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Abstract

Providing home energy information to home buyers makes efficiency more salient in purchasing.
We study the impact of disclosed energy efficiency information on housing prices in Portland,
Oregon after the introduction of a Home Energy Score mandate for houses on the market. We
find a $1 decrease in annual energy costs is associated with an approximate increase in housing
value of $24 to $40. This effect is stronger for houses that are already energy efficient and for

larger houses.
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1. Background and Motivation

An energy efficient home saves money, helps occupants predict costs, protects against rising
energy prices, improves comfort, and reduces carbon emissions. However, understanding home
energy efficiency can be a struggle for those looking for a rental or a home purchase. Unlike
vehicles, where there is an imperfect but widely understood miles per gallon (mpg) measure,
most homes come with very little explicit information about their expected energy usage. That
lack of knowledge creates both a barrier to investing in cost-effective energy efficiency as well

as higher levels of externalities from the energy sector.

Voluntary or mandatory energy disclosure can help consumers compare energy use of different
buildings and thus improve the market for energy efficiency. A large literature from around the
world has found voluntary labels that identify the greenest homes generally come with a price
premium. Mandatory label programs are concentrated in Europe, where a large literature has
found above average homes generally sell for a price premium compared to average homes while
low efficiency homes sell for a discount. In the United States, governments have been much
slower to adopt mandatory disclosure of housing energy efficiency, with only a few cities

mandating energy efficiency disclosure.

This paper focuses on a mandatory program in Portland, Oregon (USA) that uses a Home Energy
Score (HES), which went into effect at the start of 2018. Portland’s program was the first to
require an HES be provided before a home is purchased. We find that under Portland’s HES
mandate program, energy efficiency is capitalized into housing prices and a $1 decrease in
annual energy costs is associated with an increase in housing value of between $24-$40. We
also find that the effect of additional energy efficiency on housing prices under Portland’s HES
is nonlinear, with modest price increases for most inefficient homes, but larger price increases
for homes that were relatively efficient to start with. Energy efficiency also has a bigger impact

on the price of larger homes.

Features of Portland’s HES mandate will be critical to interpreting our results. The HES is based

on expected annual energy use and provides homebuyers with an easy-to-understand 1-10 value,
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making it easy to understand which homes are relatively “green”. Portland also provides
expected annual energy cost on their label, an easy-to-understand metric, communicated in a
salient and relatively well understood unit (dollars per year). Additionally, unlike other home

energy labels, HES does not perversely penalize small homes for using less energy on average.

In the remainder of the paper, we first review the literature on labeling programs and housing
values, details of Portland’s HES program and finally other hedonic analysis of the Portland
housing market. We then turn to a discussion of our data, our empirical strategy, the results and

our conclusion and discussion.

2. Literature Review

Early research on the impact of energy efficiency on home prices in the U.S. suggests home
buyers inherently value energy efficiency even if it may not be clearly communicated at the time
of home purchase. Dinan and Miranowski (1989) model the expected expenditure per square foot
necessary to keep a sample house at 65°F during a typical Des Moines winter and find that lower
necessary expenditures result in higher home prices. Nevin and Watson (1998) use a self-
reported expenditure approach in which they find that higher reported expenditures on energy
result in lower reported housing prices. In neither of these papers was there a label educating
consumers about energy efficiency, but both papers nevertheless found energy efficient homes

sold for a price premium.

Voluntary Green Award Labels

Energy labeling of single-family homes in the United States has historically been mostly
voluntary, using “green award” labels that are often only available to newly built homes. These
labels are a straightforward way to communicate that a home is “green” but it may not be clear
what “green” actually means. For example, green award labels may focus on energy efficiency or
could also incorporate other environmental attributes such as water efficiency, indoor air quality,
usage of recycled materials, etc. The stringency of the award can also vary: a green label may

signify the home is greener than the average home or in the top 10-20% of greenest homes. The
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green award system could also have multiple tiers where what the different levels actually imply
may not be clear to an uninformed buyer (e.g., LEED Certified/Silver/Gold/Platinum).
These green labeling programs are not exclusive; homes can be awarded multiple types of green

labels (e.g. Shewmake and Viscusi 2015; Zhang et al. 2018).

Research has found homes with green award labels sell for more than the average home (Bloom,
Nobe, and Nobe 2011; Yang 2013; Kahn and Kok 2014; Shewmake and Viscusi 2015; Bruegge,
Carrion-Flores, and Pope 2016; Walls et al. 2017; Pride, Little, and Mueller-Stoffels 2018;
Zhang et al. 2018) with similar premiums being found for commercial real estate (Eichholtz, Kok
and Quigley 2010; Fuerst and McAllister 2011; Harrison and Seiler 2011; Chegut, Eichholtz, and
Kok 2012; Banerjee, Das, and Fuerst 2024). This literature generally regresses dummy variables
for whether a home has a label or the type of label on home price and finds that green award
labels generally increase the value of a home and that homes with the highest certification sell
for more than homes with easier to obtain certifications.

However various attributes make these “green award” results not directly applicable to the
valuation of energy efficiency under mandatory energy label programs, such as Portland’s HES
program. Green award labels only identify the greenest or most efficient homes and do not
differentiate between average or relatively inefficient homes — all of these homes simply lack the
label. Additionally, combining energy with other “green” attributes to determine qualification
for a green award may result in awarded homes that perform well on non-energy measures using

more energy than a similar home without a green award.

Evidence from Mandatory Labeling in Europe, Australia and New Zealand

Denmark and Australia were early leaders in the 1990s requiring efficiency labeling for housing
and, by 2009, all European Union member states required Energy Performance Certificates
(EPCs) for all buildings sold or rented to a new tenant. An extensive literature has studied these
labels. Research generally finds more efficient homes sell for a price premium whether energy
efficiency is measured in stars (as in Australia and New Zealand: Australian Government 2008,
Ade and Rehm 2020) or with a European EPC (Brounen and Kok 2011; Hyland, Lyons, and
Lyons 2013; Fuerst et al. 2015; Fuerst, Oikarinen, and Harjunen 2016; Fuerst et al. 2016;
Harsman, Daghbashyan, and Chaudhary 2016; Jensen, Hansen, and Kragh 2016; Stanley, Lyons,

_4-
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and Lyons 2016; Aydin, Brounen, and Kok 2020; Bian and Fabra 2020; Zhang, Stangenberg, and
van Wickeren 2020; Copiello and Donati 2021; Cespedes-Lopez et al. 2022; Groh, Kuhlwein,
and Bienert 2022; Koengkan and Fuinhas 2022; Stenvall et al. 2022; Hill, Pfeifer, and Steurer
2023; Khazal and Senstebe 2023; Loberto, Mistretta, and Spuri 2023; Reusens, Vastmans, and
Damen 2023; Ghosh, McConnell, and Milldn-Quijano 2024; Damen and van Kempen 2025; Lu
and Spaenjers 2025; Ou et al. 2025; Sejas-Portillo, Moro, and Stowasser 2025) but not always
(Fregonata, Rolando, and Semeraro 2017). Homes with better EPC grades spend less time on the
market (Aydin, Correa, and Brounen 2019) and rent for a price premium (Rehdanz 2007;

Hyland, Lyons, and Lyons 2013; Zalejska-Jonsson 2014; Kholodilin, Mense, and Michelsen
2017; Khazal and Senstebg 2020; Aydin, Brounen, and Correa 2024).

The specific details of both the calculations behind the EPCs and how the resulting information
is displayed in the label are not uniform across EU countries, making cross-country comparisons
difficult. Subtle but important differences exist between EU member countries in what the EPC
communicates, how much information is collected, quality control, and how disclosure is
mandated, with most countries offering information about energy/m?*/year and an A-F label
based on energy use per m*. Some countries use an A-D or A-E scale with the median home
falling in the B, C or D grade and other EPCs emphasize annual energy cost or total energy

consumption instead of normalizing the measure by area.

Most papers in the European EPC literature use a linear regression model with the natural log of
house price as the dependent variable.! Even within the linear regression framework, there are
modeling choices to be made on things like location, age or size. Some European studies use zip
or postal codes to control for location (e.g. Jensen, Hansen, and Kragh 2016; Fuerst et al. 2016;
Stenvall et al. 2022; Khazal and Senstebeg 2023) where zip and postal codes mean very different
things across Europe.! Others studies control for location with regional dummy variables that
range from microzones in a city to an entire county (e.g. Hyland, Lyons, and Lyons 2013;
Fregonara, Rolando, and Semeraro 2017), measurements of neighborhood characteristics (e.g.
Brounen and Kok 2011; Harsman, Daghbashyan, and Chaudhary 2016; Bian and Fabra 2020;
Copiello and Donati 2021) or a mix of neighborhood dummy variables with neighborhood
characteristics (e.g. Kholodilin, Mense, and Michelsen 2017). Age of the building can be



Downloaded from by guest on August 15, 2026. Copyright 2026

ENERGY EFFICIENCY IN PORTLAND

accounted for with a linear age-price relationship (e.g. Olaussen, Oust, and Solstad 2017;
Loberto, Mistretta, and Spuri 2023), a quadratic relationship (e.g. Hogberg 2013; Taltavull de La
Paz et al. 2019) while others use age bands (e.g. Brounen and Kok 2011; Fuerst et al. 2016;
Jensen, Hansen and Kragh 2016; Zhang, Stangenberg, and van Wickeren 2020; Stenvall et al.
2022) or a combination of the two (e.g. Aydin, Brounen, and Kok 2020). Studies control by size
by including floor area (e.g. Fregonara, Rolando, and Semeraro 2017; Hill, Pfeifer, and Steurer
2023), categorical variables for size such as small, medium or large (e.g. Olaussen, Oust, and
Solstad 2017) or by including the number of bedrooms either as a linear variable (e.g.
Kholodilin, Mense, and Michelsen 2017; Stenvall et al 2022; Loberto, Mistretta, and Spuri 2023)
or a set of factor variables (e.g. Sieger and Weber 2022). Another way to control for size is by

making price per area the dependent variable (e.g. Fuerst et al. 2016).

A smaller subset of the literature exploits unique data or policy changes to identify causal
impacts of the European EPC mandate on the relationship between housing prices and energy
efficiency. This can be done using methods such as difference-in-differences, regression
discontinuity design (e.g. Zhang, Stangenberg, and van Wickeren 2020; Aydin, Brounen, and
Correa 2024; Ghosh, McConnell, and Millan-Quijano 2024), or instrumental variables (e.g.
Taltavull de La Paz et al. 2019; Aydin, Brounen, and Kok 2020; Aydin, Brounen, and Correa
2024).

One key difference between most European EPCs and the HES used in Portland (and other cities
in the United States) is that the HES is based on total base energy consumption and does not
adjust for the size of the home. This implies it is easier for smaller homes to get a better HES as
compared to larger homes, whereas the European EPCs are generally friendlier to larger homes,

and this could affect capitalization of energy scores into housing prices.

Evidence from Mandatory Labeling in the United States
Energy Audit Disclosure in Austin, TX

Austin, TX has the oldest mandatory home energy disclosure program in the United States, the

Energy Conservation and Disclosure (ECAD) ordinance, which came into effect in 2009. ECAD
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requires disclosure of energy efficiency characteristics of a home and suggests upgrade
opportunities. ECAD reports do not include summary metrics of energy efficiency but instead
give recommendations on how a home can be more efficient (e.g. adding attic insulation),
potential annual savings for such measures (e.g. $100 for attic insulation) and detailed but
difficult to interpret information on energy features such as the Estimated Energy Efficiency
Ratio (EER) of a heating and cooling system, the R-value of attic insulation and measures of air
leakage in CFM (which stands for cubic feet per minute and was not explained in ECAD reports
the authors examined). The ECAD reports provide relatively little context or what is a “good”
energy feature, are more difficult to understand since they do not include total energy

consumption metrics and do not lend themselves to easy comparisons across homes.

Still, Cassidy (2023) and Myers, Puller, and West (2022) both find mandatory disclosure in
Austin increases price premiums for energy efficiency. Cassidy distinguishes between less

observable and more observable energy efficiency features and finds mandatory disclosure
creates a market where a $1 decrease in annual energy costs from less observable attributes

results in an increase in housing price of $19, with a stronger effect on older homes.

Myers, Puller, and West (2022) find mandatory disclosure increases price premiums for energy
efficiency and encourages energy-saving investments. Since ECAD audits were only required in
Austin city limits, Myers, Puller, and West use variation inside and outside of the city of Austin
before and after ECAD audits requirements in a triple-difference approach. Their measure of
energy efficiency is actual energy use per ft* from utility data and find that the correlation
between housing prices and energy efficiency is strengthened after disclosure and that buyers
pay more attention to energy information when it is available. Similar to our findings (though
with somewhat lower magnitudes), Myers, Puller, and West find a $1 decrease in annual energy
costs, as measured by a proxy consumption variable, increases the value of a home by between
$13.03-$29.64.1 They suggest that neither sellers nor buyers fully understand the energy
efficiency of a home and mandating energy efficiency disclosure substantially encourages

investment in energy efficiency.

The ECAD audit reports provided by homeowners in Austin are more difficult to interpret than

energy score programs, such as Portland’s HES report. There are no overall summary values,
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such as expected energy cost or expected energy consumption. In contrast, Portland’s HES
reports follow best practice recommendations on how to present information in a manner that is

salient to end users (Sussman et al. 2021, Larrick, Soll, and Keeney 2015).

Energy Score Disclosure

While commercial and larger residential buildings are required to disclose energy usage in many
U.S. states and dozens of cities, Austin and only eight other U.S. cities require disclosure of
energy scoring results to list a single-family home for sale (Berkeley, CA, Piedmont, CA,
Portland, OR, Hillsboro, OR, Bend, OR, Milwaukie, OR, Ann Arbor, MI, and Minneapolis,
MN,)." All of these residential energy scoring programs rely on the Home Energy Score, with the

exception of Minneapolis and Austin.

Despite a large literature on the impact of EPCs on housing prices in Europe discussed earlier,
there are only two previous studies estimating the impact of energy scoring programs (as
opposed to “green labels” such as EnergyStar or audit disclosure programs such as Austin’s
ECAD) on housing prices in the U.S. market, both unpublished (Breshears 2022 and Pigman et
al. 2022). Pigman et al. (2022) use a nationwide database of HES results to study the impact of
HES on housing prices and mortgage performance. Pigman et al. (2022) find a one-point
increase in the Home Energy Score (which ranges from 1-10) results in an increase in sale price
0f 0.5%. They also find a $1 decrease in annual energy costs is associated with a 0.004%
increase in housing value in the locations where obtaining the HES was mandatory at the time
(Berkeley and Portland). In areas where HES disclosure is not mandatory, Pigman et al. find no
significant results. Breshears (2022) examines Portland specifically and finds a one-point
increase in the HES increases the sale price by 0.5% when the score is published in the Regional
Multiple Listing Service and less if the score is not published. We will discuss differences

between our analysis and that of Pigman et al (2022) and Breshears (2022) in Section 4.

Table 1 summarizes the results of research on green energy labeling and housing values in the
United States, focusing on how energy efficiency (and “green awards” more broadly) have been
found to be capitalized into home prices under different programs. Note that the extent to which

housing energy labels are likely to impact housing prices is unlikely to be constant. Location
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matters: Conrad et al. (2024) find homeowners in the Midwest and in rural areas are more likely
to value energy efficiency and Taltavull de la Paz et al. (2019) finds that price impacts of EPC
labels vary by local climate conditions. Other studies show that the price impacts of energy
labels can vary over time (Bruegge, Carrion-Flores, and Pope 2016, Ou et al 2025). The impacts
of energy efficiency labels can also vary based on what information is portrayed on the labels

and how it is portrayed (Sussman 2021, Carroll et al 2022).
<< TABLE 1 AROUND HERE >>

Background on Portland’s Home Energy Score

The Home Energy Score (HES) is an “easy-to-produce rating designed to help homeowners and
homebuyers gain useful information about a home's energy performance” developed by the U.S.
Department of Energy (page 3, DOE 2021). Calculating the HES requires approximately 50
pieces of information (such as insulation levels, heating and cooling system types and
efficiencies, information about ducts, etc.) gathered from a qualified assessor which takes
typically less than an hour and is thus less expensive to estimate than a comprehensive energy

efficiency audit (Bourassa et al. 2012).

The HES rating has a range of 1-10 (top of Figure 1), where higher numbers indicate lower
energy usage. In contrast to other energy rating systems, HES is based on total base energy
consumption and does not adjust for the size of the home."! These 1-10 ratings are normalized to
the local climate, allowing for easy comparison of homes within the same market. The bins for
each score are not necessarily deciles but instead are designed to encourage energy efficiency
upgrades by making it easier for an owner to make basic energy efficiency upgrades and achieve
a higher score as a result of these investments. Figure 2 shows the distribution of HES in the

Portland International Airport weather station area with the cut-offs for each score.
<< FIGURE 1 ABOUT HERE>>

<<FIGURE 2 ABOUT HERE>>
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Portland’s Home Energy Score information sheet (bottom of Figure 1) includes additional
information in addition to the 1-10 HES value, such as estimates of the annual energy costs and
carbon footprint of the home as well as what types of energy a home is expected to use.""
Additionally, unlike the DOE’s HES reports, Portland’s HES uses local utility rates in the energy
cost savings figures and local, utility-specific emissions factors for the carbon footprint
information (Roy et al. 2018). Note that while annual energy costs seem straightforward to
understand, consumers may not know what a “good” value is and the HES value can help with

that, Vil

While some states and utilities use HES as part of a voluntary program to encourage energy
efficiency, Portland and Berkeley were the first two U.S. cities to mandate HES at time of sale or
earlier. However, in Berkeley, sellers have been able to defer the HES for six months to a year
after the sale is completed, with approximately 70% of sellers using the deferral in the first year
of the program (Roy et al. 2018).™ Portland’s program includes limited exemptions, allowing for

comparison across the broader housing stock.*
Hedonic Estimates of Housing Prices In Portland

Additional hedonic estimates on Portland’s real estate market besides Breshears (2022) and
Pigman et al (2022) include examinations on the impacts of the Urban Growth Boundary and
zoning on housing prices (Knapp 1985; Phillips and Goodstein 2000; Grout, Jaeger, and
Plantinga 2011; Dong and Hansz 2019), proximity to natural amenities such as tree canopy and
open space (Mahan, Polasky, and Adams 2000; Bolitzer and Neutsil 2000; Lutzenhiser and
Netusil 2001; Wu, Adams, and Plantinga 2004; Netusil 2005; Netusil, Chattopadhyay, and
Kovacs 2010; Donovan and Butry 2011) and access to light rail and traffic calming, and bicycle
facilities (Chen, Rufolo, and Dueker 1998; Knapp, Ding, and Hopkins 2001; Welch, Gehrke, and
Wang 2016; Polloni 2019).

3. Data and Summary Statistics

Earth Advantage provided data from 26,586 home assessments from early 2017 to August 2021,

which we paired with real estate sales data from the Multnomah County Assessor’s office. The

-10 -
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Multnomah County Assessor’s office provided data for 34,152 single family homes* within the
City of Portland, including variables such as the sale price, living area, the number of bedrooms,

the number of floors above grade, and the year built.

Once we matched homes between the datasets using addresses and removed observations where
the assessment occurred after the sale, we had 21,407 homes. After attaching Census tract
identification for these houses obtained from the US Census, our dataset had 21,343 single-

family homes in Portland with Home Energy Scores that had been sold.

Table 2 presents summary statistics. The average home during our sample sold for $541,000.
The county assessor and the energy assessors had slightly different measurements of interior
space. The Multnomah County assessor measured living area with the average home having
1,811 ft> while the energy assessors measured conditioned floor area which was slightly larger at
1,969 ft2. Homes had 3.1 bedrooms on average (median=3) with most homes having one floor.
The average year built was 1950, with a median year of 1949. The average home energy score is
4.4 out of 10 and the average expected annual energy cost for a home was $1,583, reflecting
Portland’s mild climate.* The annual cost of electricity was the bulk of a home’s annual energy
cost with an average cost of $1,108/year and a median of $1,037. Natural gas was the second
highest energy cost with an annual cost of $480 and a median cost of $489; 87% of homes used
at least some natural gas. Other energy sources are not as common: less than 1% of homes used
any propane, 4% of homes use heating oil, 0.02% of homes use cordwood and 0.01% of homes
use pellet wood. In our data, 1.6% of homes generate renewable energy, and the annual value of

that energy is $552. Finally, 45% of homes have been professionally air sealed.

<< TABLE 2 ABOUT HERE >>

4. Empirical Strategy

The market value of a building is a function of its size, age, features, location, local employment
rates and amenities, interest rates and broader economic conditions. The hedonic model (Rosen

1974) aims to separate the value of a home into the impact of various characteristics, but

-11 -
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estimates can be biased if unobserved characteristics are correlated with the variables of interest.
Equation 1 describes how the price (P; j ;) of home i at time 7 in location j is a function of the
characteristics of the building and the lot, X; ; ;, local amenities, L; ., and national and city-level

conditions, N;:
ln(Pi'j,t) =a+ ﬁ . Xi,j,t + Y- Lj,t + ( . Nt + Ei,j,t [1]

Energy efficiency is one of many variables in X; ; ; and highly correlated with other qualities of
the home, especially size and year built since larger homes use more energy and newer homes
tend to use less energy per square foot due to stricter energy codes as well as modern technology
and materials. Carefully controlling for year built and size with flexible functional forms is

essential to unbiased estimates for the impact of energy efficiency on housing prices.

Size, year built, and similar variables are often included in real estate transaction data and can be
incorporated into hedonic regressions where available, but what becomes harder to quantify is
“soft” information on quality, maintenance, superior landscaping, or aesthetic differences that
could also be correlated with energy efficiency. Energy efficient homes may have higher levels
of maintenance or be built to higher quality standards with other unobserved premium design
features which bias our estimates. Options for capturing soft factors include using machine
learning algorithms that scrape information from listings (Shen and Ross 2020), a repeat sales
model, or instrumental variables. Portland’s mandatory HES program has not existed long
enough to generate sufficient repeat sales but even if it had, a change in the HES between sales
would likely be the results of other renovations that improved unobserved quality. This would

introduce additional bias.

We carefully control for as many housing factors as possible and use flexible functional forms
for important variables like floor area, number of bedrooms and year built. This is the
methodology used in most of the papers in Table 1 and the wider home energy efficiency
literature (Ou et al. 2025), although there is considerable variation in which control variables are
incorporated and how they are modeled, with many papers assuming a linear relationship

between area and price or age of home and price.

-12 -
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Identification of the impact of increased energy efficiency on the price of the home depends on
avoiding omitted variable bias; if unobserved differences impact the price of the home and are
correlated with energy efficiency, the estimate of the coefficient for energy efficiency will be
biased. Program staff have suggested that a high HES score may be a signal that a home has
been well-maintained™" and to the extent this is a signal, it is still appropriate for real estate
professionals, home builders or consumers to have an idea of how much an HES impacts housing
prices. To the extent that unobserved maintenance is correlated with energy efficiency, this will

result in an upward bias to our estimates.

Previous work has shown homes with green features such as ratings, solar panels or electric
vehicles tend to cluster in “nicer” areas with higher education levels and distinct voting patterns
(Kahn 2007; Matisoff, Noonan, and Flowers 2016; Huang 2024). Location based fixed effects
can remove some of this variability provided they adequately capture neighborhood-level effects.
We use census tracts interacted with year sold to capture neighborhood effects that might be
changing over time. The two papers that also examine data from Portland’s HES program,
Breshears (2022) and Pigman et al (2022), use zip codes instead of census tracts. Zip codes are
much larger than census tracts: our data contains 31 zip codes and 159 census tracts. Using zip
codes has the potential to bias results if energy efficient homes are found in neighborhoods of

higher or lower quality.

Compliance with the requirement to obtain and publicize a HES is not universal in Portland (and
elsewhere).* Roy et al. (2018) reported that near the start of the Portland HES program,
compliance was about 55% and improving in each of the early months.*"! Breshears (2022) finds
that that approximately 64% of sellers obtained an assessment from 2018-2021* and we find
similar results. These rates are comparable to those found for Austin, Norway and Germany. If
the decision to obtain an assessment is correlated with unobserved quality variables, this could
bias our results, but the direction is unclear. If homes with poorer quality and very low energy
efficiency, such as a tear-down, are less likely to obtain an HES, then our estimates are biased
downward. If homes with poorer unobserved quality but above average HES are less likely to
obtain an HES (e.g. a relatively new home with ugly wallpaper throughout) then our estimates

are biased upward.

- 13-
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Examining listings data, Breshears finds that of the 64% of houses in Portland that obtain a
score, only 72% publish the results on the Regional Multiple Listings Services and the decision
to report does appear to be strategic, with lower scores being less likely to advertise their score to
prospective buyers. Publication bias on its own results in a downward bias of our estimates for
the pure value of energy efficiency. If disclosure is correlated with unobserved quality variables,
implications for biasing our estimates is difficult to predict without knowing the structure of that

correlation.

We also include month-year fixed effects to capture seasonal effects and a rapidly changing real
estate market in the years after the 2020 COVID-19 pandemic. To address the likelihood of
heteroskedasticity and spatial autocorrelation in housing market data, we use a two-way

clustering by census tract and year sold.

Previous work has theorized an asymmetric value for energy (Geske 2022). We test energy costs
using a quadratic functional form. A positive second order effect would suggest that while
lowering your energy costs can increase the value of a home, the impact is lower for very

inefficient homes.

Breshears (2022) and Pigman et al. (2022) find that a one-point increase in the HES increases the
value of the home by between 0.50-0.88. However, even in the absence of non-linear effects of
energy costs on housing prices, we would expect to see non-linear effects in the value of
increases in the 1-10 Home Energy Score since the relationship between total energy
consumption and Home Energy Score is non-linear. As seen in Figure 2, moving from an HES of
1 to 2 likely saves more energy than moving from 9 to 10. We test for this non-linearity by using
dummy variables for each of the HES ratings, in addition to estimating the average effect of a
one-point increase in the HES. We then plot these coefficients in Figure 3 to show the overlap in

the error bars of coefficient estimates.
<< FIGURE 3 ABOUT HERE >>

Portland’s mandatory energy efficiency labeling program for homes is relatively new and our

data covers most of the first four years. We run selected regression analyses by year to see if the
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effect of energy costs or HES scores on housing prices change as more experience is gained with
the HES information. Our data covers 2018-2021, so to the extent that home buyers acted
differently during the pandemic, this could also affect how energy costs and HES values impact

price during that period.

Most home energy rating programs normalize energy usage based on the size or footprint of the
house. This may help in comparing similarly sized homes by providing a wider range of scores
and more nuanced energy information. However, it does result in better scores for larger homes
and many users of the energy label may not be aware of this. On the other hand, HES is based
on the total energy used by a home, normalized by location to allow for easy comparison of
homes within a housing market. This implies that when using HES, larger homes have more
difficulty breaking into higher ratings, as compared to Energy Star Homes, LEED, or most of the
European EPC programs.

To see whether energy efficiency is valued differently across housing sizes under HES, we break
the homes into deciles by conditioned floor area and create ten new HES score variables and ten
new In(annual energy cost) variables, one of each variable for each decile of homes. For
example, an 800 ft> home would be in the 1st decile with the other 10% smallest of homes. The
variable HES: for this home would be equal to that home’s HES while HES: through HES0 for
this home would all be equal to zero. More generally, if a home was in decile j, then the variable
HES;j and In(AnnualEnergyCost); would be equal to that home’s HES rating and In(energy cost),

respectively, and the other 9 decile variables in each regression would be set to 0.

5. Results

The first three columns of Table 3 show the result of regressions that examine the impact of
energy variables on the natural log of housing price, controlling for conditioned floor area,
conditional floor area squared, the natural log of conditioned floor area and dummy variables for
the number of bedrooms, the year built, the number of floors, census-tract year fixed effects and

month-year fixed effects with standard errors clustered on year sold and census tracts.*Vi

<<TABLE 3 ABOUT HERE>>
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Homes with higher estimated annual energy costs sell for less, as seen in Column 1. The
coefficient on Annual Energy Cost is -0.000052. Thus, a $1 decrease in expected annual energy
costs increases the value of a home by 0.0052%, which would be approximately $28 for the

mean home.

To test whether the energy efficiency premium is quadratic, we include the square of annual
energy cost (divided by $1,000,000) in Column 2. The magnitude of the coefficient on annual
energy costs increases slightly from Column 1, but the coefficient on annual energy costs
squared is positive and significant. This suggests a reduction in energy costs adds less to the
home price when starting from a relatively inefficient home as compared to a more efficient

home, in line with the theory from Geske (2022).

Column 3 shows the results of the log-log model: a coefficient of -0.091 for the natural log of
annual energy costs. Thus, a 1% decrease in annual energy consumption approximately
corresponds to a 0.091% increase in housing price. This translates to a $1 decrease in annual
energy costs increasing the value of the average home by just over $31, which is within the range
of studies found in the U.S. and Europe, though somewhat above the estimates of the impact of
ECAD labeling in the Austin, TX market from Cassidy (2023) and Myers, Puller and West
(2022). This may be due to the HES information being easier to understand and incorporate into

housing purchase decisions than Austin’s ECAD information.

Column 4 shows regression results when using the Home Energy Score as an independent
variable instead of energy costs, directly using the 1-10 HES value. The coefficient on the Home
Energy Score is 0.0078. Pigman et al. (2022) and Breshears (2022) found this coefficient to be
close to 0.005 in their preferred specifications. Transforming the variable would mean that an
increase in the HES by 1-point increases the value of a home by 0.78%. For the average home,
this is an increase in home price of about $4,200. The average annual energy cost savings of
moving to the next higher HES bin is $150, suggesting buyers are willing to pay $28 to save $1

per year on energy costs.

The value of a 1-point increase in the HES changes considerably depending on your starting

point. Column 5 replaces the linear HES variable with dummy variables for all of the HES
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scores from 2-10, leaving the HES score of 1 as the omitted “base” category. The coefficients on
the HES scores are thus the expected difference in In(housing price) between a home with that
score and a home with a HES of 1. The coefficient on the dummy variable for having an HES of
2 is equal to 0.030; using the Halvorsen Palmquist adjustment (Halvorsen and Palmquist 1980),
this means going from an HES of 1 to 2 would increase the value of a home by 3.0%. The
coefficient on a HES of 3 is equal to 0.026, slightly lower but not statistically different from the
score of 2. Scores of 4 and 5 both have a significant coefficient of 0.036. Compared to a home
with an HES of 1, moving to an HES of 3-5 increases the value of a home by between 2.6-3.8%.
The coefficients of HES equal to 6 and 7 are 0.052 and 0.051 respectively. Compared to the least
efficient homes (HES equal to 1), a home of above average efficiency (HES of 6 or 7) sells for a
price premium of approximately 5%. An HES of 8 sells for a price premium of 6.5%** compared
to a home with an HES of 1 and the most efficient homes with HES of 9 and 10 sell for
approximately 7.4% more (coefficients of 0.071) than a home with an HES of 1. Figure 3 shows
the point estimates for Column 5 with 83.4% confidence intervals where non-overlap
corresponds to a 5% test (Goldstein and Healy 1995). For HES scores of 2-10, coefficients on
neighboring scores are not statistically different from each other, but the coefficients on an HES
of 2 through 5 are statistically lower than an HES of 8, 9 or 10. The coefficients on an HES of 6
and 7 are only statistically different from the omitted variable (HES equal to 1) and HES equal to
3.

Table 4 shows how the value of energy efficiency characteristics changed annually over the
sample period. Regressions were run separately for each year and for both of the energy
efficiency variables used (HES score and the log of annual energy costs). For both the HES and
the natural log of annual energy cost, the impact of the HES was lowest at the beginning of the
program in 2018, the impact was larger in 2019, followed by a slight dip in 2020 and another
increase in 2021 with the 2021 coefficient being the largest overall. In the first year of the
program, 2018, a 1-point increase in the HES would increase the sale price by $3,092
(coefficient of 0.0057) and a $1 decrease in annual energy costs would increase the value of a
home by $24.28 (coefficient of -0.071). In 2021, a 1-point increase in the HES would increase
the sale price by about $5,000 (coefficient of 0.0092) and a $1 decrease in annual energy costs

would increase the value of a home by $39.67 (coefficient of -0.116). This is consistent with

-17 -



Downloaded from by guest on August 15, 2026. Copyright 2026

ENERGY EFFICIENCY IN PORTLAND

some of the European studies that find energy efficiency ratings can vary over time (Ou et al.

2025).

<<TABLE 4 ABOUT HERE >>

Finally, Table 5 shows how the impact of energy efficiency information on housing prices
changes depending on the size of the home. Note that Table 5 is not a quantile regression but
instead shows the results of two different regressions: results in the first column are from a
regression using the HES score, while the results in the second column are from a second
regression using energy costs. For both of these two regressions, we allow the impact of the
energy-related variable (HES score or energy cost) to vary depending on the size of the house.
This is done by including 10 energy-related variables in each of the two regressions, one for each
decile of house size. These variables are set equal to the HES score or the energy cost of the
home if the home is in that size decile, and is set equal to zero otherwise. Thus, each individual
home will have a value of zero for nine of the ten energy variables in each regression; the
resulting coefficient estimates show the effect of a higher HES score or energy costs on housing
prices for homes in that size decile. Additional control variables are used, but are not shown in

the table.

<<TABLE 5 ABOUT HERE >>

For the smallest homes (1st decile), the first column shows that a one point increase in the HES
increases the value of a home by 0.7%, through a coefficient on In(price) of 0.007. The second
column of coefficients shows that for the decile of the smallest houses, a 1% decrease in energy
costs increases the value of the home by 0.089%, so a $1 decrease in energy cost would increase
the price of these smallest homes by approximately $30. These estimated impacts do vary by the
size decile of the house. For example, the bottom row of coefficient results shows the estimated
effect of higher HES score and annual energy cost for the largest homes (those in the 10th size
decile). For these homes in the 10th size decile, the coefficient on HES shows a one-point
increase in the HES is associated with a 1.6% increase in the price of the house. Turning to

energy costs, results show a 1% decrease in energy costs increases the value of the largest homes
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by 0.097%; a $1 decrease in energy cost would increase the price of these larger homes by

approximately $33.

Figure 4 plots the coefficients from Table 5 with error bars corresponding to a 5% significance
test when comparing coefficients. A higher HES has a larger impact on housing prices for the
largest homes compared to the smallest homes. The impact of an additional HES point for the 1st
decile (the smallest homes) is statistically different from the impact on the 9th and 10th deciles.
There is weak evidence for the value of HES changing with the size of the home in a U-shaped
curve, with weak evidence that some of the smaller homes potentially have a higher value for the
HES compared to homes of moderate sizes. The impact of an additional HES point for homes in
the largest two size deciles is higher than most of the other size deciles in a statistically
significant manner. Turning to the right side of Figure 4, while the coefficients show a pattern
for how energy efficiency is valued across different sized homes where larger homes gain more
value from reduced energy use, no two coefficients are different in a statistically significant

manner.

<< FIGURE 4 ABOUT HERE >>

6. Conclusion and Discussion

Even when expressing a preference for energy efficient homes, buyers can struggle with
understanding the impact of energy efficiency during the home buying process. Quotes from
focus groups include “I don’t know what these rankings mean—what is SEER? Is 14.5 high or
low?” “What’s a thermal envelope?” and “I didn’t even think of asking for utility bills.”
(Brookstein and Baumgart 2023). Suppliers of housing energy efficiency (builders and current
homeowners) will be less likely to provide more efficiency if they believe that higher efficiency
will not result in sufficiently higher housing prices. Real estate agents are also skeptical of the
importance of energy efficiency, as an agent told Cassidy (2023), only “hippies and engineers”
care about energy disclosure results. Real estate agents have an important role guiding buyers
and sellers and as a real estate agent said to one of the authors, “I wouldn’t feel comfortable
recommending energy efficiency if I don’t know that it adds value.” Low levels of consumer

knowledge and transparency with regards to energy efficiency results in lower investment,
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higher energy bills, less stable finances, less comfortable homes, higher market frictions and
larger environmental costs. However, to obtain these benefits, programs need to be carefully

designed (Germeshausen and von Graevenitz 2023, Gillingham and Myers 2025).

Providing housing energy-efficiency information to prospective buyers is required in an
increasing number of locations. Mandatory labels communicate energy use, but benefits of a
mandate must be balanced with the cost to government of running a program and the cost to
home sellers of obtaining a Home Energy Score (typically between $100-200). Washington State
has been considering allowing cities to require HES, but the effort failed in the 2023, 2024 and
2025 legislative sessions, mainly due to opposition from the building industry™* and claims it
will “make housing even more expensive.” Policymakers need to know the extent to which
their constituents value housing energy efficiency, however most prior research in this area has

focused on the European EPC.

This paper fills a gap by rigorously exploring how energy efficiency influences housing prices
under a Home Energy Score mandate in a major U.S. city: Portland, OR. Despite a larger
literature on the impact of labeling in Europe, very little work has been done on the value of
mandatory energy efficiency labels in the United States. Portland’s consumer friendly disclosure
is an improvement over voluntary green award labels that only identify the greenest homes. The
HES with Portland’s accompanying report is easier to understand than the results of an energy
audit and is not biased against smaller homes. By normalizing the HES in a geographic market
consumers are able to quickly see how “green” a home is and can access salient information such

as annual energy costs.

We find Portland’s mandatory Home Energy Scores are capitalized into housing prices, with a 1-
point increase in the ten-point range increasing the value of a home on average by about $4,200.
Lower estimated annual energy costs are similarly associated with higher sales price, with $1 of
reduced annual energy costs increasing the value of an average home by $24 to $40. We use a
richer empirical design than past literature on the HES in the United States that better mitigates
unobserved bias in neighborhood quality by using smaller area fixed effects and making fewer
assumptions about functional forms by using factor variables for attributes like year built,

number of bedrooms and floors. This produces more credible capitalization effects.
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Our capitalization effect is larger than was found in earlier papers studying Austin, TX, which
could be due to Portland’s HES and the accompanying Home Energy Report being more easily
understood than Austin’s ECAD information. This is in line with earlier research that shows that
salient energy labels that consumers understand, trust, and find useful encourage homebuyers to
consider energy efficiency (Jensen, Hansen, and Kragh 2016; Sussman et al. 2021; Myers,
Puller, and West 2022; Conrad et al. 2024).

We find that increased energy efficiency or reduced annual energy costs results in a larger house
price increase for homes that were already relatively energy efficient. Although moving from a
HES value of 1 (the lowest score) to a 2 results in a substantial expected increase in housing
price, moving from a 2 to a 5 results in rather modest expected price increases. Additional
increases in HES values result in more substantial price gains, though the gains from moving

from 1 to 2 still have the largest effect of any one-point increase.

We also find that the impacts of increased HES values on housing prices are stronger for the
largest homes. Unlike most other home energy labeling programs, HES does not normalize
energy use by house size, making it more difficult for larger homes to obtain higher scores as

compared to alternatives like most of the European EPC labeling.

How energy efficiency information is capitalized into housing costs can vary across contexts.
Our study examines a city with relatively mild weather in the U.S. Pacific Northwest, a generally
environmentally conscious population, and a time-period which included the COVID-19
pandemic. The HES is an intuitive home scoring tool that allows for easy identification of a
“green” or “greenest” home compared to “average” or “poor” homes. Portland’s implementation
of the HES mandate with reports presented before a home is sold and inclusion of useful
information such as annual energy costs alongside the HES created a condition where a home
shopper is more likely to understand information than less intuitive programs. The time period
of our study also covers the initial years of the HES mandate program in Portland, OR and the
price premium seems to have been increasing in the first year, with a setback in the 2020
pandemic and a subsequent recovery, but we are unable to conclusively determine if there is a

long term increase in the value of energy efficiency. As the real estate market gains more
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experience with the HES, future work could investigate the extent to which this premium

continues to grow.
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Table 1: Literature Review

Authors Year | Location & Energy Efficiency Price Premium Notes
Measure of Results
Energy
Efficiency

Voluntary Residential Programs

LEED

certified condominiums

Pride et al. 2018 Fairbanks, Homes that participate in the Home Subarctic climate
Alaska, Local Energy Rebate Program sell for a
program 15.1-16.5% price premium
Zhang, Li, 2018 Atlanta, GA, EarthCraft homes sell for an 11.7%
Stephenson, Energy Star and price premium compared to homes
and Ashuri. EarthCraft without a certification
Walls, 2017 Three U.S. Cities, | Positive values across most Find evidence of
Gerarden, Energy Star, certifications heterogeneity in how
Palmer and LEED, local voluntary certifications are
Bak programs valued
Bruegge et al. 2016 Gainesville, FL, Energy Star Homes sell for a 4.9% Use a repeat sales model to
Energy Star price premium compared to homes find that the value of an
without a certification. Energy Star label decreases
over time.
Shewmake and | 2015 Austin, TX, Local | 5% price premium for green labels on
Viscusi Green Building average with stricter labels having
Program much higher price premia up to 20%
Kok and Kahn | 2014 California 5% price premium for green housing
labels with variations depending on
market conditions
Yang 2013 Portland, Oregon, | 5.8% price premium for LEED- Small sample size

Mandatory Residential Programs

estimated annual energy consumption
results in a 0.4% increase in housing
value.

Cassidy 2023 Austin, TX, $1 decrease in modeled energy costs | Repeat-sales model estimates
ECAD results in $19 increase in housing the impact of the disclosure
price for less observable energy policy on energy efficiency.
characteristics
Breshears 2022 Portland, Oregon, | 0.8%-0.51% increase in value for Primary emphasis is on
HES every 1-point increase in the HES disclosure compliance,
minimal controls with fixed
effects are at the larger zip
code level.
Myers, Puller 2022 Austin, TX, $1 decrease in energy costs results in | Primary focus was a triple-
and West ECAD $13.03-29.64 increase in housing difference estimation of how
prices using a consumption-based mandatory energy disclosure
proxy for energy efficiency policy impacts energy
capitalization and investment.
Pigman, 2022 | U.S., HES Only in areas where disclosure is Uses DOE database of HES
Deason, mandatory are results significant. A and control for location at the
Wallace and 1-point increase in the HES increases | zip code level. Also examine
Issler housing prices by 0.5%. Decrease of | mortgage performance

Voluntary programs for home energy disclosure in the United States have generally found price premia for the
greenest homes of between 5-20%. The limited experience with mandatory labeling programs in the United States
shows a price premium for the Home Energy Score. A much more extensive literature documents the price impacts

in Europe where mandatory labeling is more widespread and established (Ou et al. 2025).
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Table 2: Summary Statistics from Housing Sales and Home Energy Data

Statistic N Mean St. Dev.  Min Max
Sale Price 21,343 541,254 249,736 2,969 4,550,000
Living Area (sqft)* 21,336 1,811.4 873 200 10,517
Conditioned Floor Area (sqft)* 21,343 1,969.3 909 415 10,826
Number of Bedrooms 21,343 3.1 0.9 1 10
Number of floors above grade 21,343 1.6 0.6 1 4
Year Built 21,332 1950 32.5 1846 2021
Energy Variables

Home Energy Score 21,343 4.4 24 1 10
Home Energy Score with Priority Improvements 21,343 6.9 2.1 1 10
Annual Energy Cost ($/year) 21,342 1,582.7 471.5 7 12,184
Annual Savings from Priority Improvements ($/year) 21,339 290.7 298.9 0 10,993
Annual Energy Cost?/1,000,000 21,342 2.7 2.3 0.00005 148.4
Home Carbon Footprint (Ibs/year) 21,340 12,485.0 3,746.2 0 86,213
Carbon Savings from Priority Improvements (Ibs/year) 21,338 2,344.8  2,167.9 -2 77,786
Annual Electricity Cost ($/year) 21,343 1,107.6 410.8 410 15,892
Annual Natural Gas Cost ($/year) 21,343 480.4 288.8 0 2,656
Annual Propane Cost ($/year) 21,343 0.4 18.5 0 1,264
Annual Heating Oil Cost ($/year) 21,343 44.7 2423 0 4,288
Annual Cordwood Cost ($/year) 21,343 1.5 35.6 0 1,840
Annual Pellet Wood Cost ($/year) 21,343 0.4 14.8 0 942
Value of Generated Renewable Energy 21343 8.7 829 0 3.766
($/year)

The House has been Professionally Air Sealed 21,343 0.45 0.50 0 1

Notes: Living Area is reported by the Multnomah County Assessor while Conditioned Floor area is measured by
energy assessors and used to calculate the Home Energy Score.
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Table 3: Impacts of Energy Cost and HES on Ln(Price).
Ln(Price;y)

- @ 3)
-0.000052 -0.000080
Annual Energy Cost (0.000006)  (0.000010)
Annual Energy 0.0061°""
Cost?/1,000,000 (0.0014)
-0.091™"
Ln(Annual Energy Cost) (0.0010)
Home Energy Score: 1-10

HES: 2
HES: 3
HES: 4
HES: 5
HES: 6
HES: 7
HES: 8
HES: 9
HES: 10

Observations 21,331 21,331 21,331

R? 0.776 0.776 0.776

Adjusted R? 0.767 0.767 0.767

Additional control variables include conditioned floor area, conditioned floor area squared, natural log of

(4)

0.0078
(0.001)

21,332
0.775
0.766

sk

)

koskeok

0.030
(0.008)
0.026™
(0.007)
0.036™"
(0.007)
0.036™"
(0.007)
0.052™"
(0.007)
0.051™"
(0.008)
0.063™
(0.008)
0.071"
(0.009)
0.071™"
(0.011)

21,332
0.775
0.766

conditioned floor area, dummy variables for the number of bedrooms, the year built, the number of floors and fixed
effects for the month- year sold as well as census tract-year sold fixed effects. For Column 5, dummy variables for
HES scores of 2-10 are included; the omitted (“base’’) HES score is 1. Standard errors are clustered on year sold-

census tract. * p<0.1; “p<0.05; *"p<0.01
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Table 4: Regression coefficients for energy efficiency measures on Ln(Price) over our
sample period

2018 2019 2020 2021
Home Energy Score: 1-10 0.0057"" 0.0089™ 0.0072™" 0.0092™"
(0.0014) (0.0013) (0.0015) (0.0028)
Ln(Annual Energy Cost) -0.071#*x* -0.094™* -0.085™ -0.116™
(0.014) (0.014) (0.015) (0.035)

Regressions run separately for each year and for each energy efficiency variable. Additional control variables
include conditioned floor area, conditioned floor area squared, natural log of conditioned floor area, dummy

variables for the number of bedrooms, the year built, the number of floors and fixed effects for the month- year sold

as well as census tract-year sold fixed effects. Standard errors are clustered on year sold-census tract. *
p<0.1; *p<0.05; **p<0.01

-35 -



Downloaded from by guest on August 15, 2026. Copyright 2026

ENERGY EFFICIENCY IN PORTLAND

Table S: Impact of Energy Efficiency Measurements on Ln(Price) by Size Decile

Ln(Pricei)
Impact of Impact of
HES Annual Energy
Score 1-10 Cost (In, $)
By Size of By Size
House of House
Ist Size Decile 0.007%** -0.089%**
(value of energy efficiency variable for smallest homes, zero otherwise) (0.002) (0.007)
2nd Size Decile 0.008™ -0.089™"
(0.001) (0.006)
3rd Size Decile 0.005"*" -0.091*
(0.001) (0.006)
4th Size Decile 0.005™ -0.093™*
(0.001) (0.006)
5th Size Decile 0.006"*" -0.093™
(0.001) (0.006)
6th Size Decile 0.005™ -0.096™"
(0.001) (0.006)
7th Size Decile 0.008™ -0.097""
(0.001) (0.006)
8th Size Decile 0.008™ -0.099™"
(0.002) (0.007)
9th Size Decile 0.012"™ -0.098"™"
(0.002) (0.007)
10th Size Decile 0.016™" -0.097*
(value of energy efficiency variable for largest homes, zero otherwise) (0.003) (0.007)
Observations 21,332 21,331
R? 0.776 0.776
Adjusted R? 0.767 0.767
Residual Std. Error 0.187 0.187
F Statistic 87.679™" 85.953"""

Notes: Deciles for conditioned floor area are: 1% Decile (415-964 ft?), 2" Decile (964-1,196 ft?), 3 Decile (1,196-
1,410 ft?), 4" Decile (1,410-1,611 f?), 5% Decile (1,611-1,826), 6" Decile (1,826-2,057 ft?), 7 Decile (2,057-2,298
ft?), 8t Decile (2,298-2,600 ft?), 9" Decile (2,600-3,100.8 ft?), 10" Decile (3,100.8-10,826 ft?). Additional control
variables include conditioned floor area, conditioned floor area squared, natural log of conditioned floor area,
dummy variables for the number of bedrooms, the year built, the number of floors and fixed effects for the month-
year sold as well as census tract-year sold fixed effects. Standard errors are clustered on year sold-census tract. *
p<0.1; “p<0.05; **p<0.01
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ENDNOTES

"In the 68 studies in the Ou et al. (2025) review paper that estimate the correlation between
energy efficiency labels on housing prices, 68% use the linear regression model (Table 9 in Ou et
al. 2025).

il In the United Kingdom or the Netherlands, zip or postal codes have similar population sizes,
but in other countries such as Norway or Sweden (or the United States), postal codes are not
adjusted for the number of occupants and can contain disparate communities.

ii Myers, Puller and West’s calculations suggest homeowners are willing to spend an additional
$1,994 and $4,545 to obtain expected annual energy cost savings of $153. (page 18)

¥ https://www.cim.io/blog/understanding-energy-benchmarking-ordinances-local-energy-
efficiency-regulations-a-state-by-state-guide

¥ For a limited time, Gainesville, FL required energy efficiency labeling for rental units, but the
program ended due to a change in state law.

i Some country EPCs include information on total annual cost or total annual energy
consumption but usually decide on the letter grades based on kwh/m?, a measure that helps larger
homes obtain better grades.

Vi Lighting, appliances, electronics and occupant behavior are not included in the total base
energy consumption estimate and the HES score. However, estimated annual energy cost in the
accompanying report does incorporate assumptions around these aspects of energy use, giving
consumers a more accurate estimate of their expected annual energy costs.

viii Separately, in the context of appliance energy efficiency labeling, Waechter, Siitterlin, and
Siegrist (2015) find that consumers tend to focus on the efficiency “grade” (in their situation, a
letter grade summarizing energy efficiency, similar to the HES 1-10 score) rather than the actual
projected energy use. This may be similarly true in the home buying context.

x Allowing for deferral may encourage energy efficiency upgrades by putting energy
information into the hands of recent buyers, but deferral is also less likely to allow for
capitalization of energy efficiency features into housing prices (e.g. Jensen, Hansen, and Kragh
2016).

*In the first two years of the mandate, high-performance new homes were exempt from the HES
requirement because they already had an Energy Performance Score (a similar but competing
score). Many other types of housing and transfers are still exempt including manufactured
homes, multiple housing units that are vertically stacked, single-dwelling units used primarily for
commercial purposes are exempt as well as foreclosure sales, trustee’s sales, deed-in-lieu of
foreclosure sales. Hardship exemptions are also available from the City of Portland.

% The Assessor classified homes as single-family. We also dropped any home with a second
address line such as ‘Unit 102’ to ensure we were only capturing detached single-family homes.
Xii J.S. average annual electricity costs for all U.S. homes (not just single family and not
including natural gas, heating oil, etc.) is $1,642 (EIA 2023).

xiit Myers, Puller, and West (2022) avoid this by using repeat sales to estimate the impact of a
change in policy, not a change in characteristics.

%IV Winchel, MacKenzie and David Heslam, personal communication. 2024.

*V In the early days of the program, Portland city staff would review listings for non-compliance
and issue warning letters, but have since focused more on engagement and education (Roy et al.
2018). Later, the requirement to obtain and disclose the HES was suspended from March 2020
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to May 2021 during the coronavirus pandemic, though rates of assessment nevertheless remained
relatively high in this period.

*i Note this is not the same as a compliance rate, since we do not know which homes were
exempt and the assessor data contains all homes sold, not just those sold on the Regional
Multiple Listings Services.

il It is unclear whether Breshears is including exemptions for high-performance new homes that
are exempt from the HES requirement.

il R obustness checks included regressions with zip code-year fixed effects where we found the
impacts of energy costs on housing values had a larger absolute value but in the same direction.
Additional regressions allowed for higher order effects of conditioned floor area found minimal
differences. Results available upon request.

*ix Jsing the Halvorsen-Palmquist adjustment.

** See summary of Con testimony on the 2025 bill report:
https://lawfilesext.leg.wa.gov/biennium/2025-
26/Pdf/Bill%20Reports/House/1015%20HBR%20L.G%2025.pdf?q=20251004165727

xxi See summary of Con testimony on the 2024 bill report:
https://lawfilesext.leg.wa.gov/biennium/2023-24/Pdf/Bill%20Reports/Senate/1433-
S3.E%20SBR%20ENET%200C%2024.pdf?q=20251004170853
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Better Home Energy Score
Buildings’ =

L5 DEPARTMENT OF EMERGY

12345 Honeysuckle Lane  SCORE 3

CONDITIONED FLOOR AREA: {50 2 Smithville, AR 72466  TODAY
YEAR BUILT: 1970

Average Home Score
e — -“'".‘_ F =]

Higher __ | Lower
energy 1 2 3 4 5 é 7 energy
use ' JI use

SCORE TODAY [ o
Estimated annual savings
The U.S. Department of Energy’s Home Energy Score assesses the energy efficiency of a home based on its
structure and heating, cooling, and hot water systems. For more information visit HomeEnergyScore.gov.
Page 1 of 6 ASSESSMENT: Official | December 22, 2016 | ID# 1234567
SHOW ALL U.S. DEPARTMENT OF

HOTSPOTS ENERGY
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HOME PROFILE

Portland, OR 97211
1942
2,300 sq.ft.

3

ASSESSMENT

10/14/2020

10/14/2028

U.S. DEPARTMENT OF THIS HOME'S ESTIMATED

ENERGY ENERGY COSTS

THIS
HOME'S
SCORE PER YEAR

¥ Better Home Energy Score

@ Buildings’

Higher Lower
energy | 4 2 3 4 5 6 7 8 9 10 | energy

use use
SCORE TODAY

The Home Energy Score is a national rating System developed by the U.S. Department of Energy. The Score reflects the
estimated energy use of a home based upon the home's structure and heating, cooling, and hot water systems. The
average score is a 5. Learn more at HomeEnergyScore.gov.

Official Assessment | ID# 323910

HOW MUCH ENERGY IS THIS HOME LIKELY TO USE?
How much
Electric:8,929kWh/yr........cooiiiiiiiiiiinnn.. $1,624 d
Natural Gas: 629 therms/yr. .........ccoevienennnnn.. $931 this hom:es
Other: .. ..o S0 generate?
Renewable Generation: ................ccciiiint. (50)
kWh/yr

TOTAL ENERGY COSTS PER YEAR  $2,555

THIS HOME'S CARBON FOOTPRINT:

6.2

This Home

32 ‘--2 5
tons/year y B tons/year
WORSE BEST

What should my home's carbon footprint be? Between now and 2030, Portlanders should reduce carbon
pollution per household to 3 metric tons per year to reach our climate goals.

« Actual energy use and costs may vary based on occupant behavior and other factors.

« Estimated energy costs were calculated based on current utility prices (50.18/kwh for electricity;
$1.48/therm for natural gas; $3.49/gal for heating oil; $2.34/gal for propane)

« Carbon footprint is based only on estimated home energy use. Carbon emissions are estimated based on utility and
fuel-specific emissions factors provided by the OR Department of Energy.

« Relisting 2-7 years after the assessment date requires a free reprint of the Report from us.greenbuildingregistry.com
to update energy and carbon information.

« This report meets Oregon’s Home Energy Performance Score Standard and complies with Portland City Code
Chapter 17.108.
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Impact of Home Energy Score by Impact of Annual Energy Costs

Home Size Deciles by Home Size Deciles
0.020
T 0.00
0.015 @
I -0.03
Q
S &)
L =
& 2
oS c 8
wm X O .=
Lu b . S
T & 0.010 T o O
C - S C
= 5 3. c 5 -0.06
5 C C
S © - g
Q. L - @
= = T =
- B a
0.005 I= T
1 -0.09 [
0.000
A 9 N, A N, N & N N, A9 a9 9 N, A9 N, N & .
» & & & o & & & & S & & S & D »
R R N U N - UK~ RN - UK YW ¥ ¥ ¥ ¥ ¥ ¥
N Y W & & ¢ S I M R~ S < D S




	Home Energy Efficiency and House Pricing in Portland - Reformatted Accepted Version - No Figures
	Shewmake_Figure-1_DOEHES_grayscale_top
	Shewmake_Figure1_grayscale_bottom
	Shewmake_Figure-2
	Shewmake_Figure-3
	Shewmake_Figure-4

