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ABSTRACT 
For a prototype building of a plus energy house, 
contributed to the Solar Decathlon 2010 by the 
University of Rosenheim (Rosenheim, 2011), 
attention was paid to the development of an own 
solar protection system. This shading device has a 
very dynamic behaviour for direct solar transmittance 
(Te) and for the total heat gain coefficient (g). 
Therefore a special analysis, with a revised double 
façade model, in the simulation environment was 
necessary. Satisfying correlation of the simulation 
results with measurements was met by: 

• adapting the simple window code in the 
double façade model with angle dependent 
Te and g values to consider the complex 
geometry of the façade  

• using the “air gap” in the double façade 
model to account the convective and emitted 
heat transfer of the preheating shading 
device.  

INTRODUCTION 
The Solar Decathlon provides the opportunity for 
students to plan and build a plus energy home. 
Around 20 universities take part on every Solar 
Decathlon competition. The project takes about two 
years and in the end of this time all participating 
houses have to be built up on a competition area. 
After one week of contest, in which all homes are 
compared in detail, a winner will be announced.  

 
Figure 1: Zigzag-Shading of the prototype building 
 

The University of Rosenheim took part in the first 
Solar Decathlon Europe in Madrid. After the student 
competition the contributed house was built up on the 
campus of the University. Five week measurements 
were realized with the aim to compare simulation 
results of IDA ICE with measuring of a real building.  
 
DESIGN OF EXPERIMENT  
To focus the validation to the model of the innovative 
solar protection, four different measurement periods 
were recorded. This procedure was chosen in order to 
isolate the different effects and their contribution to 
simulation uncertainty. During the first two periods, 
the solar shading system was inactive and the main 
heat flows were calibrated, including transmission, 
convection and radiation, as well as heat storage 
effects by thermal activation of the building 
components.  
 
After this base model calibration, the shading was 
added to both the real measured building and the 
simulation model for the third and fourth period. 
Thus, uncertainties due to an inaccurate base model 
were eliminated. During period 3 and 4, the façade 
model therefore causes the main differences between 
measurement and simulation. This enables a detailed 
analysis of the developed shading model. 
 
The first period – „Free floating without solar 
protection“: During this period, an analysis of the 
building “behaviour” in free-floating mode has been 
realised. The building was exposed to real climate 
conditions. There was no active climate conditioning. 
 
The second period – „Heating without solar 
protection“: During this period, the air temperature 
was kept above 21/23 °C with the help of a heating 
fan, while during periods with high solar radiation, 
the temperatures could get much higher. 
 
The third period – „Heating with solar protection“: 
During this period, the shading was always closed. 
As in the second period, the indoor climate was again 
kept on a minimum temperature of 21/23 °C.  
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The fourth period – „Heating with controlled solar 
protection“: During this period, the shading was 
controlled by a pyranometer orientated to south. 
Again, the indoor air temperature was kept above 
21/23 °C. 
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Figure 2: Plan view of the building and model zones 
 
Number one in Figure 2 is the zone “winter garden”, 
number two are the zone “bathroom and number 
three are the zone “living room”. 
 
WINDOW AND SHADING MODELS 
The window and shading models presented in 
nowadays simulation programmes can be divided 
into two categories: "Simple" and "Detailed". The 
two models differ in their way of calcuating the 
energy transmission through the glazing: 
In the simple window model, total solar heat gain 
coefficient g, direct solar transmittance Te, visible 

transmittance Tvis glazing U-value, internal and 
external emissivity are given as static values.  

 
 

Figure 3: Principle of the simple window model 
 
Even if this approximation is completed with (fixed) 
angle dependence (see Figure 4), it may not be 
sufficient i.e. for coated glazing or slated shadings. 
(In the paper the indices Te and the Neutral Model 
Format (NMF) code vairable “FthruDir” have the 
same meaning.) 
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Figure 4: Reference angle dependency for glazing 

transmittance in the simple window model 
 

In the detailed window model, solar properties are 
given layer by layer and angle dependence of g, Te 
and Tvis is calculated from these properties, valid for 
normal incident angles according to ISO 9050:2003. 
For properties for diffuse radiation, the layer 
properties are averaged over the hemisphere 
according to ISO 15099:2003. 

Unlike the simple window model, the detailed model 
calculates convection between panes according to 
ISO 15099:2003, which is particularly relevant for 
ventilated cavities as spaces between glazing and 
shading. 

 
Figure 5: Principle of the detailed window model  

 
The two models differ as well in their way of 
modelling shading layers: 
In the simple shading model, the (fixed) transmission 
properties are simply reduced by multipliers 
(between 0 and 1), when the shading is active. This 
means, that the angle dependency is not influenced 
by the shading. 
In the detailed window model, some typical shading 
layer types like venetian blinds are available (and 
calculated according to ISO 15099:2003). However 
in modern architecture, more and more innovative 
solar protection systems are used. It becomes more 
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important for the engineer to understand the detailed 
physical processes in and on the façade. In order to 
get more realistic results, it is necessery to develop 
new models or modify existing models to 
characterize specific systems. 
 
ZIGZAG SHADING (ZZS) 
The detailed window model is available in only a few 
building simulation software. But even with those, 
models for solar shading systems only cover the 
classical "screen" shades or „venetian blinds“ 
(lamella system). To have the full flexibility of being 
able to simulate any innovative system (like the 
zigzag shading (ZZS) presented below), a transparent 
software with adaptable models is needed. 
Otherwise, it gets either expensieve or big 
simplifications lead to high risks of errors. Often the 
behaviour of such new facades strongly differs from 
the screen or horizontal lamella system. It will mostly 
not be sufficient to feed the standard shading models 
with more or less correct average reduction factors. 

Angle Dependent Transmittance 

Figure 6 shows the angle depency of the ZZS, 
calculated by a radiation calculation (Raytracing) 
with a 3D CAD model of the zigzag layer inserted. 
This angle dependecy effects that with sunrise and 
sunset a higher percentage of solar radation goes 
through the shading device. At southern solar altitude 
almost no radiation goes thourgh the shading. The 
characteristic is caused by the geometry of the zigzag 
construction. Such a shading behaviour can by far not 
be described by a “classical shading layer” with fixed 
reduction factor (as we will show with a model 
comparison further down). A fixed reduction factor 
would not change the angle dependency as shown in 
Figure 4 (an exactly contrary behaviour). 

 
Figure 6: Transmission of the solar radiation 

through the south orientated zigzag shading (ZZS) on 
15. June at the location of Madrid 

The asymmetrical distribution of the radiation in 
Figure 6 is caused by inaccuracy of the calculations.  

Secondary Heat Loads 
Another problem for the simulation of this zigzag 
shading is the preheating of the ambient air in the 
partly enclosed space between the shading layer and 
the glazing, caused by absorption of the solar 
radiation on the aluminium surface. This preheating 
causes so-called „secondary heat loads“, reaching the 
zone by longwave radiation and convection. If the 
ZZS is closed, solar load is mainly caused by this 
secondary heat loads (Maderspacher et al., 2010). 
Solar loads (specifically in residential buildings) 
always are a non negligible contribution to the total 
zone heat balance, it can be important to consider 
these heat loads carefully. 

MODEL APPROACH  
The first idea was to insert an external shading 3D 
object for the ZZS into IDA ICE. With this method, 
it would be possible to consider the complex 
geomtery and its angle dependent direct solar 
transmittance, but not the thermal behaviour 
(secondary heat loads) and the control of the shading. 
That is the reason why this first idea was rejected. 
Instead, the problems were solved by the use of the 
double façade model of IDA ICE. The idea consisted 
in substituting for the external layer of the double 
façade with the geometry of the ZZS and in taking 
over therefore the basic settings (calculation of the 
secondary heat loads, control etc.) of the façade 
model. 
 
Angle Dependent Transmittance 

For the geometrical representation of the ZZS the 
variable FThruDir, representing the transmission of 
the direct solar radiation (Te), was changed in the 
simple window model of the external layer of the 
double façade. FThruDir is defined as the ratio of the 
surface of an opening (rhomb) and the surface of an 
element of the shading (see Figure 7). The variable 
reflects the window surface ratio "seen" by the sun. 
This means: If the sunrays are normal to the façade, it 
can only "see" the “element” and the surface ratio is 
0, i.e. no solar transmission. If the sunrays are 
parallel to the façade, it can only “see” the “rhomb” 
(opening) and the surface ratio is 1, i.e. no reduction 
of the solar radiation.  
 

 
Figure 7: Geometry of “rhomb” and “element” 
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Figure 8 shows a schematic plan view of the façade. 
The horizontal lines are the “elements”, the vertical 
dashed lines are the “rhomb’s”. The dotted lines 
stand for the surfaces “seen” by the sun. 

Rhomb  
Figure 8: Schematic plan view of the zigzag shading. 
 
Equation (1) reflects how the transmission degree of 
the solar radiation (Te) is calculated in dependence of 
the solar altitude (azimuth). Figure 9 shows the graph 
of it. For solar irradiance nearly parallel to the façade 
(-90° and 90°), a critical angle is calculated (when 
the elements start self shading each other) 
Comparison of the two graphs in Figure 6 and Figure 
9 gives a first certainty for having correctly 
implemented the formula for FThruDir. 

 

 
 

  
Figure 9: FThruDir, adapted for the zigzag shading. 
 

In the study FThruDir was replaced by equation (1). 
The following list  shows the other parameters and 
variables in the double façade model that have been 
changed and/or replaced. 
 

 dElement – Width of the “rhomb” 
 wElement – Width of the “element” 
 critAngle – Critical angle: Solar Azimuth, 

where self shading of the shading elements 
starts.  

 thruDiff – The average reduction for diffuse 
solar radiation. 

 FThruADir – Calculated variable as 
described for radiation in direction outside 
in.  

 FThruBDir – Calculated variable as 
described for radiation in direction inside 
out. 

Secondary Heat Loads 

The thermal effects in the space beteween the zigzag 
shading and the window are not trivial. It would have 
exceeded the possibilities of this project to describe 
in detail the preheating of the air in this space and the 
massflows from and to the ambient. With help of the 
model of a ventilated gap between two heated 
surfaces (developed for double glazed façades – see 
Figure 10) it was tried to get the simulation results 
closer to measurements. 

Air gap

Outer glazing/shadingInner glazing/shading

Wall

Air leak

Air leak

Links between model components

Radiation

Surface heat convection

Air flow
 

Figure 10: Principle of the air gap model for double 
glazed façades 

A list of possible inaccuracies as assumed in the 
model: 

• The air gap is always present in the model, 
even when the shading is inactive. 

• The air leaks between the ambient and the 
gap are in reality not on bottom and top (as 
assumed from the model), but distributed 
over the whole external surface. The 
parameter “equivalent leakage area” gets 
physically meaningless and has to be 
calibrated. 

• The zigzag surface towards the air gap is in 
reality not as flat as assumed from the 
model. 

 
SIMULATION RESULTS 

Figure 11 and 12 show measured and simulated 
indoor air temperatures of two different zones for the 
first period "Free floating" and „Heating without 
solar protection“. A good correspondence between 
simulation and measurments can be observed. This 
assures, that the simulation model of the building 
produces realistic calculation results. 

(1) 
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Figure 11: Air temperature of the zone winter garden 

during the period “Free Floating without solar 
protection” 

 

 
 

Figure 12: Air temperature of the zone living room 
during the period “Heat without solar protection” 

 
Results, generated with the “zigzag model” described 
above, were compared with those, generated with the 
“standard window models”. The goal was of course 
to get results significantly closer to measurements 
with the “zigzag model”. Results from the following 
models were compared: 
 

 Zigzag: This is the model described above. 
The new model approaches should be 
evaluated. 

 Screen average:  This model describes a 
simple screen shading with static reduction 
factors for solar transmittance. Te = 0,078 is 
taken from Figure 6 as reasonable mean 
value. This model should represent the best 
reachable with standard models.  

 Screen standard: This model describes a 
similar simple  screen shading with static 
reduction factors for solar transmittance.  

This time, Te = 0,22 is taken, as it could be 
assumed from real measurements with 
external textile screens, (Loutzenhiser et. al. 
2007). 

 
Figure 13 and 14 show the  room air temperature of 
the zone living room. The wide grey curve 
corresponds to the measurements and the slim lines 
to the simulation results of the different models. The 
diagrams represent two different periods: “Heating 
with solar protection” in Figure 13 and “Heating with 
regulated solar protection” in Figure 14. The results 
clearly show that the zigzag model achieves a better 
correspondence with the measuring results than the 
two “standard” models do. “Screen average” has 
relevant disagreements, which do not remain with the 
new model approach. 
 

 
Figure 13: Air temperature in the zone “living 
room” during the period “Heating with solar 

protection” 
 

 
Figure 14: Air temperature in the zone “living 

room” during the period “Heating with regulated 
solar protection” 
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Figure 15: Calculated direct solar radiation 

reaching the zone living room through the south 
façade - 10/19/2010 

 
For a more detailed analysis of comparison the direct 
radiation through the south façade of the building and 
its impact results can be taken from the zone living 
room. This is illustrated in Figure 15, the results are 
given for the 10/19/2010. The curves demonstrate, 
for every shading type, the incoming direct radiation 
of the whole south façade in to the zone living room. 
The dashed curve of the zigzag shading show a good 
description of the angle selectivity. The morning 
(east) and evening (west) peak as well as the total 
shading during the noon are  clearly identified.  
Regarding energy, the direct comparison of the 
dashed line with the “screen average” shows a good 
correspondence. The more exact (dynamic) picture of 
the temporal distribution by the zigzag model 
provides a better accordance with the measurements 
on days rich in radiation, as seen in Figure 13 and 14. 
The weaknesses of the “standard” models can not 
only be explained with the variable shading reduction 
factor (Figure 4 and 9). The divergences of the 
shading models also play a role. For example the 
double façade model compared to the screen, has a 
more realistic illustration of the space ventilation 
between shading and window.  
The two model ameliorations “angle dependent 
transmittance” and “secondary heat loads” are not 
seperated in this model comparison. Some “quick 
studies” showed that both approaches help to get 
better results. The remaining differences between 
simulation results and measurements can probably be 
explained by the described weaknesses of the double 
glazed façade approach. Nevertheless, it appeared 
that this mistake is not decisive at least for the four 
presented validation periods. In these periods, it 
never appeard during relevant solar irradiation, that 
shading was “off” and air gap model was “on”. Other 
investigations in hot periods are necessary to check 
the suitability of the model for the summer case.  

 

CONCLUSION 
The developed model for the zigzag façade delivers a 
satisfying correspondence with the measured values. 
The angle selectivity of the system is well illustrated. 
It also seems that the model generates advantages for 
the calculation of cooling loads and the assessment of 
comfort conditions compared to state of the art 
shading models, using a static transmittance 
reduction factors. The detailed influence of the 
secondary heat loads and the viability of the “air gap 
for double glazed façades” approach has to be 
investigated in more details and for more critical 
climate, e.g., during hot periods.  
The zigzag shading can be regarded as  a 
“representative innovative façade system”. Such 
systems are often developed to get non standard solar 
radiation properties, which are caused by geometrical 
or strutctural (e.g. reflective surfaces) characteristics. 
The example presented in this paper shows that 
specific simulation models are needed to evaluate the 
relevant effects of innovative shading systems. To 
get such models with practicable effort, it was 
advantageous to profit from a well developed 
building simulation tool with flexible equation– 
based component models, as for example IDA ICE is 
providing with either the Neutral Model Format 
(NMF) or Modelica.  
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