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Abstract: With the increasing concern regarding the huge amounts of energy consumed and the 
repercussions on the world’s environment, Malaysia is among the countries taking measures. Malaysia, 
a country that is rapidly growing in terms of economy, it has also dramatically increased energy 
consumption and demand, with roughly half of all electricity being used for commercial and non 
residential buildings in particular. This study presents a comprehensive analysis of cost saving and 
emission reduction of optimum thickness and air gaps for different insulation materials in building 
walls.  Integrated Environmental Solution (IES) software was used to model the Chancellery office 
building at Universiti Kebangsaan Malaysia to analyze the thermal performance and its cost benefits.  
It was found that by introducing optimal thicknesses insulation between 3 and 5cm and by adding air 
gap of 2cm, energy consumption cost was reduced to 24 and 26% compared to a wall without 
insulation and air gap. 
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INTRODUCTION 
 
 As population increases and society becomes more urbanized and industrialized, energy consumed is 
inevitably quickly rising as well. Energy is vital to the social and economic societal development, which is why 
its conservation is and always will be a crucial element in a country’s energy strategies. Energy is increasingly 
costly and the condition is worsened by global warming due to green house gas emission. Clearly, the need for 
quality, office buildings in particular, is on the rise (Lombard, et al., 2008).According to Yang, et al., (2008) 
energy consumed by office buildings was 70-300kWh/m2 per year, 10-12 times more than residential buildings. 
Saidur (2009) conveyed that office building air conditioners utilized the most energy at 57%, next was lighting 
(19%), lifts and pumps (18%), and other equipment (6%).  
 As Malaysia is located in a tropical region with a hot and humid climate, most buildings are equipped with 
air-conditioning systems.  Since, space cooling using air conditioner is practiced almost constantly throughout 
the year in tropical areas, the energy consumption and cost for this equipment is quite high. This situation, then, 
requires the commercial sectors to spend a lot of money for electricity. Thus, thermal insulation is an alternative, 
cost efficient, and energy reduction option. However, insulation cost is relative to insulation thickness, so it is 
necessary for researchers to determine the most favorable thickness according by performing cost analysis.  
 Thermal insulation thickness in buildings and environmental effects were studied in Denizli, Turkey. 
Dombayci (2007) discovered that insulating thick, expanded polystyrene lowered energy consumption by 40.6% 
and reduced CO2 and SO2 emission by 41.53%, with coal as the energy source. 
 Çomakli, et al., (2004) found that CO2 emissions decreased by 50% in buildings by utilizing optimum 
insulation thickness and various energy saving techniques. 
 Comaklı and Yuksel (2003) examined ideal insulation thickness in the three coldest Turkish cities using day 
temperatures, and centered their research on analyzing life cycle cost. According to the findings, the saving in 
cold cities may be up to 12.14$/m2 of wall area over a 10-year duration. 
  Bolatturk (2006) explored the use of insulation in external building walls, and with life cycle cost analysis 
calculated optimum insulation thickness, how much energy was conserved, and payback time for various kinds 
of fuel. The results convey that optimum insulation thickness is between 2 and 17cm, energy saving was 22–
79%, and payback periods were 1.3–4.5 years. A different study by Bolatturk (2007) calculated optimum 
insulation thickness on external building walls via the degree hour method based on annual heating and cooling 
loads at different base temperatures. Regarding heating load results, optimum insulation thickness varies 
between 1.6 and 2.7cm, energy saving between 2.20 and 6.6$/m2, and payback periods vary between 4.15 and 
5.47 years. For cooling load, optimum insulation thickness was seen to vary between 3.2 and 3.8cm, energy 
saving between 8.47 and 12.19$/m2, and payback periods between 3.39 and 3.81 years. 
 The present study was undertaken to evaluate cost benefits, electricity consumption and emission reduction 
achieved by installing insulation material in air conditioned building walls in Malaysia. 
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Malaysia Energy And Emission Scenario: 
 In the past three decades, high economic growth in Malaysia causes a dramatic increase in energy 
consumption. Several studies reached the conclusion of positive connection between electricity consumption 
and the economic growth. From 1980 to 2009, the total electricity consumption and domestic product (GDP) 
increased by 9.2% and 6.2% respectively from 1980 to 2009(Hussain, A, B and Nor Salwati bt, O, 2011). Figure 
1 shows that the Malaysia has the highest electricity consumption among the ASEAN countries. 
 According to the United Nations Development Report, Malaysia ranks as the 26th largest greenhouse gas 
emitter in the world (UNDP, 2007) and based on its growth rate of CO2 emissions, it appears likely to move up 
the list quickly (Rawshan, A.B and Joy J. P, 2010). Table.1 shows how Malaysia compared in its GHG 
emissions (based on CO2 emissions per capita) with the selected countries of top 30 CO2 emitters. 
 

 
 
Fig.1: Electricity consumption in kilowatt hour per capita in ASEAN countries. 
     (Source: Hussain, A, B and Nor Salwati bt , O, 2011). 
 
Table 1: Selected countries of top 30 CO2 emitters (Source: UNDP, 2007). 

Top 30 CO2 Emitters        Share of World Total % CO2. Emissions Per Capita 
1990 2004 1990 2004 

1. United States 21.2 20.9 19.3 20.6 
2. China 10.6 17.3 2.1 3.8 
4. India 3 4.6 0.8 1.2 
5. Japan 4.7 43 8.7 9.9 
8. United Kingdom 2.6 2 10 9.8 
14. Indonesia 0.9 1.3 1.2 1.7 
22. Thailand 0.4 0.9 1.7 4.2 
26. Malaysia 0.2 0.6 3 7.5 

 
Modelling The Office Building And Auditing Energy Consumption: 
 IES <VE-Pro> (Integrated Environmental Solution) was used to model an office building located in Bangi, 
Malaysia. Malaysia’s geographic coordinates lie between latitude 3.12oN and longitude 101.55oE, with variable 
temperatures and high humidity; the hottest time is around March with about 27.8o. Figure 2 depicts annual 
weather data, and maximum dry-wet bulbs of 34.90oC and 26.50oC, respectively. Prevailing winds blow from 
the Northeast, East and Southeast at relatively low speeds with a mean of 1.2m/s. Monthly humidity is more 
than 70% and annual mean is 83% 
 

 
 
Fig. 2: Annual dry-wet bulb temperature, Kuala - Lumpur, Malaysia. 
 
 
 



 

An Overvie
 The c
(UKM) wh
14848 m2 
occupancy
 
IES<VE-P
 To int
program w
results in p
sustainable
approaches
energy con
locations. 

Fig.3: Buil
 

Fig. 4: 3D 
 
 The d
constructio
selected bu
machines. 
staff. Also 
building. 
 IES so
adopted M
 Table.
this simula
and corrido
 The s
consumptio
convective
 Table.
equipment 

ew Of The Cas
hosen building
hich is located

of instruction
y rate of the bui

Pro> Simulatio
tegrate the bu

was used for sim
productivity an
e design profes
s and new tech
nsumed by the 

lding site plan.

view of the Ch

data inputs sum
on and surface
uilding, includi
The occupanc
inputs of inter

oftware has the
Malaysian clima

.2 shows what
ation, 6 differe
or lighting, and
simulation resu
on measureme

e and radiant he
.3 shows a su

such as comp

Aust. J

se Study Build
g is the Chan

d in Bangi, Ma
nal space inclu
ilding is averag

on Software: 
uilding design 
mulation. This

nd excellence in
ssionals world
hnologies. Bas
selected build

. 

hancellery offi

mmary for the
e temperature, 
ing occupancy
cy is estimated
rnal loads of p

e capability to r
ate data and spe
 materials the 

ent profiles we
d also occupan
ults of IES h
ent by using 
eat transfer effe
ummary of in
puters, printers

J. Basic & Appl. 

ding: 
ncellery office,
alaysia. It is a t
uding office s
gely 65% and d

process and 
s software is a 
n every aspect 

dwide. VE-Pro 
sed on existing
ding (Figures 3

ice building mo

rmal applicati
Profiles of ho

y, lighting and 
d based on the
people, lighting

run simulation 
ecifically, Kua
walls are com

ere used to spe
cy density rela

have been val
power logger 

fects using hour
nternal loads f
s and copy ma

Sci., 5(12): 228

, an iconic lan
typical six-stor
spaces, lobby, 
daily operating

fulfill the exp
flexible, integ
of sustainable 
can in effect 

g office buildi
3, 4).Worldwid

odel developed

on are include
ourly schedule 
office equipm

e office layout,
g and other of

with weather i
ala Lumpur wea
mposed of, win
ecify various p
ative to workin
lidated through

and IES sim
rly weather dat
for the chosen
achines. The a

7-2294, 2011 

ndmark at Un
ry office build
meeting room

g hours range fr

perimental requ
grated system f

building desig
test the feasib
ings, the mode
de weather info

 

d in IES< VE-P

ed; site locatio
of internal ga

ment, which inc
, and the infor

ffice equipmen

information av
ather data for a

ndows and othe
periods of offic
g hours.  
h comparison

mulation result
ta. 
n office includ
air conditionin

niversiti Keban
ding which con
ms and restaur
from 10 to 12. 

uirements for 
for performing
gn, and is empl
bility of variou
el was created
ormation is ava

PRO> 6.2.0.1. 

on and weathe
ain. The intern
lude computer
rmation provid

nt as well as co

vailable worldw
analysis (Figur
er building fab
ce equipment h

 between fiel
s. IES calcula

ding occupanc
ng systems in 

ngsaan Malays
ntains assignab
rants. The dai

this study, IE
g assessment th
loyed by leadin
us energy savin
d to evaluate th
ailable for man

 

er data, buildin
nal loads for th
rs, printers, cop
ded by local si
ooling system 

wide.  This stud
re 2). 
bric elements. 
heat gain, offi

ld study energ
ates conductio

cy, lighting an
the building a

sia 
ble 
ily 

ES 
hat 
ng 
ng 
he 
ny 

ng 
he 
py 
ite 
of 

dy 

In 
ce 

gy 
on, 

nd 
are 



Aust. J. Basic & Appl. Sci., 5(12): 2287-2294, 2011 

 

2290 

either central chiller or window type. Rooms were categorized in cooling zones to aggregate calculated or 
simulation results. 
 
Table 2: Material properties of building. 

Description Material 
Thickness 
(m) 

Conductivity 
W/(m·K) 

Density 
kg/m³ 

Specificheat capacity 
J/(kg·K) 

External wall 
 
 
Internal Ceiling/floors 
 
 
 
Metal Roof 

 
 
 
Flat Roof 
 

Brickwork 
Plaster 
 
Concrete 
Cavity 
Plaster 
 
Steel 
Bitumen  
Glass wool 
 
Stone 
Bitumen 
Concrete 

0.117 
0.02 
 
0.1 
0.012 
0.01 
 
0.01 
0.005 
0.15 
 
0.01 
0.005 
0.15 

0.84 
0.5 
 
1.4 
 
0.5 
 
50 
0.5 
0.04 
 
0.96 
0.5 
1.13 

1700 
1300 
 
2100 
 
1300 
 
7800 
1700 
200 
 
1800 
1700 
2000 

800 
1000 

 
840 

 
1000 

 
480 

1000 
670 

 
1000 
1000 
1000 

 
Table 3: Building internal gain. 

Units Value 
Occupants                                  Person/m2 9 
Lightings                                   W/m2 18 
Office equipment 
Computers                                  W/m2 5 
Printers                                      W/m2 20 
Copy machines                           W/m2 9 

 

Energy Analysis: 
 IES simulation outcomes are in relation to the dynamic interactions between the building, external climate, 
internal loads, the building’s mechanical systems as well as incorporating data with solar radiation analysis and 
comprehensive HVAC system performance.  
 Calculations were performed using hourly weather data consistent with conductive, convective, and radiant 
heat transfer effects. The simulation was driven by real weather records and covered a one-year period. Annual 
energy consumption was 2256.4 (MWh) and energy intensity was 224 kWh/m2/year. According to the code of 
practice on Energy Efficiency and Use of Renewable Energy for Non-residential Buildings (MS1525), the 
Building Energy Index (BEI) suggested for office buildings is 136 kWh/year/m2. 
 The Chancellery office building energy performance is still far from the suggested target.Of the total 
building electricity consumption, 58% is from space air conditioning like cooling and ventilation, followed by 
lighting (21%), and other equipment (21%) (Figures 5 and 6). These findings are in agreement with previous 
results by Saidur (2009) which indicated that office building air conditioners consumed most energy (57%) 
followed by lighting (19%), lifts and pumps (18%) and other equipment (6%). 
 

 
 

Fig. 5: Results of the IES run on Chancellery building energy performance for the base case. 
 
Optimum Insulation Thickness And The Energy Savings: 
 Thermal insulation is the alternative choice in order to lower the heat flow from outside to inside. Non-
linear relation between the thermal conductivity and optimum insulation thickness of selected insulation 
materials for building wall found out by Mahila, et al., (2007). Optimum insulation thickness largely depends on 
insulation material price, electricity tariff, yearly heating and cooling transmission loads, heating system 
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efficiency, cooling equipment performance coefficient, building lifetime, and inflation and interest rates.     
Tables.4 and 5 show the input data used for calculations.  The total cost of energy consumption the building can 
be calculated (CTE) by the following equation calculated as follows (Mahlia,T. M. I., Iqbal, A. 2010): 
 

 
Fig. 6: Total energy consumption by all equipments and their breakdown. 
 
CTE = E× CE                                                                                                                                                                                                                         (1)  
 
 Where E is energy consumption (KWh), CE is the electricity tariff rate. For the life time of N years, it is 
necessary to know the present value (PV) which is depends on the electricity tariff (CE) and inflation rate (IR). 
 
PV= CE ((1+IR) n-1)/ IR (1+IR)n)                                                                                                                          (2)   
 
 The total cost of insulation (Cins) which is necessary for the cost benefit analysis, can be calculated by the 
following equation: 
 
CTins = AxCA                                                                                                                                                          (3)  
   
 To calculate the enrgy saving over the life cycle priod, Where Cins is the cost of insulation material per unit 
volume in RM/m3, A is the surface area of insulation material in m2, x the insulation thickness in m. The total 
savings are the net savings from the total cost of energy without insulation minus of the total cost of energy for 
cooling with insulation and minus the total cost of insulation. Thus the equation becomes: 
 
Ts= (CTEun- CTEins)-Cins                                                                                                                                                                                                                     (4) 
 
Table 4: Data of insulation materials. 

Type of insulation 
Thermal conductivity 
(W/mºc) 

Density (kg/m3) Cost (RM/m3) 

Extrude-polystyrene 
Rock wool 

0.029 
0.034 

35 
100 

210 
202 

 

Table 5: Essential input data. 
Description Unit Value 
Annual electricity consumption (Mwh/year) 2256.4 
Life cycle period  (N) Year 10 
Electricity Tariff  (CE) (MYR/kWh) 0.312 
Inflation  rate (i) % 3.5 
Present value (PV)  8.32 
Total heat transfer area(A) m2 3927 

 

Fuel Combustion, Consumption And Emission: 
 In Malaysia, generating electricity majorly contributes to emissions which can be calculated by first 
identifying fuel type utilized. Emission pattern is a function of the total energy consumed multiplied by the 
percentage of fuel mix and fuel emissions from every unit of electric generation. Tables 6 and 7 have the input 
data necessary for estimating emission output and decreasing potential from various energy saving options. 
 
Table 6: Different energy sources and unit emission released (Source: Mahila, 2002). 

  Year Coal (%)  Petroleum (%) Gas (%) Hydro (%) 
1994 9.3 22.3 51.7 16.7 
2000 15 5 70 10 
2010 18 2 50 30 
2020 29 1 40 30 
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Table 7: Different energy sources and unit emission released (Source: Mahila, 2002) 

Fuels 
                                              Emission (kg /kWh) 
 CO2       SO2      NO     CO 

Coal 1.18 0.0139 0.0052 0.0002 
Petroleum 0.85 0.0164 0.0025 0.0002 
Gas 0.53 0.0005 0.0009 0.0005 

 
RESUTS AND DISCUSSION 

 

 Simulation results indicate that in buildings with larger insulation-thickness, cooling load and energy 
consumption decrease, resulting in less cost; however, the thicker the insulation, the more expenses incurred. 
Total saving is the total energy cost without insulation minus the total cost of energy for energy with insulation, 
which increases with respect to a particular insulation thickness above, which the total cost, decreases (Figures. 
7-9). Figures 8a and 8b depict insulation thickness outcome on rockwool and extrude-polystyrene lifecycle 
savings which were observed highest at optimum thickness and with air gap added to the wall; 2cm gap size 
increases life- cycle savings. Results illustrate rockwool and extrude-polystyrene optimum insulation thickness 
at different w all air gap sizes and how it generally decreases with increasing air gap size. Both Insulation 
materials have the same optimum insulation thicknesses of with no air gaps in the wall varying between 0.04 
and 0.05cm.  However, at 2cm wall air gap, optimum thicknesses drop between 0.03 and 0.04cm. 
 

 
 
 
 
 
 
 
 
 
 
 

 
            
Fig. 7: (a) Effect of rock wool insulation thickness (no air gap) on cost saving; (b) Effect of extrude-polystyrene 

insulation thickness (no air gap) on cost saving. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Fig. 8: (a) Effect of rock wool insulation thickness (2 cm air gap) on cost saving; (b) Effect of extrude-

polystyrene insulation thickness (2 cm air gap) on cost saving. 
 
 Tables 8 and 9 provide the total cost savings at different insulation thickness of the chosen insulation 
materials. Optimally thick rockwool provides the most overall cost savings compared to non insulated walls, at 
25% without wall air gaps, up to 2cm. slowly increasing to 26.2% with enlarging air gap up to 2cm.  
 The simulation results show that by increasing the insulation thickness the energy consumption and, the 
emissions are reduced. By having an air gap for insulation materials, the electricity consumption and emissions 
exhaustion are further reduced. This can be seen in Figures 10a and 10b. Optimally thick extruded polystyrene 
with 2cm air gap in the wall demonstrated the highest annual emission reduction of   29465(kg CO2), while 
optimally thick rockwool insulation without   air gap demonstrated the lowest reduction (Table.10). 
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Fig. 9: (a) Effect of rock wool insulation thickness (2 cm air gap) on total cost; (b) Effect of extrude-polystyrene 

insulation thickness (2 cm air gap) on total cost 
 
Table 8: Cost savings at different insulation thickness (Extrude-polystyrene). 

Insulation type 
Insulation thickness 
(m) 

                                     Cost saving (%) 

 
    
no air     gap air gap 2cm 

Extrude-polystyrene 

0.01 18.30% 23.00% 
0.02 23.70% 26.20% 

27.30% 0.03 25.70% 
0.04 26.30% 27.40% 
0.05 26.10% 26.90% 
0.06 25.50% 26.10% 

 
Table 9: Cost savings at different insulation thickness (rockwool). 

Insulation type 
Insulation  thickness (m) 

                                    Cost saving (%)  
no air gap air gap 2cm 

Rockwool 

0.01 16.90% 22.10% 
0.02 22.30% 25.10% 
0.03 24.40% 26.20% 
0.04 25.00% 26.20% 
0.05 24.80% 25.70% 

 0.06 24.10% 24.80% 
 
Table 10: Annual emission reduction at different insulation thickness. 

Insulation thickness  
(m) 

                                                              Emission reduction(kg CO2) 

 
 
0.02 
0.04 
0.06 

                  Rockwool                 Extrude polystyrene 
no air gap   
22101 
27678 
30269 

2cm air gap 
24525 
28745 
30850 

              no air gap   
23185 
28545 
30974 

2cm air gap 
25331 
29465 
31488 

 

  
 
 
 
 
 
                  
 
 
 
 
 
 
 
Fig. 10:  (a) Annual CO2 emissions –rock wool; (b) Annual CO2 emissions extrude-polystyrene. 

 
 By comparing materials, it is deduced that extruded polystyrene provides the highest cost effectiveness as 
well as lifecycle savings. Adding insulation material to external wall of building brings lifecycle savings up to 
(Ringgit Malaysia) MR 111704.9 and rises to MR 116330.7 at 2cm air gap. Total cost declines with thicker 
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insulation up to optimum thickness where lowest cost is attained, after which total cost goes up again. This 
applies to any insulation material or air gap size (Figures 9a and 9b). From the calculations it is obvious that 
with thicker insulation, both fuel consumed and consequently, emissions, decrease. The presence of air gap, 
both further reduce energy consumption and exhaust emissions. 
 
Conclusion: 
 This paper examined optimum external wall insulation thickness and air gaps, rate savings over a 10-year 
life period and calculated emission reduction intervals for two different insulation materials in brick wall 
buildings. The decrease in electricity consumption and emissions was investigated with IES simulation software. 
Results demonstrate that although increasing insulation thickness brings up insulation cost, at optimum 
insulation thickness, total energy cost is lowered to a minimum. 
 The decrease in electricity consumption and emissions was investigated with IES simulation software. 
Applying optimally thick insulation material decreases fuel consumption, consequently reducing emissions.  
Furthermore, adding 2cm air gap in a brick walls additionally decreases fuel consumed and emissions. By 
installing appropriate insulating material of optimum insulation thickness and adding air gaps to a brick wall, 
heat transfer through walls is minimized while economical and environmental advantages are also attained. 
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