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An Energy Consumption Study for aMalaysian
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Abstract—The increase in energy demand has raised concerns
over adverse impacts on the environment from energy generation. It
is important to understand the status of energy consumption for
ingtitutions such as Curtin Sarawak to ensure the sustainability of
energy usage, and also to reduce its costs. In this study, a preliminary
audit framework was developed and was conducted around the
Malaysian campus to obtain information such as the number and
specifications of electrical appliances, built-up area and ambient
temperature to understand the relationship of these factors with
energy consumption. It was found that the number and types of
electrical appliances, population and activities in the campus
impacted the energy consumption of Curtin Sarawak directly.
However, the built-up area and ambient temperature showed no clear
correlation with energy consumption. An investigation of the diurnal
and seasonal energy consumption of the campus was also carried out.
From the data, recommendations were made to improve the energy
efficiency of the campus.
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|. INTRODUCTION

NERGY generation today continues to be dominated by
Enon-renewable sources. Malaysia has an abundant
resource of coa and natural gas, thus contributing to a large
fraction of energy production. However, these two resources
are non-renewable resources and will diminish eventually.
Hydropower on the other hand, is the only renewable energy
technology which is commercialy viable on a large scale in
Malaysia [1]. Due to the increasing demand for energy; its
availahility, use, cost and environmental impacts has been a
key issue throughout the last 30 years [2]. Nonethel ess, energy
consumption has aready raised concerns over exhaustion of
energy resources and heavy environmental impacts such as
ozone layer depletion, globa warming, climate change, etc.
[3]. One of the mgor environmenta issues resulting from
energy consumption is the emission of carbon dioxide (CO,)
which contributes to global warming [4]. Unless other types of
renewable energy resources can be successfully used to
decrease the reliance on energy generated by non-renewable
resources, it is essential to monitor, evaluate and eventually
reduce the rate of consumption of those resources by more
efficient energy use via methods like the energy audit.

The common factors which affect energy consumption in
domestic, commercial and industrial sectors include the
number of air-conditioners and electrical appliances in use,
temperature, occupancy rate, occupant behavior, and size of
buildings [5]. Energy consumption increases when more air-
conditioners are turned on and more electrical devices are in
use[5].
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A study performed in Hong Kong showed that a 1°C
increase in monthly ambient temperature will increase annual
electricity consumption by 9.2%, 3.0% and 2.4% in the
domestic, commercia and industrial sectors respectively [6].
The occupancy rate of a building has an indistinct direct
impact on the total energy consumption. It is therefore safe to
relate energy consumption to behavior of the occupants rather
than the number of occupants [6]. Energy wastage due to poor
occupants’ behavior will increase energy consumption
unnecessarily. Many researchers commented that the larger a
building, and the nearer to spherical in shape, the less is its
energy needs because of the simple reduction in the ration of
surface area to volume while some others said that compact
buildings cost more to erect and had higher energy running
costs than sprawling ones [7].

Energy audits are carried out to understand the energy
performance of buildings and facilities so that areas with
potential for energy savings can be identified [4]. Energy
audits are commonly classified as preliminary or walk-through
audits and comprehensive or detailed audits, each
differentiated by the level of detail involved and the depth of
analysis undertaken [8]. Preliminary energy audits focus
mainly on the gathering and analysis of historical data such as
utility bills and invoices, a walk-through of the facility under
consideration to familiarize with the facility operation and
identify evident areas with energy inefficiency, taking meter
readings as well as simple interviews with site operating
personnel [9]. Detailed energy audits normally involve
conducting of in-depth measurements and data inventory,
possibly with the aid of energy simulation computer software,
thus consuming more time.

This paper presents a study on the effect of energy
consumption of buildingsin an institution of higher learning in
Malaysia (Curtin University Sarawak Campus) by conducting
a preliminary or walk-through energy audit. A better
understanding of the energy consumption pattern will lead to
easier identification of more viable and cost-effective energy
measures, thus reducing operating costs in the long run.
Factors that contribute to energy consumption such as
temperature, air-conditioning (chillers) and electrical
appliances as well as peak hours are aso investigated to
determine their effects on energy consumption. The audit is
carried out on the Curtin University Sarawak campus, which
contains classrooms, laboratories, computer |aboratories and
administrative offices in its campus. The designated areas
within its campus are named Hornbill, Prinia, Skylark and
Heron. Further details are presented in Section I11.

Il.METHODOLOGY

The project was carried out in three main stages, namely the
pre-audit stage, the audit stage and the post-audit stage.

A. Pre-Audit Sage

A suitable audit framework was developed from the
Washington State University Energy Audit Workbook after
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reviewing available frameworks done by othdDue to space
constraints, the energy audit framework is not shdwere,
Parts of the audit require a watkrough audit around camp
to calculate the number of rooms and electricalliappes.
Architectural drawings of the buildings and spegifions of
the appliances were needed from the campus au#soat
well. Electric meter readings were also recorto obtain the
hourly electricity consumption of the buildin

B. Audit Sage

A walk-through audit around campus was conducted on
academic buildigs in Curtin Sarawak campus to calculate
number of rooms and electrical @iances in each roor
Architectural drawings of the buildings and speatficns of
the appliances were also been obtained from thepes
authorities. Effects of temperaturedahuilding floor areas as
well as seasonal and diurnal variations were inyatsd.
Meanwhile, hourly readings were taken from 8a.mz7pom.
daily to identify the total energy consumption digripeak an
off-peak hours. In addition, meter readincere taken during a
study week, study free week and semester breakttnothe
seasonal variations in energy consumption becdese tthre:
periods represent the most significant change inatians
during the year for Curtin Sarawakable | shows the assied
average operating hours of each major electrigaliaygce

TABLE |
AVERAGE OPERATING HOURSOF APPLIANCES

Appliance Operating Hours Area

9 Office, toilets
Lights 7 Staff room:

8 Classroomr
CPU 9 All

7 Office & classroom
Monitor 8 Classroom

6 Laboratorie
Printer/Fax 3 Office & laboratorie

C.Post Audit Sage

All data collected were analyzed, compared andudised
Recommendations for more efficient energy were made
and calculations of energy savedreeone. Savings were
calculated based on reduction in energy requirezptrate a
electrical appliaoce if hours of operation vs reduced or a
change in type is recommended.

Ill. RESULTS

A. Electricity Consumption Breakdown

Electricity consumption can be viewed in various/svauct
as total consumption by building, consumption bffedéent
types of lighting and breakdown of total consummptidhe
total numberf each electrical appliance was multiplied w
the specified poweconsumption and average operating ht
to obtain the total power consumed by the appliarFig. 1
shows the percentage of consumption by each bgi
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Percentage Consumption by Building
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Fig. 1Percentage Consumption by Build

The Hornbill building consumes the most electrieity26%
of the total consumption of the campus. Heron ksaeconc
with 17% followed by Prinia 3 with 13% of the to
electricity consumption. Prinia 1 and Skylark 1 some 9%
Prinia 2 consumes 8% wahilSkylark 2 and Heron 3 utilize 7
of electricity. Heron 2 and Falcon 1 consume 3%a&vRalcon
1 and Falcon 3 consume the least electricity coathar othe
buildings in the campus with only 1% of consump! The
academic buildings of Curtin Sarawak us can be
classified into a few main categories as summariaetiable

TABLE Il
ELECTRICITY CONSUMPTIONOF DIFFERENTBUILDING CATEGORIES

Category Buildings Consumption (kWh)
Office  + Classrooms .
Computer Labs Hornbill 1386
Classrooms + Computer Prinia 3 703
Labs
. Skylark 1 455
Laboratories only Skylark 2 286
Office only Prinia 1 448
) Prinia 2 417
Office + Classrooms Heron 3 359

From Table 1) the Hornbill building which contai offices,
classrooms and computer laboratories consumehighest
amount of electricity. A building which consists @ssroom:
and computer laboratori (Prinia 3) consumes more
electricity than a building with office or (Prinia 1),
laboratories only(Skylark 1 and Z or both office and
classrooms (Prinia 2 nd Heron 3. This suggests that
electricity consumption is generally higher for Idings of
more functionality. Besides, buildings with compt
laboratories or more computers also consume meicrigity
compared to other building€omputers consume significantly
more electricity in comparison with other electliappliances
such as light bulbs, fluorescent tubes and prir

Although Skylark 2 cotains more computers than Skylark
1, theelectricity consumption of Skylail is higher because it
containsmore laboratory equipments and machineries of
power consumption which are frequently used by esttsl A
building with the combination of office and classnos
consumeghe least energy because only lighting and a
computers contribute tthe electricity consumption and the
items consume lesser enel Fig. 2 shows the breakdown of
total electricity consumption.
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Total Electricity Consumption
Breakdown

Others
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Fig. 2Total Electricity Consumption Breakdo

Air-conditioning which uses 50% of the total electyidit
campus is the majoredtricity consumer. hillers always end
up being the single biggest consumer in an air conwiitig
system [5]. A total of 30% of the total electricis/consume:
by major electricabppliances such as computers, printers
machines and photopg machines. Lighting follows at 19¢
Other electrical equipments such as microwave oaadsfans
consume the least electricity which is about orfly &f the
total electricity consumption.

Lighting units play a major role in the consumptioh
electricity in the campus as shownhig. 2. A few types of
lights are used throughout the campusmely fluorescer
lights (majority) stick bulbs, spiral bulbs, spotlights and gl
bulbs used in the recreational hallhe percentage
electricity consumed by eh type of lighting is illustrated i
Fig. 3.

Breakdown of Consumption by
Lighting Types

Spot ligh
1%

Spiral Bulb
2%

Fig. 3Consumption by Different Lighting Typ

From Fig. 3,fluorescent lights contribute to the high
percentage of electricity consumed by lighting sirst 45%
Globe bulbs consume 28% while stick bulbs consudté af
the total electricity consumption of lighting units addition,
spiral bulbs and spot ligh consume only 2% and 1% of 1
electricity respectively. The types of lighting dseffect
electricity consumption. Table Il illustrates thpower
consumption of all lighting types:rom Table Ill, iuorescent
ballasts are widely used in the campusowed by stick bulbs,
spiral bulbs, globe bulbs and spotlights. Globebbulequire
the highest power to operate while spiral bulbsuiregthe
least power.
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Although the quantity of spiral bulbs exceeds thargity
of globe bulbs, the total electricity csumed by spiral bulbs
per hour is far lower than that by globe bu

TABLE Il
ENERGY CONSUMPTIONOF DIFFERENTLIGHTING TYPES
Types of Unit Number of Total (kwh)
Lighting power (W) units
Fluorescent 36 2492 89.71
Stick bulb 65 834 54.21
Spiral bulb 20 439 8.78
Spotlight 50 76 3.80
Globe bulb 250 189 47.25

B. Electricity Consumption Pattern

The electricity consumption patterns had been gted
based on readings takénom four electric mete. A total of
three sets of data were recordedthe following weeks.

a) Semester One 2011 Tuition Free W(25 April — 1 May)
b) Juneduly Semester Break 2011 (27 J+~ 3 July)
c) Week 1 of Semester Two 2011 (18 J- 24 July)

These periods were chosen to study the possibkosat
variations in electricityconsumption during teaching wee
when normal class sessions are condt, and non-teaching
weeks when normal class sessions are not cond The
meter numbers and buildingswhere the electricity
consumption igecorded by each meter are listed in T IV.
Readings were taken daily frora.m to 7p.m at an interval of
1 to 2 hours. Readings at intermediate hours whiete not
taken were interpolatedtig. 4, Fig. 5 and Fig. 6 show the
electricity consumption patterns during the thraffecbnt
seasons for Block B and Block

TABLE IV
METERNUMBERSAND LIST OF BUILDINGS MONITORED
Meter -
Number Block Buildings
Hornbill 1 & 2, Falcon 1,2 & 3,
9822474 A Skylark 1 & 2
0822338 B Central Chiller System of all buildings
except Heron 2 &
9822548 C Heron 1, Prinia 1,2 & 3
E07CT00197 D Heron 2 & 3, Central Chiller System

of Heron 2 & !
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From Fig. 4 to Fig. 6, it can be observed that tibzl
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. 4 Tuition Free Week Electricity Consumptionutly Variations

electricity consumption on Saturday is at leastf hale
maximum total consumption on a weekday for all fblacks.

400
360

he population in campus is lesser on Saturdaysh wit
corresponding lesser activities around campus. Soees are

Hourly Variations of Electricity Consumptionfor Block B

operational within the university on Saturdays, lksu#s the

gm ’\ library, reception and the security office. On Says]
£ Sy activities are not carried out and only minimal fistaare
£ B working such as staffs in the security office adlvas some
s N o S—— lecturers and other staffs who return to the canfpus short
£ m L\ oAy duration to finish off certain works. Classes ao¢ eonducted
£ o \ |\ —— Saturday i v g
K 7 \ k‘{ i on Sa’;urdays and Sundays and thus contribute igndisant _
— — reduction in energy consumption of both days. This
2 4 5 B W0 12 14 B B oW 2o observation further proves that population and esttid
Hour activities contribute to a major role in electjctonsumption
Hourly Variations of Electricity Consumption for Block C of the campus.
From the diurnal electricity consumption patterns,
g fluctuations are observed in the hourly consumptidhe
5 —— consumption patterns show several peaks and troughs
H —Tuseday throughout the day. Electricity consumption for tieatralized
:‘T’:ed“:my chiller system (Block B) fluctuates due to the ojrin load
% i capacity of the system (S. H. Lee, personal comoatiain
g " , —— Satuay August 18, 2011). When the system has reachedatigeted
n = T e T load capacity set (specified temperature), the esyst
! S s B oo oo automatically switches to running at partial load d&lows out
Wi less cool air, thus requires less electricity. Whies system

Fig. 5 Semester Break Electricity Consumption Hpwriations ~ detects an increase in room temperature and nedalew out

more cool air into the buildings, it runs agairft load and
consumes more electricity.

A constant cyclic pattern of domestic power constiomp
between 2a.m. to 8a.m. represents the power corgumgf
the continuously switched on appliances and thdiapes in
standby mode while several high peaks found weusezhby
appliances with high power consumption such astéekand
also the switching on of appliances previously tandby
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mode such atelevisions and other consurnelectronics [10].
This proves that the fluctuations are influencedh®ytypes o
electrical appliances in usedifferent times of the da

In addition, there is significant difference in theasena
consumption of the block$2opulation and activities playe
important roles in the electricity consumption ofurth
Sarawak campus. Higher population and more aies
contribute to higher electricity consumption. Comgtion
during week one is the highest followed by theianitfree
week and lastly the semester break. Table V shosusranary
of the estimated population and activities carred during
the three different seasons.

TABLE V
SUMMARY OF ESTIMATED POPULATION AND ONGOING ACTIVITIES
Season Estlmated Ongoing activities
population
Week 4000 (300 - Orientation
one staffs and - Promotion of club activitie
3500 - All classes commen
students) - Office hour:
- Centralized chillel
Tuition 2500 - Extra classe
free week - Group study and revision
computer laboratories or libre
- Office hour:
- Centralized chille
Semest 1000 - Final year project laboratol
er break - Talks, school meetings ai

trainings
- Centralizecchiller

C.Total Peak and Off-Peak Electricity Consumption

The total electricity consumption patterns had &
generated lsed on readings taken from electric meters and
were divided into total peak and total -peak hour
consumptions. Peak hour is regarded as the peawod 8a.m.
to 6p.m. while offpeak hour is defined as the period fr
6p.m. to 8a.m. on the following @aThis is to differentiatthe
patterns oglectricity consumption when classes and activ
are conducted actively and when they are less & The
comparisons of total peakand oftpeak electricity
consumption between tuition free week, semesteakbeand
week one of Semester Two allestrated in Fi. 7 and Fig. 8
respectively.

Total Peak Electricity Consumption (8a.m. -
6p.m.)

® Tuition Free

® Semester Break

“Week 1

Friday
Sunday

7 5
= el
o [%]
S 3
= 7

Thursday
Saturday

Total Electricity Consumption (kKWH)
Wednesday

Days

Fig. 7Total Peak Electricity Consumpti
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Total Off-Peak Electricity Consumption (6p.m -
8a.m.)

4000
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Friday
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Total Electricity Consumption (kWH)
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>
©
o
73
Q
c
°
Q
2

Days

Fig. 8 Total OffPeak Electricity Consumptit

From Fig. 7 and Fig. ,8the peak and opeak electricity
consumptions for Week 1 are the highefollowed by the
tuition free week and lastly the semester breakegixdcr
Sundays when the peak and-peak consumptions of the
semester break is higher than the tuition free wééle total
electricity consumption during ¢peak hours is generally less
than the total consumption during peak hours asaxg.
During offpeak hours, there is still electricity consumed
to sources such asreet lights and walkway lights, continuc
operation of wastewater treatment plar24-hr computer
laboratory, scurity office and study area. Besides, n
classes in dron 2 are conducted beyond ipeak hour with
some classes ending at around 8p.m. and therefur
centralized chiller system is set to shut off oafyer these
classes have ended. Although theitems and activities
consume far less electricity compared to the appéa use:
and activities during peak hours, they contribute a
significant amount of the offeak electricity consumption.

D.Building Built-Up Area and Temperature versus
Electricity Consumption

Many researchers commented that the larger a buildimd
the nearer to spherical in shape, the less isgsgg neec [6].
A comparison of the relationship between the tatalding
built-up area in Curtin Sarawak campus aambient
temperature versus thetal electricity consumptiorwas
completed andhown in Fig9 and Fig. 10 respectively.

Total Building Built-up Area vs Total Consumption

1200 4500
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- 1000
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Prinia 1
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Building

Fig. 9Relationship between Building Bl--Up Area and Total

Electricity Consumptio
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Total Consumption vs Temperature
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There is no clear correlation between the totaltiwg area
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of buildings in Curtin Sarawak Campus and the total

electricity consumption of each building as shownFig. 9.
Although the built-up area of Prinia 3 is signifitly larger
than Prinia 1, Prinia 2, Skylark 1 and Skylark Be ttotal
energy consumption of this building is extremelgthiOn the
other hand, the total energy consumption of Faldorms
exceptionally low even though the total built-ugarof the
building is rather small. This means that the totalt-up area

of the buildings in Curtin campus does not affetd i hour.

consumption.
There is no apparent correlation as well betweebiemh
temperature and the total consumption as illusdratd-ig. 10.

The ambient temperature on Wednesday which is 38°C

higher than the temperatures on Monday and Tuesdely.
the total consumption of electricity on Wednesdswtawer.
The ambient temperature on Friday which is compaaigt

It can be deduced that the number of computerdadnlaiin
a building is linearly proportional to its total eetricity
consumption. This is because the Central Processimits

(CPU) in campus consume 235W and monitors consume
160W per hour each, which are higher than the power

consumed by most other standard equipments fountthein
building. A computer consumes about 400W of eleitjriper
Therefore, when computers and other eledtric
appliances are present in a building, the amoumbbaiputers
governs the amount of total electricity consumed the
building.

F. Measures to Improve Energy Efficiency
It was found that fluorescent ballasts dominatelitjigting
in the campus at 2492 units (see Table IIl). THera high

lower than other days consumes a rather high amofint potential of energy conservation if all fluorescerdllasts

electricity. One main reason is due to the useenitralized
air-conditioning, which adjusts its temperatureoauatically.
Thus, the chiller system may mostly operate witltess
capacity, without regard for population.

Thus, the total built-up area and ambient tempegahad
no apparent impact on the electricity consumptiérCortin
Sarawak campus. Energy consumption of a building
governed by other more significant factors sucthaspurpose
of the building, activities and population in theilding as
well as electrical appliances used in the building.

E. Information Technology (I T) Equipments versus
Electricity Consumption

The influence of Information Technology (IT) equipnts
on the electricity consumption of each building rain be
underestimated. IT equipments such as computesggbors
and printers require high power to operate, andai$ found
that computers impose the most significant impacthe total
electricity consumption of a building compared witther IT
equipments due to the large number of computensdfam the
campus. The relationship between total
consumption and the number of computers in eaddibgiis
depicted in Fig. 11.
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which require 36W of electricity each are switchtedspiral
bulbs which require only 20W of electricity eachsulting in
significant savings as shown in Table VI. An averayg 9
operating hours a day and 6 days of operation & wesze
assumed to estimate the amount of electricity smviper
annum.

is Besides lighting, the use of IT equipments shoulsd de

considered. A CPU consumes 235W when in active mode

while in sleep mode, it consumes less than 15Vedutition, a
monitor consumes 160W when in active mode and coasu
less than 4W in sleep mode. The present settingthef
computers in the campus are such that the mortitonsoff in
20minutes and the CPUs are never turned off. Tiesent
settings of the computers are energy inefficienthes CPUs
which consume very high power are operating at mari
capacity although this is not required at most iméthe idle
time set for the monitor to turn off is reducedlfdminutes,
which is half of the present setting time, energpsumption
can be reduced significantly. CPUs should alsodbecssleep
mode when not in use rather than allowing them ¢oirb

electricitactive mode. The computers were assumed to betiveac

mode for 7 hours and sleep mode for 2 hours a d&y300
days of operation.

There is potential for energy saving in the opegatiours
of the centralized air-conditioning system since ist a
significant energy consumer.
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market for the chiller system can be installednpriove the
efficiency of the system. These equipments workgtmize
the chiller compressors by preventing the systenoperate
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It was also found that the electricity consumptadrCurtin
Sarawak is affected by the population in campusyities
conducted and also the types of electrical appéiangsed.
When higher population is present in the campugrgn

with excess capacity which will consume an unnegss consumption tends to be higher. Moreover, buildiofysore

amount of energy. Besides, the hours of operatibrihe
chiller system can be reduced to only during wagkirours
which is until 5p.m. Any classes conducted aftenbshould
be conducted in rooms with split unit air-condigos which
consume lesser energy compared with centralized
conditioners. Assumptions made when calculatingethergy
saving achieved for a reduction in one hour of apyen were
that the centralized air-conditioner ran on an ager of
300kWh and there is a unit of 2HP split unit aindiioners
which operates at 1875W per hour in each classr@ototal
of 9 rooms on the ground floor). Table VI showsuanary
of the energy savings with the new recommendethgstt

TABLE VI
SUMMARY OF ESTIMATED POPULATION AND ONGOING ACTIVITIES
Type of Recommended Annual Annual
electrical settings savings savings
appliance (kwh) (RM)
Lighting Fluorescent 103348 31004
ballasts to spiral bulbs
IT Reduce monitor 10792 3237.60
equipment turn off time from
20minutes to
10minutes
Turn on CPU sleep 103224 30967.20
mode
Centralized Reduce operating 67920 20376
chiller hour

Besides enhancing the efficiency of electrical &pples,
better management practices should also be addptedents
and staffs should be educated to switch off thitdiglirectly
at the end of the day when not in use. It is imgadrto unplug
electrical appliances which are seldom used bec#usse

appliances will consume little energy when plugge@?]

continuously although they are switched off.

IV. CONCLUSION

An energy audit framework was created based on a

preliminary audit with walk-throughs to assess ttihe energy
consumption of Curtin University. The guideline wasinly

based on the Hong Kong and Europe Guideline, wifava

modifications made to suit the condition of the pais The
consumption pattern of Curtin can be divided intarmhl and

seasonal variations. Consumption during weekdaysgker

than consumption during weekends. Fluctuations veeen
throughout the day because different types of ettt
appliances were used. The peak hour of Curtin Sekd8a.m.

to 6p.m.) consumes higher amount of energy compaitd

the off-peak hour (6p.m. to 8a.m.). Comparison ketwthe
tuition free week, semester break and study weekved

difference in energy consumption. The study week sfzown
to consume the highest amount of energy among htee t
periods, followed by a tuition free week and a s&erebreak
uses the least energy.
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functionality consume more electricity as more s/pef
appliances are used for different functions. Buaigi with
more computers were found to consume more enercpuise
computers require higher power compared with other
aappliances such as lighting and printers. Temperaand
building built-up area showed no clear correlatisith the
energy consumption in Curtin Sarawak campus because
consumption of a building is governed by other more
significant factors such as the purpose of the ding,
activities and population in the building as wedl aectrical
appliances used in the building.
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