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The Canadian low-energy building presented in this article integrates ground-source heat pumps with floor
heating for space heating and free cooling. Featuring also a two-stage outdoor make-up air preheating unit
with exhaust air and geothermal heat recovery, and hybrid ventilation, optimized natural lighting and im-
proved envelope, the annual electrical energy consumption was reduced by 71.4 % compared to the reference
cold climate building. This ranks this building among the highest performance structures in North America.

Introduction

Reducing the energy consumption
and minimizing the environmental
impact of HVAC systems are sig-
nificant goals for building design-
ers. Combining ground-source heat
pumps heating with exhaust air heat
recovery and geothermal free cool-
ing, active and passive solar energy,
and natural ventilation and lighting
lead to a cold-climate high-perform-
ance building. The concept described
here has received the ASHRAE 2005
Award of Engineering Excellence
(ASHRAE Insights 2005) and Que-
bec’s AQME 2004 ENERGIA GALA
Award,

Building characteris-
tics

The 4180 m2 commercial building, in-
cluding 19 % storage and offices are-
as, meets the Canadian C 2000 stand-
ard for high-performance buildings
(Genest, Charneux 2005). It is located
in a cold-climate city (Montreal)
with design temperatures of -21.7
°C in the winter, and 28.3 °C (dry-
bulb) and 21.1 *C (wet-bulb) tem-
peratures in the summer. The build-
ing walls and roof R-values are 6.2
m2K/W and 7 m2K/W respectively,
more than twice as good as the lo-
cal code requirements. The windows
are made with double-glazed low-e
glass with a U-factor of 1.87 W/m2K,
and the overall building U-factor
averages .54 W/m2K. The window
system has been designed to provide
about 325 lux of daylight, while the

artificial lighting requires 14 W/m2,
a power density 48 % lower than the
Canadian National Energy Code for
Buildings' requirement. As a special
feature, the HVAC system includes
a large (1.2 m x 1.2 m) underground
tunnel running along the building’s
perimeter for ventilation purposes.
At maximum capacity, it supplies 5.6
L/s.m2 of outdoor air, which is about
four times the ASHRAE standard
minimum requirement. This system
operates when the outdoor dry-bulb
temperature is between 12.8 °C and
26.7 °C, but only if the dewpoint is
below 183 °C in order to prevent
condensation on the cool concrete
slabs. When the outdoor tempera-
ture is outside this range, the roof-
mounted outdoor make-up air unit
(Figure 1), with variable-speed fans
controlled by CO; sensors, is activat-
ed. This unit preheats (in the winter)
and dehumidifies (in the summer)
the outdoor fresh air, and is used at
all times in order to keep the indoor
CO; level at 900 ppm. In heating
mode, the circulating pump P4 runs
and the 3-way valve D modulates
to maintain the supply air tempera-
ture between 22 °C and 13 °C, while
in free cooling mode, the supply air
setpoint is set at 12 °C to provide de-
humidification.

Ground-source heat
pump system
The geothermal system contains

two sections of vertical ground heat
exchangers (zone 1) totaling twelve

175 m deep boreholes (Figure 1). Sec-
tion #1 supplies most of the building
heated floors located in the sales and
office areas (zone 2), and the periph-
eral areas (zone 3) including air heat-
ing units (cash registers, coffee shop,
stairs) and a few heated floors. The
indoor temperatures of these zones
are corrected according to the weath-
er forecasts automatically retrieved
from the Internet. This strategy ac-
celerates the slab energy loading in
advance on cold winter and hot sum-
mer days, because of their slow time
response to the heating and cooling
demands. Section #2 supplies the
outdoor air make-up unit (zone 4),
including an enthalpy rotary wheel
(75 % thermal efficiency) and a geo-
thermal direct heat recovery coil.
Propylene glycol/water mixture (50
% by volume) is used as the geother-
mal heat transfer fluid in both the in-
door building and the heat recovery
closed loops. Even though propylene
glycol is more viscous than other
fluids, and more difficult to handle
in cold weather, it is recommended
in Canada because it is a non-toxic,
non-flammable and non-corrosive
antifreeze. Eight 28-kWC (nominal
cooling capacity) water-to-water
heat pumps with HFC-407C refriger-
ant are connected to the ground heat
exchanger sections. Small pumps
(P) circulate the geothermal fluid
through the heat source side of each
heat pump, thus eliminating the con-
ventional unique, large geothermal
circulating pumps. The first 4-heat
pump group, “a", is assigned to the
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