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New Office Buildings along a Highway, Aalst

Figure 1:  Outside View of the Keppekouter Complex

Figure 2:  Plan View of the Keppekouter Project with Detail of Monitored Zone in Building 1 (on right).

Building Description

Keppekouter is a new office complex, con-
structed in 1997 and 1998, which consists
of three similar brick wall buildings (see
Figure 1). Two of these three storey build-
ings are connected by an intermediate
building (see Figure 2). The long façades
of the buildings face SE-NW.

The complex is an investment property
owned by a building developer, Probam
nv, who lets the available office area to
other companies. The economic aspects
of the construction process are very im-
portant, since the lower the construction
costs the shorter the pay back period.

The Keppekouter complex is close to a
busy major road with high traffic density.
Noise from the road makes it impossible
to open the windows to ventilate and cool
the building in summer. Because of this,
one of the potential renters expected seri-
ous problems of overheating. Although
installing air conditioning could solve this
problem, the building developer wanted
to avoid the additional cost. Therefore the
Belgian Building Research Institute
(BBRI) was contacted to investigate the
possibilities of achieving acceptable ther-
mal comfort by means of ‘passive meas-
ures’. As a result of this study, several
extra features such as external shading
devices and large grilles for night ventila-
tion were added to the original building

design in order to reduce the risk of over-
heating.

Ventilation Philosophy and Aims

The building contains two different ven-
tilation systems, one to control the In-
door Air Quality (IAQ) and the other for
intensive night ventilation (see Figure 3).

A completely mechanical system, which
operates only during office hours, con-
trols the IAQ. Fresh air is supplied in the
offices (30 m3/h.person) and stale air is
extracted from the toilets and corridors.
During the heating season, a plate type
cross heat exchanger on the roof reduces
heat losses due to ventilation. This type

of system was chosen in preference to
natural ventilation, mainly because of the
nearby road: natural ventilation requires
openings in the façade through which
noise can enter. Also, it is difficult to inte-
grate a heat recovery unit in a natural ven-
tilation system.

The objective of the night ventilation sys-
tem is to cool down the thermal mass of
the building with cold external air. This
system is only used during warm periods
to improve thermal comfort in summer.
Since the system is used only during the
night, there are no constraints with re-
spect to noise and there are only very
restricted requirements with respect to air
quality. However there are other elements
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Figure 4:  External Screens on the
South-East Facade of the Building

Figure 6:  Window Grille for Night
Ventilation (above) and Half-Open

False Ceiling (below)

Figure 5:  Original and Final Concept of Night Ventilation

Figure 3:  Schematic of the Overall
Ventilation Strategy

to be considered, such as rain and secu-
rity.

Ventilation Technology

Reduction of Direct Solar Gains:  The
first step toward lowering the risk of over-
heating is to control direct solar gains.
Since the façades of the Keppekouter
complex have a high glazing ratio, exter-
nal solar screens were installed on the
south-east and south-west façades (see
Figure 4). A weather sensor for each ori-
entation automatically controls these
screens. In addition, selective (coated)
glazing was installed instead of ordinary
double-glazing. This type of glazing per-
mits light transmittance but inhibits solar
heat transmittance i.e. its g-value (the ra-
tio of light to heat transmittance) was very
low.

The opaque areas of the building also
contribute to indirect solar gains, since
part of the solar radiation is absorbed by

them and then transmitted indoors. To
prevent this, a layer of 10cm polystyrene
was placed on the roof to increase its heat
resistance and thus reduce solar gain.
This insulating layer also lowers the en-
ergy needed for heating in winter.

Reduction of Internal Gains:  If internal
gains from occupants and equipment are
very high, it is impossible to provide ac-
ceptable thermal comfort in summer with-
out active cooling. A particular problem
is the heat gain from lighting, which can
represent more than 30% of the internal
gains. In the Keppekouter building, two
methods were used to reduce the internal
gains from lighting. Firstly, high fre-
quency electronic ballasts were installed,
which reduced heat gains by about 50%,
compared with conventional lighting.
Secondly, daylighting potential was max-
imised by using integrated lux sensors to
automatically control the lights near to
the windows. The lux sensors measure
the lux level on the desk under the light

and dim the light as a function of the avail-
able daylight.

Ventilation for Night Cooling:  Thermal
comfort in summer was further maintained
by taking advantage of the storage ca-
pacity of the thermal mass of the building
by night cooling. The thermal capacity of
the building can be cooled down at night
with cold external outdoor air. During the
daytime the cooled mass keeps the indoor
temperatures comfortable. This strategy
is especially successful in countries with
a moderate summer climate (such as Bel-
gium) because the difference between the
peak day temperature and the lowest night
temperature is considerable (about 10°C).

An initial proposal for night ventilation
was a completely natural system based
on the stack effect of several chimneys
(see Figure 5). This proposal was techni-
cally feasible, but could not be justified
financially: the loss of rentable floor area
and consequently of revenues was too
high. Therefore a more practical concept
was finally chosen. During warm periods
the external windows and internal doors
were opened to allow cross ventilation.
Burglar-proof grilles with insect gauze
were placed in the window frames (see
Figure 6). This strategy was used on the

Ventilation of the Keppekouter-building

Day-time:

mechanical
ventilation

WINTERSUMMER

Night-time:

intensive
natural

ventilation

Day-time:

mechanical
ventilation

Night-time:

no ventilation



NatVent    Case Study Summary

5

10

15

20

25

30

35

14/08/97 15/08/97 16/08/97 17/08/97 18/08/97 19/08/97 20/08/97 21/08/97 22/08/97 23/08/97

Period between 14th and 23rd August 1997

In
t. 

T
em

p 
(°

C
),

 E
xt

. T
em

p 
(

o
C

)

Int. Temp, Office 1 (°C) Int. Temp, Office 3 (°C) Ext. Temp (°C) 

Office 1Office 3

Exterior PLACEMENT 
of EXTERNAL 

SCREENS

ground and first floors. Extract fans on
the roof were used to mechanically venti-
late the top floor. The fans could create
about 8 ach.

In the original design it was decided to
install closed false ceilings and floors for
reasons of easy cabling, flexibility and
cost. However, this meant that the ther-
mal mass was not very accessible and this
considerably reduced the effectiveness
of night. A compromise solution was to
incorporate four 60cmx60cm grilles into
the false ceiling in each office to provide
limited exposure to the thermal mass (see
Figure 6).

Monitoring Programme

During the summer of 1997 a monitoring
campaign was carried out in the south-
west part of building 1 (see Figure 2).
Dataloggers were used to measure the
internal temperatures of various offices
every 30 minutes. The air changes in of-
fices 1, 2, 3 and 4 were measured using
SF

6
 tracer gas measurements. The meas-

ured air changes comprise the air ex-
changes with the outdoors as well as the
air exchanges with the landscape office
(see Figure 2).

Summer Monitoring Results

Temperature Measurements:  The results
of monitoring the temperature in offices 1
and 3 showed the effect of installing ex-
ternal screens on the south-east façade

(see Figure 7). No screens were fitted on
the other façades. Before the screens
were fitted, the temperature in office 1 rose
steeply before noon because of the south-
east orientation of the glazed surfaces.
This steep rise was not evident after the
shading devices were fitted. In room 3,
which had glazed surfaces to the south-
west and north-west, the temperature rose
steeply in the afternoon both before and
after the south-east façade shading de-
vices were fitted. The high solar gains in
office 3 had an effect on the other offices
because internal doors were often left
open. The problem of overheating in of-
fice 3 was subsequently overcome by in-
stalling external screens on the south-
west façade.

Further temperature measurements taken
in September (not illustrated here) showed
that intensive night ventilation caused the
indoor temperature to drop during the
night. Sometimes the internal temperature
was too low in the morning. A partial so-
lution to this problem is to install a tem-
perature sensor, which switches the fan
off when the indoor temperature goes
below a certain limit. However this is not
a complete solution because cross flows
from one side of the building to the other
are still possible.

Air Change Measurements:  During the
monitoring period a detailed report was
kept of when windows were opened and
closed and when the fan was operated.
The tracer gas measurements were ana-
lysed in combination with the information
about window and fan use. Figure 8 gives
the results for office 2.

During the first weekend the fan was not
operating, but all the windows were open.
Very large cross flows were measured in
all the offices. The air exchange rate was
sometimes higher than the measurement
limit (i.e. greater than 15 ach). The size of
the air flows is closely related to the ex-
ternal wind speed.

These measurements prove that, without
a fan, considerable air cross flows can be
achieved. Hence, the concept of cross
ventilation on the ground and first floors
will work providing there is a minimum
wind velocity.Figure 8:  Air Change Rate - Office 2

Figure 7:  Temperature Measurements - Impact of External Screens
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The NatVent Project

Natvent is aimed at reducing energy
consumption and carbon dioxide
emissions by developing and
demonstrating natural ventilation
solutions. This project is targeted at
climates in which overheating can be
avoided by good architectural design
and by minimising internal heat gains.
By introducing natural ventilation, the
complexities of mechanical systems and
associated energy demand is eliminated,
while the need for air conditioning is
minimised. These case study summaries
are intended to provide innovative
examples of the use of natural ventilation
and to demonstrate performance, pitfalls
and solutions.

The NatVent Partners

Project Partners are:
Belgium: Belgium Building Research
Institute,
Denmark: Danish Building Research
Institute,
Netherlands: TNO Building
Construction and Research, Delft
University of Technology,
Norway: Norwegian Building
Research Institute,
Sweden: J&W Consulting Engineers
AB,
Switzerland: Sulzer Lab,
United Kingdom: Building Research
Establishment, Willan Building
Services.

European Joule Project

NatVent  is a  Joule project undertaken
with part funding from the European
Commission in the framework of the Non
Nuclear Energy programme.

The roof fan has some advantages. In-
tensive night ventilation is always possi-
ble, even if there is no wind, and the mag-
nitude of the air change in different of-
fices is uniform. These extra certainties
are important for the top floor, which is
the most critical zone for overheating due
to the indirect gains through the roof.

On the 9th and 10th of September, the fan
was operating during the night, resulting
in an air flow rate about 8 ach (see Figure
8). In some offices the air flow rate was,
however, very low probably because the
occupants forgot to open the window or
the internal door. As the night ventilation
system is controlled manually, user be-
haviour has an important influence. Clear
users instruction can contribute to better
functioning of the system.

Between the 11th and 16th of September
the windows were closed except on the
12th. During the whole monitoring period
the building was still under construction.
For example the joints between the win-
dow frames and the walls were not yet
finished. This explains why a non-negli-
gible air change rate was measured, when
all the windows were closed.

Evaluation of Occupant Reactions

The first user reactions concerning indoor
comfort during the summer of 1997 were

positive. There were some complaints
about temperatures being too low in the
morning and about the automatic control
of the external screens. Changing the set-
tings of the automatic control solved the
latter problem

When the building is completely finished,
further measurements will be needed to
give an idea of thermal comfort in sum-
mer.

Conclusions

Some lessons can be drawn from the ex-
perience of the Keppekouter project:

• Reducing solar gains is always the first
step in designing for summer comfort.
The results of the temperature meas-
urements prove the importance of so-
lar control.

• For reasons of cost and flexibility, the
building has false floors and half-open
false ceilings. Hence the accessibility
of the thermal mass and the effect of
intensive night ventilation is limited.
In this project the application of inten-
sive ventilation was only considered
at a late stage in the design process. It
is recommended that the possibilities
of night ventilation, and especially the
accessibility of the thermal mass,
should be investigated early in the

building process, as it is often one of
the most difficult barriers to the appli-
cation of intensive night ventilation.

• Intensive night ventilation is based on
the actions of users, who are respon-
sible for controlling the fan and open-
ing windows and internal doors. Clear
user instructions are necessary to en-
sure correct user behaviour.

• User satisfaction was high. However,
occasionally indoor temperatures were
too low in the morning after intensive
night ventilation had been applied the
night before. On the top floor this prob-
lem could be partially solved by in-
stalling a temperature sensor  that con-
trols the extraction fan.

• The Keppekouter project was realised
by a building developer. This proves
that the global strategy for summer
comfort described here can be an eco-
nomically attractive solution.

• The applied strategy also has some
clear advantages for the occupant:
acceptable summer comfort, low energy
use and no maintenance cost (com-
pared with air conditioning).

For further information contact:
Jan Demeester, Belgium Building Research Institute, Rue de la Violette 21-23, 1000 Brussels, Belgium
Tel: +32 2 655 7795 Fax: +32 2 653 0729 e-mail: demeester@bbri.be


