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EFFECTIVENESS OF ENERGY-SAVING RENOVATION TECHNIQUES
THROUGH PASSIVE COOLING FOR URBAN HOUSES
IN HOT-HUMID CLIMATE OF MALAYSIA

Bl R R R E AT ARE @Y b— FUR T F
Susumu SUGIYAMA, Satoshi YASUFUKU, Tetsu KUBOTA and
Doris Hooi Chyee TOE

The main objective of this study was to examine the effectiveness of energy-saving renovation techniques through passive cooling
for urban houses in hot-humid climate of Malaysia. Effects of two strategies, i.e. complete natural ventilation (NV) strategy and
partial air conditioning (AC) strategy, were simulated using TRNSYS. The results revealed that indoor thermal comfort was achieved
in the complete NV strategy by applying multiple passive cooling techniques that prevented external heat on the outer building
envelope and night ventilation, even under heated urban climatic conditions. In the partial AC strategy, reductions of about 45% in
the sensible cooling load and about 30% in the latent cooling load compared to the current condition were obtained by insulating inner
surfaces of the master bedroom while applying several passive cooling techniques to the other spaces.
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Energy use in buildings is becoming a major concern in developing regions such as Southeast Asia. Unlike
traditional vernacular architecture, most of the urban houses in Malaysia are of brick and concrete construction
despite the year-round hot and humid climate. In fact, the air-conditioner ownership has been rising rapidly over the
last few decades especially in the urban areas according to the economic growth. Therefore, it is important to apply
passive cooling strategies wherever possible to these urban houses for energy-saving. The main objective of this study
was to examine the effectiveness of energy-saving modifications through passive cooling for urban terraced houses in
Malaysia. This paper firstly presented the results of a survey on usage patterns of cooling appliances and indoor
thermal comfort in typical Malaysian residential areas. Secondly, effects of two strategies, i.e. complete natural
ventilation (NV) strategy and partial air conditioning (AC) strategy, were simulated using TRNSYS. The complete
NV strategy relied fully on naturally ventilated condition in the whole house for achieving thermal comfort in the
master bedroom while the partial AC strategy was aimed at reducing the cooling load in the air-conditioned master

bedroom by applying passive cooling techniques to the other spaces.

From this study, the following conclusions were drawn:

1. The results of the survey conducted in 2004 and 2012 showed that about 60% of the respondents owned at
least one air-conditioner. Most of the air-conditioner owners have installed them in the master bedroom
and operate them during the sleep at night (8.8 hour/day).

2. Many respondents who reported cold, cool and neutral for indoor air temperature in their master bedroom
still preferred cooler temperature regardless of their thermal sensations. This result implied that the
preference for cooler air temperature may lead to the relatively low set-point air temperature for
air-conditioning (average: 21.4°C), its long usage time, and simultaneous use of air-conditioning and ceiling
fan.

3. In the complete NV strategy, when the rooms were night ventilated, roof/ceiling insulation was effective to
further reduce the daytime indoor air temperature, whereas forced ventilation was effective to reduce the
nocturnal indoor temperature in particular. When the building was facing North, South and West, the
mean indoor operative temperature was lowered to about 28.5 °C by applying the roof insulation, external
shading and external wall-outside surface insulation in addition to night ventilation. The above condition
can meet the required adaptive thermal comfort levels even under the heated urban climatic conditions.
When the building was facing East, indoor operative temperature was slightly increased, but still, it was
possible to achieve indoor thermal comfort by applying Low-E glass in addition.

4. In the partial AC strategy, reduction of about 9% in sensible cooling load compared to the current scenario
was obtained by applying night ventilation to the whole house except for the master bedroom. On the other
hand, reduction of about 30% in latent cooling load was achieved by applying no ventilation to the master
bedroom. The results showed that the maximum reduction of about 45% in sensible cooling load and that of
about 30% in latent cooling load were achievable if the ceiling, external wall-inside, internal wall and floor
insulations were applied, while the master bedroom adopted no ventilation and the other spaces were night

ventilated.

(2014 4 11 A 10 HIEA325E, 2015 45 5 H 18 HIRAULE)
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