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Summary

In this report,CanmetENERGY examitleel costeffectiveness of new coldlimate air
source heat pump (GASHP) technologg Canadian homes. Thagidy focusean
comparing the energy costs of &SHRBrelative toconventionaklectric, gas and oil
furnaces CanmetENER@searchergonsidered thentegrationof CCASHP technology
in four different types of Canadian homes, ranging from-p880 construction to Net
ZeroEnergy Readgvels ofperformance

Results from this studyhowed thalCCASHPs wenmore efficient and cheaper to

operate than electric resistana# oil furnaces. Homeowners choosing86HP systems
insteadof electric resistanckeating systemsan expect to save $7a®00 each year on
utility costs, while homeowners choosing-BSHP systems over oil furnaazs expect

to savebetween $1000 and $3508nnually(depending on region and home performance
level)

Utility bill savingselative tonatural gagurnaces are smallegranging from $50150 in
most parts of Canada, but higherin Quebec and the Atlantic provihtesgions west of
Quebecthe largesshare of these savings come from fixed chamgsociated with the
natural gas conneabin to the home Homeowners thateplace gas furnaces with €C
ASHP equipment but elect to retain a gas connection for use in other appliaragesee
an increase in their utility bills

This study also examinéde potential for gashybrid systems, whictancombineCC
ASHP technology wittonventional gas furnaceSmart controlscan be implemented,
whichchoose from the lowestost heating source depending on the climate, building
loads and energy prices. In these scenarios, the hybrid technology cests leperate
than the gasfurnaceanddeliversal5-35 % reduction in energy use agikenhouse gas
emissions.

Note:Readers should note that the results of this study are limited to the home
archetypes, energy prices and equipment performance levels assessed and should not be
assumed to uniformly apply to other house archetypes, energy prices and/or equipment
performarce levels.
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1. Introduction

Canadian households use more energy for space heating than all othersssd
combined1]. This is no surprisemuch of Canada experiences harsh winters, and
significant amounts of heat are needed to keep Canadians comfortable in cold weather.

Traditionally, Canadians have used a variety of technologies and fuels to provide this
heat. In 20174.8 million low ris&Canadian homesere heated with natural gas furnaces,
3.4millionwith electric resistance, anti1 millionwith oil furnaces and boiler§2]

In recentyears, heat pumps hageerged as an attractive alternative. Heat pumps use
the same vapour compressitechnology found in refrigerators and air conditioners to
move heat from outdoors to indoors. When their energy consumption is compared, heat
pumps can achieve much higher levels of efficiency than conventional furnaces, boilers
and electric baseboards.

Past generations of heat pumps were notable for their limited cold weather performance.
Ownersreportedthat productsworked well in mild weather but failed to keep the house
warm as temperatures fell. Some systems stopped working entimelynter conditons.

Overthe last decade, heat pump manufacturers introduced-stage and variable
capacity technologies to address cold weather performance probl€widoquially known
ascold-climate heat pumpghese innovations enable heat pumps to deliver effitiend
dependable performance in cold Canadian winf8isCanmetENER®¥s verified the
performance ofold-climate heat pumpghrough independent field trials arldboratory
testing.CanmetENERG@Moprovided results from these tests to suppdine
dewvelopment of a newoluntaryperformance rating procedureCSA EXP(4]. This
dynamic loadbased performance rating procedupeescribes testing at colder
temperatures than required by CSA C6afhong many other differencef].

Advances in technology dperformance rating methodselp explain why heat pumps
representagrowing segmentin the residential heating market. Today, 800,000 Canadian
homes are heated with heat pumpg®ver three times as many as in 1990.

These developments notwithstanding, thecision to purchase a heat pumpliauof a )

furnace2 NJ O?Af SN) Ozytdzasa Yl ye /,I- yll- RALYyad®d azau K2Y
OFy I KSFO LidzYL) al 9S Y S Kérwardd3avingski€penghd 6 SNJ A a VY 2
The local climate

Regional utility rates

The amount of heat that a home needs to stay comfortable through winter

1 Thetype, size and performance levels of the heat pump used

= —a =4

Recognizing this uncertainganmetENER@Xaminal the operating costs of different
heating technologies in Canadian homEse intent otthe study was tceestimatethe

typical utility bills associated with heating with gas, oil and electric resistance in different
parts of Canada, and to quantify the yeareryear savings that could be expected from
cold climate heat pumproducts

As part of this workCanmetENER@Moexaminal opportunities for combiningold
climateheat pumptechnologywith gas furnaces to create hybr{dr dual fuelheat
pump technologies. Hybrid heat pumpsrf@m like conventional heat pumps but with
additional flexibility: they can switch to a badlp gas furnace. Prior research by
CanmetENER@¥monstrated that these systems can deliver energy, economic and
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emissions savings in regions where utility prices makelatitric heat pumps less
competitive[6], [7].

2. ODbjectives

The objectives of this studyereto:

1 Compare the expected annuathergycosts ofcold climate aisource heat pumps
to natural gas furnaces, electric resistance, and oil heating systems across
Canada, and identify regions in whiatid-climate heat pump technology is cest
competitive with these conventional technologies

1 Examine the efficacy of a hybrid heat pump based on-ctildate heatpump
technology, and identify regional switetver temperatures to determine when
such a systm would use electricity or gas.

1 Identify the minimum coefficient of performance thetld-climate heat pump
technologywould need to achieve forit to be cost competitive with gas heating
systems in regions where itis not already cost competitive

Thisstudy focused on annual energy cas®@vnership associated with equipment
purchase, installation and maintenance and decommissionigigbeyond its scope. The
methods used in this studyerelimited to modeling, simulation and assessment using
CanmetENWE D , v&ridus calculation tool€anmetENER®H#s previously conducted
laboratory testing and field trials with cold climate heat pump products; reports detailing
the observed performance of those systems can be faaride CanmetENERGY
Publications porth

3. Methodology

3.1. Archetype

For this work, four archetypes to represent current and future Canadian hous ey

used® 9 OK | NOKS(GeLlS g1 a RN} gy @BuMBOHduding dzZN> f wSaz2
database, and represents an actual home. To select the archetgpesage

characteristics for different segments and vintagesefirst evaluatedafter which

individual archetypes that exhibited similar characteristics wdeatified.

The fourarchetypes used in this studyereas follows:

Archetype Ais a twostory detached home constructed before 1980. If located in
Toronto, itwould havea peak heating load of 10.7 k\Wccording to Statistics
I LYy RFEQ& { dzNBS @& UeTtheke &alappfokirfateR 1.DnmylIOMNIA &
homeslike Archetype A across the country.

Archetype Bisa larger two story detached home constructed after 1980. Archetype B
represents segments of housing that are typically heated with gas or oil furnaces. If
located in Bronto, it would have a peak heating loadkW. Archetype B
resembles approximately Pmillion homes across the country.

ArchetypeCis asmallersinglestory, detached home constructed after 1980 chetype B
represents a segment of housing that fsem heated with electric baseboards, and
has slightly higher levels of insulation than larger;gaated homes from the same
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period. If located in Toronto, would havea peak heating load &.6 kW.
ArchetypeCresembles approximately.@million homesacross the country.

Archetype Dis a twastory home builtto NeZeroReadyNZER)standards. It features
much higherlevels of insulation and-@iealing than the other archetypes used in
this study. If located in Toronto, it would have a peak heaibagllof2.4kW.
Presently, there are relatively few NgeroReady homes constructed in Canada.
However, the2018BCBuilding Code introduced a new stepped framewiank
introducingprogressively more stringent energy targets. The highest of these
targets(Sep 5) corresponds tbiZEReadyperformance. Similar requirements are
dzy RSNJ O2YyAARSNIGAZ2Y F2NJ/ FYyFRFQA blFaGA2y Lt . c

3.2. LoadCalculations

For this study, HOT2008] was usedo computeS I OK | NOKS G e LS Qa KSIFGdAy3a f
Canadian locations. HOTuses a monthlybin model, which divides the monthly

climate conditions into distincemperaturebins. For each bin, HOT2000 computes the

0dzZA f RAy3Qa KSIGAYy3 yR 022t Ay3 NBIdZANBYSyia 4K
infiltration and ventilation, a well asolar and internal gains.

The HOT2000 resultgere then usedo extrapolate hourly load shapes for each
archetype using bbad fitting techniqud9]. The resulting data provide an estimate of the
building load at every hour of the year

Figurel depicts the estimated load for each archetype when located in Tordrte.data

are plotted according to the outdoor temperature-gxis) and estimated heating load (y

axis). Each doepresensan observed outdoor temperature at one hour in the year, and

the corresponding heating load at that hotach line depicts the linear best

regression between temperature and load. As expectedgetstenated loads increase as

temperatures drop. Nosurprisinglythe Net-ZeroReady home exhibits the lowest loads

of the four archetypes, whilethepmm by n Q& K2YS SEKAOAGA (KS KAIKSa

Figure2illustrates how tle same data varies by time of day. In this plot, the estimated
heating loads foArchetype Bre binned according to hour of the day. Seasonal averages
are illustrated with black lines. As expected, heating loads are generally lowest in the mid
afternoon,and peak in the early morning hours.
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Figurel: Estimated heating loads at each hour for Archetypes A, B, C and D, when
situated in Toronto
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Figure2: Estimated and average estimated loads by hour of tag, @lor Archetype B,
when located in Toronto, ON.
To ensure results were relevant across Canada, the sameckdadlatiorprocedurewas
performedin 16 different locationsTablel presents the predictegeakheating loads for
all four archetypes in each of these locations.
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Tablel: Peakheating loads (kW) by location, for Archetypes A, B, (Cand

Region A: Pre 1980 B: Post 1980 -5tory C: Postl980 1Story D: NetZero Ready
BC Kamloops 10.0 8.2 5.2 2.2
Prince George 13.7 11.5 7.4 3.2
Vancouver 6.4 5.3 3.4 11
Victoria 5.9 4.8 3.0 1.0
AB Calgary 14.3 121 7.7 3.2
Edmonton 168 14.1 9.0 3.9
SK Regina 168 145 9.0 4.0
MB Winnipeg 16.3 138 8.6 3.9
ON London 12.4 10.4 6.6 2.8
Ottawa 13.8 11.5 7.3 3.2
Toronto 11.6 9.8 6.1 2.6
QC Montreal 13.2 111 7.0 3.1
Quebec 13.4 11.3 7.8 3.2
NB Fredericton 14.4 122 7.8 3.2
NS Halifax 132 111 7.1 29
NF SaintJohns 11.4 100 6.1 2.7

3.3. Heat Pump Performance

As part of this project, three coldlimateair sourceheat pump systemthat are reputed

to maintain high capacitgt cold outdoor temperaturewere evaluated

l
l
l
T

Model2 1/2 ton¢ nominal capacity: 9.9 kW
Model3 ton¢ nominal capacity: 11.6 kW
Model3 1/2 ton¢ nominal capacity: 15.7 kW

Therespective modeperformance tablesised in the evaluatioare presented in

AppendixA.

For each archetype and in each location, the hmatp that most closely

Y GOKSR GKS

selected to meet or exceed the design heating lo&S K S | {

6 dzA f R AwAshelettedTi systEns werd | G A v 3

LJdzY LJQ a

performancewas then predictedby interpolating within these tables according to

1 We did not considehigher capacity systems than these, given the challenge of maintaining
cooling capacity within 8025% of the design cooling load in many homes in Canada. Larger
systems may also requirelarger airflows than many existing duct systems in Canadian homes
would be designed to accommodate. Nevertheless, as discussed in this paper, there are market
opportunities for larger capacity systems in some market segments.
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bothbuiRAy 3 f 2FR YR 2dziR22NJ 4SYLISNI Gdz2NBd 2 A (K
capacity and CORas estimatedor every hour of the year, for each of the four
archetypes when situated in each of the 16 locations describ&dlnhel.

3.4. Energy Prices

The core objective of this projestasto compareheat pumpoperating cost$o those of
traditional heating systems. While energy prices are obviously central to that objective,
including energy price datain the analysisis not a trivial task. This is because Canadian
energy prices vargccording taegion and season. Provincial policiesutitity rates and
economic activity also affect yeaweryear variations in energy prices.

The ongoing pandemaddeduncertainty toheat pump operating costs. Even so, life
expectancies for heat pumps, furnaces and other residential heating equipment all
exceed 15 years. This timeline extends well beyond pessimistic estimates for pandemic
impacts. For this reason, the economic analyss designetb minimize the impact of

the COVIEL9 pandemic on energy pricinfheapproachtakenincluded three steps:

1. Benchmarking current energy prices using the most recent available data

2. Analysing consumer price trends to quantify eféect that COVIEL9 had on
residential energy prices, and estimating energy prices for an alternative
businessasusual scenario

3. Adjuding those energy prices to reflect pending increases to the federal carbon
tax.

Currentenergyprices

Figure3 depicts effective provincial energy prices for electricity, natural gas and heating
oil, as of August 2020. The electricity and naturakgtesillustrated inFigure3were
obtained from utility and localistributioncompany websiteshe heating oil rates were
obtained from Statistics CanadaO]

The effective energy prices reflect the total variablstdo consumers (per GJ supplied),

including electricity generation, gas supply, transmission and distribution charges, and

federal carbon taxe®88oth Quebec and British Columbia use atiered electrical rate tariff.

These rate structures offer a lower rdiar the first tier of electricity consumed, and then

charge a higher rate for the second tier. For the purposes of examining HP performance,

the highertier electricity ratevas usedin most Canadian homes, the electricity usedin

the home by applianceand lighting, and electric water heating (if installed) is enough to

exhaust the firsttier, and the balance of the space heating loadldbe charged against

the higherrate.

Finallymost2 ¥ hy il NA2Q& NB&AARSY(AIl-d-us&dteSI@G NRA OF £  Odza (i 2
Figure3z G KS RFGEF LIRAYG F2N hyidl-pehkzaefor St SOGNRAOA G @
illustration;the analysis also applied the gffeak and orpeak rates to appropriate hours

inthe year.
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Figure3: Effective electricty, natural gas and oil prices for residential customers
(August 202D

Energypricetrends

Statistics Canada uses the Consumer Pnidex (CPI) to track inflatiaf prices for

common commodities. The CPI compares average prices to a benchmark price in 2002.
The benchmark price is assigned a nominal index gfd@ each month, Statistics
Canada compares current prices to that benchmark to establish the curréexjhl].

Figured depicts Consumer Price Indices for electricity, natural gas and heating oil over
the last five yearsThe impact of the ongoing pandemic is most ajgueiin the price of
heating oil, which softened considerably since January 2020. Using the CPltingdex,
estimatedthat prices (as of July 202@)ere approximately 25% lower than typical prices
in prior winters (October 20XKarch 2018 and October 200darch 2019). Accordingly,
an adjusted price for heating oil that reflects ppandemic wintersvas computed

The Consumer Price Index data suggests that electrical and natural gas pdtesha
somewhat less affected by the ongoing COY¥pandemicHectricity prices exhibited a
7% reduction between February and May of 2020, butthe June and July indexesdshow
priceshadlargely recovered to prgpandemic leveldNatural gas prices remained largely
unchanged through the COVID 19 pandemic. For theasoms, the currenfAugust
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= 100)

Consumer Price Index (2002 baseline

2020), unadjustedhatural gas ratewere usedThe unadjusted electricity rates for all
provinces with the exception of Ontanveere also used for the same reason

2016 2017 2018 2019 2020
— o) =+ — o) = — Y] = — o) =+ — o)
o o (@) o o o o (@) o o o (@) o o

140 TEEE LA e

Heating Oil
40 M Electricity
W Natural Gas

Figure4: Monthly Consumer Price Index for electricity, natural gas and heating oil; 2016
2020 (Statistics Canada taldl@ 10-0004)

Time-of-use gicing inOntario

Most residential customers in Ontario pay for electricity by tiofause. Each 24 hour

weekdayiRA GARSR Ayid2 GKNBS NIGS OIS ARSHYe cK K@&NINE |
a4 é&YSAMR €3 | yR adSIKZdNER SISH SyRBT I YR K2f ARF&& | NX
entirely offpeak. Electricity prices are highestinpaak periods, and lowest during eff

peak.

This rate structure haagsignificantimpact on the economics of electric heat pumps.
Heating loads are highest during nigfithe hours, and generally coincide with the -off
peak period (7pm to 7am). Access to lower rates during these times can makecelec
heating more affordable.

Figures depictshistorical TOU rateis Ontario.Typically, rates are adjusted twice
annually In late 2019 Ontario electrical priceeached distoricalhighaftertwo years of
relativestability. This increase reflected legislatiorensure electrical rates more closely
approximatedhe costs of supplyAt this time, the Ontario governmeatso
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Ontario TOU Electrical Price (¢/kWh)

implemented anew electricity rebate, funded with provincial revenues. The value of the
Ontario Electricity Rebat@asapproximately31.8% oklectricity charges for residential
customers.

In response to the COWAD® pandemicthe Ontario government suspended tintd-use
pricing. As of September 2020nfrio residents pagd12.8¢/kWhfor electricity
generated within Ontario, along witlhansmission andistribution tariffsof
approximately 2 ¢/kWh depending on location.

B Avg. On-Peak
Avg. Mid-Peak
Avg. Off-Peak

Ma
(=]

(o]

(o))

Ma

[}

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Figure5: Historical Tme-OfUse rates in Ontario

Time-of-use ratesvereexpected to returr(at the time of writingyn November 2020

[12] but the Ontario Energy Boatthd yet to provide informatiornon the TOU rate table.

In the absence of such guidandayaslk & & dzZY SR { K I & h yoilltchidtirie &
to reflect the price of energy supplWith this assumptiorthe November 2019 rate table
was usedor the purposes of this projedt wasalso assumed thaesidentialcustomers
would continue to benefifromthe Ontario Electricity Rebate, batscenario in which this
rebatewould besuspended at a future dat®as also considered

Carbontaxes

In 2019, the federal governmentintroduced carbon pollution regulations across Canada.
These regulations called ap provinces and territories to establish their own carbon
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pricing regulations. In provinces that opted not to estabtiséir own regulations, the
federalregulations imposed a $20/tonne tax thabuldrise by $10 each year until 2022.

The federal carbotax was, at the time of writingn effectin Manitoba, New Brunswick,
Ontario, Saskatchewan and Alberta. The remaining provinces operate their own carbon
pricing schemedWVhile provincial strategies differ in approach, each aligns with federal
benchmarkgor roll-out.

For the purposes of this projedtwasassumed federal and provincial governments
wouldO2yGiAydzS G2 LI @& OFNb2y fS@OASa Oz2yaradasSyd
strategy.Table2 presents carbon levies for 202022, and associated carbon premiums

for natural gas and heating oil.

Table2: Federal carbon levies and carbon tax premiums, by fuel

Year CarbonLevy Premium byfuel ($/GJ)
($/tonne CQ-e) Natural Gas Heating Oil
2020 30 1.58 2.96
2021 40 2.10 3.95
2022 50 2.63 4.93

Whilefederal and provincidkevies do not explicitly tax electricity, they do affect the price
of fuels used to generate electricity. Residential electricity prices are regulated across
Canada, but it isreasonable to assume that regulatarsldpermit utilities to pass cost
increa®s on to consumers.

The impact of carbon pricing on electricity prices depends on the source of electricity.
Regions that depend on coal or natural gas for generatmhdexpect significant price
increases, while effects in regions with remitting gereration (solar, wind, hydro and
nuclear) wouldbe more modest.

Table3 presents the effective premiums on electricity prices thatlcibe expected as

carbon tariffs argpassedn to electrical rate payers. The actual premium expected in

each province was determined using the carbon intensity of electricity generation in that
LINEGAYOSS a Lzt A&AKSR Ay2/FYylFIRIQa blUAz2ylf LYy

Table3: Effective premiums on electricity prices associated with carbon pricing of fuels,
by province

Year Premium by province ($/GJ)

BC AB SK MB ON QC NB NS NF
2020 0.11 6.58 550 0.03 0.33 0.01 233 5.00 0.27
2021 014 878 733 004 04 001 311 6.67 0.36
2022 0.18 10.97 9.17 0.05 0.56 0.02 3.89 8.33 0.44

2 Seehttps://iwww.canada.ca/en/environment -climate-change/services/climate-
change/greenhousegas-emissions/inventory.htmi
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Effectiveenergyprices

Based on this analysis, two energy price scenare® developed

TheCurrent Pricescenariaeflects prices thaCanadiansurrently pay for electricity, gas
and heating oilas ofAugust2020. It includes the carbon levies in effect at that
time, and reflects changes in demand associated with the ongoing GI®VID
pandemic.

TheProjected Pricescenario reflectthe best estimate of where energy pricesuld
stand in the wintepf 202223. This scenario adds additional price premiums to all
fuels to reflectincreased carbon levidsalso increases the price of heating oil to
reflect anticipated recovery from the ongoing CONMBpandemic.

Table4: Effectiveenergy prices used to evaluate costs of heatinGurrent (2020) and
Projected (2022) scenarios

Electricity ($/GJ) Natural Gas ($/GJ) Heating Oil ($/GJ)
Current Projected Current Projected Current Projected
BC 38.97 39.04 10.47 11.52 35.44 49.46
AB 19.72 24.11 5.8 6.85 No Data No Data
SK 14.23 17.9 6.82 7.87 33.58 46.97
MB 24.25 24.27 6.89 7.94 34.26 47.88
ON T SeeTablebr 7.65 8.7 40.33 56.01
QC 26.06 26.07 15.83 16.88 33.26 46.54
NB 31.06 32.62 19.9 20.95 34.26 47.88
NS 43.9 47.23 16.54 17.59 28.41 40.04
NF 33.D 34.07 NA NA 28.05 39.56

Tableb: Effective timeof-use prices in Ontario (current and projected scenarios)

Charge Tariff with Ontario Rebate ($/GJ) Tariff without rebate ($/GJ)
Timeof- Onpeak 39.40 (14.2¢/kWh) 57.78 (20.8 ¢/kWh)
use: Mid-peak 27.28 (9.8¢/kWh) 40.00  (14.4 ¢/kWh)
Off-peak 19.13 (6.9¢/kWh) 28.05  (10.1 ¢/kWh)
Transmission and Delivel 3.22 (1.2¢/kWh) 4,72 (1.7 ¢/kWh)
Monthly charges

In addition to the supply, transmission and distribution charges, electrical and natural gas
customers also pay a fixed charge eawnth. This charge reflect®nnection fees,

account administration and other charges that do not vary \eitlergy consumptn.

Table6 presentsestimatedmonthly charges by province.
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Table6: Monthly charges for electricity and natural gas utilities
Province  Electricutility ($/month) Gas utility ($/month)

BC 6.29 12.84
AB 7.10 25.06
SK 22.79 23.20
MB 8.61 14.00
ON 28.64 21.48
QC 12.35 16.73
NB 22.39 20.00
NS 10.83 21.87
NF 15.97 NA

3.5. Reference Cases

In this project, the coseffectiveness of heat pumpgas comparedo three reference
cases:

In theGasheating reference casghe homewasheated using a new forcedirgas
furnace with anannual fuel utilization efficienayf 95%.

In theElectricheating reference casghehomewasheatedusingan electic forced air
furnace, with an effective efficiency of 100%.

In theOil-heating reference casghe homewasheatedusinganewforced-air oil-
furnace wth anannual fuel utilization efficiency G8%.

3.6. Heat Pum@DeploymentScenarios

In this studyjtwasassumedi K & I K2YSQ& SEA&GAY3I FdzNy I OS 6Sft .
replaced withan appropriately size@ GASHRinit. For homes with loads that exceed the
capacity of théargest unievaluated3 1/2 ton), it wasassumedhat unit wouldrely on
backup heatin colder weather.

Two heat pumpdeploymentscenariosvere examined

9 Electric HPTheelectricHPscenario assunithat the CCASHRystemswvere
deployed in a manner consistent withirrent product specifications. Existing
furnaceswverereplacedwith anindoorair handlingunit, which include an
indoor heat exchange cahdelectrical resistance heaterto ensure the load
wouldalwayshe met.

f GasHybrid: In the gashybrid scenario, th€GASHR & 2 dzii Ra&s2 NJ dzy A
connected to a indoorheatexchange coilThis specificatiodoes not
incorporateanindoor airhandler or backup plenum heater; instead thiedoor
coilis mounted above a conventional gas furnasdich serves as an air handler
for the coil. This furnace could bihe existing funace in the building, anew
furnace from a thirdparty supplier, or possibly an OEMppliedunit designed to
complementthe CASHP.
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Thesdwo systems diffemtheiroperation and control. In the aklectric scenaripthe
heat pump can operate in tamamn withthe backup resistance heater. As loads begin to
exceed capacityhe temperature of air leaving thedoor coilwoulddropbelow the
threshold where it cacomfortably heat the building. Atthese times, the bagkheater
wouldoperate as requiretb boost the supply air temperatures and ensure comfort.

Conversely, the gas hybrid scenario assumes that the heat pump and furnace cannot

operate at the same timeéOnce the load exceeds the heat pump capacity, the furnace

must operateto ensure adequate supply air temperatufiéhis increases the

temperatures entering théndoorcoilg St f 1 62 @3S (1 KS oKréngejandJdzy LIQ& 2 LIS N
the heat pump must be deactivated to conserve energy.

Relative to gagurnace heating, twaitility servicescenariosvere also considered

1 All-electricservice In the altelectric scenariat wasassumed that homeowners
wouldreplace all gas appliances (including heating, hot water, cooking and
decorative appliancesyith electric equivalents. In this scenarthe household
wouldno longer use any natural gas, and the homeowsmiidsave additional
money by suspendiritpeir gas utility service agreement.

1 Splitgas/electric servican the split gas/electric scenaribwasassumed that
homeownersvould optto retain gas service to the honfier use in other
appliances. In this scenario, the householouhd not take advantage of
additional savingsssociated with suspending gas service.

Table7 summarizes the heat pump scenarios used in this study.

Table7: Summary oheat pump deployment scenarios, by reference case and utility
service scenarios

Reference case All-ElectricService SplitGas/ElectricService
Gas ElectricHP ElectricHP & Gas Hybrid
Electric Electric HP T

Oil ElectricHP T

3.7. Uncertainty

CanmetENERGY researchers undertook this study using thavmkstblénformation on
housing characteristics, heating loads and utility prices. Even so, dnereimerous
sources of uncertaintgssociated with these inputs. This uncertainty may affect the
energyand costsavingslescribed

Key surces of uncertainty include:

9 Utility pricing:Energy pricesaryover time.Changes to economic activity, energy
demands and governmeng¢gulatoryprogramsaffect the prices that
homeowners pay foelectricity, natural gas and heating dih.this study,
attempts were madeo estimate shoritermutility pricechanges that reflect
pending carbon tariffs and economic recoverje forecasted 2022 energy prices
presented must be regarded as estimatesctual prices payed by customers
may vary. Moreover, energy prices will ¢omie toevolve beyond 2022, asillv
the economics of electric heat pumps.
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1 Housing characteristicsThe scope of this study was limited to four archetype
homes, varying from prd980 construction to modern NeZero Energy Ready
standardsThese archetypeare useful for understandingousingrendsin
Canada, and they resemble large segments of the housing stock. Even so, there
are many Canadian homes ttaat not represented by these archetyp&ome,
like multi-unit residential buildings anehobile homesclearly do not conform to
the four archetypes used here. Othemay fall into the segments described by
one of the archetypes, but still exhibit very different energy performaneeause
they have been previously renovateddiffer from the archetypessed in some
otherway.

1 Homeowner activity:Building loadsvere estimatedusing the EnerGuideating
aeaiasSyqQa aidl yRINR 2 tdedNidngiputyorvard2 Y RAGA2y ad ¢ KS
assumptions about how many people live in each house and how they use their
appliancesand lightingas well ashe temperature they set their thermostat to.
These assumptions affect heating loads and energyarsktheyvary from
household to householdepending on the activities within their households,
some homeowners witkalize greter savings than presented in this report;
others may realize less.

4. Findings

4.1. CostHfectiveness ofall-ElectricCCASHP

Energy ancemissionimpacts

Thecurrent CCASHRystemsassessedre much more efficient than any of the reference
systemsFigure6plots the energy savings achieved by @E€ASHRBystem relative to the
electric, gas and oil heating references. This plot considers only Archetype B, the post
1980 twostory house.

Savings are generally proportional to the efficiency of the equipmesdvings are

highest compared to oil heating equipment (AFUE 78%) and lowest compared to electric
furnaces (efficiency of 100%). The amount of savings@iGASHPsystems afford also

varies by climate: warmer regions exhibit higher savings because heat pump COPs
improve in warmer weather. For this reason, the predicted savings are highestin Victoria
BC, and lowest in Winnipeg, Manitoba.

Note that the energy sakgs quoted here reflect pointf-use. These estimates differ

from primary energy savings. Primary energy savings would also account for the
efficiency of the electricity generating source used to power thedSEIP, among other
transmission and distributin losses. Inregions with primarily fodsitl fired electricity
generation, thisculdhave a substantial impact on energy savings frorAGEPs
(decreasing energy savings by more than 60% of the percentage savings shown here).
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Figure6: Reduction in annual energy used for heating in Archetype B (Post 1930sy2
home),CCASHR's electric, gas and oil furnaces

Figure7 plots the reduction in annual greenhouse gas (GHG) emissions wh@tthe
ASHRystem is compared to the reference heating systems. These results show that the
emission impacts are much morersstive to location than the site energy use. While the
emissions associated with the gas and oil reference cases remain relatively constant
between regions, the emissions associated with electricity vary province to province
according to the carbon inteiity of the generation infrastructure.

British Columbia, Manitoba, Quebec and Newfoundland generate the bulk of their
electricity using hydro resources; Ontario also produces abo®080 of its electricity

from non or low emitting sources. In these regspswitching to heat pumps from gas or

oil significantly reduces GHG emissions. But when compared to electric resistance, heat
pumps offer negligible savings. In these provinces, electric resistance heating is nearly
carbon free.

The opposite is true inlBerta, Saskatchewan, New Brunswick and Nova Scotia. These
provinces use coal and géised power plants toraryingdegreefor the majority of

electricity generationlin these locations;CASHRechnology delivers carbon savings
relative to oil furnacesrad electrical baseboards. When compared to gas furna€s,
ASHRystems lower emissions in New Brunswick, and increase emissions in Alberta and
Saskatchewan. In Nova Scotia, gas furnace C&ASHRystems produce similar
emissions.
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Figure7: Reduction in annual GHG emissions associated with heating in Archetype B (Post
1980s 2story home) CCASHR's electric, gas and oil furnaces

* Note that GHG emissions were calculated based on average annual emissions factors
from the electricity generation mix for that jurisdiction. It should be noted that actual
GHG emissions associated with hourly electricity generation depend on a complex array
of factors. For example, in cases where load is added to the grid (e.qg., fuel sgvitcinm
natural gas to electricity), the additional electricity needed to powe#ASEIPs may be
generated by the marginal source of electricity generation. In some cases, this marginal
source of electricity generation may have higher orlower GHG emssagsociated with

it than the average used in this analysis. In Ontario, the marginal source of electricity
generation may be natural gas and/or hydroelectric. The degree to which marginal
electricity generation is provided by natural gas electricitygyation has an impact on

GHG reductions. Referto[13] for more details. Previous research into the impacts of
seasonal hourly marginal emissions on hybrid systems (which combine natural gas
furnaces with ASHPs) has shown that basing GHG reductionasorse hourly marginal
emissions factors in Ontario may reduce the GHG reductions by about 5%. Referto [14]
for further details.

Energy costs compared to electric heating

The impact oCCASHRystems onutility bills also varies nggion, according to the price
of electricity.Figure3illustrates just how much the price of electricity varies from region
to region Theeconomic savinghat CCASHPsystems can achieve depends on the local
price of electricity.
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Figure8 plots theestimatedannual reductionn electric utility bill§or Archetype Epost
1980 two-story home) when compared to electriesistance heatinglheutility savings
evaluatedaresubstantial In regions where electrresistanceneatingpredominates
(Quebec and AtlantiCanada)replacing an electric furnace witlGCASHRvill save
homeownersan estimatedb1,0062,000 on utility bills every year.

Victoria
Vancouver
Kamloops $1,310
$1,859

Prince George

Calgary $863
Edmonton =$1,010
Regina _$704
Winnipeg —$1,175

London $1,980
Toronto $1,992
Ottawa $2,250
Montreal $1,087

Quebec =$1,256

Fredericton —$1,343

Halifax 1,517

SaintJohns $1,763

-$1K $0K $1K $2K $3K $4K $5K
Annual savings on energy bills ($/yr)

Figure8: Estimated annual savings on energy bills by province for Archetyp@BSHP
vs electric furnace with current (2020) energy pricing

Energy costs compared tgas heating

Relative tadCanadiarelectricity pricesnatural gas is much cheapghen measured by
unit of energy deliveretb the householdWhile the superior efficiency @GASHP
technology means that heat pumps use much less enigygas furnaceshe lower
cost of natural gas means that tloperating costef CCASHB and gas furnacesay be
similarin many parts of Canada.

Figure9plots the estimated annual radttion in utility bills forArchetype Epost1980
two-story home), when compared to a natural gas furnddee savings offered by the
heat pump are highestin Quebgdew Brunswick and Nova Scatigrovinces where
current gas prices are considerably hegthan in the rest of Canada.

West of Quebec, the estimated costs of operating heat pumps and gas furaraces
approximately equaln most regionsthe CCASHRBcenario savasomeownersetween
$50-150/year compared to gas heatinbhe exceptions ard/innipeg MB and Prince
George BC, where colder weather reduces the seasonal efficiency heasplmtipese
locations the CCASHRystemsevaluatedmaycost more to operatéhan a comparable
gas furnace.
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A significant part of thetility bill savingslepicted inFigureQis found in the fixed charges
associated with natural gas suppBar the allelectric service scenarithe analysis
assumedhat new homes construetd with aCCASHRvouldnot also be connectetb

the gas distribution grid, and that home owners replacing gas furnaces with heat pumps
would suspendas service to their propertyn thisscenario, homeowners can forgo
monthly fixed charges associated vitatural gas service, amounting to $1300/year in
savings.

Victoria $176
\VVancouver $173
(amloops $63
Prince George -$131

Calgary $159
Edmonton $100
Regina

==
Winnipeg -$309 ‘
London $220
Toronto $229
Ottawa $120

Ha ifa.‘x\“ | -5457

SaintJohns

-51K $0K $1K $2K $3K $4K $5K $6K
Annual savings on energy bills ($/yr)

Figure9: Estimated annual savings on energy bills by province for Archetyp@ASHP
vs gas furnace with current (2020) energy pricing

This scenario may not apply & households. Some homeowners may choose to retain
their gas connection for use in cooking appliances, decorative fireplaces and other end
uses. These homeowners will be obliged to continue to pay monthly fixed charges, even if
they replace their furnacerith aCCASHP

Figurel0 quantifies the impact of this assumptiofihe left haad column plots the annual
savings attributedo the fixed monthly chargeghe right land column plots the annual
savings attributed to the variabkgharge (that is, the amount of gas actually consumed by
the furnace) For instanceit wasestimated that CCASHRvouldcost $176/year less to
operate than a gas furnace Wictoria,BC. Of thee savings$154/yeamwould beachieved

by suspending gas service to the house. The remainderi@eyts the difference
between the variablecost of the energysed by theCCASHRInd gas funace

West of Quebeahe reduction on fixed charges amoumtghe largest fraction of savings
offered byCGASHRystemsAnd in some of these regiortbe cost of electricity
consumed by the heat pump is greater than the cost of gas used by a furnace. In these
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locationshomeowners whavouldreplace gas furnaces with heat pumps but do not also
suspend natural gas serviggyanticipatean overall increase in household utility costs.

BC Victoria $154 $22
Vancouver $154 $19
Kamloops $154 -$92
Prince George $154 -$285

AB Calgary $301 -$142
Edmonton :SBOI -$201:

SK Regina _5278 _540

MB Winnipeg _ $168 -$477 -

ON London $258 -$37
Toronto $258 -$29
Ottawa $258 -$138

Qc Montreal $201 $459
Quebec :5201 : $509

NB Fredericton _5240 _5640

NS Halifax _ $262 _5195

NF Gas not available

SaintJohns Gas not available
-500 0 500 1000 1500-$1K $O0K $1K

Annual savings on fixed gas charges Annual savings variable energy charges
($/year) ($/year)

FigurelQ: Estimated savings on fixed and variable energy cha@@A8SHR's gas
furnace, assuming current (2020) energy pricingalhélectric service
(suspension of gas serviagreement)

Energycostscompared to oil heating

Figurell plots the estimated annual reduction in utility bills ferchetype Epost-1980
two-story home), when compared to an oil furnadée results suggest th&CASHP
systems are very attraiste relative tooil heating in all parts of Canadewo factors
contribute to this finding:

1 The price of electricity is generally comparable to heating oil when measured by
units of energy delivered to the home, and

1 Oil heating equipmentis generally lefficient than both heat pump and gas
furnace technology.

The 2020energy prices used in this study refledasignificant decline ipetroleum
commoditypricesdue to the ongoing COVAI® pandemic. Even sthe results suggest
that homeowners replacingil furnaces with heat pumpsouldexpect to save between
$1,0003,000 annuallyinder this price scenario.
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Figurell Estimated annual savings on energy bills by province for Archetyp@BSHP
vs oilfurnacewith current (202) energy pricing

Energy cost savings by archetype

The results presented thus far reflect estimated savingéfonetype B a two-story
detached home built after 198@Vhile Archetype Bepresentsnany homes in Canada

the national housing stodk diversanboth size and insulation levels. As part of this
study, the impact acroghiree other archetypes that represented a range of heating loads
was also examine®eferto Section 4.Tor further discussion on relative numbers of
homesin Canada&presented by each Archetype

Figurel2 presentghe estimated savings on utility bills for the four archetypes. Each dot
corresponds t@mne of thel6 differentlocatims across the country. The black lines depict
the average savings observed across all locations.

When compared to electric resistance and oil furnaces, savings@@ASHRquipment
is generally proportionadl 2 | K 2 Y S Q dArcKe§/peilpref1980)thaz higher air
leakage and lower insulation levels than archetyp@h&se characteristics increase its
space heating load, and generally, the amount of savings raffiéentheating
equipment can deliveFor this reasomlder homes will benefit ma fromCCASHP
technologyOn average, savings in Archetype A are $350 higheiitharthetype B for a
CCASHRvhen compared to electric resistana@nd $550 higher when compared to oil
furnaces.

ConverselyArchetype£(Post1980one-story) and D (NZReadyhave lower heating
loadsthan archetype BVhen compared to electric resistance and oil furnaces, the
savings thaCCASHRechnology can deliveniarchetype @ about half that of archetype
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B. And irthe net-zeroready archetype, théoads are so small that tHeCASHRIelivers
modest savings of $16200/year.
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Figurelz Estimated anual savings on energy billsérghetype CCASHR's electric
resistance, gas and oil furnaces, with current (2020) energyngrici

When compared tgas furnaceghe economic impact dEGASHRechnologysmore
variable Theanalysis for archetype B showed that #wenual savings on utility bills were
affected bythe relative prices of gas and electricity regions wher€ GASHRystems
saveon utility billsrelative to gas furnacethe resultsfor archetype Auggest thathey
wouldsave even more in older homekloweverthe results for archetyp®identified

one location Winnipeg) in whiclCCGASHBmightsignificantly incrase costs of heating
relative to gas furnaces. Results for archetype A show that that the increase in heating
costs will beeven larger in this location.

Results for archetypes&D arealso notable. Whereas results for archetypes A & B
included outcomesvhere theCCASHRcenaridncreased costs relative to gas furnaces,
the CCASHRonsistently deliveratility savings in the smaller, lowdovad homesThis
outcome reflects the importance of fixadility charges in moreefficient housing. Smaller
homes and well insulated, weBealed homes require less energynhiat In these

homes, the fixed energy charges comprise alarger portion of total energy bosttdling
CCASHRystemsn lieuof gas furnaces allows homeowners to forgo those expenses
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Prgected changes: 2043022

The results presented above reflect current energy pri¢atghe time of writing) using
data sourced i\ugus®2020. It isanticipated that these prices will changen partdue to
increasecdtarbontaxes that are scheduled to take effectin the nexttwo years. Federal
and provincial carbon levies will increase the prichexiting with natural gas and oil;
they will also affect the price of electricity

In addition to the carbon taxt isanticipatd thatthe price of heating oil will recover
from the downturnobserved in the first half of 2020, as the global economy begins to
recover from the COVHIO pandemic, andommercialjndustrial and transport activies
increase

Figurel3illustrates the effect these price changes could havéherutility bill savings of
CCASHRystensrelative to electric resistance, gas and oil furnadasows indicate the
direction of changethe length of each arrow indicateséfestimated change in utility bill
savingsRegions in which no significant changes are anticipated are denoted with a circle.

Theresults suggest thdtiture price changes will modestly increase the savings@tat
ASHRechnology can deliver relative to gas furnadesall locations except for Alberta
and Saskatchewan,$50$100 annualincrease in the savings delivere d®GEASHP
equipmentis estimatelt makingCCASHBmore attractive to homeowners.

Amodestincrease in savingsative to electric resistance in provinces that still use
significant amountsffossilfueled electricitygeneration(AB, SK, NB, NiSalso
anticipated Ashighercarbon taxes are passed on to rate pay@SASHRvill save
electrically heated households more money

Howeverthe biggest change in saviniganticipated tde relative to oil heated homes.
Two factors will contribute to a significant increase in tbstof heating with oil:
1 Heating oil is more carbon intense than natural.gaarbon taxes
disproportionally affecthe price of oil to cleaner fuels.
1 Economicrecovery will likelyincrease demand for petroleum fualssing
heating oil prices to returto pre-pandemic levels.

Based on these trend§,GASHRechnologyis expected tdbecomeevenmorefinancially
attractiverelative to oil furnaces in all locations across Canada.
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Figurel3: Projected change in savings on energy bills for ArchetyBEBSHR's electric
resistance, gas and oil furnaces

Impact of Ontario Electricity Rebate

Finallytheeffect2 ¥ hy G NA 2 Q& 9 f &ilhyibNI3adrig@ichieveddBE (S 2y G KS
ASHRechrologywas consideredVhileh y G I NA 2 Qa St SOGNAOAGE@ LINKR OSa N
supplyinghe province with electricity, rate payeasthe time of writingoenefitted from

a provincial program that discouadtheir electricity bill by 31.8%.

Therebatewasfundedbygovernment revenue&ndit couldbe suspendetiyan act of
legislatureFigureldillustrates howthe rebate affects the cost savindslivered byCG
ASHRechnologies.

Relative to homes heated with electric resistargayings fronCCASHRystems would
be $500/yearhigherwithout the rebate Without the rebate, electricity wuldbe more
expensive, and technologies that reduce the consumption of eletlyibaated homes
wouldbecome more attractive.

Forgas furnace andil heated homes, savings fro@CASHRystems would be about
$200/year lower without the rebateThis has a modest impact on the savings relative to
oil furnacesRelative to gas furnaceSGCASHRystems deliver modest savings with the
rebate in effect; these same systems would become slightise expensive than gas
furnaces if the rebate were not available.
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