the appendix.

7https://www.energy.ca.gov/data-reports/surveys/2019-residential-appliance-saturation-study
8See 2019 California Residential Appliance Saturation Survey, Volume I: Methodology, available at

https://webtools.dnv.com/CA RASS/Uploads/CEC-200-2021-005-MTHLGY.pdf
9https://emp.lbl.gov/tracking-the-sun
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Much of the empirical analysis focuses on California because the RASS is such a large sur-
vey of energy usage and household demographics. However, in section 5, I carry out a similar
analysis for the entire US using the Residential Energy Consumption Survey (RECS). The RECS
has slightly more than half as many observations for the entire country as the RASS has for Cal-
ifornia. Nonetheless, the results make clear that the conclusion for California that adjusting for
factors unrelated to profligate consumption eliminates most of the difference between high-usage
and low-usage customers also holds in the rest of the country.

4 What drives net electricity consumption?

The typical measure referenced in characterizing a household’s electricity consumption as exces-
sive or imprudent is the annual net electricity usage of the household. For at least the last four
decades, California has charged households higher rates for consumption beyond certain daily
levels, i.e., increasing-block pricing. Over this time period, regulators and the state have also
chosen to recover a widening array of state energy policy expenses through volumetric prices,
effectively taxing electricity to cover these costs (Borenstein, Fowlie and Sallee, 2021). Compared
to using fixed charges or paying for costs through the state budget or other local taxes, this ap-
proach particularly burdens those who consume higher net quantities of electricity at home.

These policy decisions have frequently been justified based on the assertion that high house-
hold electricity consumption indicates inefficient or imprudent household energy decisions, or
that high electricity prices will induce more efficient energy decisions. To the extent that high
prices are intended to yield more economically efficient levels of consumption, Borenstein and
Bushnell (2022b) and Borenstein, Fowlie and Sallee (2021) have demonstrated that California
prices are well above efficient levels already and raising them further is likely to reduce economic
efficiency. In this paper, I attempt to shed light on the argument that high electricity consumption
indicates a lack of prudence in a household’s energy use.

One concern that arises with the imprudence claim is that there are many reasons a house-
hold may consume high quantities of electricity that very few people or policymakers would
argue suggests excessive or profligate use. The most obvious reason is that households include
differing numbers of individuals. By omitting this factor, electricity pricing favors individuals
living alone, while penalizing large families or groups living together. This is particularly ironic
or self-defeating, because living alone is likely to be the most inefficient form of housing when it
comes to use of electricity and many other resources.

Other factors that societywould likely not want to penalize are also potential drivers of house-
hold electricity consumption. The climate in the household’s location will drive heating and cool-
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ing demand.10 Somewealthy families havemultiple homes and occupy any one of them less often,
leading to lower usage at each home than a family that lives in one house full time. The presence
of children or senior citizens increases usage on average, possibly because these people spend
more time at home, and possibly because they are less tolerant of household temperature varia-
tion. Working from home would also increase home electricity usage, but that would be offset to
some extent by lower usage at the workplace, or possibly even the elimination of part or all of
the workplace. The focus on residential electricity consumption does not capture that tradeoff.

Finally, a large and increasing source of differentiation across homes in net electricity use is
whether they have installed distributed solar generation. Installing solar does not lower one’s
electricity usage or make it more prudent. In practice, a rooftop solar installation operates as part
of the grid supply. There are diverse views on whether rooftop solar is a cost-effective way to gen-
erate renewable electricity, but installing solar clearly does not make a household’s consumption
more efficient.

The question that I pursue in the remainder of this section is how adjusting for these factors
that are unrelated to the prudence of consumption changes how one might view households
that have often been tagged as energy hogs in policy discussions. And, conversely, how such
adjustments change the relative consumption of “energy angels”, those who have particularly low
net household electricity use. I begin by adjusting for the number of occupants, comparing net
household electricity usage to net per capita electricity usage.11 Next, in order to observe actual
usage unobscured by on-site generation, I add back in estimated distributed solar generation for
those customers who have installed solar, yielding gross per capita electricity usage. Correction
for local climate is done with a regression of gross per capita electricity usage on climate zone
fixed effects and taking the residuals as the variation in usage that is not associatedwith variations
in climate. Finally, I control for a few other household demographics that would not be viewed
as indicators of imprudent consumption—share of occupants who are children or senior citizens,
year-round occupancy of the house, and weekly hours that an occupant works from home—by
adding these variables to the regression on climate zones and again taking the residuals as usage
that remains after these controls.

I also present results that include one more set of adjustments that some may consider to
10The utilities in this study and their regulator do recognize that electricity demand is affected by climate, as well

as heating source. In the increasing-block price schedules, the quantity a customer can purchase at the lower block
price varies by climate zone, season, and whether the residence is heated primarily with electricity. The discount
for the lower block, however, is small relative to the price. For a house in the hot Central Valley, the larger quantity
on the lowest block saves the customer about $30 per month during the summer compared to a house in the more
temperate Bay Area. Furthermore, even the lower block price is more than double social marginal cost, so the burden
of covering non-marginal costs still falls to a greater extent on customers who consume larger quantities.

11An alternative approach some have suggested is setting baseline consumption levels for households with differ-
ent numbers of occupants based on the average usage of all households of the same size. However, that would result
in zero credit/penalty on average for households with any given number of occupants.
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be conscious choices about electricity consumption, albeit ones that are generally aligned with
current environmental policies. This step controls for the presence of electrical appliances that
can alternatively run on fossil fuel combustion: stoves, clothes dryers, hot water heaters, space
heaters, and vehicles. The vast majority of houses have these amenities, and few would argue
households should do without them, so it seems that one wouldn’t want to judge prudence of
energy use based on whether a household powers them with electricity, rather than natural gas
or gasoline. In addition, this step controls for the age of the house, based on the presumption that
there are not now, nor likely to be in the near future, policies of tearing down old houses in order
to reduce energy usage.

For the regression-based corrections for climate and household demographics, the residuals
are added to the mean of the dependent variable to construct usage after controlling for the re-
gressors. Thus, by construction, the mean of the resulting corrected variable is equal to the mean
of the original dependent variable (because the mean of the residuals is zero) and the deviation
from the mean is orthogonal to the regressors.

Such a regression approach is imperfect, because the regressors could be correlated with omit-
ted variables that some may see as indicative of consumption prudence or imprudence, such as if
people who live in hotter climates are likely to have more efficient air conditioners or senior citi-
zens are less likely to install LED light bulbs. The RASS, however, does not include the efficiency
levels of appliances and, in any case, does not have information on household behavior in energy
consumption, such as leaving the lights on in empty rooms. Nonetheless, as will be apparent, it
seems unlikely that this correlation would substantially change the conclusions.

The results are presented in two different ways to answer two somewhat different questions.
First, I showwhere in the overall distribution of usage households who are tagged as energy hogs
based on net consumption end up after each adjustment, and similarly for energy angels. Me-
chanically, households that begin at the top of the distribution can only move lower on average,
but the extent to which they do is still useful information in understanding how different these
households are after adjusting for these factors unrelated to consumption prudence. To further
understand consumption of heavier versus lighter net electricity consuming households, I then
calculate the ratio of average consumption between these groups with each successive control
for unrelated factors. Each set of results is presented separately for the three investor-owned
utilities, PG&E, SCE, and SDG&E.
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4.1 Effect of adjusting for unrelated factors on distribution of usage

Figure 1 presents the distribution of the “energy hogs”—whom I designate as the the top 20% of
net household electricity users12—in the overall distribution, first with no adjustment and then
tracking the same set of customers after each subsequent adjustment. Each dot represents the
average consumption of one percentile of the overall distribution, so there are 20 dots in each fig-
ure. The second line shows that focusing on per capita consumption rather than total household
usage substantially changes where these households are in the overall distribution of households,
now based on per capita consumption. For PG&E customers, the average net per capita consump-
tion of the lowest 5% of the “energy hogs” (1% of all households) is at the 32nd percentile of the
overall distribution of this measure, while the average net per capita consumption of the next
lowest 5% of the energy hogs is at the 41st percentile, and so forth.13 The third line shows where
the original “energy hogs” lie in the distribution after adding back in customer-sited distributed
solar generation. The fourth line also adjusts for climate zones by regressing gross per capita con-
sumption on climate zone fixed effects. The fifth line ads to the regression the share of household
occupants who are between 18 and 65 years old, whether the house is only occupied seasonally,
and the number of hours that someone in the household is reported to be working from home.
The final line adds to the regression the age of the house and presence of the electrical appliances
discussed above. Exact variable definitions and the regressions on which these figures are based
are presented in the appendix.

It’s clear from these figures that analyzing per capita net consumption leads to very different
conclusions than the standard judgment based on household net consumption. Focusing on gross
consumption rather than net, by adding back in distributed solar generation, further reduces the
difference between the so-called energy hogs and other customers. Adjusting for climate also
changes conclusions substantially, largely because inland customers in California (who are poorer
on average) tend to use more electricity for air conditioning then those living on the coast. The
adjustments for seasonal occupancy, adults between 18 and 65, and working from homemake less
difference, even though these variables are statistically significant in many of the regressions.

Figure 2 presents the distribution of the “energy angels”, the bottom 20% of net household
electricity users, in the overall distribution after each of the adjustments. After adjusting for
household occupancy, distributed solar, and climate, these households don’t look very different
from the overall distribution of usage in the population.

12Results are qualitatively similar designating the top 10% or 30% as hogs.
13To clarify, each individual dot does not represent the consumption of the same subset of individual customers

across the lines. Rather, for instance, after each adjustment the leftmost dot is the average of the group of households
in the lowest 5% of those households originally designated as energy hogs, which is one percentile of the total sample.
For each one-percentile group of “hog” households, the average consumption is calculated and then the dot is located
at the point where that average consumption falls in the overall distribution of customers.

10



11
Figure 1: Energy “Hogs” in Overall Distribution of Electricity Consumption
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Figure 2: Energy “Angels” in Overall Distribution of Electricity Consumption
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4.2 The impact of adjustments on heavier versus lighter electricity users

Figures 1 and 2 are useful visual representations of how adjustments for these unrelated factors
change where these “hogs” and “angels” sit in the overall distribution of customers, but they don’t
give quantitative measures of the differences between these customers and how the adjustments
change those differences. To address that question, Table 1 presents the ratios of average con-
sumption of the customers who are above the median in net household consumption to those
who are below the median in net household consumption, and how those ratios change with the
same adjustments.

Table 1:
Ratio of Average Consumption of Above-median vs Below-median Net Consumption Households

Utility PG&E SCE SDG&E

Net Household Consumption 3.08 2.68 3.11
Net Per Capita Consumption 2.31 2.04 2.23
Gross Per Capita Consumption 1.83 1.85 1.46
+ control for Climate Zone 1.53 1.69 1.40
+ control for children/seniors, seasonal, work-from-home 1.51 1.63 1.33
+ control for electric appliances and building age 1.42 1.57 1.26

NOTE: This table presents the ratio of the average consumption of households whose net consump-
tion is above the median of all households of the utility in the RASS to the average consumption of
households whose net consumption is below the median. The top line shows the ratio of average net
household consumption. The second line shows the ratio of average net per capita consumption. The
third line shows the ratio of average gross (after estimated distributed solar generation is added back
in) per capita consumption. The lines below show the ratio of average gross per capita consumption af-
ter controlling for different factors, as explained in the text. Regressions for the last three adjustments
are shown in the appendix.

The top row of Table 1 shows that the average consumption of PG&E residential customers
who are above the median in net household consumption is 3.08 times higher than the average
consumption of PG&E customers who are below the median in net household consumption. The
second row shows that the ratio of consumption between those same households drops to 2.31
when calculated on a per capita basis. And the third row shows that the ratio drops to 1.83
when distributed solar generation is included. The ratio drops to 1.53 when controls for climate
zone are also included. Put differently, the results for PG&E show that customers who are above
median in net household consumption use 208% more electricity than customers who are below
median, but expressed as per capita consumption, adjusted for distributed solar generation, and
controlling for climate zone, they consume 53%more. That is, about 74% of the difference between
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households that are abovemedian and those that are belowmedian in net household consumption
is associated with number of occupants, distributed solar generation, and climate. The share
attributed to these three factors is somewhat smaller for SCE customers (59%) and somewhat
larger for SDG&E customers (81%).14

Table 1 also demonstrates what was apparent from figures 1 and 2, that the demographic
and appliance ownership adjustments have smaller effects. This is likely because only 5% of the
households own an EV in this 2019 survey, 9% have electric water heaters, and 18% have electric
space heating, while the other appliances constitute smaller shares of electricity usage where
they are present. In addition, electric water heating and space heating is correlated with smaller
square footage, rental properties, and lower-income occupants, according to the RASS.

Table 2:
Effect of Each Adjustment in Isolation

Utility PG&E SCE SDG&E

Net Per Capita Consumption -37% -40% -42%
Gross Household Consumption -40% -22% -67%
Control for Climate Zone -22% -11% -7%
Controls for children/seniors, seasonal, work-from-home -3% -4% -18%
Controls for electric appliances and building age -14% -9% -15%

NOTE: For each adjustment, this table presents the decline in the proportion by which the average
consumption of households whose net consumption is above the median of all households of the utility
in the RASS exceeds the average consumption of households whose net consumption is below the
median. Regressions for the last three adjustments are shown in the appendix.

One concern with the analysis thus far might be that the small effects of the later adjustments
could be due to the order in which the adjustments are made. Table 2 shows the effect on the ratio
in Table 1 of carrying out each adjustment separately. Adjustment for the number of occupants in
the residence and the reduced billed quantity due to distributed solar are clearly the two largest
factors. Climate is the third largest factor in PG&E’s Northern California service territory, but
much less so in the southern part of the state.

One also might wonder if these results are driven by a few outliers, those who are either
consuming large net quantities or who have completely zeroed out net consumption through
distributed solar and efficiency investments. To address this concern, Table 3 present a slight vari-
ation on Table 1, examining the ratio of the medians, rather than the means, of higher and lower

14See Bustamante et al. (2023) for a study of the variation in electricity use among student housing in a university
setting.
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Table 3:
Ratio ofMedian Consumptions of Above-median vs Below-medianNet ConsumptionHouseholds

Utility PG&E SCE SDG&E

Net Household Consumption 2.48 2.32 2.43
Net Per Capita Consumption 1.99 1.97 2.30
Gross Per Capita Consumption 1.73 1.80 1.49
+ control for Climate Zone 1.41 1.52 1.50
+ control for children/seniors, seasonal, work-from-home 1.37 1.44 1.38
+ control for electric appliances and building age 1.27 1.39 1.25

NOTE: This table presents the ratio of the median consumption among households whose net con-
sumption is above the median of all households of the utility in the RASS to the median consumption
among households whose net consumption is below the median. The top line shows the ratio of me-
dian net household consumption in the two groups. The second line shows the ratio of median net per
capita consumption. The third line shows the ratio of median gross (after estimated distributed solar
generation is added back in) per capita consumption. The lines below show the ratio of median gross
per capita consumption after also controlling for different factors, as explained in the text. Regressions
for the last three adjustments are shown in the appendix.

quantity consumers. For each adjustment, Table 3 compares the median consumption among
those households that are above versus below the median in net household consumption. Com-
paring medians lowers the share of the differences associated with the number of household
occupants, distributed generation and climate somewhat, but for all three utilities these factors
still constitute 61% to 72% of the difference between heavier and lighter users.

Applying this analytical approach to energy “hogs” versus “angels”, as they were defined
earlier, yields different ratios, but a similar conclusion. Table 4 shows the ratio of the average
consumption of households in the top 20% of net consumption versus those in the bottom 20%.
For PG&E, households in the top 20% consume 814%more before any adjustments and 111%more
after adjusting for number of occupants, distributed solar generation, and climate. These three
categories are associatedwith 86% of the difference between hogs and angels among PG&E house-
holds, 72% among SCE households, and 91% among SDG&E households. Again, the demographic
and appliance adjustments have smaller effects.

4.3 Changing demographics of hogs and angels due to the adjustments

It is clear that the adjustments for factors unrelated to imprudent usage systematically moves
households with many occupants, lacking distributed solar, and living in hot climates out of
the top percentiles. Likewise, these adjustments tend to move such households into the “angel”
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Table 4:
Ratio of Average Consumption of top 20% vs bottom 20% on Net Consumption Households

Utility PG&E SCE SDG&E

Net Household Consumption 9.14 6.18 11.24
Net Per Capita Consumption 5.23 3.71 6.41
Gross Per Capita Consumption 2.62 2.78 2.04
+ control for Climate Zone 2.12 2.47 1.95
+ control for children/seniors, seasonal, work-from-home 2.06 2.32 1.83
+ control for electric appliances and building age 1.87 2.17 1.72

NOTE:This table presents the ratio of the average consumption of households whose net consumption
is in the top 20 percentile of all households of the utility in the RASS to the average consumption of
households whose net consumption is in the bottom 20 percentile. The top line shows the ratio of
average net household consumption. The second line shows the ratio of average net per capita con-
sumption. The third line shows the ratio of average gross (after estimated distributed solar generation
is added back in) per capita consumption. The lines below show the ratio of average gross per capita
consumption after controlling for different factor, as explained in the text. Regressions for the last
three adjustments are shown in the appendix.

percentiles. Conversely, households with distributed solar, fewer occupants, and cooler climates
are disproportionately moved up in the percentile distribution by these adjustments. So how do
these adjustments change the demographics of households that fall into the top 20% and bottom
20% after each adjustment? Table 5 presents the changes for the three demographic designations
that are most affected by these adjustments. It shows that designating heavy and light electricity
users without making these adjustments very substantially under-represents low-income and
Latinx households among the “angels” and, to a lesser extent, over-represents them among the
“hogs”. At the same time, basing such characterizations on net household consumption without
adjustments overstates the share of white households among low users and understates their
share among high users. The impact on households where English is not the primary language
is similar to the impact on Latinx customers. Adjusting for these factors unrelated to profligacy,
however, has no consistent impact on the share of Black households among high or low use
customers.
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Table 5: Demographics of “Hogs” and “Angels” Categories with Adjustments

Low
Income White Latinx

PG&E Angels Hogs Angels Hogs Angels Hogs
Net Household Consumption 26% 26% 51% 57% 21% 19%
Net Per Capita Consumption 36% 22% 37% 70% 33% 8%
Gross Per Capita Consumption 44% 19% 30% 69% 37% 10%
+ Climate Zone 49% 18% 36% 68% 38% 10%
+ chld/senior, seasonal, WFH 48% 20% 35% 65% 37% 11%
+ elec appliances, building age 44% 21% 39% 62% 33% 14%

SCE Angels Hogs Angels Hogs Angels Hogs
Net Household Consumption 37% 29% 40% 54% 27% 24%
Net Per Capita Consumption 57% 19% 26% 67% 48% 15%
Gross Per Capita Consumption 61% 18% 20% 66% 51% 14%
+ Climate Zones 65% 16% 24% 65% 53% 14%
+ chld/senior, seasonal, WFH 62% 17% 24% 64% 54% 15%
+ elec appliances, building age 57% 18% 27% 62% 44% 15%

SDG&E Angels Hogs Angels Hogs Angels Hogs
Net Household Consumption 22% 21% 58% 71% 17% 8%
Net Per Capita Consumption 29% 14% 42% 78% 27% 7%
Gross Per Capita Consumption 48% 11% 35% 76% 39% 6%
+ Climate Zone 41% 11% 36% 76% 31% 7%
+ chld/senior, seasonal, WFH 38% 12% 42% 76% 30% 7%
+ elec appliances, building age 36% 15% 42% 72% 31% 7%

NOTE: This table presents the share of households in different demographic groups who fall into the
Angels and Hogs categories (bottom 20 percentile and top 20 percentile of households) based on net
household consumption (top line for each utility) and then after adjustments for unrelated factors. Low
income is based on percent of poverty guideline. See appendix for details of variable constructions.



5 Is California a Special Case?

The analysis thus far has focused on California both because its rate structure so heavily pe-
nalizes large residential consumers—no fixed charges, volumetric prices well above SMC, and
the use of increasing-block pricing—and because the RASS dataset is well-suited to analyzing
the differences among residential customers. Though fixed charges for residential customers are
common among other utilities in the US, nationally they still average only about 10% of the total
bill (Borenstein and Bushnell, 2022a). Nonetheless, because most utilities do not bear any di-
rect financial costs from the pollution and greenhouse gases they emit, Borenstein and Bushnell
(2022a) find that about one-third of residential kWh are sold at volumetric prices below SMC. A
larger share, however, face prices above SMC. Beyond California, much of New York, New Eng-
land, Colorado and the Southwest have retail prices well above SMC, even at a $100 social cost
of carbon (Borenstein and Bushnell, 2022b).15. And increasing-block pricing is common in many
of those same areas.

Though no data set as rich as the RASS appears to exist on a national basis, the Department
of Energy’s Residential Energy Consumption Survey (RECS) provides data that allow a similar
analysis, albeit with much thinner coverage of any one area of the United States. The most recent
RECS, 2020, has observations in every state in the District of Columbia with the number ranging
from 143 in Delaware to 1152 in California. In total, it has 18,496 observations, about half the
number that the RASS has for the three large California IOUs.

The RECS has most of the variables needed to carry out the same analysis as above using the
RASS. One significant exception is that the Energy Information Administration, which produces
the RECS, is not able to confirm billing data for all survey respondents and therefore imputes
consumption quantities for many customers. Of the 18,496 respondents, quantity is imputed
for 2531. The other significant exception is that RECS does not include information that allows
one to link an observed household to the Tracking The Sun solar database. A variable in RECS
indicates if the household has solar, but no additional information. So, for each state, I have used
the Tracking The Sun database to calculate the average residential solar capacity and information
from the National Renewable Energy Laboratory on the average residential solar capacity factor
in that state. I use these to infer the net consumption quantity from the gross consumption
quantity in RECS if the household has solar.16

15As discussed earlier, marking up electricity for the full SCCwould not be efficient so long as gasoline and natural
gas are still priced well below their full social costs (Davis and Sallee, 2020; Borenstein, 20 June 2023)

16Onemightwonder how gross consumption quantity is reportedwithout having solar production. In an exchange
with the EIA office that produces the RECS, I learned that for those houses with solar that do not have separate
meters to report gross consumption and solar production, EIA imputes the solar production and therefore the gross
consumption quantity from the net consumption quantity. Unfortunately, they do not report the imputed solar
production or the actual solar production when they have it. Of the 645 households with solar in the RECS, gross
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Table 6:
Ratio of Average Consumption of Above-median vs Below-median Net Consumption Households

Sample Region All US Without CA CA

Net Household Consumption 2.76 2.66 3.52
Net Per Capita Consumption 1.86 1.80 2.30
Gross Per Capita Consumption 1.70 1.71 1.65
+ control for CDDs and HDDs 1.63 1.65 1.45
+ control for children/seniors, work-from-home 1.62 1.64 1.44
+ control for electric appliances and building age 1.50 1.51 1.42

NOTE: This table presents the ratio of the average consumption of households whose net consump-
tion is above the (weighted) state-median of households in the RECS to the average consumption of
households whose net consumption is below the state-median. State-level results are then aggregated
to a single number by taking the weighted average where the weights are the total of the weights on
the households in each state. The top line shows the ratio of average net household consumption. The
second line shows the ratio of average net per capita consumption. The third line shows the ratio of
average gross (after estimated distributed solar generation is added back in) per capita consumption.
The lines below show the ratio of average gross per capita consumption after controlling for different
factor, as explained in the text. Regressions for the last three adjustments are shown in the appendix.

Because I do the analysis on a state-by-state basis, and states have as few as 143 observations,
I do not use climate zone fixed effects with either of the climate zone variables in the RECS, one
of which has 8 categories and the other 18 categories across the US. Instead, I use continuous
variables in the RECS for the number of cooling degree days and number of heating degree days.

Finally, the RECS does not include an indication of whether the home is only used seasonally,
so that variable is not replicated in this analysis.

For each state (and DC), I calculate the ratio of the mean consumption of households above
the state median to those below the state median. I then calculate the overall ratio by taking the
weighted mean of the state-level ratios, where the weight of a state is the sum of the weights of
all observations in the state.

Table 6 presents the results, which are intended to be comparable to Table 1.
The results for all households outside of California are not as dramatic as for California, but

they suggest a similar conclusion. Analyzing per capita consumption rather than household con-
sumption drops by more than half the amount by which average consumption of households
above the median exceeds average consumption of households below the median, from 166%
higher to 80% higher. Controlling for rooftop solar production makes much less difference out-
side California than in California, which is not surprising given that nearly half of all residential

consumption quantity is imputed for 437.
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solar capacity is in California. Climate variation within states also has much less effect in other
states than in California, which is likely due to the fact that many states are small enough that
they have much less climate variation. Controls for household demographics and working from
home have very little impact. Electric appliances and building age, however, have a much larger
impact in other states than they do in California. Overall, controlling for all of these factors in
states outside of California eliminates more than two thirds of the difference in consumption be-
tween households above the median and households below the median, with the largest factors
being the number of occupants and electric appliances.

6 Energy Hogs and Angels in the Larger Context

Beyond the unreliable characterization of some households as profligate and others as more care-
ful users of residential electricity, these judgment-laden categories omit the larger context of en-
ergy use. Figure 4 is the 2021 EIA energy flows summary for the United States. Setting aside the
net impact of imports and exports, virtually all energy use eventually benefits some US house-
holds. Multiplying the share of primary energy that goes into electricity generation (36.7/97.3)
by the share of electricity that is used by households (39%), implies that about 15% of US energy
use is attributable to residential electricity consumption. In some parts of the country, ratemaking
for residential natural gas also uses the rhetoric of more and less prudent consumption, and even
some increasing-block pricing, but including residential natural gas still only raises the share of
energy use covered by such quantity-based value judgments to 20% of US energy use.

The other 80% of energy use in the United States is still benefiting people who live in house-
holds, but it is largely exempt from suggestions that heavier energy users should shoulder higher
prices or a larger share of unrelated and tangential costs. Prices for gasoline, air travel, energy-
intensive production goods, housing, food, and all of the other goods and services that constitute
the other 80% are set by market forces. For those products, the prudence of households that con-
sume low or high quantities plays essentially no role. In fact, many such goods are sold with
quantity discounts or additional benefits to customers who consume high quantities, such as
through customer loyalty programs employed by airlines and other industries. Residential en-
ergy consumption seems to sit alone as an area of consumption for which some believe payment
should be based on the ethics of high usage levels. As a result, households whose consumption
preferences tilt more towards staying at home are harmed relative to those who choose to spend
a higher share of their income on travel, dining out, and consuming goods and services. It is hard
to come up with an equity-grounded argument for such asymmetric treatment. It is notewor-
thy, however, that residential electricity is one of a fairly small number of consumer goods for
which consumption quantities are directly observable by a single delivering entity and its eco-
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Figure 3

nomic regulator, creating opportunity for such judgment-based, rather than cost-based, burden
allocation.17

6.1 Energy and externalities

Justifications for penalizing heavy users typically focus not on energy consumption, but on the
associated pollution externalities. The standard economic argument for raising price due to pol-
lution externalities is hard to credit in California residential electricity with retail prices more
than double the full social marginal cost, which includes the cost of pollution externalities. Com-
bining the information in figure 4 with the shares of greenhouse gases shown in figure 5 implies
that residential electricity produces about 10% of US GHG emissions.18

17A progressive consumption tax would have some similarities to the treatment of residential energy use, but it
would apply to all, or nearly all, goods in the economy, so it would not single out one type of consumption. In addi-
tion, if the consumption tax law resembled US income taxes, it would have adjustments for number of members of the
family, and perhaps for other factors that policymakers would view as not appropriate bases for taxation. The appli-
cation of this approach only to residential energy consumption and without such adjustments makes it particularly
problematic, especially due to the extremely high implicit tax imposed on residential electricity in California.

18From figure 4, 39% of electricity goes to residential use, and from figure 5, 25% of US GHG emissions are at-
tributable to the electricity sector. 0.39 · 0.25 ≈ 0.1.
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Figure 4: Total U.S. Greenhouse Gas Emissions by Economic Sector in 2021

Furthermore, the local pollution consequences of residential electricity consumption are likely
to be an even smaller share of local pollution energy externalities. Based on the data in figure
4, residential electricity is responsible for a disproportionately high share of coal consumption
compared to the share of GHG emissions, about 35% (90% x 39%), but a disproportionately low
share of emissions from petroleum combustion, less than 1%, and about 14% of natural gas com-
bustion. However, coal combustion, in electricity generation and industrial processes, tends to
take place further away from populated areas than petroleum combustion, in transportation and
home heating. More importantly, coal consumption is declining far more rapidly than petroleum
and natural gas, suggesting that the non-GHG externalities from electricity are already a lower
proportion than indicated by GHG totals in places like California, and will soon be throughout
the US. Thus, if GHG and local pollution externalities are the concern, a focus on residential
electricity consumption is particularly misplaced.

6.2 Hogs, angels and air travel—some further context

While the small share of energy usage and pollution externalities attributable to residential elec-
tricity suggests that other consumption is likely to be more consequential, comparison to air
travel makes the point especially salient.
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After controlling for number of occupants, distributed solar, and climate zone, the weighted-
average difference between the 25th and 75th percentile gross per capita electricity consumption
among the California IOUs is 2058 kWh/year and the weighted-average difference between 10th
percentile and 90th percentile is 4372 kWh/year.19 The marginal emissions rate from electricity
generation in California is approximately 0.4 metric tons per MWh (Borenstein and Bushnell,
2022a), so the difference between the 25th and 75th percentiles of per capita electricity consump-
tion is about 0.82 metric tons of GHG emissions and the difference between the 10th and 90th
percentiles is about 1.72 metric tons of GHG emissions.

For comparison, in 2019, the US airline industry’s peak year in passengers and load factor
(as of 2023), the US domestic airline industry flew 763 billion passenger-miles using 12.18 billion
gallons of fuel.20 Air travel is a roughly constant returns to scale industry and load factors are
quite resilient to economic fluctuations (apart from the very unusual circumstances of the COVID
pandemic), implying that airlines quickly adjust the number of seats they offer when demand
increases or decreases (Borenstein and Rose, 2014). Thus, the industry average fuel economy of
about 62.6 (= 763/12.18) passenger-miles per gallon of jet fuel is a reasonable approximation
of the marginal fuel use per passenger-mile. A round-trip flight from San Francisco to Boston
is about 5400 miles, which thus burns about 86 gallons of jet fuel per passenger. One gallon of
jet fuel produces approximately 0.01 metric tons of GHG emissions21, so the SFO-BOS round-
trip creates about 0.86 metric tons of emissions. This calculation does not include the impact of
high altitude non-CO2 emissions, which could make the climate change contribution of air travel
much greater.22

These calculations imply that the difference between the 25th percentile of per capita gross
electricity consumption and the 75th percentile after controlling for three factors unrelated to
efficiency or waste is about the same as the emissions from one SFO-BOS airline round-trip. The
difference between the 10th and 90th percentile per capita consumption is about the same as two
SFO-BOS round-trips, or one round trip between San Francisco and London.23

19The 25th to the 75th percentile difference is 1835 kWh/year for SDG&E, 1968 kWh/year for SCE, and 2114
kWh/year (PG&E). The 10th percentile to 90th percentile difference is 3479 kWh/year for SDG&E, 4089 kWh/year
for SCE and 4516 kWh/year for PG&E. I weight usage at each percentile level across the three utilities by their
number of residential customers in 2019, according to the EIA-861.

20See https://www.transtats.bts.gov/fuel.asp and https://web.mit.edu/airlinedata/www/TrafficCapacity.html
21https://www.eia.gov/environment/emissions/co2 vol mass.php
22See https://www.carbonbrief.org/explainer-challenge-tackling-aviations-non-co2-emissions/ for a good ex-

plainer.
23Interestingly, the fuel economy of long flights is about the same as medium-length flights. Though takeoff and

climb to cruising altitude are particularly fuel intensive, long flight segments require carrying additional fuel, which
increases weight per passenger. The two factors approximately offset one another.
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Figure 5: Annual Residential Electricity GHG Emissions versus Air Travel GHG Emissions

7 Conclusion

Utility regulators have extremely difficult, and generally thankless, jobs when it comes to rate
setting. They need to figure out whether costs are reasonable, as well as the causal link between
consumption and costs. They must adjudicate debates about fair rates of return and determine
the cost-effectiveness of countless policy initiatives. Equity considerations are also critical in
deciding how to allocate the revenue burden among different customers. Understandably, a group
arguing that it would be more fair to apportion a greater share of the revenue collection to other
customers is likely to suggest that their own class of customers are more prudent consumers.
Unfortunately, in many cases, these assertions have been based on intuitively appealing, but
empirically untested, theories. One of themost common of these is that residential customerswho
use more electricity are profligate, despite the fact that many factors unrelated to the prudence
of usage are likely to be significant drivers of consumption quantity.

Of course, it is very difficult to measure wasteful use of electricity, or of any other good, and
even difficult to find a widely accepted definition of wasteful use. In this paper, I have examined
the question from the opposite starting point, investigating the factors that are generally agreed
to be unrelated to prudence, but are still important determinants of usage. I have found that cor-
recting for these factors greatly changes the picture of which customers one would first suspect
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of excessive consumption, that is, if one felt that judging differences in prudence of electricity
consumption were an appropriate consideration in ratemaking at all. Customers who would be
viewed as “energy hogs” based on net household consumption turn out to have a distribution
that greatly overlaps with other customers when one incorporates factors such as the number of
occupants in the house, gross consumption inclusive of distributed solar, differences in climate,
demographics of the household, and appliances that the household is choosing to power with
electricity rather than natural gas or gasoline. In fact, correcting only for occupants, distributed
generation, and climate reduces by 59% to 82% the difference in average consumption between
households that are above median usage and households that are below the median.

Such moral judgments of residential energy are even more suspect when placed in the larger
context of economy-wide energy consumption or greenhouse gas emissions attributable to an
individual or household. With residential electricity usage responsible for only 15% of US energy
consumption, and only 10% of GHG emissions, it is clear that judging the prudence of energy
usage or environmental impact from this metric is virtually certain to result in very high er-
ror rates. This is particularly true when such judgments are carried out without controlling for
fundamental consumption drivers that are unrelated to the prudence of consumption.
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Data Appendix
This appendix describes in detail the construction of the variables used in the analysis of

household electricity consumption and presents the regressions on which figures1 and 2, and
tables 1-5 are based.

7.1 RASS Dataset Construction

The basis of the primary empirical analysis is the California Energy Commission’s 2019 Resi-
dential Appliance Saturation Survey. The survey includes responses from slightly over 40,000
households, of which about 34,000 are customers of the investor-owned utilities and are individ-
ually metered. The variables used in the analysis and the details of their construction follow.
Annual net kWh usage: This variable is missing for about one-third of the IOU customers
in the RASS. As part of the analysis in Borenstein, Fowlie and Sallee (2022), however, we were
able to match customers to billing data from the IOUs and create a complete data set of annual
net consumption. The details of the matching and approximation of annual consumption for
customers who are in the billing data for only part of the year are presented in the data appendix
to Borenstein, Fowlie and Sallee (2022).
Number of household occupants: TheRASS reports separately the number of occupants under
age 19, age 19-64, and 65 and over (A15). Each variable was set to zero if it was reported missing.
Observations were dropped if the household reported more than nine occupants. The share of
occupants who are children or seniors is the sum of the first and third variable divided by the
total number of occupants.
Annual distributed solar PV generation: This variable is also taken from the analysis in
Borenstein, Fowlie and Sallee (2022) and details of its creation can be found in that paper.
Climate Zone: This is the climate zone reported in the RASS for each household (CZT24).
Seasonal occupancy: This is based on the question in the RASS of whether or not the house is
occupied year-round (A4). Seasonal occupancy is set to zero if it is reported to be occupied year-
round or if the answer to this question is missing. It is set to one if it is reported to be occupied
only seasonally.
Work fromhome: This is based on the question that askswhether a person in the home operated
a business at home or works from home (K5). I create a quasi-continuous variable that is equal
to 5 if the respondent answers that someone works from home 0-10 hours per week, equal to 20
if the respondent answers that someone works from home 11-30 hours per week, and is set to
40 if the respondent answers that someone works from home more than 30 hours per week. The
variable is set to zero if the works from home answer is missing.
Year that the home was built: This is based on the question in RASS that asked what year
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the residence was built (A6). A quasi-continuous variable was created that uses the average of
the start and end year of each category. For homes built ”Before 1940” it was assumed that the
home was built in 1930. A dummy variable for built year missing was created and set to one if
the answer to this question is missing (and the year built for those observations is set to 1930,
though that is just a normalization).
Electric appliances (space heating, hot water, clothes drying, stove, and oven): These are
dummy variables based on the questions in RASS that asked what the primary source of fuel for
each activity is (B2, D2, E5, F1). For all variables, if the answer was missing, it was assumed that
electricity is not used for this activity.
Electric vehicle: This is a dummy variable based on the question in RASS askingwhether anyone
in the household drives an EV (A20).
Low household income: This is a dummy variable based on a calculation of reported income as
a percentage of the 2019 national poverty guidelines for the number of occupants reported in the
household. A household under three times the poverty guideline has a value of 1, otherwise 0.
Unfortunately, the income report categories (N7) don’t fall into clean multiples of the income in
the national poverty guidelines, so categories were included if more than half of the range in the
category put the household under three times the poverty level, given the number of occupants.
For a small number of households, no income was reported; the RASS reports an imputed exact
income for those households, which is used for those households.
White: This is a dummy variable based on the question in RASS that asks which ethnic groups
are represented among the heads of household (N6). If there is only one head of household and
that person self-reports as white or there are two heads of household and both self-report as
white, it is set to 1, otherwise it is set to zero.
Latinx: This is a dummy variable based on the question in RASS that asks which ethnic groups
are represented among the heads of household (N6). If either head of household #1 or head of
household #2 self-reports as being “Hispanic/Latino”, it is set to 1, otherwise it is set to zero.
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Table 7: RASS Regressions for PG&E
Dependent (1) (2) (3) (4) (5) (6)
Variable Net kWh Net kWh

Occupants
Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Seasonal occupancy -685.1** -931.7***
(346.0) (322.4)

Share of occupants 19-64 years old -771.1*** -817.8***
(180.4) (172.7)

Weekly hours worked from home 15.43** 10.04
(7.438) (7.797)

Year dwelling built 0.873
(3.016)

Year dwelling built missing -75.43
(242.4)

Electric vehicle 939.4***
(258.8)

Electric clothes dryer 283.8**
(122.5)

Electric stove -446.6***
(150.4)

Electric oven 612.1***
(143.5)

Electric hot water 805.4***
(206.9)

Electric space heat 212.4
(164.3)

2-Climate Zone -583.3 -651.3 -696.3
(508.4) (524.9) (591.4)

3-Climate Zone -1,233** -1,261** -1,189**
(503.9) (520.9) (589.4)

4-Climate Zone -801.2 -816.7 -843.5
(507.7) (525.2) (590.4)

5-Climate Zone -997.8* -1,047* -949.2
(561.2) (584.2) (636.9)

11-Climate Zone 621.4 542.1 546.1
(568.5) (582.4) (637.2)

12-Climate Zone 343.3 231.9 170.4
(523.2) (538.5) (599.5)

13-Climate Zone 649.9 551.0 687.6
(568.4) (582.1) (644.5)

16-Climate Zone -6.701 -52.80 -374.9
(552.4) (563.8) (592.8)

Constant 5,464*** 2,469*** 2,898*** 3,270*** 3,724*** 1,650
(113.4) (57.00) (66.42) (498.3) (523.9) (5,925)

Observations 15,163 15,163 15,163 15,163 15,163 15,163
R-squared 0.000 0.000 0.000 0.100 0.118 0.159

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 8: RASS Regressions for SCE
Dependent (1) (2) (3) (4) (5) (6)
Variable Net kWh Net kWh

Occupants
Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Seasonal occupancy -1,303*** -1,295***
(351.6) (336.7)

Share of occupants 19-64 years old -237.2 -233.1
(175.7) (172.1)

Weekly hours worked from home 20.71*** 17.62**
(7.886) (7.977)

Year dwelling built -0.398
(2.565)

Year dwelling built missing -75.23
(314.1)

Electric vehicle 1,338***
(342.1)

Electric clothes dryer 362.6**
(149.9)

Electric stove -29.91
(136.7)

Electric oven 407.6***
(129.8)

Electric hot water 718.3***
(248.5)

Electric space heat -356.0**
(142.2)

8-Climate Zone -254.2* -244.1 -150.3
(153.5) (155.1) (153.0)

9-Climate Zone 64.09 66.72 165.8
(157.7) (156.8) (156.1)

10-Climate Zone 639.1*** 680.8*** 793.4***
(220.8) (224.0) (237.1)

13-Climate Zone 1,425*** 1,430*** 1,499***
(390.4) (379.3) (369.4)

14-Climate Zone 960.9*** 1,024*** 1,191***
(361.2) (363.6) (364.3)

15-Climate Zone 3,056*** 3,346*** 3,270***
(490.9) (508.6) (490.5)

16-Climate Zone 751.0* 953.6** 871.1**
(422.2) (404.0) (397.2)

Constant 5,892*** 2,524*** 2,756*** 2,448*** 2,519*** 3,026
(99.18) (54.86) (64.34) (125.0) (147.6) (5,021)

Observations 13,723 13,723 13,723 13,723 13,723 13,723
R-squared 0.000 0.000 0.000 0.079 0.093 0.126

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 9: RASS Regressions for SDG&E
Dependent (1) (2) (3) (4) (5) (6)
Variable Net kWh Net kWh

Occupants
Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Gross kWh
Occupants

Seasonal Occupancy -163.3 -180.7
(726.3) (633.8)

Share of occupants 19-64 years old -159.1 -316.6
(239.1) (241.6)

Weekly hours worked from home 26.29** 14.49
(10.94) (10.83)

Year dwelling built -0.938
(4.257)

Year dwelling built missing -276.7
(276.8)

Electric vehicle 1,627***
(471.7)

Electric clothes dryer 430.1*
(237.2)

Electric stove -536.3***
(161.4)

Electric oven 271.9
(204.4)

Electric hot water 184.8
(192.8)

Electric space heat -102.0
(149.8)

7-Climate Zone -681.0** -578.6** -333.1
(276.2) (261.2) (299.1)

8-Climate Zone -102.1 -304.9 121.2
(468.5) (491.6) (494.7)

10-Climate Zone 141.8 187.1 424.6
(351.1) (338.1) (355.2)

14-Climate Zone 486.6 606.1 1,023**
(593.8) (605.9) (517.1)

15-Climate Zone 1,630 1,808* 1,608
(1,053) (1,063) (1,152)

Constant 4,270*** 1,918*** 2,408*** 2,812*** 2,717*** 4,367
(135.6) (78.91) (87.19) (261.1) (305.4) (8,408)

Observations 4,558 4,558 4,558 4,558 4,558 4,558
R-squared 0.000 0.000 0.000 0.038 0.061 0.120

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



7.2 RECS Dataset Construction

Section 5 uses the national Residential Energy Consumption Survey to do a similar analysis for
the entire US. The RECS includes 18,496 households that, with sampling weights (NWEIGHT),
are intended to be a nationally representative sample. The sums of sampling weights by state do
correspond closely to state population shares.
Annual gross kWh usage: In the RECS, this variable (KWH) is imputed for 2531 of the 18,496
respondent’s, including 437 of the 645 that report having a solar system. I use all of these obser-
vations and assume they are accurate.
Number of household occupants: The RECS reports separately the number of occupants who
are children (17 or younger, NUMCHILD), seniors (age 65 or older, NUMADULT2), and other
adults (age 18-64, NUMADULT1). The share of occupants who are children or seniors is the sum
of NUMCHILD and NUMADULT2 divided by the total number of occupants.
Annual distributed solar PV generation: This variable is generated by using the 2022 Tracking
The Sun public data file (https://emp.lbl.gov/tracking-the-sun) to calculate the average residential
system size in each state. These figures are multiplied by average state-level capacity factors from
https://atb.nrel.gov/electricity/2021/residential pv to create a variable that is used as the annual
solar generation for every household in the state.
Cooling degree days and Heating degree days: The 2020 cooling degree days and heating
degree days from a weighting of weather stations near the observed household (CDD65 and
HDD65).
Work from home: Number of days teleworking in the past week if household reported any
member teleworking (TELLDAYS).
Year that the home was built: The variable YEARMADERANGE in the RECS has nine range
categories. For all but the earliest, this variable was set to the mean of the start and end years of
each range. For the earliest, before 1950, it was set to 1940.
Electric appliances (space heating, hot water, clothes drying, stove, and oven): These are
dummy variables based on the questions in RECS that asked what the primary source of fuel for
each activity is, RANGEFUEL, DRYRFUEL, FUELH2O, FUELHEAT. For all variables, if the answer
was missing, it was assumed that electricity is not used for this activity.
Electric vehicle: This is a dummy variable based on the question in RECS askingwhether anyone
in the household drives an EV (ELECVEH).The variable is described as ”Household owns or leases
an electric vehicle.”
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