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Executive summary

o prevent air and water pollution and the worst

impacts of global warming, America must move

toward meeting its energy needs with 100 per-
cent renewable energy. Getting there will require that
we get the most out of every bit of energy we use - and
that we end the burning of fossil fuels in our homes and
commercial buildings.

Wind and solar power are rapidly replacing dirty fossil
fuels like coal as leading sources of our electricity.! As
our electricity grid becomes cleaner, replacing the direct
burning of fossil fuels like gas, heating oil and propane
in our buildings will reduce climate change and air pol-
lution.

New and improved technologies are putting clean,
efficient electric space heating, water heating and appli-
ances within the reach of most American households.
Unfortunately, common barriers, including knowledge
gaps and high upfront costs, often make the decision
to switch from fossil fuels to electricity challenging for
many homeowners and businesses.

Local, state and federal governments should take the
next step toward repowering America with 100 percent
renewable energy by accelerating the transition of our
homes and businesses away from fossil fuels and toward
electric power. Adopting smart public policies to encour-
age electrification of buildings, energy efficiency improve-
ments, and installation of distributed renewable energy
sources such as solar photovoltaic panels and solar hot
water systems can help the nation to achieve the goal of
ending the direct burning of fossil fuels by mid-century.

4 Electric Buildings

Fossil fuel burning in homes and businesses contrib-
utes to global warming and harms our health.

e Three out of every four American homes use fossil
fuels directly for space heating, water heating or
appliances.? Direct burning of fossil fuels accounts
for more than half of all energy used in homes and
at least 34 percent of all energy used in commercial
buildings.?

e In 2017, fossil fuel combustion in U.S. homes and
businesses produced 533 million metric tons of
greenhouse gases®, accounting for 8 percent of total
U.S. greenhouse gas emissions and equivalent to the
emissions of over 115 million cars.?

e A 2017 National Renewable Energy Laboratory
(NREL) study estimates that full electrification
of buildings could cut non-electrical uses of fossil
fuels in the United States by more than one-Afifth by
2050.°

e Burning fossil fuels within our homes creates indoor
air pollution, which contributes to the development
of respiratory diseases, heart disease and cancer.®

Electric technologies can repower America’s buildings
and open the door to renewable energy.

* Actual emissions associated with fossil fuel use in buildings
are likely much higher, as this figure does not account for the
impact of leaked methane during the production and trans-
mission of natural gas.



Today’s electric technologies can meet nearly all our
home and business energy needs - and often do so at
a competitive cost and with a fraction of the pollution
caused by fossil fuel combustion.

* Space heating - Electric heat pumps, which
pull heat from the air and ground and move
it around a building, have improved dramati-
cally in recent years.® Geothermal heat pumps
function well in all climates, and airsource heat
pumps can now function effectively down to
-12°F? Airsource and geothermal heat pumps
are several times more efficient than gas and oil
heating systems and can meet both heating and
cooling needs in homes and commercial build-
ings.!°

e Water heating - Heat pump, electric resistance
and solar thermal water heaters can all heat
water without the direct use of fossil fuels. New
technologies are making electric technologies
more efficient and costeffective. Water heat
pumps can be up to five times as efficient as a
gas-powered water heater.!!

* Appliances - Highly efficient electric appliances
can replace fossil-fueled versions and are often
more effective. Electric induction cooktops are
faster, cleaner, more precise and safer than a gas
range.!?

Building electrification often makes sense for
consumers.

* Electric heat pumps are already cost-effective
for new construction and for some building
retrofits.” One study found that heat pump
installation during new construction reduced
lifetime costs for consumers in several areas of
the country - including “cold” climate zones.!"

In these new construction scenarios, consumers

opting for heat pump installation over fossil fuel

Other
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Water Heating
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Figure ES-1: U.S. Residential Energy Consumption by End Use’

heating equipment can save between $2,000 and
$13,700 for space and water heating over a 15-year
period.”

* Replacing an existing fossil fuel furnace with an
electric heat pump is also financially beneficial
in some circumstances.'® Retrofitting a fossil fuel
furnace is most cost-effective when the fuel being
replaced is either propane or fuel oil, and when
both the furnace and the AC unit are at the end
of their useful lives."

* Building electrification allows building owners to
take advantage of falling prices for clean electricity
and benefit fully from installing solar PV panels
or subscribing to community solar projects.'®
All-electric homes can meet much or all of their
energy needs with solar panels - aiding homeown-
ers financially and creating new opportunities for
renewable energy.”

Energy efficiency, energy storage and small-scale
renewable energy technologies like solar power
can help maximize the benefits of electrifying our
buildings.
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* Energy efficiency measures - such as reducing
heating and cooling loads and installing high-
efficiency systems — can save energy, money and
ease the impacts on the electric grid from building
electrification.?

Energy storage technologies, such as battery storage
systems, energy management systems and demand
response appliances enable homes and businesses
to match electricity demand with the availability of
low-cost, renewable energy.’!

* Concerns about the cost of electrification and about
future demand on the grid may lead policymakers to
take a “go slow” approach to electrification, despite
the long lifetimes of fossil fuel energy systems and
the pressing need to move to a 100 percent renew-
able energy system by mid-century.

Policymakers at the local, state and federal levels
should implement policies to accelerate the transition
from fossil fuels to clean electricity in our buildings.

¢ Ban fossil fuels in new construction. Electric

Solar energy systems provide clean, stable, low-cost
electricity, which can help offset the adoption costs
of all-electric appliances. By electrifying buildings,
homeowners and businesses can host more solar
capacity, increase the share of solar electricity used
on-site, and improve the value proposition of “going

solar.”%

Common barriers - including lack of knowledge and
insufficient incentives - are slowing the electrifica-
tion of America’s buildings.

* Contractors are often unfamiliar with current
technologies and foster a perception that electric
heat pumps and other electric appliances are expen-
sive and unreliable.”’

* Many consumers are not aware of improved technol-
ogies for electric heating and cooking - such as
advanced heat pumps and induction cooktops - that
overcome the limitations of previous generations of

electric appliances.**

* While falling prices have made electric systems an
affordable and sustainable option for new buildings,
the high capital costs associated with retrofitting
buildings may mean that electrification is not always

financially viable without substantial incentives.?’

* Some energy efficiency programs offer minimal
rebates or incentives for electrification and offer
competing rebates for replacement of existing fossil
fuel systems with more efficient versions, potentially
slowing the transition to technologies that can be
truly zero-emission.*®

6 Electric Buildings

heating and hot water systems are often cost-effective
in new construction. Several cities, including San
Jose, California, have used building codes to ban
new buildings from using gas.?’ Cities should require
new buildings to be powered exclusively by electric-
ity and use energy codes to encourage or require the
development of zero net energy or zero net carbon
buildings, which receive their energy from renewable
sources.?®

Implement rebate programs and low-cost financ-
ing. To alleviate the high upfront costs of building
and appliance retrofits, policymakers should offer
rebates, low-interest loans and innovative financing
options to homeowners, contractors and builders for
electric retrofits.

Create and expand tax incentives for electrified
buildings. Some tax breaks on the federal and state
levels already exist for buildings that are energy
efficient and/or utilize electric technology.”” Several
states have implemented property tax exemptions,
which exclude any upgrades that homeowners make,
such as a geothermal heat pump, from their property
value for tax purposes.’® The expansion of existing
tax credits and exemptions, as well as the creation of
new tax incentives specifically for the installation of
electric technologies, could encourage more build-
ing owners to build or transition to fully electric
systems.

Require transparency about building energy use.
Mandatory reporting about the energy source and
performance of buildings helps ensure that any



investments that owners make to improve efficiency
and install electric systems are reflected in the build-
ing’s value. Austin, Texas and New York City, among
other cities, require that every building complete an
energy efficiency assessment and disclose the results
prior to its sale.’!

Educate developers, contractors and consumers
about options for, and benefits of, electrifica-

tion. Information is crucial for home and building
owners to feel comfortable transitioning to fully
electric systems. Government offices at the federal,
state and local levels can help fill information

gaps by posting materials online, launching public
information campaigns, and establishing programs
that help owners identify which electric appliances
and systems are right for their buildings. Similarly,
policymakers should encourage the creation of
education and training programs for developers and
contractors to familiarize them with modern electric
heating, hot water systems, and sustainable design.

Executive summary 7/



Introduction

enewable energy is on the rise across
America.

Today, America produces 40 times more solar power
than it did in 2009 and three times as much wind
energy.”? Energy from the wind and sun now make
up nearly 10 percent of the nation’s electricity sup-
ply.” At the same time, thanks in part to improve-
ments in energy efficiency, the amount of energy
consumed per capita has declined by 7.8 percent
since 2007.>* With nearly unlimited potential, falling
costs and improving technology, renewable energy

is poised to play a leading role in America’s energy
system.

The growth of renewable energy and advances in
energy efficiency couldn’t come at a more opportune
time. In order to avoid the worst impacts of climate
change, scientists say we must virtually eliminate
carbon pollution from the burning of fossil fuels by
mid-century.” Transitioning to an electricity system
powered by 100 percent renewable electricity can
enable us to reach that goal.

But there is a problem. While America’s electricity
system is increasingly powered by clean energy, the
systems that heat our homes and businesses aren’t.
Tens of millions of buildings across the country rely

8  Electric Buildings

on the direct burning of fossil fuels - gas, oil and
propane - for heat, hot water and to run applianc-
es.’® Taking full advantage of clean renewable energy
in our homes and businesses - and getting to a truly
zero-carbon economy - will require that we transi-
tion those systems to run on electricity.

Just as with solar and wind energy, technological
advances are making the transition to electric homes
and businesses easier and more affordable than ever
before. Electric technologies are less expensive than
fossil fuel alternatives in almost all scenarios for new
construction.”” Modern heat pumps can now work
effectively in cold climates and electric induction
cooking has been shown to be faster and more easily
controllable than gas stoves.”®

The rise of renewable energy and effective electric
appliances and heaters allows us to create a future
where all of our buildings run off electricity - pow-
ered completely by the energy of the wind, the sun
and the earth. This future can begin now. We have
the technology and resources to replace fossil-fueled
systems with a clean electric grid that completely
powers our lives. With the right policies and support,
within a couple decades America can be “all-electric”
- and virtually carbon-Afree.



Electrifying buildings
unleashes the potential

of clean energy

o clean our air and address global warming,

America must move toward a future of 100

percent clean, renewable energy. The good news
is that renewable energy is booming: America produces
almost five times as much renewable electricity from the
sun and wind as it did in 2009, and currently wind and
solar energy provide nearly 10 percent of the country’s
electricity.”” Seven states nationwide, Washington D.C.
and Puerto Rico have now committed to a future of 100
percent clean electricity.*

But to take full advantage of the potential for clean
energy - and to do what is necessary to prevent the
worst impacts of global warming - we need to repower
everything in our society, including our homes and busi-
nesses, with clean energy.

Electrifying our buildings can play a pivotal role in
expanding America’s reliance on clean, renewable energy
and help the nation to address some of its largest chal-
lenges.

Global warming

The United States must reduce its use of fossil fuels

to prevent catastrophic and irreversible damage to

our climate. The Intergovernmental Panel on Climate
Change (IPCC) has determined that in order to prevent

global temperature rise of greater than 1.5°C and avoid
the worst impacts of global warming, the U.S. and other
developed nations must reduce CO, emissions by at least
45 percent below 2010 levels by 2030 and reach net zero
carbon pollution by 2050.*

To achieve that goal, America must cut emissions associ-
ated with burning fossil fuels in residential and commer-
cial buildings. Electrification of buildings is a key strategy
to advance the nation toward an energy system powered
by renewable energy.

Direct combustion of fossil fuels in our homes and busi-
nesses is bad for our climate. In 2017, fossil fuel combus-
tion in U.S. homes and businesses produced 533 million
metric tons of greenhouse gases, accounting for 8 percent
of total U.S. greenhouse gas emissions and equivalent

to the emissions of over 115 million cars.* Since 1990,
emissions from fossil fuel combustion in buildings have
stayed relatively constant.” While energy efficiency gains
have prevented emissions from increasing, even as the
number of homes and businesses has grown, emissions
from residential and commercial buildings need to fall
rapidly and dramatically if the nation is to achieve the
emission reductions needed to prevent the worst impacts
of global warming. The nation is not currently on track
to achieve those reductions.

Electrifying buildings unleashes the potential of clean energy 9
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Figure 1: Greenhouse Gas Emissions from Fossil Fuel Combustion in
Residential and Commercial Sectors**

Greenhouse gas emissions related to fossil fuel use
in homes and businesses may be even greater than
these numbers convey. Methane is up to 84 times
more potent than carbon dioxide over a 20-year
period, and more than 14 million tons of it were
leaked in 2015 throughout the oil and gas supply
chain.® In recent years, research has revealed higher-
than-expected rates of leakage of methane - the key
component of natural gas.

A recent study looked at five major urban areas on
the East Coast and found these urban areas emit
more than twice the amount of methane previously
estimated by the EPA, with most of these emissions
coming from leaks of natural gas systems in homes
and businesses, as opposed to natural sources or land-
fills.* In 2016, the EPA estimated methane emissions
for these five urban areas to be about 370,000 tons.
This massive underestimation likely resulted from
the fact that the EPA only includes leaks from the gas
distribution system, not leaks directly from homes

and businesses.*

By replacing the direct combustion of fossil fuels with
systems powered by electricity, America can take full
advantage of an increasingly clean electric grid. A 2017
National Renewable Energy Laboratory study estimates
that full electrification of buildings could cut non-elec-
trical uses of fossil fuels in the United States by more

than one-fifth by 2050.4

10 Electric Buildings

Electric homes and businesses can also help to accom-
modate more renewable energy on the grid, particu-
larly if they include energy storage, demand-responsive
appliances and distributed renewable energy systems
like solar panels. (See pages 19-20.) Use of these
technologies can help to accelerate the clean energy
transition in other parts of the economy by increasing
the ability of the grid to make effective use of renew-
able energy. These technologies have also been shown
to reduce strain on the grid at times of peak demand,
making widespread electrification easier and lowering
costs for ratepayers.*’

Public health

Building electrification can improve health by reduc
ing outdoor and indoor pollution from fossil fuel
combustion. Gas stoves emit a variety of unhealthy
gases, such as nitrogen dioxide, carbon monoxide and
formaldehyde, which can exacerbate respiratory issues
and lead to heart disease and cancer.’® Exposure to
these pollutants is even worse without the usage of
exhaust hoods, or with improperly sized hoods. In a
study done by the Lawrence Berkeley National Labo-
ratory and Stanford University, researchers created a
model to estimate the effects of gas stoves on indoor
air quality in Southern California homes. The study
found that in the summer, gas burners add 2533
percent to indoor nitrogen dioxide concentrations and
30 percent to indoor carbon monoxide concentrations.
In the winter, gas burners add 35-39 percent to indoor
nitrogen dioxide concentrations and 21 percent to
indoor carbon monoxide concentrations.>! These find-
ings suggest that full electrification could help improve
indoor air quality for millions of Americans.

The use of fossil fuels in homes and commercial build-
ings also contributes to outdoor air pollution. There is
little regulation on the emissions of fossil-fueled boilers
and heaters, which produce nitrogen oxides (NOy), sul-
fur oxide (SO,) and small particulate matter (PM, ,).*
These pollutants have been found to cause respiratory,
cardiac and neurological damage.’®> One study esti-
mated that 12 percent of America’s urban air pollution
from particulate matter was caused by the burning of
fossil fuels in buildings.**



The supply chain to provide fossil fuels to our buildings
also has negative health effects. Fracking for gas and oil
produces harmful air pollution and has the potential to
contaminate drinking water.” Leakage from gas pipe-
lines not only emits climate-altering methane, but also
poses a physical danger to workers and people nearby.
Between 2008 and 2015, there were 531 injuries and
over 100 deaths from incidents involving the transporta-
tion of gas.’

Electrifying America’s homes and businesses can clear
our air, reduce the harmful effects of fossil fuels, and
make a big contribution toward cutting carbon pollution
by enabling us to use clean, renewable energy to serve
more of our energy needs — and in doing so, deliver
meaningful improvements to public health.

Electrifying buildings unleashes the potential of clean energy
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Fossil fuels power most of our
nation’s buildings

ntil recently, running appliances off electric-

ity was not more sustainable than directly

burning fossil fuels in the home. During the
20th century, coal was the dominant fuel for electric-
ity generation, one of the dirtiest and most polluting
fossil fuels.”” In fact, there was even a large push to run
all appliances off gas, as it was viewed as less polluting
and more sustainable.’®

But this is no longer true. The electricity grid is
becoming cleaner every year and outfitting a building
to run on electricity allows it to take advantage of an
increasingly clean power source. If the future is going
to be carbonfree, it will also have to be electric.”

In order to end carbon pollution by mid-century, our
nation will need to electrify millions of buildings that
currently are powered by fossil fuels. As a modern fur-
nace can have a lifespan of up to 30 years, it is impera-
tive that America phases out the construction of new
fossil fuel projects and begins the enormous task of
retrofitting the fossil fuel infrastructure that already
exists.®

Fossil fuel use in homes

Currently three out of every four American homes
directly burn fossil fuels for heating, hot water or for
appliances, such as gas stoves.®! More than half of all
home energy usage currently comes from burning
fossil fuels on-site.®” In order to reduce our reliance on
harmful fossil fuels, we must first understand the ways
in which fossil fuels are currently used in our homes
and businesses.

12 Electric Buildings

Sources of fossil fuel use

According to the U.S. Energy Information Admin-
istration, end-use residential energy consumption
amounted to about 9.1 quadrillion British thermal
units (quads) in 2015.%® Energy consumption associ-
ated with space heating and water heating accounted
for nearly two-thirds of residential energy usage.** Air
conditioning and refrigeration accounted for another
8 percent and 3.3 percent respectively, with end uses
like lighting, clothes washers and dryers, TVs and
cooking appliances making up the rest of U.S. resi-
dential energy usage (see Figure ES-1).%

Together, space and water heating account for the
highest proportion of energy consumed by U.S.
households and currently rely heavily on fossil fuels.
In 2015, the U.S. Energy Information Administration
found that around 80 percent of the energy used for
space and water heating in U.S. homes was from the
direct burning of fossil fuels.®

Central heat from furnaces and boilers, typically rely-
ing on burning natural gas or heating oil, is the most
common way that Americans heat their homes. Some
buildings use space heaters distributed around a resi-
dential or commercial building - such as gasfired or
electric space heaters, pellet stoves and fireplaces - as
primary or secondary sources of heat.”’

Home heating use varies by region

The fuels used to heat buildings vary by region, result
ing in regional differences in opportunities for electri-
fication.



Heating oil and propane - Buildings using fuel oil

or propane are great candidates for immediate electri-
fication because they have immense costsaving and
emission-reduction potential. Nationwide, propane
usage is in single-digit percentage points, and fuel oil is
only significantly used in the Northeast, with the U.S.
Energy Information Administration estimating that
the Northeast alone is responsible for 85 percent of
heating oil sales.®®

A case study on the costs and emissions of different
heating fuels used in Providence, Rhode Island, for
example, found that annual carbon emissions average
17,400 pounds for a home using heating oil, 13,900
pounds for a home using propane and 12,100 pounds
for natural gas. With the current electric grid sourcing
in Providence, operating an electric heat pump would
emit an average of 8,200 pounds of carbon annually,
less than half the emissions of heating 0il.*” Unlike fos-
sil fuels, emissions resulting from electric home heat-
ing will likely decline over time as the grid becomes
cleaner, magnifying the emissions reduction benefits of
electrification.
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Figure 2: Annual Carbon Emissions for Furnaces in Providence, RI by
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Electrifying also makes financial sense - even in

cold climates like New England. The same study
found that over a 15-year period, for new buildings

in Providence, electric heat pumps saved a consumer
more than $6,000 compared to heating oil and nearly
$14,000 compared to propane.”

While households using fuel oil or propane for space
and water heating account for fewer than 10 percent
of all U.S. households, their carbon emissions make
up more than 20 percent of all space and water
heating-related emissions.”” Switching from fuel oil to
electricity represents “low-hanging fruit” with imme-
diate cost savings for homeowners and significant
emission reductions for the public.

Natural gas - Homes and buildings in the West, Mid-
west, and Northeast are more likely to rely on natu-
ral gas for water and space heating.”” Gas remains

a popular heating fuel because of its current low
price, and remains the dominant fossil fuel in every
region of the country.” Retrofitting existing build-
ings powered by natural gas to run on electricity is
not currently costeffective in much of the country.”

Fossil fuels power most of our nation’s buildings
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However, since gas furnaces have lifespans of up to 30
years, new gas furnaces installed today will likely remain
in place until 2050, the date by which America must
virtually eliminate fossil fuel burning in order to prevent
the worst impacts of global warming.”® As a result, it is
critical both to power all new buildings with electricity
and to transition buildings to electricity as existing gas
furnaces and boilers reach the end of their useful lives.

Electricity - Homes in the South are most likely to
entirely power their homes with electricity, as the
warmer climate enabled the region to adopt electric

heat pumps earlier than other regions. As it is more
affordable to heat buildings with electric technologies in
warmer and more temperate climates, these areas of the
country should be transitioning to electricity faster than
other regions. In California, for instance, where con-
structing a new home with a heat pump saves consumers
$2,000 to $3,000 over a gas furnace, several cities have

already banned new natural gas infrastructure.”

Water heating in homes

Water heating is the second largest end-use of energy in
homes.” As with space heating, natural gas is the most
commonly used fuel, propane is not widely used, fuel
oil is only significant in the Northeast, and much of the
South already heats its water using electricity.*

Buildings in the U.S. most commonly rely on conven-
tional tank water heaters, which heat water and store it
in a tank for later use. If a conventional storage water
heater is not heavily insulated, it is likely to leak a lot of
energy. Tanks heated by gas and oil also lose heat due to
venting issues, leading to more inefficiency.®! Tankless or
demand-type heaters are an option for consumers, and
reduce some of the heat loss that is usually associated
with conventional storage water heaters.%? However, they
are much less common than conventional tank water
heaters, currently comprising around 3 percent of water
heaters in American homes.*’

14 Electric Buildings
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Fossil fuel use in commercial buildings
In 2012, the U.S. Commercial Buildings Energy Con-

sumption Survey found that commercial buildings
consumed 6.9 quadrillion British thermal units (quads)
of energy.®> Of the energy used in commercial buildings,
at least 34 percent came from direct combustion of fossil
fuels.® Electricity accounts for a higher proportion of
total energy consumption in commercial buildings than
in homes, as commercial buildings often have more
electric appliances, like computers, printers, telephones
and lighting.’

However, for cooking and space and water heating, com-
mercial buildings still rely heavily on natural gas.®® This
suggests that commercial building owners should focus
on electrifying heating systems and appliances, while
also looking to more energy-efficient electric technolo-
gies to reduce overall energy usage and impacts on the
electric grid.



Electric technologies can
repower America’s buildings

lectric space and water heating systems are

more widely available and more affordable

than ever before. In warmer climates, operat-
ing costs for electric systems tend to be lower, and
thus have been more widely adopted, but improve-
ments in these technologies have made them viable
even in colder regions like the Midwest and the
Northeast.?

Heat pumps

Heat pumps are among the most widely installed
electricpowered space and water heating systems
and have a high potential for more widespread
installation due to recent improvements in efficiency
in colder climates.”®

Heat pumps pull heat from outside the system and
move the heat into the building as desired. Heat
pumps use the same technology - the vapor com-
pression cycle - as refrigerators and can operate in
heating mode in the winter as well as in reverse,
providing cooling in the summer.”!

Heat pumps fall into two categories: airsource heat
pumps and ground-source, or geothermal, heat
pumps. Air-source heat pumps pull heat from the
surrounding ambient air and use it to heat (or cool)
the building.”” Geothermal heat pumps pull the
earth’s relatively stable, yearround temperature from
underground, but otherwise work similarly to air-
source heat pumps.” Installation of geothermal heat
pumps is more costly than that of air-source heat

pumps, as piping must be installed underground,
but they offer significantly higher efficiency and
could potentially lower long-term energy costs.”
Geothermal systems can also capture waste heat
to use for water heating, further reducing emis-
sions and costs.”

Heat pumps are much more efficient than burn-
ing fossil fuels for heat. The coefficient of perfor-
mance (COP), or the ratio of energy out divided

Ppntorivia Wikimedia, CG-BY-1.0

An outside unit of an airsource heat pump.

Electric technologies can repower America’s buildings
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by energy in, for air-source heat pumps range between
2.2 to 3.0, meaning that for every unit of electricity
used to power the heat pump, 2.2 to 3 units of heat
will be transferred into or out of the home. Geother-
mal heat pumps, by extracting the stable temperature
of the earth, can achieve even higher efficiency met-
rics - often reaching COPs of 3.0 to 6.0.”° By com-
parison, electric resistance heating has a COP of 1.0.”
Modern gas boilers and propane boilers both have
average COPs of 0.93.”® Older fossil fuel furnaces are
often even less efficient, and can lose up to 40 percent
of the heat they produce.”

While for many years airsource heat pumps could
only work well in warmer, temperate climates, recent
technological advances have made them functional in
nearly every climate zone in the United States.'®® A
Rocky Mountain Institute study found that modern
air-source heat pumps can perform well in cold cli-
mates, with some models able to operate in tempera-
tures as low as -12°F.1%!

Water heating

The two most common electric water heating technolo-
gies are electric resistance water heaters and heat pump
water heaters. Electric resistance (ER) water heaters con-
sist of a tank with submerged electric heating elements.
These heaters usually last longer than the tanks of fossil
fuel-fired heaters.!??

Heat pump water heaters are tanks with heat pumps
attached, which bring in heat from the air surrounding
the tank and use that energy to heat the water. Heat
pump water heaters also expel cool air, and thus can also
act as an air conditioner if desired.'”® Research has indi-
cated that heat pump water heaters are a very efficient
way to provide water heating.'®* Heat pump water heaters
can be up to five times as efficient as a gaspowered water
heater.'®

Although heat pump water heaters can be nearly four
times the cost of conventional water heaters, they last
longer and are much more efficient. In the long term,
heat pump water heaters usually save consumers money
despite the large upfront investment.'%
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Other, less common options for electric water heating

include carbon dioxide-based heat pump water heaters,
thermal exchange water and space heating (which uses
heat from wastewater), single-unit outdoor heat pumps,

and tankless electric units.'%

Electric appliances

Fossil fuel powered appliances like stoves account for
only a small share of building energy use, but will be

important to include in the transition to an economy
powered by 100 percent renewable energy.

Induction cooking, for example, is a reliable alterna-
tive to cooking with gas. An induction burner utilizes
electromagnetic coils to generate a fluctuating electro-
magnetic field, which induces smaller electric currents in
the metal of an iron or stainless-steel pot that is placed
on the stovetop. Since iron does not conduct electricity
well, heat energy is generated in the pan as the electric
currents run through the metal.'®® Induction cooking

is also a very safe method of cooking, as burners left on
accidentally won’t get hot, since a pan must be on the
burner in order for heat to be generated. Temperature
control is often a concern when moving away from gas
stovetops, but according to Consumer Reports, induction
stovetops are actually superior to gas in this regard.'””
Cooking times are also shorter, since heat is transferred
directly into the pan. Induction cooking even improves
air quality in homes, as gas stoves can emit excess com-
bustion gases.!°

In addition to cooking, clothes dryers, pool heaters and
hot tub heaters are sometimes powered by fossil fuels, so
efforts to further electrify these appliances will assist in
the complete electrification of the building sector.!!

Solar thermal systems

While technically not an electric system, solar ther-
mal systems represent another way to provide space
and water heating without the use of fossil fuels. Solar
thermal technologies provide space and water heating
by capturing and storing the heat of the sun. To pro-
vide space heating, the sun’s energy is first captured in
solar collectors. Heat is then transferred from the solar



collector to the air and distributed through buildings
using fans. To provide water heating, thermal energy is
captured in solar collectors and transferred to the water
through insulated piping, which then fills a hot water
tank.!? Solar thermal energy has been used for decades
to provide clean space and water heating.!”®

District energy systems

For commercial buildings that are physically close
together, such as on a campus, it is often more efficient
to address the heating and cooling systems as a unit.
“District energy systems” supply energy to buildings
through a communal power plant that provides heating,
cooling and sometimes electricity.!'* By aggregating the
energy needs of several buildings, district energy systems
allow for greater energy efficiency and the potential to

utilize more renewable energy resources.!”®

The primary reason why campuses create district energy
systems is for efficiency gains. Just like with heat pumps,
district energy systems can achieve incredibly high coef-

ficient of performance (COP) ratings.!'® For instance,

Stanford University reports that its district energy system
achieves a combined annual COP of 6.3.!"

The use of district energy systems is still relatively
uncommon, with only 47,000 commercial buildings in
the United States sourcing their primary heating from
district systems as of 2012 - comprising less than 1 per

cent of all commercial buildings in that year.'®

Generally, district energy systems are powered off fossil
fuels."” However, in recent years there has been more
interest in running these systems with renewable energy.
Geothermal heating, solar thermal, solar PV and wind
energy all have the potential to power district energy
systems and help electrify the commercial building sector
with clean, renewable energy.'?°

Electric technologies can repower America’s buildings
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New and emerging
technologies can maximize
the benefits of electrification

uilding electrification allows the potential of a

renewable grid to be fully realized. Through a

variety of means, such as improved energy effi-
ciency in our buildings and the use of energy storage in
our homes and offices, we can more easily transition to
an economy powered by 100 percent renewable energy.

These technologies will become increasingly important
as electrification spreads across the building and trans-
portation sectors and raises demand on the electric grid.
Projections from NREL show that with widespread elec-
trification, electricity consumption could reach 6,500 ter-
awatts by 2050, a more than 60 percent increase above
current levels.'” This increased demand will be a chal-
lenge for utilities and policymakers, but the technologies
discussed below can help relieve the burden on the grid
by reducing demand, allowing flexibility in generation,
and producing electricity on-site.

Energy efficiency

Improving the energy efficiency of our buildings will be
paramount in addressing any increased strain on the
grid resulting from the electrification of homes and busi-
nesses. Reducing energy demand will also make the job
of switching from fossil fuel-fired sources of electricity to
renewable sources much easier.

Improvements in energy efficiency can be large-scale
investments, such as improvements to home insulation
and the installation of energy-efficient windows, or they
can be smaller, such as switching out inefficient light
bulbs and using smart plugs to power down appliances
when not in use.
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Widespread improvements in the energy efficiency of
our buildings have the potential to reduce emissions
and curb demand on the grid. A New York City plan to
improve the energy efficiency of its buildings includes
requirements for businesses and companies to repair
broken or ineffective heating distribution systems and
ventilation systems, as well as incentives to install more
efficient lighting.!” The city’s full plan is estimated to
reduce greenhouse gas emissions by 2.7 million met
ric tons by 2050, which has a similar impact to taking
around 560,000 cars off the road.!”?

Beyond larger-scale improvements, home and building
owners can also focus on smaller steps, such as upgrad-
ing to energy-efficient appliances. Lighting, for example,
is an area in which technology has already made great
strides. Increasing the use of efficient bulbs like LEDs
could greatly reduce unnecessary energy usage. LED
bulbs use at least 75 percent less energy than tradi-
tional incandescent light bulbs and last about 25 times
longer, saving consumers time, money and effort. The
U.S. Department of Energy estimates that widespread
adoption of LED lighting could eventually save enough
energy to equal the average yearly output of 44 large
electric power plants, equaling monetary savings of $30
billion at today’s electricity prices.!**

High-efficiency appliances like washing machines, dry-
ers and refrigerators can also reduce a home’s electric-
ity demand.'”> After space heating and water heating,
appliances are the third-largest source of energy use in
a home, accounting for nearly a tenth of home energy
consumption.!?



Energy storage

Energy storage technologies can play a critical role in
managing supply and demand for electricity - reduc-

ing strain on the grid and giving consumers the added
ability to reap the benefits of on-site renewable energy
systems and off-peak electricity rates. This can lower
costs for consumers and give them more flexibility in the
way they use clean, renewable electricity.

Energy storage systems - such as batteries located
“behind the meter” in a consumer’s home - allow
consumers to buy or generate electric power when it

is cheaper or more readily available, and then use that
energy whenever it is needed. Energy storage is especially
critical in buildings that generate electricity using solar
panels or other forms of distributed renewable energy, as
it enables buildings to continue to use locally generated
renewable electricity even after the sun goes down.

Behind-the-meter energy storage systems such as battery
storage grew substantially in 2018, surpassing front-of-
meter storage capacity (industrial batteries, pumped stor-
age, etc.) for the first time."”” In addition to the potential
for cost savings and emission reductions, battery storage
can serve as a valuable backup source of energy during

a blackout.!”® Looking forward, traditional lithium-ion
batteries are being combined with cutting-edge zincair
storage technologies to make battery storage even more

efficient and costeffective for consumers.'?’

Another costeffective behind-the-meter energy storage
option is the grid-interactive electric water heater. Pre-
heating water when electricity costs are low and renew-
able energy is plentiful allows energy to be stored as heat,
and a highly insulated and efficient tank can help avoid
resulting energy losses."*°

Looking ahead, the rapid adoption of electric vehicles
presents a new opportunity for energy storage. While the
widespread electrification of the transportation sector
will increase demand on the grid, the batteries within
EVs have the potential to become an important energy
storage resource through bi-directional power flow."!

Clean Energy Group via Flickr, CG-BY-NCG-ND 2.0

“Behind-the-meter” battery storage at an apartment complex in Los
Angeles County, California.

This means that instead of EV batteries just receiving
energy from the electricity grid, they can also provide
stored energy back to the grid when needed.’” Com-
bined with the development of smart, integrated electric
grids, the batteries in electric vehicles can be used to
provide power to the grid at times of peak demand and
serve as a source of backup power in an emergency.'*?

Energy management technologies

Energy management tools utilize real-time information,
communications and control technologies to shift the
bulk of a consumer’s electricity use to times when elec-
tricity prices are lower or when renewable energy is more
widely available. These technologies can save consumers
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money but can also be used to reduce peak impacts on
the grid and allow greater flexibility to accommodate
the increased demand that will come from widespread
building electrification.!**

Currently, one of the most common energy manage-
ment technologies is the demand-response thermostat,
which automatically adjusts to specific temperatures

in order to better handle fluctuations in grid-wide
electricity demand.” In return for reducing their
thermostats during times of high demand, consumers
receive a smaller electricity bill and often a rebate from
the utility company.”*® Energy management technol-
ogy, which includes demand flexibility, is also being
utilized for water heating, electric vehicle charging and

Zero Net Carbon vs. Zero Net
Energy Buildings: What's the
Difference?

Zero net energy (ZNE) homes and buildings
produce as much renewable energy on-site as

the building uses in a year, thus having a “net”
zero impact.'* The production usually comes
from rooftop solar panels and energy usage is cut

through extensive efficiency improvements.'#

Zero net carbon (ZNC) buildings are those that
are highly efficient and receive all their energy
from carbon-free sources.'** Unlike ZNE build-
ings, ZNC buildings can procure their renewable
electricity by purchasing it through an offsite
source.” This makes mandating ZNC buildings
easier for many jurisdictions, as the technology
already exists to make them affordable and a
realistic option in new construction.
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other appliances. One study from Rocky Mountain
Institute found that by using demand flexibility,
residential customers can reduce their electricity bills

by 10-40 percent.!”

On-site renewable energy technologies

Onssite renewable energy production, such as roof-
top solar panels or a community solar installation,
can help spur electrification by allowing more of a
building’s energy load to be met by affordable, clean
energy. It also helps utilities better adjust to increased
electricity demand resulting from building electrifica-
tion, as much of the additional demand will be met
on-site.

Distributed solar panels can help smooth the process
of electrification, both for consumers and policymak-
ers. When a building becomes fully electric, there

is often increased demand on the electricity grid -
which may require utilities to make extra investments
in distribution management, transmission and power
generation infrastructure.®® The installation of local
solar panels can help mitigate the increased demand
on the grid by supplying the majority of a home’s elec-
tricity onssite.””” The production of renewable energy
onssite can also help bring down electricity bills for
consumers as they transition to electric systems.'*

Full electrification and the installation of solar PV
systems are two important components of zero net
energy (ZNE) buildings - buildings that produce

at least as much clean, renewable energy as they
consume. ZNE buildings are ultra-efficient, using
innovative technologies like insulation, energy-effi-
cient lighting and appliances to slash overall energy
consumption, while generating electricity through
clean and renewable sources, usually via rooftop solar
panels. ZNE buildings are becoming increasingly cost
effective and are poised to make up a greater share of

new homes in the coming decades.'*!



Building electrification often
makes sense for consumers

dvances in technology have made electric

systems in homes and commercial buildings

more affordable, effective and efficient. The
installation of fully electric systems in homes and
buildings now makes sense for owners in almost all
instances of new construction, and even makes retro-

fitting an appealing option in some scenarios.!#¢

Lower lifetime costs for new construction
The Rocky Mountain Institute (RMI) found that

in almost all scenarios, electrification is the most
cost-effective option for consumers building a new

47 The study examined the costs of incorporat

home.
ing electric technologies in buildings in four cities
(Oakland, Houston, Providence and Chicago) and
found that in every city, installing electric technolo-
gies in new construction saved consumers money over

installing gas or oil systems.!*

RMI found that in every city studied, heat pump
installation reduced lifetime costs for consumers

in new construction compared to similar new con-
struction using natural gas, propane, or heating oil
infrastructure. In these new construction scenarios,
consumers opting for heat pump installation over
fossil fuel heating methods could save between $2,000
and $13,700 in netpresent cost for space and water
heating over a 15-year period."*’

Retrofitting from expensive fossil fuels

While retrofitting buildings to run on electric systems
is almost always more expensive than installing them
during new construction, there are some scenarios

when retrofitting already makes financial sense for con-
sumers.””® Nearly 10 percent of the nation heats their
homes primarily using heating oil or propane, two of
the dirtiest and most expensive fossil fuels.””! By switch-
ing to an electric heat pump, homeowners who use
heating oil or propane can realize thousands of dollars
of savings and cut the greenhouse gas emissions of their

heating system by 40-50 percent."?

Switching from existing gas heating systems to electric-
ity is currently not costeffective in many parts of the
country.” Studies from both the U.S. Department of
Energy and the Rocky Mountain Institute have found
that replacing a gas furnace with an electric heat pump
is usually only financially beneficial when both the fur-
nace and AC unit are at the end of their useful lives."*
But even in these cases, the high upfront costs of
retrofitting may not be recouped for years. The Rocky
Mountain Institute’s study found that in both Chi-
cago and Providence, RI, consumers lost money over a
15-year time period if they retrofitted with heat pumps

instead of natural gas.!”

However, with a typical lifespan of 30 years for gas fur-
naces, continuing to replace failing gas heating systems
with new fossil fuel-burning systems guarantees that
they will still be operating long after the time by which
the United States must end fossil fuel use to protect the
global climate or be retired before the end of their use-
ful lives. For these reasons, it makes sense for the public
sector to encourage the replacement of existing gas heat-
ing systems with electric systems, despite the current
cost differential.
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Figure 5: Costs and Savings from Retrofitting with Electricity for Space and Water Heating Compared to Natural Gas'*®

Affordable, clean electricity from solar panels

Fully electrified homes can better utilize the clean

electricity that comes from rooftop solar panels. With

complete electrification, there are more electric appli-
ances to power and less electricity that needs to be
put back onto the grid. In states with pro-solar poli-
cies, homeowners with solar energy can save between
$10,000 to $30,000 over a 20-year period.'” Build-
ing electrification is even more crucial to making
solar installations financially viable in areas without
net metering and other beneficial solar policies, as
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consumers are not adequately compensated if their
excess clean electricity flows onto the grid.

Combining solar panels with batteries and demand
flexibility technologies, like smart preheating of
building spaces and hot water, can help a solar

PV system meet even more of a house’s electricity
demand.”® All-electric homes can fulfill much or
all of their energy needs with rooftop solar panels -
benefiting homeowners financially and helping to
transition to a 100 percent clean, renewable energy
system.



Common barriers hinder
building electrification

hile electrification has become an increas-

ingly appealing option, there are still

some barriers that stand in the way of
widespread adoption. In order to fully electrify the
building sector, policymakers, contractors and owners
will have to address these issues.

Lack of consumer and contractor familiarity
with electric technologies

The technology needed to completely electrify our build-
ings is widely available and is often costcompetitive with
fossil fuel-powered technologies - especially in new con-
struction - and yet adoption of these electric technolo-
gies is not as common as it should be. Lack of familiarity
with these electric technologies, from both consumers
and contractors, is one reason why building electrifica-
tion is not widespread.'

Consumers may not be aware of improved technologies
for electric heating and cooking - such as advanced heat
pumps and induction cooktops - that overcome the
limitations of previous generations of electric applianc
es.!? Negative experiences with early heat pump systems
in the 1970s or 1980s, or difficulties with older electric
stoves, may make some consumers reticent to adopt
modern versions of those technologies that are often
superior to their fossil fuel-powered counterparts. For
example, Consumer Reports finds that induction stovetops
are more controllable and faster to reach a given tem-
perature than gas stoves.'®!

Lack of familiarity with the technology is not just a bar-
rier with consumers, but also with the contractors tasked

with recommending and installing new technologies in
homes and buildings.'* A lack of knowledge can often
impede contractors from recommending the new electric
technologies, as they may not be familiar with recent
advancements in these technologies and may feel uncom-
fortable installing them.'®’

Higher capital costs of retrofitting

High upfront capital costs are sometimes a barrier to
retrofitting buildings to run on electricity.!** These costs
can deter customers from electrifying their buildings.

While prices for electric heating systems vary, in general,
ductless airsource heat pumps cost between $3,500

to $5,000 for each unit, and a central air heat pump
system can run anywhere from $12,000 to $20,000.1°
Additionally, buildings may need upgrades in electricity
services in order to power newly electric systems. This is
often another expensive upfront investment and could
possibly deter consumers from choosing to retrofit their
homes.!*® To upgrade electricity services in preparation
for electrified space heating, one company estimated

a cost of $4,700 for a singlefamily home, $5,800 for a
small to medium office and $35,000 for a low-rise apart
ment building.'¢’

Addressing high capital costs requires a range of
approaches. One approach is to prioritize replacement of
heating and air conditioning (AC) systems that are near-
ing the end of their useful lives and that would require

a capital outlay to replace anyway. Retrofitting with
electric systems at the point of replacement can reduce
the incremental cost of the retrofit as experienced by
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the consumer. One study by NREL found that retrofit
ting with heat pumps when an AC unit is at the end

of its useful life is cost-effective in most cases when the
furnace runs off oil or propane. When both the furnace
and AC unit are both worn out, electrification retrofits
are cost-effective in nearly all cases for oil and propane
and over half of homes that run off natural gas.!*®
Providing financial incentives for retrofits or low-cost
financing to spread the cost over time may be necessary
to encourage consumers to commit to the high upfront
investments needed for electrification.

Increased demand on the electric grid

Beyond personal barriers for consumers and contractors,
there are also systems-level challenges that policymak-
ers will have to address. These include the effects of
increased electricity demand on the grid and the costs
associated with subsidizing building electrification.

Accommodating the increased electricity demand from
building electrification does present its own set of chal-
lenges.'”” Studies show that while electrifying a handful
of buildings will have a minimal impact on the grid,
widespread building electrification could significantly
increase electricity demand.'”® Combined with the elec-
trification of the transportation sector, analysts predict
that widespread adoption of electric technologies could
increase electricity demand by 85 percent by 2050.1"!
Electricity consumption patterns and the timing of peak

demand may also shift dramatically.'?

While changes in the scale and timing of electricity
demand have the potential to strain the grid, forward-
thinking policies from utilities and governments can
minimize this risk. For example, proactively upgrading
distribution and transmission systems can help accom-
modate increased demand in both the short and long-
term.'” These upgrades will eventually be necessary for
widespread electrification in both the buildings and
transportation sectors.”” One study found that $230
billion to $690 billion worth of investments in transmis-
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sion infrastructure will be needed by 2050 to accom-
modate increased electricity demand." Additionally,
further adoption of demand-response technologies,
battery storage and onsite renewable energy resources
can instill more flexibility in the electricity grid, which
can allow it to better absorb additional demand.

Costs of incentives and policy reforms

Fully electrifying our building sectors by mid-century
will require strong and consistent public policy sup-
port, including mandates, subsidies and assistance with
financing. The expenditure of resources for these pro-
grams could be seen by some as competing with other
critical clean energy investments, such as investments
in renewable energy, building energy efficiency, clean
vehicles and more.

Currently, many energy efficiency incentive programs
do little to incentivize electrification. Utility and state
programs often offer generous incentives to upgrade
an inefficient natural gas heating system to an efficient
one, but fewer incentives to switch to an electric sys-
tem."”® Some efficiency programs even prevent custom-
ers from “fuel switching” if they want rebates from a
utility. In Minnesota, for instance, the Conservation
Improvement Program does not allow utilities to offer
incentives to switch from a gas furnace to an electric
heat pump.'”’

Some states have begun to adjust their approach,
establishing generous incentives for owners to convert
to electricity from dirtier fossil fuels. Massachusetts, for
instance, now gives rebates of up to $7,200 to building

owners that switch to electric heat pumps from heating
oil.I"®

In order to repower our economy with clean electric-
ity by mid-century, policymakers will need to adjust
the mission and operation of existing energy efficiency
programs, and ensure that those programs have access
to sufficient resources without depriving other critical
clean energy programs of resources or attention.



Policy recommendations

lectrifying our nation’s buildings will be neces-

sary if America is to avoid the worst impacts of

global warming and embrace a future of 100
percent clean, renewable energy.

The technologies needed to electrify our buildings are
rapidly improving and costs are falling. Still, there are
significant financial and institutional barriers to adopt
ing electric systems in buildings. To help overcome

these barriers and ease the transition to electrification,
policymakers on the local, state and federal levels must:

Adopt policies that require electric systems in new
construction. Constructing new buildings with fully
electric systems is already costeffective in most circum-
stances. Several cities, including San Jose and Berkeley,
California, have used building codes to ban new natural
gas infrastructure.'”

Building codes are local or state ordinances that man-
date certain standards for building construction.!*°
Including stricter efficiency standards and electrification
incentives within the code can help drive the construc
tion of greener buildings. Municipalities and states that
want to experiment with more aggressive building codes
can begin by adopting “stretch” codes that enable con-
tractors become familiar with new technologies before
they become mandated.'®!

Building codes can also be used to incentivize, and even-
tually require, the construction of zero net energy (ZNE)
or zero net carbon (ZNC) buildings.”®> ZNE buildings are
highly energy-efficient buildings that produce as much
energy as they consume through renewable sources on-

site.!®3 ZNC buildings are similar, but can source their
renewable energy from offsite locations.'®* Already
many states and local jurisdictions have aspects of
ZNE and ZNC buildings as part of their codes.'®

In California, for example, most new single-family
homes and some multi-family buildings must install

a solar PV system.!®® The state also has strict energy
efficiency standards for new buildings.'®” Eventually,
states and cities can utilize these codes to require that
all new construction conforms with ZNE and ZNC

standards.!®®

Implement rebate programs and low-cost financing.
While a fully electric building usually costs less to
power than a building using natural gas or oil over

a period of several years, the upfront cost can often
be higher. To incentivize the transition to electric
infrastructure, government programs should be
established which offer rebates and low-interest loans
to homeowners, contractors and builders who want
to install electric systems and appliances.

Massachusetts recently rolled out a new energy
efficiency plan that includes rebates and incentives
for building electrification. The policy’s goal is to
improve efficiency, ultimately saving consumers
money on energy bills and lowering greenhouse gas
emissions. It is estimated that the three-year plan will
deliver over $8 billion in customer benefits.'® Previ-
ous policies allotted rebates of $1,200 for consumers
who wanted to install a heat pump, while the new
program offers rebates of up to $7,200 for custom-
ers looking to electrify and switch from oil to a heat
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pump.”® Through this policy, consumers currently using
the dirtiest and most inefficient fuels will have the larg-
est incentives to electrify.

Ultilities and governments should also look to create
“inclusive financing” programs, which provide the
upfront investment for homes to electrify and then
recoup the costs through payments on subsequent
electric bills."”'These programs are already being used

to provide home owners with the ability to make energy
efficiency upgrades and purchase rooftop solar installa-
tions.

Create and expand tax incentives for electrified build-
ings. There are already a few tax incentives on the fed-
eral and state levels for buildings that are energy efficient
and/or utilize electric technology.””? Several states have
implemented property tax exemptions, which exclude
any upgrades that homeowners make, such as the instal-
lation of geothermal heat pumps, from their property
value for tax purposes.'”” These exemptions can help
eliminate disincentives for building owners to install
new electrical systems.

Establishing a permanent tax break on the federal

level would also help to encourage electrification. In

the past there have been federal tax breaks for energy-
efficient buildings, but their effectiveness has sometimes
been undermined by haphazard implementation. For
example, the Commercial Buildings Energy Efficiency
Tax Deduction was a federal tax deduction that allowed
commercial building owners to reduce their tax bill if
the building saved at least 50 percent of the heating and
cooling energy in relation to minimum standards set

by the American Society of Heating, Refrigerating and
AirConditioning Engineers (ASHRAE)."** However,
this tax deduction was always temporary, being renewed
every few years in a tax extension bill and applied
retroactively.””” This reduces the incentive for architects
and developers to incorporate energy efficiency upgrades
or electric systems, as they don’t know with certainty if
their building will be eligible for a tax break. For these
types of tax deductions to work effectively and incentive
energy-saving upgrades, they should be implemented on
a more permanent basis.
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When considering the implementation of tax incen-
tives, policymakers should design them to be accessible
to the broadest section of the public. For instance,
making tax refunds fully refundable would make it so
that even taxpayers whose liability is below zero for a
year could take advantage of tax incentives for effi-
cient, electric technologies.'”® This could help encour
age more widespread electrification of our building
sector and appeal to building owners that may not
have been able to benefit from a non-refundable tax
credit.

Require transparency about energy efficiency to cre-
ate home and building value. Mandatory reporting
about the energy source and performance of buildings
helps to ensure that any investments that owners make
to improve efficiency and electrify are reflected in the
building’s value.

Berkeley, California, New York City and Austin,
Texas, among other cities, have implemented pro-
grams to uncover energy savings opportunities in the
city’s buildings and give buyers information about the

7 Berkeley’s Building Energy

efficiency of buildings.
Saving Ordinance (BESO) requires homeowners and
commercial building owners to complete an energy
efficiency assessment of their buildings, publicly report
the results of the assessment, and disclose information
about energy sources and performance to prospective
buyers.'”® Tailored recommendations are provided

to building owners by the assessors, giving them the
opportunity to optin to energy incentive programs like
Energy Upgrade California, which provides rebates

for efficiency upgrades and connects consumers with
licensed contractors.”® Austin’s ordinance is similar,
and requires all commercial buildings to report their
energy ratings on a yearly basis, and single-family

homeowners to conduct an audit before sale.”®®

This program also gives people looking to buy a
home or building more information about the energy
performance of the building, enabling would-be buy-
ers to factor it into their decisions. Most places in

the U.S. do not have policies that require disclosure
of information on a building’s energy use, so when



homeowners choose to electrify their systems and
appliances, or make energy-saving upgrades on their
homes, the value of these projects are not reflected
in home prices and the investments are effectively
lost.?°! Conversely, knowing that efficiency upgrades
could influence a future sale can incentivize these
kinds of repairs. One study of Austin’s program
found that the city’s law encouraged efficiency invest
ments among homeowners before they sold their
properties.’”> Homes that consume less energy, and
thus save residents money, should be worth more,
and transparency initiatives can help shape the mar-
ket to value efficiency and encourage electrification.

Educate contractors and consumers about options
for, and benefits of, electrification. Information on
electrification can be extremely useful for consumers
and contractors, as it can sometimes be difficult to
understand the possible benefits and costs that result
from switching to new and unfamiliar technologies.

In an effort to reduce greenhouse gas emissions, the
city of Boulder, Colorado, has entered into pro-
grams to promote building electrification and make
installation of electric technologies like heat pumps
easier and more affordable for families. The city

has developed a system which provides single-family
homeowners with a detailed assessment of their
energy usage and a personalized plan for transition-
ing to home electrification. These assessments con-
tain various options for electrification of space and
water heating, improvements in energy efficiency,
electric vehicle acquisition, and installation of on-site
solar energy. The city has also partnered with Mit-
subishi Electric, one of the world’s largest producers
of high-efficiency heat pumps, to launch a campaign
focused on promoting heat pump installation. This
public information campaign has been largely suc-
cessful, and Boulder witnessed a three-fold increase
in heat pump installations within its first year.?®

Contractors and builders can also benefit from infor-
mation and education when it comes to new electric
technologies. One of the common barriers that keep
contractors from recommending electric systems is a
lack of experience installing and maintaining electric
technologies.’** Governmentsupported training pro-
grams and seminars could help increase awareness of
these electric technologies among contractors, as well
as help improve the quality of their installations and
maintenance.?®
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