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Abstract:

Window use is a challenging issue for mixed-mode buildings to achieve energy efficiency. For
the buildings in hot-humid climate, incoming air may increase external heat gain and,
therefore, buildings energy use due to cooling systems. On the contrary, it may flush out the
hot air which has accumulated indoor and reduce the buildings energy use. In this study, the
typical characteristics of high-rise condominiums in Bangkok together with the behaviour of
their occupants are summarized. This information is then investigated using the EnergyPlus
function in the validated DesignBuilder version 5.0.1.024 in order to answer the main research
question “to what extent can window use reduce the cooling energy consumption of mixed-
mode residential buildings in Bangkok by initiating the equilibrium of external heat gain and

indoor heat removal?”.

It is found that the orientation and the configuration of residential units i.e. window-to-wall
ratio (WWR) and window’s openable area to floor area ratio (OFR), as well as the occupants’
behaviour on window use are all key parameters to determine the units’ cooling energy
consumption. The units on the North are found to have the lowest cooling energy per floor
area comparing to the units on the other orientations. This is because such units receive the
lowest risk of high incident solar radiation throughout the day. It is also found that the units
with hisher WWR would have higher indoor air temperature during daytime. However such
units consume less cooling energy, especially for the first hours of a/c operation at night. This
is because such units have the lower latent load from the smaller area of external opaque
walls. Moreover, the units with higher OFR are found to have a greater potential of using

natural ventilation to reduce their indoor air temperature as well as cooling energy



consumption. This is because natural ventilation could effectively flush out the accumulated
hot air indoor if the window is used during a suitable time of the day. “Day-time ventilation” is
found as the worst mode of window use for all cases as it brings in hot external air inside,
which leads the units to have the highest cooling energy consumption per floor area. On the
other hand, the “evening-time ventilation” is found as the best mode for most of the cases.
This is except only for the units with low OFR but high WWR. For such a particular case, “no
ventilation” is found as the best mode leading to the least cooling energy consumption per
floor area. According to this study, the most suitable behaviour on window use in the studied
bedrooms would lead to the cooling energy reduction for 5.6%-12.2% per year depending on

the characteristics and orientation of the residential units.

To conclude, the key findings of this study would involve: i) the behaviour of building
occupants on window use does have effects on a building’s indoor thermal conditions and
their cooling energy consumption, ii) in addition to window-to-wall ratio (WWR), window’s
openable area to floor area ratio (OFR) is another significant criteria for determining the success
of mixed-mode buildings in terms of their cooling energy efficiency, iii) hish WWR may have an
advantageous effect on a building’s cooling energy saving when it comes to mixed-mode
residential buildings, of which a/c is operated at night instead of during daytime as in public
buildings, and iv) it is found that architectural design and occupants’ behaviours are both
crucial and related when considering the successfulness of mixed-mode residential buildings

to become more energy-efficiency.

Keywords: window use, occupants’ bahaviour, mixed-mode cooling, natural ventilation,

residential buildings, hot-humid climates
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