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Abstract – Light shelf was developed to create uniform indoor illuminance. However, in hot 

climates the unshaded clerestory above the shelf transmits high solar heat gain. In dense 

urban context, these advantages and disadvantages might vary regarding the context and 

position of the fenestration. This study employed an integrated energy simulation software to 

investigate the effectiveness of light shelf application in a tropical urban context in terms of 

building energy consumption. Radiance and EnergyPlus based simulations performed the 

effects of urban canyon aspect ratio and external surface albedo on the daylighting 

performances, space cooling load, as well as the lighting energy consumption of the building 

equipped with lightshelves in 2 humid tropical cities. Comparison of the energy performances 

of 3 fenestration systems, i.e. fenestration without any shading device, with overhangs, and 

with light shelves, yielded some recommendations concerning the best application of light 

shelf on the certain floor levels and aspect ratio of the urban context. 

Keywords – Cooling load; daylighting performance; electrical lighting load; light shelf; 
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1. INTRODUCTION

Light shelf is a daylight-redirecting system intended to bounce daylight to the deepest side 

of a room. This function suites well to all climates [1] and the performances have been studied 

in various climates and sky conditions. Clear sky is the favourable condition to  provide high 

average indoor illuminance level with even distribution. A Lightscape simulation based study, 

which was validated by field measurements [2] proved, however, that lightshelves could 

improve the indoor illuminance under a partly cloudy sky in Singapore. Another study on 

light shelf in warm tropics has been conducted under clear sky and overcast sky conditions in 

Yogyakarta, Indonesia based on Radiance simulations. In case of side windows with 

overhang, substitution of overhang with light shelf could improve the classroom’s v isual 

uniformity [3]. To increase the effectiveness, Lim and Heng [4] employed scaled physical 

models and computational simulation methods to examine the daylighting performance of 

lightshelves under several tropical sky conditions in Subang, Malaysia, i.e. , intermediate sky 

with direct sunlight, intermediate sky without direct sunlight and overcast sky. Under clear 

sky conditions, daylighting performance of light shelf depends on the dynamic movement of 

solar position. Franco [5] proposed tilted and automatic lightshelves to solve daylighting 

problems in hot tropics by adjusting the elevation of the internal shelf to the dynamic 

movement of solar position.  

Sufficient illuminance with uniform distribution created by light shelf strongly impacts on 

the energy saving for lighting. An application of light shelf on an office building in warm 
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climate of Florida saved daytime lighting energy up to 46 % of the energy used for lighting 

in the same building with horizontal blinds [6]. In Taiwan a double layer light shelf design 

fitted on large windows could achieve optimum daylight illumination and reduce the lighting 

power cost up to 70 % on the date of the winter solstice and summer solstice compared to a 

single shading [7]. However, the lighting energy consumed by light shelf application in hot -

arid climate was not lower than the energy consumed by other shading devices, such as: 

adaptive overhang and adaptive fins [8]. In regions with abundant solar radiation, the 

sunlight-exposed clerestory might cause overheating [8], [9]. Cooling load of rooms equipped 

with lightshelves with sunlight-exposed clerestories were much higher than the rooms 

equipped with shaded clerestories/windows. 

Previous studies on light shelf were limited in building context. Recently, studies on urban 

environment have widely emerged following the awareness of the impacts on the urban 

climatology. Shafaghat et al. [10] established a taxonomy body of knowlege in urban 

climatology studies and mentioned urban street canyon, which consists of aspect ratio and 

street orientation, as the most important urban features. The impacts of urban height to width 

ratio aspect and spacing distance to length ratio on the building energy demand had been 

studied by Kesten et al. [11]. Additionally, canyon surfaces have been understood to be vital 

in determining the thermal performance of the urban canyon [10], that affected on the 

surrounding building energy consumption. Akbari et al. [12] found that the surrounding’s 

surface albedo or emissivity could modify the energy balance of the buildings. High albedo 

materials reduce the amount of solar radiation absorbed by the building envelope. In multi-

storey buildings, the urban geometry and texture effects on the indoor illuminance and 

radiation fluxes may vary for each floor level. Therefore, it could be interesting to relate these 

factors to the light shelf planning in multi-storey buildings in terms of building energy 

performance. In order to measure the effectiveness of light shelf, the energy performance of 

windows equipped with light shelf was compared to that of the same windows without 

shading and with overhang.  

2. METHODS

An experimental study on the effectiveness of light shelf in various urban contexs was 

conducted based on computational simulations performed by EnergyPlus and Radiance based 

softwares. These programs simulated the daylighting performance, space cooling load, and the 

electrical energy for artificial lighting of the building models in a tropical urban context model. 

2.1. Light Shelf Models 

Light shelf is a horizontal panel installed at a height below the clerestory and above the 

view window. In this study, a light shelf model was installed on an 11 m long classroom 

model that requires high daylight availability. The room models were arranged in a single-

sided space layout with a 3 m wide corridor in a 5-storey building. This medium rise building 

was considered to be suitable for light shelf application and can be easily found in medium 

cities in tropical countries. All models had the same interior surface reflectance, i.e. 0.9 for 

the ceiling (concrete), 0.8 for the wall (plastered brick), and 0.5 for the floor (ceramic). The 

shading devices and light shelves were made of the same material (glass fibre reinforced 

concrete) with 0.9 for the surface reflectance.  

Three room models with variation in width (6 m, 9 m, and 12 m) were constructed to 

observe the ability of light shelf to bounce natural light into the deep side of the room. Each 
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room has a different height in order to allow the daylight to penetrate into the deepest room 

perimeter. Clerestory head height was determined based on the daylighting rule of thumb, 

which prescribes 2.5 times the clerestory’s head height as the maximum room width  for light 

shelf application [13]. To prevent the occupant view from glare, an internal light shelf, which 

has 1.5 times the clerestory height, was mounted above occupant’s eye level at the height of 

2.2 m [14]. The internal shelf was mounted at a height below the clerestories and above the 

view windows. The upper surfaces of the shelves were coated with 95 % reflectance 

aluminum film.  

Other fenestration models, i.e., without shading device and with overhang, were installed 

on a building with the same dimension, surfaces, room arrangement and window model for 

comparison. The window to floor area ratio (WFR) must meet LEED requirements, i.e. , 15 %. 

All windows were glazed with 6 mm clear glass with 19 % of the maximum window to wall 

area ratio (WWR). The view windows had a constant area with variation in shading device 

(shading coefficient or SC).  

 

 

(a) (b) 

Fig. 1. (a) Room arrangement; (b) light shelf. 

 

 (a) (b) (c) 

Fig. 2. Fenestration models: (a) without shading; (b) with overhang; (c) with light shelf. 

2.2. Modelling the Urban Context 

Three elements of urban context, i.e., the geometrical combination of vertical (buildings) and 

horizontal (streets and open areas) surfaces or aspect ratio (he/we or h/w), the ratio of the street/open 

area width to the building width (le/L), and external surface albedo, were examined. In this study, 

there were 2 variations in the external ground reflectance, external wall reflectance, and external 
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roof reflectance. Whereas 3 variations in the h/w and the le/L were 0.5, 1, and 2; and 0.25, 0.5, and 

0.75 respectively. Variation in distances among the building model and surrounding 8 buildings 

having the same dimension as the building model (Fig. 3) created variation in h/w and le/L. 

 

  

 (a) (b) 

Fig. 3. (a) Urban aspect ratio or urban canyon; (b) one of the model in medium-dense urban area. 

2.3. Daylighting and Energy Simulations 

EnergyPlus [15] was employed to calculate the building cooling load and energy use for 

lighting. The reliability of EnergyPlus has been tested for building thermal envelope and fabric 

tests designated as Cases 195 through 960 of ANSI/ASHRAE Standard 140-2011 [16]. The 

accuracy in computing solar heat gain had been validated using test cell’s monitoring data [17] 

and compared to other energy simulation software [18]. Several previous studies relied on 

EnergyPlus to perform the energy use of the building models. Hachem et al. [19] used EnergyPlus 

to investigate geometric form effects on solar potential of housing units in Montreal. While, Goia 

[20] searched the optimal window-to-wall ratio in office buildings in 4 European cities using 

EnergyPlus.  

This study selected Adaptive Convection model to calculate the exterior and interior convective 

heat transfer coefficient (hc,ext, hc,int). Adaptive Convection algorithm allows for finer control over 

the models used for particular surfaces. It classified the surfaces by flow regime and orientation. 

By choosing this model, the most appropriate hc equation which available in EnergyPlus would 

be automatically selected for a given space and at a given time during the simulation running [21].  

The conduction heat flux in EnergyPlus was quantified using Conduction Transfer Function 

(CTF) method. CTF is an elegant and powerful solution to calculate conduction heat transfer 

through an element that decays rapidly when using response factor equation [15]. In EnergyPlus 

radiative heat transfer from urban context to the interior is determined from radiation flux 

exchange with the air and surroundings and the absorbed direct and diffuse solar radiation heat 

flux. The radiation heat flux is calculated from the surface, sky and ground temperatures, the 

surface absorptivity and the sky, and ground view factors. Perez solar radiation model is used to 

split global solar radiation into direct normal and diffuse horizontal components [21]. The 

transmittance of sky radiance is calculated using anisotropic radiance distribution model that has 

been proven as an accurate sky radiance model [18].  
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The calculation of energy use for lighting was based on the daylighting performance computed 

using DELight. DELight is an EnergyPlus integrated lighting software. It uses Radiosity-based 

algorithm to calculate the Inter Reflected Component (IRC). The integrated EnergyPlus-DELight 

has been tested by Carroll and Hitchcock [22] as a robust, usable and capable of providing a 

sufficiently accurate performance of the daylighting and lighting control system of the light 

redirecting system. To simulate the energy for lighting, the artificial lighting was controlled 

linearly over 100 % area with suspended luminaires and 22 of the daylight glare index (DGI). The 

lamps would turn on when the average Ei was below than 300 lux.  

EnergyPlus simulations were run using climatic data of Singapore (on 1o22’ N) and Yogyakarta 

(on 7.8oS). These cities belong to the equatorial tropical region. Whole year simulation was 

selected to analyze the annual DF and energy demand. The classroom was equipped with split air 

conditioner without fresh air with default coefficient of performance or COP (3.34) and supply air 

condition. The operation schedule of educational classroom cooling and lighting was selected in 

the simulation set-up.  

Since the flexibility of DELight in EnergyPlus is very limited, the daylighting performance of 

the models in this study was analyzed using Radiance. The accuracy of Radiance, a backward ray-

tracing based software, has been validated in some previous studies [24], [25]. Combining 

EnergyPlus with detailed lighting software was also implemented by Huang et al. [23] to obtain 

more accurate daylighting simulations. In this study, simulations under overcast sky conditions 

were conducted to calculate the DF and the energy demand for lighting. Whereas the simulations 

under a clear sky with the sun were set on June 21 at 12:00, a time when the clear sky brought 

abundant daylight through North-facing windows for Yogyakarta and South-facing ones for 

Singapore. Daylighting simulations were set up in a high level of accuracy (model detail, lighting 

variability and image quality) with 5 indirect reflections. 

3. RESULTS AND DISCUSSIONS 

3.1. Daylight Factor in Highly Dense Area 

Light shelves performed the best in a wide room (6 m and 9 m wide rooms) compared to the 

daylighting performance of unshaded window or window with overhang. Fig. 4 illustrates the 

daylighting performance of the first floor of building models with North-facing windows located 

in an urban context with h/w = 4 and le/L = 0.25. The applications of light shelves on wide rooms 

created the most uniform distribution of indoor illuminance (Ei) on the deepest perimeter. The 

neighbor’s buildings obstructed the daylight penetration through the windows of the building 

model equipped with light shelves, which further decreased the DF of the area near the windows. 

Meanwhile, the unshaded clerestories incorporating with the internal shelf transmitted and then 

deflected the reflected daylight from the neighbor’s wall and the ground until the deepest area of 

the room. 
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Fig. 4. DF at certain distance (m) from the windows inside 6 m, 9 m and 12 m wide rooms on the first floor in an urban 
area with h/w = 4 and le/L = 0.25. 

 

Fig. 5. Percentage of the DA of 6 m, 9 m, and 12 m wide rooms with 3 variations in fenestration model on the first floor 

in an urban area with h/w = 4 and le/L = 0.25. 

Floor area percentage with Ei > 300 lux is another daylighting performance parameter namely 

Daylight Autonomy (DA). Fig. 5 displays simulation of DA for North-facing windows under peak 

sky luminance and for South-facing windows under an overcast sky in Yogyakarta. Compared to 

the DA of other fenestrations, light shelf application achieved the best DA inside a 12 m wide 

room with North-facing windows on June 21 at 12:00 under a clear sky. Light shelf became 

ineffective for South-facing windows under overcast sky conditions in the highly dense area in 

Yogyakarta, although it offered a better solution in daylighting performance than horizontal 

shading devices. Reflected daylight levels entering the room through the clerestory in light shelf 

applications could not provide sufficient average Ei. 

3.2.  h/w Ratio Effects on the Daylighting Performance 

Significant effects of urban aspect ratio (h/w) on the Ei could be observed on the first floor of 

the room under clear sky conditions. h/w and le/L created a balancing effect on the Ei of a room 

on the third floor under a clear sky. On the fifth floor under the same sky conditions, variation in 

le/L and h/w only modified the Ei of the area near the window. However, no significant effect 

appeared on all floor levels in low h/w due to the variation in le/L. 
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 (a) (b) (c) 

Fig. 6. Ei of a 12 m wide room equipped with north-oriented windows with lightshelves in Yogyakarta with varying urban 

geometry under clear sky on June 12 at 12 noon on the first floor (a), the third floor (b) and the fifth floor (c). 

Under overcast sky conditions, the effects of h/w on the Ei of the first floor were stronger than 

those of le/L. Variation in le/L only produced significant effects on the Ei near the window in the 

urban area with medium or high h/w. Generally, it produced only small effects if the urban area 

had low h/w. On the third floor the effects of h/w on the Ei of the 12 m wide room were more 

pronounce than those of le/L. A similar pattern with slight effects of the urban geometry on the 

third floor occurred on the fifth floor. 

3.3. Albedo / Surface Reflectance Effect 

 

 (a) (b) (c) 

Fig. 7. DF of a 12 m wide room equipped with North-facing windows with light shelves with 2 variations in the ground 

reflectance in an urban area with 3 variations in aspect ratio, i.e. h/w = 4 and le/L = 0.25 (a), h/w = 2 and le/L = 0.25 (b), 

h/w = 0.75 and le/L = 0.25 (c). 
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The effect of external ground reflectance on the Ei revealed on the first floor in the high-density 

urban area, i.e. h/w = 4. In this urban area, diffuse natural light (especially ground reflected light) 

played a dominant role in providing sufficient Ei on the first floor. Substantial effect on the DF 

appeared on the first floor room in all urban densities for south-oriented windows under overcast 

sky conditions. Low ground reflectance affected significantly on the DF. The longer the distance 

from the window, the lower the DF would be. External wall reflectance affected the Ei and DF 

mainly on the third and fifth level only in the high to the medium dense urban area (see Fig. 8). 

Significant reduction of the DF due to the lower external wall reflectance occurred near the 

window, while a slight reduction revealed on the deepest side. Modification of the external wall 

reflectance only created slight effects on the Ei and DF on the first floor. There was no significant 

reduction in the Ei and DF due to the lower external roof reflectance. This is not valid for a floor 

level which was higher than the neighbor’s roof. 

 

 

 (a) (b) (c) 

Fig. 8. DF of a 12 m wide room equipped with North-facing windows with light shelves with 2 variations in the wall 

reflectance in an urban area with 3 variations in aspect ratio, i.e. h/w = 4 and le/L = 0.25 (a), h/w = 2 and le/L = 0.25 (b), 

h/w = 0.75 and le/L = 0.25 (c). 

External reflectance affected interestingly on the Ei of light shelf application. For the building 

in medium or low dense urban area, low external ground and wall reflectances potentially reduced 

glare without significant reduction in average Ei in the occupied zone and Ei on the deepest side 

of medium (to wide) rooms. High external reflectance, however, could not significantly help 

increasing the average Ei of the room on the first floor in highly dense urban context. 

3.4. The Space Cooling Load and Lighting Energy Consumption 

Fig. 9 and Fig. 10 indicate that light shelf can save the building energy consumption if applies in 

highly dense urban area (with the combination of h/w = 4 and le/L = 0.25 or h/w = 2 and le/L = 0.25) 

and on the first to third floor of a building. However, light shelf could perform well in low dense 

urban area (h/w = 0.75 and le/L = 0.25) if it was installed on the first floor. High sky luminance in 

humid tropics created a high external reflected component of light shelf application in the dense 
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urban area, meanwhile highly dense urban area provided shading to the building facade, which 

further decreased the cooling load. In terms of building energy, application of light shelf on low 

floor levels is recommended. Fig. 9 shows that at the operational stage the energy consumption for 

cooling was higher than for lighting. High abundant solar radiation in the tropics demands high 

energy to cool the space, meanwhile the current state of lighting technology offers highly efficient 

lamp type, such as: Light Emitting Diode. However, fenestration application in urban context 

should concern the combination between energy for cooling and for lighting since the dominant 

contribution to the total energy consumption depends on the urban canyon aspect ratio. 

 

 

Fig. 9. One-year cooling load and energy use for lighting of fenestration models on 9 m wide classrooms with South-facing 

windows in various urban geometry in Yogyakarta. 

 

Fig. 10. One-year total cooling load and energy use for lighting of fenestration models on 9 m wide classrooms with South-

facing windows in various urban geometry in Yogyakarta. 

Fig. 11 depicts the window orientation effects on the energy performance of each fenestration 

type. Aperture orientation could modify the energy consumption of space on the first and top floor 

of the building equipped with light shelf and without shading device. Application of light shelf on 

the South-facing window on the first and third floor yielded the lowest energy consumption 

compared to the application of other fenestrations. Application of light shelf on the top floor would 

consume low energy if the windows were oriented to the North or the East on the buildings in 

highly dense urban area in Singapore. However, EnergyPlus simulations with variation in external 

surface reflectance/albedo as shown by Fig. 12 demonstrated insignificant modification in the 

cooling load and energy for lighting.  
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Fig. 11. A 9 m wide classrooms with various window orientations in highly dense urban area in Singapore. 

 

Fig. 12. One-year energy performance of fenestration models on 9 m wide classrooms in 2 variations of the urban geometry 

with 3 variations of the external reflectances in Yogyakarta. 

4. CONCLUSION 

In the dense humid tropical urban area under clear and overcast sky conditions, light shelf 

created the most uniform daylight distribution in wide rooms (9 m to 12 m) with North-facing 

windows in the Southern hemisphere and South-facing windows in the Northern hemisphere. The 

DA of the room with light shelf was better than the DA of the other fenestrations. Under overcast 

sky conditions with South-facing windows in the Southern hemisphere and North-facing windows 

in the Northern hemisphere, the DA of the rooms with light shelf was lower than that of without 

shading device. Variation in h/w substantially modified the daylighting performance of light shelf 

application on low floor levels. The higher the h/w (the denser the urban area), the stronger the 

effects on the Ei (distribution). Meanwhile, le/L had insignificant impacts on the daylighting and 

energy performance. Compared to the other fenestration types, the best energy performance 

(cooling load and energy for lighting) of light shelf applications were in highly dense urban area 

(h/w = 4 and le/L = 0.25) and on the first floor in any urban geometry.  

High external wall and ground surface reflectance could improve the daylight level of a room 

equipped with light shelf in dense urban area. Whereas low external ground surface reflectance could 

increase the possibility in creating more uniform daylight distribution of a room equipped with light 

shelves in any aspect ratio of the urban context. Low external wall surface reflectance only improved 

the daylight distribution of a room equipped with light shelf in dense urban area. However, the 

external surface reflectance/albedo insignificantly influenced the building energy consumption. 
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