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Abstract

The aim of this study was to analyze the most important factor, the climatic conditions with respect to thermal comfort in buildings.
The impact of building location and climate and orientation on thermal comfort were investigated.

With the help of dynamic computer simulations the different hourly weather data were analyzed. First of all the climate determines the
amount of solar radiation and mean outside temperature that a building is exposed to. The climate also influences the amount of energy
that is used for heating and cooling but also the amount of energy that is used for lighting. There is solar excess which determines the
amount of solar energy that is unwanted in the building. With growing amounts of glass and a glazing system that allows large solar heat
gains,the impact of orientation is substantial. A detailed analysis was conducted to evaluate the potentials for improving thermal com-
fort. Detailed results are given in sample graphics and tables in the study. In a tropical climate the improvement in comfort by NV range
between 9% and 41% (Kuala Lumpur in April). For a subtropical climate the improvements vary between 3% and 14%. In a temperate
climate the improvements vary between 8% and 56%. The results showed that NV has a good potential in tropical and temperate climates
but not in subtropical climates. Especially in Hong Kong it seems to be very difficult to apply NV. The results showed that in particular
in the hottest period (summer) the potential for comfort improvements is rather small. The design of climate responsive building enve-
lopes should take this into consideration.
© 2008 Elsevier Ltd. All rights reserved.
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1. The facade as an integrated building system

The energy consumption of buildings in Hong Kong is
growing and currently accounts for 53% of the primary
energy consumption (Ko, 1991). Fig. 1 shows that office
and commercial buildings were using 35% of total energy
consumption in Hong Kong in 2003. These data show that
built environment in Hong Kong has a great potential for

* Corresponding author. Tel.: +4792260501; fax: +4773598285.
E-mail address: matthias.hasse@sintef.no (M. Haase).

0038-092X/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.solener.2008.08.015

improving its energy consumption (Hui, 2000). The
improvements can be reached by taking an energy respon-
sible approach to design buildings that have a reduced
impact on the environment (Goulding et al., 1992; Krishan
et al., 2001; Lee et al., 1998).

One of the most significant technologies for energy sav-
ings in a building is the fagade. Innovations that were
already made apply recent advances in the fields of materi-
als, manufacturing and thermo sciences to the construction
of new buildings, to the retrofit or rehabilitation of existing
buildings and to the efficient operation of buildings (Comp-
agno, 2002).
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Fig. 1. Energy consumption in buildings (Ko, 1991).

Architects working in collaboration with engineers
started to take an energy-responsible approach to the
design of building fagades. The fagade contributes to both
the embodied energy as well as operating energy of a build-
ing (Amato, 1996). Especially in temperate to cold climate
like Europe new concepts were tested. They took into
account the outdoor conditions and tried to create a cli-
matic responsive building. Especially for the top-end mar-
ket sector of office buildings advanced fagade technologies
were developed (Wigginton, 1996). They tried to integrate
more and more functions like sun shading systems or solar
energy devices into the fagade system. One promising tech-
nology is double-skin facade systems. Here, the ventilation
of the building is enhanced by making use of the cavity air-
flow. This has the advantage of reducing the space needed
inside the building and reducing initial overall costs (Allard
et al., 1998; Wigginton, 2002).

However, little work has been done on the behavior of
double-skin facades in hot and humid climates. It is not
sufficient to adopt the new concepts to a different environ-
ment. The seasonal and daily climate in respect to mean
temperature, humidity and wind speed distribution in
Hong Kong is different to the temperate climate in Europe.
A new approach has to take the climatic factors into
account to find out if a double-skin fagade can help to

reduce the energy consumption in buildings in a hot and
humid climate. An analysis of the building energy con-
sumption in Hong Kong gives peak cooling load which is
shown in Fig. 2 (Lam and Li, 1999). It can be seen that
the building envelope design accounts for 36% of the peak
cooling load. The daylight design can help to reduce the
amount of cooling load from artificial lighting. This means
that potentially (or up to) 55% of the peak cooling load is
influenced by the building envelope design.

2. Objective

Before a decision is made to adopt a design strategy
from other climates into hot humid climates (such as dou-
ble-skin facades), one must understand the climatic condi-
tions of the site and their impact on the building. The study
reported in this paper was aimed to analyze the most
important factor, the climatic conditions with respect to
thermal comfort in buildings. The impact of building loca-
tion and climate and orientation on thermal comfort were
investigated. The potential thermal comfort improvements
of energy conservation building design strategies in hot and
humid climate were then evaluated. Special focus was put
on the analysis of the potential of natural ventilation
(NV) in these climates. Natural ventilation in this work is

25.0%
200% —
15.0% 1+ ——
10.0% +—
50% 1—
0.0% T T T
& & < 3
& & ¢ ¢
N N &
@b e.e'& QQ"
o " A
é\ &" 06‘ S é‘\‘;q

& &
& & & ot
& & § &
N A &
o (ég' @o
&

Fig. 2. Peak cooling load in Hong Kong office buildings (Lam and Li, 1999).
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