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ABSTRACT: Artificial skies have been a means for studying the daylighting performance of buildings 
for a long time and up to now. In this case, the artificial sky of the Centre for the Renewable Energy 
Sources (CRES) in Athens is utilized, in order to examine some special daylighting devices on a 
typical Greek classroom with south orientation. 
The daylighting devices under study emerged from a previous study made in RADIANCE and consist 
of external and internal light shelves of various dimensions and reflectances, as well as external 
semi-transparent movable blinds. The advantages of such systems is that they uniformly distribute 
daylight in the space, provide sufficient shading without dropping the daylight levels too much and 
eliminate glare. 
The physical model that was tested under the stable conditions of the artificial sky was scaled at 
1:10. Photographs of the interior were taken as well as measurements of the daylight levels under 
overcast and clear sky conditions, so that both qualitative and quantitative judgements can be made. 
The aim of this work was to examine the role of artificial skies in daylight studies and also to come up 
with the daylight system that best serves the daylight performance of the typical Greek classroom. 
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1. INTRODUCTION 
 

For a long time daylighting designers and 
researchers have been using scale models in order to 
assess the daylighting performance of buildings. This 
is due to the fact that a properly constructed scale 
model of the interior of a building is a true photometric 
analogue and permits a precise study of the 
daylighting performance of the space [1]. In theory, 
the wavelengths of visible light are so sort, relative to 
the size of models, that the behaviour of light is 
largely unaffected [2]. In practice, recent studies point 
out the general tendency of scale models to 
overestimate the daylight levels, when compared to 
the real building [3],[4],[5],[6]. According to these 
studies, the causes of errors are several: modelling of 
building details, surface reflectances and glazing 
transmittances and photometer features. 

Physical models can be tested under real skies or 
artificial skies – spaces illuminated by artificial light in 
order to simulate a real sky. The big advantage of 
artificial skies is the stable luminous environment they 
provide (reliability), as well as the possibility (in some 
of them) to test several predefined sky types (both 
overcast and clear skies). Their disadvantages are 
their expensive construction and parallax errors [7]. 

In the present research, a 1:10 scale model of a 
classroom was tested in the artificial sky of the Centre 
for the Renewable Energy Sources (CRES) in 
Athens. The aim was to optimize the daylighting 
performance of the classroom by using some special 
daylighting devices and also to study the usefulness 

of artificial skies as a means for studying the daylight 
performance of buildings. 
 
 
2. THE ARTIFICIAL SKY OF CRES 
 

In 1996 The Martin Centre, University of 
Cambridge, was commissioned by CRES to carry out 
a study and make recommendations for an artificial 
facility to be installed in the new laboratory facility at 
CRES. Since in southern Europe the presence of the 
sun is intense (offering more useful daylight in the 
southern sky but also needing attention for shading) it 
was desirable to combine both direct and diffuse light.  

So the artificial sky took the form of a full 
hemispherical diffuse sky dome with non-uniform 
controllable luminance, which also has a tracking sun 
source (Fig. 1). The sun source (a fan cooled 250 W 
quartz halogen lamp and mirror lamp-house) moves 
only vertically (solar altitude variation) where as 
azimuth variation is achieved by rotating the table on 
which the model stands. For the light sources of the 
diffuse part, it was decided to adopt the sky sectors 
as proposed by Tregenza [8], but to group the 
independent 145 sectors and reduce them to 35 
zones in order to simplify and economise on the 
expensive controls. These 145 lamps are quartz 
halogen lamps (20W 12V 60° Philips Brilliant Line 
dichroic reflector) mounted on the geodesic dome. 
Another part of the construction is the diffuser 
membrane, a tent of translucent cloth with an external 
metal frame, whose function is to mask the individual 
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light sources and to combine light from adjacent light 
sources in the surface of the dome.  

 
Figure 1:  The artificial sky at CRES. Source: The 
CRES Artificial Sky Design Study, Final Report, 
October 1999, by N. Baker 

 
Judging from the above, the artificial sky at CRES 

is capable of providing realistic combinations of 
diffuse daylight and direct sunlight, corresponding to 
any location, season and time of day, for which sky 
luminance data is available. Data for Athens is 
available for average skies and sunny skies. A 
Uniform sky and CIE overcast sky is also available. 
 
 
3. METHODOLOGY 
 
3.1 Classroom geometry and daylighting systems 
under study 

The present work follows a previous study [9] that 
has been made using the RADIANCE software [10]. 
Apart from other daylighting systems, it had also 
examined some types of light shelves on a typical 
Greek classroom, as it can be seen in Fig. 2. 

 

 
 

Figure 2:  The types of light shelves studied in 
RADIANCE software during previous work. 
 
 Two basic conclusions from the above study were 
taken into account for the present research: 
1) The lower light shelves (at 2m height) perform 
better (since daylight is reflected deeper into the 
room) 
2) Light shelves’ inclination at 5° and 10° does not 
significantly affect their daylighting performance (so it 
was decided to study the inclination at 20°). 

The form of classroom that was chosen to be 
studied in the present research is rectangular, with 

dimensions 7,0m x 7,0m x 3,20m. It is one of the 
forms proposed by the Greek organization of school 
buildings and it is actually very often used by the 
Greek architects. 

The daylighting systems that were chosen to be 
studied are shown in Fig. 3. They are three sets of 
lightshelves of different dimensions, tested as 
specular and as diffusing but also as horizontal and 
as inclined. Larger inclinations than 20° were not 
studied since the skies in Athens are mainly clear and 
the light shelves must also act as shading devices. 
The criteria of assessment were the light shelves’ 
ability to reflect daylight or sunlight deep in the room 
and improve daylight uniformity. Apart from the light 
shelves, external semi-transparent movable blinds 
were examined in cases where extra shading was 
needed in order to prevent glare. 

 

 
 

Figure 3:  The daylighting systems under study in the 
present work. 
 
3.2 The construction of the scale model 

The 1:10 scale model resulted in a construction 
approximately 70cm x 70cm x 32cm, large enough to 
allow the positioning of the light sensors and small 
enough not to create shadows when positioned within 
the artificial sky. The walls, ceiling and floor were 
constructed using 1cm card/polystyrene sandwich 
boards, which were covered internally by coloured 
cardboards in order to give the desirable reflectances. 
The sandwich boards were also covered externally by 
black cardboards to eliminate translucency. The 
window frame was made of soft wood painted brown 
and a plastic 80% transparent sheet was put in order 
to represent a double glazed window. The specular 
light shelves were made of aluminum sheets and the 
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diffusing ones from cardboard. The external movable 
blinds were constructed using layers of semi-
transparent papers put onto a plastic transparent 
sheet so that the desirable transparency was 
achieved (50%). 
 

 
Figure 4:  The model’s south façade. 
 

 
Figure 5:  The model’s aperture for the camera. 
 

 
Figure 6:  Placing the external semi-transparent 
movable blinds 
 

 
Figure 7:  The model on the rotating table, inside the 
artificial sky. 

Finally, on the eastern wall, an aperture for the 
camera was made, which was easily covered when 
measuring daylight levels. Figures 4-7 show different 
views of the model. The photographs inside the 
model were taken using a Canon EOS 500N camera 
(ISO200 film) with 30/100sec velocity and 3.5 shutter.  

The reflectance of each material used was 
measured using a Perkin-Elmer Lambda 9/19 
Spectrophotometer. Measured reflectances were: 
 
Table 1: Measured surface reflectances 
 

Surface 
 

Refl Surface Refl 

 
Ceiling 

 
93% 

 
Blackboard 

 
14% 

Walls 68% Window frame 14% 
Floor 56% Specular lightshelf 84% 
Door 21% Diffusing lightshelf 85% 

 
 

Other instruments (all calibrated) that were used 
in the study were: 

- A Testo 545 luxmeter 
- An LSI Babuc A data logger with three sensors: 
 - two LSI sensors BSR001 (0-25.000 lx) 
 - one LSI sensor BSR003 (0-100.000 lx) 

 
3.3 The sky types under study 

Initially, it was decided to study the following 
cases (Athens climatic data): 

1) Overcast sky 
2) Winter sunny day, at 9:00h 
3) Winter sunny day, at 12:00h 
4) Spring sunny day, at 9:00h 
5) Spring sunny day, at 12:00h 
6) Summer sunny day, at 9:00h 
7) Summer sunny day, at 12:00h 
 

The overcast sky was selected as the worst case 
scenario, which gives the lowest daylight levels. In the 
rest of the cases, the presence of the sun allows the 
assessment of the daylighting devices and the 
external semi-transparent blinds, as well as the glare 
possibility. The two hours (9:00h and 12:00h) were 
selected in order to test two different solar positions. 
Unfortunately, during the tests it emerged that for all 
three 9:00h cases (winter, spring and summer) the 
daylight levels inside the room were so low that 
luxmeters reached their lowest possible readings (5lx) 
(Global Illuminance in the middle of the table was 
below 50 lx) so no photographs could be taken. 
Therefore, these cases were excluded from the study. 

 
 
4. RESULTS 
 
 It was chosen to present the results in form of 
tables and not diagrams, as usually done, because 
many of the values coincide, not offering a clear 
picture for discussion. The case with no light shelves 
(“no l/s”) is emphasized for easier comparisons. For 
the same reason, the higher daylight levels achieved 
at the back of the room for each case are in bold. 
 In the following tables, the cases under study are 
described in abbreviations: 
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- “80”, “6020” and “4040” are the three light 
shelves types described in Fig. 3. 

 - “sp.” stands for specular and “dif.” for diffusing 
- 0° and 20° are the two inclinations of the 
lightshelves 

 The photographs that follow Table 2 and Table 3 
(overcast sky) are indicative of the cases described. A 
comparison is made between the “no l/s case” and 
the “80 sp. 20°”, which was one of the best cases. 
 
Table 2: Daylight Factor values for overcast sky -
horizontal blinds 
Global Illuminance in the middle of the table: 460 lx 
 

 Sensors 1-6 (Distance from the 
window) 
DAYLIGHT FACTOR values (%) 

Case 1m 2m 3m 4m 5m 6m 
       
no l/s 5,4 5,0 4,6 3,7 3,5 3,3 
80 sp.0° 4,8 4,6 4,6 3,5 3,5 3,3 
80 sp. 20° 5,2 5,2 4,8 3,9 3,7 3,5 
6020 sp. 0° 4,8 4,6 4,6 3,7 3,5 3,3 
6020 sp. 20° 5,0 5,0 4,8 3,7 37 3,3 
4040 sp. 0° 4,8 4,8 4,6 3,7 3,5 3,3 
4040 sp. 20° 5,2 4,8 4,6 3,7 3,5 3,3 
80 dif.0° 4,8 4,6 4,6 3,5 3,5 3,0 
80 dif. 20° 5,2 5,0 4,8 3,7 3,7 3,5 
6020 dif. 0° 4,8 4,6 4,6 3,7 3,5 3,0 
6020 dif. 20° 5,0 4,8 4,8 3,7 3,7 3,3 
4040 dif. 0° 5,0 4,8 4,3 3,5 3,5 3,0 
4040 dif. 20° 5,0 4,8 4,6 3,7 3,5 3,0 
       

 

 
Figure 8:  The “no l/s” case (without lightshelves) of 
Table 2. 
 

 
Figure 9:  The “80 sp. 20°” case of Table 2. 

 In Table 2 the DF values for overcast sky are 
shown, in the case when the blinds are in horizontal 
position. The light shelves that manage to raise the 
daylight levels at the back of the room (by 6%), in 
comparison to the case with no light shelves (“no l/s”), 
are the two 80cm external light shelves (both specular 
and diffusing) inclined at 20°. The difference in 
daylight levels is evident in Figures 8 and 9, the 
second being brighter. 
 
Table 3: Daylight Factor values for overcast sky - no 
blinds 
Global Illuminance in the middle of the table: 460 lx 
 

 Sensors 1-6 (Distance from the 
window) 
DAYLIGHT FACTOR values (%) 

Case 1m 2m 3m 4m 5m 6m 
       
no l/s 12,8 9,1 6,5 5,4 4,3 4,6 
80 sp.0° 8,3 7,8 6,1 5,0 4,1 4,1 
80 sp. 20° 10,9 9,3 7,0 5,7 4,8 4,8 
6020 sp. 0° 8,9 8,0 6,3 5,2 4,3 4,3 
6020 sp. 20° 10,2 9,1 6,7 5,7 4,8 4,8 
4040 sp. 0° 10,7 7,6 5,9 5,4 4,6 4,6 
4040 sp. 20° 11,5 7,4 6,5 5,7 4,8 4,8 
80 dif.0° 8,5 8,0 6,3 5,2 4,1 4,1 
80 dif. 20° 10,4 9,1 6,5 5,4 4,6 4,6 
6020 dif. 0° 8,7 7,8 6,1 5,2 4,1 4,1 
6020 dif. 20° 10,7 9,1 6,5 5,4 4,6 4,6 
4040 dif. 0° 10,4 7,6 5,9 5,2 4,3 4,3 
4040 dif. 20° 11,5 8,7 6,3 5,4 4,6 4,6 
       

 

 
Figure 10:  The “no l/s” case (without lightshelves) 
of Table 3. 
 

 
Figure 11:  The “80 sp. 20°” case of Table 3. 
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Table 3 presents the DF values for overcast sky, 
in the case when the blinds are absent. The light 
shelves that manage to raise the daylight levels at the 
back of the room (by 4,3%), in comparison to the 
case with no light shelves (“no l/s”), are the three 
specular light shelves inclined at 20°. The difference 
in daylight levels is evident in Figures 10 and 11, the 
second being brighter. 

As far as the two overcast sky cases are 
concerned, it can be concluded that:  
• The presence of external semi-transparent blinds 

(Table 2) eliminates the differences between 
specular and diffusing light shelves, leaving only 
position and inclination to play an important role in 
daylighting distribution.  

• In the case with no blinds (Table 3), the specularity 
and inclination of the light shelves prove to be more 
important factors than position. 

• The light shelves’ inclination at 20° is, in almost all 
cases, capable of raising daylight levels where 
needed (at the back of the room) but also near the 
window. 

• The difference in daylight levels on the working 
plane between the two cases (with and without 
blinds) is about 50% near the window and 40% at 
the back of the space. This means that the 
uniformity of daylight distribution is better in the 
case with the external semi-transparent blinds. 

 
Tables 4-6 present the illuminance values for a 

typical sunny day in winter, spring and summer 
respectively, at 12:00h. The artificial sky at CRES has 
a scale illuminance of about 1/20 the real sky so the 
values could be multiplied by 20. Instead, it was 
chosen to present the readings of the luxmeters in 
order to show how low they were and mainly because 
the values are of no absolute significance – it is the 
comparison that matters in this case. 
The photographs taken during clear sky conditions 
are too dark to be presented (the Global Illuminance 
in the middle of the table was below 260 lx). 

. 
Table 4: Illuminance values for winter sunny day at 
12:00h (half-inclined blinds) 
Global Illuminance in the middle of the table: 120 lx 
 

 Sensors 1-6 (Distance from the 
window) 
Illuminance values (lx) 

Case 1m 2m 3m 4m 5m 6m 
       
no l/s 30 24 22 20 17 16 
80 sp.0° 29 24 22 20 19 16 
80 sp. 20° 29 24 22 20 18 16 
6020 sp. 0° 29 24 23 20 19 16 
6020 sp. 20° 29 24 23 20 18 16 
4040 sp. 0° 32 25 23 20 18 16 
4040 sp. 20° 30 23 22 20 18 16 
80 dif.0° 29 24 23 20 18 16 
80 dif. 20° 30 25 23 20 18 16 
6020 dif. 0° 29 24 23 20 18 16 
6020 dif. 20° 29 24 23 19 17 16 
4040 dif. 0° 30 24 22 19 18 16 
4040 dif. 20° 30 24 22 19 17 16 
       

 

In winter sunny day (Table 4), the half-inclined blinds 
prevent the sun from falling on the working plane 
causing glare. But they also prevent light shelves 
from raising daylight levels deep in the room. So in 
winter sunny days, when external blinds are used to 
prevent glare, all light shelf types mainly function as 
shading devices and not as reflectors. 
 
Table 5: Illuminance values for spring sunny day at 
12:00h (horizontal blinds) 
Global Illuminance in the middle of the table: 255 lx 
 

 Sensors 1-6 (Distance from the 
window) 
Illuminance values (lx) 

Case 1m 2m 3m 4m 5m 6m 
       
no l/s 17 16 15 14 12 11 
80 sp.0° 14 14 13 12 11 10 
80 sp. 20° 17 17 15 14 13 12 
6020 sp. 0° 14 14 13 12 11 10 
6020 sp. 20° 16 16 15 15 13 11 
4040 sp. 0° 17 14 14 13 12 11 
4040 sp. 20° 17 16 15 14 13 11 
80 dif.0° 14 14 13 12 11 10 
80 dif. 20° 16 16 15 14 13 11 
6020 dif. 0° 14 14 13 12 11 10 
6020 dif. 20° 16 16 15 14 13 11 
4040 dif. 0° 16 14 14 13 12 11 
4040 dif. 20° 17 15 14 13 12 11 
       

 
In spring sunny day (Table 5), the blinds in 

horizontal position shade sufficiently the inner space. 
The light shelf that performs best is the 80cm external 
specular one, inclined at 20°. This is probably due to 
the fact that it a) catches more sunlight from the sky 
and b) reflects it deeper into the room. 

 
Table 6: Illuminance values for summer sunny day 
at 12:00h (horizontal blinds) 
Global Illuminance in the middle of the table: 220 lx 
 

 Sensors 1-6 (Distance from the 
window) 
Illuminance values (lx) 

Case 1m 2m 3m 4m 5m 6m 
       
no l/s 11 9 9 9 9 8 
80 sp.0° 9 9 9 9 9 8 
80 sp. 20° 11 10 9 9 9 8 
6020 sp. 0° 9 9 9 9 9 8 
6020 sp. 20° 10 10 9 9 9 8 
4040 sp. 0° 10 9 9 9 9 8 
4040 sp. 20° 11 9 9 9 9 8 
80 dif.0° 10 9 9 9 9 8 
80 dif. 20° 11 11 10 9 9 8 
6020 dif. 0° 9 9 9 9 9 8 
6020 dif. 20° 11 10 9 9 9 8 
4040 dif. 0° 10 9 9 9 9 8 
4040 dif. 20° 11 9 9 9 9 8 
       

 
 In summer sunny day (Table 6) it can be seen that 
there are no significant differences between the 
performances of the light shelf types, especially at the 
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back of the room. In this case, the problem is that all 
the values taken are low, close to the luxmeters’ 
lowest possible readings (5lx). So these values are 
not regarded as 100% valid and will not be further 
discussed. 
 Judging from the above results, it can be 
concluded that when the external shading devices are 
inclined in order to prevent glare, light shelves can not 
act as reflectors. On the other hand, when the blinds 
are in horizontal position, light shelves are capable of 
reflecting sunlight at the back of the space.  

The fact that it was not possible to reach a 
conclusion concerning the summer sunny day as well 
as to study the morning hours (9:00h) is an important 
drawback of this study. Another problematic aspect is 
the lack of validation of the artificial sky at CRES. For 
this reason, the study was only based on 
comparisons between the results and the absolute 
values are not taken into account. 

It should also be noted that the artificial sky at 
CRES is much “darker” than other existing artificial 
skies such as the one at Cardiff University [11], at 
EPFL, Lausanne [12], at the University College of 
London [13] and at the Belgian Building Research 
Institute [14]. For example, under overcast sky 
conditions, the sky at CRES gives a global 
Illuminance of 460 lx in the middle of the table where 
as Cardiff’s gives 7.000 lx, UCL’s gives 1.600 lx and 
EPFL’s gives 3.500 lx. A brighter sky would have 
made measurements and photography much easier.  

 
 
5. CONCLUSIONS 
 

The aim of this work was to examine the role of 
artificial skies in daylight studies and also to test some 
daylighting devices on the scale model of a classroom 
and come up with the daylight system that best 
serves its daylighting performance. 

As far as the artificial skies are concerned, it is 
evident that the stable conditions they offer can 
significantly help researchers in their work. But when 
an artificial sky is not validated, the conclusions can 
only be based on comparisons. In other words, one 
can decide on whether a daylighting device reflects 
light deeper into the room than another, but can not 
conclude whether there is sufficient light in the space 
or not (e.g. for Athens climate) unless he tests the 
model under real sky conditions or use some 
advanced software. Further more, although care 
should be taken in order to avoid the possible parallax 
errors in an artificial sky, it is difficult to say whether 
these errors are actually avoided. Finally, the low 
values of global illumination achieved on the table 
(below 50 lx) need some attention since they prevent 
the researcher from testing all desirable cases and 
taking useful photographs. 

As for the daylighting devices examined in this 
study, the tests showed that the 80cm external 
specular light shelf inclined at 20° (type “80 spec 20°”) 
performs well in all cases and is regarded as the most 
suitable for bringing daylight deeper into a south 
classroom. Although specular light shelves can 
sometimes cause glare from specular reflection on 
the ceiling, such a case was not observed during the 

experiments. Further testing under real sky conditions 
is needed in order to come to more rigid conclusions. 
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