The Place for Air Source
Heat Pumps

Michael Nemeth P.Eng.
Mechanical Consulting Engineer — Passivhaus Consultant | Bright Buildings

2018 Feb 07 — EMTF



Output

Efficiency = Input



Vapour compression refrigeration cycle

Output = heat moved from evaporator coil to condenser coil (outside to inside, colder temperature to warmer temperature)
Input = compressor electricity



Heating Method Efficiency
Electricity (resistance) 100%
Air Source Heat Pump 200%
Ground Source Heat Pump 300%
Gas 20%

Coefficient of Performance — similar to efficiency, COP of 2 = 200% efficiency




Energy Cost ($/kWh)

Electricity

0.150

Natural Gas

0.022
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Cost to heat 150 m?2 home by various methods

Wall R-Value
Annual Space Heating Energy (kWh/m?2)
kWh per year
Electricity (Direct)
Annual Space

Heating Cost  Gas

Gas (w $50/tonne Carbon Levy) I

Cost of Energy ($/kWh)

Electricity 0.15
Gas 0.022
Seasonal Efficiency
Electricity 100%
ASHP 200%
Geothermal 300%
Gas 90%

Electricity (Heat Pump eff:200%) |

(1600 sq ft)

Carbon Price

0.25 kg/kWh natural gas CO, emissions
50 $/tonne carbon price

0.0125 $/kWh

Passivhaus Low Energy Building Typical New House Canadian Average Saskatchewan Average
R60 R40 R20 2 22

15 30 114 150 300

2,250 4,500 17,100 22,500 45,000
1 $33s [l s¢75 HIEGGNG s2,505 I 53,375 NSEEG
$16911 $33s [ $1,283 N $1,080 N $3,375

$333 $388 [l $694 M $826 [ $1,373

$364 $450 Il $932 Il $1,138 M $1,998

+$278 Annual Basic
Charge for Gas Service



An electric resistance backup heater is required
below -20°C.
Varies by manufacturer - some as low as -25°C



Hourly temperature Saskatoon (°C)
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Histogram of Saskatoon outdoor air temperature
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s000 . Histogram of Saskatoon heating degree hours
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heat transfer = heat transfer coef ficient X surface area X temperature dif ference



Heat pump efficiency vs temperature (°C)
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Air source heat pump HVAC schematic



Heat pump domestic hot
water heater



Manufacturers
Carrier — NuTrend
Lennox

Dettson

Mitsubishi Zuba

multizone damper kits available



Mini-split systems (ducted /ductless)

MiTSUbiShi — Cypress Sdles Installed at Ketilson Net-zero House
Daikin — HVAC Sales



Commercial systems
Variable refrigerant flow —
VRF, multizone

hitps: / /www.youtube.com/watch2v=-
2Xp5xDXYM 2:55

Often used as cooling only but have
heat pump functionality

Used at:

* Holy Cross High School
* STARS Hangar Offices
* Radiance Cohousing

* Many others...


https://www.youtube.com/watch?v=-_2Xp5xDXYM

Further thoughts on
Air Source Heat Pumps

Cooling is a nice perk
* Especially for overglazed and undershaded homes
* Better resale value, mainstream appeal

Air source heat pump complements domestic hot water heat
pump with cascade effect

* Domestic hot water heating can be integrated directly into
refrigerant loop with VRF systems

Size heat pump for capacity at shutdown temperature — size
electric backup for full load

Additional electrical demand on grid is small for low energy
buildings — comparable to an EV

Comfort in Passivhaus buildings is achieved through high
quality components providing warm wall and window surface
temperatures therefore infloor radiant heat is unnecessary /
redundant

* Low dairflow forced air from a variable speed heat pump is
quiet and comfortable

* Indoor humidity is more of a question of envelope airtightness
and ERV flow rate

* Options available for infloor electric mat and cable e.g. in
bathrooms or select areas

* Can avoid baseboard heaters — all heating load can often be
met by electric duct heater



* |t's not ?oing to payback compared to gas,
Furfher fhoughfs on but it offers an op’rion for o ]OO%
Air S Heqt P renewably powered building — including

I Source rear Fumps heating — that’s comparable in cost to
operate.

* Similar economics to solar PV for reaching
net-zero (but with efficiency first)

* With the solar panels to be installed by the
SES Solar Coop, Radiance Cohousing is
expected to be a net energy producer and
the heat pumps assist with that by reducing
our energy needs.

* The cost for a geothermal field is avoided but
most of the advantages of a heat pump remain.

* Qutdoor (condensing) units could one day be
replaced by ground source units... so many
options.



