11631
¥
Timothy Mok Adnan Saif B Julia Yuan

UNIVERSITY OF
Mechanical Engineering Natural Science Chemical Engineering
Sl

CALGARY g
INTRODUCTION RESULT

Adoption of Heat Pumps in Ontario
Transformation of emissions in residential space oitioning

Rianne Ho
Chemical Engineering

Correspondence: riho@ucalgary.ca

DISCUSSION

Geothermal . . .
Space heating with Ontario’s residential sector @ REFERENCE ALTERNATIVE —— Heat Pump The deep decarbonization scenario of
. 0 0 S = - g Air/Air Heat Pump s | | Air/Air Heat Pump\ Air/Water " : :
contributes to 63.7% of energy usage and 75% S F A o S U Heat Pump space conditioning comprises of new
. . > " : A A ectric : : : “y-

of emissions. The project explores the energy- ¢ ¢ ; s \/“H —— Heat Pump Market Share installations and retrofits of traditional
use and emission reduptlons made possible E % 5 $ ! ' o e space heating sources to heat pumps.
fr_om heat. pump alternatives. Heat pumps are =% 2 o Natural Gas, High 2 .  Natural Gas, High | i — A FErom our analysis, heat pumps have
highly efficient and have both heating and fsﬂ 5 ; 5 ; the potential to replace 350PJ worth of

cooling capabilities. The economics of heat = £~ £ e | molementaion . F,: e P ditioning i
pumps are Studied to determine the feas|b|||ty Of < » ; Natural Gas, Mid " . Natural Gas, Mid . ‘ / ‘ ‘ |npu energy INTO SpaCe condal IOﬂIng N
the Insta”athn o o “ 2060 o o 0 o 2000 | 2020 2040 2060 2060. ThIS reSUH: SuggeStS emISSIOn
WINTED SUMMER - x ; X ; AiF to Water ﬁ:jt';,f,’,:‘:' > Heat pump market reductions of over 17 Mtonnes of
> qV_< o O 7~ : Air/Air Heat Pump &, ; HeatPump ol share graph shows CO.,e in 2060 is possible with heat

_ HEATED wd 3 : ——— : S - . : .
> TR wozly N 8 »m : : Electric z : — Air to Air the implementation of pump adoptlons.
wog 1 O | oo & (% > & ! N o=l heat pumps in The economic analysis of heat pumps
.= : i . Natural Gas, High Alternative Scenario aligns with the emissions analysis.
m I10 : Im : . . . .

Fig. 1. Heat Pump Space Conditioning Processes [2] :d:, Natural Gas, | Natural Gas, | » Red dotted line shows Ihe scenario Is estimated to be

ozool:lormal - szaturaI Gas, Mid2060 020::lormal Nz?:ural Gas, Mid — o the in DU t ener gy economica”y viable COmpared to
METHODS . m - required in the ftraditional space conditioning due to

H 1 ‘ ....... " . .
o . Air/Air HeaEtI:::Jtr:ilcp e S Reference scenario has  carbon costs. rebates and eff|c|ency_
* No emissions i = 300 : = 500 AAm > Heat Pump been reduced by 35%
= > : z " 1 Electric
prOduced by heat Q— m a . o | - Air to Water CONCLUSIONS
pumps at source o E ézoo : ;::200 | = Heat Pump
— 2 : Natural Gas, High u i ) ~ Air to Air
L~ - Heat pumps AR ; : , Natural Gas, High " Hoat Pump
—d require 1.626PJ 2 o : 2w ; | > “Other” emissions come Deep decarbonization of Ontario’s
less to provide | Natural G2, g Natural Gas. Mid | Naturs Gas,  \atural Gas, Mic . from wood, oil and coal residential space conditioning sector
3PJ to a house = sources, used In rural will be achieved through heat pump
I T * Heat pump " | o ' communities. These are jnstallations running on clean
(coP = 1.7) : : Electric . g
fecvical . 7 p a'a ! = : : o _ _
o= “ﬁ STMISSIONS are C " o a4l ol £ -\ Ao Ar Geotherma nIOt addressed In the glectricity. Our alternative scenario
> ! > : eat Pumg :
o lower by 86% .% N R U . | ?D tgrgit';’z 505?3”60' ., installs 220 PJ worth of heat pump
Fig. 2. Input Energy and Emissions Flow Diagrams for a High A A ; s A A i f ' : : :
Efficiency Natural Gas furnace and the three Heat Pumps in 2017 ué S : 5 ff\/ : \eEtRme Indicates decrease In F:apac!ty, in 2060. C_)n the prOJeCte(_j grld
The following assumptions were made in g & - Natural Gas, High -  Natural Gas, High CO,e emissions. :\r;ltensﬂy ggr Onta_rlo: thls_ rezsults ::n 13
developing the reference (future heat pump A S * Natural Gas, ! S Natural Gas, | > Economic analvsis t.onne 2& CTISSIONS AN 060. From
adoption) and alternative scenario. 0200Io\lormal ; 2020Natural Gas, Midm0 i 0200Io\lormal il\:oa:ural Gas, Mid . "\2\060 orformed O)\I/ o this StUdy, pOIIC|eS Wil play d
« Reference model was run based on Cumulative, Comparative Cash Flow cumulative Cach Flow chortest estimated significant role In influencing the
CanESS prov|ded data [3] 0000 2017 2019 2021 2023 2025 2027 2029 2031 2033 $ 2017 2019 2021 2023 2025 2027 2029 2031 2033 lifetime of heat oUMPS market upta ke Of heat pumps,
. . ’ - N atural Gas . . . . . .
- Geothermal heat pumps are installed in ¢ . 1] | 2 (15 years). including residential building standards
newly constructed homes over 2500ft? 2 2 P5/000 é *(5,000 Air to Air vs. and cleaner e|eCtricity grids_
* Electric heating systems are retrofitted with g s s 8 510,000 . > Carbon pricing will
an air/water heat pump based on similar c O g e - -
. 0O g $(5,000) §$(15,000) | drive the Investment ACKNOWLEDGMENTS
Thlnfrfa sl.;trugture ¥ do | u‘j % < 10,000 £ 0000 e o+ preference for heat
5 © | O_OWt'Eg assump |ons| were made in . E N wowne PUMPS as taxes  Special thanks to Barend Dronkers,
eveloping the economic analysis. LL] >(15,000 P(25/000) mebews  INCrease in cost. Bastiaan Straatman, Song Sit and David

 Air to air and geothermal installations are

q st natural ¢ Layzell of whatlf? Technologies for
compared against natural gas iurnaces. REFERENCES access to the CanESS model. Thanks to

 Air to water Iinstallations are compared Mark Metzner of IGSHPA — Canada

against Water ba se boa rd he ate IS. [1] Government of Canada, Natural Resources Canada, Residential Sector Canada Table 2: Secondary Energy Use and GHG Emissions by End-Use, 2017 [Online]. Available: . . .
_ _ _ _ http://oee.nrcan.gc.cal/corporate/statistics/neud/dpa/showTable.cfm?type=CP§or=res&juris=ca&rn=2&page=4&CFID=46055594& CFTOKEN=b8fa1d72a7577a9f-A5E926B6-F8A0-8BB9-CEAFA750C08F2471. FranCO|S BIOU N Of AtCO, and Ralph TO rrie
* All installations use electric appliances [Accessed: September 28, 2017] for thei + advi th hiect
[2] Altitude Comfort, Heat Pumps, 2017. [Online]. Available: http://www.altitudecomfort.com/heat-pumps.php [Accessed: November 6, 2017] or elr expe adavice on IS SU JeC "

« Capital cost includes rebate incentives. | o . o . . .
[3] whatlf? Technologies Inc., University of Calgary. The CanESS Model, 2017. [Accessed: September 25, 2017] This poster produced as part of University of Calgary course Scied29 in Fall 2017. For info: dlayzell@ucalgary.ca




