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Abstract. The study investigates apartment’s façade thermal performance with neo-minimalist 
architectural style in Penang, Malaysia. Neo-minimalist style is considered as the most popular style 
in Malaysia in 2010s. The style is rediscovering from early modern minimalist movement with a 
design concept “less is more”. It applies minimal and efficient design of architectural character in 
defining form and space. Penang Island the second most important city in Malaysia after Kuala 
Lumpur. It is located at the north-western part of the country. The first case studies is the Light 
Linear apartment which has sixteen stories located on the east cost of Penang Island at Pantai Street, 
Penang. The second case study is BayStar apartment building, the eleven stories building tis located 
in Bayan Lepas at the seaside facing Jerejak Island. In order to conduct this study Fluke Ti20 
thermal imager was used to capture thermal images for the west facades of the selected case study 
hourly from 12:00 to 6:00 pm on 15th March 2017. The study finds that the recessed wall, balconies 
and the shading devices were the important elements to provide shades on the façades for good 
thermal performance. 

1 INTRODUCTION 
The study aims to investigate the façade surface temperature of two neo-minimalist architecture style high-

rise buildings within Penang Island, Malaysia. The two selected case studies are located in the eastern part of 
Penang Island, Malaysia with longitude 100.3288° E and latitude 5.4142° N. Penang is considered the second 
most important state in Malaysia [1, 2], and it has experienced rapid development in the last three decades [3].  
High-rise buildings have been built in Malaysia since the 1970s. Lately, high-rise buildings have become a 
popular residential building type in Malaysia because of the ability to provide the required high number of 
dwelling units [4]. A 2010 study by the Department of Statistics Malaysia found that over 2 million people live 
in high-rise apartment buildings in Malaysia, and this number has been increasing rapidly in the last 2 decades [5] 
(Figure 1).  

 

 

Fig.1. Houses types ratio in Malaysia. 
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2 PROBLEM STATEMENT  
Energy consumption is considered one of the most important issues that scholars are trying to solve and reduce. 

In countries with tropical climate such as Malaysia, it is very important to have an excellent façade design to be 
able to provide sufficient shading performance and prevent unnecessary solar radiations from penetrating into the 
house [6–8]. When the building façade is exposed to direct sunlight which is the case for many buildings, it has a 
problem of transferring the heat from outside wall to the indoor area of the building. The high amount of 
unnecessary solar radiation causes heat gain inside the building which leads to uncomfortable thermal conditions 
due to the temperature increase which growths the usage of air-conditioning to cool down indoor area [9–11]. 
 

3 CASE STUDIES 
The first selected case study is The Light Linear. The sixteen stories building is located on the east coast of 

Penang Island at Pantai Street, Penang (Figure 2). While the second selected case study is  BayStar apartment 
which is eleven stories tall and is located by the seas, facing Jerejak Island in Bayan Lepas. Both selected case 
studies have neo-minimalist architectural style, and they are built for high-income families (Figure 3) 

 
 

 

 

         

Fig. 2 The light Linear Condominium                  Fig. 3 Baystar Condominium 

4 METHODOLOGY 
This research is based on field study. It involves snapping thermal images of the west façade for the two 

selected case studies. The thermal images were taken by thermal camera known as Fluke Ti20 thermal imager 
(Figure 4). The thermal images were snapped hourly base from 12:00 to 6:00 pm on 15th March 2017 [12].  

The Fluke Ti20 is an infrared camera which is able to take images with thermal information that can provide 
the temperature of every point of the building façade [13]. To analyse the thermal images taken by the Fluke Ti20, 
the images were then exported into SmartView® computer software which comes with the Fluke device. This 
software has tools to help the researcher to analyse the images and the results, and produces photos with infrared 
and digital images together to provide all the required information in a very easy way to perform the analysis [14, 
15] (Figure 5). 
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Fig. 4. Fluke Ti20 thermal imager                             Fig. 5. An example of an infrared image  

5 RESULTS ANALYSES  
Three limitations were involved in this study, the first limitation is that the study was conducted in the 

afternoon hours as mentioned earlier (from 12:00 to 6:00 pm), and this was because the sunlight during the 
morning hours is not as intense as during the afternoon hours, and is more important to be measured. The second 
limitation of the research was a delay time when taking the thermal images of the two selected case studies as the 
two buildings are located about 5 kilometres apart from each other. It caused about 10 minutes delay. While the 
other limitation is the two selected case studies are of different heights, as they are 11 and 16 stories tall 
respectively.  

 

 

Fig. 6. The selected points of both case studies. (Left: Baystar.  Right: The Light Linear) 

As mentioned earlier, the thermal images were taken hourly for the two selected case studies from 12:00 to 6:00 
pm on 15th March. Figure 6 shows the facade selected points of both case studies. The resulting surface 
temperature for the selected points are shown in Table 1 -3 and Figure 7 as follows: 

 
Table 1. The thermal images of the two selected case studies on 15th March 2015. 

Time Baystar  The Light Linear 

12:00 
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1:00 

 

 

2:00 

 

 

3:00 
 

 

 

4:00 

 

 

5:00 

 
 

6:00 
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Table 2. The surface temperature of Mutiara Idaman 1 west façade selected points. 
B
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Point 
Time A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 

12:00 32.2 32.3 32.8 32.7 32.3 32.8 32.6 32.4 33 32.7 32.4 33.1 

1:00 32.3 32.5 33.2 33 32.7 33.1 32.8 32.9 33.4 32.8 32.8 33.7 

2:00 33.5 33.2 34.1 34.6 33.5 34.1 34.3 34 34.4 34.6 34.2 35.2 

3:00 33.4 33.6 34.5 35.4 33.9 34.4 35.3 34.2 34.6 35.3 34.4 35.2 

4:00 36.6 35.6 36.7 37.8 35.8 37 37.6 35.9 37.4 38.3 36.7 37.8 

5:00 37 36.5 38.1 39 36.5 37.7 38.7 36.7 38.5 38.8 37.3 39.4 

6:00 35.6 35.8 37.9 36.6 36 37.8 36.9 36.6 38.9 36.9 37.1 39.6 

 

Table 3. The surface temperature of The Light Linear west façade selected points. 
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Point 
Time A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 

12:00 31.3 31.6 31.6 31.4 31.9 31.7 31.4 31.8 31.7 31.4 31.8 31.8 

1:00 32.9 33.3 32.9 32.9 33.3 33 33.1 33.6 33 33.1 33.3 33.1 

2:00 34.1 33.9 34.7 34.1 34.1 34.5 34 34.1 34.5 34.2 34.2 34.8 

3:00 34 34.5 34.2 33.9 34.2 33.9 34 34.4 34 34.2 34.3 34.1 

4:00 36.1 34.9 36.2 36.1 34.9 35.8 35.6 35.6 35.9 36 35.9 36.3 

5:00 38.2 39.3 38.7 38.6 39 38.5 39.3 40 38.7 39.3 39.5 38.9 

6:00 40 38.2 40.8 40.1 39 40.8 39.4 39.4 40.7 39.6 39.5 41.4 

 

 
 

Fig. 7. The façade selected points’ surface temperature of both case studies (Left: Baystar. Right: The Light 
Linear). 

6 DISCUSSION  
Figure 8 shows the average of façade surface temperature for both selected case studies, where the findings 

show that: 
 Both Baystar and The Light Linear have similar temperature readings in most of the measurement 

hours. 
 The highest temperature was at 6:00 pm at The Light Linear with 39.91°, while the lowest 

temperature was 31.62° during the first hour. 
 The lowest temperature measured at Baystar façade was 32.61° at 12:00 pm and the highest 

temperature was 37.85° at 5:00 pm. 
 Comparing the results with average façade surface temperature of modern architectural style 

buildings (figure 9), the results show that the neo-minimalist style buildings have better shading 
performance.  
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Fig. 8. The Average surface temperature of both case studies 

 

Fig. 9. The Average surface temperature of neo-minimalist and modern style buildings.  

7 CONCLUSION  
The research outcomes show that neo-minimalist architectural style is efficient, and it is able to provide good 
façade shading elements like wide balconies, recessed wall and preventing the unnecessary intense sunlight and 
solar radiation from increasing the indoor atmosphere temperature, and that will help to achieve the indoor thermal 
comfort. So, applying this architectural style will help to decrease the use of mechanical air conditioning for the 
thermal comfort. This research is the first step in the guide for designers and architects for their upcoming projects 
in order to design a building with efficient façade shading design. 
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