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Executive Summary

New York and the New England states have adopted aggressive greenhouse gas (GHG) emission
reduction goals. Deep decarbonization will be required to achieve these goals, and the region has made
substantial progress. Emissions from energy use in these stats in 2015 wa$9 percentless than

2001 emissiond. 2  SGSNE GKSNBQa adgAftt | t2y3 gre G2 3I2Y
emission reductions of about 80 percent below 2001 levels.

To date, state and market actions that reduce GHG > o
o ) Tablel. Individual statedecarbonization target$
emissions have focused on the electric supply sector

and on increasing energy efficiency. But even Connecticut 80% below 2001 levels by
enhanced energy efficiency agdrbonfree electricity 2050

can reduce regional emissions by only about 40 Maine 75.80% below 2003 levels
percent by 2050 half the amount required. In other in the long term

words, 2050 emissions would still be triple the target
level. The remaining emissions result from direct fuel
use in buildings, tramortation, andindustry.

Massachusetts =~ 80% below 1990 levels by
2050

Consumers in New York and New England use about Ne€W Hampshire 80% below 1990 levels by

4.2 quadrillion British thermal units (BTU) of fossil fuels 2050
annually for direct endises. A small number of end New York 80% below 1990 levels by
uses account foB5 percentof this direct fossil fuel 2050
use space andvater heating in residential and

. . . . Rhodelsland 85% below 1990 levels by
commercial buildings; industrial process heat and 2050
steam; and orroad vehicles.

. . . . . Vi 75% below 1 level

Reducing emissions 80 percent will require adding a ermont ZSSEbe ow 1990 levels by

third strategy:Move end-uses to electricity andto

other lower carbon fuels where elecfication is not practicaElectric technologies with the potential to
displace, and eventually replace, direct fossil fuelargeavailablenow in the market, although at
varying levels of maturity.

This report examines electrification in detail. We whoow electrification can work with efficiency and
clean electric supply to drive deep decarbonization.

Importantly, emissions reduction goes hand in hand with other goals that factor into deansikimg.

State governments and other stakeholders are g@igsuing objectives such as economic development,
new business opportunities, energy security, resiliency to natural or other disasters, consumer savings,
and reduction of trade deficits from the import of fossil fuels produced elsewhere.

{ 2dz2NODSR FNBY (GKS /SYyGSNI F2NI/EAYFGS | yR @wiSNE@g/ufstesdzi A 2y & =

regions/policymaps/emissiongargets Note that statetargets are not for energy only, and include emissions from waste,
chemicals, agriculture, etc. This report addresses only er@igyed emissions, and assumes the same targets would apply to
energy emissions alone.

Northeastern Regional Assessment of Strategic Electrification |
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Figurel: Direct fossil fuel use divided by end use and sector in New York and New England. The region uses about 4.2 quadrillion
BTUs of direct fossil fuel energy each year.
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Source: U.S. Energy Information Administration

Meeting these objectives while also achieving GHG emission reductions will require careful planning and
informed decisiormaking about how, when, and if entses are moved to electricity, as well as how the
electric grid evolves and develops to meetv demands. What is required is not simply electrification, it

is strategic electrification

Strategic electrificationmeans powering eneises with electricity instead of fossil fuels

in a way that increases energy efficiency and reduces pollution, while lowering costs to
customers and society, as part of an integrated approach to deep decarbdioiza

Different stakeholders will play different roles in electrification and decarbonization. They will develop
and define their own definitions and approaches teagtgic electrification. State officials, including

both policy and regulatory leaders, have a key role to play in coordinating the actions of these diverse
stakeholders.

Northeastern states are already taking actions that encourage electrificationgdinglencouraging
adoption of electric vehicles and recognizing the thermal renewable value of heat pumps as part of
renewable portfolio standard policies. Stakeholders as diverse as electric utilities, equipment suppliers,

Northeastern Regional Assessment of Strategic Electrification |



environmental and clean energy\aatates, and auto manufacturers are actively engaged in exploring
pieces of this transformation.

Figure2. Strategic electrification in the context of decarbonization
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The purpose of this report is to inform the development afimmal activities, including a regional action
plan. It provides a resource to stakeholders across the region as they develop electrification strategies
that allows them to base their planning on qualitative and quantitative analysis. S@dissesses the
current state of technology and markets for the potentially electrifying-asés that correspond to the

vast majority of regional fossil fuel use. Sectioexamines the policy landscape: what states are already
doing, and what options are in front of them to foster these developing technologies. Ségiresents

the results of scenario analysis, showing the emissions reductions possible with and without
electrification and identifying the pace of market deploymef new electric technologies necessary to
reduce emissions 80 percent from 2001 levels by 2050. These scenarios show substantial increases in
electric demand: Sectioddiscusses the most significant impacts of that increase on the electric grid
and on electric consumers. The report concludes in Se6twith a discussin of nearterm actions and
policy questions for stakeholder discussion in the next five years.

Northeastern Regional Assessment of Strategic ElectrificatBon |
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Technology and Market Assessment

This section describes the einde technologies that are considered in this study. For each technology or
end-use applicationthis includes a description of the technology and its current level of deployment in
the marketplace or sector. It also describes the impact that market barriers have historically had on
deployment of these technologies. See the box below for a desmnipti barriers that typically impact

new technology deployment and market development.

Building on this assessment, each subsection includes a qualitative description of the potential for each
technology to scale over time. This assessment informs theasiceanalysis found in Section 4.

The enduses addressed in this report are space and water heat in residential and commercial buildings;
process heat and steafand onroad vehicles. Together, these endes account fo85 percentof the
directfossil fuel use in New York and New Engl&igurel illustrates the breakdown across all direct
regional fossil fuel use, showing the dominance of thesewses. (hdirect fossil fuel use resulting from

the use of electricity is not reflected here, and is not the subject of these analyses.)

2This assessment addresses process had steam only in applications outside of combined heat and power (CHP) and the
LI LISNJ Ay Rdza G NB & (FiguBel iocliteR dDI dssedsedefdBsd S 2 F
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Overviewof Typical Market Barriergor Strategic Electrificatio

Economic barriersEconomic barriers broadly fall into two main categories: (1) high upfrg
costs of replacement technologies relative to conventional technologies, and (2) slow a
of savings due to low fossil fuel prices. Taken together these barriers create anuadgleq

return on investment for displacing conventional systems with electric options.

Social/institutional barriers{ 2 OA ' f o6 F NNASNA LINA Yl NAf & 3
and inertia? Institutional barriers act more at the organizational andigtal levels, at which
adoption can be limited or even disincentivized depending on economic arrangements,
institutional priorities, or utility business models. A classic institutional barrier is the split
incentive problem faced by landlords and tengnthereby the benefits of an energy savin
initiative accrue to a different party than the one that has control over the investment thj
generates those savings. Another example is teast procurement requirements that
governments may impose on themses$s

Technical/infrastructure barriersTechnical and infrastructure barriers limit the suitability
electric technologies for deployment in wide ranges of applications. Examples include
insufficient electric vehicle charging infrastructure, limited eeective options for heavy
duty electric vehicles, limitations to the installation of grousmwlrce heat pumps (GSHPS) |
some urban areas, and limitations to the ability ofsidurce heat pumps (ASHPS) to reliab
fulfill whole-home heating needs in abkegions.

Policy/regulatory barriers Regulatory barriers limit the ways funds can be applied and
programs can be designed. The most important example is the way in which utility ene
efficiency programs are set up. Regulatory barriers inhibit the &bion of effective policy
and are discussed in depth in Section 3.2.

Each of these barriers plays out differently across the technologies and across the sec
Specific barriers and policies designed to address them are described in greater de

31n the Northeast, overall awareness of heat pumps is quite low, according to a recent study by MacWilliams Sanders
Communication and Meister Consultants Group. Consumers that do know about heat pumps frequently remember poorly
performing modelsinthe 19Ta YR ynQasx 2NJ O2y&aARSNI KAIK O2 a.dMiler yR NBf Al 0A
awareness of electric vehicles is more common, some consumers remain concerned about range and performance.
4 Customers may be unwilling to learn new energy mamagnt habits that heat pumps require, and may be unwilling to
change their expectations for refueling infrastructure in the case of EVs.

Northeastern Regional Assessment of Strategic Electrification |
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Across the region, energy consumption in buildings for thermal energy and HVAC applications account
for roughly one third of all energy consumption and energhated GHG emissiofidn particular, the
Northeast is highly dependent dassil fuels for space heating applications, with natural gas and
delivered petroleum fuels (i.e. oil and propane) accounting for the vast majority of thermal energy
consumption Achieving deep decarbonization goals across the region will require regltihgmal

energy emissions in buildings through a combination of thermal load reduction (i.e. energy efficiency
and weatherization) and replacement of fossil fuel equipment with heat pumps and/or other renewable
heating and cooling technologies.

Strategicelectrification with regards to the buildings sector focuses on the displacement and
replacement of fossil fuel equipment used for space heating/cooling and domestic hot water with heat
pump technologies that operate at significantly higher efficiencies thxisting electric technologies in

all climate zones of the Northeast. Notably, building space cooling and some space heating systems are
already electrified, as are other HVAC applications (e.g. ventilation). Current heat pumps can provide
higher efficency cooling than other existing technologies and have seen robust support from utilities for
summer peak load reductiohOther HVAC applications have similarly been targeted by some utility
efficiency programs (e.g. through commercial/industrial custosasure programs), though are largely

not the focus of this report.

This section provides a market and technology assessment of electric replacement technologies in the
buildings sector, divided into three subsections by application: (i) residential spatiadnand cooling;
(i) commercial space heating and coolfrand (i) water heating.

Residential Space Heating and Cooling

Residential space heating is dominated by fossil fuels, with gas and delivered fuels serving as the primary
heating fuel for oveBO percentof one- to four-family homes across the regipas shown irFigure3.

Gas penetration is highest in densely populated areas, serving over half of homes in New York,
Massachusetts, and Rhode Island, though gas access across the region is steadily incréissiegl De

fuels (i.e. oil and propane) account for the majority or plurality of homes in the more rural northern

forest states. Wood heating is also common in many households in these states, with many homes using

5 Estimates vary depending on the state as well as on the scope of buidaigd energy consumption included in estimates:
for example, Rhode Island estimates approximately 35 percent of emelayed GHG emissions are related to thermal
energy (RI Digion of Planning, 2015. Energy 2035: Rhode Island State Energy Plan), while New York estimates that 32 percent
of energyrelated GHG emissions are related to building HVAC systems (which include thermal energy) (NYSERDA (2017)
RH&C Policy Framewgrand Massachusetts estimates 36 percent of eneglgted GHG emissions are related to non
electricity building energy consumption (MA DEP 2016, 2014 GHG inyento

6U.S. EIA Residential Energy Consumption Survey

7 Most utilities and utility efficiency programs in CT, MA, NY, and RI (the warmer Northeastern states) provide rebaths for hig
efficiency cooling at the residential sector: Mass Save, EnergizeCanall&rid (RI/NY), ConEd, and others offer residential
rebates for heat pumps, primarily based on their ability to reduce cooling energy consumption and demand.

8 Space heating and cooling technologies and markets for the industrial sector are sintilasédri the commercial sector and
are included in this subsection. Industrial process heating applications (e.g. steam, direct heat) are discussed inZSection 2

Northeastern Regional Assessment of Strategic Electrificatfon |
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a mix of delivered fuels and wood heatinggiecentral oil heating with pellet stove for supplemental
heating).

Additionally, while over 70 percent of homes in the United States have faitadistribution (including
electric heat pumps, the majority of which are central heat pumps using feaetistribution) only
about 54 percent of homes in the Northeast have fore@ddistribution systems.

Figure3: Primary heating fuels iane- to four-family homes in the Ndneast and by state

100% g — - l

HE I
80%
60%
40%
20%
0
MA NH NY RI VT

Regional CcT ME

X

m Natural Gas m Qil mPropane Electric mOther

Source: American Community Sur@8y5, Syear estimates

Residential space cooling is provided by a mix of central and window AC units. Due to relatively mild
summers, approximately half tbmes use window AC units and a large number of homes across the
region lack AC entirely (nearly®quarter of homes in New Englan).

Potential electrification technologies in the residengaktor include aisource heat pumps and ground
source heat pumps.

1 Air-source heat pumps (ASHPs)hich use an electripowered vapor compression
cycle to transfer heat in and out of buildings, using ambient thermal energy in the air as
a reservoir. A wide range of ASHP systems are available, ranging frorrhsiadle
ductless to multihead ductless and ducted to central ducted systems. As discussed
further below, the variety of applications provide flexibility for replacing or displacing
heating systems across the diverse housing stock of the Northeast.

9U.S. EIA Residential Energy Consumption Survey (REC8)r20l&HC6.7 (includes NJ/PA)
10RECS 201&6Table HC7.7 (includes NJ/PA)

Northeastern Regional Assessment of Strategic Electrification |
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Groundsource heat pumps (GSHPa}e a vapor compression cycle similar to ASHPs

but use the ground (or grounhater) as a heat reservoir, which can offer higher
efficiencies at low or high outdoor air temperatures due to the more consistent
temperature of the earth yearound. GSHP can also provide domestic hot water

through desuperheaters.

The status of these technologies and the market penetration and growth are describadla and

Table Jespectively:

Table2: Technology status for residential sector building electrification technologies

Air-source heat pumps Groundsource heat pumps

Until recently, ASHPs had not achieved optimal colt
climate performance. In recent years, the technolog
has advanced andew models perform at high
efficiency at 8F. They can extract useful heat from
ambient air down to-15°F. For more information, see
bo99tQa OO! {I1%t &aLISOATFTAO!I

While most ASHPs installed in the United States ar
G F-th-NA NE & @ d0i9 YiaSidnis desiyded
for integration into hydronic distribution systems are
popular in Asian and European markets. These
systems will perform most efficiently at low hydronic
supply water temperatures (e.g. 126, which may
limit retrofit applications in existig buildings

GSHPs are an established technology with a variet
different options for the ground loop (e.g. closed
loop, open loop, direct exchange) and wells (e.g.
horizontal, vertical, standing column). Ground loops
can also be placed within nearbpdies of water at
significantly lower cost due to lack of drilling.

11 http://www.neep.org/initiatives/high-efficiencyproducts/emerginetechnologiegashp/cold-climate-air-sourceheatpump

12 https://blog.heatspring.com/lowambientair-water-heatpumps/

http://www.greenbuildingadvisor.com/articles/dept/musings/awater-heat-pumps

Northeastern Regional Assessment of Strategic ElectrificatBon |


http://www.neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump
https://blog.heatspring.com/low-ambient-air-water-heat-pumps/
http://www.greenbuildingadvisor.com/articles/dept/musings/air-water-heat-pumps

Table3: Market status for residential sector building electrification technologies

Air-source heat pumps Groundsource heat pumps

ASHP systentbat have been installed across the The GSHP market is nascent, with a relatively smal
region are primarily 2 singlehead systems for number of installations at the residential level
supplemental heating/cooling, while (near) whele accounting for <1 percent of homésAnnual

home ASHP adoption has been significantly more | installations across the Northeast are low comparec
limited. ccASHP growth has been rapid across the = to ASHP due in part to significantly higher upfront
region, with approximatel 70,000 units installed in = costs and lower rebate availability. GSHP installatic
the Northeast in 20152 However, overall market have often occurred in larger homes given the high
penetration remains low due to a range of market = capital cost.

barriers. ASHP deployment per capita is highest in

Maine, likely due to the very high share of heating ¢

in homes. While approxiately 3 percent of homes in Increases in market growth are notgected

the Northeast use heat pumpéijt is estimated that = following the exclusion of GSHP from the extended
the majority of these homes are using noald federal residential investment tax credit at end of
climate systems. 20161

Air-to-water heat pump systems have nezero
penetration in the Northeast. As a result, they have
higher costsand a lower contractor base, which will
present barriers to their rapid adoption in the near
future.

Potential for market scale

Heat pump technologies are somewhat limited by turnover of existing heating systems. The annual
replacementrate of space heating systems is estimated at <5 percent per year across the approximately
10.5 million oneto four-family homes in the Northeadt.While the share of heat pumps in new
construction is higher than in retrofits (roughly 8 percent in thetNeast)® new construction across

the region is limited, with growth in ond¢o four-family housing stock of <0.4 percent per yé&ar.

Notably, a majority of ASHP systems installed in the Northeast are not awbole heating

replacement, but instead are irated to provide supplemental heating and/or cooling (i.e. 1 or 2 single
head systems). Thus many of these systems are being installed to displace fuel consumption from
existing fossil fuel systems and are being installed somewhat independently of nepteadagment

13 http://www.neep.org/sites/default/files/INEEP_ASHP_2016MTStrategy Report FINAL.pdf

MRECS 20£51C6.7

15 Market data regardipq the penetrgtion of GSHP across the regigenerally poor, with limited data on annual ar]d 3 o )
Odzydzf F UAGS AyaulfflruaAzyay b, {9wh! Qa HamT wl g/ audzZRé SauAyYld

16 http://programs.dsireusa.org/system/program/detail/1235

17 ACS 2015-§ear estimate

18 Northeast Regional Census Estimate (20t8)s://www.census.gov/construction/chars/pdf/c25ann2015.pdf

19USDept of Commerce (2015). 2015 Characteristics of New Housing:
https://www.census.gov/construction/chars/pdf/c25ann2015.pdf
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cycle. With the more recent growth in ccASHP installations, it is unclear what customers who have
installed heat pumps for supplemental heating will use to replace primary heating systems (given

limitations in heat pump ability to serve whel®me heating load in the majority of residential buildings
without significant weatherization work and/or improvements in cold climate performance).

In addition to slow turnover, heat pumps face other barrieratioption. Upfront cost is still a
significantbarrier. While heat pumps can offer energy savings against oil, propane, and electric
resistance, timelines for achieving payback catebgthydepending on the cost of the fuels

displaced?® Moreover, heat pumps are not cesbmpetitive against naturalagin retrofit applications

due tothe relatively low cost of gas and high cost of electricity across the rdgiwmew construction,

the economics of heat pumps can be favorable even against naturdPgdermance is another barrier.
While ASHP coldimate performance has improved, there is still a significant reduction in heating
capacitybelow CF (and these systems shut down belev8°F). Therefore, most systems are not able to
effectively serve wholdhome heating loads in much of the Northeasthatit a backup system, with the
SEOQOSLIiA2Yy 2F alGA3IKGEGE K2YSad ¢KSNB INB faz2z 02y OSSN
installations, given the need for super higfficiency performance to offset the significantly higher

upfront cost of GSHP. A 2016ldiesstudy of 37 homes in Minnesota found that while median heating and
coolingefficiencies were comparable to expectations, there was wide variability in perforntahizene
suitability is another barrier, particularly for GSHP. The need for drilling/etioavamits uptakein

retrofit applications, particularly in urban areas where available land area can be limited and permitting
processes can be more challenging.

Future developments hold great promise in the residential heating and cooling se@ortheASHP

side, cold climate performance and efficiency have improved markedly in recent years, and
manufacturers expect to continue working towards improved efficiencies and heating output at low
temperatures. This will enable ASHPs to more effectively seinode-home heating loads in a larger
share of buildings without relying on backups. The growth of ductless systems will also provide more
flexibility in nonforced air homes, and newer mutiead ductless systems provide a greater range of
options for disfacing a larger share of home heating and cooling loads. Central ducted systems may also
play a larger role in the future (either to supplement or replace existing systems) due to the fact that
most homes in the Northeast use forced air distributié@verall, we should see substantial market
growth as customer awareness of the suitability of ASHP for a wider range of applications and the
improving performance of cold climate systems increases.

On the GSHP side, growing the market will help achieve ecasarhiscale. While new GSHP
technologiesand designs (e.g. eaxial or twister loops, use of underground thermal energy storage,
integration of solar thermal) are beirnigsted, these alternatives are not yet cesffective and have not

20NYSERDA (201”H&C Policy Framewqi@ronli et al. (2017) Feasibility of Renewable Thermal Technologies in Connecticut
21 http://mn.gov/commercestat/pdfs/cardresidentialgoundsourceheatpump-study. pdf
22 Cadmus DMSHP Report (2016)
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seen broader uptakacross the industry® With support from state policymakers (e.g. the New York

State Energy Research and Development Authority), industry may focus on driving cost reductions
through the value chain primarily related to naguipment costs potentially in lmking at drilling and

other nonequipment cost$* GSHP market growth will likely be higher in regions that are experiencing a

higher rate of new construction, due to the fact that the capital cost is lower in new construction than in
the retrofit market.

For the most difficult applications to electrify, fosfilel alternatives to heat pumps are available,
though these technologies also fabarriers. Wood pellet boilersr furnaces are central systems that
can fully replace conventional boilers and furna€as opposed to more common wood stoves across
the region). Uptake of these systernasbeen limited by high upfront costs and high fuel costs that limit
costcompetitiveness against other fuels. Moreover, pellet fuels are less available in states like
Canecticut and Rhode Islandhich have limited or no kstate production. Solar thermal (air heating)
can provide supplemental space heating, though is less commercially viable at the residential level and
faces challenges related to diminishing capacitsirduperiods of highest demand. Biodiesel can be
blended into heating oil on a near 1:1 replacement to reduce emissions. There are some challenges
associated with increasing biodiesel blends in heatinglbiése includequipment limitations on higher
blends (B5+) and challenges with the higher gel point of biodiesel relative to heatindpicih @an clog
filters, pumps, tanks, and other equipment and limit applicability in colder Northeastern gtates.

Commercial Space Heating and Cooling

Commercial spacheating is similarly dominated by fossil fuels, with large commercial buildings

primarily gas heated and small commercial buildings more reliant on delivered fuels and electricity.
Commercial buildings (esp. larger buildings) often have multiple systemisng heating and cooling

loads (e.g. water source heat pump plus boiler and cooling tower). Space cooling is common across most
commercial buildings for occupant comfort.

23 GSHP industry engagement interviews and workshops completed through the NYSERDA RH&C Cost and Cost Reductions
Advisory Commite (2016).

24NYSERDA (201”H&C Policy Framewaork

25 hitp://www.energy.ri.gov/documents/Efficiency/Rhode%20Island%20Renewable%20Thermal%20Market%20
Development%20Strategy%20January%202017.pdf
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Table4: Prevalence of each fuel among commeroialdings in the MidAtlantic and New England regions

_ % of total buildings % of commercial square footagg

Natural Gas 50% 56%
Fuel Oil 19% 13%
Electricity 19% 15%
Other (propane, wood, district 12% 17%

heating, etc.)

Numbers may not sum to 1@®rcent due to rounding. Source: U.S. EIA, 2012 Commercial Buildings Energy Survey

Potential electrification technologies in the commercial sector are similar to the technologies in the
residential sectorthough \ariable refrigerant flon(VRF) technologgeare also an optiorof larger
commercial buildings. Tabledgscribes the market status for each of the technologies listed below.

1 ASHRechnologies used in the residential sector can be a good fit for small commercial
buildings, which often have similgssized conditioned spaces to residential buildings.
Given the similarities in market and technology status, discussion in this section will
focus on large commercial ASHP applications, for which-Eogle variable refrigerant
flow technologies are morsuitable.

9 Variable refrigerant flonmdescribes a similar technology to ASHP (using refrigerant and
vapor compression to extract and reject heat from surrounding air), though sized for
larger commercial heating and cooling loads. VRF systems run at vspgieds to
provide zoned heating and cooling to different parts of a commercial building.

1 GSHRechnologies used in the commercial sector are similar to those in the residential
sector, but on a larger scale and requiring more wells for the increased beatth
cooling load.
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Table5: Market status for commercial sector building electrification technologies

Air-source heat pumps Variable refrigerant flow systems | Groundsource heat pumps

Limited uptake, but Vermont and = VRF is an emerging technology in the GSHP market is small for
Maine programs are leading to the Northeast. Some VRF systems can commercial buildings, at ~1
installation of ductless minisplits by enable different zones to heat and coo 2 percent of market.

small businesses. simultaneously. Similar to ASHP, recel Installation costs are notably
advances have aimed tmprove cold lower on a petton basis
climate performance. relative to residential due to

economies of scale (e.qg.
installation and drilling labor,
The U.S. VRF market is similarly technology costs} Unlike
nascent, with the technology residential systems,
introduced to the market in 2008 VRF commercial scale GSHP
technology is commonplace in Asian = systems can still receive a 1(
markets, accounting for approximately percent business investment
50 percent of small/medium tax credit®
commercial building and nearly 30
percent of large commercial buildings
in Japar?’

Potential for market scale

Similar to the residential sector, heat puradoption is limited by slow replacement of technologies,

with an annual replacement rate of <5 percent. While supplemental applications for ASHP may be
possible in small commercial buildings to increase adoption outside of normal replacement cycles (as
see by limited uptake of ductless minisplits through Efficiency Vermont and Efficiency Maine small
business programs), large commercial heating and cooling systems will require full replacement with
VRF or GSHP systems.

The barriers to heat pump adoptiontine commercial sector overlap with the barriers in the residential
sector. Slow system turnover, lack of cosmpetitiveness, performance, and site suitability are primary
concernsln addition there are some notechnology barriers including split indires andlack of
awareness. Split incentive challenges are greater in the commercial sector due to a higher share of
rented buildings compared to the residential sector (pe@centof square footage and ~4#ercentof
buildings are at least partially read).2° And the decisiommakers who purchase energy systems for
commercial buildings may be less directly involved with the operation of the heating and cooling
systems beyond providing theecessary comfort to occupants.

26 Mitsubishi Electric. (2016). Advanced Heating Technologyly#gpVRF in Cold Climates (White Paper).

27 hitp://www.asiagreenbuildings.com/7809/developmemarketpenetrationvrf-systemsasia/

28 NYSERDA (201”H&C Policy Framework

29 http://programs.dsireusa.org/system/program/detail/658

30 Conmercial Buildings Energy Consumption Survey (20223://www.eia.gov/consumption/commercial/data/2012/
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Future developments may graduallyeyxcome these barriers. As noted above in the discussion of
residential heating and cooling, the steady improvement of technology will help expand the number of
sites suitable for electrification of heating. The discussion of improved cold climate perfoensa

equally relevant to the commercial sector, and the growth of economies of scale in these nascent
industries will benefit ASHP and GSHP purchasers in all building sectors. Notably, some higher education
institutions are beginning to invest more inghermal to achieve campus energy goals, and NYSERDA
in particular is developing a program to drive GSHP adoption in higher education. While most GSHP
systems are installed in individual buildings, GSHP can also be installed at a district scale, providing
thermal energy to multiple campus buildings using the same loop feldinstanceBall State

University is in the process of drilling 3,600 wells to replace boilers in 47 buitdifigis can yield many
benefits and cost efficiencies when properly desid. Higher edcationinstitutions and developers of

office parks may be good candidates for this type of district installation, particularly in new construction.
tdzof AO o6dzAf RAY3& & dagpe dlies magalsd el drike accéleradeipldyvieX S ¢
of commerciaiscale heat pumps, which could have a significant impact given thabpércentof
commercial building square footage is governmentned 32

There will be buildings that are difficult to electrify in the commercial sector. Theslemtric fossifuel
alternatives that were discussed in the context of residential buildings are also available in the
commercial sector. In particular, biomass thermal boilers using wood pellets or chips are more common
at the commercial level, with a raively higher number of wood pellet/chip installations in schools in
Northern forest states. Likewise, solar thermal (air heating) can provide space heating and is more viable
at the commercial scale than the residential scale. Finally, biodiesel blenttngeating oil is an

option, as discussed abe.

Water Heating

Water heating is similarly dominated by fossil fuels. Most buildings with access to gas heating using gas
for both space heating and hot water heating. There is a significantly greateraheleztric resistance

water heating, particularly in homes served by delivered fuels, due to the relatively low upfront cost of
electric water heaters.

31 http://cms.bsu.edu/about/eothermal
32 Commercial Buildings Energy Consumption Survey (2042)//www.eia.gov/consumption/commercial/data/2012/
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Table6: Prevalence of each water heating fuel among residential Imgjfdin the MidAtlantic and New England regions

% of total buildings in New England Mid-Atlantic

Northeast Region

Natural Gas 50% 38% 57%
Electricity 19% 36% 29%
Fuel Oil/Kerosene 19% 20% 9%
Propane 12% 7% 34%
Other 1% 1%

Numbers may not sum to 1@@rcent due to rounding. Source: U.S. EIA, 2015 Residential Building Energy Survey

The primary potential electrification technology for water heating is heat pump water heaters (HPWHS).
HPWHSs use an electjiowered vapor compression cycle to heat hot eratising heat from the ambient

air. HPWHSs are generally designed as hot water storage tanks with heat pump elements attached to the
top. HPWHs can operate at efficiencies «f 8mes that of electric resistance water heaters, though
HPWHSs will draw heatdm the surrounding air, which can result in heat loss (and an increase in space
heating demandiunless it is placed outdodrs

HPWHSs are an emerging technology in the Northeast, with a small number of manufacturers accounting
for a significant share ahe market. Some HPWHSs are installed with backup electric resistance elements
to enhance recovery during periods of high usage, while others use only heat pump elements to provide
heating. As an emerging technology, the HPWH market is nascent but grawimregNortheast. It is
supported by utility rebates in most states due to load reduction benefits over electric resistance.
HPWHSs account for 1 percent of all water heaters $éld.

Notably, in 2010 the U.S. Department of Energy passed new regulationrethuted that all electric
storage water heaters of over 55 gallons achieve a rated energy factor of 2.0, which would have
required usage of HPWH for larger water heaters after April 20H5wever, as water heaters under 55
gallons were not affected byis rule, HPWH sales have been lower than expected. The low sales drove
GE to cease production of its HPWH despite having recently built a new manufacturing plant in
anticipation of increased uptake following passage of the fukaiture rulemaking may pisa out

electric resistance water heaters entirely. But it is likely that until then, customers pursuing the lowest
upfront cost replacement option will continue to use smaller electric resistance water heaters.

33 Energy Star Unit Shipment and Market Penetrationd®e|Calendar Year 2015 Summary,
https://www.energystar.gov/ia/partners/downloads/unit_shipment data/2015 USD_Summary Report.pdf

34U.S. Departrant of Energy (2010). 10 CFR Part 430: Energy Conservation Program: Energy Conservation Standards for
Residential Water Heaters, Direct Heating Equipment, and Pool Heaters (Final Rule)
https://www.regulations.gov/document?D=EERB06-STB01290005

35 Interview w/ Gregg Holladay
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Potential for market scale

Just as in the casof building heating systems, HPWH technologies are somewhat limited by turnover of
existing water heating systems. Among the approximately 10.5 milliontorfeur-family homes in the
Northeast, the annual replacement rate of domestic hot water systmntesss than 10 percent.

Additional barriers to adoption include upfront cost, lack of building suitability, and lack of planning for
replacement prior to equipment failure. WhilédPWHs can offer significant energy savings against
electric resistance andalivered fuel water heaters, they are not cazimpetitive against gas in the
Northeast due to high electricity prices and low gas prices. Not all buildings are suitable for HPWHSs.
HPWHSs must be placed in a large, kigiling room to ensure sufficient dilow to maintain

performance and efficiencif.Sufficient ambient air temperature is also necessary to maintain

efficiency, and HPWHSs should ideally be placed in unconditioned basements (as placement in
conditioned spaces will cause greater space heatiag)?’ Largerscale HPWHSs are not yet available on
the market, and placing a large number of HPWHSs in one space can significantly affect space heating.
HPWHSs are also noisier than other water heaters. Finally, ovpe&@ntof water heater replacements

in the United Statesare due to emergency replacement (e.g. failure or in need of servii@y)stomers

in need of an emergency replacement typically lack the time to conduct research about energy savings
and available rebates, and thus customers shopfang new water heater often lack awareness of
HPWHSs as a cosffective alternative to electric resistance water heaters.

A number of future developments could positively affect the potential for HPWHSs to contribute
significantly to strategic electrificiain. Rebate programs are beginning to be applied upstream rather
than as a mailn program, which can have a tremendous impact on the number of installations.
Modifications to HPWH rebate structur@acluding upstream rebates to distributors that requirem

to have HPWHs in stoglgs well as greater emphasis on marketing HPWHSs a®ffestive energy
efficiency measures to electric water heating customers could result in significantly greater uptake
across the region. Manufacturers are also aimingrprove the efficiency and recovery rate of HPWHSs
to make them more costompetitive against natural gas. Some recent models of HP&Vélrated with
energy factors of over 3.0; models with even higher coefficients of performance (COP) are available in
Japan.

There will remain some water heating applications that are not suitable for HPWHSs:f&elssil

alternatives are available for providing water heating, both as standalone technologies and as

attachments to heat pump and other primary heating systemsarSuwt water (SHW) systems are a
well-established technology that can provide-80percent2 ¥ | K2YSQ&a R2YSadA0 K21
depending on placement and insolation. SHW systems require a backup system when solar insolation

36 https://www1.eere.energy.gov/buildinggublications/pdfs/building_america/measure_guide _hpwh.pdf

37 Ibid.

38 https://www.energystar.gov/sites/default/files/asset/daument/1_Francois%20LeBrasseur Early%20and%200ften
_FINAL.pdf

39EnergizeCT changed its HPWH rebate program from @mraibate program to an upstream rebate applied at point of sale

in 2014. This resulted in an over 600% increase in installations from 2013 to 2014.
https://www.energystar.gov/sites/default/files/asset/document/3_Jennifer¥%20Parsons_Early%20and%200ften_FINAL.pdf
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drops in winter months. The feze protection requirements for systems in the Northeast result in

higher upfront and maintenance costs for systems. Additionally, desuperheaters can be added to GSHP
systems to use waste heat from the compression cycle to heat domestic hot water threaeglordary

heat exchanger. Desuperheaters provide auxiliary heat to an existing hot water system and typically
cannot produce enough heat alone during roooling seasons. For buildings using biomass heating,
indirect fired water heaters can be added tmiriass heating systems to provide domestic hot water in

addition to space heating. Finally, just as in the space heating sector, biodiesel can be blended into
heating oil.

Electrification Opportunities in Industry

The industrial sector includes &drse range of business models and technologies. Traditional heavy

industry, such as manufacturing of glass, steel, and concrete, fall into this category along with relatively
smallscale, valueadded processes such as preparation of specialty foodstititsassessment

conducted in this report explores electrification opportunities in four particular industries:

manufacturing of food; chemicals; nanetallic minerals (glass and cement); and primary metals (iron

and steel, aluminum, and other metals). Taésdustries were chosen based on two criteria. First, they

represent large portions of industrial fuel consumption in the Northe@able J. Second, fuel use in

these industries is independent of byproducts of the industries themselves. Much direcf fosssil

fuels in industry is difficult to electrify because the fuel is burned along with an industrial byproduct. For
SEFYLX ST GKS LI LISNJ AYRdzAGNEB o6dzNya f1FNBS |y2dzyia 2
produced during papermaking. Howevagtural gas is often blended into the combustion mix to

improve the properties of the fuel or to ensure an easibhntrollable level of combustion. Electrifying

GKA& dzaS 2F yI (dENINR yHEA dedySR  E2ATY AFE21ANS AdiraesfatzS € & ¢ 2 dzf F
changes to the industrial processes in question or creation of a new (and potentially costly) waste

stream. As such, these industries were judged to have low potential for electrification.
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Table7. Fuel use bindustry in the Northeast Census Division

Industry Percent of Fossil Selected for Further Analysis?
Fuel Usé
Primary Metals 26% Yes
Paper 15% No; fuel is cefired with process byproduct
Chemicals 14% Yes
Petroleum and Coal Products 11% No; fuel iscofired with process byproduct
Nonmetallic Mineral Products 9% Yes
Food 9% Yes
All Other§ 14% No; impractical due to diversity of processe

aFossil fuels defined as oil, natural gas, and coal; data from the M@b@facturing Energy Consumpti®@urvey MEC$ Table
3.2

b This industry includes both concrete and glass production
cg! £ f hiaGKSNR¢ O2 YliddkigeSas classfied bR RAOS koles |

The direct uses of fossil fuels in industry are as diverse as the industries them$bhk&nergy
LYTF2NXIGA2Y ! RYAYAAUNI GA29z2a88¢! DT YDBUZEUNDY kS asyR
ranging from onsite transportation of raw, sefimished, and finished materials to combined heauid-

power generation. The dominant eagse in erms of fuel consumption can also vary widely by industry.
Ingeneral,endizd S& OFy 06S &ASLI NI (§ SRBPOBEA 4 LINBD 3203 41 ARWR dd |
applications are those uses of fuel which directly power the core activity of the industry itself. For

example, melting silica (sand) to produce glass is one of the key steps of the glaspradesg d&-b 2 y
LINPOSaa¢ dzaSa NP (GK2a$S gKAOK adzZl2NI GKS O2NB | O
truck that transports sand from a receivingak to a glassmaking furnace is employed nmoaprocess

use and the diesel with which that truck is fueled would be considered padrmeprocesduel use. The

industrial component of this assessment considers only preadased uses of fuel, because

electrification of norprocess uses (including transportation and space heating and cooling) is similar in

the industrial sector to corresponding shifts in the commercial and residential sectors.

This assessment concentrates on two particular process dsest use of fuels to generate dry heat,

YR dzaS 2F FdzSfta Ay o02AfSNB (2 3ISYSNI(GShead (SIY 06K
related process uses are essentially impossible to eletirifgnd, moreover, constitute a very minor

component of ndustrial fuel use. Process heating and steam generation are, quite simply, the dominant

forms of industrial fuel usage. Nationally, these arss account fo86 percentof industrial

402010 MECS, Table 5.2.

41 For example, fossil fuels and their datives (including methane from natural gas and alcohol distilled from petroleum) are
used as a direct feedstock in chemical synthesis processes. For these uses, biofuels may be a suitable replacement.
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consumption of fossil fuefé.The percentage is somewhat less in thetNeast, where combinedheat-
and-power is more common. Nonetheless, no other armk approaches the importance of process
heating and steam generation. Conversion of only-fiftie of the fuel used for heat and steam to
electricity would be equivalent tolectrifying the entirety of every other industrial use of fossil fuel. As

such, while it may be possible to electrify certain other process uses, the most strategic electrification
opportunities focus on heat and steam.

Electrification of Process Heating

Direct process heating accounts for the majority of fuel use in both themetallic mineral and

primary metal industries. Process heating represents at least 78 percent of fuel use in the former and 80
to 90 percent of fuel use in the latté?In sum, praess heating in these industries accounts for
approximately 50 TBTU/year of the 54 TBTU/year total fuel consumption by the mineral and metal
industries. This equates to around 14 percent of total industrial use of natural gas, coal, and oil in the
Northeag, resulting in annual emissions of over 3.4 million metric tons of carbon dioxidg (CO

Much of this fuel usage can be electrified by focusing on commercially available technologies in two key
applications: glassmaking and production of iron, steel,@heér metal products. Based on the mass

and value of product produced in each industry, these particular applications are likely the dominant
fuel users within their respective industries in the Northe®$tor both applications, the bulk of the

NB 3 Afelyusea@nd industrial activity is centered in New York. New York State alone represents over
half of the glass, iron, and steel value produced in the Northeast region.

For both glassmaking and steel production, the primary electrification technologgcisie furnaces. In

both applications, heat is applied to a raw material to transform it into a damished process. In
glassmaking, furnaces are used to melt raw silica feedstocks and anneal (or harden) the newly formed
glass. In steelmaking, furnacae used to both melt iron and to chemically convert it into steel.

Different electric furnace types are required for each application. Electric steelmaking (and processing of
other metals) relies on arc furnaces, which run electric current throughtéel stock that is to be

melted (Figure4). The electric current also allows the necessary chemical reactions to occur that
transform iron into steel. Electric ararhace technology is mature and has gained wide market share in
the United States. Nationally, electric arc furnaces have represented over half of all steel production on
a perton basis since the early 2000s and have accounted for over 60 percenttethpr®duction

since 2009° In the Northeast, electricity represents approximately a fifth of the total energy usage in

iron and steel productiof® However, because electric arc furnaces are more thermally efficient than
traditional fossilfired blast funaces, this value suggests that electric technologies have become a major
part of the iron and steel industry in the Northeast. Little further development is required to advance

422010 MECS, Table 5.2.

432010 MECS, Table 5.2. Radge to fuel use for which end use was not reported.

44U.S. Census Bureau, 2012 Commaodity Flow Survey.

45 http://usa.arcelormittal.com/sustainality/our -business/thesteetindustry/industrystatistics
462010 MECS, Table 3.2.
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this technology. Instead, increasing adoption depends mostly on consideragiansd to turnover and
the economics of the industry, as discussed below.

Figure4. Schematic of an electric arc furnace.

t N |
L
“ In electric arc furnace

based steelmaking,
electric current travels
through solid iron,
melting and
transforming it into steel

I I without burning fuel

Fully electric glassmaking furnaces use a different, and more familiar technology: resistance heating,
similar to a household toaster oven. In this technology, electric current is run through a heating element
made of a material that conducts electricity poorly, thereby converting most of the electric power to
heat. For glassmaking (unlike for household applications), the heating element must be made of a
ALISOALIfAT SR YIFGSNRLEFE  Olcdnvidisand very B ®rivder&tires WP t6 ther | (G S NA
1700°C temperatures used in processing of lreatstant glas¥). This requirement adds some cost.
Development of higheperformance, loweicost refractories is an important area of future

improvement for fuly-electric glassmaking, However, glassmaking can also be partially electrified:
electricity can be used to control the flow of molten glass, improving heat distribution in the glass melt
and reducing the need for fosdited heat. Both of these technajies are commercially mature but

have not gained significant market share. While electricity accounts for over 20 percent of process
heating energy usage in production of blown glass, this subset of glassmaking consumes little fuel
compared to production bplate glass and glass containers. Electricity accounts for only approximately
10 percent of process heating energy usage in the production of these bulk commétiities.

Electrification of Process Steam Generation

Like the minerals and metals industriesgtthemical and food industries rely on substantial inputs of
heat, which is mainly produced by combusting fossil fuels. In the production of chemicals and food,
however, most process heat is delivered along with moisture, in the form of steamgHidity steam
(that is, steam at a high temperature and with a sufficient ratio of water vapor to air) is generally
produced in fossifired boilers or as one output of esite combined heatind-power generation. Steam

47 http://www.lehigh.edu/imi/teched/GlassProcess/Lecturesttture03 _Hubert_industglassmeltfurnaces.pdf
482010 MECS, Tables 3.2 and 5.2
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generation in the chemical and food indussiin the Northeast accounts for approximately 78 TBTU of

fuel consumption, or about 21 percent of industrial fossil fuel use in the region. This consumption of
fossil fuels results in annual emissions of approximately 4.6 million metric tons,0f CO

Steamis primarily used as a medium to transfer heat, either through direct contact or through

Oz2yil OtAay3 aeaitasSvya OFftSR aKSIi SEOKFYy3ISNBE®PE [/ 2YLJ
medium for heat transfer because factors such as the temperatifitbe steam, the flow rate of the

steam, and the shape of the area of contact between the steam and the process components to be

heated are all easy to control. Steam is therefore used in many situations that are sensitive to both too

low and tochigh temperatures. For example, steam can be used to cook or pasteurize processed food
products. Steam can also be easily moved from one location to another, increasing the spatial flexibility

of application of steam heat as compared to direct process heating.

Sme uses of steam can be electrified by conversion to direct electric heating, however the favorable
properties of steam mean that most electrification of steam generation must be through replacement of
fossil heat as applied to water with heat producedhgselectricity. Full electrification of steam

generation depends on completely replacing fofisld boilers with electric technologies. The simplest
and most common of these technologies is electric boilers based on resistive heating. Depending on the
requirements of the specific process (for example, steam temperature or purity), several other electric
heating technologies may be suitable. These include electrode and induction boilers as well as
microwave heating. Electrode boilers operate on a sinpitarciple to arc furnaces: current is run

directly through the water itself (with added salt), meaning that water serves as the heating element of
the boiler. Induction boilers use a rapidly rotating magnetic field to generate heat directly within a metal
vessel containing the water to be boiled. Microwave heating in industry is identical in concept to home
microwave use, and it can be applied to water or to a process component directly.

These technologies are, in general, commercially mature. Howevegy bieisign and performance
would be expected to undergo some amount of improvement with greater sgalélowever, no major
advances are required to prepare them for commercialization. While electric boilers respond more
rapidly than fossifired boilers, hey have several important limitations. Most notably from a technical
standpoint, electric boilers are relatively limited in size and maximum steam pressure output as
compared to the largest traditional boilers. Incremental improvements in design and iitpalof
electric boilers would widen the scope of specific industrial processes for which these boilers are
suitable.

In many applications, partial electrification of steam generation may be a simpler path to reducing (if

not eliminating) use of fosdiliels. Electric resistance heating can be used as-hgatng method to

reduce the amount of energy input required from a traditional fossil boiler. Similarly, a process known as
GYSOKI yAOIf @I LI2NI NSO2YLINB&aA?2Yy étiorGtithyough- 1 S LI NI A | f
compression with an electrically driven compressor system. Compression of steam increases its

temperature, and as such+4@mpressed steam can be recycled into other processes without having to

fully condense the water vapor and-bmil it. Mechanical vapor recompression can offer considerable

cost savings because-cempressing steam that has already been generated requires much less energy

Northeastern Regional Assessment of Strategic Electrificatitin |






























































































































































































































