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INTRODUCTION

The percentage of U.S. homes heated with electricity

has increased steadily from 1% in 1950 to 40% in 2020.

Understanding this increase is relevant to a growing
number of policies aimed at electrifying buildings.

U.S. households burn vast amounts of fossil fuels on site

for space heating: 2.7 trillion cubic feet of natural gas,

2.9 billion gallons of heating oil, and 2.5 billion gallons of

propane annually. This is the carbon equivalent of having
40 million cars on the road.

Policymakers are increasingly turning to electrification

in an effort to reduce these externalities. The “electrify
everything” movement gained attention in January 2020,
when Berkeley CA, became the first city in the United
States to ban natural gas on new residential construction.
More than 50 cities in California, Washington, New York,
Massachusetts, and Rhode Island have now enacted

measures limiting or prohibiting natural gas in new homes.

Proponents argue that electrifying buildings is critical if
the U.S. is to sharply reduce carbon emissions from the
building sector. The U.S. electricity sector has become
much less carbon-intensive, making this a more viable
path to decarbonization than even just a few years ago.
Critics argue that electric heat costs more per unit of
heating, so electrification mandates are expensive.

Mostly missing from this discussion, is that home
electrification is nothing new. In new research,

| document the growth in residential electric heating over
the last seven decades and ask two questions:

1. What explains this increase?

9. What is the economic cost of an electrification mandate?

This research is directly relevant to a growing number
of policies aimed at building electrification. Several
recent interdisciplinary studies consider pathways to
decarbonize the U.S. economy by mid-century.

Rapid electrification of residential heating plays a
prominent role in virtually all considered pathways,

so understanding the cost of such a transition is of
critical policy importance.



FIGURE 1: GROWTH IN ELECTRIC HEATING
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RAPID GROWTH IN ELECTRIC HEATING

Back in 1950, only 1% of U.S. homes used electricity as
their primary heating fuel. By 1970, this had increased
to 8%, with electric heating becoming more common in
southern states like Tennessee and Florida, as well as in
western states like Washington and Nevada.

As shown in Figure 1, electric heating reached 18% in
1980, 26% in 1990, 30% in 2000, 35% in 2010, and
40% in 2020. Electricity heating is the dominant form of
heating in the Southeast, more than 50% throughout the
region and more than 90% in Florida. Electric heating

is also prevalent throughout the West and Midwest,
particularly in the Pacific Northwest.

In this new research, | use data on heating choices
from millions of U.S. households over this 70-year
period to investigate the key determinants of this
increase in electrification. The key dataset is compiled
using information from five waves of the U.S. decennial
census, along with twenty waves of the U.S. American
Community Survey.

All of these surveys ask respondents about their primary
form of home heating. The key question asks “Which
fuel is used most for heating this home?" These data
also provide information on the age of the home,
household income, housing characteristics, and the
state of residence.

What explains the increase in electric heating? This policy
digest proposes five hypotheses, collects data on all five,
and then designs an empirical framework aimed at testing
and quantifying each factor.

At the heart of the empirical framework is a linear
regression model. The dependent variable is an indicator
variable for homes with electricity as the primary form

of space heating. The independent variables include
electricity, natural gas, and heating oil prices, as well

as household income, climate variables, housing
characteristics, and other factors.
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This is one of the first economic analyses of
electrification. This digest is the first to document

or attempt to understand this 70-year increase in
electric heating, and the first to calculate the economic
cost of an electrification mandate.

PRICES, PRICES, PRICES

Overall, the five hypotheses are shown to explain

more than 90% of the increase in electrification since
1950. By far, the single most important factor is energy
prices. Figure 2 shows residential prices by state over
1950 to 2020.

U.S. residential electricity prices decreased over 50%
in real terms during this period, while residential natural
gas and heating oil prices increased by 30% and 80%,
respectively. Had these changes not occurred, the
model predicts that there would have been dramatically
less electrification over this period.

| find that residential heating system choices are highly
sensitive to energy prices. Households are much more
likely to choose electric heating when electricity prices
are low. A 10% increase in electricity prices decreases
electric heating by 4.2 percentage points.

This effect is strongly statistically significant and large in
magnitude. Everything else equal, going from 22 cents
per kilowatt hour (the current price in Massachusetts)
to 10 cents per kilowatt hour (the current price in
Louisiana) implies a 32-percentage point increase in
electric heating.

Natural gas and heating oil prices matter too. These
cross-price effects are expected to be positive, and

the point estimates are indeed positive. For instance, a
10% increase in natural gas prices increases electric
heating by 2.1 percentage points. This effect is strongly
statistically significant and large in magnitude.
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FIGURE 2: RESIDENTIAL PRICES BY STATE
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| use a decomposition analysis to calculate how much
of the increase in electrification can be explained by
each hypothesis. Changing energy prices are by far the
single most important factor, explaining two-thirds of the
increase in electrification since 1950.

This finding that household heating choices are highly
sensitive to energy price points to the critical importance
of pricing energy efficiently, a long-standing theme in

economic analyses of energy markets and utility rate
design (Borenstein and Bushnell, forthcoming).

GEOGRAPHY, CLIMATE, AND OTHER FAGTORS

Heating degree days (HDDs) have a strong negative
impact. In particular, an additional 1000 HDDs annually
decreases electric heating by 6 percentage points.

This is a large effect. For example, current HDDs in
Minnesota and Florida are 8,400 and 600, respectively.
My estimates imply that, everything else equal,
households in Minnesota are 47 percentage points
less likely to choose electric heating than households
in Florida.

Electric heating has lower initial capital costs than other
forms of heating, so is preferred by households in warmer
climates. Over this 70-year period there has been a
pronounced shift in new housing construction toward
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warmer states, and this changing geography can explain
about 7% of the increase in electrification since 1950.

In addition, climate change is making all parts of the
United States more conducive to electric heating,
and this factor can explain about 4% of the increase
in electrification.

Other factors matter less. Household income has only
a small impact on heating choices. Higher income
households are slightly less likely to choose electric
heating. But the effect is small enough that income is
essentially irrelevant for understanding the growth in
electric heating since 1950.

MEASURING WILLINGNESS TO PAY

These data and framework are next used to calculate
the economic cost of an electrification mandate for new
homes. The analysis uses a discrete choice model to
measure the expected change in utility from requiring
households to choose electric heating. In the model,
households weigh energy prices, climate, geography,
housing characteristics, and other factors when making
heating system choices.

The data and key variables are the same as in the linear
regression model described earlier. However, the discrete
choice model makes a functional form assumption about
the error term and other assumptions which make it
possible to calculate willingness to pay (WTP). These
modeling choices are informed by a long history of
economists using discrete choice models to describe
household-level energy decisions (Mansur, Mendelsohn,
and Morrison, 2008; Davis and Kilian, 2011).

Whereas the historical analysis uses data from 1950
to 2020, the WTP analysis is forward looking, using
data from homes built in 2000 to 2020. Since 2000,
about 90% of new U.S. homes use electricity or natural
gas for their primary heating system. Accordingly, the
choice set is restricted to those two options. Homes
heated with heating oil, propane, and other less
common heating fuels are excluded when estimating
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FIGURE 3: WILLINGNESS TO PAY TO AVOID AN ELECTRIFICATION MANDATE
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GEOGRAPHY MATTERS

Figure 3 plots average WTP by state. Households in
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The West Coast is more temperate, with WTP $850 in
California, $790 in Oregon, and $820 in Washington.
The somewhat higher WTP in California reflects, in
part, higher than average electricity prices. By the same
argument, WTP tends to be lower in states with below
average electricity prices including Kentucky ($330),
West Virginia ($360), and Oklahoma ($410).

Household in cold states tend to strongly prefer natural
gas so are willing to pay more than $1000 annually
on average to avoid an electrification mandate. This
includes populous states like Pennsylvania ($1,140),
Ohio ($1,160), New York ($1,370), and lllinois ($1,410).

Finally, WTP is above $1500 annually in particularly
cold states Wyoming ($1,570), Vermont ($1,590), New
Hampshire ($1,600), and Montana ($1,680).

The model also reveals considerable variation within
states. For example, households in multi-unit homes
have lower overall demand for heating and thus lower
WTP to avoid mandates. These households thus
represent a potential opportunity for electrification.



WHAT ABOUT HEAT PUMPS?

An important caveat is that the model is estimated

using historical data, and thus cannot speak to how the
impact on households will be affected in the future by
technological change. Probably most importantly, industry
experts expect electric heat pumps to continue becoming
more energy efficient.

Whereas traditional electric resistance heating converts
electricity into heat, a heat pump uses electricity to move
heat from one place to another, and thus can be used
for both heating and cooling. Heat pumps have become
more energy-efficient over this period along with other
compressor-based appliances.

About 10% of U.S. households have heat pumps,

with three-quarters of those households located in the
Southeast where winter temperatures are mild and heat
pumps are most effective. Heat pump performance
degrades at lower temperatures and thus far there

has been relatively little heat pump adoption in the
Northeast or Midwest.

Many experts expect heat pumps to continue to gain
popularity. In part, this depends on technological
innovation. If heat pumps continue to become more
energy-efficient, they could become cheaper than
alternative technologies in more U.S. regions which
would further increase adoption and decrease the cost
of electrification policies.
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GONGLUSION

One broader implication of the research is that,
nationally, it may be a lot easier than is generally believed
to encourage electrification. The steady historical trend
over the last seven decades means that 50 million

U.S. households have already electrified. Moreover,

the analysis identifies large numbers of additional
households for whom adopting electric heating would
impose relatively modest costs.

An important goal for future research is to ask whether
electrification mandates pass a societal cost-benefit
test. These WTP estimates provide a starting point, but
they are calculated based on current residential energy
prices and thus reflect private, not social costs. These
costs would then need to be compared to the benefits
from reduced fossil fuel emissions.

The generation mix matters too. U.S. electricity
generation has become much cleaner (Holland, et al.,
2020), but emissions vary regionally and there are large
parts of the country that continue to rely heavily on coal.
The economic case for electrification is strongest in
places where electric generation is relatively green.
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