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 Abstract: Day-lighting studies in buildings play a major role in indoor environmental 

investigation and can be conducted at the early stages of building design. Window position 

significantly affects day-lighting performance. This paper assessed the impacts of the window 

position on the visual comfort through two main factors; daylight factor and light uniformity in 

the hot and dry climate zone. In this study different window positions have been examined to 

achieve optimal visual comfort, using a dynamic simulation through Vi-suit plugin for Blender 

3D software that controls the external application Radiance software. The results revealed that the 

window position at sill start from 1.4 m of a room characterized by (4.30 m × 3.00 m × 3.00 m) is 

the best compromising solution that complies with the daylight factor and light uniformity 

standards in the indoor environment. The findings of this study provide a more detailed and 

comprehensive analysis of the window design for architects/designers in the early building design 

stages in the hot and dry climate region. 
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1. Introduction 

 Buildings are the largest consumer, attributing approximately 40% of the world’s 

energy consumption. Large energy consumption of buildings is accounted for heating, 

cooling, and lighting [1]. In residential buildings, cooling is the largest energy consumer 

in a hot and dry climate, while lighting is the active energy consumption in commercial 

buildings in the US [2]-[4]. However, most of the building’s electricity is generated 

from fossil fuels. Using these energy resources has caused many environmental 

problems like climate change and global warming [5]. Many previous studies reported 

that maximizing the use of natural lighting levels led to a significant reduction in 

electricity consumption. Moreover, day-lighting represents one of the passive strategies 

that contribute to a more sustainable design approach and allows users to take advantage 

of the energy-saving opportunity through daylight dimming and other integrated control 

strategies [6]-[8]. In addition, energy energy-efficient in daylight reduces harmful 

environmental impacts by reducing the use and need for power plants [9]. Furthermore, 

to ensure best practices in comfort and visual performance for building occupants with 

less energy consumption, visual comfort related to high daylight performance should be 

considered at the design stage [10].  

 Currently, façade design has become an important part of the environmentally 

friendly building’s design [11]. Windows configurations in the building façade 

distinguish the energy use and visual comfort patterns in buildings; they provide an 

internal environment for lighting transmission and allow visual communication with 

outdoors for the occupants of the building [12]. Several studies have been conducted on 

the design of energy-efficient buildings. In this regard, the windows have a significant 

impact on the total energy consumption as they are responsible for 28% and 18% of 

reduction on heating and cooling demand respectively, and 26% of reduction on the 

daylight performance if a triple-pane glass is integrated into the window [13]. 

Furthermore, the choice of areas and proportions is a part of the basic decisions of the 

early design phase, which is difficult to change later. Moreover, the window position 

has to be selected from a precise procedure and has to be a part of an integrated design 

procedure, considering multiple aspects at the same time. Many studies have been 

conducted to study the impact of window design on energy load and daylighting 

performance considering different window factors. In addition, the size, direction, and 

position of the windows are the main parameters affecting daylight performance and 

visual comfort, besides the energetically impact [14]-[15].  

 Otherwise, the provision of a comfortable indoor environment is one of the required 

design principle that has to be met by buildings, the assessment parameters of visual 

comfort generally depend on the daylight factor (DF%), the light uniformity, the glare 

control and view out. The Building Research Establishment Environmental Assessment 

Method (BREEAM), is one of a widely used method and tool that has defined the 

standards, which can provide visual comfort for the indoor environment [16]. This 

establishment has expanded from individual new dwellings at the construction stage to 

include the whole life cycle of dwellings from planning to refurbishment and in-use. 

The ongoing need to enhance sustainability, feedback to respond from industry and 

support the UK’s sustainability commitments and strategies drove the regular updates 

and revisions of BREEAM [17]. 
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 As building design is becoming more dynamic and complex in a severe climate of 

the hot and dry regions, the design of the openings, which is the main source of the heat 

gain, becomes more complex to provide visual comfort and thermal comfort with less 

energy consumption. A more detailed and comprehensive analysis of the different 

design factors for windows is required. At this end, this empirical study applied in hot 

and dry climate zone, it is focused on evaluating the effects of window position in the 

building façade on the daylight performance, assessing in interaction two main visual 

comfort factors; the light uniformity and the daylight factor. 

2. Methods 

 The objective of this study is to assess the impact of the window’s vertical position 

on visual comfort in a hot and dry climate. An empirical methodology has been used to 

fulfill this aim through a lighting simulation using Vi-suite add on Blender 3D software 

that controls the external application radiance [18]. The virtual room of (3.00 m × 3.00 

m × 4.30 m) was molded, and Window size to Wall Ratio (WWR) of 25% was selected, 

see Fig. 1. The context is focused on the city of Biskra, located in north-eastern of 

Algeria on the northern edge of the Sahara Desert at the latitude of 34°48' north and a 

longitude of 5°44' east. It rises to an altitude of 86 meters. 

 

Fig. 1. The simulated virtual model  

 Fifteen different window position scenarios have been established. The distance 

from the windowsill was switched from 0.85 m to 1.55 m, adding 5 cm for each 

scenario. The window was assumed to be installed on the south-facing wall in this 

experiment. This is due to the fact that south-oriented spaces are able to exploit daylight 

and benefit from the direct solar gains in the winter and prevent the solar heat gain in 

the summer with a simple solar control device. In addition, this orientation is required 

for the hot and dry climate regions to be a dominated façade in the building design [19]. 

 The BREEAM has been used as a standard reference in this study to find the optimal 

solution that complies with the visual comfort requirements Fig. 2. 
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Fig. 2. Empirical methodology process for analyzing the daylight factor  

and the light uniformity 

 Two main factors have been used to assess the visual comfort performance, as it is 

described in [17]. The daylight factor (DF%), which is a percentage ratio between the 

interior illuminance level (Ei) of horizontal work plane (0.85 m) and the external 

illuminance (Eo) during cloudy sky conditions, see Eq. (1),  

%100 
Eo

Ei
DF =  . (1) 

 In addition, an average value of 2% is required for more than 80% of the floor area 

as is defended by the BREEAM standard. 

 The second factor is the uniformity of light, which is usually defined as the ratio of 

the minimal illuminance over the area-weighted average illuminance, see Eq. (2), 

AeverageE

E
U min
= . (2) 

 The minimum illuminance should correspond to the recommended illuminance 

as it is defined in the national codes of practice. The optimum value 0.3 of the 

uniformity ratio is determined in the BREEAM standards, as well as in the calculation 

process areas within 0.5 m of the walls can be not regarded as part of the working plane 

for this purpose. However, in this study, these areas were included to calculate the 

uniformity ratio. 

3. Results and discussion 

3.1. Average daylight factor analysis  

In this study, the average daylight factor is assessed in 4 design days in the whole year 

(21 December, 21 March, 21 June, and 21 September). The maximum value of the 

average daylight factor reached 7.8% in June, while the minimum value was 3.9% in 
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December. Simultaneously in March and September, the average daylight factor rates 

were approximately the same (from 6% to 6.4%). All the values are conforming 

according to the BREEAM standard, which indicates that the average daylight factor 

should be more than 2% in living rooms. The window position variation shows a 

significant impact on the average daylight factor; the maximum value of this factor was 

reached while the windowsill height was 1.1 m for all the design days. Fig. 3 shows the 

variation of the daylight factors in relation to the window position. 

 

Fig. 3. Average daylight factor for the different scenarios in 4 design days in the year   

3.2. Compliance area of the required daylight factor 

 In order to analyze the compliance area with the required daylight factor according 

to the BREEAM standard, a comparison between the different scenarios in the different 

design days has been performed. The results show that for all the design days the 

percentage of areas that comply with 2% of the DF in more than 80% of the total room 

area is increasing as soon as the windowsill becomes more elevated. In December none 

of the window positions are compliant with BREEAM Standard, the minimum value is 

52% for a windowsill of 0.85 m and the maximum value 65% for a windowsill 1.50 m. 
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Moreover, in September and March, the values are approximately the same; the 

minimum value is 66% for a windowsill 0.85 m and the maximum value 93% for a 

windowsill 1.55 m. The compliance with the BREEAM standard starts when the 

windowsill is above 1.23 m. Furthermore, on 21 June the minimum value is 74% for a 

windowsill 0.85 m, and the required value is reached when the windowsill is above 

1.08 m, and the maximum value becomes 100% starting from 1.4 m of a windowsill.  

 These results revealed that a windowsill of 1.23 m is required to provide an average 

value 2% of the daylight factor for more than 80% of the floor area, for September June 

and March, while the winter (December) require more daylighting strategies if the 

window to wall ratio is 25% as it has experimented in this study Fig. 4. 

 

Fig. 4. The distribution compliance with the average value of 2% of DF in the floor area 

3.3. Daylighting uniformity analysis  

 In this research, the result of the light uniformity simulation shows a variation 

depending on design days and the window position. The uniformity ratio is increasing 

as soon as the windowsill becomes more elevated. 

Unauthenticated | Downloaded 05/19/23 01:43 PM UTC



 OPTIMUM WINDOW POSITION IN THE BUILDING FAÇADE 217 

Pollack Periodica 15, 2020, 2 

 The lowest light uniformity ratio of 0.16 is attained through a windowsill height of 

0.9 m. However, the maximum ratio of the light uniformity is reached 0.29 when the 

windowsill is 1.5 m. This window sill position (1.5 m) provides approximately the 

required uniformity level (0.3) of the BREEAM standard, Fig. 5. 

 

Fig. 5. Daylighting uniformity ratio for the different scenarios in the different design days 

3.4. Analyzing the compromising position  

 The analysis of the daylighting uniformity ratio and the daylight factor and area 

compliance shows a certain opposition related to the results. For the average daylight 

factor, the maximum values are between (0.9 m and 1.2 m) of a windowsill elevation. 

While, in the light uniformity and the compliance area with the required DF% started 

when the windowsill is 1.23 m for the three design days (March, June, and September). 

However, the best light uniformity rates are attained as the windowsill was between 1.4 

m to 1.55 m, Fig. 6. 
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Fig. 6. The best day-lighting uniformity results 21 June at 12:40 windows position 1.5 m  

4. Conclusion 

 Maintaining visual comfort artificially is one of the parameters that influence the 

amount of energy consumption in buildings. This aspect is related to the window 

configuration in the building façade, which is the main interest of the present paper. The 

study applied an empirical methodology using the plugin Vi-suit that uses Blender 3D 

software to control the external application radiance; it is performed in a hot and dry 

climate zone. 

 The study results revealed that the vertical window position has a significant impact 

on the visual comfort of the indoor environment. By the assessment of the daylight 

factor and daylight distribution and the light uniformity, it was concluded that these 

factors should be analyzed in the interaction method during the early design stage of 

design. Moreover, in this study, the light uniformity has a priority than the daylight 

factor to determine the optimal window position, which was in the highest level of the 

windowsill. In this experimental research, it was found, the optimal windowsill starts 

from 1.4 m to the highest rate when the window to wall ratio is 25%, and the room 

dimensions are (4.30 m × 3.00 m × 3.00 m), regarding a window facing south 

orientation. In addition, daylighting design strategies (light shelves, skylight, etc.) are 

required in the winter period in order to reach optimum daylight performance.  

 Finally, as the brightness of the sky depends mainly on the sun position, the daylight 

amount can vary in each orientation. Consequently, the methodology used can be 

applied to the study of any building type for other orientations, regarding not only the 

visual comfort but the cooling/heating demand as well.  
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