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Abstract: This paper presents the findings of a study that investigates the thermal performance 
of three toplighting systems: skylights, lightscoops, and roof monitors for office 
buildings in Thailand. The three systems were designed to yield similar annual 
cooling loads. They were developed through a series of computer-assisted ray-
tracing studies, and iteratively refined to respond to a wide range of solar positions. 
The EnergyPlus building energy analysis computer program was used to evaluate the 
annual energy savings of each toplighting system. Comprehensive sets of computer 
simulation were used to simulate annual energy performance. The thermal 
parameters simulated were: total cooling loads, heat gains and losses, and interior 
temperatures. Results showed that increasing the glazing area of the toplighting 
systems has no effect in the total cooling load when they are designed to exclude 
direct sunlight into the space.  Even though the roof monitor has a 14% and 95% 
more glazing area than the lightscoop and skylight, respectively; the cooling loads of 
the three systems, between 8AM and 5PM, were similar. In addition the roof monitor 
provided better daylight distribution and higher illuminance levels than the other 
systems. Toplighting systems are suitable design strategies for this climate, reducing 
electric lighting and cooling loads.  

 

1. Introduction 
The use of daylighting in architectural design is an effective way to create sustainable buildings. 
Daylighting helps to reduce both the energy consumption of a building and energy consumption at a 
national scale. The advantages of using daylight are more pronounced and more challenging as the 
location gets closer to the equator, mainly due to the increased availability of daylight. Bangkok, 
Thailand (latitude 13.7°N) is in a hot and humid climate with no heating season  

The two most common daylighting systems used in buildings in this region are sidelighting and 
toplighting.  

Sidelighting provides both views and opportunities for ventilation. The most popular type of 
sidelighting is designed with large spans of glazing, which, in hot and humid climates, adds 
unnecessary heat gains to the interior space. Then an oversized air conditioning system has to be 
designed to remove the additional heat gains, resulting in higher electricity consumption. 

Toplighting gives designers the flexibility in arranging the geometry and orientation of daylight 
apertures according to the lighting needs of the occupants and is not limited to wall orientations like 
sidelighting (Lam 1995). As a result, the uniformity of light distribution is easily achieved with 
toplighting; moreover, large quantities of light can be introduced through relatively small openings. On 
one hand, toplighting can help reducing the electric energy used in artificial lighting, and on the other 
hand, toplighting can increase the use of electricity by introducing large amounts of heat gains, if it is 
designed inappropriately. The challenge of designing toplighting systems has to be closely examined, 
especially in buildings located in low latitudes with hot and humid climates, and no heating season 
(Cabús and Pereira 1996). Although there are many advantages in using toplighting, its application is 
usually avoided by many Thai architects because of the potential of high solar heat gains. This issue 
makes toplighting systems much harder to design efficiently as well as to increase its lighting 
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performance than sidelighting systems. 

As a consequence, at the present time, in Thailand, the use of large area of sidelight glazing or 
curtain walls without shading devices is very common and can be found increasingly in new buildings, 
which introduce even more heat gains than with effectively designed toplighting systems. Frequently, 
however, toplighting is not used, even when it is a suitable application. 

 Previous Studies 
There has been only a few studies of toplighting design regarding both the thermal and lighting 
performance; and, very few in low-latitude hot and humid locations. 

One study has examined the impact of window, skylight, and clerestory daylighting systems on the 
annual energy performance of buildings at latitude 38°N and concluded that the skylight is the most 
efficient system in terms of lighting and thermal performance (Treado, Gillette, and Kusada 1984). 
The results were different in another study which tested the skylight, clerestory, and roof monitor, 
along with their associated heat gains for locations in the tropics (at latitude 0º); skylight performed 
the poorest by yielding the lowest ratio of light output to heat gain (SSLE) ratio among the three 
options tested (Cabús and Pereira 1996). Another study has analyzed both the visual and energy 
performance of three toplighting systems: skylights, clerestories, and monitors at latitude 35°S in 
Argentina (Garcia-Hansen, Esteves, and Pattini 2002); with the conclusion that, for thermal aspects, 
the systems that could save the most energy are clerestories, monitors and skylights, respectively. 
Dewey and Littlefair have compared the lighting performance of different toplighting systems but not 
the thermal aspects (Dewey and Littlefair 1998).  

From these studies, it can be noted that the thermal and lighting performance of toplighting systems 
could be different according to the location, weather, and sky condition; moreover, in order to analyze 
more effectively the lighting performance of toplighting systems, each of them should be comparable 
in terms of its thermal performance.  

This paper is part of a study that examined toplighting in hot and humid climates in terms of its 
thermal and lighting performance. This paper presents the thermal performance aspects of the study. 
Three toplighting systems were developed: skylight, lightscoop, and roof monitor. Each system is 
tested as a single unit prototype, and then as a series of units, all with similar thermal loads. 

 

2. Prototype Designs 
A prototypical base case building was created; the base case building has a floor area of 375 sq m. 
(4,100 sq ft). The dimensions of the space were 15.00 m (50 ft) wide by 25.00 m (82 ft) deep by 4.50 
m (14.8 ft) floor-to-ceiling height. Using the base case building, a comparison between the three 
toplighting systems is made.  

 Single Unit Prototypes 
The average annual cooling load is used as a parameter to determine the thermal performance of 
each toplighting system. Since the cooling load is the energy required to remove the heat stored in the 
building, it is an appropriate performance variable to compare the thermal loads of the systems. 
These systems were designed to exclude direct sunlight penetration by installing shading devices, 
except for the skylight which has diffuse glazing. Sunlight penetration was tested using the program 
Ecotect.  

The developed toplighting prototypes, used in all the simulation runs in this study, are presented in 
Figure 1, the section of the prototypes in Figure 2, and the glazing area comparison of each prototype 
in Figure 3. The glazed area of the lightscoop and roof monitor is about 6 and 7 times larger than the 
skylight glazed area. In the tests of the three toplighting prototypes using EnergyPlus, the average 
cooling load of each case was similar, with a difference of less than 2%. This verified that all the 
prototypes are comparable thermally, as shown in the monthly cooling loads chart (Figure 4). 
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Figure 1 Single Unit Prototypes: Perspective View 

 
Figure 2 Single Unit Prototypes: Cross Section 

 
Figure 3 Single Unit Prototypes: Glazing Area Comparison 

Cooling Load Comparison: Single Unit Toplighting
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Figure 4 Single Unit Prototypes: Monthly Cooling Loads  

 Series of Units Prototypes 
The series of apertures with a spacing-to-height ratio of 1.5 to 1 and 1 to 1 were tested. According to 
Dewey and Littlefair (1998), a 1.5 to 1 ratio in a flat skylight and vertical sawtooth can yield daylight 
uniformity to meet the uniformity criteria of CIBSE (CIBSE 1994). Even though the prototypes 
employed in this study are not exactly of the same geometry as in Dewey’s paper, the ratio was used 
as a reference for the evaluation of the prototypes. A spacing-to-height ratio of 1 to 1 was a rule of 
thumb suggested by IESNA (IESNA 1999). The cross sections of both spacing-to-height ratios are 
depicted in Figures 5 and 6. 

 

 

Figure 5 Cross Sections of a 1.5 to 1 Spacing-to-Height Ratio 

 

 
Figure 6 Cross Sections of a 1.5 to 1 Spacing-to-Height Ratio 

 

3. Evaluation 

 EnergyPlus 
The EnergyPlus, building energy analysis program, was used to evaluate the annual thermal 
performance of each toplighting system. EnergyPlus is a building thermal simulation program created 
by Lawrence Berkeley National Laboratory (LBNL). It is a fully integrated building and HVAC 
simulation program. This study used version 1.2.1 of EnergyPlus to simulate the thermal performance 
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of the prototypes and to compare the potential of energy savings of each toplighting system. 

Building materials are drawn from DOE2.1E materials and Window5 based on the construction 
materials which are used locally (Table 1.) Purchased air parameters were placed into the EnergyPlus 
input files in order to estimate the cooling loads needed to cool the building to the cooling temperature 
set point. The simulated space did not include any HVAC systems because the primary research 
objective is to analyze the effect that each daylighting system has on the thermal performance of the 
building. The cooling set point is set at 25°C with the cooling availability schedules from 8AM-5PM (off 
nights and weekends.) Other parameters are presented in Figure 7.  

 

Table 1 EnergyPlus Input: Materials and Construction 

Building Element Material User Name Materials Construction Name Source 

Wall HF-A6 FINISH BRICK_TH DOE2.1E  

 HF-B2 INSULATION 1IN   

 HF-C4 COMMON BRICK 4IN   

 AL21 Air Layer 3/4 in   

 HF-C4 COMMON BRICK 4IN   

 HF-E1 3/4IN PLAS-3/4IN GYPS  

Ceiling and roof HF-C10 CONCRETE HW 8IN ASHI-38 DOE2.1E  

 HF-E4 CEILING AIR SPACE   

 HF-E5 ACOUSTIC TILE   

Floor ConcSlab_OnGround-0 Finish ConcSlab_OnGround Ecotect 

 ConcSlab_OnGround-1 Concrete Slab   

Glazing (Low-E) E178-4.CIG Low-E glazing Asahi_Low-E Window5 

 AIR 12.7MM Air space   

  CLEAR_6.DAT clear glazing layer      

 

SCHEDULE for people, lights, and equipments: weekdays
(off weekends and holidays)
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Figure 7 EnergyPlus Input: Typical Weekday Schedule 

The output variables requested from EnergyPlus are Purchased Air Total Cooling Rate (watt), Zone 
Window Heat Loss (watt), Zone Window Heat Gain (watt), and Mean Air Temperature (°C). Since 
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EnergyPlus uses the zone heat balance to calculate the heat transfer, there is only one temperature 
within one thermal zone; separate EnergyPlus input files have to be created to get the mean air 
temperature by excluding the purchase air input parameters to simulate closed building with no 
ventilation.  

 
4. Results 

4.1 Single Unit Toplighting Prototypes Results 
The prototypes yielded similar total cooling loads with an average of 5.7 kW per month and with a 
difference of less than 2% (Figure 4). With similar cooling loads, the roof monitor has a 1.2 and 7 
times more glazing area than the lightscoop and skylight, respectively. The cooling loads of the three 
toplighting prototypes also shows a similar trend, having higher cooling loads during the hottest 
months, from March through June and reaching the lowest loads in December and January. From the 
hourly cooling load charts (Figure 8), we can observe a similar pattern during the hottest (April 30) 
and coldest (Jan 25) days. In both days the cooling load decreases during the morning hours, then 
increases in the afternoon, and decreases again at night after 7:00PM; thus indicating that the thermal 
mass of the building stores heat in the morning and releases it in the afternoon. Monthly sensible 
cooling load is compared to the total cooling load of each case to analyze the amount of energy 
required for moisture removal. From the results, the cooling energy necessary for moisture removal 
represents about one-third of the total cooling energy needed to cool the building to the temperature 
set point of 25°C (77°F); this emphasizes the importance of latent cooling energy in a hot and humid 
climate. Monthly average window heat gain and loss charts are presented in Figure 9. It can be seen 
that all the prototypes have similar heat gains from the windows; although the skylight has less heat 
gain and heat losses than the two other systems. The indoor temperatures of each case are similar 
and fluctuate according to the outdoor temperatures with closed windows and no A/C (Figure 10).  

 

Hourly Cooling Load Comparison: Apr 30 (hottest day)
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Hourly Cooling Load Comparison: Jan 25 (coldest day)
without internal gains
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Figure 8 Single Unit Prototypes: Hourly Cooling Load on Hottest and Coldest Day 
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Single Unit Toplighting: Average Zone Window 
Heat Gain (W)

0.00

500.00

1000.00

1500.00

1 2 3 4 5 6 7 8 9 10 11 12

Month

H
e

a
t 

G
a

in
 (

W
a

tt
)

Skylight Lightscoop Roof Monitor

Single Unit Toplighting: Average Zone Window 
Heat Loss (W)
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Figure 9 Single Unit Prototypes: Monthly Heat Gain and Loss 

 

Temperature Comparison: Single Toplighting System
(windows closed, w/o setpoint)
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 Figure 10 Single Unit Prototypes: Monthly Indoor-Outdoor Temperature 

 

4.2 Series of Toplighting Prototypes Results 
The average total cooling load was 6 kW and 6.2 kW for the prototypes with the spacing-to-height of 
1.5 to 1 and 1 to 1, respectively (Figure 11) with a cooling load difference of less than 5%. The hourly 
cooling loads during the hottest and coldest day, the monthly sensible cooling load, and the outdoor-
indoor temperatures have similar trends to the single unit prototypes, but with larger differences. The 
analysis of the total cooling load, when the glazing area increases from a single unit to a series of 
units, has been done in order to study the impact of daylight on the thermal performance of the 
building. The increased amount of daylight (as result of the increased glazing area) entering the space 
does not affect the cooling load much. As the number of units increased, from 1 to 4, the cooling load 
increased 4%, 5%, and 2%; and from 1 to 6 units, the cooling load increased 4%, 7%, and 3% for the 
skylight, lightscoop, and roof monitor, respectively. When the 4-unit prototypes (1.5 to 1 spacing-to-
height ratio) are compared with the 6-unit prototypes (1 to 1 spacing-to-height ratio), the glazing area 
increased 50% but the cooling load increased only 3%, 5%, and 1% for the skylight, lightscoop, and 
roof monitor, respectively (Figure 12). The roof monitor introduced lower cooling loads than the two 
other systems in all the prototypes tested, even in the cases when the glazing area was increased. 
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Cooling Load Comparison: 1.5 to 1 Series of Toplighting
cooling available weekdays 8:00am-5:00pm
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Cooling Load Comparison: 1 to 1 Series of Toplighting
cooling available weekdays 8:00am-5:00pm
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Figure 11 Cooling Load Comparison: 1.5 to 1 and 1 to 1 Spacing-to-Height Prototypes  

 

Annual Average Cooling Load Comparison
cooling available from 8:00AM-5:00PM
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Figure 12 Annual Cooling Load Comparisons: All Prototypes 

5. Conclusion 
Results indicate that the use of toplighting systems are suitable for buildings in hot and humid 
climates with no heating loads, only if they are carefully designed to minimize the associated heat 
gains. Increasing the number of units (1 to 6) only increases 7% the cooling loads due to a reduction 
of the energy required for electric lighting. Thus, increasing the glazing area of the systems does not 
affect largely the cooling loads. The roof monitor introduced less cooling loads than the lightscoop and 
skylight prototypes, both of these with 1.2 and 7 times more glazing area. In addition, the daylighting 
performance of the roof monitor (not covered in this paper) is better in terms of daylight distribution 
and uniformity with higher illuminance levels compared to the skylights and lightscoops, considering 
similar cooling loads. This study demonstrates that toplighting systems carefully designed with proper 
shading devices and glazing orientation can yield to very successful systems. These toplighting 
systems can be incorporated in new buildings providing well illuminated spaces and with higher 
energy savings than sidelighting systems. Further studies of other optimized toplighting systems 
should be conducted as well as comparisons of these systems in other locations with similar latitudes 
and different climates; as well as feedback from Thai architects to integrate toplighting systems in new 
buildings. 

References 
Busch, J.F., P. Pont, and S. Chirarattananon. 1991. Conserving Electricity for Lighting in Thai 
Commercial Buildings: A Review of Current Status, Potential, and Policies. Proceedings of Right Light 
1, Stockholm, Sweden. 



iNTA 2006, International Network of Tropical Architecture, 2nd International Conference on Sustainable 
Architecture and Urban Design in Tropical Regions, Jogjakarta, Indonesia, April 3-5, 2006. 

 

Cabús, R. and  F. Pereira. 1996. Luminous Efficacy of Daylighting in Intertropical Region: An Analysis 
for Toplighting Systems. Renewable Energy 8: 210-213. 

CIBSE. 1994. CIBSE Code for Interior Lighting. London: Chartered Institution of Building Service 
Engineers.  

Dewey, E.J. and P.J.Littlefair. 1998. Rooflight spacing and uniformity. Lighting Research and 
Technology 30(3): 119-125.  

Garcia-Hansen, V., A. Esteves, and A. Pattini. 2002. Passive Solar Systems for Heating, Daylighting 
and Ventilation for Rooms without an Equator-Facing Façade. Renewable Energy 26: 91-111. 

IESNA. 1999. IESNA Recommended Practice of Daylighting. New York: Illuminating Engineering 
Society of North America. 

Lam, W. 1986.  Sunlighting as Formgiver for Architecture. New York: Van Nostrand Reinhold.  

Treado, S., G. Gillette, and T. Kusada. 1984. Daylighting with Windows, Skylights, and Clerestories, 
Energy and Buildings 6: 319-330.  


