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Countries in south east Asia are mostly experiencing tropical climate conditions. 
Therefore, the use of the air conditioning has been increased to reduce the tension 
and achieve thermal comfort inside the buildings. In order to reduce the energy 
consumption, thermal insulation has been introduced to lower down the indoor 
temperature. The main objective of this study is to determine the optimum thickness 
of the glass wool insulation. To conduct the study, a wooden room model is built based 
on the classroom that located at one of the Malaysian universities. The thicknesses of 
the glass wool insulation used in the experiment is 25 mm (one layer), 50 mm (two 
layers) and 75 mm (three layers). According to the results, the maximum temperature 
reduction for one layer of insulation is 1.0°C. Two layers of insulation reduces the 
indoor temperature by 1.3°C followed by the reduction of 1.5°C after applying three 
layers of insulation. The convection coefficient outside and inside is determined to 
calculate the heat flux of the roof with different insulation thickness. The heat flux 
gained by the roof reaches the highest value at 1 pm which is 0.648 W/m² without 
insulation. The heat flux has been reduced to 0.629 W/m² after applying one layer of 
glass wool insulation. The heat flux gained by the roof is further reduced to 0.573 W/m² 
and 0.518 W/m² when two and three layers of insulation are applied, respectively. 
Throughout the experiment, the temperature inside the room is reduced with the 
increase of the insulation thickness. Two layers of glass wool insulation has been 
selected as the optimum insulation thickness which is validated after performing 
calculation using the polynomial function as well as the cost analysis. Two layers of 
glass wool insulation yields a 27.40% of ROI per annum.  
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1. Introduction 
 

Most of the nations located near to the equator encounter tropical climate conditions. High 
humidity throughout the year combined with low fluctuations in daytime temperature are the main 
characteristics of tropical climates. Most of the countries in Asia especially those with tropical climate 
conditions undergo speedy development [1]. The building sector accounts for 30%-40% of world 
energy use and it has grown to be the largest energy user [2]. As one of the sectors which consumes 
an enormous amount of energy, strategy such as energy efficient buildings must be implemented to 
achieve building energy conservation [3-5]. The energy consumption in HVAC systems is significant 
in developed countries as it accounts for approximately half of building’s energy consumption among 
other building services. For example, the energy consumption for air conditioning accounts for 28% 
of the total consumption in Taiwan during summer times [6-7]. Besides, nearly 40% of the total 
residential sector energy consumption is taken up by air conditioning systems in Hong Kong [8]. In 
Singapore, buildings take up nearly 50% of total electricity generated and the air conditioning system 
utilizes up to 30% of the country’s total electricity generation [9]. Roofs take up the maximum direct 
solar radiation compared to other physical components of a building [10]. Roofs account for nearly 
70% of heat gain of a building [11-12]. The heat gained by the roof during the day is transmitted 
through and trapped in the attic. The heat will be radiated to the occupants inside the building [13]. 
This has given rise to higher energy demand for thermal comfort over the last few years. The use of 
air conditioning is increasing moderately to tackle the thermal discomfort. The good economic 
conditions and the economic price of air conditioners have made it affordable for the people. 
However, the energy consumption of the air conditioner is relatively high compared to other 
electrical appliances. A heat pump in the air conditioner will transfer heat energy from indoors to 
outdoors. Water vapour from the indoors will be removed which causes the relative humidity in the 
room to be decreased [14-15]. Therefore, the human comfort experience in indoors is improved. 
Roofs are the most essential component for the building in reducing the energy usage because the 
building gain the maximum heat mainly from the roofs. Application of thermal insulation on the roofs 
can reduce the heat that is transferred into the building. Therefore, roof insulation is effective in 
reducing heat gained by the building which help to reduce energy use of air conditioning equipment. 
Rock wool is also used as roof insulation material in the research done by Sisman et al., [16]. The 
optimum insulation thickness is determined in the following research. The relationship between the 
cost of insulation and its thickness is linear. Therefore, the extra cost of the insulation materials will 
not be compensated by the savings in energy consumption beyond the optimum insulation thickness 
[17]. 

The objective of this research is to determine the optimum thickness of glass wool insulation 
based on the temperature reduction of temperature inside the room as well as the polynomial 
function developed by Indra Mahlia et al., [18]. The cost analysis is performed to determine the 
energy savings of the optimum thickness of glass wool insulation.  
 
2. Methodology and Experimental Setup 
 

In this study, a wooden room model with a dimension of (L: 1.2m, W: 0.8m and H: 0.8m) is 
proposed and constructed. Geometry of the wooden room model is shown in Table 1. The wooden 
room is constructed based on the classroom located at one of Malaysian universities. The thermal 
conductivity of the plywood is 0.13 W/m.K according to the manufacturer’s standard. The room is 
connected by using hinges. The glass wool purchased from the market has the thickness of 25mm 
and the thermal conductivity of 0.04 W/m.K.  
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Table 1 
Geometry of the room model 
Component Dimension Material 

Roof 120mm x 80mm x 8mm Three-layered plywood 
Side wall 120mm x 80mm x 8mm Three-layered plywood 
Front & back wall 80mm x 80mm x 8mm Three-layered plywood 

 
In order to determine the optimum insulation thickness for the roof of the wooden room model, 

four types of the configuration of roof are investigated as shown in Table 2. The thermal insulation is 
installed on top of the roof. The thicknesses of the roof insulation installed are 25mm, 50mm and 
75mm in which a total of three layers of glass wool are applied with an increment of 25mm. The roof 
without insulation acts as control of the experiment. Figure 1 to Figure 4 shows the configuration of 
the roof for Case 1 to Case 4. 
 

Table 2 
Configuration of the roof system 
Case Configuration Insulation thickness (mm) 

1 Without insulation 0 
2 One layers of glass wool 25 
3 Two layers of glass wool 50 
4 Three layers of glass wool 75 

 

 
Fig. 1. Case 1 (without insulation) 

 

 
Fig. 2. Case 2 (one layer of glass wool) 

 

 
Fig. 3. Case 3 (two layers of glass wool) 
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Fig. 4. Case 4 (three layers of glass wool) 

 
The wooden room model is placed under the sun from 10 pm to 4 pm Each configuration of roof 

(Case 1-4) requires obtaining of 7 sets of data at an interval of 1 hour. Initially, the wooden room 
model is exposed to solar radiation without using any glass wool insulation. Data such as external 
roof surface temperature, internal roof surface temperature, surrounding temperature and the 
temperature inside the room are collected by using handheld digital infrared thermometer and 
VELOCICALC thermometer as shown in Figure 5 and Figure 6. The experiment is repeated by following 
the configuration of Case 2, Case 3 and Case 4. After collecting data of Case 1 to Case 4, the 
experiment is repeated for the next hour.  
 

  
Fig. 5. Infrared thermometer Fig. 6. VELOVCICALC 

Thermometer 

 
The experimental data are used to calculate Rayleigh number. The calculated Rayleigh number 

are used to determine the external and internal convection coefficient. The Rayleigh number is 
calculated as below 
 

𝑅𝑎𝐿 =
𝑔𝛽∆𝑇𝐿3

𝛼𝑣
              (1) 

 
where 𝑔 is the gravitational acceleration, 𝛽 is the volume thermal expansivity, ∆𝑇 is the temperature 
gradient, 𝐿 is the characteristic length, 𝛼 is the thermal diffusivity and 𝑣 is the kinematic viscosity. On 
the other hand, the external and internal convection coefficient are calculated through the empirical 
correlation which has been developed for common external flow geometries as shown below [15]. 
 
ℎ̅𝐿

𝑘
= 𝐶𝑅𝑎𝐿

𝑛              (2) 
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where ℎ̅ is the convection coefficient, 𝐿 is the characteristic length, 𝑘 is the thermal conductivity, 𝐶 
= 0.59 and 𝑛 = 1/4 for laminar flow (104 ≤ 𝑅𝑎𝐿 ≤ 108) and 𝐶 = 0.10 and 𝑛 = 1/3 for turbulent flow (109 
≤ 𝑅𝑎𝐿 ≤ 1013). The heat flux gained by the roof can be determined as 
 

𝑞′′ =
𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒−𝑇𝑖𝑛𝑠𝑖𝑑𝑒

𝑅𝑡𝑜𝑡𝑎𝑙
             (3) 

 
where 𝑇𝑜𝑢𝑡𝑠𝑖𝑑𝑒 is the surrounding temperature, 𝑇𝑖𝑛𝑠𝑖𝑑𝑒 is the temperature inside the room and 𝑅𝑡𝑜𝑡𝑎𝑙  
is the total thermal resistance. Total thermal resistance is shown in Eq. (4). 
 

𝑅𝑡𝑜𝑡𝑎𝑙 =
1

ℎ𝑜𝑢𝑡
+

𝑡𝑤𝑜𝑜𝑑

𝑘𝑤𝑜𝑜𝑑
+

𝑡𝑖𝑛𝑠

𝑘𝑖𝑛𝑠
+

1

ℎ𝑖𝑛
           (4) 

 
where ℎ𝑜𝑢𝑡 is the outside convection coefficient, 𝑡𝑤𝑜𝑜𝑑 is the thickness of the plywood, 𝑘𝑤𝑜𝑜𝑑 is the 
plywood’s thermal conductivity, 𝑡𝑖𝑛𝑠 is the thickness of the insulation, 𝑘𝑖𝑛𝑠 is the thermal conductivity 
of the insulation and ℎ𝑖𝑛 is the inside convection coefficient. The optimum insulation thickness can 
be obtained by using equation developed by Indra Mahlia et al., [18]. 
 
𝑥𝑜𝑝𝑡 = 0.0818 − 2.973𝑘 + 64.6𝑘2           (5) 

 
where k is the thermal conductivity of the insulation material. 
 
3. Results and Discussion 
 

In Figure 7, the comparison between the outside and inside air temperature of the room without 
applying glass wool insulation are shown. The outside temperature of the room from 10 am to 4 pm 
is the average of surrounding temperature at that hour. The temperature inside the room increases 
with respect to outside temperature. The highest temperature inside the room achieves 35.1°C at 1 
pm. The room temperature reaches its lowest which is 31.0°C at 10 am when the experiment starts. 
The largest temperature difference obtained is 0.7°C which is at 1 pm whereas the smallest 
temperature difference obtained is 0.3°C which is at 11 am. 
 

 
Fig. 7. Comparison between the outside and inside air temperature of the 
room against time (without insulation) 
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After applying one layer of glass wool insulation, the comparison between the outside and inside 
air temperature of the room model is illustrated in Figure 8. The outside temperature is constant for 
all the conditions of roof to show the effect of glass wool insulation in reducing the room 
temperature. The temperature inside the room increases from 10 am which is at 30.9°C and 
continues to rise to 34.8°C which is the highest temperature recorded for the inside temperature of 
the room. A maximum temperature difference of 1°C is recorded at 1 pm after applying one layer of 
glass wool insulation. The lowest temperature difference is obtained at 11 am in which the difference 
between the surrounding and the temperature inside the room is only 0.4°C. 
 

 
Fig. 8. Comparison between the outside and inside air temperature of the 
room against time (one layer) 

 
In Figure 9, the comparison between the outside and inside air temperature of the room is more 

observable when applying two layers of glass wool insulation. The gaps between the outside and 
inside temperature are larger if compared to the room model without insulation and with one layer 
of glass wool insulation. The temperature inside the room increases gradually with respect to the 
outside temperature from 10 am to 1 pm. The inside temperature recorded is at 1 pm which is 34.5°C 
whereas the lowest internal temperature of the room is 30.8°C at 10 am. The temperature difference 
of 1°C and more are recorded from 12 pm to 2 pm which the insulation material plays its role to 
reduce the temperature of the roof. The reduction of the temperature is the highest at 1 pm which 
is 1.3°C. The lowest temperature difference after applying two layers of glass wool insulation is 
approximately 0.5°C at 11 am. 

The comparison between the outside and inside air temperature of the room after applying three 
layers of glass wool insulation are plotted in Figure 10. The surrounding temperature of the room 
starts to rise from 31.4°C at 10 am to the highest temperature of 35.8°C at 1 pm The inside 
temperature of the room reaches the highest which is at 34.3°C when the outside temperature 
recorded is the highest. A temperature reduction of 1.5°C is achieved at the hottest hour of the day 
when applying three layers of glass wool insulation on the roof. The temperature difference from 12 
pm to 3 pm ranges from 1.0°C to 1.5°C while 0.6°C is the smallest temperature difference recorded 
at 11 am. Although the use of three layers of glass wool insulation is effective in reducing the 
temperature inside the room, but the overall temperature reduction is not significant if compared to 
two layers of glass wool insulation. 
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Fig. 9. Comparison between the outside and inside air temperature of the 
room against time (two layers) 

 

 
Fig. 10. Comparison between the outside and inside air temperature of 
the room against time (three layers) 

 
The comparison between the outside and inside temperature of the room for various insulation 

thickness are combined and shown in Figure 11 whereas the reduction of the temperature inside the 
room by using different thickness of glass wool insulation is shown in Figure 12. The reduction of 
temperature from 10 am to 11 am is not significant because the solar radiation received by the roof 
is not high. According to the study conducted by Qahtan [20], the average dry bulb temperature at 
10 am and 11 am are 29.6°C and 30.6⁰C. Therefore, the use of insulation is not significant when the 
outdoor temperature of the day is not the maximum. For instance, the reduction of temperature at 
10 am for roof without insulation is 0.4°C and 0.5°C for roof with one layer of glass wool insulation. 
When two and three layers of glass wool insulation are applied, the temperature is reduced by 0.6°C 
and 0.7°C, respectively. The reduction of temperature starts to increase significantly with the 
increase of the thickness of glass wool insulation applied on the roof from 12 pm onwards. The 
effectiveness of the glass wool insulation is more observable at 1 pm due to the higher solar radiation 
and outdoor temperature. The average dry bulb temperature reaches the highest at 1 pm which is 
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31.6°C [20]. The maximum reduction in indoor temperature is recorded at 1.5°C when using three 
layers of glass wool insulation followed by 1.3°C with two layers of glass wool insulation. The indoor 
temperature is also reduced by 1°C when using only single layer of insulation. When using three layers 
of insulation, the temperature reduction is twice the value of the roof without using any insulation 
which the indoor temperature is reduced by 0.7°C when no insulation is being used. Although the 
temperature reduced by using three layers of glass wool insulation is the highest, it might not be the 
optimum thickness if considered the cost of insulation material. 

The reduction of temperature inside the room becomes less noticeable from 3 pm onwards. The 
temperature is reduced at a range between 0.4°C to 0.8°C. The average dry bulb temperature is 
declining to 30.0°C at 4 pm. Therefore, the reduction of temperature is not significant at 4 pm due to 
the low temperature variation between indoor and outdoor temperature. A significant contribution 
to both the surface temperature and the indoor temperature is clearly made by direct solar radiation 
[20]. 
 

 
Fig. 11. The comparison between the outside and inside temperature of 
the room for various insulation thickness 

 

 
Fig. 12. Temperature reduction of various insulation thickness over time 
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The heat flux of the roof for various insulation thickness is calculated and tabulated in Table 3. 
The heat flux of the roof at 10 am for different insulation thickness ranges from 0.244 W/m2 to 0.392 
W/m2. The heat flux of the roof is not high because the solar radiations received hourly at 10 am is 
4.1 kWh/m2. The heat flux of the roof for different insulation thickness reaches the highest at 1 pm 
because the average solar radiation at 1 pm is nearly 5.3 kWh/m2. The heat flux of the roof ranges 
from 0.518 W/m2 to 0.648 W/m2. With the increase in the glass wool insulation thickness, the heat 
flux is reduced. At 4 pm, the heat flux decreases due to low intensity of solar radiation. The heat flux 
ranges from 0.247 W/m2 to 0.411 W/m2. The average solar radiation at 4 pm is low which is 2.2 
kWh/m2 [19]. Although the average solar radiation at 4 pm is low, the heat flux of the roof at 4 pm is 
still slightly higher than 10 am, which is mainly due to the trapped heat inside the room. Table 4 
shows the comparison between the roof area of workshop and wooden room model as well as the 
cost of applying each layer of glass wool insulation. 
 

Table 3 
Heat flux of the roof for various insulation thickness 
 Time 

10 am 11 am 12 pm 1 pm 2 pm 3 pm 4 pm 

Heat flux, 
q’’ (W/m2) 

No ins. 0.392 0.296 0.490 0.648 0.546 0.492 0.411 
1 layer 0.308 0.256 0.475 0.629 0.532 0.431 0.314 
2 layers 0.263 0.263 0.465 0.573 0.491 0.405 0.271 
3 layers 0.244 0.244 0.392 0.518 0.417 0.353 0.247 

 
Table 4 
Comparison between the classroom and the wooden room model in terms of roof area 
and cost of insulation 
Workshop Comparison Wooden room model 

1 Ratio 4 
3.2 m x 4.8 m Roof area 0.8 m x 1.2 m 
RM 6.72 Cost (1 layer-25mm) RM 0.42 
RM 13.14 Cost (2 layers-50mm) RM 0.84 
RM 20.16 Cost (3 layers-75mm) RM 1.26 

 
For the wooden room model, the cost of glass wool insulation increases RM 0.42 for each layer. 

According to the data tabulated in Figure 6, the indoor temperature is reduced by 1°C at 1 pm after 
applying one layer of glass wool insulation. If two layers of glass wool insulation is applied on the roof 
of the wooden room model, the indoor temperature is reduced by 1.3°C at a cost of RM 0.84 which 
means that extra RM 0.42 is spent to further reduce the temperature by 0.3°C. However, if three 
layers of glass wool are applied, the indoor temperature is reduced by 1.5°C with insulation cost of 
RM 1.26. The reduction of 0.5°C increases the insulation cost to RM 0.84. If three layers of glass wool 
are applied to the workshop, the cost in reducing the indoor temperature by 0.5°C is RM 13.14. 
Therefore, the reduction of temperature after applying three layers of glass wool insulation on the 
roof is not significant and cost effective. According to the equation developed by Indra Mahlia et al., 
[17], the optimum thickness of glass wool insulation is 66.4 mm. With that, two layers of glass wool 
insulation with a thickness of 50mm is proven to be the optimum thickness in this study. 

The cost saving after applying two layers of glass wool insulation can be calculated by using the 
reduction of heat flux and the medium voltage general commercial tariff set by Tenagah Sdn Bhd. At 
1 pm, the heat flux of the roof without applying any insulation is 0.648 W/m2. The heat flux is reduced 
to 0.573 W/m2 after applying two layers of glass wool insulation. The cost saving per month is not 
significant as shown in the calculation above because of a few important factors. Firstly, the roof area 
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of the following workshop is not as big as large surface roof area building such as shopping malls, 
schools, factories, stadium and so on. Therefore, the reduction of heat energy is more when the roof 
area is huge. Besides, the saving is small because wooden room model is used instead of real room. 
The cost saving is also purely from the use of thermal insulation itself without any cooling load such 
as fans and air conditioning. Therefore, for actual room with bricks and cements, the reduction of the 
heat flux will be increased along with high energy saving [3-5,12]. 
 
4. Conclusion 
 

The following study is done to determine the optimum thickness of glass wool insulation through 
experimentation and analysis of the results. Different thickness of glass wool insulation is used to 
determine the effectiveness of each thickness of glass wool insulation in reducing the temperature 
inside the wooden room model. The maximum temperature reduction for one layer of glass wool 
insulation is 1°C at a cost of RM 0.42. When two layers of glass wool insulation are applied, the 
temperature inside the room is reduced by 1.3°C that costs RM 0.84. It shows that an extra 0.3°C is 
reduced with the addition of one layer at a cost of RM 0.42. As for three layers of glass wool 
insulation, it costs RM 1.26 to reduce the indoor temperature by 1.5°C. For three layers of insulation, 
the temperature inside the room is further reduced by 0.5°C with an insulation cost of RM 0.84 on 
the addition of two layers. In addition to that, the optimum thickness of glass wool insulation is 
determined by using the polynomial function developed by Indra Mahlia et al., [18] which is 66.2 mm. 
As a conclusion, two layers of glass wool insulation with a thickness of 50 mm is proved to be the 
optimum thickness in this study as it is more cost effective with an ROI of 27.40% per annum. With 
that, all the objectives of the study are met. 
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