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Daylighting is a passive design approach in architecture. It is abundant, free and has no 
negative environmental impact in tropical countries. It has a positive physiological and 
psychological effect on males, in addition to excellent colour rendering. Despite its 
broad availability and advantages, daylighting is often underutilized, particularly in the 
tropics. This study aims to see how light diffuser material and shading devices affect 
Malaysia's daylighting system. The investigation was carried out via the use of VELUX 
Daylight Visualizer for daylight simulations. From the series of parametric studies, the 
selected design of external shading devices to undergo comparison on their shading 
effect. Various variables were also taken into consideration including orientations, 
dates, & times. The simulation process is pursued in two phases. The first one was the 
daylight factor simulation under overcast sky condition, in which two out of four 
models with shading devices were selected based on their daylight factor results for 
further simulation. In the second phase, two selected models together with the base 
case model underwent illuminance simulation under intermediate sky condition. The 
results show that the integration of light diffuser material on shading device can 
increase the daylighting potential while reducing glare and hotspots. The findings of 
this study help the designer and architect in their design decision especially in the early 
design phase in term of daylighting performance. 
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1. Introduction 
 

Buildings are responsible for 40% of global energy use [1-4]. Artificial lighting consumes 25 to 40% 
of the energy utilised on a worldwide scale [5]. When the amount of energy consumption is restricted 
to Asian nations, the trend of energy consumption remains consistent [1]. According to a study on 
energy consumption of commercial buildings in South Asia, the figure is 233 kWh/m2/yr [6]. Malaysia 
as a country utilises 269 kWh/m2/yr, the most among the countries surveyed, according to the same 
report. This discovery is similar to the one made by Ramli et al., [7]. Energy usage of less than 135 
kWh/m2/yr is recommended per Malaysian standards. However, nearly 100% of energy use exceeds 
this requirement [6]. 
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According to a research, cooling and ventilation, lighting, office equipment and other uses 
account for 58, 20, 19 and 3% of energy usage in Malaysian government offices, respectively [8]. In 
office buildings, 57% of energy use is for cooling and heating, 19% is for lighting, 18% is for pumps 
and the remaining 6% is for other services [9]. These studies reveal that lighting in Malaysian office 
buildings consumes a significant amount of energy. Power consumption should be minimised to 
ensure sustainable development; hence, the 11th Malaysia Plan for 2016–2020 intends to encourage 
the use of green technology in the provision of electricity goods and services [10]. However, data 
show that the cooling and lighting loads in Malaysian structures would be the most difficult to 
overcome. According to Saidur [9], lighting accounts for almost 19% of overall energy usage in 
Malaysian office buildings. 

Higher energy costs, excessive reliance on fossil fuels and awareness of the resulting 
environmental damage have led to demand for energy efficiency in buildings. Building shading to 
reduce energy consumption requires careful consideration. Many studies have focused on the use of 
shading devices. For example, an outdoor shading system can save 10% to 11.3% energy in hot and 
humid conditions [11]. On the other hand, most shading devices are designed for aesthetics rather 
than energy efficiency. Designers may ignore data about the importance of awnings because they 
conduct research later in the design development process. Solar shading devices need to be carefully 
considered early in the design, especially on façades with high windows to walls [12]. This article aims 
to investigate the effectiveness of shading devices for more energy-efficient buildings in the hot and 
humid environment of Malaysia. This study examines the effects of different configurations of 
sunshades on lighting. 

 
2. Literature  
2.1 Daylighting 

 
According to Heerwagen et al., [13], daylight is light from the sun that has diffused through the 

atmosphere, clouds and particles in the air. It is divided into three sections: 
 

i. Sky component (SC) 
ii. External reflected component (ERe) 

iii. Internal reflected component (IRC) 
 

2.1.1 Benefits and significant of daylighting 
 
Malaysia receives a lot of sunlight every year, according to Sern et al., [14]. As a result, it is 

advocated that sunshine be exploited as a source of indoor illumination. Furthermore, according to 
Ander [15], daylight is beneficial in the following areas: 

 
i. The flow of light and the modelling of things in the space: In contrast to the normally 

downward luminous flux found in many lighting systems, a room illuminated from the side in 
daylight has an almost horizontal luminous flux near the window. Modelling of the resulting 
room objects is often considered better than what can be achieved with artificial downlights 
alone. 

ii. Colour variation in natural lighting: The light from the sun is hotter than the light from an 
overcast sky, which is hotter than the light from a clear north sky. Because sunshine does not 
tend to falsify, the colour rendition will be as accurate as possible. 
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iii. Outsider's perspective: While any view from a structure is better than none, most people 
prefer to gaze out a window at natural components like trees or grass rather than closely 
neighbouring buildings. According to various studies, having a view of the sky is crucial and 
individuals who are further away from windows suffer from a loss of natural view and a lack 
of natural lighting. 

iv. Certain building types may save money on their net fuel costs: Increased daylighting may save 
a lot of money on energy expenditures in commercial buildings, which is more important than 
any increases in heating costs from artificial lights and other sources. 

 
2.1.2 Malaysia climate condition 

 
Malaysia is a nation in Southeast Asia just north of the equator. Malaysia is completely tropical, 

with latitudes ranging from 1 to 7 degrees north and longitudes of 100 to 120 degrees east [16]. High 
heat and humidity characterize the environment throughout the year. Throughout the year, Malaysia 
is bathed with natural light. In Malaysia, the sky is defined as intermediate or average, with cloudy 
skies 85.7% of the time and overcast skies 14.0%. 

 
2.1.3 Problems of daylight 

 
The following elements raise the risk for daylight problems: 
 

i. Limited light entry to a room: Whether or whether there is a view of the sky, electric lighting 
will almost certainly be needed throughout the day in spaces far from windows in large rooms. 

ii. Availability of daylight: Depending on the time of day and month of the year, the quantity of 
daylight accessible varies. It also fluctuates during the day. 

iii. Glare due to window: Windows with lots of light glare can be felt in places observed from a 
usually gloomy interior, especially if the view is of a bright sky. 

 
2.1.4 Visual comfort and performance 

 
The body structure of the attention is intently related to visible feature features, which can be 

used to evaluate whether or not a specific lighting fixtures circumstance allows sight or visibility. 
Enough quantity of mild for the predicted visible task, uniform illuminance and luminance 
distribution, enough directionality to version third-dimensional gadgets and surfaces (path of 
incident mild from the facet or from above), loss of glare and enough spectral content material to 
render shades as it should be while required are all traits of suitable visibility. 
 
2.2 Shading System 
2.2.1 Background of shading system research 

 
There have been numerous studies on the use of daylighting systems and shading devices as 

strategies for reducing energy consumption in buildings. Table 1 categorizes research on daylight 
systems and shading devices by the types of shadings, energy analysis methodology, parameters and 
environment included in the study. The data was compiled using Science Direct, Web of Science, 
Scopus and Conference Proceedings. Keywords like daylighting, light shelf, office spaces, visual 
performance and tropical environment were used to achieve this. Table 1 lists a few notable research 
studies and their findings. 
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Table 1 
Significant research study and result 
Author Date Title Result 

Al-Tamimi 
et al., [17] 

2011 The Potential of Shading Devices for 
Temperature Reduction in High-Rise 
Residential Buildings in the Tropics. 

The use of egg-crate shading reduces the 
number of hours spent in discomfort. 

Aldawoud 
[18] 

2013 Conventional fixed shading devices in 
comparison to an electrochromic glazing 
system in hot, dry climate. 

When compared to other evaluated shading 
circumstances, electrochromic glazing delivers 
the highest performance in lowering solar heat 
gains. 

Cho et al., 
[19] 

2014 Viability of exterior shading devices for high-
rise residential buildings: Case study for 
cooling energy saving and economic 
feasibility analysis. 

The horizontal overhang and the vertical panel 
would reduce cooling energy demand by 
19.7% and 17.3%, respectively. 

Esquivias et 
al., [20] 

2016 Climate-based daylight analysis of fixed 
shading devices in an open-plan office 

Overhangs, as well as horizontal and vertical 
louvres, behave similarly. 

Lau et al., 
[21] 

2016 Potential of Shading Devices and Glazing 
Configurations on Cooling Energy Savings for 
High-rise Office Buildings in Hot-humid 
Climates 

The most yearly cooling energy savings are 
achieved with egg-crate shadings. 

Qing et al., 
[22] 

2017 External Window Sunshade Device 
Simulation Analysis and Optimization Design 

Designed a foot shading device that is more 
user-friendly for pupils. 

Rashid et 
al., [23] 

2019 The Efficacy of Shading Design in Commercial 
Buildings in The Semi-arid Climate of Lahore 

For a southern aspect, horizontal shadow is the 
most beneficial. 

Sghiouri et 
al., [24] 

2020 Comparison of passive cooling techniques in 
reducing overheating of clay-straw building in 
semi-arid climate 

The most efficient method is automated 
moveable shade. 

 
2.2.2 External shading devices 

 
External shading devices such as eaves, awnings and veranda are important for limiting undesired 

solar heat intake, especially in cooling-dominant regions and throughout the summer in temperate 
climates. Shading devices operate by preventing direct sun radiation from entering a room through 
windows. Second, they help by limiting the amount of heat that is transferred directly to the walls. 
The most effective technique to limit solar heat gain is to use external shade devices. 

 

 
Fig. 1. Classification of different types of fixed external shading devices 

 



Journal of Advanced Research Design 

Volume 138 Issue 1 (2026) 26-41  

30 

 
Fig. 2. Types of fixed external shading devices 

 
3. Methods  
3.1 Simulation Methods 

 
The five suggested models were examined in this study using the VELUX Daylight Visualizer 

program. This simulation program has been demonstrated to properly estimate daylighting 
performance early in a building's design phase and display the effects of different design decisions 
on daylight performance. It uses both raytracing and radiosity techniques. It is based on a simulation 
with a physical foundation that offers photometric quantities (illuminance and luminance) in three-
dimensional models. Numerous research studies have tested and validated this software [25-27]. 

 
3.2 Model Design and Simulations Procedure 

 
A typical deep plan office space with dimensions of 6.0m (width) x 12.0m (depth) x 3.0m (height) 

was designed as a base model (Figure 3) in SketchUp and imported into Velux software for simulation 
in this study. Base model is then applied with 4 types of shading devices.  
 

 
Fig. 3. A 6mx12m base case model with one side opening 
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Figure 4 shows the types of shading design from Type A to Type D which is window light shelf, 
overhand, horizontal louver blinds and folding form with light diffuse material respectively.  
 

 
Fig. 4. Selected 4 types of shading designs 

 
Table 2 shows the reflectance, light diffuser transmittance and roughness of the surface material 

values. 
 

Table 2 
Values for the surface properties in VELUX simulation 
Components Reflectance (%) Light Diffuser Transmittance (%) Roughness (%) 

Internal Wall, Floor, & Ceiling 40 0 0.03 
Shading Devices 40 0 0.03 
Façade Diffuse Material - 30 - 

 
As shown in Figure 5, diffuse daylight enables the most productive use of the building floor plate 

because there are fewer "hot spots" or areas that are caused by direct sunlight near the building. 
Some daylight is transmitted directly, while the majority is diffused, to reduce the energy required 
for artificial lighting, reduce glare and promote user comfort. 

 

 
Fig. 5. Illustration of light diffuse through diffuse 
material 

 
The simulation process is pursued in two phases. The first one was the daylight factor simulation, 

in which two out of four models with shading devices were selected based on their daylight factor 
results for further simulation. In the second phase, two selected models together with the base case 
model underwent illuminance simulation. 
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3.3 Criteria of Analysis 
3.3.1 Estimated indoor illuminance (EII) 

 
The daylight ratio (DR) is the ratio of interior illuminance to outside illuminance level. According 

to Dahlan et al., [28], it is a feasible strategy that can only be used in places around the equator. 
Furthermore, it is used in tropical daylighting research since the absolute value of illuminance will 
alter over time. The daylight ratio was applied as a standard measurement for the illuminance 
simulation of five models. 

The simulated outdoor global horizontal illuminance from the Velux simulation was significantly 
lower than the actual exterior global horizontal illuminance from a tropical sky. Thus, the simulated 
illuminance level was utilised to determine the DR, which was then converted to estimated indoor 
illuminance (EII) using the equation shown in Eq. (1). The EII values employed for this investigation at 
09:00, 12:00 and 15:00 were 27,104 lx, 84,613 lx and 74,991 lx, respectively [29]. Results obtained 
were taken and went through comparison and analysis. The comparison was completed based on 
their percentage of comfort Lux reading based on the indoor floor area. 
 

𝐷𝑅 =
𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑂𝑢𝑡𝑑𝑜𝑜𝑟 𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒

𝐸𝑥𝑡𝑒𝑟𝑖𝑜𝑟 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝐺𝑙𝑜𝑏𝑎𝑙 𝐼𝑙𝑙𝑢𝑚𝑖𝑛𝑎𝑛𝑐𝑒
 𝑥 100%         (1) 

 
3.3.2 Illuminance 

 
The models were oriented to face North, East, South and West in order to capture data from 

various angles during the day. Three design days were used, on the 21st of March, the 21st of June 
and the 21st of December, with three different hours of 09:00, 12:00 and 15:00. The amount of days-
lighting within the room was identified using the Velux daylight visualizer to assess visual comfort. 
The illuminance level and daylight factor inside the room were calculated using this simulation tool. 
Because the room's purpose is an office space, the norm of visual comfort will be 300-500 lux 
according to Table 3. 
 

Table 3 
Recommended room illumination level 
Location IES Standards MS 1525 Recommendation Panduan Teknik JKR 

General office with mainly clerical task 500 300-400 500 
Executive office 500 300-400 300 

 
3.3.3 Daylight factor (DF) 

 
The daylight factor is a yearly simulation of the daylight ratio under overcast skies that provides 

the worst-case scenario of a design [30]. It also considers surface reflections, window transmittance 
and surface interreflections. In this simulation sky setting, an overcast condition is selected, which 
reflects the worst-case scenario to moderate with sun. Therefore, the direction of the structure and 
the time required have no effect on the outcomes of the computations.  

The Green Building Index Non-Residential New Construction (GBI NRNC) Tools and MS1525: 2014 
Implementation Standards for Energy Efficiency and Renewable Energy Use of Non-Residential 
Buildings are method to achieve green office buildings in Malaysia. Points are awarded under Daylight 
Credit EQ8 (for GBI NRNC) based on the percentage of net rentable area (NLA) that achieves a 
Daylight Factor (DF) of 1.0–3.5% measured at the work level [31]. 
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Table 4 
Recommended daylight factor according to Malaysia Standard 1525 
Daylight 
Factor 

Lighting Glare Appearance and energy information 

> 6.0 Intolerable Intolerable Room appears strongly daylit. At daytime artificial lighting is rarely 
needed but thermal problems due to solar heat gain and glare may occur. 3.5-6.0 Tolerable Uncomfortable 

1.0-3.5 Acceptable Acceptable Room appears moderately daylit. Good balance between lighting and 
thermal aspects. Supplementary artificial lighting is needed at dark areas 
due to effect of layout or furniture arrangement. 

< 1.0 Perceptible Imperceptible Room looks gloomy, artificial lighting is needed most of the time. 

 
4. Result  
4.1 Daylight Factor 

 
In daylight performance, Table 5 shows the comparison of daylight factor between the base case 

model and selected 4 types of shading designs, from Type A to Type D. The area of comfort daylight 
factor is calculated and converted into a percentage ranging from 1% to 3.5%. The base case model 
has the highest daylight factor of greater than 3.5% which covered 24.22% of the indoor area. This is 
due to excessive direct sunlight entering the room without any shading device. The result showed 
that Type A and Type D both have the highest amount of comfort DF area, which is 26.51% and 
34.51%, respectively. The reason for this result is that it is believed that Type A with light shelf shading 
design can bounce daylight into the inner area, which leads to an increase in indoor illumination. The 
use of a Type D folding shading design with light-diffused material results in less direct sunlight at the 
window area and some sunlight redirected to different angles. Both effects contributed to a 
reduction in the high daylight factor near the window area and an increase in the low daylight factor 
in the interior. The Type C horizontal louvre blinds design shows the highest 68.41% of indoor area 
covered with lower than 1% daylight factor. Even though horizontal louvre blinds shading can 
decrease the high amount of direct sunlight penetrating into space, it also leads to light being unable 
to transmit into the inner area. 

 
Table 5 
Daylight factor comparison between base case model and selected 4 types of shading designs 
Model Base Type A Type B Type C Type D 

 
Result 

     

D
ay

lig
h

t 
Fa

ct
o

r 

<1% 290169 
(52.49%) 

354608 
(64.21%) 

322162 
(58.27%) 

377103 
(68.41%) 

270325 
(49.99%) 

1%-3.5% 128745 
(23.29%) 

146401 
(26.51%) 

134116 
(24.26%) 

120792 
(21.91%) 

186621 
(34.51%) 

>3.5 133918 
(24.22%) 

51291 
(9.29%) 

96573 
(17.47%) 

53355 
(9.68%) 

83802 
(15.5%) 
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4.2 Estimated Indoor Illuminance 
 
The illuminance simulation between selected model orientated facing north and south was 

performed and the results are shown in Figures 6 and 7. When compared to the base case model, 
both Type A and Type D have a greater shade effect and a bigger region of tolerable lux range. This 
proves that shading devices serve to increase the quality of daylight in the interior. According to 
previous study, Comfortable Lux Range (CLR) is from 300Lux – 500Lux. Figure 6 shows the percentage 
of area within CLR among 3 different models facing north. At 0900, the location of CLR remains the 
same throughout the year. Type A shows the highest level of area of CLR due to its design is able to 
reduce direct sunlight and confine a certain amount of light into the inner area. From 1200 until 1500 
has the higher outdoor illumination level. A large amount of direct sunlight is diffused into the inner 
area for Type D, thus it shows the highest CLR compared to other models. Furthermore, the CLR for 
Type A and Type D appears to be located at the inner area of space due to high outdoor illuminance 
level at noon.  

This phenomenon is more obvious especially during December solstices when the opening is 
facing north and June solstices according to Figure 7 when the opening is facing south. The sunlight 
is able to reach the end of the room and reflect from the inner wall, which results in CLR reaching up 
to 30%. During March 1200 until 1500, the equinox sun path provides a similar angle of light from 
the sun resulting the location of CLR remain the same for both north and south orientated opening. 

The illuminance simulation between selected model orientated facing east and west was 
performed and the results area shown in Figures 8 and 9. Compared to the north-south orientated 
model, the east-west oriented model showed a significant difference at 0900. At 0900, morning 
sunlight penetrated all the models through openings facing east, resulting in a high amount of Lux 
level near the opening area. Vice versa, opening facing west at 0900, receives a slight amount of light 
into the space. Despite this, Type A with a light shelf can bounce the light into the inner area, which 
makes it have the highest amount of CLR compared to others for both east and west-oriented models. 
At 1200, the amount of light that penetrates into the space is similar for all the models, which remains 
the same throughout the year. At 1500, even though there is less direct sunlight for the east-oriented 
model, but high exterior illumination results in only a slight decrease in indoor illumination compared 
to 1200. From 1200 until 1500, Type D showed a significant increase in CLR compared to others. This 
is because light-diffused materials can redirect sunlight in different directions, allowing it to enter 
the interior. At 1500, models orientated west receive a high amount of lighting, which results in more 
than 60% of the inner space being provided with a higher than 500 Lux level despite shading devices 
being applied to the models. 
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Fig. 6. Illuminance comparison between selected model facing north 
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Fig. 7. Illuminance comparison between selected model facing south
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Fig. 8. Illuminance comparison between selected model facing east 
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Fig. 9. Illuminance comparison between selected model facing west 
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4.3 Discussion 
4.3.1 Daylight performance 

 
In daylight factor simulation, Table 5 shows the significant daylight performance of models 

applied with shading devices compared to the base case model. Compared to the base case model, 
which has 24.22% of the indoor area with a daylight factor higher than 3.5%. Type A to Type D models 
with shading devices show a significant reduction from 24.22% to 9.29%, 17.47%, 9.68% and 15.5%, 
respectively. In this simulation, Type D showed the best performance compared to other models. It 
decreases the gloomy inner area where the daylight factor is less than 1%, from 52.49% to 49.99% 
compared to the base case model. Besides that, it also increases the area of the acceptable daylight 
factor (1%-3.5%) from 23.29% to 34.51% which is in accordance withto previous studies [12,14,18]. 
This proves that light diffuse material can redirect the incoming sunlight equally in all directions, 
which decreases the brightness at the periphery area and also directs light deeper into a space. 

As shown from Figures 6 to 9, models with shading device shows improvement of daylight 
performance compared to base case model. From the simulation, Type A with light shelf shading 
device is seen to show the best shading effect and provide high quality of daylight performance 
during 0900. This is because the light shelf can bounce and redirect the direct sunlight into the inner 
area even though the EII is less compared to 1200 and 1500 [12]. This effect can clearly be seen when 
model from the simulation results under all four orientations. 

At 1200 and 1500, high exterior illumination results in on average more than 50% of indoor space 
where lux level higher than 500 lux. According to this result, additional shading method is required 
in order to reduce the lux level near to periphery area. 
 
4.3.2 Limitation and future research 

 
This research used computer software simulation as a tool for obtaining the results. A scaled 

model study needs to be done to validate the selected computer software regarding the selected 
location, selected times and dates. 

Besides that, another limitation of this study was that the room used was absolutely empty. The 
lack of furniture and the materials used did not represent the reality of a used office space, all of 
which would alter the light levels and outcomes.  

Lastly, this study employed only one type of building opening. Though research on different 
numbers, sizes, shapes and positions of building opening areas are needed to provide a complete 
picture of daylight performance. It can help in determining which shading method corresponds to 
the respective type of building opening to maximize the potential of the shading device. 

 
4. Conclusion 

 
The simulation results of four proposed shading devices on daylighting performance for office 

space in Malaysia were evaluated in this study. The results show that the VELUX Daylight Visualizer 
can reasonably forecast interior illuminance. Even while the shading devices lower the depth of 
penetration, they can nevertheless allow illuminances that are somewhat greater than the permitted 
threshold to be achieved. As a result, the design of exterior shading devices needs a comprehensive 
solution that involves admitting enough daylight into the room, avoiding direct views of the sky and 
providing an appropriate architectural design. This research also proves that light shelf shading 
devices can reflect direct sunlight and direct it into the inner area, which increases overall indoor 
illumination.  
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Besides that, this research also showed the advantage of using light diffuse material for façade 
and shading system in architecture. Light diffuse material can evenly distribute incoming light in all 
directions. This means that as much light is focused within and upward as it is downward and toward 
the floor. The usable daylight is dispersed deeper into a place as a result of this redistribution. This 
increases daylight potential while reducing glare and hotspots. 

In general, the research study provides a comprehensive picture of the hidden obstacles that 
restrict the use of skylight systems in Malaysia. Malaysia's climate is sunny all year, making it a great 
location for maximize the use of daylighting. Daylighting design is the need to control natural light 
entering a building to reduce the need for artificial lighting and save energy, while optimizing user 
comfort by reducing glare and direct sunlight. 
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