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ABSTRACT  
 
External shading devices play a crucial role in reducing solar radiation entering buildings 
and are an important strategy for lowering cooling loads in tropical regions with high 
temperatures, high humidity and intense solar radiation. This study used a combination 
of field measurements and software simulations to explore the appropriate ratio of 
overhang shading devices for a faculty office at Universiti Teknologi Malaysia (UTM). 
By applying the appropriate ratio of shading device, the compliance rate of indoor air 
temperature (IAT) in the test room can be brought into compliance with the 
requirement. Building on this, the study simulated the data of IAT and daylight factor 
(DF) for four common types of external shading devices across 16 building orientations 
to identify the appropriate shading device for each orientation. This study found that the 
most suitable shading device for the -45° building orientation (North-west) is the egg 
crate shading device. Applying it at an appropriate ratio increased compliance rate of 
IAT of the test room by 20.7%. This study can provide data and theoretical support for 
the design and practice of shading devices for buildings in tropical regions such as 
Malaysia. 
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1.  Introduction  
 
Increased energy consumption in buildings for space cooling, due 
to the phenomenon of overheating (Su et al., 2021). Many 
researchers focus on office buildings because their current energy 
performance is poor and they have large potential for energy saving 
(Chai et al., 2020). Research on office buildings has largely focused 
on conventional office skyscrapers, which typically have high 
occupancy and fixed, continuous working hours. However, faculty 
offices in educational institutions—characterized by low occupancy 
and irregular working hours—may exhibit lower energy efficiency. 
And buildings in the tropics are more prone to overheating due to 
high temperatures, high humidity and intense solar radiation 
(Gamero-Salinas et al., 2020). Shading devices can mitigate 
overheating by blocking solar radiation from entering the room, 
thus reducing energy consumption. There is a study that indicated 

that small optimizations of shading devices in the tropics can 
significantly improve the energy performance of buildings (Koç & 
Maçka Kalfa, 2021). A study conducted in the Metro Manila area 
shows that using optimized shading devices in tropical regions can 
improve indoor comfort. It can also support long-term energy 
saving and sustainable development (Tayag & Conejos, 2025). 
Therefore, exploring appropriate shading devices for faculty office 
buildings in the tropics is essential to mitigate overheating and 
reduce energy consumption. 
 
The main purpose of shading devices is to shade a building against 
the sun. The performance of shading devices is affected by factors 
such as solar intensity, the solar path, and the orientation of the 
windows (Rana et al., 2022a). And shading depends entirely on the 
location of the sun in the sky (Rana et al., 2022a). This is because 
the timing and duration of solar radiation varies with the sun's 
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position in the sky. Therefore, each building orientation should be 
paired with corresponding appropriate shading devices. Using the 
appropriate shading device ensures the shading system performs at 
its best—minimizing solar heat gain, lowering indoor air 
temperature, enhancing indoor environmental performance, and 
ultimately reducing the energy consumption of the building. 
 
Shading devices can be divided into different types according to 
different classifications. However, all shading devices can be 
divided into external and internal shading devices according to the 
location, and into fixed and dynamic shading devices according to 
the mode of operation. Internal shading devices also minimize heat 
exchange between the indoor and outdoor environments, thus 
reducing energy consumption (Rana et al., 2021). However, 
compared with internal shading devices, external shading devices 
are a more effective type of shading device (Zheng et al., 2025). 
Although dynamic shading systems are garnering more research 
attention due to their high investment prices, complex design 
techniques, and operational energy requirements, fixed shading 
devices remain the most common kind employed in building design 
(Koç & Maçka Kalfa, 2021). Therefore, this study will focus on 
exploring appropriate external fixed shading devices. 
 
Different orientations and different types of shading devices 
produce different effects. A study in Malaysia showed that adding 
external shading in different orientations led to different reductions 
in indoor temperature (Oleiwi & Mohamed, 2022).As shown in 
Table 1, most of the studies on external shading devices focus on 4 
orientations or less, with a maximum of 8 orientations. However, 
the complexity of the requirements during the actual design and 
construction of the building can lead to uncertainty in the 
orientation of the building. In order to meet the practical 
requirements of a larger number of buildings, this study will 
explore appropriate shading devices in 16 orientations. In terms of 
types of shading devices, this study explored four common types of 
shading devices. The vast majority of shading devices employed in 
actual buildings can be simplified into these 4 types of shading 
devices. 

Simulation is a powerful and effective method when many 
parameters need to be considered to predict or determine the best 
solution (Rana et al., 2021). It can also be seen from Table 1 that 
17 of the 20 studies used only simulation, two used only field 
measurements, and only one study used a combination of field 
measurements and simulation for data collection. Field 
measurements have the advantage of being realistic and accurate 
but the generalisability of their results is limited and they are 
weather dependent. Simulation allows rapid exploration of many 
scenarios that are impractical or impossible to measure in the real 
world, such as different orientations. However, simulations have 
the disadvantage that realism is unpredictable. Therefore, this study 
uses a combination of field measurements and simulations. Field 
measurement provides reliable, real-world data that serves as a 
benchmark for simulation, which in turn allows for broad, flexible 
exploration of shading devices performance. 
 
The novelty of this study lies in three main aspects. First, this study 
focuses on faculty office buildings, a building type that has received 
less attention in previous studies, to explore their energy saving 
potential. Second, this study investigates the effectiveness of four 
common types of shading devices in reducing indoor temperatures 
across 16 building orientations, expanding the scope of existing 
studies. Third, this study employs a combined approach of field 
measurements and simulations, ensuring both the accuracy and 
reliability of the data while enhancing the generalizability of the 
findings. 
 
It is hypothesized that using optimized external shading devices in 
faculty office buildings will keep indoor air temperature and 
daylight factor within a suitable range. Compared with offices 
without optimized shading devices, this will reduce the use of 
mechanical cooling systems such as air conditioning and finally 
lower the building’s energy consumption. 
 
 
 

 
Table 1 Research on shading devices from 2020 to 2025 

Cite Research Year Field Measurement Simulation Orientations 

(Huo et al., 2020) 2020 √  1 

(Settino et al., 
2020) 

2020  
√ 4 

(Alwetaishi et al., 
2021) 

2021 √ 
√ 3 

(Alajmi et al., 
2021a) 

2021  
√ 4 

(Koç & Maçka 
Kalfa, 2021) 

2021  √ 3 

(Eltaweel et al., 
2021) 

2021  
√ 1 

(Do & Chan, 2021) 2021  √ 1 

(Wang et al., 2022) 2022  √ 4 

(Valitabar et al., 
2022) 

2022  
√ 1 
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2. Methodology 
 
2.1   Investigation of Indoor Thermal Performance for 

Test Room 
 
This study selected an office located on the fourth floor of Block 
B11, Faculty of Built Environment and Surveying, Universiti 
Teknologi Malaysia (UTM), Johor Bahru, Malaysia, for field 
measurements. The test room is equipped with an overhang 
shading device, and its windows are oriented towards the 
northwest. The precise coordinates of the test room are 
1°33'28.95" N and 103°38'07.34" E. The four-story office 

building adopts a reinforced concrete beam-and-column structural 
system. The office ceilings are fitted with mineral fiber ceiling tiles, 
with a ceiling height of 3.75 m. The operable windows measure 
1.70 m × 1.70 m, while the fixed windows facing the corridor are 
1.20 m × 1.20 m. Additionally, the door is a hard wood door with 
dimensions of 1.00 m × 2.10 m. The room’s window, equipped 
with a shading device, faces a parking area with no obstruction from 
trees or tall buildings. The position of the test room is shown in 
Figure 1. 
 
 

 

 
 

Figure 1 Location of the test room (Google map) (Left) and Position of the test room (view from car park) (Right) 
 
 

The IAT in the test room was measured and recorded from 6:00 
a.m. on 19 June 2023 to 8:00 p.m. on 19 July 2023 using the 
HOBO UX100-011 for this field measurement. The time interval 
was 15 minutes. The HOBO UX100-011 is a data logger designed 
for highly accurate air temperature monitoring. The data logger 

contains a mass memory for storing automatically measured 
values. The measuring device was placed on a desk with a height 
of 0.75 m, and its position is shown in Figure 2. The placement 
point is located within the occupied zone as defined by ASHRAE 
standards for measuring indoor thermal environmental 

(Abdelwahab & 
Sobh, 2022) 

2022  √ 4 

(Rana et al., 2022b) 2022  √ 4 

(Mohammed et al., 
2022) 

2022  
√ 1 

(Mangkuto et al., 
2022) 

2022  
√ 4 

(Dev & Saifudeen, 
2023) 

2023  
√ 4 

(Baghoolizadeh et 
al., 2023) 

2023  
√ 1 

(Alsukkar et al., 
2023) 

2023  
√ 1 

(C et al., 2023) 2023  √ 1 

(Yao et al., 2024) 2024  √ 1 

(Tayag & Conejos, 
2025) 

2025  
√ 1 

(Zheng et al., 2025) 2025  √ 1 



286                            Jian Peng et al.  -International Journal of Built Environment and Sustainability 13:3 (2026) 283–304 

 

 

parameters. According to the standard, the occupied zone is 
defined as the space between the floor and 1.8 m above the floor, 
more than 1 meter away from exterior walls or windows, and at 
least 0.3 m away from interior walls (ANSI/ASHRAE Standard 55-
2013, n.d.). 
 
2.1.1 Requirements for Indoor Thermal Performance  

 
The acceptable range of indoor air temperatures may vary across 
people from different regions. The recommend range of IAT in 
MS 1525: 2019 is between 24 °C and 26 °C, but it is for air-
conditioned buildings. A study conducted at Universiti Tun 
Hussein Onn Malaysia found that most students perceived the 
indoor environment as thermally comfortable when the indoor 
temperature ranged between 26.9 °C and 27.4 °C (Abdul Rahim 
et al., 2024). Furthermore, a recent study involving 

questionnaires and interviews with Malaysian students indicated 
that, in naturally ventilated environments, the acceptable 
temperature range is between 26.0 °C and 30.7 °C (Abuelnuor 
et al., 2021).  
 
Due to significant physiological and psychological differences 
among individuals, some studies define a comfortable indoor 
environment as one in which at least 80% of occupants perceive 
it as comfortable. According to (BSEEP Passive Design 
Guidebook Final, 2013), some thermal comfort models use a 
minimum standard of thermal comfort where at least 80% to 90% 
of participants feel comfortable. Based on the reviewed studies 
and the specific context of this research, the indoor thermal 
performance requirement is defined as maintaining the indoor air 
temperature between 26 °C and 30.7 °C for at least 80% of the 
working hours between 9:00 a.m. and 6:00 p.m. 
 

 

 
 

Figure 2 Position of measurement equipment (▲) 
 
 

2.2   Exploration of Appropriate Shading Devices for 
Test Room 

 
2.2.1 Requirements for Indoor Thermal Performance  

 
This study integrates the modeling software SketchUp and 
OpenStudio with the EnergyPlus simulation engine. SketchUp 

Pro 2022 is used to draw and create the geometric form of the 
model, while OpenStudio 1.5.0 (2023) is employed to modify 
model properties such as construction and materials. 
Subsequently, EnergyPlus 22.2.0 (2023) is used to simulate and 
calculate IAT and Daylight Factor (DF). The workflow for this 
process is illustrated in Figure 3. 
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As shown in the figure above, the SketchUp modeling process 
utilizes basic architectural information such as floor plan 
dimensions, door and window sizes, and shading device 
dimensions. Detailed parameters related to building construction 
and materials are then imported into OpenStudio to ensure that 
the model closely reflects real conditions. Finally, the building’s 
location and local weather data are imported into EnergyPlus to 

simulate and generate IAT and DF data for the test room. The 
SketchUp model of the test room is shown in Figure 4. Table 2 
presents detailed information on the test room's construction and 
materials, while Figure 5 displays the weather data for the test 
room's location. 
 

 
 

Figure 3 Research operational flow 
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Figure 4 3D model of test room (The orange lines in the figure represent the north direction) (Left) and Section view (Right) 
 
 

Table 2 Detailed parameters of the construction and materials for the test room 

 
 

Element Material Thickness (mm) Thermal 
conductivity 

(W/m·K) 

Density 
(kg/m³) 

Specific heat 
(J/kg·K) 

Wall 

gypsum plaster 12 0.42 1200 837 

brick 75 0.721 1700 800 

gypsum plaster 12 0.42 1200 837 

Floor 

reinforce 
concrete 

100 2.6 2500 750 

mineral fibre 
tiles 

16 0.052 280 840 

Roof 

gypsum 
plasterboard 

10 0.16 950 840 

fibre glass 
insulation 

50 0.05 36 840 

clay roof tile 15 0.84 1900 800 

Ceiling 

mineral fibre 
tiles 

16 0.052 280 840 

reinforce 
concrete 

100 2.6 2500 750 

fibre glass 
insulation 

25 0.05 36 840 

Door hard wood 25 0.158 721 1255 

Windows single glass 3 0.9 - - 

Shading Device concrete 50 0.5 2400 1050 
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Figure 5 Weather data recorded at the weather station at Senai International Airport in Johor Bahru 
 
 

2.2.2 Validation Results  
 

In this study, the simulation was conducted to generate data on 
indoor air temperatures at 15-minute intervals between 9 a.m. 
and 7 p.m. on 21 June 2023, and this data was then compared 
with data obtained from field measurements to validate the 
accuracy of the model and simulation software. Some studies have 
adopted Root Mean Square Error (RMSE) and Mean Bias Error 
(MBE) to determine the closeness between simulated results and 
field measurements. A study investigating solutions to glare issues 
during daytime fire evacuation in Malaysian office buildings 
employed RMSE and MBE to validate the similarity between 
simulation outputs and on-site data (Aw et al., 2023). Another 
study, which optimized building energy consumption using a 
dynamic shading system, also utilized RMSE and MBE to assess 
the discrepancy between simulated and measured results during 
daylighting control analysis (Kunwar et al., 2021). In addition, a 
study using EnergyPlus to explore façade design for indoor air 
temperature and cooling loads in buildings in tropical regions also 
used RMSE and MBE to validate the simulation results (Tong et 
al., 2021). The equations for RMSE and MBE are shown as 
follow: 

 RMSE (%)= 
�1

n
∑ (Si- Ai)2n

i=1  

∑ Ai
n
i=1 /n

×100, 

 MBE (%)= 
∑ (Si- Ai)n

i=1

∑ Ai
n
i=1

 ×100,  

Where Si represents the value from simulation, Ai represents the 
value from field measurement, n represents number of 
measurements. 

 
 
The RMSE and MBE of the simulated IAT in the test room from 
9am to 6pm on 21 June 2023 are summarised in Table 3. A 
number of studies validating models and simulation accuracy have 
indicated that simulation results are sufficient to meet the 
ASHRAE standards when the MBE is within ±10% and the RMSE 
is below 30% (Aw et al., 2023; Tong et al., 2021). In this study, 
both the values of RMSE and MBE are less than 10%, so the 
accuracy of the model and simulation meets the requirements and 
the model can be used for simulation in the subsequent process of 
this study. 
 
2.2.3 Requirements for Appropriate Shading Devics  

 
After the validity of the model and simulation software is 
validated, the model will be used to simulate the IAT and DF of 
the test room with different ratios of overhanging shading 
devices. The simulation results will be analysed to determine the 
appropriate ratio of overhanging shading devices for the test room 
and compared with the current indoor thermal performance of 
the test room to determine the feasibility of adjusting the shading 
devices to improve the indoor environmental performance. The 
model used to explore the appropriate ratio of overhang shading 
device for the test room is shown in Figure 6. 
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Table 3 Comparison between simulation and field measurement 

 
 

 
 

Figure 6 SketchUp model of test room with shading device (The orange lines in the figure represent the north direction) 
 
 

In tropical regions, indoor air temperatures are generally high, 
and increasing the ratio of shading devices may significantly 
improve indoor thermal performance. However, an excessive 
ratio of shading device can lead to poor indoor daylight 
performance. Therefore, DF is introduced as an additional 
evaluation metric when determining the appropriate ratio of 
shading device for the test room and, subsequently, for 

identifying appropriate shading devices across the 16 orientations. 
DF provides a direct method for describing the distribution, 
penetration, and intensity of daylight within space, as referenced 
in MS1525:2019. The recommended range of DF in 
MS1525:2019 is shown in Figure 7. 
 

 
 

Date Time (hour) RMSE (%) MBE (%) 

21/06/2023 

09:00 7.90 7.85 

10:00 7.65 7.61 

11:00 7.89 7.84 

12:00 6.98 6.95 

13:00 6.21 6.16 

14:00 6.20 6.16 

15:00 5.79 5.79 

16:00 7.66 7.64 

17:00 7.81 7.80 

18:00 8.15 8.13 
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Figure 7 Range of DF in Table 1 of MS 1525 

 
 

In summary, the requirement for determining the appropriate 
ratio of shading device for the test room, as well as for identifying 
appropriate shading devices across the 16 orientations is that on 
the four key days of the year—spring equinox, summer solstice, 
autumn equinox, and winter solstice—between 9:00 a.m. and 
6:00 p.m., at least 80% of the time the IAT should fall within the 
range of 26 °C to 30.7 °C, and the DF should range between 1% 
and 6%. 
 
2.3   Identification of Appropriate Shading Devices 

for Different Orientations 
 
After determining the impact of appropriate shading devices in 
improving indoor environmental performance, this study uses the 
validated model to simulate IAT and DF for four types of shading 

devices, each applied with varying ratios across 16 orientations. 
The goal is to identify the appropriate type and ratio of shading 
device for each orientation. Most of the external shading devices 
can be simplified into four fundamental types: overhang, side fins, 
overhang with side fins, and egg-crate shading devices. 
Furthermore, due to the complexity of architectural practice, 
building orientations can vary widely. However, dividing 
orientations at 22.5° intervals into 16 directions allows for 
broader coverage and applicability across a wider range of 
building orientations. Therefore, the findings of this study are 
broadly applicable and widely generalizable. The models of the 
four types of shading device are shown in Figure 8 and Figure 9, 
and the 16 orientation divisions are illustrated in Figure 10. 
 

 
 

Figure 8 Model of overhang shading device (Left) and Model of side fins shading device (Right) 
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Figure 9 Model of overhang with side fins shading device (Left) and Model of egg-crate shading device (Right) 
 
 

 
 

Figure 10 Schematic diagram of the 16 orientations 
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2.3.1 Calculation of the Ratio Of Shading Devices  
 

The ratio of an external shading device typically refers to the 
proportion of the device's dimensions (such as depth, width, or 
projection) relative to the window it is shading. This ratio is 
crucial in determining the effectiveness of the shading device in 
reducing solar heat gain. The following are the calculation 
methods for determining the ratios of the four types of devices 
explored in this study: overhang, side fins, overhang with side fins 
and egg-crate shading devices. 
 
The ratio for overhang shading devices is the ratio of depth to 
height. Depth is measured from the exterior surface of the 
window to the outermost edge of the device, as indicated by Dh 
in Figure 11. Height is measured from the underside of the device 
to the bottom of the window, as indicated by H in Figure 11. The 
equation is as below: Rh = Dh / H, Where Rh is the horizontal 
ratio of shading device, Dh is measured from the exterior surface 
of the window to the outermost edge of the device, and H is 

measured from the underside of the device to the bottom of the 
window. 
 
The ratio for side fins shading devices is the ratio of depth to width. 
Depth is measured from the exterior surface of the window to the 
outermost edge of the device, as indicated by Dv in Figure 11. 
Width is the width or span between vertical devices, as indicated 
by W in Figure 11. The equation is as below: Rv = Dv / W, Where 
Rv is the vertical ratio of shading device, Dv is measured from the 
exterior surface of the window to the outermost edge of the 
device, and W is the width or span between vertical devices. 
 
Overhang with shading devices and egg-crate shading devices are 
all combined shading devices. The calculation of the combined 
shading device's ratio is divided into two parts: the horizontal 
ratio (Rh) and the vertical ratio (Rv). The methods for calculating 
these two ratios are the same as those described earlier for 
overhang shading device and side fins shading device. 
 

 
 

Figure 11 Ratio of overhang shading device (Left) and Ratio of side fins shading device (Right) 
 
 

2.3.2 Calculation of the ratio of shading devices  
 

If the DF for all 16 orientations fails to meet the requirement at a 
certain ratio, this study will not proceed with simulating larger 
ratios for that type of shading device. As the ratio of shading 
devices increases, more daylight entering the room will be 
blocked and the percentage of time that DF meets the 
requirement will decrease. The suitable ratio ranges for the four 
types of shading devices across 16 building orientations are 
presented in Figures 12, 13, 14, and 15 respectively. As 
illustrated in the figure, the DF compliance rate drops below 80% 

across all 16 orientations when the ratio reaches 1.3 for the 
overhang shading device, 1.5 for the side fins shading device, 1.0 
for the overhang with side fins shading device, and 0.6 for the 
egg-crate shading device. Therefore, the ratios simulated in this 
study range from 0.1 to 1.3 for overhang shading devices, 0.1 to 
1.5 for side fins shading devices, 0.1 to 1.0 for overhang with side 
fins shading devices, 0.1 to 0.6 for egg crate shading devices. All 
shading device types are evaluated at intervals of 0.1. 
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Figure 12 Compliance rate of DF for overhang shading devices with different ratios across 16 building orientations 
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Figure 13 Compliance rate of DF for side fins shading devices with different ratios across 16 building orientations 
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Figure 14 Compliance rate of DF for overhang with side fins shading devices with different ratios across 16 building orientations 
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Figure 15 Compliance rate of DF for egg-crate shading devices with different ratios across 16 building orientations 
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3. Results 
 
3.1   Current Status of Indoor Thermal Performance 
 
This study conducted field measurements of IAT in a typical 
faculty office within the study area from June 19 to July 19, 2023. 
Data was recorded every 15 minutes between 9:00 a.m. and 6:00 
p.m. daily, providing a reliable reflection of the test room’s 
indoor thermal performance. The results of the field 
measurements are shown in Figure 16. 
 
As shown in Figure 16, the IAT in the test room ranged between 
26.32 °C and 34.65 °C from June 19 to July 19, 2023, during 
the daily period from 9:00 a.m. to 6:00 p.m. The highest 
recorded temperature occurred at 6:00 p.m. on June 28, while 
the lowest was observed at 9:00 a.m. on July 15. The percentage 

of time during which the indoor air temperature remained within 
the acceptable range of 26 °C to 30.7 °C was only 72.54%, which 
fell below the 80% threshold required in this study. Throughout 
the one-month period from June 19 to July 19, 2023, the IAT in 
the test room never fell below 26°C between 9:00 a.m. and 6:00 
p.m. This indicates that the room consistently experienced 
elevated temperatures, suggesting a condition of indoor 
overheating. Because the small ratio of overhang shading device 
allowed excessive solar radiation to enter the interior. Increasing 
the overhang shading ratio could help mitigate this over-heating. 
Further research is needed to explore the appropriate ratio of 
overhanging shading devices used in the test room so that the 
compliance rate of IAT in the test room meets the requirements 
of this study. 
 

 
 

Figure 16 Measured data of IAT for the test room (Left) and Compliance rate of IAT for the test room (Right) 
 
 

3.2   Appropriate Ratios for Test Room 
 
Based on the previous results, the low ratio of the overhang 
shading device in the test room resulted in high IAT, that failed 
to meet the requirements in this study. Therefore, this study 
proceeds to simulate the indoor air temperature and illuminance 
levels of the test room with overhanging shading devices using 
ratios of 0.4 to 1.3 at intervals of 0.1. the requirement for 

determining the appropriate ratio of shading device is that on the 
four key days of the year—spring equinox, summer solstice, 
autumn equinox, and winter solstice—between 9:00 a.m. and 
6:00 p.m., at least 80% of the time the IAT should fall within the 
range of 26 °C to 30.7 °C, and the DF should range between 1% 
and 6%. 
 

 
 

Figure 17 Compliance rate of IAT and DF for overhang shading devices with different ratio on -45° building orientation (Northwest) 
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As shown in Figure 17, when the ratio of overhang shading device 
for the northwest-facing test room falls between 0.4 and 0.6, 
both the IAT and DF compliance rates exceed 80%, meeting the 
requirements of this study. Therefore, the appropriate ratio of 
overhang shading device for the test room is identified as 0.4 to 
0.6. By applying appropriate ratio of shading device, the 
compliance rate of IAT in the test room increased from 72.54%, 
which did not meet the requirements, to 87.16%, which fulfilled 
the requirements. This demonstrates that appropriate shading 
devices can indeed enhance the compliance rates of IAT and DF, 
thereby improving indoor environmental performance. 
 
However, the appropriate ratio of the same type of shading device 
may be different for different orientations, and the appropriate 
ratio for different types of shading devices on the same orientation 
may also be different. To provide practical guidance applicable to 
a wide range of building scenarios, this study will proceed to use 
the validated model to simulate IAT and DF data for four 
common types of shading devices with different ratios across 16 
orientations to determine the most suitable shading device for 

each orientation and the appropriate ratio for each type of shading 
device. 
 
3.3   Appropriate Shading Device for Different 

Orientations 
 
3.3.1 Appropriate Shading Devices on 0° Building 

Orientation 

 
Due to the solar path, the 0° building orientation (north) in 
Malaysia primarily receive diffuse light, with minimal direct solar 
radiation. As shown in Figure 18, for overhang shading devices in 
rooms with a 0° building orientation, the appropriate ratio is 
between 0 and 0.5. For side fins shading devices in rooms with a 
0° building orientation, the appropriate ratio is between 0 and 
0.6. For overhang with side fins shading devices in rooms with a 
0° building orientation, the appropriate ratio is between 0 and 
0.4. Similarly, for egg-crate shading devices in rooms with a 0° 
building orientation, the appropriate ratio is between 0 and 0.2. 

 

 
 

Figure 18 Compliance rate of IAT and DF for four types of shading devices with different ratios on 0° building orientation: (a) overhang 
shading devices; (b) side fins shading devices; (c) overhang with side fins shading devices; (d) egg-crate shading devices 

 
 

In buildings, the energy consumed to reduce IAT accounts for the 
largest share of total energy use. Furthermore, the DF 
continuously satisfies the necessary standard, guaranteeing visual 
comfort, provided that the ratio of shading device stays within a 
appropriate range. Therefore, to identify the most suitable type 

of shading device for rooms on 0° building orientation, this study 
compares the maximum IAT compliance rate achieved by each 
type of shading device when applied within its respective 
appropriate ratio range. 
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With a ratio of 0.5, the highest IAT compliance rate for overhang 
shading devices is 93.92%, as seen in Figure 19. With a ratio of 
0.6, side fins shading devices have the highest IAT compliance 
rate, at 92.57%. With a ratio of 0.4, overhang with side fins 
shading devices have the highest IAT compliance rate, at 93.24%. 

Similarly, with a ratio of 0.2, egg-crate shading devices have the 
highest IAT compliance rate, at 93.24%. Consequently, overhang 
shading device is the most suitable type of shading devices for 0° 
building orientation.

 
 

Figure 19 Compliance rate of IAT and DF for four types of shading devices with appropriate ratios on 0° building orientation: (a) overhang 
shading devices; (b) side fins shading devices; (c) overhang with side fins shading devices; (d) egg-crate shading devices 

 
 

The remaining 15 building orientations were analysed using the 
same method as for the 0° building orientation to identify the 
appropriate ratio for the four types of shading devices. The most 
suitable type of shading device for each orientation was then 
identified by comparing the compliance rates for indoor air 
temperature when using the appropriate ratio of shading devices. 

The appropriate ratio for the four types of shading devices across 
16 building orientations, along with the highest IAT compliance 
rates for four types of shading devices when using appropriate 
ratios are summarised in Table 4. Blue text indicates the type of 
shading device that achieved the highest IAT compliance rate at 
its appropriate ratio. 
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Table 4 The appropriate ratio for the four types of shading devices across 16 building orientations and the highest IAT compliance rates for 
four types of shading devices when using appropriate ratios 

 
 
4.  Discussion  
 
To facilitate reference and application in architectural practice, 
this study summarizes the most suitable type of shading device 
and appropriate ratios for four commonly used types of shading 
devices for the 16 building orientations in Table 5. Blue text 
indicates the most suitable type of shading device for that 
orientation. 
 
Field measurements indicate that using low-ratio overhang 
shading device at the -45° building orientation is insufficient to 
block direct solar radiation, resulting in indoor overheating. 
Simulation results show that increasing the ratio of overhang 
shading device to an appropriate level improves the compliance 
rate of IAT to meet the requirement, though it is not the most 
effective solution available. According to the solar path, shading 
devices located in the -45° building orientation (north-west) 
require vertical shading devices to block low-angle lateral solar 
radiation. The use of unsuitable type of shading devices in the test 
room also contributed to the unsatisfied IAT. Simulation results 

show that the most suitable shading device for the -45° building 
orientation (North-west) is the egg crate shading device. 
Applying it at an appropriate ratio increases compliance rate of 
IAT of the test room by 20.7%. This means that a northwest-
facing faculty office will not need mechanical cooling systems 
such as air conditioning for 93.24% of the time when using an 
egg-crate shading device at a 0.4 ratio. Because faculty offices 
have low occupancy and irregular usage times, offices with 
optimized shading devices can greatly reduce the use of air 
conditioners and fans. This will save a large amount of energy and 
greatly improve the building’s energy efficiency. 
 
At the 0° building orientation, direct solar radiation is minimal 
throughout the year, making shading devices nonessential. 
Overhang shading device can effectively block the intense, high-
angle solar radiation during midday. The results of this study 
show that there is little variation in IAT and DF, so shading 
devices for the 0° building orientation are not necessary, which is 
consistent with its result. One study comparing overhang shading 
devices, side fins shading devices and overhang with side fins 

Orientations Overhang Shading 
Devices 

Side Fins Shading 
Devices 

Overhang with  
Side Fins Shading Devices 

Egg-crate 
Shading Devices 

0° 0-0.5; 
0.5 (95.32%) 

0-0.6; 
0.6 (92.57%) 

0-0.4; 
0.4 (93.24%) 

0-0.2; 
0.2 (93.24%) 

22.5° 0.1-0.6; 
0.6 (90.54%) 

0.1-0.7; 
0.7 (87.84%) 

0.1-0.4; 
0.4 (88.51%) 

0-0.2; 
0.2 (89.19%) 

45° 0.2-0.6; 
0.6 (86.49%) 

0.3-0.6; 
0.6 (88.51%) 

0.2-0.5; 
0.5 (90.54%) 

0.1-0.3; 
0.3 (91.22%) 

67.5° 0.3-0.8; 
0.8 (88.51%) 

0.3-0.7; 
0.7 (82.43%) 

0.3-0.6; 
0.6 (89.19%) 

0.2-0.3; 
0.3 (87.16%) 

90° 0.4-1.0; 
1.0 (85.13%) 

0.3-0.9; 
0.9 (87.16%) 

0.4-0.7; 
0.7 (90.54%) 

0.2-0.4; 
0.4 (91.22%) 

112.5° 0.5-1.0; 
0.9 (91.22%) 

0.4-0.8; 
0.8 (84.46%) 

0.4-0.7; 
0.7 (91.22%) 

0.2-0.4; 
0.4 (97.97%) 

135° 0.5-1.0; 
0.9 (95.95%) 

0.4-0.9; 
0.9 (83.78%) 

0.4-0.9; 
0.9 (95.27%) 

0.3-0.4; 
0.4 (93.24%) 

157.5° 0.5-0.9; 
0.9 (99.32%) 

0.5-1.1; 
1.1 (91.22%) 

0.5-0.8; 
0.8 (93.92%) 

0.2-0.3; 
0.3 (94.59%) 

180° 0.5-0.9; 
0.9 (99.32%) 

0.5-1.2; 
1.2 (91.22%) 

0.4-0.8; 
0.8 (95.95%) 

0.2-0.3; 
0.3 (97.97%) 

-157.5° 0.6-1.0; 
1.0 (93.92%) 

0.6-1.2; 
1.2 (92.57%) 

0.5-0.9; 
0.9 (97.97%) 

0.2-0.3; 
0.3 (97.30%) 

-135° 0.7-1.1; 
1.1 (96.62%) 

0.7-1.2; 
1.2 (91.22%) 

0.6-0.9; 
0.9 (92.57%) 

0.2-0.4; 
0.3 (95.95%) 

-112.5° 0.7-1.2; 
1.2 (91.22%) 

0.7-1.1; 
1.1 (87.16%) 

0.6-0.9; 
0.9 (91.89%) 

0.3-0.4; 
0.4 (91.22%) 

-90° 0.7-1.2; 
1.2 (91.89%) 

0.8-1.1; 
1.1 (89.86%) 

0.6-0.9; 
0.9 (92.57%) 

0.3-0.5; 
0.5 (96.62%) 

-67.5° 0.5-0.8; 
0.8 (87.16%) 

0.6-0.9; 
0.9 (89.86%) 

0.5-0.9; 
0.9 (93.24%) 

0.3-0.5; 
0.5 (93.92%) 

-45° 0.4-0.6; 
0.6 (87.16%) 

0.4-0.7; 
0.7 (88.51%) 

0.3-0.6; 
0.6 (88.51%) 

0.3-0.4; 
0.4 (93.24%) 

-22.5° 0.3-0.6; 
0.6 (87.16%) 

0.4-0.8; 
0.8 (87.84%) 

0.3-0.7; 
0.7 (95.27%) 

0.2-0.3; 
0.3 (93.24%) 
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shading devices in reducing annual building energy consumption 
showed that overhang with side fins shading devices were more 
effective than overhanging shading devices in 0°, 90°, 180°, -90° 
building orientations (Alajmi et al., 2021b). The results of this 
study are inconsistent with its findings in all four building 
orientations. The results of this study show that overhang shading 
devices are more effective than overhang with side fins shading 

devices at 0° and 180° building orientations. The most suitable 
shading device for the 90° and -90° building orientation was the 
egg-crate shading device. However, the result of this study is that 
overhang shading devices are more effective than egg-crate 
shading devices on 0° and 180°building orientations. The egg-
crate shading devices are more effective than the overhang 
shading devices at 90° and -90° building orientations.

 
Table 5 Appropriate ratio for four common types of shading devices in 16 building orientations 

 
 
5.  Conclusions 
 
By combining field measurements with simulation, this study 
identified the most suitable type of shading device for each of the 
16 building orientations, as well as the appropriate ratio ranges 
for four common types of shading device at each orientation. The 
findings contribute to improving the indoor environmental 
performance of faculty office buildings in tropical regions, 
thereby reducing energy consumption. The main conclusions are 
as follows: 
1. The faculty office in the study area exhibited poor indoor 

thermal performance as the compliance rate of IAT was only 
72.54%. 

2. The most suitable shading device for the -45° building 
orientation (Northwest) is the egg crate shading device. 
Applying it at an appropriate ratio increased compliance rate 
of IAT of the test room by 20.7%. 

3. The building orientations for which the overhang shading 
device was identified as the most suitable type are 0°, 22.5°, 
135°, 157.5°, 180° and -135°. The building orientations for 
which the overhang with side fins shading device was 
identified as the most suitable type are 67.5°, -157.5°, -

112.5° and -22.5°. The building orientations for which the 
egg-crate shading device was identified as the most suitable 
type are 45°, 90°, 112.5°, -90°, -67.5° and -45°. 

 
There are some limitations to this study. The findings of this study 
are limited to tropical region. Future research could explore the 
effectiveness of shading devices in other climatic regions to 
understand how different environmental conditions affect the 
performance of shading devices. The exploration of the buildings 
focused on faculty office, which was mid-rise building with 
relatively low human traffic. Future research could explore the 
impact of shading devices on high-traffic spaces. Understand how 
shading devices affect the indoor environmental performance of 
more densely occupied spaces. 
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Orientations Overhang Shading 
Devices 

Side Fins Shading 
Devices 

Overhang with  
Side Fins Shading Devices 

Egg-crate 
Shading Devices 

0° 0-0.5 0-0.6 0-0.4 0-0.2 

22.5° 0.1-0.6 0.1-0.7 0.1-0.4 0-0.2 

45° 0.2-0.6 0.3-0.6 0.2-0.5 0.1-0.3 

67.5° 0.3-0.8 0.3-0.7 0.3-0.6 0.2-0.3 

90° 0.4-1.0 0.3-0.9 0.4-0.7 0.2-0.4 

112.5° 0.5-1.0 0.4-0.8 0.4-0.7 0.2-0.4 

135° 0.5-1.0 0.4-0.9 0.4-0.9 0.3-0.4 

157.5° 0.5-0.9 0.5-1.1 0.5-0.8 0.2-0.3 

180° 0.5-0.9 0.5-1.2 0.4-0.8 0.2-0.3 

-157.5° 0.6-1.0 0.6-1.2 0.5-0.9 0.2-0.3 

-135° 0.7-1.1 0.7-1.2 0.6-0.9 0.2-0.4 

-112.5° 0.7-1.2 0.7-1.1 0.6-0.9 0.3-0.4 

-90° 0.7-1.2 0.8-1.1 0.6-0.9 0.3-0.5 

-67.5° 0.5-0.8 0.6-0.9 0.5-0.9 0.3-0.5 

-45° 0.4-0.6 0.4-0.7 0.3-0.6 0.3-0.4 

-22.5° 0.3-0.6 0.4-0.8 0.3-0.7 0.2-0.3 
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