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ABSTRACT 

Light trespass has been regarded as one major type of 

light pollution in urban areas. This study presents an 

investigation of the impact of six various shading 

devices on the light trespass risk in a fully glazed 

office building. Radiance, a ray-tracing package, was 

adopted to calculate external illuminance levels 

produced by indoor artificial lighting systems and 

internal daylight factors under overcast sky condition. 

It has been found: light shelf performs very well 

according to both light trespass protection at night and 

daylighting performance; the shading systems should 

also be designed to minimize the night light trespass 

risk in glazed buildings. 

INTRODUCTION 

Light pollution, a new environmental problem, can 

significantly affect sustainability in an urban area, 

especially in terms of ecological stability, human 

health and well-beings, and energy conservation 

(Falchi et al., 2011). Due to a broader use of artificial 

night lighting in an urban area, a largely increased 

‘ecological light pollution’ has occurred with negative 

effects on terrestrial and aquatic ecosystems 

(Longcore & Rich, 2004). For example, excessive 

artificial lighting applications have been proved as the 

main reason to the deaths of migratory birds and the 

disorientation of hatching sea turtles. Furthermore, 

one study (Pauley, 2004) exposed a fact that improper 

use of indoor and outdoor artificial lightings would 

disturb a normal human circadian rhythm. The rapid 

growth rate of cancer was previously assumed to have 

a link with the increased light exposure in the 

developed countries during the last 100 years 

(Kerenyia et al., 1990). In addition, uncontrolled 

artificial lighting systems (unshielded, over-lighting) 

account for a huge energy waste in night urban areas 

(IDA, 2015). Therefore, a Scottish lighting guidance 

was recently established to promote the Partnership 

Agreement commitment to efficiently reduce light 

pollution and save energy in cities (Scottish 

Executive, 2007). 

Light pollution can be divided into three categories: 

light trespasses, sky glow, glare (SLL, 2012) (Figure 

1). Light trespass, one significant type of light 

pollution, occurs when unwanted spill light enters into 

a room and illuminates an indoor space (SLL, 2012). 

Regarding the outdoor lighting, several strategies have 

been produced in order to limit possible light trespass 

(IESNA, 1999): (1) minimizing the spill light onto 

adjacent properties through lighting design, 

luminaires, lighting locations and orientations; (2) 

using a well-shielded luminaires or luminaires with a 

controllable luminous intensity; (3) effectively 

controlling the entire beams of floodlight. More 

importantly, limiting illuminance levels at the virtual 

vertical planes at property boundaries have been 

recommended as a more practical approach to reduce 

light trespass (SLL, 2012; Brons et al., 2008). For the 

urban area with mixed recreational and commercial 

land use and high night-time activity, both SLL (the 

Society of Light and Lighting) and CIE (International 

Commission on Illumination) suggested the maximum 

illuminance and luminance levels at windows and 

vertical building facades respectively (SLL, 2012; 

CIE, 2003). In order to minimize the risk of light 

trespass, the vertical illuminance level should be less 

than 25lux (pre-curfew) or 5lux (post-curfew). 

Moreover, several regions in eastern Asia have also 

produced local lighting standards based on the CIE 

codes to control light trespass in urban areas, in which 

the same values were applied (Cha et al., 2014; DB, 

2014).  

 

 

 

 

 

 

 

 

 

Figure 1 Example of useful light and light pollution 

from an outdoor luminaire (LRC, 2007) (source: 

adapted from Institute of Lighting Engineers). 

With a high-speed growth of urban areas in eastern 

Asian cities, currently, a large number of commercial 

and public buildings have been increasingly 

developed or planned. In Beijing, capital of China, 

most of newly built buildings have adopted a modern 

architectural style. A  fully glazed façade is a typical 

characteristic in these buildings. At night, such 
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façades have actually become a light source due to 

security and city nightscape requirements from city 

councils (indoor lighting will have to be kept on 

overnight). The risk of light trespass in neighbour 

buildings would be consequently increased with the 

occurrence of such ‘shining’ facades. In a fully glazed 

building, shading devices are necessarily used to 

reduce glare and overheating problems brought by 

excessive solar gains in daytime (Wymelenberg, 

2012). In general, daylighting and thermal 

performances of various shading devices have been 

investigated in these buildings over 20 years (CIBSE, 

2006). However, a question is being raised according 

to the new situation of nightscape and light pollution: 

How the shading systems in a fully glazed building 

affect light trespass risk to the neighbours at night? 

Using Radiance simulation, this paper gives a study of 

the impact of various shading devices on external 

illuminance levels at vertical and horizontal surfaces 

near a fully glazed facade in a multi-story office 

building in Beijing. The risk of light trespass was 

assessed accordingly. 

METHODS 

This section includes the introduction of building and 

shading devices, indoor artificial lighting systems and 

simulation approaches.  

Building and shading devices 

A seven-floor office building was studied, with a fully 

glazed front façade (Figure 2). The entire height of the 

building is around 21m and each floor has a height of 

3m. Used as an open-plan office, each separate room 

at each floor has a dimension of 8 m (depth) × 16 m 

(length) × 3m (height). The office room in the building 

has an internal surface reflectance as follows: wall 

(0.6), ceiling (0.8) and floor (0.3). The façade was a 

double-glazing system including 3.9 mm low-E glass 

(external), 12 mm air gap (middle) and 3 mm clear 

glass (internal). Average visual transmittance of the 

glazing is 0.745.   

 

 

 

 

 

 

     

 

 

 

 

Figure 2 A seven-floor office building model with a 

fully glazed front façade. 

In this article four types of shading devices were 

studied such as overhang, light shelf, horizontal and 

vertical louvre (Figure 3). The overhang system has 

three various types according to the depth: overhang06 

(depth 600 mm), overhang12 (depth 1200 mm) and 

overhang18 (depth 1800 mm). Installed at the position 

with a distance 500 mm to room ceiling, the light shelf 

has internal and external components, both of which 

have a depth 600 mm. With a short depth 300 mm, 

however, the horizontal louvre was evenly distributed 

from bottom to top façade. The distance between 

adjacent louvres is 500 mm. The vertical louvre has a 

depth 300mm and the same distance 500 mm between 

two neighbour vertical fins. According to basic 

functions of these shading devices (e.g. to shade or 

reflect incident daylight) (Littlefair, 1995), surface 

reflectance of the six shading devices was uniformily 

set as 0.8 (the high reflectance is based on the ceiling 

surface reflectance; it could be found in realy 

buildings with white painting.) 

 

 

 

 

 

 

 

    

Figure 3 Typical shading devices studied in this 

article (section view). 

Indoor artificial lighting system 

At night an artificial lighting system was switched on 

in the office room to provide a basic general lighting: 

16×28 W linear fluorescent luminaires (ceiling 

mounted). The luminaires were evenly installed across 

the room, each of which parallels with window façade. 

The indoor night lighting system provides an average 

illuminance 230 lux and a uniformity 0.52 at working 

plane (height 0.8 m from floor) (Figure 4). Compared 

with a standard illuminance level (500 lux) used in 

normal working time, this night indoor lighting level 

was set based on practical need in offices at night.       

   

 

 

 

 

 

 

 

Figure 4 Illuminance levels across working plane in 

the office room with a general lighting at night 

(plan). 

Simulations 

Radiance (Ward & Shakespeare, 1998), a backward 

ray-tracing package, was adopted in this study to 

simulate lighting levels at specific positions. In the 

field of lighting simulation, Radiance has been 
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broadly applied in various spaces to produce 

quantitative results and photorealistic renderings. 

Validated over 10 years (Mardaljevic, 2001), 

Radiance was mainly used to investigate daylighting 

performance in buildings with complicated 

fenestration systems (e.g. overhang and light shelf) 

and under various sky conditions. However, it is still 

possible to apply Radiance in the spaces only with 

artificial lighting systems (Ward & Shakespeare, 

1998). In order to simulate artificial lighting, this 

study has used a sub programme ‘IES2RAD’ of 

Radiance to convert the IES files of the luminaires 

used in offices into Radiance scene descriptions. Thus, 

the illuminance level at any positions in the scene can 

be calculated with the occurrence of indoor light 

sources and spaces with surface reflectance or 

transmittance properties mentioned above. The 

Radiance description of the glazing system was 

produced from Optic6 and International Glazing 

Database version 40.0 (LBNL, 2012).   

First, fundamental daylight performances of the six 

shading devices were assessed under overcast sky. 

Along room centre, five positions have been defined 

according to the distance to window: 0.1 m, 2 m, 4 m, 

6 m, 7.9 m. The Daylight Factor (DF) at the working 

plane of each position has been calculated using 

Radiance under overcast sky.   

 

 

 

 

 

 

 

 

 

Figure 5 Vertical and horizontal calculation planes 

outside of the office building (side view). 

Second, in order to quantify the light released from the 

indoor spaces at night, two vertical calculation planes 

were externally set up in front of the fully glazed 

façade (see the red dash line in Figure 5). Vertical 

Plane1 has a distance 10m to the façade, while 20m is 

the distance between Vertical Plane2 and the façade. 

Both vertical planes have a height 21 m and width 16 

m. The illuminance level at the vertical planes was 

simulated by Radiance to directly express the 

magnitude of light trespass brought by the ‘shining 

façade’. Each vertical plane has a calculation grid 

(11×15 points), which is used to achieve the average 

illuminance (Figure 6). Also, two vertical lines were 

considered as the typical positions studied at the 

vertical planes: centre line (in the middle) and corner 

line (with a distance 1.6 m to each vertical edge). 

Along each line, there are 15 positions from ground to 

top and with a distance of 1.5m in between. The 

illuminance at these positions have been specifically 

analysed. In addition, a horizontal plane (see the blue 

dash line in Figure 5) was used to assess the upward 

light released from the glazed façade with various 

shading devices. Levelled with the building top (21 

m), the Horizontal Plane has a width and length of 1.6 

m and 20 m respectively. The horizontal illuminance 

was simulated by Radiance at the horizontal plane 

(normal direction is facing downward). Similarly, a 

horizontal calculation grid was set across the plane 

with 11×11 points (Figure 6). Two typical lines were 

also chosen along the centre (middle) and corner areas 

(1.6 m to the nearest plane edge). Horizontally, there 

are 10 positions studied along each line. The distance 

between two adjacent points is 2 m along the lines.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Grid, typical positions (centre and corner 

lines) of vertical and horizontal planes. 

For Radiance simulation, a convergence analysis was 

required in order to find a proper ambient parameter 

setting (Ward & Shakespeare, 1998), especially for a 

complicated scene with both indoor and outdoor 

environment. Table 1 presents several typical settings 

for the simulations of this study. 

Table 1 Radiance ambient parameter settings in this 

study. 
     Ambient parameters Settings  

     -ad (ambient divisions) 2000  

     -as (ambient super-samples) 300  
     -ab (ambient bounces) 
     -ar (ambient resolution) 
     -aa (ambient accuracy)  

7 
100 
0.1 

 

RESULTS  

This section first displays daylight performance of six 

shading devices in the office room, which would 

justify their basic functions used in a building. Next, 

the potential of light trespass brought by a 

combination of indoor artificial lighting and these 

shading devices has been mainly assessed at night.  

Basic daylight performance of shading devices  

Figure 7 shows the impact of various shading 

solutions on daylight factors along room centre in the 

fully glazed office building. In general, each shading 

solution sees an exponential decay of daylight factor 
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towards deeper room plan. A clear difference of 

daylight factor between various devices can be found 

in the front half area of the room, while shading types 

take little effect on the daylighting conditions in the 

back area. As for the daylit area near window, short 

overhang (Overhang06) and light shelf achieve the 

highest average daylight factors, which are just a bit 

lower than the values of bare window (no shading 

devices). On the contrary, large overhang 

(Overhang18) and horizontal louvre have the lowest 

daylight factors. The medium overhang (Overhang12) 

and vertical louvre bring in a medium daylight 

condition in this area. Therefore, short overhang and 

light shelf are very efficient in delivering diffused sky 

light to an indoor space under overcast sky condition, 

whereas large overhang and horizontal louvre could 

block more incident sky light.  

Illuminance variations of Vertical Plane1  

Figure 8 demonstrates vertical illuminance levels of 

15 positions along centre and corner lines of Vertical 

Plane 1 (10 m to façade). The illuminance levels vary 

with different façade systems including bare window 

and six shading devices.  

For the centre line, a general trend of shading impact 

was displayed as follows: the vertical illuminance 

increases with the position moving downward from 

top plane and peaks at middle positions (around 7~9 

m high above ground); then, the vertical illuminance 

slowly decreases towards bottom plane. In addition, 

the bare window leads to the highest illuminance 

levels at the vertical plane. Apparently, a divergence 

of illuminance between bare window and various 

shading devices starts at the position with a height 

15m above ground (five floors high) and tends to 

larger towards bottom plane. Compared with bare 

window, thus, the shading systems do not clearly 

influence the vertical illuminance levels at the area of 

top two floors in Vertical Plane1. For the centre area 

of middle three floors (6 m < position height < 15 m), 

in general, light shelf and louvres (horizontal and 

vertical) give rise to the lowest vertical illuminances 

while the highest values were found by using short and 

medium overhangs (Overhang06 and Overhang12). 

The illuminance of Overhang06 is slightly lower than 

the value brought by bare window. The largest 

overhang (Overhang18), however, achieves a medium 

illuminance between short overhang and vertical 

louvre. For the area of bottom two floors (0  < position 

height < 6 m), averagely, horizontal louvre and the 

largest overhang (Overhang18) have the lowest 

illuminance levels at the vertical plane. Even though 

light shelf takes a bit higher illuminance than the two 

shading devices, the difference is relatively small. 

Similarly, short overhang (Overhang06) still brings in 

a high illuminance level. At the low positions near 

ground, interestingly, vertical louvre performs in a 

similar trend as the medium overhang (Overhang12). 

The illuminance achieved by them is in the middle by 

the comparison with Overhang06 and Overhang18. As 

for the average illuminance across the whole centre 

line, in general, each shading device has a relative 

value when taking the bare window as reference: Light 

shelf (17.82%), Horizontal louvre (17.16%), 

Overhang18 (14.66%), Vertical louvre (13.23%), 

Overhang12 (7.65%), Overhang06 (1.92%). The 

largest average divergence between curves was found 

at the ground position (0 m), which sees the relative 

illuminance between shading devices and bare 

window as follows: Light shelf (23.76%), Horizontal 

louvre (38.0%), Overhang18 (40.87%), Vertical 

louvre (18.81%), Overhang12 (23.4%), Overhang06  

(11.56%) (taking the bare window as reference).           

Compared with the trend of centre line, furthermore, a 

very similar variation of illuminance of different 

shading solutions at Vertical Plane1 has been found at 

the three areas along the corner line (Figure 8). The 

only difference between the two lines could be the 

range of absolute illuminances. For bare window and 

various shading devices, the 15 illuminances of centre 

line vary in a range of (7.5 24 lux), whilst the range 

for the corner line is from 5.7 to 19 lux. It is clear that 

the corner line receives less incident light escaping 

from the indoor space. 

Table 2 displays the average illuminance values of all 

grids across Vertical Plane1, taking into account bare 

window and six shading devices. It can be found that 

the use of light shelf, Overhang18 and horizontal 

louvre leads to the minimum average illuminances at 

the vertical plane with a 10 m distance to the glazed 

façade. Short and medium overhangs (Overhang06 

and Overhang12) have the average lighting levels 

similar to the values of bare window. Vertical louvre, 

nevertheless, has a medium average illuminance.  

Table 2 Average illuminances across the Vertical 

Plane1 with various shading solutions (No.0: bare 

window, No.1: Overhang06, No.2: Overhang12, 

No.3: Overhang18, No.4: Light shelf, No.5: 

Horizontal louvre, No.6: Vertical louvre). 

Average Illuminance Values (Lux) 

No.0 No.1 No.2 No.3 No.4 No.5 No.6 

16.3 15.99 15.0 13.8 13.3 13.5 14.5 

Illuminance variations of Vertical Plane2 

Vertical illuminance levels of Vertical Plane2 (20 m 

to façade) have been shown in Figure 9 in terms of 15 

positions along the centre and corner lines respectively. 

The bare window and six shading devices give rise to 

various illuminance values at different positions of the 

plane.  

The centre line sees a general trend of illuminance 

variation as follows: with a decreasing height above 

ground, the illuminance rises to a plateau at the 

position 6 m high (two bottom floors) and then keeps 

a relatively stable value. Similar to Vertical Plane1, 

the illuminances of various shading solutions divert at 

the height of 15 m above ground (five floors high) and 

the largest divergence can be found at the ground. 
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Averagely, the largest illuminance level belongs to 

bare window while the light shelf receives the lowest 

illuminance level. Different from Vertical Plane1, 

Vertical Plane2 sees that vertical louvre has a very 

similar lighting performance as the bare window. 

However, the short overhang (Overhang06) still 

achieves a high illuminance. The medium illuminance 

levels can be found for Overhang12, Overhang18 and 

horizontal louvre. Regarding the average illuminance 

across the centre line, each shading device has a 

percentage illuminance level compared with bare 

window as follows: Light shelf (14.33%), Horizontal 

louvre (11.10%), Overhang18 (7.41%), Overhang12 

(4.61%), Overhang06 (1.82%), Vertical louvre 

(0.52%). At the ground position, furthermore, the 

percentage illuminance levels of various shading 

devices (bare window is the reference) are: Light shelf 

(26.82%), Horizontal louvre (28.04%), Overhang18 

(18.12%), Overhang12 (10.93%), Overhang06 

(4.35%), and Vertical louvre (1.42%).        

Generally, the corner line has a similar varying trend 

of illuminance as the centre line (Figure 9), in 

particular for bare window, overhangs, light shelf and 

horizontal louvre. However, the illuminance levels of 

vertical louvre are lower than the values of short 

overhang (Overhang06). The illuminances along the 

corner line range from 3.5 to 9 lux, which is bit lower 

than that (4.3~11 lux) of centre line.  

Similarly, Table 3 gives the average illuminances 

across Vertical Plane2 with various shading solutions. 

Taking bare window as reference, the relative average 

illuminances of shading devices are: 2.34% 

(Overhang06), 5.09% (Overhang12), 7.84% 

(Overhang18), 13.89% (light shelf), 10.59% 

(horizontal louvre) and 5.09% (vertical louvre). 

Clearly, light shelf and horizontal louvre are still the 

most efficient shading device to block the indoor 

lighting at the vertical plane with a 20 m distance to 

facade.  

Table 3 Average illuminances across Vertical Plane2 

with various shading solutions (No.0-6: same as 

Table 2). 

Average Illuminance Values (Lux) 

No.0 No.1 No.2 No.3 No.4 No.5 No.6 

7.27 7.1 6.9 6.7 6.26 6.5 6.9 

Comparison between vertical planes 

The ratio of average illuminance at Vertical Plane2 

over average illuminance at Vertical Plane1 can be 

defined as R: 

𝑅 =
Average illuminance (plane2)

Average illuminance (plane1)
× 100.     (1)  

Table 4 shows the R values with bare window and six 

shading devices. In general, the illuminance level of 

each shading solution at Vertical Plane2 is around half 

of the value at Vertical Plane1. The doubled distance 

to façade would result in around 50% reduction at the 

vertical planes for all the six shading devices and bare 

window.     

Table 4 R values (No.0-6: same as Table 2). 

R Value (%) 

No.0 No.1 No.2 No.3 No.4 No.5 No.6 

44.7 44.5 46.0 48.7 46.9 48.0 47.8 

Illuminance variations of Horizontal Plane   

In order to explain the light distribution, a supplement 

analysis of illuminance variation is implemented at the 

horizontal plane displayed in Figure 5. Figure 10 

presents the horizontal illuminance variation along the 

centre and corner lines at the plane (normal direction 

facing downward) with the occurrence of various 

shading devices.   

Generally, the horizontal illuminances decay in an 

exponential trend with an increasing distance to the 

building façade along both centre and corner lines. 

Named as group1, interestingly, three overhangs and 

horizontal louvre share the same variations of 

illuminance; however, light shelf and vertical louvre 

perform in a similar way as bare window (these three 

shading solutions can be named as group2). The 

group1 has a higher illuminance level than the group2, 

especially within the horizontal distance < 10 m. The 

illuminance difference between the two groups tends 

to smaller with an increasing distance to façade; then, 

the distance 10m sees a convergence of illuminances 

of all shaing solutions. From Table 5, it can also be 

found group1 achieves a relatively high average 

illuminance across the horizontal plane than the 

group2.   

Table 5 Average illuminances across the Horizontal 

Plane with various shading solutions (No.0-6: same 

as Table 2). 

Average Illuminance Values (Lux) 

No.0 No.1 No.2 No.3 No.4 No.5 No.6 

4.37 5.05 5.24 5.23 4.19 5.24 4.95 

DISCUSSIONS 

The basic configurations of various shading devices 

determinate the daylighting performance and the 

ability to deliver night obtrusive lighting to an outdoor 

space.  

For the daylighting analysis under overcast sky, the 

large overhangs and horizontal louvre could actually 

block the most sky component from top due to the 

installation position above room windows of each 

floor. With them, the room might only receive the 

direct light from lower sky, which could explain a 

relatively lower daylight factor. However, the short 

overhang could still allow most top skylight to enter 

the room. Light shelf performs well because of the 

external and internal components: external part 

receives a higher sky component from top sky and 

internal part transmits it to the deeper plan. Vertical 

louvre, moreover, does not block the top sky, but 
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skylight from side sky could be unavailable. This 

might be the reason for a medium daylighting level.      

The released night light from the glazed facade, 

nevertheless, could be analysed from the side of 

indoor space. Different from daylighting (source: half 

sky dome), the artificial lighting luminaires and all 

indoor surfaces (ceiling, wall and floor) are the light 

sources for the external vertical and horizontal planes. 

For light shelf, the internal part would ‘shade’ the 

reflected light from the indoor surfaces while the 

external part would help reflect indoor light 

downward. This could be explained why light shelf 

has the lowest risk to produce light trespass at both 

vertical and horizontal planes. Without internal parts, 

large overhang and horizontal louvre would receive 

more direct and reflected light from indoor surfaces 

and luminaires than light shelf. The external boards of 

the two shading devices would deflect the released 

light upward or downward, which might reduce the 

lighting level received at vertical surfaces but increase 

it at the horizontal surface. Medium overhang and 

vertical louvre have a smaller blockage to the released 

light compared with large overhang and horizontal 

louvre. Therefore, a medium light trespass would be 

found for the façade installed with them. It is normal 

that short overhang (less than 1m) performs similarly 

as bare window since the short board takes little effect 

on light shading or reflections.     

CONCLUSION 

In this study the impact of six shading devices on the 

risk of light trespass in a fully glazed office building 

has been investigated. Several findings could be 

achieved as follows: 

1. A façade with large glazing in a building might be 

a source of light pollution (obtrusive light) at night, 

especially with the occurrence of nightscape and 

security requirements. A significant illuminance level 

can be found at vertical surfaces near the façade. 

2. Radiance could be a proper tool to carry out a 

simulation of light trespass, which might be brought 

by a complicated lighting source like the ‘shining 

façade’ and need to consider more inter-reflection 

calculations. 

3. For the fully glazed façade, common shading 

devices could help reduce the indoor light casted at the 

neighbour buildings’ facades. However, a significant 

effect could be only found at the area from ground to 

5/7 glazed facade height. 

4. Light shelf could be an optimal choice for a shading 

device in a fully glazed building. It can not only 

provide a good indoor daylight performance, but also 

achieve the lowest light trespass risk to the buildings 

nearby. 

5. Overhanghas been generally used as a daylighting 

and shading device. The larger is the depth of an 

overhang; the lower is the risk of light trespass brought 

by it and the indoor lighting. A significant effect of 

light trespass protection can be only found by a larger 

overhang with a depth > 1.5m. However, large 

overhang would reflect more light to the sky, which 

could deteriorate another light pollution problem ‘sky 

glow’.  

6. Horizontal louvre could be used to effectively 

reduce the light trespass from indoor lighting. Similar 

to large overhang, more ‘sky glow’ could be produced 

by using this shading device in a glazed building. 

However, vertical louvre would not perform well in 

terms of the light trespass protection. 

7. It could be possible to implement a comprehensive 

lighting design through a simulation in a space, using 

both daylighting and artificial lighting systems, and 

taking into consideration both indoor and outdoor 

environmental performance. 

Future work: More complicated sky models including 

sun would be investigated with respect to daylighting 

perfromance of various shading devices (including 

movable types); consequently, their impact on light 

trepass would be reevaluated in a similar office model.  

REFERENCES 

Falchi F, Cinzano P, Elvidge C D, Keith D M, Haim 

A. 2011. Limiting the impact of light pollution on 

human health, environment and stellar visibility. 

Journal of Environmental Management 92, pp 

2714-2722. 

Longcore T, Rich C. Ecological light pollution. 2004. 

Journal of Frontiers in Ecology and the 

Environment 2, pp 191-198. 

Pauley S M. 2004. Lighting for the human circadian 

clock: recent research indicates that lighting has 

become a public health issue. Journal of Medical 

Hypotheses 63, pp 588-596. 

Kerenyia N A, Pandulaa E, Feuera G. 1990. Why the 

incidence of cancer is increasing: the role of ‘light 

pollution’. Medical Hypotheses 33, pp 75-78. 

IDA. 2015. Practical Guide: Introduction to Light 

Pollution (PG1). www.darksky.org; final access: 

06/05/2015. 

Scottish Executive. 2007. Guidance Note: Controlling 

light pollution and reducing lighting energy 

consumption. Edinburgh, Scotland. 

SLL (The Society of Light and Lighting). 2012. Guide 

to limiting obtrusive light. Lavenham, Suffolk, 

England. 

LRC (Lighting Research Centre). 2007. Lighting 

answers: lighting pollution. Troy, New York.  

IESNA (Illuminating Engineering Society of North 

America). 1999. Recommended Practice for 

Outdoor and Environmental Lighting, IESNA 

RP-33-99. New York.   

Brons JA, Bullough JD and Rea MS. 2008. Outdoor 

site-lighting performance: A comprehensive and 

quantitative framework for assessing light 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1258 -

http://www.darksky.org/


pollution. Lighting Research and Technology 40, 

pp 201–224. 

CIE (International Commission on Illumination). 

2003. Guide on the Limitation of the Effects of 

Obtrusive Light from Outdoor Lighting 

Installations, CIE 150:2003. Vienna.   

Cha J, Lee J. Lee W, Jung J, Lee K, Han J and Gu J. 

2014. Policy and Status of Light Pollution 

Management in Korea. Lighting Research and 

Technology 40, pp 201–224. 

DB 11/ T388.3—201X. 2014. Technical specification 

of urban landscape lighting-Part 3: limitation to 

obtrusive Light (draft). Beijing. 

Wymelenberg K D. 2012. Patterns of occupant 

interaction with window blinds: A literature 

review. Energy and Buildings 51, pp 165-176. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Littlefair P J. 1995. Light shelves: Computer 

assessment of daylighting performance. Lighting 

Research and Technology 27, pp 79-91. 

CIBSE. 2006. TM37: Design for improved solar 

shading control. The Chartered Institution of 

Building Services Engineers. London. 

Ward G L & Shakespeare R. 1998. Rendering with 

Radiance: The art and science of lighting 

visualization. Morgan Kaufmann Publishers, Inc. 

San Francisco, California, USA.  

Mardaljevic J. 2001. The BRE-IDMP dataset: a new 

benchmark for the validation of illuminance 

prediction techniques. Lighting Research and 

Technology 33, pp 117–134. 

LBNL (Lawrence Berkeley National Laboratory). 

2012. Optics 6 Release Notes. California, USA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Variations of daylight factor along centre room in a fully glazed office with various shading solutions. 

Figure 8 Vertical illuminance variations along centre and corner lines of Vertical Plane1 (bare window and six 

shading devices). 
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Figure 9 Vertical illuminance variations along centre and corner lines of Vertical Plane2 (bare window and six 

shading devices). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Horizontal illuminance variations along centre and corner lines of Horizontal Plane (bare window 

and six shading devices). 
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