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Abstract: This research discusses the thermal surface performance of the west façade of two high-rise 

apartments in Penang, Malaysia. The scope of this study is to compare results of two selected case studies. The 

modern architectural style was a popular style in the 1970s to 1990s, the style is applied basic geometric design 

without many expressions of the cultural identity known as an internationalized style. Two selected case studies 

are high-rise apartment buildings in Penang Island. The first case study is Halaman Kristal Apartment which 

has twenty-one stories located in Lengkok Free School. The second case study is Apartment Mutiara Idaman 1, 

the twenty-one stories building located in Solok Tengku, Jelutong. Thermal imager camera device named Fluke 

Ti20 was used to snap for the thermal image to the west façade surface of the two selected case studies. The 

thermal images were taken every hour from 12:00 to 6:00 pm on 16th June 2017. The results show that both 

cases studies had high surface temperature during the evening hours. Basic geometric design without the use of 

balconies in the design causes negative effects to the façade thermal performance. 
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1. Introduction  

Based on a study of the Malaysian statistics department, residential high-rise buildings are considered as the 

main aspect of the residential buildings with about 20% of the total residential buildings number (Figure1), the 

study shows that in 2010 more than 2 million high-rise buildings are used for residential purposes and this 

number is increasing fast during the last 2 decades in order to provide the huge demand of units for people who 

migrate from rural to urban areas [1]. Thus, this study examines the thermal performance of two high-rise 

building’s façade with modern architectural style to study the efficiency of the building’s facades design of the 

modern style. Penang Island which is considered as the second most important state in Malaysia was selected for 

this study with two if high-rose buildings on the eastern coast of the island, the island overall has been under 

huge development for the last 3 decades, and the first high-rise building in the Penang was constructed in the 

1960s [2,3].   

Fig. 1: The residential building types percentage in Malaysia 
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In order to design in a tropical country like Malaysia, a good and efficient façade design should be provided 

by having an excellent, sufficient, and suitable shading device which will help to minimize the unnecessary 

sunlight penetration to penetrate into the house and increase the façade shading area which will lead to decrease 

the exposure to the direct sunlight [4,5]. Exposing to the direct sunlight causes heat transfer problem from the 

external façade walls into the indoor atmosphere [6-9], as results; it produces an uncomfortable condition 

because of increasing of the temperature which is the reason of an extra usage of air-conditioning to regain the 

required thermal comfortable [10]. 

2. Case Studies 

As mentioned earlier, two of the high-rise buildings in Penang island, Malaysia were selected to measure the 

façade surface temperature. The first selected building is Halaman Kristal 2 Apartment located in Lengkok Free 

School, Jelutong (Figure 2). On the other hand, the second selected case study is Mutiara Idaman 1 located in 

Solok Tengku, Jelutong. Both cases studies were built to accommodate low-income families.  

                   

       Fig. 2: Halaman Kristal 2 Apartment           Fig. 3: Mutiara Idaman 1 

3. Methodology 

In order to examine the performance of the façade surface thermal imager Fluke Ti20 were used to snap 

thermal images of the west façade of both selected case studies on June 16
, 
2017, hourly from 12:00 to 6:00 P.M. 

[11].  As shown in Figure 4 The Date June 16 was selected to snap the thermal images based on the graph of the 

annual maximum and minimum temperature in Penang (Figure 4) which shows that the highest temperature in 

Penang recorded in March [12].  

 
Fig. 4: The average minimum and maximum annual temperature in Penang, Malaysia 

The infrared camera called Fluke Ti20 thermal imager (Figure 5) was used to take the façade thermal images 

of the case studies, which gives thermal façade image with all thermal information and the surface temperature 

of each point of the grid of the faced. After snapping the façade thermal images by Fluke Ti20, all images were 

imported into SmartView® computer software. The software produces digital and infrared images to help the 

researched reading the thermal images information as shown in Figure 6 [13,14]. 
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                            Fig. 5: Fluke Ti20 thermal imager                    Fig. 6: An example of an infrared image 

4. Results Analysis  

The research has two limitations while snapping the thermal images. The first one is the distance between 

the selected case studies, which caused about 10 minutes delay when taking the façade thermal images, while the 

second limitation is that the study is limited only to the afternoon and evening hours from 12:00 to 6:00 PM and 

that because the sunlight during these hours is more intense and cause more effect than the morning hours. In 

addition, there is a slight difference in the orientation of both buildings [15]. 

 

Fig. 7: The Selected Points of Both Case Studies. 

The façade thermal images of Halaman Kristal 2 and Mutiara Idaman 1 were captured on 15th March 2017 

from 12:00 to 6:00 pm. Figure 7 displays the selected points of each case study façade, and Table 1 shows the 

thermal images of the selected case studies. The surface temperature of the selected points is shown in Tables 2 

and 3, while Tables 4 and 5 show the average surface temperature of Halaman Kristal 2 and Mutiara Idaman 1. 

TABLE I: The Thermal Images of the Two Case Studies. 

Time Halaman Kristal 2  Mutiara Idaman 1 

12:00 

  

1:00 
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2:00 

  
3:00 

 

  
4:00 

  
5:00 

  
6:00 

  

TABLE II: The Surface Temperature of Halaman Kristal 1 West Façade Selected Points. 
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Point 

Time 
A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 

12:00 32.6 32.2 32.2 32.6 32.8 32.5 32.1 32.2 32.5 32.1 32.3 32.2 

1:00 33.4 33.3 32.8 32.9 33 33 32.4 32.8 32.9 33 33.3 33.1 

2:00 34.1 34.3 33.9 34.1 34.4 34.3 34.1 34.6 34.5 34.6 35 34.6 

3:00 35 35.3 34.9 34.9 35.3 35.1 35.3 35.9 35.8 35.4 36 35.9 

4:00 35.1 35.4 35 35 35.4 35.2 35.6 36.3 36.3 35.4 35.8 35.7 

5:00 38.2 38.6 37.9 38.6 39.1 38.8 39.1 40.3 40.4 39.3 40 39.5 

6:00 37.1 37.8 37 37.4 38.2 37.7 38.1 39.5 39.4 37.4 38.5 38.2 

TABLE III: The Surface Temperature of Mutiara Idaman 2 West Façade Selected Points. 
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Point 

Time 
A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 

12:00 31.7 32.2 32.8 31.8 32.7 32.7 32.2 32.9 32.3 32.6 32.2 32.4 

1:00 32.3 32.3 34 32.6 32.5 34 32.8 33.6 32.9 32.6 33.3 33 

2:00 33.8 33.6 34.2 33.8 34 35 34.3 34.2 34.8 34.2 34.4 35 

3:00 34.5 34.2 35.6 34.8 35.8 36.3 35.2 35.8 35.6 35.3 35.5 36.2 

4:00 34.5 34.5 35 34.5 35 35.5 35.2 35 35.5 35.1 35 35.9 

5:00 37.7 37.1 37.3 39.4 38.7 40.8 39.9 39.2 40.8 39.6 39.3 40.8 

6:00 37.4 37 37.9 37.4 37.1 38.5 38 37.5 38.3 37.8 37.6 38.5 
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TABLE IV: The Average of Halaman Kristal 2 Surface Selected Point’s Temperature. 
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Point 

Time 
A B C D Average 

12:00 32.33 32.63 32.27 32.20 32.63 

1:00 33.17 32.97 32.70 33.13 33.23 

2:00 34.10 34.27 34.40 34.73 34.77 

3:00 35.07 35.10 35.67 35.77 35.63 

4:00 35.17 35.20 36.07 35.63 35.77 

5:00 38.23 38.83 39.93 39.60 39.50 

6:00 37.30 37.77 39.00 38.03 38.40 

TABLE V: The Average of Mutiara Idaman 1 Surface Selected Point’s Temperature. 

M
u

ti
a

ra
 I

d
a
m

a
n

 2
 

M
a

rc
h

 1
5

 

Point 

Time 
A B C D Average 

12:00 32.23 32.40 32.47 32.40 32.60 

1:00 32.87 33.03 33.10 32.97 33.13 

2:00 33.87 34.27 34.43 34.53 34.73 

3:00 34.77 35.63 35.53 35.67 36.07 

4:00 34.67 35.00 35.23 35.33 35.67 

5:00 37.37 39.63 39.97 39.90 40.37 

6:00 37.43 37.67 37.93 37.97 38.23 

5. Discussion 

Figure 8 shows the average of façade surface temperature for Halaman Kristal 1 and Mutiara Idaman 2, the 

results show: 

 Both cases studies have very close surface temperature at all measurements hours. 

 The lowest façade surface temperature of Halaman Kristal 2 building was recorded at 12:00 PM 

with 32.63 ℃. 

 The highest temperature in an average of Halaman Kristal 2 was 39.50 ℃ at 5:00 PM. 

 The lowest surface temperature of Mutiara Idaman 1 was recorded at 12:00 PM with 32.60 ℃. 

 The highest temperature of Mutiara Idaman 1 was at 5:00 PM with 40.37 ℃. 

 

 
Fig. 8: The Average surface temperature of both case studies 

6. Conclusion 

The surface thermal images results show that both case studies’ façade have similar surface temperature and 

same performance during all simulation hours. The results find that the modern architectural style’s façade is not 

very sufficient in term of façade thermal performance, the lack of shading devices and the building orientation 

left a negative effect on the façade thermal performance. Thus, the modern architectural style faced design left a 
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bad effect on the indoor temperature which causes uncomfortable atmosphere and increases the usage of air 

conditioning in order to reach the indoor thermal comfort level. And that will maximize the energy consumption. 

The research recommends applying the same study on other high-rise buildings with different architectural style 

and compare between the façade thermal performance of them and try to provide guideline for better façade 

shading design 
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