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Abstract

As an applied research, energy conservation by passive cooling methods for creating thermal
comfort in apartments has the main objective to determine the passive cooling methods that are
suitable for building characteristics of apartments. To do this, previous studies about multi-storey
residential buildings were reviewed to analyze several passive cooling methods in terms of their
applications and limitations. The researchers then developed the passive cooling method suitable for
apartments in Phitsanulok by using a residential building, Mono Nivet no.5 as the case study. This
reinforced concrete building has nine storeys. Its open form (U-shaped plan) allows all residential units to
connect to outdoor environment. With single load corridor which all units are on one side, the corridor
itself opens to the surroundings. Four major energy-related problems due to poor building design can be
concluded as follows:

1. Excess heat load on the wall structure. As the apartment’s walls are exposed to sunlight
for a long time during a day, a large amount of heat transferred to exterior wall and ceiling, leading to
high temperature in each residential unit. All the building envelope components should therefore be
higher heat resistant. To increase R-value, insulating walls and ceiling and installing external shading
devices can effectively reduce heat transfer rate. Calculated overall thermal transfer value (OTTV) and
roof thermal transfer value (RTTV) by using Ottvee software, it is found that the OTTV decreases by 27.5%
for the units in the middle of U-plan and 42% for the units in two wings of the building with building
retrofit. The RTTV also decreases by 42% for the units on the top floor.

2. Inadequate ventilation. Due to the small amount of fresh air flowing through, the unit

contains high moisture. To solve this problem, increasing the number of opening above and below the
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existing sliding windows of small bedrooms and enlarging frosted louvered window of toilet help to allow
more air and daylight entering the rooms. Replacing the sliding windows of master bedrooms and
kitchens with double-hung windows also increase air movement inside the unit. The improvement of air
flow rate was tested by comparing wind velocity measured in the building with that measured in wind
tunnel. The percentage of wind velocity from the exterior to the interior measured in the building ranges
from 1.08% to 2.00% for the room with the lowest air flow. With changes in window sizes and number,
the percentage of wind velocity from the exterior to the interior measured in the wind tunnel increases,
the lowest value is 2.94% and the highest value is 49.06%.

3. Problems with natural light. Two improvements can be made to reduce heat gain caused
by poor daylighting design. To protect the front door of each unit from the exposure to excessive light,
the first improvement is to install shading devices at the corridor. On the other hand, inadequate natural
lishting was found at the small bedrooms and toilets due to the small areas of glazing, leading to
increased use of artificial light and high heat gain from the light bulbs. The improvement of ventilation
can immediately increase daylight as more glazing in small bedrooms and toilets allow more visible light
to penetrate further into the rooms. Assessed the results of two improvements by using Dialux software,
the researchers found that the illumination of the living area adjacent to the corridor decreased from
559.18 lux to 548.35 lux and the illumination of a small bedroom increased to 358.84 lux. More glazing in
toilet can significantly increase the illumination from 285.13 lux to 676.8 lux.

4. High humidity due to rain splashing on the corridor and hallway in front of the residential
units. Horizontal shading devices should be installed to protect the building from the rain. The shading

should be made of aluminum with overlapping louvers.
Keywords: thermal comfort, multi-storey residential buildings, passive cooling methods
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