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Abstract 

Double skin façades (DSF) are installed on various locations worldwide, to reduce energy use of buildings. It 

has been demonstrated that DSFs on moderate climate can improve heating energy performance of a 

building. Shading devices are often installed in the cavity to reduce solar heat loads and thus cooling energy 

use. However, careful design is needed to overcome the risks of overheating, and to compensate for 

increased lighting energy need resulting from the reduction of daylight availability due to the additional 

glazed skin and shading.  

A DSF with climate responsive, integrated building elements (motorised openings and automated shading 

with intelligent control) has a promising potential in improving overall annual energy savings by adapting to 

the contradictory climatic conditions throughout the year.  

The proposed paper analyses what potential the provision of sophisticated, fit for purpose shading control 

has on increasing annual energy savings of a DSF with variable ventilation mode on moderate climate.  

The evaluation is done by calculating and comparing annual energy use of an office space with DSFs by the 

means of dynamic simulations, performed in IDA ICE. Façades on different orientations are assessed and 

compared to single skin alternatives as baselines. 

Key words: Ventilated Double Skin Façades, Intelligent Shading Control, Building Energy Modelling, 

Adaptive façade, Parametric Study 

 

1. Introduction 

A ventilated double façade can be defined as a traditional single façade doubled inside or outside by a 

second, essentially glazed façade and a ventilated cavity in between [1]. Double skin façades (DSFs) can be 

constructed in several operational modes, depending on the cavity air flow directions and their controllability. 

Many researchers have compared DSFs to single skin façades on moderate climate and have shown 

significant energy reduction potential for either heating or cooling [2]. However, most typologies are 

incapable of lowering both the annual heating and cooling demand [3].  

DSFs with operable building elements, however, have a promising potential in improving overall annual 

energy savings by adapting to the contradictory climatic conditions throughout the year.  A climate adaptive 

building shell has the ability to repeatedly and reversibly change some of its functions, features or behaviour 

over time in response to changing performance requirements and variable boundary conditions, and does 

this with the aim of improving overall building performance [4]. Controllable elements can include openings 

on the external or internal skin and automated shading. Natural ventilation through the cavity by a series of 

controlled opening shafts on the upper and lower facade are effective means to reduce DSF overheating [5], 

on the other hand, closing the cavity can reduce heat transmittance through the façade. Shading devices 

may increase the overall energy consumption, if not properly designed or operated, due to the rising heating 

and lighting needs, while in case of internal shadings even the cooling needs might be penalized. The 

current paper focuses on the control strategies of the shading elements; however, operable ventilation valves 

are provided in the external skin of the assessed DSF, that allows adaptive natural ventilation in the cavity. 



 

 

Although many researchers have concluded that integrating shading elements in a DSF is important in 

reducing cooling needs, and some research has been done in this field, there is limited information on the 

actual magnitude and specific behaviour for shading elements even for single skin façades [6].  

A crucial point when integrating DSF systems in buildings is to define a control strategy that allows the use of 

solar gains during the heating period and provides acceptable thermal comfort conditions during the whole 

year [7]. Efficient control system needs to be applied to manage rapidly changing outside conditions, where 

the contributions of all the devices can be synchronized by an integral control system. Sophisticated control 

mechanisms can be correctly evaluated by annual energy simulation focusing on both heating and cooling 

loads.[8]  

There are quite a few studies that focus on position, and optical properties of the shading that give valuable 

inputs for shading design. Previous research [9] on the shading material and opening area showed that heat 

gains in the office are not merely a subject of temperatures in the cavity, but are dependent on the overall 

heat transmittance of the façade. In [10] it could also be seen that on winter sunny days the cavity can heat 

up significantly, which can be advantageous. Based on this, a control strategy would be advisable that reacts 

more to the internal conditions, instead of the cavity temperature. 

Gratia and Herde [11] analysed DSF shading material, position of shading together with ventilation openings. 

They conclude that whole building cooling consumption on a critical summer day can be decreased to 23.2% 

by paying attention to the location and colour of the blinds, and the opening of the external skin. However, 

annual energy use and the shading control strategy has not been analysed by the authors.  

Most studies apply shading control according to solar radiation or vertical illuminance on the façade. 

Eriksson and Blomsterberg  [12] modelled DSFs in Paris, Lisbon and Stockholm with Venetian blinds alone 

and also in combination with solar control glazing for some alternatives. Blinds were drawn if the solar 

radiation is higher than 15 kLux (Gi=150 W/m2), with fixed slat angles that were location dependant. They 

concluded that a well-designed, highly glazed façade with double skin façades can result in almost as low 

energy use and good thermal comfort as for a traditional single skin façade with a modest window area, 

however, choices of control strategy for ventilation of the cavity and operation of solar shading are crucial. 

Also, different façade alternatives may have to be chosen for different climates and orientations.  

Haase and Amato [13] modelled different shading controls for Hong Kong DSFs. Shading was drawn down 

when the amount of incident solar radiation (Gi) on the vertical façade exceeded a certain setpoint and drawn 

up below a lower setpoint. Gi=200/150W/m2, 150/100W/m2, 100/50W/m2, 50/0W/m2 were analysed 

respectively. Results showed that reducing the setpoint to 100/50W/m2 showed reduction in cooling loads, 

however, when reducing to 50W/m2 the cooling loads were higher. The study did not show results for 

daylighting or lighting energy consumption, and heating was not required in the model.  

Herkel et al [6] studied 5 shading strategies for a highly glazed, single skin office building in Germany, 

including 3 strategies with automated shading and found that the automated strategies resulted in similar 

primary energy use, but different end energy uses, all lower than the manual and the no shading options. 

An indoor temperature-based control strategy was tested by Liu et al [14] and significant energy reduction 

was shown. Blind is drawn if the indoor air temperature is above Ti=24°C, and the tilt angle of the blind is set 

to cut the direct solar radiation in occupied periods, while closed in unoccupied periods. 

Based on these shading controls are defined in Section 2.3. 

2. Methodology 

To predict DSF performance an office cell and the adjoining DSF has been modelled in IDA ICE 4.462 [15]. 

This is a building simulation software used for predicting and optimizing heating loads, cooling loads, energy 

consumption and thermal comfort in buildings, and calculates the dynamic interaction between the ambient 

climate, the building, the HVAC system and the occupants. Solar loads and shading calculations are 

performed using ray tracing algorithms with consideration of surface reflection, venetian blinds, advanced 

shading control, including different optical parameters for different spectral bands [16]. The detailed window 

model used in the current task makes a layer by layer computation of multiple reflections and calculates the 

temperature of each layer, therefore it is capable of simulating ventilated double skin facades and other 

complex glass facades in accordance with ISO 15099 [17]. An addition feature of the software is that wind 



 

 

and buoyancy driven airflows through leaks and openings can be calculated via a fully integrated airflow 

network model [18]. The simulation software also calculates averaged façade cavity temperatures, based on 

inlet temperature, mass flow, solar gains and heat transferred through the surfaces.  

Efficiency of the shading control algorithms is evaluated by comparing annual primary energy use in case of 

applying them to the variable ventilation mode DSF configuration and single skin alternatives.  

2.1 Model description 

A typical 2-person office cell (Figure 1) is modelled (width=2.7m; depth=5.4m; floor area=15.4m2), including 

room units (Table 1) and HVAC elements (Table 2). Rooms on all 4 main orientations are modelled, zones 

adjacent to the investigated rooms are considered to be adiabatic. Daylight responsive, dimmable lighting is 

modelled which adjusts lighting power to meet an average Ev=500lux illuminance on the working pane, 

during occupied hours, which is an accepted visual comfort requirement for offices [19]. Environmental data 

were derived from Meteonorm, standard yearly dataset for Budapest [20].  

 

Figure 1: Simulation setup -  Room details 

 
Source Properties Heat load Schedule and control 

Occupants 
2 persons, 1.2 MET, 

0.85 ± 0.25 clo 
16.3W/m2 Weekdays: present between 7:00-17:00 

Office 
equipment 

2 computers, 100 W each 13W/m2 Weekdays: present between 7:00-17:00 

Lighting 100W 6.5 W/m2 
Weekdays: present between 7:00-17:00 

dimmed to daylight, setpoint: 500lux 

Table 1. Room sensible heat gains 

HVAC system description Time schedule Setpoints: 

Heating: Ideal heater 

Efficiency=0.9 

Max. heating power 2500 W 

Preheating from 6:00 on 
weekdays, setback after 17:00 

21˚C during occupied, 15˚C in 
unoccupied periods 

Cooling: Ideal cooler, COP=3 

Max. cooling power: 2000 W 

Precooling from 6:00 on 
weekdays, setback after 17:00 

24˚C during occupied, 45˚C in 
unoccupied periods 

Ventilation: 

60% heat recovery 

Constant air volume system, 
100% fresh air, 1.6 l/s/m2 

Operated in occupied periods 
only 

 

20˚C when ambient temperature 
< 16˚C 

Equals ambient when ambient is 
20˚C-24˚C 

24˚C when ambient temperature 
> 24˚C 

Table 2. HVAC units modelled 

2.2 Façade description 

In the current paper a DSF with operable louvers in the outer skin is modelled. Based on the classification in 



 

 

Gelesz and Reith [9] a box-type window façade configuration is modelled that changes operation between 

buffer mode (Figure 1Figure 2a) and outdoor air curtain mode (Figure 1Figure 2b).  The cavity is partitioned 

into storey high, raster wide sections, resulting in 2.7 m wide, 2.7 m high elements with 90% glazing. Control 

of the openings is done according to indoor temperature at a setpoint of Ti≥22.5°C±0.5. This means 

openings are fully opened above 23°C and closed below 22°C. This value has been selected to be at the 

mean of the heating and cooling setpoints as an indicator of whether an additional thermal gain resulting 

from the high temperatures in the cavity would be beneficial. The controllability of the valves in the outer skin 

has been modelled by adding a new NMF component to the detailed window model. 

a) Buffer mod b) Outdoor air curtain mode 

Figure 2: Ventilation modes of box-type window façade DSF 

DSF performance with the particular, assessed shading control is also compared to single skin façades.  

DSF systems typically have higher construction costs compared to single skin alternatives due to additional 

structures, glazing, openings, while for adaptable façades the maintenance costs will also increase due to 

the operable elements and their control systems. It is of high importance to show whether an adaptable DSF 

system also has energy benefits compared to high-performance, state of the art single skin façade systems. 

Two base cases are modelled (Table 3), one with double glazing, which is a typical construction in moderate 

climate, and triple glazing, which is becoming inevitable with the EPBD recast [21] in many European 

countries. To be able to factor out discrepancies coming from different optical and thermal properties of the 

glazing, and be able to show the effect of the construction, the glazing for all cases was selected to have 

similar optical properties.  

ID 
Type of 
facade 

Glazing 
- 

external 
skin 

Cavity 
width 

Blind Glazing – internal skin 

DG 
single skin 

double glazed 
n.a. n.a. 

External venetian 
blind 

8 mm clear – 16 mm Argon (90/10) – 
6.6.2 Low-E pos.3. 

TG 
single skin 

triple glazed 
n.a. n.a. 

External venetian 
blind 

6 mm Low-E pos. 2. – 16 mm Argon 
(90/10) – 6 mm clear -  16 mm Argon 

(90/10) - 6.6.2 Low-E pos.5 

DSF 
double skin 

façade  
8 mm 
clear 

800 mm 
Venetian blind 
600mm from 
internal skin 

8 mm clear – 16 mm Argon (90/10) – 
6.6.2 Low-E pos.3. 

Table 3. Glazing types 

 

2.3 Shading control description 

Different strategies for shading control are evaluated (Table 4) and compared to the base case, the façade 

without any solar shading (case 0). 

In the first group of cases (1a-1d) shading is controlled based on the solar irradiance falling on the external 

surface of the window, with fixed slat angles. First, Venetian blind with fixed 60° slat angle is modelled and is 



 

 

drawn at 200W/m2 irradiance. Threshold for drawing the shades and slat angle variations are then assessed. 

These control strategies aim at reducing cooling loads based on external conditions, while internal conditions 

(thermal comfort or daylighting) are not considered.  

The second group of cases (2a-2e) include control strategies based on internal temperature. Different 
setpoints for drawing the blinds have been chosen, which in all cases fall between the heating and cooling 

setpoints of the room units (  

Figure 3).    

 

Figure 3 – Relationship between heating, cooling and shading setpoints 

In case 2a fixed 60 slat angle is modelled, while further control algorithms are more sophisticated. 2b-e 

include daylight responsive control of the slat angles. Slat angles are automatically calculated based on 

daylight on the workpane, to provide 600lux daylight in the room, when external illuminance makes it 

possible. In the last case an additional condition is added to reduce heat gains in the unoccupied building. 

The daylight provision condition is neglected and illuminance target is minimized, when the building is 

unoccupied. 

 

Case Shading control Draw setpoint Slat angle control Slat angle  

0 no shading -  - 

1a 
Solar irradiation on 

facade 
 

Gi≥200W/m2 fixed slat angle 60° 

1b Gi≥200W/m2 fixed slat angle 70° 

1c Gi≥200W/m2 fixed slat angle 80° 

1d Gi≥150W/m2 fixed slat angle 60° 

2a Indoor temperature Ti≥22.5°C±0.5 fixed slat angle 60° 

2b 

Indoor temperature,  
dynamic slat angle 

control 

Ti≥22°C±0.5 adjust slat angle to reach Ei=600 lux 0-90° 

2c Ti≥22.5°C±0.5 adjust slat angle to reach Ei=600 lux 0-90° 

2d Ti≥23°C±0.5 adjust slat angle to reach Ei=600 lux 0-90° 

2e Ti≥22.5°C±0.5 
adjust slat angle to reach Ei=600 lux 

when occupied,  
Ei=10 lux when unoccupied 

0-90° 

Table 4. Simulated shading controls 



 

 

3. Results 

Annual heating, cooling and lighting primary energy is compared for all rooms. (Primary energy factor for 
gas: 1, primary energy factor for electricity: 2.5 has been considered). Visual comfort (daylight distribution, 
glare) is not assessed directly in the simulations, however, energy use of the daylight responsive lighting is 
included, which indicates annual daylight availability in the room.  

3.1 Comparison of energy use for DSF configurations 

Energy use reduced significantly for all orientations, and the most sophisticated control strategy resulted the 

lowest energy use (Figure 4). Shading strategies where slat angle is controlled are the most effective. There 

is no, or low difference for the energy use of the cases with different temperature setpoints. The setback of 

the illuminance target for unoccupied periods resulted in <2% reduction. 

On the South façade (Figure 4a) all strategies reduced energy use by more than 52%, the case with fixed 

60° slat angle and Gi=200W/m2 setpoint showing the lowest savings (1a). Other slat angles (1b,1c) show 

further energy reduction of 4-6%. Lower irradiance setpoint (1d) has lower additional effect (3% compared to 

1a). Temperature-based control is more effective when combined with daylight responsive slat angle control 

(2b-2e), resulting in 74% reduction. 

Cases with a setpoint of Gi=200W/m2 (1a-c) have no effect on the North façade (Figure 4b), while the 

Gi=150W/m2 setpoint shows 8% reduction (1d). Internal temperature-based control strategies can result in 

significant reduction, 14% with fixed 60° slat angle (2a), whereas the daylight responsive control can reduce 

further 2-3%. 

On East (Figure 4c) and West (Figure 4d) façades more than 28% reduction is possible. In case of 

irradiance-based controls (1a-d), the change of slat angle or setpoint has only moderate effect (maximum 4% 

reduction for East, 3% for West). Temperature based controls (2a-e) are more effective here as well, 36-38% 

reduction with fixed slat angles, more than 40% with daylight responsive slat angle control.   

  
a) South b) North 

  
c) East d) West 

 



 

 

Figure 4: Annual primary energy use of each room for DSFs 
 

3.2 DSF energy use compared to the single skin alternatives 

Four control strategies - including no shading – have been selected from the above to be compared to single 

skin DG and TG façades with the same control setpoints and algorithm (Figure 5). Results are evaluated 

based on the difference in energy use expressed in the percentage of the energy use of the DSF with the 

same shading strategy (Figure 6). In the cases with no shading (0) DG façades perform the worst, while 

DSFs perform the best on all orientations. In this case DSF performs 22-29% better than the DG with same 

control and 4-15% better than TG with same control. However, with adding any of the shading controls these 

savings decrease. With the irradiation-based shading (1d), the savings are limited to 12-18% compared to 

the DG and 0-2% compared to the TG. When applying more sophisticated shading controls, the savings of 

the DSF disappear on the south orientated façade, and even turn negative when compared to the TG. On 

other orientations, DSF still performs 12-15% better than the DG cases, while savings compared to the TG 

cases are minor. 

  
a) South b) North 

  
c) East d) West 

 

Figure 5: Annual primary energy use of each room, selected DSF, DG and TG cases 
 



 

 

 

Figure 6: Difference in energy use of the DSF and DG and TG alternatives, expressed in a percentage of the 
energy use of the DSF with the same shading strategy  
 

4. Conclusions and discussion 

Integrating movable Venetian blinds in a variable ventilation mode DSF cavity with adequate control 

strategies can reduce the sum of annual primary energy use on all orientations, even on the North façade. 

Altogether energy savings of 66% was shown on the South façade, 41-42% on the East and West façade 

and 27% on the North façade with the most sophisticated control strategy compared to the DSF with no 

shade. 

Selection of a shading control strategy and setpoints fit to the building and façade orientation is advisable to 

reach and maximize energy savings. In case of DSFs, irradiance-based controls are effective strategies, 

resulting in significant energy use reduction compared to cases with no shading (min. 52% for the South 

façade, around 30% on the East and West façades), however, setpoints should be carefully selected. For the 

North façade energy saving was only possible with the lower (150W/m2) assessed setpoints. 

Energy savings can be increased by applying internal temperature-based controls, these strategies were 

more effective on all orientations, even with fixed slat angles, while, adding a daylight responsive slat angle 

control reduced energy use with an additional 3-7% percent. Compared to the irradiance-based shading 

controls, significant additional reduction can be seen with the most sophisticated controls, all together they 

resulted in additional 11-14% reduction on all orientations.  

Comparison to the single skin façades showed that the most of the assessed DSFs show significant savings 

compared to the double glazed façades and show some reductions compared to the triple glazed single skin 

façades. When no shading is applied, DSF performs 22-29% better than the DG and 4-15% better than the 

TG. However, when applying shading controls, the savings are limited to 12-18% when compared to the DG 

and become even are negligible when compared to the TG. In case of the most sophisticated controls the 

South oriented DSF performs the same as the DG, while savings are still in the range of 12-15% for other 

orientations. However, on all orientations, savings compared to the TG alternatives are minor, or even turn 

negative. 

This evaluation shows furthermore important findings for projects where quantification of energy saving 

potential of shaded double skin façades is done by energy modelling. When comparing to single skin 

alternatives, the modelled shading control effects the possible energy savings. In the current assessment, 

shading controls less fit to the building thermal characteristics showed higher savings both to DG and TG 

cases, but with more effective control strategies, the difference was reduced, in some cases even eliminated. 

A further improvement of the control algorithms can be done by evaluating seasonal solar energy efficiency 

of the suggested strategies [22] or to use optimization based on exhaustive search or gradient methods [23]. 
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