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ARTICLE INFO ABSTRACT

Significantly reducing building sector greenhouse gas emissions is necessary to meet state and local climate
stabilization goals. Initiatives to decarbonize home and building energy use are enabled by a new generation of
advanced air source heat pumps (ASHPs) that provide efficient, comfortable heat even at low outdoor tem-
peratures as well as highly efficient air conditioning in the summer. Coupled with thermal improvements to
building envelopes and smart controls responsive to grid reliability needs, ASHPs are displacing the use of fossil
fuels for comfort heating while providing a range of economic benefits. Investments to decarbonize buildings are
most economical in natural market cycles of building construction, renovation and equipment replacement, and
as part of community development initiatives to improve and preserve affordable housing. A growing number of
state and local policies and programs are accelerating the rate of efficient electrification of home and building
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heating to replace fossil fuel heat with increasingly carbon-free renewable electricity.

1. Introduction: reducing building greenhouse gas emissions: an
urgent challenge for the next decade

Recognizing the urgent need for climate stabilization action, many
U.S. states, communities and businesses have adopted the
Intergovernmental Panel on Climate Change’s (IPCC) recommendation
to reduce greenhouse gas (GHG) emissions 45% below 2010 levels by
2030 and reach net zero by 2050 (Myles et al., 2018 p14). For example,
over 3000 states, cities and business have joined America’s Pledge to
aggressively reduce GHG (America’s Pledge Initiative on Climate,
2018), and are implementing plans and initiatives to achieve these
goals (Philander and Nursey-Bray, 2012). Recently, more than 100 U.S.
cities adopted 100% renewable energy goals for their jurisdictions
(Club, 2019).

This swelling of support builds on the success of federal, state and
local policies to green the electric grid by reducing power plant GHG
emissions and increasing the role of affordable renewable energy to
meet electricity needs. For example, Northeast U.S. power plant GHG
emissions fell more than 40% since the Regional Greenhouse Gas
Initiative (RGGI) began a power plant GHG emissions cap-and-trade
program in 2009 (Acadia Center, 2017). Since 2008, renewable elec-
tricity output grew by 100 percent in the U.S., while the cost of solar
and wind energy declined 88 percent and 69 percent, respectively
(Mahajan, 2018; Marcy, 2019). Buoyed by these policy-driven suc-
cesses, concerned states and communities are turning their attention to
reducing GHG emissions associated with fossil fuel use in transportation
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and buildings (Philander and Nursey-Bray, 2012). GHG emissions from
buildings are a major challenge — constituting 15% to 40% of local GHG
emissions (BEICITIES, 2019).

Reducing building GHG emissions (a.k.a. “building decarboniza-
tion”) displaces the direct use of fossil fuels (e.g., heating oil, propane
and natural gas) with efficient electrification of space and water heating
using electricity from an increasingly renewable energy-powered grid
(IPCC, 2018). A new generation of advanced air source heat pumps
(ASHPs) makes it possible to efficiently displace the use of fossil fuel-
fired boilers, furnaces and water heaters for space and water heating,
even in cold climates. Coupled with building shell energy efficiency
upgrades and smart controls responsive to peak grid use signals, ad-
vanced heat pumps make building decarbonization through efficient
electrification the next major step to a low-carbon economy.

Considerable economic value can be achieved in reducing the GHG
footprint of buildings with electrification, thermal efficiency and smart
controls. In addition to reduced GHG emissions, benefits can include
lower energy bills, local job creation, improved occupant health, safety,
comfort, increased productivity and increased resilience in the face of
extreme weather (Cowell, 2016; NEEP, 2017a). These multiple benefits
are a critical part of the building decarbonization value proposition.
When viewed together, they can make building decarbonization in-
vestments cost-effective, particularly when done at the time of natural
market cycles of building construction, renovation, equipment re-
placement or community development (Cleveland et al., 2019).

Efficient building electrification as a key pathway to economy-wide
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decarbonization is largely a new effort in the U.S. with significant
barriers to overcome (NEEP, 2017b). Currently, efforts to drive building
decarbonization technology and market development are at an early
stage, but significant progress is being made. This paper discusses the
most important near-term opportunities to advance building dec-
arbonization and strategies to begin the transition to a low-carbon built
environment.

2. Strategy one - buildings as batteries: a flexible load for a
modernized grid

How building electrification is implemented can make all the dif-
ference in electric grid usage and customer rate impacts. Adding ad-
vanced heat pumps to electric grid loads offers an opportunity as well as
challenge. The opportunity is to improve the economics of our elec-
tricity system and reduce GHG emissions by using underutilized off-
peak grid capacity to deliver renewable electricity for space and water
heating, displacing the direct use of fossil fuels. The challenge is that, at
the same time, building electrification can add to peak period demand,
drive the need for costly new grid capacity, and increase the need for
peak period fossil-based generation.

For example, in examining the potential impact of increased heat
pump use in the Northeast U.S., a Northeast Energy Efficiency
Partnerships (NEEP) study found the potential for heat pumps to shift
the seasonal peak from summer peaking to winter peaking as shown in
Fig. 1, including potentially increasing the current winter peak spike
that occurs during prolonged periods of severe cold (NEEP, 2017b).

Efficient buildings with smart controls can minimize increases in
electricity demand and shift demand to off-peak periods (DOE, 2019).
For example, low-load homes and buildings using passive house design
minimize grid requirements in all periods. Thermally efficient, air-
sealed buildings with low emissivity windows can respond via smart
thermostats to grid signals to reduce the demand for heating (or
cooling) during peak periods while maintaining comfortable indoor
temperatures. Similarly, water heaters and electric vehicle (EV) char-
ging can further defer the call for electricity to meet grid reliability
needs. Currently, 80% of EV charging is done at home and most of the
remaining charging is completed at work, which makes EV charging
effectively a “buildings” load.

Adding thermal storage within buildings (e.g., ice storage, hot water
tanks) can be part of electrification strategies. Additional electric sto-
rage within buildings has been piloted and may have value for re-
siliency and reliability as well as load shifting. EV battery systems can
also become part of a building’s resiliency with modifications to con-
trols. While most building-sited renewable systems to date do not in-
clude electricity storage, grid scale and community scale systems
sometimes do include storage. As building-integrated batteries become
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Fig. 1. Approximate monthly electricity consumption, 2015-2050 as modeled
under the Plausibly Optimistic scenario, showing the shift to winter peaks.
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more common (Jin et al., 2017), adding storage either to a building
directly or within a community of buildings may become more common
to smooth distribution loads.

In commercial buildings, building management systems use digital
platforms to manage multiple building loads to optimize energy per-
formance as well as respond to grid signals. Such systems are changing
the way that buildings are managed to meet both occupant as well as
energy system needs. While major manufacturers and service providers
today offer a range of building energy management controls, research
by the U.S. Department of Energy’s Building Technologies Office is
helping to provide greater insight into how such systems can enable a
two-way interaction between buildings and the electric system to pro-
vide a range of grid services (e.g., demand response, virtual storage,
reactive power) (Nemtzow, 2017).

3. Strategy two: accelerate adoption of advanced heat pump
products and services

Almost all houses in the U.S. have a heat pump, if not three or four.
We know them primarily by other names: refrigerator, freezer and air
conditioner. Using a heat exchanger, compressor and pump, heat
pumps transfer thermal energy (heat) from one location to another.

ASHPs use electricity to provide a combination of space heating and
cooling to homes. They have been around for decades. In warmer parts
of the country, ASHPs are commonly used for home heating as well as
air conditioning. In San Diego, about half of all newly-constructed
houses use heat pumps (Hopkins et al., 2018). Older heat pumps,
however, do not perform well when outdoor temperatures approach or
drop below freezing, at which point the heat pump reverts to in-
efficient, costly electric resistance heating. This feature has made
ASHPs unattractive as a primary heating system in cooler climates.

Fortunately, ASHP product innovation is changing that. Using in-
verter-driven, variable-speed compressors, advanced cold climate
ASHPs (ccASHPs) have radically improved heating performance while
maintaining a high level of efficiency at even very low outdoor tem-
peratures (at or below 5°F). These same innovations also make ad-
vanced ASHPs among the most efficient space cooling systems available
today. Cold climate air source heat pumps have opened vast new
markets for efficient electric heating in cool climate regions including
the Northeast, Mid-Atlantic and Upper Midwest in the U.S. Advanced
heat pump technology also provides highly efficient water heating and
can reduce water heating energy consumption by up to 63% (NEEA,
2016). In humid climates, heat pump water heaters (HPWH) can also
assist space dehumidification. Other types of heat pumps (e.g., ground
source and water source) further extend the climate range and types of
buildings where heat pumps can meet space and water heating loads
(NEEA, 2016).

Another important innovation is the use of natural refrigerants (e.g.,
carbon dioxide, water, air, ammonia) that eliminate the use of CFC-
based refrigerants to further reduce the GHG impact of heating, venti-
lation and cooling (HVAC) product use. Currently, very few natural
refrigerant-based ASHPs or HVAC products are commercially available.
Further work is needed to accelerate their development and deploy-
ment (Green-Cooling-Initiative, 2019).

The GHG emissions offset of ASHPs depends in part on the carbon
intensity of the electricity used to power the heat pump. However, in
most cases, as shown in Fig. 2, the superior efficiency of advanced heat
pumps — with co-efficients of performance between 1.5 and 4.0 — results
in lower GHG emissions compared to conventional systems for space
and water heating. The more thermally efficient the building shell, the
smaller the ASHP system size and the lower the GHG emissions.

A key challenge is that ASHPs are a relatively new product and are
unfamiliar to many HVAC installers and consumers. In addition, opti-
mizing the size of an ASHP system for an older building often calls for
thermal efficiency improvements to the building shell. Policies and
programs can increase market attention and inform consumer choices



D. Hewitt and S. Coakley

The Electricity Journal 32 (2019) 106624

Example Heating Emissions:
50 MMBtu Load

—_ Resistance Air-source heat Non-electric
§ 20,000 25,498 pumps fuels
& 25,000
S 18,631
@ 20,000 15,033
‘€ 15,000 11,968 12,356
7] 10,199 5 55510,033
@ 10,000 7,453 y
o 6,014 455, 7203
O 5,000 I I

0 []

FPPF TIPS 8
\b ) N ‘—)o \6 » §\ f—;o &} >
o,('} ’19'\’ » '\f”\ g('} ’19\, ~ '\f”\ \'b '5“&
& S SRR
o
G
5
>
B NREL 2007 m NETL 2015

Fig. 2. Space heating-related emissions across heating technologies (Lis, 2017).

by referencing high performance ASHP product specifications; (NEEP,
2019a; NEEA, 2019) setting standards for and supporting training and
certification of heat pump installers (NEEP, 2019b) and building en-
velope contractors; (Building Performance Institute, Inc, 2019) pro-
viding educational materials to help customers make informed product
choices; (NEEP, 2019b; Green Energy Consumers, 2019) and supporting
the use of building and home energy ratings and labels that distinguish
energy efficient structures (NEEP, 2019¢).

Consistency in heat pump performance specifications across pro-
grams helps ASHP manufacturers and installers scale up their products
and services in a manner that reduces costs, increases product avail-
ability, expands options and improves customer satisfaction. For ex-
ample, NEEP’s ASHP market transformation initiative provides a
ccASHP performance specification with a list of products that meet that
specification, along with best practice guidance for consumers and in-
stallers developed collaboratively with industry, government, utilities
and advocates. These are used by efficiency and electrification pro-
grams in seven states. Similarly, the Northwest Energy Efficiency
Alliance (NEEA) is helping to overcome market barriers through a high
performance HPWH program with equipment specifications referenced
by efficiency programs across the Pacific Northwest. The California-
based Building Decarbonization Coalition is leading an effort to reduce
installation costs with cost competitive “retrofit ready” heat pump
water heaters.

4. Strategy three: focus on natural market cycles for building
decarbonization investments

Building electrification and decarbonization can require significant
investments, particularly for existing buildings that need thermal shell
improvements. In that context, natural market cycles of building con-
struction, renovation and equipment replacement (e.g., replacing aging
or malfunctioning water heaters, central air conditioners, furnaces or
boilers) are the best and most economic opportunities to invest in home
and building electrification to minimize GHG gas emissions. Leading
programs and policies offer incentives and technical assistance to ac-
celerate market adoption and build market capacities, as well as ac-
celerate the timing of investments through building energy perfor-
mance standards.

4.1. New construction

Fundamental building efficiency features (e.g., architectural mas-
sing, solar orientation, natural ventilation, insulation level) can last the
lifetime of the building. Similarly, building equipment or building shell
elements (HVAC system type and windows, for example) can easily last
20 years or more (Brand, 1995). As a result, it is most economical, and
sometimes only possible, to get the deep efficiency elements of a
building right the first time, in the initial design and construction of
homes and buildings.

The pathway to deep efficiency has been developed and demon-
strated through Zero Energy Buildings, Zero Energy Ready Homes, and
Passive House. The market progresses as these leading building con-
cepts are included in design guidance; supported by training, technical
assistance and incentives; and then incorporated into building energy
codes. This has already happened in a few leading states and cities
(New Buildings Institute, 2018).

Zero Energy (commercial) Buildings (ZEBs) use 60-80% less energy
than buildings built to typical construction standards and draw the
remaining energy from onsite renewable power. Over 500 commercial
buildings have been documented to achieve zero energy performance
across the U.S. and Canada (New Buildings Institute, 2018). Over 8000
zero energy residential buildings have been documented in North
America, comprising about 13,000 housing units (Net-Zero Energy
Coalition, 2019). A Zero Energy Ready Home (ZERH) that meets the
U.S. DOE’s criteria is at least 40-50% more energy efficient than a ty-
pical new home and has the structure and electrical connections ready
to add solar panels to supply the remaining energy needs. Over 5000
ZERHs have been built as of 2017 (Hewitt, 2017). ZEBs and ZERHs may
seem extreme to some, but the North American market for ZEBs is
projected to grow at an annual rate of 38%, increasing in size to $127
billion by 2035. NEEP’s building energy code program has set a goal of
zero energy codes in all Northeast states by 2035. Most of these
buildings can readily use some form of electric heat pump, and many
already do. The pathway is developed, but moving to mainstream
market adoption will require years of program support to fully build
market capacities.

4.2. Existing homes with central air conditioning

Homes with central air conditioning (CAC) and fossil heating can be
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Fig. 3. Top five residential heating oil consuming states, 2017. Source: U.S. Energy Information Administration.

great candidates for advanced ASHPs when either of the incumbent
systems requires replacement. Expanding a CAC system to a heat pump
can be a relatively inexpensive switch in existing homes, and has even
lower initial costs and greater efficiency in new construction (Hopkins
et al., 2018). With the advent of ccASHP, the heat pump option that is
already strong in many southern markets for new construction can be
expanded into cooler climates where central air conditioning is be-
coming more common (Lis, 2017).

In existing homes and buildings, some building energy design fea-
tures have already been established and can be difficult to alter (e.g.,
wall cavity size and thermal gaps), but opportunities exist to change
HVAC and water heating equipment along with some building envelope
measures. Making building envelope efficiency investments at the same
time as ASHP sizing and installation can reduce heating system size and
cost, reduce grid impacts, and sometimes enable more system choices
(e.g., a single ductless system vs. a multi-head system). Coupling a heat
pump retrofit with building shell efficiency upgrades in a single project
can reduce transaction costs and improve the overall economics.
Choices in system efficiency and building efficiency will impact long-
term energy performance and should be comprehensively considered as
part of electrification efforts.

Controls are the third part of the equation for existing homes. In a
developing low-GHG economy, both heat pump water heaters and
electric vehicle charging will become more common. While controlling
HVAC loads may have limited electric system benefits, better control of
water heating and EV charging has proven, major system benefits.
Controls (or home energy management systems) that can support future
electrification should be part of any building electrification retrofit.

4.3. Water heater replacements

The consumer economics of electrifying water heating vary sig-
nificantly based on climate, fuel type, electric rates and housing type;
but in many situations, consumer economics support changing to
HPWHSs when incumbent equipment fails. In addition to reduced energy
consumption, high efficiency HPWH’s also provide flexible, controllable
loads needed to match the timing of energy use with variable renew-
ables or to shift demand to lower cost time periods (Farnsworth et al.,
2019). While many consumers may wonder what a HPWH is, in Oregon
and Washington HPWHs make up 10 percent of the market share of
electric water heaters — still early in the technology adoption, but in-
creasingly familiar (Cadeo Group, 2018).

4.4. Consumer-driven air conditioning retrofits

Across the country, as climate change-driven summer heat waves
increase, residential consumers without CAC are deciding to upgrade
their air conditioning strategy from a couple of aging window units to a
system that offers more comfort. Ductless heat pumps are the most
frequent choice and are certainly much more efficient, but some con-
sumers also move to CAC. Ductless heat pumps, of course, include
heating, which comes as a surprise to some consumers who care more
about cooling. Similarly, moving to a CAC could simply be extended to
moving to a central ASHP, displacing the existing fossil system. ASHP
incentive programs in several Northeast states (e.g., Massachusetts,
Rhode Island, and Connecticut) began with a focus on advanced ASHP
for air conditioning before incentives for efficient fuel switching were
approved (Vermont Energy Investment Corporation, 2018).

When ductless systems are chosen for retrofit, optimizing the system
to provide heat in conjunction with an incumbent fossil system requires
dual system controls (Vermont Energy Investment Corporation, 2018).
Currently only a limited number of such controls are commercially
available — another issue for market transformation programs to ad-
dress.

5. Strategy four: begin the difficult work within high value
opportunities — some important targets

5.1. Northeast homes & buildings: cold, old and oily

When considering GHG reductions in individual buildings using
ccASHPs, the Northeast U.S. offers great potential. The region has some
of the coldest weather, the oldest housing stock, and the highest use of
carbon-intensive heating oil in the country. The U.S. Energy
Information Administration (EIA) recently reported that the 20% of
households in the Northeast Census region that use heating oil as their
main space heating fuel account for about 80% of the U.S. households
that use heating oil for space heating (Energy Information
Administration, 2018) (Fig. 3).”

The complete fix to replace heating oil (and propane) in existing
buildings, especially when used in boiler systems, can be complicated
and expensive, but the GHG savings are large, as are the health, safety
and comfort benefits (Cowell, 2016). Heating oil and propane are ex-
pensive per unit of heat delivered, which improves the long-term cost
effectiveness of ASHP conversions (Billimoria et al., 2018). But the first
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cost of the replacement system can be expensive, and only some
ccASHPs offer high efficiency below 0 °F.

For many households, the near-term fix is a ductless heat pump, a
partial solution that consumers and some states and utilities are
adopting (Lis, 2017). More complete solution sets for these building
types need to be optimized, and will likely include deeper efficiency to
minimize heat pump system size and load, along with the possibility of
other technologies (such as energy storage, local renewables, or other
heat pump types) necessary to reduce the grid impacts of such fuel
switching at scale. Because of the potential GHG savings and building
complexities, this cold, old and oily market needs more technical ana-
lysis and continued product development to have complete solution sets
for the full range of housing types (Cleveland et al., 2019).

5.2. Warmer climates: one system in place of two

In hot/humid and other warmer climates, HVAC retrofits using
advanced ASHP can displace both older CAC and electric resistance
heating systems, providing overall increased energy efficiency and
lower energy bills. Likewise, installing a HPWH to replace inefficient
electric resistance water heating can provide needed dehumidification.
Programs and policies that build scale for HPWH and advanced ASHP
installation in hot/humid and warmer climates can help increase
competitiveness and reduce product costs, leading to improved costs
effectiveness in additional climate zones.

5.3. Affordable housing and community development initiatives

Efficient electrification of affordable housing offers important value
for economically disadvantaged households by providing improved
occupant health, safety and comfort in addition to lower, more af-
fordable energy bills. It is a key sector to address as states and cities
move forward with building decarbonization initiatives to meet GHG
emission reduction goals.

In new construction, the Pennsylvania Housing and Finance
Authority offers an excellent example. By making passive house design
a winning competitive option in its annual new affordable housing
solicitation that awards federal low-income housing tax credits, it has
inspired 14 other states to, likewise, include points for passive house
design in their affordable housing procurements (Legere, 2018).

For many low- and medium-income households, many of whom live
in housing needing repair as well as energy retrofits, building elec-
trification and decarbonization retrofits offer the potential to improve
the health, comfort, safety and affordability of their homes. But low-
and medium-income households are hard-pressed to afford such im-
provements. Worse yet, energy retrofits in rental properties can expose
tenants to increased rents they can ill-afford even if the improvements
lower energy bills. Nonetheless, both new and retrofitted housing that
serves economically disadvantaged communities offers a very high
value opportunity to reduce building GHG emissions. It’s a question of
how this is done.

Critical to such initiatives is community involvement that integrates
electrification of heating and energy efficiency retrofits with commu-
nity development initiatives that address multiple goals (e.g., housing
affordability; economic development; improved education, health and
quality of life). Technical retrofit solutions for 3-4 unit low-rise mul-
tifamily buildings readily exist, but solutions for larger multifamily and
mixed-use properties are still evolving. Done thoughtfully, such stra-
tegies can make social equity and energy justice a successful focus of
low- and medium-income building decarbonization initiatives.

5.4. Areas with fuel availability issues
In areas of new development and redevelopment, or in areas where

gas lines require expansion (ICF, 2019), repair to reduce leaks or other
major upgrades, electrification in combination with renewable power
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generation can be an economic option. It is more cost-effective to de-
velop one infrastructure (a smart electric grid) rather than two (smart
electric grid and expanded or upgraded gas infrastructure). When
dealing with a broader geographic area, moving to community-scale
projects rather than individual buildings can reduce costs of renewables
and create alternative mechanisms for financing, maintenance and grid
integration of heating and cooling resources (Gerdes, 2018). Other
technologies can also come into play for building electrification, such as
a larger scale ground field for ground source heat pumps or use of a
community low temperature heat resource, such as sewer waste, to
drive a water source heat pump.

6. Strategy five: local government leadership for building
electrification

Some of the most aggressive strategies in GHG reduction are being
developed and implemented at the city level. The international Carbon
Neutral Cities Alliance and the Sierra Club’s growing network of over
100 U.S. cities pledging to use 100% renewable energy are two ex-
amples of pioneering city efforts. Cities have begun to tackle the issue of
building electrification more directly. Eight U.S. cities across the
country are participating in the Building Electrification Initiative, a
project that emerged from city-led efforts within the GHG Neutral Cities
Alliance (BEICITIES, 2019). These cities are pursuing a range of actions
to accelerate equitable building electrification strategies, including
voluntary outreach and assistance programs, utility partnerships, and
new codes that will eventually help achieve a widespread transition
away from fossil fuel-based building systems in their communities.

When it comes to building decarbonization, cities have the ability to
innovate in program design to accelerate voluntary local and regional
action. New York City, for example, partnered with the state and its
utilities to create innovative programs such as the NYC Retrofit
Accelerator and the NYC GHG Challenge (NYC Mayor’s Office of
Sustainability, 2019; NYC Retrofit Accelerator, 2019) to build the
market for energy efficiency upgrades. Many cities also have the ability
to regulate building energy performance through their local building
and energy codes by adopting advanced “stretch” codes, building en-
ergy rating and disclosure ordinances and, very recently, minimum
energy performance standards for existing buildings. More than 20 ci-
ties have enacted building performance ordinances that include energy
benchmarking (City Energy Project, 2015), with several leading cities
including New York City and Washington, D.C. requiring aggressive
levels of energy or GHG emission reductions from their larger buildings
(Progressive Caucus of the New York City Council, 2019); (Hill, 2018).
In California, more than 30 cities are pursuing “reach codes” that will
go beyond the already-stringent statewide energy code to encourage or
require all-electric new construction, ensuring that the buildings of the
future are being constructed today. The City of Vancouver, Canada is
implementing a detailed and comprehensive Zero Emissions Buildings
Plan that employs “catalyst tools” such as density bonuses, guidance,
technical support and, ultimately, building code requirements to tran-
sition its building stock to a zero GHG future.

Cities pursuing GHG neutrality, 100% renewable energy, or other
aggressive GHG reduction targets can increase their economy-wide
impacts by pursuing similar building energy strategies with similar
requirements to achieve their goals. They also benefit from partnerships
with industry, state programs/policies, electric utility programs and
regional market transformation initiatives to build consumer interest
and market capacities to reduce product costs and increase consumer
options. Such market development can also make new regulations and
requirements more viable options. As such, coordinating with leading
cities can be a powerful opportunity to build early scale for elec-
trification and lay the foundation for future efforts that will be needed
to reach scale.
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7. Summary

Building decarbonization is a key GHG emissions reduction strategy
to achieve international, state and local climate stabilization goals. We
cannot get to 80% GHG emissions reduction by 2050 unless we dec-
arbonize the majority of U.S. homes and buildings. While it is important
to make all new construction GHG-free as soon as possible, the most
urgent challenge is to decarbonize existing homes and buildings as they
represent the bulk of the building GHG emissions.

Building decarbonization uses current and evolving technologies to
replace the combustion of fuels in homes and buildings with efficient
electrification, energy efficiency, and smart controls responsive to
customer needs as well as grid reliability. The critical target is the ef-
ficient electrification of space and water heating in buildings which
account for more than 80% of building fossil fuel use. Technology in-
novation has yielded a new generation of advanced high efficiency heat
pump products that displace the need for fossil fuels for space and water
heating, including ccASHPs that extend the climate range for high ef-
ficiency heat pump use.

Building decarbonization requires public policies and private in-
vestments to replace the use of fossil fuels for space and water heating,
and in many cases, to improve building energy efficiency to reduce
thermal losses. Doing so offers considerable value to the public, con-
sumers, utilities and grid operators well beyond GHG emission reduc-
tions. These multiple values are key to leverage the resources needed
for meaningful building decarbonization investments.

Investments to decarbonize buildings are most economical in nat-
ural market cycles of building construction, renovation and equipment
replacement, and as part of community development initiatives to im-
prove and preserve affordable housing.

The most important and cost-effective opportunities for dec-
arbonization are when buildings or homes are built or renovated, or
when existing heating and cooling equipment is replaced (e.g., retired
due to age or malfunction, or as part of other planned building or home
improvements). Working within these natural construction and appli-
ance replacement market cycles uses existing market capacities to
provide products and services, and requires only the incremental cost of
increased efficiency (e.g., the cost of an advanced heat pump to replace
a central air conditioner, or to replace an aging, less efficient furnace or
boiler). Community economic development initiatives to reduce the
energy burden and improve the quality of life for economically dis-
advantaged households and communities offer another practical and
economic opportunity to decarbonize buildings. Building energy stan-
dards for existing buildings such as those recently adopted by the
District of Columbia and New York City accelerate these natural market
cycles, an initiative many cities find necessary to achieve climate sta-
bilization goals such as reducing GHG gas emissions 45% below 2010
levels by 2030 or to reach net zero by 2050.

Building decarbonization efforts are beginning in the U.S., but
government, utility and industry leadership is needed to accelerate
policies and programs to overcome market barriers and unlock the
economic, environmental and health benefits of replacing fossil fuel
heating. Doing so offers many social and economic benefits today, while
making a livable climate possible for future generations.

Acknowledgement

The authors appreciate contributions to this article by David Lis,
NEEP Director of Technology and Market Solutions, and Jenna Tatum,
Director of the Building Electrification Initiative, as well as editorial
assistance from Lisa Cascio, NEEP Director of Partner Engagement. The
authors also appreciate the grant funding from the Barr Foundation,
The Energy Foundation, the < /GS3 > John Merck Fund </
GS3 > and the Merck Family Fund that supported NEEP's research re-
flected in this article.

The Electricity Journal 32 (2019) 106624

References

Acadia Center, 2017. RGGI Emissions Fell Again in 2016. Retrieved from. https://
acadiacenter.org/rggi-emissions-fell-again-in-2016/.

America’s Pledge Initiative on Climate, 2018. Fulfilling America’s Pledge. How States,
Cities, and Business Are Leading the United States to a Low-Carbon Future.
Retrieved from. https://www.americaspledge.com.

BEICITIES, 2019. Building Electrification Initiative. [Web page]. Retrieved from.
https://www.beicities.org/.

Billimoria, S., Guccione, L., Henchen, M., Louis-Prescott, L., 2018. The Economics of
Clean Energy Portfolios. Retrieved from. Rocky Mountain Institute. https://rmi.
org/insight/the-economics-of-electrifying-buildings/.

Brand, S., 1995. How Buildings Learn: What Happens after They’re Built. NEEDS
PUBLISHER Information.

Building Decarbonization Coalition, 2018. Retrofit-Read Heat Pump Water Heater
Summit. Retrieved from. http://www.buildingdecarb.org/hpwh-summit.html.
Building Performance Institute, Inc. [Web page]. Retrieved from https://bpi.org/?gclid =

EAIalQobChMIs7CP9qqF4gIVgZ-fCh3qXwAgEAAYASAAEZJXH_D_BwWE.

Cadeo Group, 2018. Northwest Heat Pump Water Heater Initiative Market Progress
Evaluation Report #4. Retrieved from. Prepared for NEEA. https://neea.org/img/
documents/HPWH_MPER4_FINAL.pdf.

City Energy Project, 2015. City Energy Project: 1-page Fact Sheet. Accessed May 9, 2019.
https://www.cityenergyproject.org/Published.

Cleveland, C.J., Fox-Penner, P., Walsh, M.J., et al., 2019. Carbon Free Boston. Retrieved
from. pp. 44-48. https://www.greenribboncommission.org/wp-content/uploads/
2019/01/Carbon-Free-Boston-Report-web.pdf.

Club, Sierra Ready For 100. [Web page]. Retrieved from. https://www.sierraclub.org/
ready-for-100.

Cowell, S., 2016. Occupant Health Benefits of Residential Energy Efficiency. Retrieved
from. https://e4thefuture.org/wp-content/uploads/2016,/11/Occupant-Health-
Benefits-Residential-EE.pdf.

DOE Grid-Interactive Efficient Buildings. Retrieved from. https://www.energy.gov/eere/
buildings/grid-interactive-efficient-buildings.

Energy Information Administration, 2018. Energy Explained: Heating Oil Explained.
[Web page]. Retrieved from. https://www.eia.gov/energyexplained/index.php?
page = heating_oil_use.

Farnsworth, D., Lazar, J., Shipley, J., 2019. Beneficial Electrification of Water Heating.
Retrieved from. Regulatory Assistance Project, Montpelier, VT. https://www.
raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-
beneficial-electrification-water-heating-2019-january-final.pdf.

Gerdes, J., 2018. Sacramento Utility Pushes All-Electric Homes: “California Is Wasting
Money to Build Homes With Gas.” (June 27) Retrieved from. Greentech Media.
https://www.greentechmedia.com/articles/read/sacramento-utility-pushes-all-
electric-homes#gs.aedezr.

Green Energy Consumers Heat Pumps. [Web page]. Retrieved from. https://www.
greenenergyconsumers.org/heatpumps.

Green-Cooling-Initiative Refrigerants. [Web page]. Retrieved from. https://www.green-
cooling-initiative.org/knowledge-center/technology/refrigerants/.

Hewitt, D., 2017. Building Energy Codes for a Carbon Constrained Era: A Toolkit of
Strategies and Examples. Retrieved from https://neep.org/sites/default/files/re-
sources/BuildingEnergyCodesforaCarbonConstrainedEra-A
ToolkitofStrategiesandExamples.pdf. .

Hill, J.S., 2018. 100% Renewable Energy Bill Passes in Washington, DC. [Blog post].
(December 28). CleanTechnica. https://cleantechnica.com/2018/12,/28/100-
renewable-energy-bill-passes-in-washington-dc/.

Hopkins, A.S., Takahashi, K., Glick, D., Whited, M., 2018. Decarbonization of Heating
Energy Use in California Buildings. Retrieved from. http://www.synapse-energy.
com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf.

ICF, 2019. Con Edison Gas Infrastructure: What Can We Learn from New York’s Non-
pipeline Solutions Ruling? [Blog post]. (March 18) Retrieved from. https://www.
icf.com/blog/energy/non-pipeline-solutions.

IPCC, 2018. Summary for Policymakers of IPCC Special Report on Global Warming of
1.5°C Approved by Governments. Retrieved from. . https://www.ipcc.ch/2018/10/
08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-
approved-by-governments/.

Jin, X., Maguire, J., Christensen, D., Christensen, D., 2017. Economic Sizing of Batteries
for the Smart Home: Presenter Introductions. Retrieved from. NREL Present.
https://www.storagevet.com.

Legere, L., 2018. How a Pa. Affordable Housing Agency Is Making Ultra-efficient
Buildings Mainstream (December 31) Retrieved from. Pittsburgh Post-Gazette.
https://www.post-gazette.com/business/development/2018/12/31/pa-affordable-
housing-tax-credits-pennsylvania-housing-finance-agency-passive-house-design/
stories/201812190012.

Lis, D., 2017. Northeast/Mid-Atlantic Air-Source Heat Pump Market Strategies Report
2016 Update. Retrieved from. . https://neep.org/sites/default/files/NEEP_ASHP_
2016MTStrategy_Report FINAL.pdf.

Mahajan, M., 2018. Plunging Prices Mean Building New Renewable Energy Is Cheaper
Than Running Existing Coal. [Blog post] (2018, December 3) Retrieved from.
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-
mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal /#
8b0805031f31.

Marcy, C., 2019. U.S. Renewable electricity generation has doubled since 2008. Today in
Energy. U.S. Energy Information Administration Retrieved from. https://www.eia.
gov/todayinenergy/detail.php?id = 38752.

Myles, A., Mustafa, B., Yang, C., de Coninck, H., 2018. Global Warming of 1.5°C.


https://acadiacenter.org/rggi-emissions-fell-again-in-2016/
https://acadiacenter.org/rggi-emissions-fell-again-in-2016/
https://www.americaspledge.com
https://www.beicities.org/
https://rmi.org/insight/the-economics-of-electrifying-buildings/
https://rmi.org/insight/the-economics-of-electrifying-buildings/
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0025
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0025
http://www.buildingdecarb.org/hpwh-summit.html
https://bpi.org/?gclid=EAIaIQobChMIs7CP9qqF4gIVgZ-fCh3qXwAgEAAYASAAEgJXH_D_BwE
https://bpi.org/?gclid=EAIaIQobChMIs7CP9qqF4gIVgZ-fCh3qXwAgEAAYASAAEgJXH_D_BwE
https://neea.org/img/documents/HPWH_MPER4_FINAL.pdf
https://neea.org/img/documents/HPWH_MPER4_FINAL.pdf
https://www.cityenergyproject.org/Published
https://www.greenribboncommission.org/wp-content/uploads/2019/01/Carbon-Free-Boston-Report-web.pdf
https://www.greenribboncommission.org/wp-content/uploads/2019/01/Carbon-Free-Boston-Report-web.pdf
https://www.sierraclub.org/ready-for-100
https://www.sierraclub.org/ready-for-100
https://e4thefuture.org/wp-content/uploads/2016/11/Occupant-Health-Benefits-Residential-EE.pdf
https://e4thefuture.org/wp-content/uploads/2016/11/Occupant-Health-Benefits-Residential-EE.pdf
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings
https://www.eia.gov/energyexplained/index.php?page=heating_oil_use
https://www.eia.gov/energyexplained/index.php?page=heating_oil_use
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.greentechmedia.com/articles/read/sacramento-utility-pushes-all-electric-homes#gs.aedezr
https://www.greentechmedia.com/articles/read/sacramento-utility-pushes-all-electric-homes#gs.aedezr
https://www.greenenergyconsumers.org/heatpumps
https://www.greenenergyconsumers.org/heatpumps
https://www.green-cooling-initiative.org/knowledge-center/technology/refrigerants/
https://www.green-cooling-initiative.org/knowledge-center/technology/refrigerants/
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0095
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0095
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0095
http://refhub.elsevier.com/S1040-6190(19)30196-4/sbref0095
https://cleantechnica.com/2018/12/28/100-renewable-energy-bill-passes-in-washington-dc/
https://cleantechnica.com/2018/12/28/100-renewable-energy-bill-passes-in-washington-dc/
http://www.synapse-energy.com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf
http://www.synapse-energy.com/sites/default/files/Decarbonization-Heating-CA-Buildings-17-092-1.pdf
https://www.icf.com/blog/energy/non-pipeline-solutions
https://www.icf.com/blog/energy/non-pipeline-solutions
https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
https://www.storagevet.com
https://www.post-gazette.com/business/development/2018/12/31/pa-affordable-housing-tax-credits-pennsylvania-housing-finance-agency-passive-house-design/stories/201812190012
https://www.post-gazette.com/business/development/2018/12/31/pa-affordable-housing-tax-credits-pennsylvania-housing-finance-agency-passive-house-design/stories/201812190012
https://www.post-gazette.com/business/development/2018/12/31/pa-affordable-housing-tax-credits-pennsylvania-housing-finance-agency-passive-house-design/stories/201812190012
https://neep.org/sites/default/files/NEEP_ASHP_2016MTStrategy_Report_FINAL.pdf
https://neep.org/sites/default/files/NEEP_ASHP_2016MTStrategy_Report_FINAL.pdf
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal/#8b0805031f31
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal/#8b0805031f31
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal/#8b0805031f31
https://www.eia.gov/todayinenergy/detail.php?id=38752
https://www.eia.gov/todayinenergy/detail.php?id=38752

D. Hewitt and S. Coakley

Summary for Policymakers, vol. 34 IPPC(2018, October) Retrieved from https://
www.ipce.ch/sr15/chapter/summary-for-policy-makers/. Accessed May 7, 2019.
NEEA, 2016. New Heat Pump Water Heater Changes the Game. Retrieved from. https://

neea.org/news/new-heat-pump-water-heater-changes-the-game.

NEEA Advanced Water Heater Specification. [Web page]. Retrieved from. https://neea.
org/our-work/advanced-water-heater-specification.

NEEP, 2017a. Non-Energy Impacts Approaches and Values: an Examination of the
Northeast, Mid-Atlantic, and Beyond (2017, June) Retrieved from. Final Report for
NH, updated October 4. https://neep.org/sites/default/files/resources/.

NEEP, 2017b. Northeastern Regional Assessment of Strategic Electrification. p. 5 and p.
59. Retrieved from. https://neep.org/sites/default/files/
StrategicElectrificationRegional Assessment.pdf.

NEEP ccASHP Specification and Product List. [Web page].Retrieved from. https://neep.
org/ASHP-Specification.

NEEP Air-source Heat Pump Installer and Consumer Resources. [Web page]. Retrieved
from. https://neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/
air-source-heat-pump-installer-resources.

NEEP Energy Rating. [Web page]. Retrieved from. https://neep.org/initiatives/energy-
efficient-buildings/energy-rating.

Nemtzow, D., 2017. Buildings and the Grid 101: Why Does It Matter for Energy
Efficiency? Retrieved from. U.S. Department of Energy.. https://www.energy.gov/
eere/buildings/articles/buildings-and-grid-101-why-does-it-matter-energy-
efficiency.

Net-Zero Energy Coalition Zero Energy Inventory. [Web page]. Retrieved from. https://
netzeroenergycoalition.com/resources/zero-energy-inventory/.

New Buildings Institute, 2018. Getting to Zero Status Update and List of Zero Energy
Projects. Retreived from. https://newbuildings.org/wp-content/uploads/2018/01/
2018 _GtZStatusUpdate_201808.pdf.

NYC Mayor’s Office of Sustainability Green Buildings & Energy Efficiency: The New York
City Carbon Challenge. [Web page]. Retrieved from. https://www1.nyc.gov/html/
gbee/html/challenge/mayor-carbon-challenge.shtml.

The Electricity Journal 32 (2019) 106624

NYC Retrofit Accelerator. [Web page]. Retrieved from https://retrofitaccelerator.
cityofnewyork.us/.

Philander, S.G., Nursey-Bray, M.J., 2012. Center for climate and energy solutions.
Encyclopedia of Global Warming & Climate Change. https://doi.org/10.4135/
9781452218564.n116.

Progressive Caucus of the New York City Council, 2019. New York City Passes Climate
Mobilization Act. [Press release]. (April 18) Retrieved from. https://
nycprogressives.com/2019/04,/18/new-york-city-passes-climate-mobilization-act/.

Vermont Energy Investment Corporation, 2018. Driving the Heat Pump Market: Lessons
Learned From the Northeast (February 20) Retrieved from. . https://www.veic.org/
documents/default-source/resources/reports/veic-heat-pumps-in-the-northeast.pdf.

Dave Hewitt serves as Strategic Advisor to Northeast Energy Efficiency Partnerships
(NEEP; Lexington, MA) and Senior Consultant at BluePoint Planning (Oakland, CA)
working on low- and zero-carbon buildings. For the previous 10 years, Dave was
Executive Director of the New Buildings Institute (Portland, OR), leading research and
work on zero energy buildings and building energy codes. For 15 years, Dave was with
Pacific Energy Associates as a Senior Consultant for utility and government clients on
energy efficiency strategic planning, program development and evaluation.

Susan Coakley is Executive Director and a founder of NEEP, a regional non-profit that
facilitates regional collaboration to accelerate energy efficiency as a clean, powerful and
dependable energy resource. In recent years, she has led NEEP to shift its strategic focus
to building energy efficiency as a core strategy to meet state and local greenhouse gas
reduction goals and conducted a first-in-the-nation regional assessment of the opportunity
for strategic electrification in the Northeast. A champion of collaboration as well as for
energy efficiency, she has been a clean energy leader for over 30 years, including five
years at the Massachusetts Department of Public Utilities. She is a frequent speaker at
national and regional forums, and is Board Vice-Chair of Vermont Energy Investment
Corp.


https://www.ipcc.ch/sr15/chapter/summary-for-policy-makers/
https://www.ipcc.ch/sr15/chapter/summary-for-policy-makers/
https://neea.org/news/new-heat-pump-water-heater-changes-the-game
https://neea.org/news/new-heat-pump-water-heater-changes-the-game
https://neea.org/our-work/advanced-water-heater-specification
https://neea.org/our-work/advanced-water-heater-specification
https://neep.org/sites/default/files/resources/
https://neep.org/sites/default/files/StrategicElectrificationRegionalAssessment.pdf
https://neep.org/sites/default/files/StrategicElectrificationRegionalAssessment.pdf
https://neep.org/ASHP-Specification
https://neep.org/ASHP-Specification
https://neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
https://neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
https://neep.org/initiatives/energy-efficient-buildings/energy-rating
https://neep.org/initiatives/energy-efficient-buildings/energy-rating
https://www.energy.gov/eere/buildings/articles/buildings-and-grid-101-why-does-it-matter-energy-efficiency
https://www.energy.gov/eere/buildings/articles/buildings-and-grid-101-why-does-it-matter-energy-efficiency
https://www.energy.gov/eere/buildings/articles/buildings-and-grid-101-why-does-it-matter-energy-efficiency
https://netzeroenergycoalition.com/resources/zero-energy-inventory/
https://netzeroenergycoalition.com/resources/zero-energy-inventory/
https://newbuildings.org/wp-content/uploads/2018/01/2018_GtZStatusUpdate_201808.pdf
https://newbuildings.org/wp-content/uploads/2018/01/2018_GtZStatusUpdate_201808.pdf
https://www1.nyc.gov/html/gbee/html/challenge/mayor-carbon-challenge.shtml
https://www1.nyc.gov/html/gbee/html/challenge/mayor-carbon-challenge.shtml
https://retrofitaccelerator.cityofnewyork.us/
https://retrofitaccelerator.cityofnewyork.us/
https://doi.org/10.4135/9781452218564.n116
https://doi.org/10.4135/9781452218564.n116
https://nycprogressives.com/2019/04/18/new-york-city-passes-climate-mobilization-act/
https://nycprogressives.com/2019/04/18/new-york-city-passes-climate-mobilization-act/
https://www.veic.org/documents/default-source/resources/reports/veic-heat-pumps-in-the-northeast.pdf
https://www.veic.org/documents/default-source/resources/reports/veic-heat-pumps-in-the-northeast.pdf

	Transforming our buildings for a low-carbon era: Five key strategies
	Introduction: reducing building greenhouse gas emissions: an urgent challenge for the next decade
	Strategy one – buildings as batteries: a flexible load for a modernized grid
	Strategy two: accelerate adoption of advanced heat pump products and services
	Strategy three: focus on natural market cycles for building decarbonization investments
	New construction
	Existing homes with central air conditioning
	Water heater replacements
	Consumer-driven air conditioning retrofits

	Strategy four: begin the difficult work within high value opportunities — some important targets
	Northeast homes &#x200B;&&#x200B; buildings: cold, old and oily
	Warmer climates: one system in place of two
	Affordable housing and community development initiatives
	Areas with fuel availability issues

	Strategy five: local government leadership for building electrification
	Summary
	Acknowledgement
	References




