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Executive Summary
This white paper considers barriers that currently exist to widespread building
electrification in New England and policy mechanisms that can be implemented to lessen them.
In the introduction, it first considers the importance of moving away from fossil fuel use in New
England’s homes and commercial buildings, which fuels provide most of the space and water
heating in the region, and the potential of electric technologies such as heat pumps to replace
them. It then summarizes the current status of building electrification policy in all of the New
England states before proceeding to outline barriers that currently exist to electrifying space and
water heating, broadly classified into three categories: financial, institutional, and cultural.
Finally, the paper discusses successful policy-driven approaches taken by legislative bodies
throughout the United States and abroad as well as promising potential policies to help overcome
these barriers. This section is also organized by the aforementioned three categories.
Interviews were conducted with a wide variety of stakeholders in industry, academia, and
the policymaking sphere. Diagnoses of the obstacles to electrification as well as policy
recommendations are based on insights drawn from these interviews and research from a wealth
of secondary sources. Broadly, financial barriers currently stifling the electrification of New
England’s real estate market mainly stem from the upfront cost of electric technologies such as
heat pumps. Institutionally, outdated, unenforced building codes and a lack of collaboration
between utilities and HVAC contractors have also contributed to low electrification growth rates
in New England. The main cultural barriers stem from a lack of consumer and end-user
awareness of available technologies, as well as cultural resistance to climate change advocacy
writ large.

4

Providing stronger monetary incentives as well as increasing public awareness of
incentive programs will be critical in helping consumers realize the long-term savings that
electric technologies can provide. Dealing with institutional obstacles by encouraging utilities to
run training and education programs for contractors and reforming building codes would help as
well. Finally, making sure consumers are more educated about building electrification and the
benefits it can provide through local, community-based outreach efforts would help neutralize
demand-side barriers to building electrification.
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Introduction
According to the Intergovernmental Panel On Climate Change, the United States must
reduce emissions by at least 80% below 2000 levels by 2050 in order to achieve the goals
espoused by the Paris Agreement. 1 Although the Trump administration has stalled or actively
rolled back many Obama-era climate initiatives, at least “14 US states have formally committed
to deep decarbonization reductions of 75% or greater” to help keep the average global
temperature increase from pre-industrial levels within 2°C by 2050. 2 Even if there is not much
action at the federal level, there thus remain numerous opportunities to cut emissions at the
subnational scale.
In 2016, New England, which is comprised of Connecticut (CT), Massachusetts (MA),
Rhode Island (RI), New Hampshire (NH), Vermont (VT), and Maine (ME), was responsible for
approximately 2.79% of the United States’ carbon dioxide emissions, with the six states
producing 144.6 million metric tons of carbon dioxide collectively. 3 Due to higher demand for
natural gas attributed to heating purposes, New England’s leakage rate of methane—a powerful
greenhouse gas that has a more pernicious warming effect than carbon dioxide—increases
drastically in the winter months.4 A Massachusetts state greenhouse gas inventory reports that
methane emissions from natural gas systems account for ~1.1% of natural gas consumption in

1

Amy L. Luers, Michael D. Mastrandrea, Katharine Hayhoe, and Peter C. Frumhoff, “How to Avoid Dangerous
Climate Change,” Union of Concerned Scientists, https://www.yumpu.com/en/document/view/21381293/how-toavoid-dangerous-climate-change-union-of-concerned2
Sherri Billimoria, Leia Guccione, Mike Henchen, and Leah Louis-Prescott, “The Economics of Electrifying
Buildings: How Electric Space and Water Heating Supports Decarbonization of Residential Buildings,” Rocky
Mountain Institute, https://rmi.org/wpcontent/uploads/2018/06/RMI_Economics_of_Electrifying_Buildings_2018.pdf
3
“Energy-Related Carbon Dioxide Emissions By State, 2005-2016,” U.S. Energy Information Administration,
https://www.eia.gov/environment/emissions/state/analysis/pdf/stateanalysis.pdf
4
Kathryn McKain et al. “Methane emissions from natural gas infrastructure and use in the urban region of Boston,
Massachusetts,” Proceedings of the National Academy of Sciences of the United States of America 117, no.12
(2015): 1941-1946. https://doi.org/10.1073/pnas.1416261112
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the state, higher than the ~.7% national estimate, which is likely due to “larger proportions of
cast iron and bare steel pipelines” in Massachusetts.5 A study carried out in Boston’s urban
region found this loss to be two or three times greater than the aforementioned 1.1%. 6
Although New England’s carbon emissions from electricity generation have fallen by
37% between 2008 and 2017, the region must continue to reduce its emissions from this sector
and the rest of its economy for the United States to attain its Paris emissions benchmark. 7 One
mechanism with significant potential to achieve meaningful emissions reductions in New
England is building electrification. According to an analysis conducted by the Rocky Mountain
Institute (RMI), “moving the US electricity system to power generation that emits zero carbon
will only reduce total US emissions by 30%,” but “widespread electrification of buildings,
ground transportation, and half of industry would boost reductions to more than 70% if powered
by zero-carbon electricity.”8
Building electrification can help in the fight against global warming by both lowering
levels of fossil fuel combustion and by decreasing methane leakage associated with the use of
natural gas. There are also substantial infrastructural and health benefits associated with
transitioning to 100% electric buildings. Electric residential and commercial buildings with
energy storage, demand-responsive appliances, and distributed renewable energy systems can
help hasten the clean energy transition.9 In addition, there are negative health impacts associated

5

Ibid.
Ibid.
7
“2017 ISO New England Electric Generator Air Emissions Report,” ISO New England Inc., https://www.isone.com/static-assets/documents/2019/04/2017_emissions_report.pdf
8
Sherri Billimoria, Leia Guccione, Mike Henchen, and Leah Louis-Prescott, “The Economics of Electrifying
Buildings: How Electric Space and Water Heating Supports Decarbonization of Residential Buildings,” Rocky
Mountain Institute, https://rmi.org/wpcontent/uploads/2018/06/RMI_Economics_of_Electrifying_Buildings_2018.pdf
9
Jon Sundby, Morgan Chrisman, and Rob Sargent, “Electric Buildings: How to Repower Where We Live, Work
and Learn with Clean Energy,” Frontier Group,
https://frontiergroup.org/sites/default/files/reports/US_EL_Bldgs_scrn_0.pdf
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with fossil fuel-related air pollution: nitrogen oxides, sulfur oxides, and particulate matter
emissions have been linked to respiratory, cardiac, and neurological issues, 10 and it has been
estimated that 12% of America’s urban air pollution from particulate matter stems from fossil
fuel combustion in buildings.11 Prudent New England electrification policy thus has significant
potential to improve health and climate outcomes in the region.
I.

Fossil Fuel Use in New England Homes
Compared to their counterparts in other regions of the country, New England homes are

highly dependent on direct fossil fuel combustion and thus represent a high-potential opportunity
to substantially curb emissions via electrification. The EIA’s 2015 Residential Energy
Consumption Survey highlights that 78% of residential buildings in the Northeast region, which
includes New England, New York, Pennsylvania, and New Jersey, use natural gas or fuel oil as
their main heating fuel, while around 35% nationwide use electricity. 12 The study also collected
data on how energy was being consumed in New England households. The average New
England household’s consumption was distributed as follows: 61% towards space heating, 17%
to water heating, and 22% to other uses. 13
In terms of electrifying the current housing stock, it is worth considering that 55% of
New England homes were constructed before 1969, implying that turnover is quite slow in the
region’s real estate market and that retrofitting will likely be a necessary component of attaining

10

"Air Pollution and Brain Health: An Emerging Issue." The Lancet Neurology 17, no. 2 (2018): 103,
https://doi.org/10.1016/S1474-4422(17)30462-3
11
Federico Karagulian et al. "Contributions to Cities' Ambient Particulate Matter (PM): A Systematic Review of
Local Source Contributions at Global Level," Atmospheric Environment 120 (2015): 475-83.
https://doi.org/10.1016/j.atmosenv.2015.08.087
12
“2015 RECS Household Characteristics Technical Documentation Summary,” Energy Information
Administration,
https://www.eia.gov/consumption/residential/reports/2015/methodology/pdf/RECSmethodology2015.pdf
13
“2015 RECS Survey Data Table CE3.2,” Energy Information Administration,
https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/ce3.2.pdf
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the region’s decarbonization goals.14 Furthermore, households’ desire to electrify is restrained by
whether they own or rent their dwellings. Of 5.6 million housing units in New England, 2 million
are rented, the vast majority of which are apartments.15 Renters likely face more restrictions
regarding which architectural and infrastructural modifications they can make to their housing.
II.

Fossil Fuel Use in Commercial/Mixed-Use Buildings in the Northeast
Fossil fuel use in commercial buildings is quite similar to fossil fuel use in residential

buildings. The most comprehensive study of energy use in commercial buildings is the EIA’s
Commercial Buildings Energy Consumption Survey (CBECS), most recently conducted in 2012.
Commercial buildings in New England are disproportionately dependent on direct fossil fuel
combustion. 72% of commercial building floorspace in New England relies on natural gas, fuel
oil, or propane as its primary source of energy for space heating, 16 compared to only 55% of
commercial floorspace nationwide.17 Just as in residential buildings, space heating constitutes the
single largest end use. The average New England commercial building’s consumption was
distributed as follows: 43% towards space heating, 11% to cooling and ventilation, 4% to water
heating, 8% to lighting, and the rest to other uses. 18 Similar to homes, 54% of commercial
buildings in the Northeast were constructed before 1969, so retrofitting will likely be a necessary
component of decarbonizing these buildings. 19

14

“2015 RECS Survey Data Table HC2.3,” Energy Information Administration,
https://www.eia.gov/consumption/residential/data/2015/hc/hc2.3.xlsx
15
“2015 RECS Survey Data Table HC2.2,” Energy Information Administration,
https://www.eia.gov/consumption/residential/data/2015/hc/hc2.2.xlsx
16
“2015 CBECS Survey Data Table C7,” Energy Information Administration,
https://www.eia.gov/consumption/commercial/data/2012/c&e/pdf/c7.pdf
17
“2015 CBECS Survey Data Table C3,” Energy Information Administration,
https://www.eia.gov/consumption/commercial/data/2012/c&e/pdf/c3.pdf
18
“2015 CBECS Survey Data Table E1,” Energy Information Administration,
https://www.eia.gov/consumption/commercial/data/2012/c&e/pdf/e1.pdf
19
“2015 CBECS Survey Data Table B8,” Energy Information Administration,
https://www.eia.gov/consumption/commercial/data/2012/bc/pdf/b8.pdf
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III.

Heat Pumps’ Potential in the Northeast
There are two major electric technologies in the United States’ space heating market:

“electric resistance-based heaters, which rely on heat released when current is run through a
conductive material, and heat pumps, which … move heat (or energy) from one reservoir (e.g.,
air outside a house) to another reservoir (e.g., air inside the house).” 20 Furthermore, there are two
broad categories of heat pumps: air-source heat pumps (ASHPs) pull heat from the surrounding
air, and geothermal heat pumps (GHPs) rely on underground heat sources. Neither type generates
heat directly. The process of installing an ASHP is similar to installing a central air conditioning
unit, while GHPs are more costly, as they require pipes that extend 3 to 6 feet underground. 21
Heat pumps can “have efficiencies three to four times greater than… resistance-based
heater[s]” such as “baseboard radiators… electric resistance furnaces… and electric resistance
boilers,” which leads to a significant decline in operating costs. 22 In fact, heat pumps tend to
have a higher coefficient of performance (COP) than most other HVAC technologies. The COP
for air-source heat pumps range from 2.2 to 3, which means that 2.2 to 3 units of heat are
transferred into the home for every unit of energy expended. Electric resistance heating has a
COP of 1, while natural gas and propane boilers have average COPs of 0.93. 23
As such, policies promoting electrification of heating should primarily focus on
expanding heat pump usage. Heat pumps have become increasingly popular, as “the share of new
homes built with a heat pump in the United States grew from 17% to 49% for multifamily homes
and from 25% to 38% for single-family homes” from 1979-2012. However, only “11% of homes

20

Paige Jadun et al. “Electrification Futures Study: End-Use Electric Technology Cost and Performance Projections
through 2050,” NREL, https://www.nrel.gov/docs/fy18osti/70485.pdf
21
“Types of Heating Systems,” ACEEE, https://smarterhouse.org/heating-systems/types-heating-systems
22
Ibid.
23
“COP- Coefficient of Performance,” Stafor, https://www.stafor.lv/gb/ion-heating-boilers/about-heaters/cop--coefficient-of-performance
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in the United States used heat pumps for their primary heating needs” as of 2015, suggesting that
there still exist barriers to more widespread heat pump usage. 24
Current limiting factors for heat pump deployment include the slow rate at which new
heating units are installed (an annual replacement rate of <5%), the expense of heat pumps,
misaligned incentives, and varying site suitability. In particular, lower outdoor temperatures can
decrease ASHP performance and increase their operating costs, which explains why “90% of
homes that use heat pumps as their primary heating source are in mixed, hot, or marine
climates.”25 Concerns about efficiency losses are particularly salient in the context of New
England winter temperatures, which thus comprise a major barrier for widespread adoption of
ASHPs. It is worth noting that GHPs ground source heat pumps maintain a consistent COP
through -5˚F in top models (Figure 1).26

Figure 1. GHP Performance27

24

Ibid.
Ibid.
26
Jordann Brown, “How Low Can Nordic Heat Pumps Go?” Maritime Geothermal,
https://www.nordicghp.com/2017/01/heat-pump-effective-temperature-range/
27
Ibid.
25
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Due to recent technological improvements, however, heat pumps can now be more
widely adapted to different climates and buildings. While decreasing temperatures still impact
the efficiency of ASHPs, the temperature at which these systems can operate efficiently has
fallen, making them increasingly attractive in the Northeast. Many models can operate efficiently
at temperatures as low as 5˚F, while some units can perform at -12˚F. 28

28

Jacob Corvidae, Michael Gartman, and Alisa Petersen, “The Economics of Zero-Energy Homes,” Rocky
Mountain Institute, https://rmi.org/wpcontent/uploads/2018/10/RMI_Economics_of_Zero_Energy_Homes_2018.pdf
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The State of Electrification in New England
The states of New England are at different stages with regards to building electrification.
While New Hampshire has enacted piecemeal policies that indirectly promote building
electrification, it has not put forth a comprehensive electrification policy agenda. On the other
hand, Rhode Island and Connecticut are currently drafting building-focused climate policies,
while Vermont, Maine, and Massachusetts already offer programs incentivizing homeowners and
commercial building owners to electrify. The entire region, however, is ultimately adopting heat
pumps and other electric technologies at a pace incommensurate with future reduction goals.
I.

Vermont
The process of electrification is part of Vermont’s larger goal of achieving net-zero energy

status. In 2015, the Vermont Legislature passed an act to establish a Renewable Energy Standard
(RES) program that the state’s Public Utility Commission (PUC) would begin implementing in
the beginning of 2017.29 The third tier of the RES mandates that utilities allocate an annually
increasing percentage of their retail sales to helping their customers reduce their dependence on
fossil fuels.30 These funds are subsequently allocated to energy transformation projects such as the
installation of heat pumps and weatherization of buildings.
Communities in Vermont are already seeing tangible results of the state’s RES initiative.
Burlington’s local government, for example, has been working with the Burlington Electric
Department (BED), the city’s electricity provider, to reach net-zero status by 2030. 31 BED has an

29

“Tier III - Renewable Energy Standard,” State of Vermont Department of Public Service,
https://publicservice.vermont.gov/content/tier-iii-renewable-energy-standard
30
“Reducing and Electrifying your Energy Demand,” VPIRG, https://www.vpirg.org/issues/cleanenergy/electrification-and-energy-efficiency/
31
Darren Springer, “Burlington, Vermont's net zero energy roadmap showcases how utilities can lead on climate,”
Utility Dive, https://www.utilitydive.com/news/burlington-vermonts-net-zero-energy-roadmap-showcases-howutilities-can-l/563116/
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energy efficiency program called the Energy Efficiency Utility (EEU) that is funded through
budget appropriation from the local government, as well as a monthly Energy Efficiency Charge
imposed on retail customers. In September 2019, the Mayor’s office and BED jointly released a
Net Zero Energy Road Map, which has a section dedicated to electrifying buildings and making
them more efficient. The plan intends to reduce the city’s total fossil fuel energy use by 60% once
40% of commercial floor space and 95% of households utilize electric heat pump and water heating
systems.32 Both Burlington’s initiatives and Vermont’s RES program can serve as blueprints for
exemplary electrification policy for cities and states across New England.
II.

New Hampshire
The latest official New Hampshire Climate Action Plan, which was released in 2009,

does not explicitly mention building electrification as an objective. The plan proposes that the
greatest cuts in emissions should come from residential and commercial buildings, followed by
the transportation and electricity generation sectors. Ultimately, its goals are to reduce
greenhouse gases to 20% below 1990 levels by 2025 and 80% below 1990 levels by 2050. 33
In 2005, 32.3% of net energy consumed in the state was used to heat buildings, and
another 36.6% was used to generate electricity for use in buildings. The plan does encourage
maximizing the thermal and electrical efficiency of new buildings, alongside retrofitting extant
buildings via the installation of efficient “equipment, processes, [and] systems” and utilizing
combined heat and power. Besides these technological methods, the report also recommends
building management education initiatives and the updating of energy building codes to facilitate

32

Ibid.
"The New Hampshire Climate Action Plan: A Plan for New Hampshire's Energy, Environmental and Economic
Development Future," NH Department of Environmental Services,
https://www.des.nh.gov/organization/divisions/air/tsb/tps/climate/ action_plan/documents/nhcap_final.pdf
33
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reductions in energy consumption. The authors ultimately project that the adoption of methods
they propose will contribute to a 59% drop below the “business as usual” energy use trajectory,
from 14 million MWh of energy consumed in 2009 to 5.8 million MWh by 2025. 34
In addition to the state’s 2009 Climate Action Plan, other supplemental policies and
initiatives have been launched in New Hampshire to progress toward a more energy-efficient
building sector. New Hampshire has put forth building requirements including Executive Order
2004-7, which developed energy efficiency standards for building construction, NH law RSA
155-A:13, which mandated that any new or renovated state buildings must fulfill design and
efficiency standards with potential reimbursement, and Executive Orders 2011-01 and Executive
Order 2016-03 which set and revised, respectively, targets for reductions in fossil fuel
consumption in state buildings. Between the orders’ first implementation in 2011 and 2018,
fossil fuel consumption per square foot in state buildings fell by 21%. 35 Furthermore, in 2013,
the New Hampshire Community Development Finance Authority established a revolving loanfund under the New Hampshire Better Buildings Program to help lower energy consumption by
at least 15% and increase energy savings via “deep energy retrofits” and energy-efficiency
upgrades. Thus far, the program has led to more than 1,200 energy audits and 1,000 energy
upgrades. The "typical" commercial or residential energy efficiency project paid itself off in
energy savings within 8 to 11 years without incentives, which decreased to 4 to 5 years when
incentives, such as reduced interest rates and rebates, were included. The average residential
project had an upfront cost of $5,500 and produced an estimated annual energy savings of $650,

34
35

Ibid.
"New Hampshire," ACEEE, https://database.aceee.org/state/new-hampshire
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while the typical commercial project had a cost of $40,000 with estimated annual savings of
$3000.36
There have also been efforts to spur the development of clean energy at the municipal
level in New Hampshire. HB189, passed in 2009, allows local governments to establish energy
commissions that research municipal energy use and costs and make recommendations to local
committees regarding energy plans and sustainable practices. 37 Nearly 100 communities have
since taken advantage of this legislation, with many focusing on energy efficiency
improvements.38 In October 2019, the state passed legislation allowing municipal governments
to establish community power programs, through which they can procure electricity for their
residents on a competitive basis. In addition, at least half a dozen cities have set targets to be
powered by 100% renewable electricity by 2030, including the state capital Concord. 39 Concord
is also striving to be 100% renewable in all energy-using sectors by 2050. The city plans to
achieve building decarbonization through advanced electric technologies including heat pumps,
deep energy efficiency retrofits through thermal improvements, and grid integration with
renewable electricity.40
III.

Maine
In recent years, Maine has begun the policy transformations required to accelerate its

pace of building electrification. The current emissions profile in Maine is different from that in

36

"New Hampshire Better Buildings," New Hampshire Office of Strategic Initiatives,
https://www.nh.gov/osi/energy/programs/betterbuildings/index.htm
37
“House Bill 189/RSA 38-D,” NH Local Energy Solutions,
https://www.nhenergy.org/uploads/1/6/7/3/16738072/hb189_factsheet.pdf
38
Henry Herndon, “In recognition of NH’s energy committees,” NHBR, https://www.nhbr.com/in-recognition-ofnhs-energy-committees/
39
Henry Herndon, “Is ‘community power’ an energy game changer?” NHBR, https://www.nhbr.com/is-communitypower-an-energy-game-changer/
40
Sue Coakley, "Strategic Electrification," Dupont Group, http://dupontgroup.com/events/nhenergysummit/nhenergy-summit_strategic-electrification_coakley_9-23-2019-final/
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the rest of the nation. Emissions from residential structures are driven by petroleum use. Over
95% of all residential emissions in Maine are associated with the use of petroleum distillates in
home heating, producing approximately three million metric tons of CO 2e per year in 2015.
Alternative heating sources, such as wood pellets, have become more prevalent in recent years as
the price of home heating oil has risen, a development driving a 42% decline in emissions from
residential petroleum use between 2005 and 2015. 41
Maine has become extremely active in seeking to mitigate these environmental impacts.
A myriad of emissions-curbing policies are in various stages of implementation. The overall
goals of these policies are to cut greenhouse gas emissions by 45% by 2030 and by 80% by
2050, and to achieve a 100% renewable electricity generation mix by 2050. 42 A key portion of
Maine’s recent raft of climate legislation has been the creation of a Maine Climate Council, a
body of academics, policymakers, and private-sector stakeholders, which is tasked with drafting
a climate action plan by December 1, 2020. This action plan will advise the state legislature on
potential means of achieving Maine’s climate goals. 43
Most relevant to the issue of building electrification is Maine’s strong policy stance on
the substitution of petroleum distillates in residential heating uses. In June 2019, a bill was
signed that set a goal of installing 100,000 heat pumps in residential structures across Maine to
begin weaning the state off of heating oil (there are currently 520,000 non-electrified homes). 44
This transition to heat pump technology is projected to save Maine homeowners $300-600
41

Ibid.
“Governor Mills Signs Major Renewable Energy and Climate Change Bills Into Law,” Office of Governor Janet
T. Mills, https://www.maine.gov/governor/mills/news/governor-mills-signs-major-renewable-energy-and-climatechange-bills-law-2019-06-26
43
“Governor Mills Introduces Bill to Establish Maine Climate Council,” Office of Governor Janet T. Mills,
https://www.maine.gov/governor/mills/news/governor-mills-introduces-bill-establish-maine-climate-council-201904-30
44
“House Heating Fuel, 2017,” U.S. Census Bureau,
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk
42
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annually on heating expenses and will be facilitated by incentives and subsidies that provide
money to households below 150% of the federal poverty level through various climate-focused
programs, such as the Low-Income Home Energy Assistance Program. 45
Legislation to improve energy efficiency in commercial buildings is comparatively less
developed. Much state-level regulation of commercial building emissions today is carried on in
Maine’s Uniform Building Code, which is itself a relatively weak legal tool: municipalities with
populations below 4,000 are not required to follow its provisions, effectively exempting 40% of
the state’s population from compliance. 46 Recent legislative efforts, however, indicate a revival
in building code activity. During the summer of 2019, a bill was passed that allowed codecompliant municipalities to write codes that go above and beyond what is required by the
uniform state code, though this does not modify the key exemption clause. This effort as well as
the general statewide efforts to curb emissions present an opportunity for significant efficiency
gains in the commercial building sector.47
IV.

Connecticut
More than 70% of Connecticut’s annual energy consumption stems from residential and

commercial buildings. These levels of energy consumption are due in part to the age of the
buildings, almost 72% of which were built before 1972. These older buildings are often less
insulated and rely on inefficient heating systems and appliances. In addition, 40% of buildings in
the state use heating oil for space heating, which is significantly higher than the national average

45

“Governor Mills Signs Bill Promoting Energy Efficient Heat Pumps in Maine,” Office of Governor Janet T.
Mills, https://www.maine.gov/governor/mills/news/governor-mills-signs-bill-promoting-energy-efficient-heatpumps-maine-2019-06-14
46
“Building Energy Code Adoption in Maine- Lessons Learned,” Northeast Energy Efficiency Partnerships,
https://neep.org/sites/default/files/resources/Building%20Energy%20Code%20Adoption%20in%20Maine.pdf
47
Mike Collignon, “New Legislation Highlight: Maine,” Code Watcher, https://codewatcher.us/climatechange/new-legislation-highlight-maine/
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of 5%. However, due to improvements in energy efficiency and the fall in costs of alternative
energy sources, such as natural gas, Connecticut’s consumption of heating oil is expected to fall
15% in the next decade even without state-level policy action. 48
Nevertheless, in 2018, the Governor’s Council on Climate Change presented a series of
recommendations for state action. These recommendations include the goal of “accelerat[ing]
[the] adoption of building thermal energy conservation improvements such as weatherization,
insulation, efficient windows, and HVAC.” 49 This would entail investing in building energy
efficiency and ensuring that state building codes are aligned with the International Energy
Conservation Code. Another goal of the report is to “transition building fossil fuel thermal loads
to efficient renewable thermal technologies,” 50 which could include incentives to replace fossil
fuel-based heating systems with renewable technologies such as heat pumps and to install such
renewable thermal technologies in new buildings. 51
V.

Massachusetts
Massachusetts has implemented several electrification strategies, which primarily fall

under the umbrella program of Mass Save. Mass Save provides businesses and residents with
programs and subsidies for electrical upgrades such as electric hot water systems and heat
pumps. To make the process of entering the program easier, the state government offers free, athome assessments of consumer eligibility.52 The program provides up to $1,600 in rebates for
electric heating and cooling equipment and up to $600 in subsidies for electric heat pump water
48

“2018 Connecticut Comprehensive Energy Strategy: Buildings Sector,” State of Connecticut Department of
Energy and Environmental Protection, https://www.ct.gov/deep/lib/deep/energy/ces/buildings_sector.pdf
49
Ibid.
50
Ibid.
51
“Building a Low Carbon Future for Connecticut,” The Governor's Council on Climate Change,
https://www.ct.gov/deep/lib/deep/climatechange/publications/building_a_low_carbon_future_for_ct_gc3_recommen
dations.pdf
52
“No-Cost Home Energy Assessments for Homeowners (1-4 Units),” Mass Save,
https://www.masssave.com/en/saving/energy-assessments/homeowners
19

heaters.53 New modifications to the program provide even greater subsidies to households
switching to heat pumps from fuel sources such as oil or propane. 54
In addition to Mass Save, Massachusetts has passed other measures to reduce building
emissions. According to the state’s Comprehensive Energy Plan, one of Massachusetts’ policies
is to “...[increase] adoption of new thermal technologies, such as air-source heat pumps, to
approximately 2% of single family homes by 2030.”55 Another large initiative, established by
executive order in 2007, is Leading by Example (LBE), which aims to reduce energy
consumption in state-owned or leased buildings. The program has been successful, as certain
participating buildings reduced their energy usage per square foot “at least 20% by 2012,” while
all “LBE Partners” reduced their collective energy usage intensity by 3%. The program is aiming
for an ambitious 35% reduction by 2020.56 Additionally, under Executive Order 484, all newly
built state buildings must comply with a LEED Plus standard, which mandates 20% greater
energy efficiency.57
The Massachusetts Department of Energy Resources has devoted $3.5 million to a
Pathways to Zero Net Energy program, which supported the construction of energy-efficient
buildings across the state.58 The Department has also created separate grant funding pools for
consumers and firms, as well as a robust “rating and labelling” system that provides an efficient
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way of recognizing and acting on set targets for sustainable improvement. 59 With regards to
municipal efforts, the City of Boston also has its own climate initiative, pledging to become a
carbon-free city by 2050, part of which will require serious retrofitting of historical but
unsustainable buildings.60
VI.

Rhode Island
Energy consumption and building electrification efforts in Rhode Island have been

similar to those taken by Connecticut and Massachusetts. Three out of ten homes in Rhode Island
use fuel oil for home heating, a proportion substantially higher than the national average, and
only one in ten homes uses electricity for heat. 61 In Rhode Island, residential and commercial
buildings account for 40% of the state’s greenhouse gas emissions and 57% of total energy
consumption.62 Rhode Island’s decarbonization efforts are spearheaded by the “Energy 2035:
Rhode Island State Energy Plan,” which aims to reduce emissions levels by 45% below 1990
levels by 2035.63 This plan includes a number of policy objectives aimed at reducing energy
consumption in homes and commercial buildings, including goals to increase the use of
combined heat and power systems and improve the energy efficiency of new buildings. 64
In 2015, the Efficient Building Fund (EBF) was established under Rhode Island General
Laws. The program, which is administered by the Office of Energy Resources (OER) and Rhode
Island Infrastructure Bank, has provided over $2 billion in funding for energy efficiency and
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renewable energy projects for schools and other municipal buildings. The OER also uses funds
from the Regional Greenhouse Gas Initiative to provide funding for building projects that go
beyond the basic energy efficiency codes set by the state and for energy efficient technologies
like heat pumps. Over $600,000 was allocated towards these initiatives in 2017. That year,
Rhode Island’s energy efficiency programs resulted in electricity savings equivalent to 3% of
2012 consumption and natural gas savings equivalent to 1.24% of 2012 consumption. 65
Through a program similar to Mass Save, Rhode Island residents can take advantage of
rebates on electric space and water heating equipment from National Grid, a utility which serves
most of the state. As a result, National Grid runs this program, which is different from how Mass
Save is a joint effort from Massachusetts’ major utilities. Rhode Islanders can receive more than
$2000 in rebates when installing a mini-split heat pump system and up to $600 for a highefficiency heat pump water heater.66 Similar to Mass Save, the program is funded by an energy
efficiency surcharge on all customers’ gas and electric bills.67
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Financial Barriers
While some studies have touted the potential of electrification to reduce new
homeowners’ lifetime energy expenditures, high upfront costs pose a significant financial
barrier, especially when retrofitting is necessary. According to RMI’s analysis, “homes currently
using natural gas heating [that only need] to replace a gas furnace” will usually find it “more
expensive to electrify than to stick with gas.”68 While “demand flexibility that optimizes for
typical time-of-use rates can reduce energy costs,” it is “not usually significant enough to tip the
scales in favor of electrification.”69 Indeed, for a Providence, Rhode Island homeowner, RMI
estimates that the “15-year net present costs of water heating and space conditioning” of
retrofitting a “standard heat pump” are $11,300 more than those of installing one within a newly
constructed house.70
In 2018, the American Gas Association (AGA) — a natural gas industry trade group —
released a study concluding that policy-mandated electrification would lead to a “total economywide increase in energy-related costs (residential consumer costs plus incremental power
generation and transmission costs) rang[ing] from $590 billion to $1.2 trillion [in] real 2016”
dollars, or an increase in “$1,060 to $1,420 per year for each affected household.” 71 They also
contend that “widespread policy-driven residential electrification will lead to increases in peak
electric demand.”72 While we believe that AGA’s clear stake in limiting electrification as well as
its study’s granular assumptions about the trajectory and timeline of future policy — including
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its presumption that future policy will mandate “the halt of sales of furnaces and water heaters
fueled by natural gas, fuel oil, and propane” by 2023 — may lead to inflated cost estimates, its
projections of upfront and retrofitting costs are not out of line with the aforementioned cost
projections put forth by RMI.73 “Incremental costs” associated with retrofitting may include
“upgrades to electrical services and hook-ups, installation and connection of the outdoor portion
of the heat pump, [and] resizing ductwork due to different air flow and discharge temperatures”
(although AGA also neglects to acknowledge the existence of ductless ASHPs).
Despite its conclusion that “electrification will increase costs at today’s prices… for the
many existing homes currently heated with natural gas,” RMI’s paper identifies four
constituencies for which electrification is cost-effective: “customers switching away from
propane or heating oil… gas customers who would otherwise need to replace both a furnace and
air conditioner simultaneously… customers who bundle rooftop solar with electrification,”
and customers who pursue “new home construction, especially when considering the avoided
cost of gas mains, services, and meters not needed in all-electric neighborhoods.” 74 However,
RMI’s study also warns that “customers with existing gas service face higher upfront costs to
retrofit to electric space and water heating compared with new gas devices” while
simultaneously running the risk of “pay[ing] more for energy with electric devices—in the case
of colder climates in Chicago and Providence—or sav[ing] too little in energy costs to make up
the additional capital cost—in the case of Houston and Oakland.” 75 These findings imply that
policies to promote electrification should be tailored to their target population’s needs, as
destitute, gas-serviced customers in colder climates are likely to demand more robust incentives
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than environmentally-conscious customers who are seeking to complement their rooftop solar
with building electrification technology.
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Institutional Barriers
Institutional barriers to building electrification in New England are eclectic and will
require conscientiously targeted policies. A readily apparent challenge is the raw manufacturing
capacity of prerequisite technologies for electrification, including heat pumps and electric water
heaters. Given current estimates of the necessary amount of such technologies — as well as
idiosyncrasies within the supply chains or markets for such technologies — the rate of
production must be ramped up to electrify New England’s building stock at a rate commensurate
with future emissions targets. Home contractors or mechanics also have the potential to mitigate
institutional barriers such as adverse company policies and consumer unfamiliarity. In particular,
contractors are uniquely poised to spearhead reform of providers that default to non-electric
heating technologies, as well as educate consumers on the costs and benefits of electric options.
A flagship program combining contractors’ expertise with utility company policies is
Massachusetts’ MassSave, which provides access to energy audits, rebates, and installation
subsidies. Finally, outdated or unenforced building codes can pose a barrier not only to the
structural requirements for installing electric technologies, but also non-electrification-associated
emissions reductions more broadly.
I.

The Role of Home Contractors/Mechanics
Home contractors and energy service companies can serve as important resources for

promoting residential electrification. Frequently, direct-fueled technology is chosen without
evaluating electrical alternatives as a traditional default practice by companies, which is then
readily accepted by consumers. To work toward greater knowledge and training for contractors,
some knowledge-sharing resources that have been developed include heat pump installer guides
and electric products have been incorporated into existing programs (i.e. heat pump water heaters
26

in the Energy Star labeling program).76 In general, a perceived performance uncertainty
surrounding electrification has contributed to consumer hesitation to electrify. Still, this can be
mitigated through improving information on the consumer side and boosting
technical/commercial training, knowledge, and skills on the provider side.
Contractors can serve as innovators within their communities; for instance, while ASHPs
are not widely used as a home heating source in Massachusetts, several contractors and residents
have installed advanced cold-climate heat pumps as their only heating source, an effort which
has thus far been successful. According to Keri Enright-Kato, Director of the Office of Climate
Change, Technology, & Research at the Connecticut Department of Energy and Environmental
Protection, “the question [of] how… we educate and train installers to communicate to
customers” is paramount. Even in her own experience of attempting to install a heat pump water
heater, installers advised her that natural gas options were more affordable without “necessarily
know[ing] about [a potential]... rebate” that made “lifetime cost[s]” for the heat pump cheaper.
This anecdote further underscores the urgency of keeping contractors and consumers alike up-todate on the shifting financial landscape of home heating technologies. Energy-efficiency
programs such as Massachusetts’ Mass Save also offer rebates and other financial incentives for
residential air-source heat pump installation.77 Recent data from Mass Save has been promising:
in 2018, its “Adjusted Gross Annual Electric Savings” were tabulated as 420,733 MWh for
residential buildings and 420,375 MWh for commercial and industrial buildings. 78

76

Deason, Jeff, Max Wei, Greg Leventis, Sarah Smith, and Lisa Schwartz, "Electrification of Buildings and
Industry in the United States," EScholarship, last modified March 2018, accessed November 9, 2019.
https://escholarship.org/uc/item/8qz0n90q.
77
Howard, Meg, "Electrify Your Heating!" Massachusetts Clean Energy Center, last modified May 8, 2019,
accessed November 9, 2019. https://www.masscec.com/blog/2019/05/07/electrify-your-heating.
78
“Electric & Gas CO2 Equivalent Emissions Reductions Summary (2018),” masssavedata.com, accessed
December 5, 2019.
27

Even given these preliminarily promising statistics, there remains substantial potential for
improvement in programs such as Mass Save. According to Yael Nidam, a Research Manager at
the Department of Urban Studies and Planning at MIT, urban areas are characterized by “a
mismatch between what [Mass Save] allows and what people are able to do,” as well as a
prevalent lack of knowledge of the program among urban consumers in general. Nidam —
whose research examines why MassSave urban outreach efforts have been largely unsuccessful
— contends that in addition to consumer unfamiliarity, a significant barrier to widespread
participation in MassSave is simply a “flawed… program design.” In other words, many who
attempt to enroll are faced with a long and difficult process, characterized by multiple rounds of
negotiations with contractors from differing companies and financially burdensome requirements
to pay in advance.
In sum, while residential building electrification is faced with numerous barriers, ranging
from technological to economic, addressing the lack of knowledge on the part of civilians and
contractors can begin with contractor training, skills development, and outreach, in order to work
towards a cleaner energy future.
II.

Antiquated, Unenforced Building Codes
Building codes play a critical role in promoting energy efficiency, both directly via usage

regulations and indirectly via electrification. A 2010 United States policy analysis concluded that
significant reductions in greenhouse gas emissions could be attained through strengthening
building codes, mandating effective regulations, and requiring quality inspections. 79 Even by
2014, however, eleven states in the country either lacked a commercial building code or
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possessed a code that had not been updated in more than a decade. However, increasing the
efficiency of buildings is made significantly more difficult by the lack of strict enforcement in
numerous regions of the United States, which manifests in different ways, ranging from nonrepresentative building code investigation and approval boards, opposition advocacy, and
inconsistent enforcement of building energy codes. Thus, stricter and more streamlined
enforcement of building standard codes can move the building sector towards higher energy
efficiency and consequently equal protection and health promotion for civilians alongside
climate resilience.80
Nonetheless, the limitations of enforcing building energy codes are worth noting. Two of
these challenges are that these codes are often perceived as less important than health and safety
codes, like fire codes, and that plan reviews often focus on architectural and structural
components of buildings rather than interior building components, such as electrical wiring and
plumbing, that also impact energy usage. 81 The majority of building code review and approval
boards are comprised of professionals from the construction industry who may not account for
climate change mitigation in their analysis. In addition, the homebuilding industry opposes
updates to building energy codes, positing that these changes have high upfront costs that
contribute to unaffordable housing. However, it is key to acknowledge that current energy costs
do not include societal externalities such as those that stem from carbon emissions. Lastly,
insufficient or limited training for code officials and a lack of funding directed toward code
adoption and enforcement leads to variable regulation of building codes. 82
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III.

Building Electrification and Manufacturing Capacity
Rapid electrification of New England’s building stock will require extensive consumption

of building materials and systems. Assuming a 10 year time frame and even only accounting for
residential retrofitting, a first-order estimate finds the need for 500,000 homes a year to be
electrified in New England alone. 83 Increasing manufacturing capacity of electrification elements
like heat pumps and electric water heaters will be crucial to meet this goal. In 2015 — the most
recent year for which data are available — US domestic heat pump production stood at around
200,000 units per year. Global production was about 3.5 million, with the plurality of production
taking place in Europe. Though there likely has been growth in production capacity since 2015,
the data suggest that a 10-year electrification plan for New England alone would consume 2.5
times US production, or approximately 35% of world manufacturing output. Given the integral
role that heat pumps are likely to play in electrification plans beyond New England, such a surge
in demand may engender a manufacturing bottleneck and skyrocketing prices. Of course, a more
accommodative time frame will reduce the urgency of this issue, but rapid growth of the industry
will likely still be necessary.
Comparatively less information is available on the status of other green building
technologies, such as electric water heaters. However, it is known that only a small fraction of
residences (about 8%) replace their water heaters annually, suggesting that a program to replace
large numbers of heaters in a short timespan will likely require some investment in
manufacturing capacity, though the necessary amount to facilitate a shift from 8% replacement to
10% or more is not all that large.84
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Remedying these deficiencies will likely require some level of government involvement
to ensure that capacity is built quickly enough to allow for electrification efforts in New England
and beyond. These interventions may be as simple as expedited permitting for heat pump
factories, or as complex as government logistical support for heat pump distribution; the degree
of needed involvement in this process merits further study given the dearth of public information
on the subject and the growing complexities of global trade flows.
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Cultural Barriers
I.

American Cultural Attitudes Towards Climate Change Advocacy
Since policies promoting electrification are often framed as part of a collective effort to

combat climate change, they are challenged by the same cultural barriers that climate change
advocacy in general has had to contend with. Cultural, political, and ideological backlash have
long been a hallmark of contemporary climate change advocacy: by 2012, survey data
demonstrated that “the American public’s belief in the science of climate change [had]...
declined [on net] over the past five years,” with a decrease from “71% to 57% between April
2008 and October 2009” alone.85 Although recent climate change advocacy efforts have
catapulted the issue to the forefront of political discourse and media coverage — according to an
April 2019 Yale Program on Climate Change (YPCC) survey, only 16% of Americans currently
believe “global warming is not happening” — climate change advocacy’s newfound momentum
has been met with an equally fierce backlash, exemplified by scathing public criticism of
prominent activists such as Greta Thunberg and staunch conservative opposition to policy
initiatives such as the Green New Deal.86 In the American public, such backlash continues to
manifest itself as a steadfast refusal to acknowledge human culpability in climate change: the
April 2019 YPCC survey also found that 45% of Americans do not “understand that global
warming is mostly human-caused.”87
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According to a 2014 study, barriers to climate change advocacy are intentionally erected
and actively nourished by a fossil fuel industry concerned with its bottom line, as well as “smallgovernment conservatives and libertarians” with a “strong ideological commitment” to laissezfaire, anti-regulatory economics.88 In particular, climate change opposition is frequently framed
in cultural terms, with the “American way of life” — defined by “high consumption and everexpanding material prosperity” — itself at stake. 89 When perceived in this context, it is therefore
unsurprising that costly electrification efforts are so often met with stiff cultural resistance.
Interestingly, cultural resistance to electrification and other pro-environmental initiatives
is not a uniquely American phenomenon. According to a 2008 paper, “studies throughout Europe
have suggested that voluntary agri‐environmental programmes often engender very little change
in attitudes towards productivist agriculture among conventional farming communities.” 90
Drawing from “case studies from Hessen, Germany and Aberdeenshire, Scotland,” the authors
posit that “voluntary agri‐environmental work returns little symbolic capital to farmers as, by
prescribing management practices and designating specific areas for agri‐environmental work,
such schemes fail to allow farmers to develop or demonstrate skilled role performance.” 91 These
findings suggest that framing of electrification efforts in a way that affirms participants’
autonomy is paramount. Another paper attributes the low long-term success rate of “off-grid
rural electrification programs” in developing countries to a failure “to appropriately address the
social and cultural issues of target communities,” which leads to such programs being cast as
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overbearing and “unresponsive” — salient findings given that nearly “2.7 million (20%) of [New
England’s] nearly 14 million residents” can be classified as rural. 92 Their analysis suggests a
synergy between robustly implementing financial, institutional, and infrastructural
electrification-promoting policies and dismantling the associated cultural barriers. In other
words, recalcitrant homeowners and business-owners may become more culturally responsive to
electrification initiatives simply if their financial- and institutional-based concerns are assuaged.
Other studies sought to examine American culture’s treatment of climate change. Using
“181 formal, semi-structured interviews at more than 82 institutions” conducted from 2005 to
2008, author Benjamin K. Sovacool sought to examine the cultural underpinnings of resistance
to “energy efficiency technologies and devices and renewable power generators in the United
States.”93 In particular, Sovacool indicts the disconnect between the production and consumption
of electricity: the harvesting of the natural resources needed to produce electricity happens far
from the consumers, and the plants at which electricity is actually produced are often in rural
areas that are out of sight of the majority of consumers.94 Since the process of production is
essentially invisible to consumers, they often misunderstand the gravity of the environmental
impacts of production and thus become apathetic to the idea of becoming more energy
efficient.95 Sovacool also argues that themes in American history such as hostility towards
nature, industrialization, urbanization, and mass consumption have led many Americans to
believe that they are “entitled to energy-intensive standards of living.” 96 He traces the
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development of this attitude as related to these themes throughout significant time periods of
American history.97 These findings carry important implications for how best to dismantle such
cultural barriers today. In particular, proponents of electrification should wage a robust education
campaign that foregrounds the supply chain of fossil fuel-based energy production and its toll on
the environment, and affirms the compatibility of climate change advocacy with American ideals
such as resiliency and innovation. They should also spotlight the substantial financial and
political resources that fossil fuel lobbyists and laissez-faire activists with ulterior motives have
deployed to foment cultural resentment against climate change advocacy.
While cultural resistance to climate change advocacy writ large remains a notable barrier,
there may be reason to believe that such resistance will not fully translate to the realm of
electrification. The ability to frame electrification initiatives as both technologically savvy and
centered around consumers’ needs undercuts conventional anti-green arguments that contend that
climate policy is orchestrated to advance the interests of a minority liberal elite. Indeed, other
tech-centered environmental policies such as solar energy initiatives have enjoyed robust support
across the political spectrum: a 2018 “Global Strategy Group poll released… at Solar Power
International” reveals that “76% of voters and 87% of opinion leaders think their utility should
deploy more solar power,” while a 2016 “survey of 1,000 people conducted by the Republican
polling firm Public Opinion Strategies illustrates” that “75% of Trump voters support ‘action to
accelerate the deployment and use of clean energy’” — a phrase that certainly describes building
electrification.98 Finally, electrification is a niche and relatively novel policy realm that has not
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yet gained the prominency held by high-profile legislation such as the Green New Deal. As such,
climate policy opponents have comparatively expended very little financial or political capital to
denigrate electrification efforts in particular, which affords electrification proponents a critical
avenue to make inroads among energy consumers of all ideological affiliations. Given the
potential for backlash to intensify in the future, this further underscores the importance of
electrifying as expediently as possible.
II.

Unique Challenges of Energy Consumption for Marginalized Communities
Electrification poses distinctive challenges, financial and otherwise, for low-income and

other marginalized energy consumers. As documented by the U.S. Department of Energy’s
Office of Energy Efficiency and Renewable Energy and other sources, “low-income households
spend a larger portion of their income on home energy costs… than other households spend” —
a phenomenon known as “energy burden.” 99 Energy burden is sustained by various factors,
including low-income households’ relative lack of flexibility with regards to recent “fluctuations
in energy pricing,” as well as their relative lack of energy efficiency in urban and other areas. 100
Excessive energy burden can “force tough choices between paying energy bills and buying food,
medicine, or other essentials,” leading to potential nutritional, health, and other costs that extend
far beyond the first-order financial challenges that have traditionally characterized low-income
energy usage.101 For instance, a 2010 Poverty & Public Policy paper asserts that a major
consequence of high energy burden is “housing instability,” a phenomenon characterized by
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“shut-offs resulting from non-payment or frequent residential mobility stemming from an
inability to secure proper housing due to high utility expenses and/or a history of utility debt.” 102
Successful electrification policy must therefore be equipped to address not only financial
concerns, but broader cultural concerns regarding health, housing, and the quality of life of lowincome energy users.
When examined through an intersectional lens, the issue of low-income energy burden
takes on salient race-, age-, and class-based implications. Many low-income households include
“at least one member who is particularly reliant on electricity for temperature control or other
necessities”; indeed, a 2011 “NEADA survey of 1,800 [household recipients of low-income
energy assistance revealed that] 40% had someone age sixty or older, 72% had a family member
with a serious medical condition, 41% had a child under eighteen and 21% with young children
under five, and 42% were disabled.”103 This survey also sheds light on the relationship between
large energy burdens and “poor health outcomes”: “23% of the NEADA survey respondents
reported keeping their homes at unhealthy temperatures in response to unaffordable utility bills;
33% used the kitchen stove or oven for supplementary heat; and 24% stated they had gone
without food for at least one day.” Given the significant proportion of vulnerable households
with children, it is also worth noting that “children are particularly at risk for a host of health
complications associated with high energy burdens, including carbon monoxide poisoning,
malnutrition, and cognitive and behavioral underdevelopment.” 104 Finally, analyses of low-
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income energy burden would be remiss without acknowledging racial and regional disparities:
“of the households facing high energy burdens, 18% are Hispanic,
28% are white, and 49% are African American. Likewise, 46% of families with
high energy burdens reside in the South, followed by the Midwest at 22%, the
Northeast with 17%, and the Northwest with 15%.”105 To ease barriers to electrification among
marginalized communities, policymakers must first understand the complex ways in which race,
age, geography, and other characteristics inform how energy is consumed.
These analyses suggest that low-income and other marginalized communities may find it
particularly difficult to overcome the financial and institutional barriers outlined above. Energy
consumers of lower socioeconomic status may not possess the time, resources, or institutional
wherewithal necessary to navigate logistically complex rebate programs, for example — and
they may also be more likely to live in buildings with antiquated or unenforced building codes.
Proponents of electrification who do not acknowledge the idiosyncratic costs that high-energy
burden communities face may risk coming across as out of touch, and prudent electrification
policy should thus aim to dismantle the unique barriers that marginalized energy consumers face.
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Financial Policies
Making building electrification projects more financially feasible will be critical to
hastening the transition towards a cleaner residential and commercial building sector. Under a
30-year timeframe, deep energy retrofits — which will likely be necessary in many buildings in
New England given the region’s relatively old real estate — add around $15 to monthly net
homeownership costs. While these costs may still be prohibitive to many potential consumers,
long-term financing can clearly make these retrofits, the average upfront cost of which was more
than $40,000, more attractive.106 Adding subsidies and incentives would surely help. As
mentioned in “The State of Electrification in New England” section, states like Massachusetts,
Maine, and Connecticut already provide some monetary rebates to reduce the upfront cost of
installing heat pumps and other electric HVAC equipment. Despite these incentives, adoption
rates remain low. As of May 2019, state-driven financing programs have only led to the
deployment of 25,000 heat pumps since 2011 in Maine, 18,000 heat pumps since 2015 in
Massachusetts, and 8,200 heat pumps since 2000 in Vermont. 107 New England state legislatures
can glean some lessons from innovative and effective financing mechanisms implemented in
other jurisdictions, both domestically and internationally.
I.

New York City Innovation
New York City is fairly advanced relative to neighboring areas regarding its building

electrification policies, which are mostly run by the New York State Energy Research &
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Development Agency (NYSERDA). NYSERDA runs the Air-Source Heat Pump Program, the
Ground-Source Heat Pump Program, and the Clean Heating and Cooling Communities Program
and offers various subsidies and incentives for heat pump technologies and market research. The
ASHP program provides $500 in rebates per ASHP to installers, and NYSERDA has allocated a
lump sum of $26.5 million to the installation of GHPs, distributed in incentives that vary in
magnitude based on the size of the HVAC system and the size of the building it is serving. 108
New York City also pursues some innovation policies that incentivize other technologies that
relate to electrification, such as MicroGrid pilot projects like the Marcus Garvey Village,
Brooklyn Microgrid, and Hudson Yards. 109
As of 2016, heat pumps only represented 1% of the overall heating and cooling market in
the state. One barrier is that incentives are often inappropriately small and do not fully
incentivize adopting a heat pump. However, New York City has launched an innovative Retrofit
Accelerator program, which provides free advisory services such as conducting evaluations and
connecting them to qualified contractors, cash incentives, and financing. As of 2018, the
program has already worked with 5,000 buildings across the five boroughs, which is remarkable
given that the outfit was only established in 2015.110 States in New England can offer similar
resources through their ratepayer-funded energy efficiency programs to demystify the retrofit
and upgrade process for building owners.
II.

Scandinavian Funding Models
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Scandinavian countries, in contrast to the United States, have been creating incentives on
the national scale to support the growth of markets for clean and efficient energy use, such as
renewable thermal heating, large scale solar heating, and district heating systems in which the heat
that is distributed to buildings is produced by one or multiple heat pumps. 111 Given how most
programs in New England, and the United States more broadly, are targeted at individuals,
pursuing the development of district heating systems would constitute a new approach. After all,
as the costs associated with individual heat pumps can approach $17,000, the technology is still
expensive for individuals otherwise enjoying low natural gas prices. 112
In Drammen, a Norwegian city of 65,000 residents with an average annual temperature of
about 46˚F, the city government partnered with Star Renewable Energy and developed a district
heating system centered on a large water-sourced heat pump.113 Regarding total emissions, it is
helpful that more than 95% of Norway’s electricity is produced through hydropower. 114
In addition, governments in Scandinavia are investing in national programs for
electrification. Norway’s Ministry of Climate and Environment manages Enova, an organization
that funds green technologies and aids with their experimentation and use. 115 In 2018 alone, Enova
disbursed more than $12 million to district heat projects and nearly $30 million in subsidies for
residential HVAC improvements and heat pump installations. 116 These sums are vast compared to
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that spent by state governments in the Northeast, especially considering that Norway is a country
of 5.1 million. By 2015, Norway had already installed 900,000 heat pumps. 117
While Norway’s policies were enacted on a national level, its similar climate and relatively
small population (its population is smaller than that of Massachusetts) imply that state-level action
in New England could significantly accelerate building electrification. Thus, to support the
financial viability of heat pumps and other decarbonizing HVAC technologies in their
jurisdictions, state governments in New England can focus on better connecting building owners
to existing cash incentives through outfits similar to NYC’s Retrofit Accelerator, supporting the
proliferation of district heating systems to better distribute costs, and adding more funding to
incentive programs.
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Institutional Policies
Regulatory complexity, HVAC installers’ and contractors’ lack of awareness of clean
HVAC technologies, and issues with writing and enforcing building codes have slowed down the
proliferation of heat pumps and associated technologies throughout New England. Encouraging
local governments to take the lead on electrification, inducing utilities to invest more in training
and education programs, and reforming and enforcing building codes are among the approaches
that can help neutralize institutional and policy-based barriers to building electrification in New
England.
I.

The Role of Municipal Governments
Local and municipal governments have a large responsibility to promote the electrification

of residential and commercial buildings. Up to 40% of GHG emissions from U.S. cities stem from
space and water heating such that municipal governments can work to overcome the present
barriers towards electrification and set building standards for new and current buildings, while
taking into account the unique aspects of their respective constituencies. 118
Cities such as Burlington, VT, Boulder, CO, Washington, D.C., and New York are leading
the charge, having formed the Building Electrification Initiative for Cities (BEI) that considers
present barriers to electrification from its costs through retrofits to the low cost of natural gas that
encourages consumers utilize fossil fuel-generated heat. 119 BEI can provide important support for
municipalities looking to make headway in the electrification space. It is currently helping Boston
complete “an analysis of its building stock and market segmentation to identify common
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electrification and energy efficiency opportunities in small residential and multifamily buildings”
and supporting the Burlington Electric Department’s efforts “to explore policy and program
options to increase the number of homes with weatherization and electrical capacity, making them
‘heat pump ready.’”120
Furthermore, effective January 1, 2020, Berkeley, CA, also a BEI city, is the first U.S. city
to completely ban new natural gas hookups within its jurisdiction. While certainly a positive step,
the ban only applies to new construction, which severely limits its potential to affect change due
to Berkeley’s sluggish housing market.121 Nevertheless, it is clear that municipal governments can
help drive forward change in this space and even potentially reduce regulatory complexity with
simple policies such as blanket bans. In fact, residents of Brookline, MA, voted in November 2019
to ban the installation of oil and gas pipes in new buildings and during extensive renovations of
older structures.122
II.

Installer/Contractor Training and Incentive Programs
HVAC installers and maintenance companies are ultimately the entities that most directly

influence end-users’ decisions about what heating/cooling equipment they want in their
buildings. Educating contractors and members of these firms regarding heat pumps and other
clean electric HVAC technologies is critical to promoting the market growth of these products.
Fortunately, there do exist programs connecting utilities and these workers. Enright-Kato
described how utilities “do have training programs” and “work with installers all the time.” She
thus encouraged increasing funding for these programs and providing utilities with specific
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trainings that they can use. If need be, these programs could be designed at the state government
level and then be mandatory for utilities to adopt.
Contractors can be incentivized to take advantage of these initiatives. In order to combat
improper installation of new, efficient HVAC equipment, utilities in Iowa began offering a
training course for contractors in 2010. A report from the Midwest Energy Efficiency Alliance
notes that contractors had to complete the course in order for their energy-efficient installations
to qualify for applicable rebates. About a year later, 14% of contracting companies in the state
had at least one certified representative.123 However, education may not change contractors’
behavior if their incentive structures remain the same. NYSERDA has attempted to tackle this
potential issue in New York by providing midstream incentives of $500 and $1200-1500 for
installation of eligible ASHPs and GHPs, respectively, directly to contractors. Con Edison, a
utility that serves much of the New York metropolitan area, offers incentives to HVAC
equipment distributors, who then “pass through at least 50% of the incentive to contractors.”
Because most of these initiatives were rolled out in 2018, it remains to be seen how effective
they are.124 However, upstream and midstream incentive designs offer a potential alternative to
the downstream-focused programs that dominate in New England, since they better engage
distributors and contractors.
III.

Designing and Enforcing More Sustainable Building Codes
A more consistent enforcement regimen can be achieved by merging energy inspections

with other building examinations, requiring third party involvement for energy code enforcement
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and inspection, and designing certification programs for code officials. Inspectors can utilize
useful tools such as the Home Energy Rating System (HERS) Index, which provides an
objective, standardized estimate of the energy efficiency of a residence and recommends costeffective, energy-conserving upgrades such as HVAC electrification. 125 In an interview, Charles
Bado, a Residential Designer at Omnibus Designs, noted that Mass Save utilizes the HERS
rating system to provide higher rebates to changes that score better on the HERS index, which
provides a “consistent benchmark.”
One addition to the building code worth considering is mandating the public display of
government buildings’ energy efficiency ratings, similar to the Display Energy Certificate
implemented in Europe in 2009.126 Such transparency may incentivize other building owners to
follow suit. Europe has also rolled out the EU Building Energy Directive, which requires all
buildings that are sold or rented to post an Energy Performance Certificate. This further increases
transparency and allows customers to compare the energy performance of buildings. Despite
differences in European and American governance structures, state governments in New England
could also implement similar initiatives. At the municipal level, for instance, Boston enacted an
Ordinance that requires all large residential and commercial buildings (35,000+ square feet) to
report their annual energy and water use, data which is then made public. 127
However, in terms of demonstrating government support for electrification through
building codes, California stands apart. The state’s building code, as of January 1, 2020,
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mandates that all new construction be zero net energy. These changes will require the installation
of solar panels on new homes below three stories and the installation of high-efficiency windows
and insulation. They will also incentivize the installation of such features as energy storage. The
code additionally mandates the installation of more efficient lighting fixtures and rectifies
existing disincentives to install electric water heaters. However, the code changes do not single
out the need for building electrification in areas such as HVAC systems, as there is no mandate
or incentive included to encourage new construction to cut gas consumption. Furthermore, given
the changes’ application to new construction only, they do not force retrofits. 128 Although such
reforms may affect housing costs, adopting a similar building code that also takes into account
HVAC technologies may be a potential path forward for New England state legislatures.
Finally, to increase the attractiveness of energy efficiency and HVAC upgrades and to
better internalize the societal externality of building sector emissions, policymakers should
consider adding a societal cost test to the benefit-cost analysis used to consider the value of these
upgrades. David Farnsworth, a Principal at the Regulatory Assistance Project, noted that such
tests would recognize the societal benefits of these upgrades, such as the public health benefits
stemming from air quality improvement, and have already been adopted by state energy agencies
in Vermont and Rhode Island. Adopting such a policy throughout New England could be a
plausible step forward.
IV.

Scandinavia
Building code changes were pivotal to the success story of Scandinavian countries,

particularly Norway, in the HVAC electrification space. The Norwegian building code recently
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banned oil boilers in new buildings and has begun to require a certain share of renewable thermal
energy, which has helped send strong signals that fuel oil for heating was to be phased out.
These policy modifications have created a rich environment for architecture firms looking
to spearhead the development of electrified buildings. In Norway, Powerhouse, which is a
collective of several architecture and property groups, is creating buildings that actually contribute
surplus electricity to the power grid. 129 The coalition is set to open Powerhouse Brattørkaia, an
eight-story office building that would provide 485,000 kWh per year to the electric grid, 130 which
could power about 44 American homes a year. 131
Powerhouse is bringing its building-sized experiments to New England by partnering with
the Harvard Center for Green Buildings and Cities of the Graduate School of Design to create
Harvard HouseZero, a renovated pre-1940s home in Cambridge that is a net-zero energy
structure.132 Ultimately, given Norway’s relatively extreme climate, Peter Bernhard, a consultant
working within the Powerhouse coalition, noted that “if you can make it in Norway, you can make
it anywhere.”133
To reduce institutional barriers to the deployment of heat pumps and other renewable
thermal technologies, states in New England can look towards pushing local governments to take
more action, mandating that utilities provide HVAC training programs focused on electrification,
and modifying building codes to make the building sector more sustainable overall.
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Cultural Policies
Dealing with cultural barriers, in effect, comes down to education. Consumer awareness
of heat pumps and other electric HVAC technologies will have to increase for building
electrification to become more widespread in New England. As demonstrated in Scandinavia,
such awareness can come as the government supports the growth of the market through subsidies
and policy shifts. It can also come through targeted outreach to communities to bridge the
knowledge gap.
I.

Education
Nidam explained that community management of retrofit processes tends to be more

successful than bureaucratic oversight. Education is one space in which local government and
community involvement can make a difference. According to Susanne Rasmussen, Director of
Environmental and Transportation Planning for the City of Cambridge, the advocacy group
Mothers Out Front hosts induction stove parties to educate people on how they work and to
demonstrate that food cooked on electric stoves tastes no different. Solarize programs, in which
homeowners in a given community save money by group purchasing solar panels from one solar
installer, present another potential community engagement model. Solar installers can launch
Solarize campaigns by educating households about the benefits of going solar. Dozens of
municipalities in Connecticut and Rhode Island have set up these programs, with campaigns in
late 2016 resulting in 1.7 MW of installations in the latter, and similar educational efforts could
translate to purchasing heat pumps and other equipment necessary for 100% electric buildings. 134
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At the same time, larger governmental bodies with more funding can use online tools to
better streamline constituents’ access to information on the benefits and incentives surrounding
retrofit and electrification upgrade processes. The City of Boston, or even Mass Save itself,
could design an informational web platform to provide all citizens with individualized
information about public resources available for them and education about the retrofit process.
Such a platform could be similar to Mapdwell, which provides building-specific information
regarding onsite solar potential and installations. 135 Another model could be the aforementioned
NYC Retrofit Accelerator, which provides in-person consultations but also provides a bevy of
educational resources on its website.
II.

Other Outreach
Nonprofits such as Northeast Energy Efficiency Partnerships (NEEP), RMI, and public

interest research groups (PIRG) have also stepped up to increase awareness about clean
technologies, such as those in the HVAC space. NEEP publishes research and runs education
programs pertinent to increasing building efficiency, with electrification as a key focus. 136 Along
with Environment America, U.S. PIRG, a federation of state PIRGs, provided support for a
recent report on building electrification.137 The Vermont Energy Investment Corporation (VEIC)
has produced informative research on building electrification. It also runs the nation’s first
statewide energy efficiency utility, Efficiency Vermont, which allows it to design robust
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consumer engagement programs.138 Supporting these organizations’ work and using it to inform
policy decisions can also enhance the growth of electrification in New England.
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Conclusion
Eliminating the direct use of fossil fuels in residential and commercial buildings will be a
necessary component of New England’s climate mitigation plans. The technologies that can
facilitate this transition, namely heat pumps and electric water heaters, are becoming increasingly
efficient at lower temperatures and are often cost-competitive on a life-cycle basis with gas or
oil-fueled devices. The six states of New England have, to varying degrees, passed policies to
better incentivize the deployment of these technologies. However, adoption rates remain
insufficiently high to fulfill future emissions targets.
This is the case for many reasons. The high, upfront cost of installing heat pumps and
other electric technologies is an obstacle for many consumers, especially those who are not
aware of financial incentives or rebates offered by their state government or utility. Furthermore,
current incentive programs may not be substantial enough to alter consumer behavior, and
HVAC contractors or mechanics may have little impetus to encourage their clients to electrify.
Proponents of electrification must continue to contend with financial, political, and cultural
blowback sustained by fossil fuel lobbyists and conservative activists. Efforts to spur
electrification may be especially inaccessible to end-users from low-income and other
disadvantaged communities.
Therefore, municipal and state governments should more heavily subsidize these
technologies and better educate contractors and consumers about available and forthcoming
incentive programs. To combat pervasive cultural resistance to climate change advocacy,
community groups should spearhead educational initiatives highlighting both the environmental
toll of the fossil fuel industry and the evident synergy between the climate movement and
American cultural touchstones. The success of current electrification programs in cities like
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Providence and New York, states like California and Vermont, and countries like Norway
underscore the importance of concerted policymaking across all levels of government. To
meaningfully accelerate the electrification of new and extant buildings, New England
policymakers must implement prudent, empirically grounded, user-friendly electrification policy
that dismantles the most prominent financial, institutional, and cultural barriers to electrification
today.
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