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Ventilation Rate Impact on Heating and Cooling Energy Consumption in

Residential Buildings : Concentrated on a Detached House in Cold and
Hot/Humid Climatic Zones of USA
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ABSTRACT: The purpose of this study was to quantify the impact of the ventilation rate on

heating and cooling energy consumption in a detached house. For it, a series of simulations for

the application of the diverse ventilation rate (ACH) were computationally conducted for a proto—

typical detached residential building in the cold climate (Detroit, Michigan) and hot/humid climate

(Miami, Florida) of USA. Analysis revealed that ventilation is a significant heat losing source in

the cold climate; thus, the higher ventilation rate significantly increases the heating energy con-—

sumption and energy cost in the cold climate; while the impact on energy increase for heating and

cooling energy consumption is similar in hot/humid climate with less significancy compared to cold

climate. The research outcome of this study could be a fundamental data for determining the

optimal ventilation rate in terms of indoor air quality, but also building energy performance well.
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Fig. 1 Views of a test building.

Table 1 Features of a test building

Cold climate :
Detroit, Michigan, USA

Region

Region
and Hot-humid climate :
climate Miami, Florida, USA
Weather data TMY?2 for each climate
Area(m’) 185
Flol(l)r. t(})lt(celimg 949
Building cghtim
Design Spacial Residential 85
components Storage 8
(%)
Laundry 7
Walls 3.3
. Roof 6.7
Insula;uon Floor 37
CRAm/W) - Windows 0.6
Doors 0.2
0.15 on average without
Envelope shading devices
Window (0.24 for South,
Wall Ratio 0.08 for North,
0.14 for East,
0.13 for West)
Infiltration
(cfm) 89
Sensible heat : 291.2 Watt
Peonle Latent heat : 234.4 Watt
P (Hourly weighted gains for a
family of four people(13, 14))
h]it(igsal 5.38 W/m’ for living area
Lighting 12.8 W/m; for storage
13.8 W/m" for laundry
Appli 32 W/m’ ‘for living area
bpiances 1.6 W/m" for laundry
Hot water coils
Heating (heat 11.1put ratio : 1.25, en.ergy
type : natural gas, setpoint
System temperature 20°C)
Applied DX coils
. (COP : 2.86,
Cooling

energy type : electricity,
setpoint temperature : 23.6°C)




Table 2 Climate conditions of test locations

Detroit, Miami, Seoul
Michigan, Florida, Keou’
USA USA orea
Latitude(®) 42.23N 25.82N 37.55N
Longitude(®) 83.3W 80.28W 126.8E
Annual average
temperature(°C) 92 244 12.2
Annual 8280 14199 13443
precipitation(mm)
Design
temperature for -15.1 9.8 -12.1

heating-99%(°C)

Design temperature

for cooling-1%(°C) 31.0 32.0 30.1
Heating degree 2,500~
day(°C#Day) 3,649 200 5700
Cooling degree -
day(°C#Day) 626 4,198 600~800
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Fig. 2 Heat gain components in cold climate
(Detroit, Michigan, USA).
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Fig. 3 Heat loss components in cold climate
(Detroit, Michigan, USA).
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Fig. 4 Heat gain components in hot/humid
climate(Miami, Florida, USA).
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Fig. 5 Heat loss components in hot/humid
climate(Miami, Florida, USA).
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