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ABSTRACT: The main objective of energy efficiency in building design is to use the minimum amount 

of energy while meeting thermal comfort standards. The most fundamental and effective design 
principle to reduce heat gains for a building in Hot Humid climates is to orientate the building to take 
maximum advantage of prevailing breezes for ventilation and for the reduction of heat gains from direct 
solar radiation for better comfort of the occupants. 
A survey using questionnaires and interviews was conducted in a terraced housing area to investigate 
the correlation between orientation of the subdivision and energy consumption and thermal comfort of 
the occupants. A total of seventy-three households from houses of various orientations were 
interviewed and the findings form part of the present research investigations. It is expected that the 

information on the correlation between orientation and energy consumption will provide the foundation 
on which energy efficient design can be developed for terraced housing in Malaysia. The results 
revealed no strong correlation between orientation of a building and its energy consumption, however 
buildings facing directions of prevailing winds are more likely to benefit, through physiological cooling, 
the effects of comfort ventilation. 
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INTRODUCTION  
 
The orientation of a building is the direction faced by its 
external facades. Building orientation can affect the 
indoor climate of a building in two respects, that is, 
through solar radiation and the heating effect on walls 
through windows facing different directions; and 
ventilation problems associated with the relation between 

the direction of prevailing winds and the orientation of the 
building (Givoni 1976).  Often the considerations of these 
two factors may lead to contradictory orientation 
requirements especially for hotter climates where one 
orientation may provide the required higher velocities but 
on the other hand elevating the temperatures as well. 
Studies by Givoni (1976:206) suggested that in hot and 
humid conditions the priority of orientation with regards 
to indoor climate is “… to a greater extent dependent on 

ventilation and therefore orientation is more important 
with respect to winds than in relation to the patterns of 
solar irradiation.”  This suggestion was also previously 
established by Koenigsberger et.al. (1973), 
recommending that orientation for wind is more 
advisable to low-rise buildings that do not get much solar 
radiation.  
In Malaysia the prevailing winds come with the direction 

of the sunpath, that is, in the easterly and westerly 
directions depending on the time of the year. The wind 
speeds are unreliable and depend largely on topography 
and microclimatic characteristics. Therefore, low rise 
buildings that are naturally ventilated in hot and humid 
climate should be designed to optimise cross ventilation 
effects.  The building’s relationship to the wind direction 
should be a major consideration in determining the 

layout of the building particularly on locating windows 
and main rooms (Givoni 1994). This paper studies the 
effect of different subdivision orientations of terraced 
houses within a suburban context and reports whether 

any correlation exists between the building’s orientation 
and energy consumption.  The research aims, 
background, methodology, results and findings of the 
fieldwork are described below. The paper concludes with 
an outline of the future works to establish the energy 
efficiency design for terraced housing in Malaysia.    
 

1.0. RESEARCH AIM AND OBJECTIVES: 
 
The aim of this study is to investigate the level of thermal 
comfort of occupants in existing terraced houses in 
Malaysia, while trying to determine if any correlation 
exists between the main orientation of a house with 
thermal comfort and energy consumption. The study will 
also identify passive and active strategies that the 
occupants undertake to improve the thermal comfort in 
their homes. The information gathered will help to 

formulate architectural design ideas to maximize 
ventilation and reduce heat gains for the houses, which 
at present, is not the scope of this paper. 
 

BACKGROUND 
2.0. PRESENT HOUSING SITUATION 
 
Terraced houses constitute the majority (40%) of 
residential building stock in Malaysia (Department of 
Valuation & Property Services 2002). Due to urban 
growth and rising affluence large tracts of land, often 
former rubber or palm oil plantations, were acquired by 
private developers and turned into housing estates and 

mini townships. The terraced houses were usually 
planned to maximize number of units and thus the 
amount of profit for the developers. Often architects 
faced an uphill task of trying to design buildings that 
conform to the aspirations and pressures of developers 
and house buyers as well as meeting the local building 
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standards, codes and regulations but yet answering the 
climatic design issues as well. All too often the last 
reason is sacrificed in the name of profit and uniformity 
for fast construction and completion. In this process 

house buyers are often the losers. 
 
2.1. The terraced houses 
Terraced houses are long blocks of houses mostly two 
storeys linked together usually between 5-8 m wide and 
may vary in length from 6 m onwards (Figure 1). The 
common construction is reinforced concrete post and 
lintel with clay or concrete brick infill. The roof is usually 

from clay or concrete tiles. These present type of 
terraced houses, designed from the shophouses and 
rowhouses built during the 19

th
 century which had 

Chinese and Colonial influences (Yeang 1992), were 
heralded as the most appropriate housing solution and 
started to change the Malaysian urban and suburban 
landscape extensively from the 50s. But the impetus was 
from the 70s onwards during the building boom period 

that coincided with the New Economic Policy, where the 
government spent billions of dollars to extend and 
modernize the country’s infrastructure, public utilities and 
educational facilities. Today the house forms have 
evolved into homogenous buildings with commonly 
occurring layouts, space types and sizes. Only the 
facades have changed, to suit the time and preferences 
of the public. 

 

 
Figure 1: Present terraced houses 

 
2.2. Thermal Comfort Performances 
At present terraced houses are invading every spare 
land available for housing all over the country. In the cold 
climate of England where this type of housing originated, 
the minimum ventilation design is deemed necessary to 

keep the house warm (Davis, Shanmugavelu & Adam 
1997), but for hot humid climate of Malaysia this design 
is detrimental to achieving the required comfort . Davis 
also ascertained that most concrete terraced houses in 
Malaysia are comfortable for only a few hours a day, if at 

all, compared to the natural environment. Sabarinah 
(2002) in her paper reviewing thermal comfort zones for 
Malaysia found that studies established the comfort 
zones to be between 25-30ºC with 1.0 – 1.5 m/s of wind, 

for naturally ventilated buildings.  
Figure 2 shows the temperatures of indoor air of the 
living, master bedroom and outdoor air under the porch 
area of a naturally ventilated terraced house. The indoor 
temperatures were constantly above the outdoor by 1º to 

3ºK except for three to four hours in the afternoon. It 

should be noted that during that same time, indoor air 
temperatures were also above the maximum comfort 

temperatures. The findings above corroborated with 
results from the questionnaires survey indicating that 
more than 50 percent of households agree that their 
indoor conditions are uncomfortable during the best part 
of the day. This is due to poor ventilation strategies and 
disregard of other climatic design principles including the 
benefits of orientation. The concrete houses also act like 
sponges, soaking heat and slowly releasing it back to the 
indoor spaces during the night. This further exacerbates 

thermal conditions within the house, sometimes even 
throughout the night. Figure 2 also shows that 
temperatures only started to drop into the comfort zone 
well after midnight. If air conditioning is used for cooling, 
a lot of energy is being wasted because the design of the 
house does not optimize heat gain reduction. There is no 
doubt that to achieve thermal comfort in hot and humid 
conditions cooling is most necessary but does not mean 

excessive energy needed to be used through inefficient 
housing design. 
Studies in Malaysia (Mohd Rajeh 1994; Noor Aziah 
1994; Zain-Ahmed et al. 1998; Davis, Nordin & Reimann 
2002; Abdul Razak 2004; Abdul Malik et al. 1994) have 
mainly concentrated on innovations of building materials, 
hybrid construction, ventilation strategies and active 
control of cooling. Often these studies have neglected 

the potential of orientation of subdivision planning, as 
part of the scope for thermal comfort. One of the main 
principles of energy efficient design that is often 
neglected or considered not important enough is proper 
building orientation to optimize the sun and wind 
[Ballinger, 1992; Givoni, 1994). Studies have shown that 
with proper orientation and positioning of openings to 
take advantage of sun and wind, the annual energy 

consumption of a building can be reduced by about 55% 
(Mohsen Aboul-Naga, Khaled A. Al-Sallal & Diasty 
2000). This is usually not the case for housing situation 
in Malaysia. 
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Figure 2: Daily temperature variations of a typical terraced house. Note that temperature in the master bedroom 

(MBR) is only within the thermal comfort range (25-30ºC) from 2am to 11am 
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3.0. CLIMATIC CONDITIONS 
 
Malaysia is a coastal nation, rich in biodiversity and 
natural resources.  The country is made up of Peninsular 
Malaysia in the west, with Sabah and Sarawak in the 

east, lying in the hot and humid equatorial region 
between 1˚ to 7˚ North and extends from longitudes 100° 

to 119.5° East. Its climate is characterized by: 

• Uniformly high temperatures throughout the year with 

little diurnal and annual variation.  
• High and fairly even rainfall pattern, associated with the 

monsoon winds blowing at different times of the year. 
(The Northeast monsoon is dominant from November 
to March, with wind speeds of 15 to 50 km/hr. The less 
severe Southwest monsoon with winds seldom 
exceeding 25 km/hr usually occurs between June and 
September.) The rains are more likely to fall during late 
afternoons. 

• Light winds and at times long periods of still air. 
• High humidity. 
 

4.0. BUILDING DESIGN RECOMMENDATION 
FOR HOT HUMID REGIONS 
 
In designing for climate, the elements which will affect 
comfort and well-being of the occupants of buildings are 
air temperature, relative humidity, air movement and 
solar radiation (Campbell 1964; Olgyay 1969). Malaysia 
is hot and humid with average outdoor air temperature 

during the year ranging from about 23ºC at night to 33ºC 
during the day (Department of Statistics 2001). The small 
diurnal range coupled with relatively high night-time 
minimum makes it difficult to naturally cool a building 
(Givoni 1994) and achieve the desired thermal comfort 
level recommended (ASHRAE 1992; Department of 
Standards 2001). This means that local conditions will 
always require design and fabric devices to achieve 

thermal comfort (Sabarinah 2002).  
The mean relative humidity is also generally high, 
averaging above 80% for most of the time. With humidity 
and temperature being quite high, air movement, 
whether natural or induced, is usually required to 
increase the evaporation of sweat for cooling and 
comfort (Evans 1980). Evans further suggested that with 
medium to high humidities, it is possible to achieve 
thermal comfort with temperatures of 28-28.5ºC with 1 

m/sec of wind speed. The mean maximum outdoor 
temperature for Malaysia is between 29ºC to 32ºC and at 
certain times the indoor temperature can be higher. This 
would generally mean that a higher wind speed is 
necessary to achieve cooling. Szokolay (2000) also 
suggested that comfort for the tropics could be further 
achieved, by increasing physiological cooling through air 
movement up to 1.5 m/sec. In a study on natural 

ventilation for dwellings in Malaysia, Hui (1998) found 
that the mean suburban wind speed is 1 m/sec and the 
indoor wind speed was significantly less and below half 
the required 1.0  m/sec speed for achieving comfort as 
recommended by Evans. Due to this, building layout and 
proper orientation that fully utilizes the low speed 
prevailing wind should be the main design consideration 
for naturally ventilated buildings to increase the thermal 

comfort. 
Malaysia also receives moderate to high solar radiation 
throughout the year and because of high cloud density 
and high moisture content of the air, creates a condition 
of diffuse solar radiation. Solar radiation is one of the 
natural contributors of heat gain into buildings and can 
cause serious overheating of living spaces. On the other 

hand, the diffuse component of the solar radiation falling 
is useful as natural daylighting (Kannan 1994). However 
in this case, design should prevent the heat gained. 
From the above it is evident that in designing buildings 

for a hot and humid climate, there is a need firstly, to 
minimize adverse climatic conditions all the year, by 
orientating buildings to take advantage of the prevailing 
wind directions to assist cross ventilation and also to 
protect against solar intrusion. Secondly, buildings must 
be designed with good ventilation strategies, 
appropriately locating openings to catch winds for higher 
indoor air speeds and permit faster nighttime cooling. 

Thirdly, shading devices must be designed against solar 
penetration through windows and solar absorption on the 
surfaces of walls and roofs to minimize the effects of the 
solar heat gain from high outdoor temperature 
(Koenigsberger et al. 1973; Givoni 1976; Evans 1980; 
Markus & Morris 1980; Givoni 1994).   
The Malay house with all the features of climatic design 
principles is the best solution for a hot and humid 

Malaysia. However these houses are being cast aside 
and seemed not viable for the present urban housing 
trend. Escalating land prices and scarcity of it in the 
urban context is one of the main reasons why the Malay 
house is not suitable anymore. Due to the high density of 
buildings constructed fire protection became a main 
concern and the traditional building material is too 
combustible for urban situation. 

 

5.0. DOMESTIC ENERGY CONSUMPTION 
 
In Malaysia, buildings consume about 22 percent of total 

energy used, of which the commercial and residential 
sector consumes 11.5% and 10.9% respectively. The 
transportation sector makes up for 25.4%, second only to 
the industrial sector which consumes the largest amount 
of 52.2% (Department of Environment 2002).  Within the 
residential sector, lighting and cooling take up 26.3% and 
18.4% respectively, and other electrical equipment make 
up the remaining 55.3% of energy use, which includes 

consumption for hot water, refrigerators and other 
appliances (Ramatha 1994). The trend for electricity 
consumption for residential and commercial sector in 
Malaysia has always been on the increase (Ministry of 
Energy 2000). This can generally be attributed to the 
country’s projected high growth in economic activities 
and income. In reality, it may also be due to inefficiencies 
in the operation and the inherent design-related 

inefficiencies of the building sector (Balce & Soriano 
1999). This may be due to the lack of regulations 
pertaining to energy efficiency of buildings in the earlier 
years. The re-introduction of the Malaysian Code of 
Practice on Energy Efficiency and Use of Renewable 
Energy for Non-Residential Buildings in 2001 marked a 
major move by the country towards controlling energy 
use in commercial buildings. The Code however, did not 

address the basic need for optimizing energy use for 
residential sector.  
As indicated previously, Malaysia became a signatory of 
the Kyoto Protocol in 1999 and then, a ratified member in 
2002, in a bid to reduce its greenhouse gasses (GHG) 
emissions by 55% by the year 2012 (United Nations 
Framework Convention on Climate Change 2002). The 
country’s present policies for development, favour the 
use of fossil fuels and electricity, especially by industry. 

This sector has become the primary source of GHG 
emissions, accounting for almost 52% of total emissions. 
Residential sector although appearing insignificant as a 
source of GHG contributes about 7%  with the 
commercial sector around 11% (Department of 
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Environment 2002). Compared with other developed 
nations, Malaysia’s GHG emissions is relatively small but 
it is still a cause for concern, as a contributory factor to 
global warming and steps must be taken from all sectors 

to address this issue.  
Even though the GHG emission from residential sector of 
Malaysia is small, it must not be overlooked and 
reduction of the emission levels can be achieved by 
energy-efficient design for homes. With the 615,000 units 
of houses to be built by 2005 in the Eighth Malaysia 
Plan, levels of emissions can be reduced considerably if 
the houses are planned and designed appropriately to 

suit the climate, thus reducing energy usage (whether 
operational or embodied) which is, as a whole, the main 
contributor of GHG. This paper will highlight the 
possibility of energy efficient design strategies and the 
need to establish a regulatory framework for the 
residential sector to reduce energy dependency. This 
can result in substantial savings on energy consumption 
and also benefit the consumers, the country and the 

environment (Steele 1997; Smith 2001). 
 

METHODOLOGY 
6.0. RESEARCH METHODS 
 
The method of research employed was both quantitative 
and qualitative (Tashakkori & Teddlie 1998) using 
structured questionnaires and interviews as the 
techniques of data collection (De Vaus 1990). 
Temperature data was also simultaneously logged to see 
the effects of indoor temperature in the houses as 
compared to outdoor conditions and also between 

houses from the other orientations. The purpose was to 
examine the levels of thermal comfort of occupants and 
to ascertain the amount of energy consumed by the 
houses for cooling to maintain thermal comfort. The 
survey was also done to establish whether a correlation 
exists between orientation of a building and energy 
consumption. 
 

6.1. Parameters of survey 
The respondents for this project comprised of residents 
of households residing in Section 6, Kota Damansara 
housing area in Selangor, Malaysia. Kota Damansara is 
a mini township about 30 km from the capital Kuala 
Lumpur and is suburban in nature. The area lies in a 
valley, was formerly a rubber plantation and being in 
close proximity to the old Subang International Airport, is 

low lying and softly undulating. Section 6 was built in 
1996 and completed in 1998 and reflects the current 
housing situation and design in Malaysia. Several 
housing developments were looked at and Kota 
Damasara fitted into the parameters required for this 
study. The parameters are as follows:  
• Comprised of medium cost double storey terrace 

houses using conventional post and beam construction 

with clay-tiled roof. 
• House lot sizes between 6-8 m wide and 15-25 m long. 
• Comprised of various orientations under study. 
• Types of houses – corner, intermediate and end lots 

wherever possible. 
Initially, random stratified sampling was to be employed 
but due to poor response of participants, purposive 
sampling was undertaken instead comprising from the 
various orientations under study.  

 
6.2. Data collection 
One objective of the fieldwork was to examine thermal 
comfort issues of occupants by means of interviewed 
questionnaires. Information sought was basic 

demographic data, details of houses that included the 
orientation and reasons for purchasing, average monthly 
energy bill, thermal comfort conditions, active and 
passive cooling strategies and also general opinions on 

energy efficiency. Standardized thermal comfort 
questions based on Parsons (2003) were used and 
occupants’ reactions towards maintaining their comfort 
were recorded. Another objective was to establish mean 
indoor temperature values between houses of the 
different orientations. At this stage not all houses have 
been logged. However a representative sample for 
discussion will be presented.   

The data loggers used are the Gemini ‘Tinytalk II’ with 
external sensing probes and have a sensor range of –40 
to +50°C with an accuracy of plus or minus 0.2K. The 

loggers are the size of film canisters and are 
unobtrusive. The loggers are positioned between 0.9 to 
1.5 m at body height level whether sitting or standing. 

The loggers were placed far from external openings and 
sources of heat, example electrical appliances. The 
internal spaces recorded were the living room (level 1) 
and the master bedroom (level 2).  External temperature 
was also logged in the porch area to give an idea of the 
differences between indoor and outdoor conditions. The 
loggers were programmed to record dry bulb air 
temperature at 15 minutes interval. A calibration test was 

done in a wind tunnel and loggers that could not be 
calibrated properly were discarded. The third objective 
was to gather average monthly energy consumption to 
establish the correlation with orientation of the building.  
 

7.0. DATA ANALYSIS 
 
Statistical tests used to analyze the data included 
Frequencies, Crosstabulations, Pearson’s correlation 
analysis and analysis of variance (ANOVA). A 

correlational procedure was done to measure the 
strength of the relationship between the two variables 
(Diekhoff 1996). The intent was to determine if there is 
any significant difference between the orientation of the 
houses and energy consumption. All responses to 
questionnaires were analysed using the SPSS 12.0 
statistical software package. A total of 73 responses 
were analysed. 

Crosstabulations were undertaken to determine the 
correlation between the two variables discussed. The 
tests were done in two stages; firstly, for all the 73 cases 
and secondly with filters applied for consistency of data. 
The filters included houses with four to six occupants 
(mean number of occupant is 5) and houses with and 
without air-conditioner. Within the 73 cases, there are 25 
houses that do not have any air-conditioner and for those 
that do, the range is between 1 to 7 air-conditioners 

(mean number of air conditioners is 1.5). The 
calculations also take into account the numbers of the air 
conditioners. The orientations of the houses were 
recoded into 4 groups: Group 1. North-West – North-
East (NW – NE)( 316º- 360º & 0º- 45º); Group 2. 

North-East – South-East (NE – SE)(46º-135º); Group 3. 

South-East – South-West (SE – SW)(136º- 225º); and 

Group 4. South-West – North-West (SW – NW)(226º - 

315º). Electricity bills collected from the 73 households 

were grouped into intervals within the mean of RM110.39 
plus and minus one standard deviation of RM 44.30. Bills 

that were too low and too high were treated as outliers 
and not included in the calculation.  
The tests revealed no significant difference between the 
orientation of a building with its energy consumption for 
all unfiltered cases, !

2 
(N=71) = 0.093, !

2 
> 0.05. This 
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infers that orientation of a house is not a factor in low 
energy consumption. Extensive crosstabulations were 
also done for all other orientation groups and with 
different numbers of air conditioners. When filters were 

applied to the calculations, only houses in Group 1: NW 
& NE with four to six occupants and having up to four air 
conditioners, were found to have any significant 
difference, where !

2
 (N=15) = 0.027, !

2 
< 0.05. The 

energy bills of all the houses were also subjected to 

ANOVA to determine if there is any significant difference 
in energy consumption between the houses from the 
different orientation groups. The result also showed no 
significant difference, where P > 0.5 (F = 1.503, df = 3, 
67).  
 

8.0. SUMMARY OF FINDINGS 
 
From the analysis above and other descriptive statistics 
undertaken a summary of findings can be established as 

follows: 
* The study found no significant correlation between the 
orientation of a house and the energy it consumed. The 
recommendations (Koenigsberger et al. 1973; Givoni 
1976) that a low-rise building should be orientated for 
prevailing winds, in this case, should then be considered 
even more important for the design of naturally ventilated 
terraced houses for comfort ventilation (Givoni 1994). 

The temperature data in Figures 4a & 4b show slightly 
cooler indoor air of 2ºK by the East-West orientation, 

indicating that there is a potential in capturing prevailing 
breezes into indoor spaces for extra comfort but not 
necessarily less energy use. 
* 63% of occupants gave choice of orientation as an 

important reason when purchasing their house. This 
choice may also be attributed to cultural or geomancy 
preferences rather towards energy efficiency reasons 

alone. When given the choice to select a better 
orientation on the basis of potential energy efficiency, 
only 15% of occupants will commit to purchase a house.  
• Thermal comfort is a new concept to most of the 

respondents and they are not aware of the problems until 
enquired. From the data collected 38% of respondents 
felt uncomfortable at all times especially between 12.00 
noon to 9.00 p.m. 50% of respondents are generally not 
satisfied with their present thermal comfort condition of 
their houses and only 16% are generally satisfied while 
the remaining 34% felt that their indoor condition is just 
right. This could be due to the fact that 70% of the 

respondents are first-time owners of houses and 
probably the only one at this stage. Therefore they are 
less likely to complain and will adapt to whatever thermal 
conditions the house has to offer. 
• Occupants are conscious of doing a lot to increase their 
thermal comfort. Almost all of them will either open or 
close windows, blinds or curtains to admit any wind into 
the internal space or to block of any direct sunlight when 

required. Other passive design activities to increase 
thermal comfort include installing shading devices (56%), 
increasing the volume of spaces (50%) through 
renovations, more permanent openings for continuous 
ventilation (38%), ventilating the roof (40%) and planting 
more trees and plants (66%) to assist cooling. For active 
cooling strategies most respondents will switch on fans 
and air conditioners when the indoor conditions got too 

hot, which is most of the time. 
• When asked if they would consider purchasing a more 
energy efficient house even though the price can be 
higher, almost 75% of respondents agreed. Most of them 
are not familiar with the concept of energy efficiency, but 
they are very aware of spending more money to cool 
their house down to maintain a certain level of comfort.  

 
Figure 4a: Temperature of living rooms in East-West front and back facing houses. Mean temperature is 29 ºC. 
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Figure 4b: Temperature of living rooms in North-South front and back facing houses. Mean temperature is 31 ºC. 
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CONCLUSIONS 
 
The findings above indicate a need for energy efficient 
design guidelines or codes for the design of residential 
buildings in Malaysia. As had been discussed earlier, this 

sector contributed about 7% towards GHG emissions 
and even though it is a small percentage but it is by no 
means negligible. The numbers of houses being built are 
increasing yearly and if these houses were planned and 
designed appropriately to suit and respond well to the 
climate, a more energy conscious environment can be 
expected. This study was just to establish the role of 
proper orientation for hot and humid climate of Malaysia 
particularly for the suburban situation. A lot more can be 

done with respects to other energy efficient design and 
planning principles which can improve the thermal 
comfort conditions of the terraced houses.  
Future works will include computer simulation to study 
the thermal performance of alternative energy efficient 
design strategies to be proposed for the terraced 
houses. A cost analysis will also be undertaken to 
determine savings anticipated from using a more energy 

efficient design outcomes. Further work is required to 
establish the need for an energy efficient design building 
code and regulation, akin to the Building Codes of 
Australia - Energy Efficiency Measures BCA Vol. 2 
(Housing Provisions) PART A - REGULATORY 
PROPOSAL (Australian Building Code Board 2002). This 
code if put into place in Malaysia, will ensure more 
stringent energy efficient building design and 

performance and ultimately reduce GHG emissions and 
save money. 
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