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Passive Heating
Performance of different facade types
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ABSTRACT: The concept of a ventilated double fagcade was invented with the intention of improving the thermal
qualities of a fully glazed facade. The application of a fully glazed single skin facade used to result in a high energy
consumption due to the poor thermal properties of the glazing. These properties have improved over the years and are
reaching similar values as can be achieved with a ventilated double facade. The aim of this study is to compare
different ventilated double facades to a single skin facade and determine which facade has the best passive heating

performance.
Keywords: double facades, passive heating, G-ratio

INTRODUCTION

Preservation of energy resources, occupant comfort and
environmental impact limitation are the key issues of
modern sustainable architecture. A major portion of the
total primary energy consumption, about 40 %, is due to
create thermal comfort in buildings by heating, cooling,
ventilating and lighting. The fagade is in combination
with the HVAC installation responsible for most of the
energy used. Nowadays In high performance office
buildings iit is common practice to use active and
interactive double facade technology. Up to now double-
skin facades have been used mainly for large buildings
such as the Debis headquarters on Potsdamer Platz in
Berlin [1], Uniqua Tower Vienna [2] or Center of
Justice Leobon [3]. Up to now though these modern
facades concepts were improved the efficiency of these
facades is still under discussion [4]. Some characteristics
of double facades opposed in comparison to single layer
glass facades are; costs, much unusable space, increased
cleaning costs and high cavity temperatures.

In favour for the double facades concepts are;
modern transparent architecture, reliable weather
independent solar control, low heat gain due to
irradiance, low thermal transmission, improved sound
isolation and possibilities for weather independent
natural supply ventilation. Still remains the question
remains for active and interactive glass facades that,
based on forward knowledge about the state of the art
and recent research results, if it is top or flop?[5].

Reduction in energy consumption and reduction of
the required capacity of the HVAC system is one of the
main arguments supporting the application of multiple
facades [6,7]. The energy saving with respect to heating
and cooling is an important argument that is often used
to justify the application of a ventilated double fagade.

The concept of a ventilated double facade is invented
with the intention of improving the thermal
performances of a fully glazed facade. The application
of a fully glazed single skin fagcade used to result in high
energy consumption due to the poor thermal properties
of the glazing. These properties have improved over the
years and are reaching similar values as can be achieved
with a ventilated double facade. The total thermal
transmittance, or U-value, of a glazed facade is one of
the most important concepts in building-envelope design
{8]. The for passive heating most important factor is the
solar heat gain usually measured as the solar heat gain
coefficient (SHGC), or G-ratio. This G-ratio is the
fraction of incident irradiance entering glazing and
becoming heat gain in the room-space. The G-ratio takes
into account both directly transmitted solar heat and
absorbed and subsequently re-emitted portion [8].
Regarding the reputation of Double Skin Facades (DSF)
there is skepticism in the scientific field concerning the
energy efficiency, the indoor air quality and thermal
comfort levels that this type of facade can provide.
Among the majority of the architects the reputation is
good mainly because of aesthetics reasons. However,
there is rather low level of knowledge on the energy
performance of DSF among all [9]. There are three
methods of calculating energy performance of DSF [10];
-energy calculations based measurements after a
building has been completed,

-construction of a mock-up facade element and use this
as a testing/measurement platform or

- calculations based on software simulation.

Each method of calculation has its benefits and
drawbacks [1]. Although various authors have
investigated the thermal behaviour the thermal design of
buildings with BSF remains a challenging task [11]. At
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present there is very little consistent data on the overall
performance of the actual built building fagade, and
there is still considerable misunderstanding in the
industry as to the critical parameters in practice that
influence fagade performance [8]. There for it is
important to compare theoretical based calculations with
real on site measurements in buildings to compare the
true performances of facades. The aim of this study is to
compare different actual built facade types and
determine which facade has the best overall passive
heating performance [12].

METHODOLOGY

In this research several theoretical models are used to
predict the u- and G-ratio values of the facades. Then,
measurements are performed and the real characteristic

Building Facade Ventilation mode
Bouwhuis office Ventilated Summer Winter
Zoetermeer double facade Outdoor air Air supply
‘multi-storey’ curfain
type — —~
) | Ventilated Indoor air curtain
double window | (reversed flow) — |

Kennedytoren Ventilated
Eindhoven double facade —T
partitioned by
storey (corridor
ype) N
L ’~
——
De Effenaar cuble glazed

Eindhoven single fagade

Figure 1: Facades and buildings that were compared

values of the facades are calculated, resulting in a
review of the validity of the theoretical models for the
types of facades that are investigated. The four Dutch
facades were compared, see figure 1.

Bouwhuis Zoetermeer On the south-west, south-
east and north-east side of the building, from the second
floor to the eleventh floor, the facade is constructed as a
ventilated double facade. multi-storey type. In the
summer natural ventilation is applied and the ventilation
mode can be defined as an outdoor air curtain. In the
winter mechanical ventilation is applied and the
ventilation mode is air supply. In the winter, the pre-
heated air in the cavity is supplied to the air-
conditioning unit and after that it is used to heat the
building. This requires less pre-heating in the air-
conditioning unit and therefore limits the energy cost.
The use of mastic compound for the joints of the outer
skin, prevents cold air to be sucked in through the joints
which would neutralize the heat gain.

ABT Office Velp The fagade can be classified as a
mechanical ventilated double window. The air in the
room is exhausted through the slots at the top of the
ventilated double window through the cavity to the slots
at the bottom of the cavity and via the exhaust ducts in
the concrete apron wall and the platform floor to the air
conditioning unit and to the outside. In the winter the
warm exhausted air leads to a warm air curtain in the
cavity, which increases the comfort in the area near the
facade. In the summer, the shading device is heated by
the sun and by exhausting the air through the cavity past
the shading device; this heat is instantly removed,
resulting in a lower heat load.

Kennedy Tower Eindhoven The facade is a
ventilated double facade partitioned by story, corridor
type. Natural ventilation is applied and the ventilation
mode is an outdoor air curtain. Outdoor air enters the
cavity and is warmed up by the sun or diffuse light
causing the air to rise. After which, at the top of the
storey high cavity, the air leaves the cavity. To prevent
already warmed up air to enter the cavity for the second
time, cross ventilation is applied. This means that the air
enters the cavity at the bottom of the element and leaves
the cavity at the top of the adjacent element. On the
corners of the building, in the cavity, a vertical glazing
is placed to prevent unwanted air movement caused by
differences in solar radiation and wind pressure on the
facades with different orientations.

Effenaar Eindhoven The outer walls of the east and
west facade that are adjacent to the large hall are cast in
concrete and the rest of the east and west facade are
constructed of a special double glazing. This glazing has
a very low U-value and G-ratio and is applied from floor
to ceiling.
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Calculations The computer program Window
Information System (WIS) version 3.0.1 is used to
calculate the U-value and the G-ratio of the different
facades [13]. WIS is a software tool for the calculation
of the thermal and solar properties of window systems
on the basis of known component properties, thermal
and solar/optical interactions between the components
and assumptions concerning the environment. The
general approach for the calculation of the properties of
a window system is to first calculate the heat flow
through each pane due to the absorption of short wave
radiation due to the sun. Then, to calculate the heat
transfer coefficients between all panes, shading layers
and both environments. The third step is to calculate the
panes, shadings and gas temperatures, followed by an
iteration of the process from step 2 because of
temperature dependent heat transfer rates. And finally,
to calculate the aggregate properties [13,14].

The U-value of the facade is determined by
calculating the U-values of the outer and inner skin as
well as the external and internal heat transfer
coefficients and the heat transfer coefficient of the
cavity. The latter is calculated by assuming that the
difference between the two measured heat fluxes is the
heat flux that leaves the cavity caused by the vertical
temperature difference. The U-value of the fagade can
then be calculated by adding these five values. The
equations are:

U, = - q. -
Outer skin: sce — T se
Inner skin:
Ui
Tsi - Tsci
External heat transfer coefficient:
a,=54-¢e, +4-v v <5 m)s

a,=54-e, +7.14-v** =58

if v>5m/s

Internal heat transfer coefficient:

=TT
i si
Heat transfer coefficient cavity:
_ |Q[ -4,
‘ T ch Tcz

U-value of the facade:
1 1 1 1 1 1

The calculated properties that are important for this
project are the U-value and G-ratio of the transparent
systems. The results of the calculations with WIS can be
found in table 2 and 3.

The G-ratio of the facade is calculated by dividing
the vertical solar radiation that is measured inside the
office by the vertical solar radiation outside. The global
horizontal solar radiation is measured outside and this
value is converted to the vertical solar radiation outside
with the same orientation as the facade by using the
model from Duffie et al. [15].

Measurements Measurements were performed on
every facade to estimate the U-value of the facade. To
be able to calculate this value, the surface temperatures
of both sides of the inner fagade and both sides of the
outer facade were measured. Furthermore, the air
temperatures inside, in the cavity and outside had to be
known. And last, the heat fluxes through both skins and
the air velocity outside alongside the facade had to be
known. The second aspect concerned the G-ratio. The
parameters that were measured to calculate this value
were the vertical solar radiation that enters the building
through the fagade and the vertical solar radiation just in
front of the facade. Since this last position was not easy
to reach, the horizontal solar radiation was measured on
top of the building and this value was converted to the
vertical solar radiation in question

The measurements were performed in the month
February, in the Kennedy Tower from the 6th of
February till the 14th of February and in the Effenaar
from the 14th of February till the 22nd of February and
in March, in the ABT office from the 9th of March till
the 17th of March and in the Bouwhuis from the 20th of
March till the 27th of March. The outside air
temperatures in these periods were between 0 °C and 10
°C. Except for the last three days of measurement at the
Bouwhuis, where the temperature was between 10 and
15 °C, and the 3th, 4th and 5th night at the ABT office,
where the temperature was below zero. Furthermore, the
days of measurement at the Effenaar and the Kennedy
Tower were less sunny days than the days of
measurements at the ABT office and the Bouwhuis.

The different sensors that are used for measuring the
different parameters are listed in table 1. Since the
measurements continue for one week, the data is stored
with data loggers.

Table 1. Sensors used

Type of Sensor Parameter Accuracy

NTC thermistor Temperature | calibrated

Escort sensitivity
TX2-H RV/T 02K
transmitter
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Hukseflux heat flux | Heat flux calibrated
sensor HFPO1 sensitivity
Pyranometer (CMS5 | Solar 1 %

and CM11) radiation

The measurements set-up at the four different
facades is basically the same. The surface temperatures
(T,) of both sides of both panes are measured in one line
and not too close to the window frame. Only the external
surface temperatures of the second skin are measured at
a different position, as the measurements take place at
elevated floors and the external surface of the second
skin at those floors can not be reached. The heat fluxes
are measured similar to the surface temperatures. The air
temperatures (T,) in the cavity are measured at three
heights, as low as possible, as high as possible and in the
middle. The air velocities (v) in the cavity are also
measured at three positions, but at the same height. The
pyranometers to measure the outside conditions are
placed on appropriate positions on the roof, where there
are no obstructions. The air temperatures and the air
velocities inside are measured at 0.5 m from the facade
at a height of 0.10, 0.50, 1.10 and 1.75 m and in the
middle of the room. The solar radiation inside is
measured vertically at a minimum distance of the
facade. And the lux meters inside are placed at a height
of 0.7 m at 0.5, 1.0, 2.0 and 3.0 m from the facade in
one straight line.

RESULTS

For the calculation of the U-value of the facades the
measurement results are used from sensors that are not
influenced by the sun. This means that the measurement
results of sensors that are necessary to calculate the U-
value are compared to the measurement results of the
solar radiation sensor to determine when the influence of
direct sunlight on the temperatures or heat fluxes is too
big. The U-values are calculated from the remaining
data and put into a histogram to determine the range of
the U-values (figures 2 to 5) and the mean U-value. The
average and the percentage of occurrence of the U-
values are calculated, resulting in a range of U-values
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Figure 2, Distribution U-values Effenaar
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Figure 5, Distribution U-values Bouwhuis

(+80% of the values are within this range) and a mean
U-value (table 2). The accuracy of the measurement
equipment is used to calculate the relative error of the
calculated mean U-value. The maximum deviation is
6.6% higher and the minimum deviation is 14.5% lower
(table 2).

Table 2, Results U-value

Theory Measurements

U-value Range U- | Mean U- | Min-max

[W/m?K] | value value deviation
Building [W/m*K] [W/m’K] [W/m’K]
Effenaar

1.07 1.1-12 1.14 097 -1.22
Kennedy
Tower 0.87 09-1.1 0.95 0.81-1.01
ABT
office 1.24 1.1-12 1.24 1.06-1.32
Bouwhuis

1.14 04-10 0.69 0.59-0.74
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The G-ratio of the facade is calculated over the periods
from sunrise until sunset. These times are obtained from
the KNMI (the Dutch National Meteorological Institute).
The G-ratios are calculated from those data and put into
a histogram to determine the range of the G-ratios
(figures 6 to 10) and a mean G-ratio of each fagade is
determined.
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Figure 6, Distribution G-ratios Effenaar
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Figure 9, Percentage G-ratios Bouwhuis

The average and the percentage of occurrence of the
G-ratios are calculated, resulting in a range of G-ratios
(+50% of the values are within this range) and a mean
G-ratio (table 3). The accuracy of the measurement
equipment is used to calculate the relative error of the
calculated G-ratio, which is also shown in table 3.

Table 3, Results G-ratio

Theory | Measurements
G-ratio | Range Mean Error
Building G-ratio | G-ratio | (37%)
Effenaar | 0.22 009 -]0.11 007 -
0.11 0.15
Kennedy | 0.31 021 -,0.23 0.15 -
Tower 0.27 0.31
ABT 0.65 019 -1037 024 -
office 045 0.50
Bouwhuis | 0.25 0.13 -/0.19 012 -
0.21 0.26
DISCUSSION

Comparing the results of the theoretical model to the
measurements leads to the conclusion that the values are
almost the same for the Effenaar (1,07 versus 1,14),
Kennedy Tower ( 0,87 versus 0,95) and the ABT office
(1,24 versus 1,24,). However the theoretical U-value of
the Bouwhuis much higher than the measured U-value is
(1,14 versus 0,69) . The U-value of the inner skin of the
Bouwhuis (insulated glazing) has a higher U-value in
the theoretical model than in the measurement results. A
possible explanation is that the exact spectral data of the
glazing that WIS uses to calculate the properties can
differ from the data that is used, which can cause the
difference in the U-value.

The measurement results determine the evaluation of
the U-value (energy saving with respect to heating and
cooling). The range of U-values and the minimum and
maximum deviation both show that the U-values of the
Effenaar and the ABT office are comparable. The
range of U-value of the Kennedy Tower is a little lower
and that the U-value of the Bouwhuis is much lower.
The mean U-values also show the same ranking order of
the different building facades. The difference of the U-
values of the Effenaar compared to the ABT office is
only 0.10, compared to the Kennedy Tower 0.19 and
compared to the Bouwhuis 0.45. So the energy loss in
winter is smallest in the Bouwhuis

There are rather large difference in the calculated G-
ratio and the measured G-ratio. Also quite large are the
differences between the calculated G-ratios of the
Kennedy Tower and the Bouwhuis both typical modern
double facades. The theoretical G-ratios are for all
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facades higher than the measured mean G-ratios, but the
difference ranges from 0.06 to 0.28. However, the
ranking of the theoretical G-ratios is the same as the
ranking of the measured G-ratios. Therefore this ranking
can be used for the evaluation. Since the error of the
measurements is not very small, the conclusions that can
be made based on the measured G-ratios is that the
Effenaar has the lowest value (0,11), the Kennedy
Tower (g=0,23) and the Bouwhuis (g=0,19) have a
similar G-ratio and the ABT office has the highest G-
ratio (g=0,37). The measured mean G-ratio best
represents this ranking.

CONCLUSION AND RECOMMENDATIONS
Comparing the results of calculated U-values and G-
ratios with the actual measured values in projects show
sometimes big differences. Partly these differences can
be the results of measurements faults or inaccuracies,
but also there are simplifications in the calculations and
estimations of average values which are not correct.
There is definitely a need to more detailed comparison
between calculated u- and G-ratio and real measured
values for these parameters.

For passive heating performance the most important
aspect is the G-ratio: being the fraction of incident
irradiance entering glazing and becoming heat gain in
the space. As such the facade of ABT has the best
passive heating performance whether the calculated
values are considered for comparison or the actual
measured data.

The measurements that are performed in this study
only address the performances of the facades in the
winter period. There measurements in summer could
lead to different G-ratios and u-values due to effects of
high sun radiation levels.
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