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Abstract

Most of the developing countries experience rapid urbanization and population growth, Malaysia is among these countries
as the population and the energy consumption in the country fremendously increased over the last few decades. A major
challenge is the rate of energy consumption in the country is fremendous going higher which is a threat as the country was
listed 26™ out of the 30 top greenhouse emitters in the world. A survey was conducted on the ways occupants’ consumes
energy in their residential buildings in relation to dwelling factors in the State of Johor Malaysia. Energy consumption of the
residential owners was assessed using drop and pick self-administered questionnaire. The questionnaires were answered by
each household heads. Air conditioning system, refrigeration system, kitchen appliances, bathroom and laundry appliances,
lighting appliances as well as other home appliances was considered in the survey. Correlation analysis was used using
Stafistical Package for Social Sciences (SPSS) to analyze the results. The finding shows a positive relationship between dwelling
factors. r=0.3 and above between dwelling factors and residential building energy consumption.
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1.0 INTRODUCTION

Buildings account for approximately 40% of the total
energy used in the United States [1]. This is similar to the
energy consumed in Europe as well. Research has been
on for many years on how fo minimize energy
consumption of buildings by providing energy efficient
structures or refrofitting the existing energy inefficient to
improve their energy efficiency. Rozana [2] highlighted
that greenhouse gas emission in the Malaysian existing
buildings and its communities had contributes to over
40% carbon gases to the environment. Faiza [3] added
that, buildings contribute immensely towards global
warming and the defection of natural ecosystems. The
building sector in the European Union is considered as
the largest consumer of energy using up to 40% of the
world’s energy consumption, 25% of forest timber and

16% of the world’s fresh water [4]. The United States
building energy data book estimates that 39% of the
electricity usage and 40% of the CO2 emissions in the US
come from buildings in 2010 [5].

This paper tries to look at the effects of dwelling
factors in electricity energy consumption in residential
buildings. Dwelling factors are defined as the
characteristic of the dwelling [6]. Dwelling factors refers
to Building type, building size, number of rooms in the
building, size of rooms, total floor area of the building,
building orientation, building age (number of years),
number of floors in a building, design features (e.g. Wall
cavity, double glazing etc), location of the building and
Building insulation [é].

Most of the developing countries experience rapid
urbanization and population growth, Malaysia is
among these counfries as the population and the
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energy consumption in the country fremendously
increased over the last few decades. According to the
2000 national census report, the country’s final energy
demand has increased five times over the last two
decades, and the population has doubled in the past
30 years from 10.4 million in 1970 to 22.2 million in 2000.
By the year 2020 the population is expected to be
around 32 million people [7]. Occupants of buildings
similarly manipulate and interact with their environment
and structures to obtain the maximum satisfaction they
require. Comfort provision on buildings by occupants
has a major contribution on energy consumption and
carbon dioxide emissions. Several research proofs that
buildings consume up to 40% of global energy and emit
up to 1/3 of global greenhouse gas emission (GHG)[8].

Malaysia, being one of the equatorial climate
countries, has a uniform temperature throughout the
year, the temperature range from (32°C) during the day
to (22°C) during the night [?]. In some areas, the daily
temperature is between 240C and 36oC. There was
little or no variation in temperature throughout the
country. In most of the Malaysian towns, the monthly
mean air temperature and humidity are almost
constant. The annual mean air tfemperature is around
26 OC in the state of the study area (Johor Bahru)
Malaysia [10]. Cooling of residential houses using air
condition by the residential occupants became a
paramount issue. This is because of two reasons; the first
one, there is enough electricity generated by the
government and the second reason is the boost in the
country’'s economy. The occupants’ interactions are
equally related to the assignment or task willingly to
achieved by the individuals, example, different
electrical appliances can be used in the residential
building which may increase the consumption of
electricity [11].

According to world fact book, 118 bilion kWh of
electricity was produced by Malaysian Government,
and on the other hand, the electricity consumption of
Malaysian is 112 billion kWh in the year 2012 [12]. CO2
emission in Malaysia has increased by 221% during 1990
to 2004 period which lists the country at 26th among the
top 30 greenhouse gas emitters [13]. The energy
demand of Malaysia in 2009 is 16,132 MW, compared fo
10 years before the demand of electricity is just 9690
MW. The rising in electricity demand from 1999 is about
66.5%. This rapid increase in demand is due fo the high
economic development rate of Malaysia. [7] [14].

Tenaga [15] indicates that buildings in Malaysia
consume a total of 54% of the total electricity
consumption in the country. Commercial buildings
consume 33% and the residential buildings consume
21%, a sum of 38,645 GWh was consumed by
commercial building and residential buildings consume
a sum of 24,709 GWh. A total of 63,354GWh out of the
116,353GWh of electricity generated in Malaysia is
consumed by buildings. Malaysia experienced a rapid
economic and technological growth and subsequently
the amount of its energy usage has been increasing. A
previous research conducted by (CETDEM) Centre for

Environment Technology and Development in Malaysia
indicates air condition as the largest consumer of
electricity in the buildings followed by lighting [16].

Various researches focus on the lighting utilized in the
structure while others on a different aspect, however,
the system of lighting is mostly not similar system that
exhaust most of the energy, such as Heating, Ventilation
and Air Condition (HVAC) systems, but it confributes
and gives an opportunity for a very great energy
savings. Despite the fact that occupants can directly
control lighting, but sfill need something that have a
direct influence on the overall energy demand with
little or no idea in mind on energy efficiency like leaving
the heating conftrols on, opening and closing windows
etc. Lighting plays a vital role for habitable, productive
and comfortable environment. Lighting is considered as
one of the electricity consumer, it accounts for
approximately 20% to 30% of the electricity
consumption worldwide [17].

2.0 AIR CONDITION SYSTEM, REFREGERATION
AND OTHER HOME APPLIANCES

Kavousian, Rajagopal [18] observed that weather, the
location of the building and the floor area are among
the most important factors of residential energy
consumption. Furthermore o the above determinants,
number of air conditioning, refrigerators and
entertainment devices (e.g., felevision,VCRs) are
among the most important determining factors of daily
minimum consumption, and on the other hand, number
of occupants and high-consumption appliances such
as water heaters (electric) are the most significant
determinants of daily maximum consumption. One of
the major challenges for achieving the desired goal
towards energy efficiency of buildings is the
inconsistency of the behaviors of the occupants.
Occupants of buildings can influence their buildings
through a different means of interaction [19]. A survey
conducted in Johor Bahru in 2009 by Kubota [10]
indicates 65% of the respondents own air condifion in
their various residential houses. The average period of
their air condition usage is 6 hours on daily basis.

3.0 METHODOLOGY

The scope of this research is focus on the effects of
dwelling factors on electric energy consumption of
residential buildings. The research data was collected
in the state of Johor Bahru Malaysia. 36 residential
buildings were considered based on the rule of thumb
which indicates an average of approximately 30
partficipants for a correlational study that relates
variables [20]. The questionnaire respondents are
Malay, Chinese, Indian and others (representing
internationals other than the one listed) as shown in the
table below.
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Table 1 Showing House head ethnic frequency and the

The data were collected using a questionnaire with

percentage 106 items which was tested for reliability as shown in
Household head ethnicity the table below.
Freque Valid | Cumulative Table 2 Showing reliability statistics
ncy | Percent | Percent Percent
Valid Malay 10 27.0 27.0 27.0 Reliability Statistics
. Cronbach's Alpha
Indians 3 8.1 8.1 35.1 Cronbach's Based on
Others 24 64.9 64.9 100.0 Alpha Standardized ltems N of ltems
Total 37 100.0 100.0 .949 951 106
Table 3 Correlation between dwelling factors and electrical energy consumption
Air-
Dwelling | Refrigeration Kitchen condition Laundry Lightening Home
Factors System Appliances System Appliances | Appliances | appliances
Dweling Pearson ] 378" 453" 354 308 058 226
Factors Correlation
Sig. (2-tailed) 025 .006 .037 .042 742 192
N 35 35 35 35 35 35 35
Refrigeration Peorson. 378 1 509" 635" 678" 494" 360"
System Correlation
Sig. (2-tailed) .025 .002 .000 .000 .002 .034
N 35 35 35 35 35 35 35
Kitchen Pearson 453" 509" 1 662" 689" 385° 338"
Appliances Correlation
Sig. (2-tailed) .006 .002 .000 .000 022 .047
N 35 35 35 35 35 35 35
Air-condifion - Pearson 354° 635" 662 ] 873" 743" 662"
System Correlation
Sig. (2-tailed) .037 .000 .000 .000 .000 .000
N 35 35 35 35 35 35 35
Laundry and Pearson 308 678" 689" 873" 1 792" 563"
bathroom Correlation
appliances Sig. (2-tailed) 042 .000 .000 .000 .000 .000
N 35 35 35 35 35 35 35
Lightening — Pearson 058 496" 385° 743" 792" ] 683"
Appliances Correlation
Sig. (2-tailed) 742 .002 .022 .000 .000 .000
N 35 35 35 35 35 35 35
Home Pearson 226 360° 338° 662 563" 683" 1
Appliances Correlation
Sig. (2-tailed) 192 .034 .047 .000 .000 .000
N 35 35 35 35 35 35 35

*, Correlation is significant at the 0.05 level (2-tailed).

**, Correlation is significant at the 0.01 level (2-tailed).

4.0 RESULTS AND DISCUSSION

The study indicates that dwelling factors has a positive

significance
consumption.

on

residential
The analysis

shows

building
that dwelling

energy

appliances have strong relationship with 4 out of the 6
factors that was used in the study. These factors are as
follows, refrigeration system, kitfchen appliances, air-

condition system and laundry appliances.

However
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the study shows no significance relationship between
dwelling factors and lightening and home appliances.

The significance of ris strongly influenced by the size
of the sample. In a small sample like in this work (N=36),
moderate correlations do not reach statistical
significance at the fraditional p<.05 level. In large
samples (N=100+), however, very small correlations
may be statistically significant. Many authors in this
area suggest that statistical significance should be
reported but ignored, and the focus should be
directed at the amount of shared variance [21]. The
output is the size of the value of Pearson correlation (r).
This can range from -1.00 to 1.00. This value will
indicate the strength of the relationship between the
two variables. A correlation of 0 indicates no
relationship at all, a correlation of 1.0 indicates a
perfect positive correlation and a value of -1.0
indicate a perfect negative correlation.

5.0 FINDINGS AND CONCLUSION

Electrical energy consumption seems to have direct
influence on the type of dwelling due to varying
characteristics. Types of rooms, floor space, exposure
fo sun and wind and many more characteristics are
attributed to the energy consumption in various types
of dwelling [6]. Longhi [23] observed that, individuals
living in detached houses spend an additional 7- 8%
more on electricity than people staying in flats and
apartments. In addition, people staying in terraced
houses pay an addition of 9-12% more on electricity
expenditures in comparison with those living in flats
and apartments.

Obviously, a lot more about energy consumption
in relation fo residential building occupants need to
be explored. More data from different part of the
country need to be gathered and analyzed in order
to draw conclusions about the significance of the
topic. In addition, this study may serve as a gateway
to detailed and thorough investigation on the topic
which may help the construction industries in
proposing a desired model that can be used fo
reduce the rate of energy consumptionin the country.
Different authors suggest different interpretations;
however, Cohen (1988) suggests the following
guidelines:

r=.10 to .29 or r=—.10 to -.29 small
r=.30 to .49 or r=-.30 to —.4.9 medium
r=.50 to 1.0 orr=-.50 to -1.0 large [21]

The result shows that kifchen appliances have
higher correlation with energy consumption followed
by refrigeration system and air condition, this is in line
with Sustainable Energy Development Authority (
SEDA) which indicates that kitchen appliances
consume up to 35% of the total energy consumption
in residential buildings [22].
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