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Abstract

Keywords: Natural ventilated house, natural ventilated classroom, cooling energy saving ratio
Introduction

Natural ventilation is one of the passive building design means for building energy
conservation, from which natural ventilation process indoor thermal load could be removed and
the cooling energy saving could therefore be achieved. Many previous studies have confirmed
that certain degree of cooling energy saving can be realized by natural ventilation. However, the
efficiency of natural ventilation on cooling energy saving is closely related to local climate, and
there is a need to study its effect while applied to hot-and-humid climate. The regulation of
Taiwanese green building evaluation system adopted a ratio of natural ventilation floor area (VP)
to evaluate the amount of cooling energy saving since 2015. The objective of this research is to
validate this assessing method by in-situ experiment data.
Methodology

To temporally identify the usage pattern of air-conditioning during hot season, two
temperature sensors were deployed for each selected case, one was installed at indoor space and
another was set up at outdoor space for measuring temperature variations with a logging interval
of five minutes. The cooling energy can be afterwards coarsely estimated by cooling degree hour
(CDH) method. To identify the theoretical cooling operation time, an adaptive thermal comfort
model proposed by ASHRAE Standard 55 was adopted. Whenever the outdoor ambient
temperature exceeds the upper temperature limit estimated by the adaptive thermal comfort
model, the hour was deemed as in need of cooling theoretically and that hour was accumulated
for theoretical operation hours. Moreover, the actual cooling operation hour can be identified by
observing the measured indoor temperature, whenever a cooling was in operation, the indoor air
temperature would be kept in constant within a fluctuation of circa 1°C. The theoretical and
actual amount of cooling energy of a given case can be estimated by calculating the CDH for the
corresponding hours identified as theoretical or actual cooling in-operation accordingly. The
actual cooling energy saving ratio can therefore be identified by dividing the value of actual
CHD with that of theoretical CDH. The VP of each case was obtained by in-situ surveying the
space geometry. The relationship between VP and the actual cooling energy saving benefit can be
established.
Results

The results are as follows:
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For school classrooms:

1. The VP for all the four mixed mode operating classrooms located in Taipei are all 1.0. The

cooling energy reduction benefits for the four cases were 0.51, 0.45, 0.45, and 0.48
respectively, with an average value of 0.47, which is considered similar to the value

evaluated by the existing green building regulation.

2. A total natural ventilated school classroom located in Kaohsiung was also investigated,

although the in-situ temperature monitoring only lasted for one month (September).
Adaptive comfort model was used to evaluate the indoor overheating problem. The results
show that the overheating occurrence frequency was 88% with an average indoor
temperature of 31.33°C. The monthly long-term thermal discomfort was assessed by
ISO7730 and revealed an overheating severity of 162.52 k.hr. It indicates that the natural
ventilated classroom can’t be survived while assessed with adaptive comfort model under

the context of Kaohsiung’s climate.

For residential spaces:

The results show that the actual cooling energy saving benefit were ranging from

0.53~0.94 with an average of 0.730 and standard deviation of 0.134. However, if they were

assessed by the criteria of the existing green building evaluation system, the values would range

between 0.82~1.0 with an average of 0.960 and the standard deviation of 0.06. It reveals that the

existing criteria in green building evaluation system is much more stringent. However, by

correlating the VP to the value of actual cooling energy saving ratio, no significant relationship

was observed, suggesting that there are other variables influencing the air-conditioning energy

use for residential buildings, further research is anticipated.

This project comes to twofeasible immediate strategies:

1.

To formulate adequate evaluation criteria for the cooling energy saving potential of
residential buildings, there is an immediate need to further study the influential factors that
dominate the cooling energy use for residential buildings.

The results of the study reveal that classrooms, either operated in mix-mode or natural
ventilation, with window openings on the opposite sides would facilitate the cross
ventilation and save cooling energy. Therefore, it is recommended that the design and
planning of the classrooms should be encouraged to facilitate the natural ventilation in order

to save cooling energy.
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