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Abstract - The study aims to verify a simplified method and test control strategies for intelligent glazed facades.
This paper gives an introduction on the developed control strategies and describes the experiment setup for testing
the control strategies. The control strategies of the intelligent glazed facade includes the control of insulated shutter,
internal and external venetian blind, natural ventilation, night cooling and lighting according to both of the indoor
and outdoor environment to minimize the energy consumption and optimize the indoor comfort. The experiment is
implemented in a full-scale facade element test facility at Aalborg University (DK) to test the feasibility of the
control strategies.

National Instrument (NI) CompactRIO is used to acquire measured data (indoor and outdoor air temperature,
solar radiation, indoor light level, internal heat load, heating and cooling power, etc.) from different sensors and
send signal to control the shutter, blind, ventilation, heating, cooling and artificial lighting. The whole process is
realized with the help of Labview.
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1. Introduction

Glazed facades are widely used in modern buildings because of its higher light transmittance and
better view for users. However, its solar and thermal properties have significant effects on both the energy
consumption and the indoor comfort of buildings. In order to improve the performance of glazed facades
to improve the indoor comfort level and fulfil the future energy regulation, the intelligent facade or the
facades with controls of different technologies are being investigated and developed. Different
characteristics of fagcade can be dynamic and controlled according to both the requirement of the indoor
environment and the change of the outdoor weather conditions. Experiment studies need to be conducted
to verified test the calculated performance and developed control strategies of the intelligent glazed
facade.

Bessoudo et al. (2010) and Tzempelikos et al., 2007 and Tzempelikos et al., 2010 studied how
shading devices effect thermal comfort in offices with glazed fagcades in a cold climate in Montreal-
Canada. They studied interior glazing and shading temperature, operative temperature and radiant
temperature under different variables such as Venetian blind, roller shade, and blind rotated angles. The
study showed that shading devices could improve thermal condition in cold and sunny conditions. Many
researchers studied the effect of using of shading devices on thermal comfort, energy consumptions and
daylight performance of buildings (Freewan et al., 2009, Tzempelikos and Athienitis, 2007, Chou,
2004, Dubois, 2003, Lee et al., 1998, Wong and Agustinus Djoko, 2004, Sutter et al., 2006 and Yoo and
Lee, 2002).

Numerical studies were conducted with the help of a simplified method developed to calculate the
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energy and comfort performance of the room with dynamic facade (Liu et al., 2012, 2013, 2014). The
integrated method need to be verified by experiment measurements. Kuznik et al. (2011) did experiment
measurement to validate numerical model of double skin facade. Fuliotto et al. (2010)

The experimental studies finished before focused on the investigation of the control of single or more
of the facade elements controlled separately. It is necessary to conduct investigations of a holistic control
of both facade system and building services including different technologies. The influence of the control
strategies is evaluated on both the energy consumption and the indoor comfort level.

Therefore, the study was performed to test the holistic control strategies of the intelligent glazed
facade containing different functions (solar shading, window shutter, natural ventilation and night
cooling). The control of the facade was also integrated with building services (heating, cooling,
ventilation and lighting) to optimize the comfort performance and minimize the energy demand of
buildings.

2. Developed Control Strategies
Fig.1. shows the completely developed control strategies of the intelligent glazed facade for all the
technologies during both the occupied and unoccupied hours.
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Fig. 1. Control strategies for office room with external blind during occupied hour and unoccupied hour. The
detailed control setup of different control technologies are described below.

’ |

2.1. Night Shutter
External shutter was installed and activated to cover the glazed fagade outside the office hour. Table
1 shows the layout and the properties of the glazing with external night shutter.
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Table 1. Layout and material of the facade with night insulation outside.

Position Material Conductivity IR emissivity | IR emissivity
outdoor indoor

Outside Polystyren 100mm 0.05 W/mK 0.09 0.09

Cavity Air 110mm - - -

Middle Planilux 4 mm SGG 1 W/mK 0.837 0.837

Cavity Argon 15 mm 0.017 W/mK - -

Inside PITutran 4 mm SGG 1 W/mK 0.04 0.837

The control of night shutter is active during the unoccupied hours when the indoor air temperature is
below 20 °C. The insulating shutter is controlled as a function of an evaluation of the energy balance
across the facade. The evaluation is in the calculation performed for the heat loss across the facade
excluding infiltration. In order to realize the use of the insulating shutter technology requires the
measurement of internal and external temperature, incident irradiance, and internal loads.

¢facade = |:¢so| gg _Ug (-I—I _To):| - |:¢sol gg+shutter _Ug+shutter (Ti _To):l <0 (1)

Where @, is heat flow through the facade. ¢, is the solar radiation on the glazed facade. g, is
the solar transmittance of the glazing. Ug is the U-value of the glazing. T; is the indoor air temperature.

T, is the outdoor air temperature. g, .. IS the solar transmittance of the glazing together with the

0

shutter. U is the U-value of the glazing together with the shutter.

g-+shutter

2.2. Blind Control

The risk of glare was evaluated by Wienold (2007). Blind was used to prevent glare problem during
the occupied hour and reduce the solar transmittance through the facade during the unoccupied hour. Tilt
angle of the blind depends on its different function. The tilt angle of the blind during occupied hour is
calculated by equation (2) from previous research Liu et al (2013) to cut the direct solar radiation, which
could both improve the visual comfort and maximize the daylight transmittance through the blind.
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Where £ is the angle between the slat and the horizontal plan. « is the solar altitude angle. H is
the height between the slats. W is the width of the slats.

During unoccupied hour, the blind is controlled to be closed if the indoor air temperature is above
24°C.

2.3. Natural Ventilation

The glazed facade is open when the indoor temperature exceeds 23 °C. The control is active only
when the outdoor temperature is lower than the indoor temperature and the outdoor temperature is above
12 °C. The ventilation rate is assumed to be 1 I/s per m?.

2.4. Night Cooling
The night cooling control is active in terms of opening the window if the average outdoor air
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temperature between 12:00 to 17:00 is above 18 °C and the indoor air temperature is higher than the
outdoor air temperature. The control of night cooling can precool the room and help to balance the
cooling peak during the day time. In order not to overcool the room so that the indoor air temperature in
the morning is too low, the night cooling is inactivated when the indoor air temperature is below 14 °C.
However, it is reactivated when the indoor air temperature comes back to 17 °C.

2.5. Heating and Cooling

Heating and cooling installations are controlled to secure the set-point temperature in the office
space. The heating and cooling needs for the office room in every time step (hour) can be calculated by
the simplified model according to hourly heat gain and heat lost. The set points for heating and cooling
are 20 °C and 26 °C, respectively. Detail Equations for calculating the heating and cooling needs are
shown in the EN 13790 and a previous paper Liu et al (2013).

2.6. Lighting

Acrtificial lighting of the office building had on-off control according to the illuminance level at the
reference point mentioned before. The lighting control was performed in all the control conditions. The
set point of the lighting is 250 Lux. The calculation of the inlluminance level at the reference point was
described in a previous paper Liu et al (2013).

Table 2. Setup of building services and indoor conditions.

Internal load of people 100 W
Lighting power (on/off) 60W
Setpoints for the heating 20 °C
Setpoints for the cooling 25°C
Mechanical ventilation rate (office hour) | 1.2 I/sm?
Setpoint of lighting 300 lux

3. Experiment Setup

A simplified method and control strategies of the intelligent glazed facade has been developed. Their
performance need to be validated by the measurements performed in the test facility “The Cube” at
Aalborg University. The measurements are implemented in the full-scale test facility consisting of fagades
and rooms (The Cube at Aalborg University) (Kalyanova et al. 2008) (Fig. 2.). The test facility has one
south-facing room with the internal dimension of 2.76 x 2.75 x 3.6 m3 (HxWxD). The glazed facade
systems face south and have a dimension of 2.76x1.6 m2.

Fig. 2. Full-scale facade test facility (Cube) in Aalborg University.
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Fig. 3. Experiment setup for testing the control strategies of the intelligent glazed fagade.

The glazing type used in the experiments is a double glazing unit with a 22 mm argon-filled cavity
and low-e coating on the internal pane. The glazing is fitted with polystyrene on the external side of the
window, generating a cavity between the glazing system and the polystyrene. The layout of the double
glazing unit with night insulation is shown in table 1.

The surrounding internal surfaces are built up of 15 mm plywood and are painted white, apart from
the floor, which is made of 150 mm concrete. The heat loss due to infiltration is minimized to a minimum
by sealing all joints with silicon.

Fig. 3 shows the setup of the entire system to collect measured data from different sensors and to
control different elements and devices. All the instruments can be integrated and controlled together
according to different measurements. The system is flexible and visible to implement different control
strategies by ourselves.

Temperatures are measured using thermocouples type K. The temperature is logged using Helios
data logger connected to an ice point reference. The calibration of the thermocouples is done using a
reference thermometer with an accuracy of 0.01 °C, insuring an accuracy of 0.6 °C for the thermocouples.
All thermocouples were connected to a compensating box in order to increase accuracy in measurements
Artmann et al (2008). The thermocouples measure internal surface temperatures of the glazing, shielded
from the outside to prevent solar irradiance from influencing the measurements. The thermocouples
measure the air temperature at 0.1, 0.6, 1.1, 1.7 and 2.65 m high. In order to decrease the influence of
radiation on the measurement of air temperature, the thermocouples are silver-coated and protected by a
mechanically ventilated silver shield.

The room is heated by a maximum 1 kW electrical convective heating system controlled to heat the
air to keep the air temperature stable. There are other internal heat sources like artificial lighting and
manikin in the room. The cooling is controlled using Danfoss AME435 actuator. The achieved
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temperature is between 20 and 25 °C.

Irradiance is measured using CM21-pyranometer, CM11-pyranometer and BF3- pyranometer. BF3 is
placed externally measuring the diffuse and global irradiance on a horizontal surface. CM21 and CM11
pyranometers are placed in each of the test cells, measuring transmitted irradiance through the glazing
system. The pyranometers are prior to the installation calibrated in reference to CM21, which is calibrated
in sun simulator and corrected by Kipp&Zonen B.V Kalyanova et al (2008).

4. Conclusion

Result of numerical method shows that the energy consumption of buildings with the control
strategies of intelligent glazed facade can be decreased to less than 25 KWh/m2 per year, which complies
the requirement of building class 2020 in Denmark. The experiment test is still going on. Initial test
shows that the entire system works well under the control of the CompactRIO and Labview design. All the
devices react quickly enough as required in a building. The most advantage of the system is that it is flexible enough
to integrate different instruments and devices and to implement different control strategies without the help of a
control engineer and programmer. The system is a powerful solution to conduct complex control of building
elements processing signal of different instrument. With the view interface, the software can visualize what is
happening during the experiment and make it easy for researchers to realize their idea.
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