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Abstract: An application of sun-shading device is one of the 

options to elevate the exterior façade appearance while keeping 

the thermal performance at the best for the indoor. This research 

aimed to evaluate the effectiveness of selected types of fixed 

passive sun-shading devices installed at three-story terrace shop 

houses in Malaysia. Most previous studies on this passive strategy 

have been conducted via software simulation, in which results 

were not validated by field measurement. Therefore, this research 

employed stationary experiment on actual building and 

meteorological condition using three types of fixed shading 

devices: egg crates (SDE), vertical (SDV), and horizontal (SDH). 

SDE showed significant improvement on indoor thermal 

environment by reducing indoor air temperature (Ta) of about 

0.98 K on the average of a month and 2.11 K on the highest 

temperature on the average of a month. SDE also showed 

significant performance during the hottest sunny day, in which it 

reduced 1.23 K for the average of a day. Meanwhile, on the hottest 

peak time, SDE reduced 5.40 K compared to the control room. 

Similarly, for indoor mean radiant temperature (Tmrt), SDE 

showed notable performance during the high peak temperature 

on the average of a month (2.38 K) and during the hottest day 

(7.70 K) compared to control room, SDV, and SDH. On top of 

that, SDH also showed similar performance as SDE on the 

average of a month by a difference of 0.03 K. The experimental 

results also indicate that SDH showed the best performance at 

night by releasing heat faster than other types of sun-shading 

devices. This passive solution is one of the best options to improve 

indoor thermal performance and potentially contribute to energy 

savings on the building operation.  

 

Keywords: Fixed sun-shading device, Egg crate shading 

device, Horizontal shading device, Vertical shading device, Indoor 

thermal performance 

I. INTRODUCTION 

Building an envelope-boundary between an outdoor and 

indoor thermal environment plays important roles in  

regulating thermal environment to provide a livable, healthy, 

and conducive indoor environment [1]. About 20% to 60% of 

energy use in buildings is affected by the design and 

construction of the building envelope [2]–[3]. Extensive 
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energy is needed for cooling the indoor space especially in the 

tropical climate, which is hot and humid throughout the year. 

Several passive cooling design strategies have been invented 

to overcome excessive solar heat gain and heat transfer via 

building envelope [4]–[10]. Nevertheless, a simple 

attachment of sun-shading devices on the external surface of a 

building envelope can also significantly improve the thermal 

environment of indoor and energy usage [11]–[13]. The 

connection between temperature and buildings determines the 

thermal performance of buildings so that the occupants feel 

comfortable to stay in the buildings [14]. Comfortable and 

conducive thermal environment can be achieved with the 

application of passive cooling such as fixed sun-shading 

device on the external surface of buildings. 

  The choice of the most effective type of passive 

sun-shading design is crucial in gaining maximum impact on 

the thermal performance of the building. Sun-shading device 

systems are the most important components to elevate the 

building appearance and are practically used as a heat barrier 

especially in tropical regions [15]. The sun-shading device 

system provides significant control of indoor thermal 

performance, visual comfort, and conditions of spaces and 

affect energy demands whilst enabling occupants to manage 

their privacy and view to outside [16]–[20]. A variety of 

aspects should be considered in sun-shading system design, 

including thermal requirements, transmittance of daylight and 

indoor visual impact, safety, aesthetic value, maintenance, 

cost efficiency, reliability, users’ demands, and other 

utilizations [16]–[17], [21]. The main purpose of a 

sun-shading system is to protect a building from direct solar 

radiation [15], [22], where it performs two basic role as a 

regulator: to improve building performance and create a 

healthy environment [23].  

Passive sun-shading systems include shading devices that 

follow the passive design approach. The basic notion of this 

approach is that no energy source is involved. This category is 

divided into two types: fixed and adjustable shading devices 

[24]–[25]. Three main considerations influence the 

effectiveness of shading device, which are the climate and 

meteorological factors, surrounding site environment, and 

design objective. The integration between shading devices 

with a cavity space and two-layer façade  

potentially produces a better building design 

performance [26]. A study measured the indoor thermal 

performance of three different types of passive sun-shading 

designs on an actual-scale building and a decrease was  
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observed in indoor ambient temperature between 1 and 

5.75 °C [27]–[29]. The study was conducted in the hot and 

dry climate of Jordan, where the climate condition is different 

with that of this study, which is in the tropics. Meteorological 

parameter is one of the factors that affect the overall 

performance of the sun-shading system in providing a more 

conducive indoor thermal comfort performance. Therefore, 

this study aimed to investigate the effectiveness of three types 

of fixed sun-shading devices, namely horizontal (SDH), 

vertical (SDV), and egg crates (SDE) through comparative 

thermal performance study. 

II. MATERIALS AND METHODS 

Experiment was conducted at shop house buildings. 

Basically, in Malaysia, a shop house is a building used for 

commercial activities at the ground level and for living at the 

upper floor. However, this function has changed, in which the 

upper floor is no longer used for residence but for office or 

commercial activities instead. Nevertheless, the ground floor 

remains a commercial space. A shop house is a terraced 

longitudinal building, which can exceed up to 30 m long, 

having two or three floors. The selected shop houses for this 

research are surrounded by widely open parking area on the 

west and south (frontage) and double-story shop houses on the 

north. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Four identical units of shop houses were used in this 

study. The three-story unit is located at Lot 105, 106, 107, and 

108, Block A, City Campus, Universiti Tun Hussein Onn 

Malaysia (UTHM) (Fig. 1). Identical rooms from each unit 

(10 m
2
) were selected for the study, which are located 

frontmost of the building, on the second floor. The rooms 

were exposed to direct solar radiation (facing west) due to the 

wide opening of front façade and received the highest thermal 

radiation. The rooms were identical in terms of size, window 

openings, materials, and building orientation. All rooms were 

left empty and no activities were allowed during the 

measurement-taking process.  

Three units were installed with each type of sun-shading 

device on the exterior of the building, and one room was left 

bare as a control room. Fig. 2 shows the types of shading 

devices used in this study, i.e., SDE, SDH, and SDV. All 

shading devices were designed with 150 mm depth and gaps 

for each panel, which were similar designs in previous 

research done by others. The material of the sun-shading 

device is aluminum-based with silver paint coatings. Window 

openings are the most affected by direct solar radiation into 

the buildings [30]. Therefore, all three types of sun-shading 

devices covered the windows openings located on each room. 
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Fig. 1: The three types of shading devices: Egg Crates (SDE), Vertical (SDV), 

and Horizontal (SDH) installed on the shop house buildings. 

 

Fig. 2: Details types of fixed sun-shading device  

used in this study 
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The study was conducted for three months (1 May – 31 

July 2019) and measurements were taken at 10-min intervals 

for 24 h. For the present study, only the results for one 

selected hot and sunny day (7 May 2020) and the average for 

May 2019 are discussed. Data was collected through field 

measurement. Each room (Fig. 3) was equipped with thermal 

comfort meter (Delta Ohm HD32.3 PMV data logger) for 

indoor data collection. This thermal comfort instrument 

measured internal air temperature (Ta), relative humidity 

(RHi), globe temperature (Tg), and air velocity (Va). Mean 

radiant temperature (Tmrt) was automatically calculated by the 

instrument.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSION 

The results shown are indoor air temperature (Ta) and 

mean radiant temperature (Tmrt), which show the thermal 

performance of the interior. Results for the selected day of 

experiment (hot and sunny day, 7 May 2019) and the average 

of one month (May 2019) are shown. 

A. Indoor Air Temperature (Ta) 

Indoor air temperature is the most important indicator in 

investigating cooling effect performance. The higher 

reduction of indoor air temperature indicates a better cooling 

effect performance of the sun-shading device. Fig. 4 and 

Table I shows the results of the comparisons of internal air 

temperatures (Ta) generated from each room fitted with SDH, 

SDV, and SDE, as well as control room that did not have any 

sun-shading device installed. Throughout the 24 h 

measurement, the highest Ta was 39.20 °C recorded at 1810 (7 

May 2019) in the control room. 

For the rooms installed with fixed sun-shading devices, 

SDE room performed the best in reducing indoor air 

temperature by a reduction of 5.40 K. This was followed by 

SDV room with a reduction of 5.10 K, and SDH room with a 

reduction of 4.20 K. Throughout the 24 h experiment 

duration, the average SDE room Ta was reduced to 1.23 K, 

followed by SDV (1.10 K) and SDH (0.91 K). The average Ta 

recorded in the control room was 33.55 °C. 

Outdoor ambient temperature (Tao), relative humidity 

(RHo), and solar radiation were also measured for outdoor 

environment. The Onset Hobo U30-NRC weather station was 

set up to collect background meteorological parameters 

including wind speed, wind direction, solar radiation, rain, 

and ambient temperature. All the indoor instruments were 

installed at a 1 m height from the floor level and located at the 

center of each room. All instruments were calibrated in the 

same room and under control environment before data 

collection process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table I: Comparison of sun-shading devices 

performances compare to the highest (Ta) at control room 

recorded on 7 May 2019. 
Type of Sun-Shading 

Device 

Indoor Air 

Temperature (Ta) 

Temperature 

Difference 

Egg crates  (SDE) 33.80 °C 5.40 K 

Vertical      (SDV) 34.10 °C 5.10 K 

Horizontal (SDH) 35.00 °C 4.20 K 

 

 

Fig. 3: Floor plan showing the position of instruments set up at the research area.  

 

 

 Fig. 4: Comparison of air temperature (Ta) generated 

by each room on the sun-shading performance 

recorded on 7 May 2019. 
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 On the average hours of one-month measurement (Fig. 5 

and Table II), the highest ambient temperature (Ta) was 34.44 

°C, recorded at 1900 in the control room. SDE room 

performed the best by showing a reduction of 2.75 K. The 

results also show reduction of temperature in both SDV (2.60 

K) and SDH (2.32 K) rooms. SDE performed moderately all 

the time and the reduction of temperature showed the best 

result during daytime. These results also support a simulated 

previous study, which showed that the SDE device resulted in 

more comfort hours in a year compared to SDV and SDH 

[15]. 

A previous study done using simulation [31] on 

comparing SDE, SDH, and SDV performance showed that 

egg crates performed the best on reducing power consumption 

and increasing energy savings up to 9.9%–10.4%. Another 

research on the field study showed that SDE lowered the 

indoor building temperature up to 10%, compared to SDV 

which only reduced the temperature by 6% [29]. This finding 

shows that shading devices with different designs will 

produce a significant results in energy consumption. 

Therefore, this study can be further explored on the impact of 

each type of sun-shading device toward the energy-saving 

process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table II: Comparison of sun-shading devices 

performances compare to the highest (Ta) at control room 

recorded in one month (May 2019). 
Type of Sun-Shading 

Device 

Indoor Air 

Temperature (Ta) 

Temperature 

Difference 

Egg crates  (SDE) 31.69 °C 2.75 K 

Vertical      (SDV) 31.84 °C 2.60 K 

Horizontal (SDH) 32.12 °C 2.32 K 

B. Indoor Mean Radiant Temperature (Tmrt) 

On the hot and sunny day (7 May 2019), the internal 

mean radiant temperature (Tmrt) was higher than Ta. The 

highest temperature was 40.90 °C, recorded at 1810, resulting 

from the heat transferred to the interior without sun shading 

(control room). The installation of the fixed sun-shading 

devices proved that this passive method plays a significant 

role in reducing Tmrt. SDE room performed the best in 

reducing Tmrt by 7.70 K compared to the control room. For 

SDV and SDH rooms, Tmrt were reduced by 7.10 and 6.70 K, 

respectively, compared to the highest temperatures were 

recorded in the control room. 

However, for average Tmrt within 24 h, SDH device 

showed better thermal performance than the other types (Fig. 

6 and Table III). The average Tmrt for the control room was 

33.05 °C. SDH device reduced the average Tmrt up to 1.29 K, 

and SDE and SDV reduced 1.26 and 1.06 K, respectively. 

Comparing the difference between SDH and SDE is only 0.03 

K. The design of SDH with fixed louvers allows for air 

movement and helps dissipate heat through convection. 

However, the design of SDE with uniform perpendicularly 

horizontal and vertical fixed louvers discouraged the process 

of night cooling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table III: Comparison of sun-shading devices 

performances compare to the highest (Tmrt) at control 

room recorded on 7 May 2019. 
Type of Sun-Shading 

Device 

Indoor Air 

Temperature (Tmrt) 

Temperature 

Difference 

Egg crates  (SDE) 33.20 °C 7.70 K 

Vertical      (SDV) 33.80 °C 7.10 K 

Horizontal (SDH) 34.20 °C 6.70 K 

From the study of one month (Fig. 7 and Table IV), the 

highest mean radiant temperature (Tmrt) recorded was 33.32 

°C at 1900 in the control room. The result shows that SDE 

performed the best by reducing 2.38 K, followed by SDH 

(2.31 K) and SDV (2.01 K). The average Tmrt recorded in the 

control room was 31.29 °C. SDE performed the best by 

reducing 1.11 K compared to SDH (0.92 K) and SDV (0.73 

K).  

The difference of 0.19 K between SDE and SDH shows 

that both sun-shading devices are performed better at night 

while SDE performed at its best during daytime. These results 

indicate that the cooling performance happens overnight until 

early morning (2100–0700). A similar pattern can be noticed 

between the cooling effect performance of indoor air 

temperature and indoor mean radiant temperature.  

 

 

 

 

 

 

 

 

 

Fig. 5: Comparison of indoor air temperature (Ta) 

generated by each room on the sun-shading 

performance recorded in one month (May 2019). 

 

 
Fig. 6: Comparison of mean radiant temperature (Tmrt) 

generated by each room on the sun-shading performance 

recorded on 7 May 2019. 
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Table IV: Comparison of sun-shading devices 

performances compare to the highest (Tmrt) at control 

room recorded in one month (May 2019). 
Type of Sun-Shading 

Device 

Indoor Air 

Temperature (Tmrt) 

Temperature 

Difference 

Egg crates  (SDE) 30.94 °C 2.38 K 

Vertical      (SDV) 31.31 °C 2.01 K 

Horizontal (SDH) 31.01 °C 2.31 K 

IV. CONCLUSION 

Fixed sun-shading devices have been widely studied as 

one of the passive cooling systems that contributes toward 

indoor thermal performance. Most of the research has 

identified egg crate devices as the best device to improve 

daylight and thermal comfort. The results from this research 

show the importance of sun-shading devices as an effective 

option to regulate thermal environment. However, the 

performance of each type of sun-shading device depends on 

the design and material used. In this study, SDE performed 

the best in reducing the heat on the peak day and on the 

average result in a month. The SDE can be concluded as the 

best sun-shading system to reduce indoor temperature. 

Nevertheless, SDH showed good results in reducing mean 

radiant temperature at night during the hottest day. This study 

also indicates that SDH releases heat at night faster than other 

types of sun shades. This is good for thermal comfort 

especially when we are sleeping. SDV shows a moderate 

impact toward indoor thermal performance. In overall 

conclusion, SDE provides a better thermal performance in a 

room with natural ventilation. 
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Fig. 7: Comparison of mean radiant temperature 

(Tmrt) generated by each room on the sun-shading 

performance recorded in one month (May 2019). 
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