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ABSTRACT 

The SD10 Prototype is an experimental building used as the Headquarters of the organization during the Solar Decathlon 
Europe Competitions 2010 and 2012. The project aim is to develop a new industrialized, light, sustainable and energy 
efficient construction system. The active modular glazing panel is a 2D glazing module on the south façade. 

In high solar radiation climates, the effect of the large amount of light and the usual lack of daylighting control devices 
cause exterior sunscreen abuse, paradoxically generating artificially illuminated interior spaces. The consequences of 
living in areas with not enough daylight go beyond the impact on electricity consumption. Natural lighting can have both 
positive and negative effects on health, productivity and user satisfaction of a space.  

The objective of this study is to evaluate the modular active glazing panel and to determine the influence of different 
types of solar and light control devices in relation to the quantity and quality of natural light, in order to determine which 
are suitable for the use of solar radiation in high radiation climates. 

INTRODUCTION 

The SD10 Prototype is a building used as the Headquarters of the organization during the Solar Decathlon 
Europe Competitions 2010 and 2012.  

 

Figure 1. SD10 experimental building in Solar Decathlon 2012. 

The SD10 Prototype is not a house in itself. The design comes from a collective housing 
design which was the result of the research activities of the TISE Research group. In 
particular two research projects: INVISO (Industrialized sustainable building) and BALI 
(Building acoustic for living). 

Figure 2. INVISO 
industrialized 

system 



The project aim is to develop a new industrialized, light, sustainable and 
energy efficiency construction system. It should be a competitive system 
especially focused on its effect on energy savings and associated GHG 
emissions.[1] 

The system design is a combination of 3D and 2D modules; a specific block 
was developed as an activity of the INVISO Project. The SD10 prototype is the 
basic unit that will be replicated in a block. 

In this context the active modular glazing panel has been designed, which is a 
2D glazing module of the south façade. 

The system integrates a doble galzing area, a heat exchanger and a solar control 
devise. The active elements are controlled according to the user needs and the 
exterior climate conditions. 

In high efficiency glazing systems it is necessary to confirm that the measures 
taken to reduce energy consumption do not in turn reduce other parameters, 
having a negative impact on aspects such as comfort and health of the user. 

The lighting consumption is variable in relation to local factors and use of the 
building.  Office buildings are where there consumption is generally higher. In 

Spain 28% [2] of total consumption is 
attributed to lighting, presenting a high 
potential for savings 

In high solar radiation climates, the effect 
of the large amount of light and the usual 
lack of daylighting control devices cause 
exterior sunscreen abuse, paradoxically 
generating artificially illuminated interior 
spaces. 
 
The consequences of living in areas with not enough daylight go beyond 
the impact on electricity consumption. Natural lighting can have both 

positive and negative effects on health. 

 
Visible radiation ranges from 310 to 790 nm. However, energetic 
wavelengths are more biologically active in the ultraviolet (UVA) not 

visible, from 290 to 510 nm. 
In 2002 David Berson et al. [3], identified a new type of retinal 
photoreceptor cell which regulates biological effects. The sensitivity of 
this photoreceptor cell varies with different wavelengths of light. By 

drawing upon the biological factor called "melatonin suppression," Brainard [4] determined the curve of 
"biological action" spectrum, in blue, when comparing this curve with the eye's visual sensitivity 
corresponding to the cones, in red, and observed how biological sensitivity to wavelengths of light is very 
different to visual sensitivity. 

The light sends signals through the photoreceptor cells to our body clock, which regulates the circadian (daily) 
rhythms and the circannual (seasonal) rhythms in a variety of very different body processes. For good health it 

Figure 4. Active modular 
glazing panel 

 

Figure 3.  Basic unit of 
INVISO  Prototype. 
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is important that these rates are not too altered. If the rhythm has been altered, the morning light helps to 
restore normal rhythm. [5] 

Natural light provides the only light with the 
entire radiation spectrum. L.Bellia [6] makes a 
theoretical and experimental characterization of 
rsdistion spectra from various sources of 
artificial lighting. 
Dr. Richard Wurtman [7] noted in 1975 some of 
the biological effects of sunlight, in regards to 
both visible and ultraviolet radiation to non-
visible (UV and B). He also highlights the lack 
of investment for characterization and 
optimization of the biological effects of light, 
and to protect citizens from potentially harmful 

or biologically inadequate light. 
 
[5]Multiple scientific studies [8-12] in the field of photobiology have shown the negative effects on health of 
some types of artificial lighting, ranging from minor discomfort such as headaches, eyestrain, fatigue and 
weight gain, to more serious disorders like insomnia and sleep disorders, an increased risk of cancer, and a 
weakened immune system. 
 
Apart from the benefits on health and wellbeing of workers, good lighting results in better job performance 
(speed), fewer errors and rejections, improved safety, fewer accidents and lower absenteeism. The overall 
effect of this is increased productivity. [5] 

Anca D. Galasiu et al. [13] carried out a review of 60 studies conducted in the period from 1965 to 2004 in 
various countries, in relation to the preferences and level of user satisfaction with the light environment. 
Among the findings, the preference of workers for daylight and the perception of artificial lighting as harmful 
should be highlighted. A space where there are large flows of direct sunlight is perceived as unsatisfactory. 

The studies presented above show the importance of daylighting on health, productivity and user satisfaction 
of a space. To date, the regulations address issues related to the amount of light in the work plane, and not the 
quality of the light, or the light reaching the user's eye. 

A strategy for technicians who want to design an interior space with the best possible light environment will 
be first to provide the space with as much daylighting autonomy as possible, and secondly prescribing quality 
artificial lighting, not only considering energy efficiency, but also health implications and user comfort. 

The objective of this study is to evaluate the modular active glazing panel and to determine the influence of 
different types of solar and light control devices in relation to the quantity and quality of natural light, in order 
to determine which are suitable for the use of solar radiation in high radiation climates. 

2. CALCULATION. 

2.1. SAMPLE SELECTION. 
 
Various factors will affect the lighting of a room, related to the window are essentially: the location, 
orientation, size, type of glass and shading device  

Figure 5. Biological spectral curve, in blue and visual 
sensitivity curve, in red. [4] 



For this study, these variables are defined below: 

Location: The building is located in Madrid, where solar radiation is high. 
Orientation: The modular active glazing panel is located on the south facade. 
Room: To determine the impact of a window unit, the simulations are performed in a cell in which the 
window is 30% of the facade surface, multiple studies establish the optimum size of the window around 30% 
of window to wall ratio WWR [14,15]. The room depth is defined according to the basic rule of natural 
lighting, background = 2 times the height of the upper edge of the window 

 

Figura 6. Place features. 

Glazing Type: The study compares the type of glass of the active 
modular glazing panel with standard glass, which has the following 
composition: 

˗ Glazing A: Double skin comprising a first glass sheet with 
low emissive 6/16/4 and another glass sheet 4 +6 +4/12/6 
solar control.  

˗ Glazing B: Single glazing unit with a glass composition of a 
typical clear standard window 4/12/4. 

 
 
 
 
Solar and daylighting control devises: For this comparative study three types of commercial louvers placed on 
the outside are selected, we compare the performance of individual companies and the performance of the two 
glass compositions selected: 
 
 

˗ System type L: Solar diffuser. - 
Classic rounded louver. 

˗ System type T: Light slat 
conveyor. - Interlinked slats 
providing light transport. 

˗ System type R: Retro-reflecting 
slat. - Elements designed to 
meet the triple function of anti-
glare, redirecting light and sun 

protection. 

 
 

 Figure 8. Louvre Samples

Figure 7.Glazing samples.
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2.2. METHODOLOGY. 
 
The following methodology for evaluating glazing systems integrating lighting and solar radiation results is 
proposed: 
- First, a study of the characteristics of glass with Calumen II program. 
- Secondly an evaluation of the performance of solar and lighting control devices using two complementary 
simulation softwares Ecotect and Radiance is carried out. 
- Finally, results are converged to study the existing synergies. 
 
2.2.1. GLAZING PARAMETERS:  
 
Calumen II is a simulation software to calculate key performance of glass such as light transmission, solar 
factor o thermal insulation coefficient.  It uses calculation algorithms from the standard EN 410 : 
Determination of the light and solar characteristics of glazing (2011), and standard EN 673 : Determination of 
the thermal transmission coefficient Ug (2011). 

Compliance of the calculations performed by Calumen according to standards EN 410 (2011), EN 673 (2011), 
ISO 9050 (2003) m1.5 and ISO 9050 (1990) m1.0 has been validated by the certification organization TÜV 
Reihnland. 

The samples calculated are Glazing A and Glazing B. 

The results obtained are Luminous factors: Transmission, exterior reflection, interior reflection; and energy 
factors: transmission, exterior reflection, adsorption A1, adsorption A2, solar factor g, shading coefficient SC 
and thermal transmission: Ug. 

2.2.2. EVALUATION OF SOLAR AND DAYLIGHTING CONTROL DEVICES. Ecotect analysis 
compares different alternatives in the beginning stages of the design process, it shouldn´t be considered as an 
accurate analysis; in a second stage Radiance is used for a detailed radiant-exchange analysis.  

Ecotect Analysis implements the BRE Split Flux Method for daylighting calculations, conforming to “BS 
8206-2-1992. Code of practice for daylighting” and within “BS 8206-1-1985.  The code of practice for 
artificial lighting” also uses “BS ISO 15469-1997 Spatial distribution of daylight - CIE standard overcast sky 
and clear sky” for its illuminant distribution model.  

In Ecotect the samples simulated are: 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9. Samples simulated in Ecotect



Calculations are performed with an illuminance of 8500 lx of overcast  sky, thus obtaining more desfavorable 
values. 

Results of both daylighting and shading are obtained, the parametrers obtained are: 

˗ Daylighting values: Daylight level E (lx) at work surface(table), daylight factor DLF  at work 
surface(table), daylight autonomy according to DLF 

˗ Global window representative values: U(w/m2k), SHGC, VT, LSG.  
˗ Glazing representative values: U(w/m2k), SHGC, VT, LSG . 
˗ Radiation received in window on  December  21st , at June21st and on March/ September 21st (11:00 

h): Available solar radiation, incident solar radiation, transmitted solar radiation , shading percentage. 
˗ Daylight autonomy in office from 8am to 5 pm. 

Radiance is a highly accurate ray-tracing software system for UNIX computers developed with primary 
support from the U.S. Department Of Energy and additional support from the Swiss Federal Government.  

The validation step is very important to know the precision of the simulation results. Especially when dealing 
with daylighting simulation programs, achievement of the accuracy of the predictions is difficult.  

Several research papers present that dynamic, Radiance-based daylight simulation methods which use the 
concept of daylight coefficients are able to efficiently and accurately model complicated daylighting elements 
such as the considered venetian blind system. [16-18] 

Radiance calculations are performed for a precise moment, considering the climate data file.For Radiance 
simulations a smaller selection of samples have been made, with the aim of analysing the effect of solar and 
daylighting.  

 

 

 

 

 

Figure 10. Samples simulated in Radiance. 

Simulations with the Radiance program provide information to perform the analysis comparing daylight levels 
and the ability to redirect light and prevent glare on the different types of solar control and lighting devices. 
The following results of March 21/September 21, June 21 and December 21 at 10h, 13h and 16h are obtained. 

  Daylighting values E (lx) on the window 
  Daylighting values E (lx)  on the workspace
  Daylighting values E (lx) on the wall 

 

Daylighting curves (lx,cd/m2) in the room.
Daylighting levels E (lx) in the room at height= 0.9m.
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2.3. RESULTS AND DISCUSSION: 

2.3.1. GLAZING PARAMETER RESULTS. 

Below are the parameters that characterize the behavior of the glass, results obtained from Calumen II. 

Glazing parameters 
 Glazing A Glazing B 
Luminous factors D65 2º  
Transmission 54% 81% 
Exterior reflection  19% 15% 
Interior reflection  18% 15% 
Energy factors EN 410  
Transmission 17% 71% 
Exterior reflection 31% 13% 
Adsorption A1 19% 8% 
Adsorption A2 11% 8% 
Solar factor g 0,36 0,77 
Shading coefficient SC 0,461 0,88 
Thermal transmission – EN673-2011  
Ug 0,739 W/(m2.K) 2,8 W/(m2.K) 
Tabla 7.1: Glazing parameters 

Glazing spectra 
 
 
 
 
 
 
 
 
 
 
 

Figure 10:Glazing A and Glazing B spectra. 

Figure 11 : Commercial glazings to be considered as a reference. 

Figure 10 shows that Glazing A reduces the amount of energy that penetrates primarily reducing the access of 
the UV wavelengths spectra. 
Figure 11 shows the spectra curves of different types of glasses to be taken as reference.  

 



2.3.2. ECOTECT SIMULATION RESULTS: 

The following daylighting results for each of the samples are obtained: 

E (lx)  DAYLIGHT LEVELS  

  
 

Distance E  

1m 300  

2m 150  

3m 125  

4m 100  

5m 100  

 

FLD    DAYLIGHT FACTORS    

 

 

 

Distance FLD  

1m 4  

2m 1.8  

3m 1.4  

4m 1.2  

5m 1.1  

 

        INTERNALLY REFLECTED  

Distance R 

1m 1.01 

2m 1.01 

3m 1.01 

4m 1.01 

5m 1.01 

       DAYLIGHT AUTONOMY REPRESENTATIVE VALUES 

 GLOBAL GLAZING 
U(w/m2k) 0.73 
SHGC VARIABLE 
VT 0.13 
LSG VARIABLE 
GLASS  
U(w/m2k) 0.65 
SHGC 0.34 
VT 0.23 
LSG 0.68 
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The following solar radiation results for each of the samples are obtained: 

SOLAR EXPOSURE IN GLAZING SURFACE
21 DECEMBER       11:00 h  

 
 
 
 
 
 

21 MARCH/21 SEPTEMBER      11:00 h 

 

21 JUNE       11:00 h 

 
GLOBAL SOLAR RADIATION  Wh/m2 INCIDENT SOLAR RADIATION  

TOT.
Wh 

E 116466 

 

E 259030 
F 122264 F 243201 
M 198779 M 323487 
A 208874 A 258381 
M 226793 M 230764 
J 263147 J 207395 
J 285593 J 232683 
A 248196 A 268230 
S 176526 S 259103 
O 148752 O 276525 
N 116392 N 253506 
D 73683 D 164754 

TOTAL: 
2185465 

TOTAL: 
2977058 

TRANSMITTED SOLAR RADIATION TOT.Wh PERCENTAGE SHADING  
E 4813 

 

E 0% 
F 4519 F 0% 
M 6010 M 0% 
A 4801 A 14% 
M 4288 M 34% 
J 3853 J 43% 
J 4323 J 39% 
A 4984 A 22% 
S 4814 S 5% 
O 5138 O 0% 
N 4710 N 0% 
D 3061 D 0% 

TOTAL: 
55313

MEDIA:   
11.25%



2.3.3. RADIANCE SIMULATION RESULTS: 

The following daylighting results for each of the samples are obtained: 

Glazing A          21 march/21 september
DAYLIGHT LEVELS E (lx) 
Level on window: 2446.7 lux. 
Level on workspace: 47.8 lux. 
Level on wall: 39.3  lux. 

Level on window: 4340.2 lux.
Level on workspace: 82.8 lux. 
Level on wall: 66.6 lux. 

Level on window: 4453.8 lux.
Level on workspace: 63.3 lux. 
Level on wall: 54.4 lux. 

10h             21 march/21 september 13h             21 march/21 september 16h             21 march/21 september

 
DAYLIGHTING CURVES E (lx)   
10h            21 March/21 September 13h             21 March/21 September 16h             21 March/21 September

 
DAYLIGHT LEVELS E at work level(height=0.9m)
Max:  534.41 lux  
Min: 21.78 lux 

Max:  893.07 lux 
Min: 35.84 lux 

Max:  785.24 lux  
Min:26.12 lux 

10h            21 March/21 September 13h             21 March/21 September 16h             21 March/21 September

 
10h             21 March/21 September 13h             21 March/21 September 16h             21 March/21 September

  
 

 



11 

 

With the above mentioned results the following comparisons have been carried out: 

Here we see a comparison of the results of daylighting levels E (lux), the daylight factor DLF and reflections 
R in the room. Simulations are performed at height= 0.9 m at various distances perpendicular to the window: 
1m, 2m, 3m, 4m and 5m. 

 

 
The figure shows the influence of the type of 
glazing, wit type B the obtained daylighting 
levels are higher than with type A. 
 
Regarding the type of solar and daylighting 
control devises, rooms with retro-reflecting 
slats have higher daylighting levels , then 
those with light slat conveyors, and finally 
those with Solar diffusers. 
 
 
 
Figure 12: Daylight levels 

 

 
 
Daylight factor is the ratio of internal light 
level to external light level. 
 
Similarly, higher values of DLF, are 
obtained with retro-reflecting slats.
It can be seen that the smaller the admission 
of solar radiation by the glazing, the lower 
the influence of the type of solar and 
daylighting device. 
 
 
 
Figure 13: Daylight Factor 

 
 
Glazing A and Glazing B with retro-
reflecting slats are those with the highest 
percentage of reflection, differing a lot from 
the rest, grouped all around the same values. 
 
 
 
 
 
Figure 14: Internall reflections 
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Here we see a comparison of the results of radiation transmitted and obstructed through each window. 

 

Figure 15: Transmitted radiation.                                      Figure 16: Shaded radiation. 

 
The transmission of radiation is always higher in glazing B. According to the solar and daylighting control 
devices there are two groups: the first glazing without control device followed very shortly by the retro-
reflecting slat, then light slat conveyors and finally solar diffusers. 
 
Obstruction of radiation is similar according the type of solar and daylighting control device, light slat 
conveyors and solar diffusers obstruct radiation throughout the year, but retro-reflecting slats are selective 
throughout the year. 
 
Retro-reflecting slat louvered glazing transmits an amount of radiation similar to the glazing without solar 
control device. 
 
Here you can see the graphs with daylight autonomy obtained for all types of glazing according to the DLF.  

 

 

Figure 17: % daylight autonomy (at  1m, 2m, 3m, 4m, 
and 5m from the facade) 

      Figure 18:% daylight autonomy   in the centre of the room 
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Results reflect greater autonomy with daylighting in glazing B and glazing BR, around 80% of autonomy with 
DLF = 3. 
The lower range is obtained with glazing AL and BT, with DLF = 1. 2. 
The remaining cases, have a range of around 70% and DLF = 1.2. 
Comparison of daylighting levels on the window, on workspace and on the wall, at different times of day and 

at different times of the year grouped by type of control devise. 

From Radiance simulations, considering time and latitude, the following conclusions can be obtained: 

 

The highest illuminance on the window surface is obtained with light slat conveyor and retro-reflecting slat 
type.  Access of direct radiation rarely occurs, in the case of light slat conveyors, in none of the simulated 
cases and in the case of retro-reflecting slats, in December during mornings and evenings, never in the 
workspace surface. 

However, in the case of glazing with no solar device or glazing with solar difusser, the admision of direct 
solar radiation always exists, in the table surface the highest peaks of radiation are observed.  

AL 

Figure 19. Compartive of Radiance simulation results. 



CONCLUSIONS 

Glazing A was selected considering the criteria of a double skin glazing façade, based on energy efficiency 
optimization. The energy transmission was reduced compared to that of clear glass, thus altering the radiation 
ranges of visible wavelengths and biologically active wavelengths of radiation. 

 Any decision regarding the type of glass, changes its luminous properties: from 90% transmission in clear 
glass to 8-50% in solar control glass depending on the type of glass and the colour of it. 
Regarding solar control devices and daylighting values, there is a significant difference between the results of 
the retro-reflecting slat and the other types of devises simulated, approaching results similar to glazing without 
solar or daylighting control devices. 

In cases of glazing with no solar or daylighting control devices or with solar diffuser in Ecotect, results are 
observed at high percentages of autonomy using daylighting, however, the analysis with Radiance shows the 
incidence of direct radiation on the work space. In practice, this situation will produce glare and will trigger 
the use of solar protection, so that information on daylighting autonomy has to be analysed further, 
considering the task developed to be developed in the room. For tasks such as reading results cannot be 
considered. 

The highest daylighting values on the window surface are obtained with light slat conveyors and with retro-
reflecting slats; this may indicate that reflection focuses more amount of radiation on that surface. However, 
there is rarely access of direct radiation. In the case of light slat conveyors, in none of the simulated scenarios, 
and the case of the retro-reflecting slats, during mornings and evenings in December; direct radiation on the 
workspace surface has not been obtained in any of the cases. 

The best results are obtained with retro-reflecting slats, they select and redirect solar radiation, avoiding direct 
radiation and therefore glare discomfort. This operation allows 70% of daylighting autonomy, offering an 
energy efficient and healthy space. 
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