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Renovation of an Office for Better Thermal Comfort
in Summer, Waregem
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Figure 2:  Plan View of Building - Ground Floor and First Floor

Building Description

The Renson Company produces
components for natural ventilation and
has its headquarters in the Flanders Field
industrial area at Waregem. Outdoor air
pollution is not a problem in this area, but
noise is an important constraint because
the office is situated alongside one of the
access roads to the industrial area.

The headquarters consists of a two-storey
office building connected to a production
hall at the back (see Figure 1). The office
building is constructed from prefabricated
concrete elements with an internal
insulation layer and has a flat roof, which
is insulated with a 5 cm. thick layer of
polyurethane.

On the ground floor there is a reception
area, a showroom and a landscape office,
while the first floor contains several
offices and two meeting rooms. A central
open staircase connects the ground floor
and the first floor (see plan in Figure 2).
The front façade of the building faces
Southwest. About 25% of the surface area
of the façade is glazed and, because of
the large window area, serious
overheating problems were encountered
during the summers of 1995 and 1996.

Ventilation Philosophy and Aims

Early in 1997, for several reasons, it was
decided that the existing double-glazing
of the building should be replaced. While
this work was being carried out it was
thought that more extensive renovations
to improve summer comfort could also
be undertaken. The Belgian Building
Research Institute (BBRI) made a
detailed study to evaluate the
effectiveness of several different
renovation measures. Based on the

simulation results, the following measures
were selected and implemented:

• replacement of the ordinary double
glazing by selective double glazing;

• installation of external, movable
overhangs;

• fitting of large ventilation grilles on
the front façade and chimneys on the
roof to allow intensive night
ventilation (driven by the stack
effect) to take place.

Indoor air quality (IAQ) in the offices was
considered as well as thermal comfort.
Before the renovations, fresh air entered
the building through adjustable trickle
ventilators above the windows (see Figure
5). As the offices are quite deep (10m),
the ventilation rates at the back of the
offices were sometimes below standard.
Therefore the existing, single sided
ventilation system was transformed into
a natural supply - mechanical extraction
system (see Figure 6).

Ventilation Concept:  The overall
ventilation system of the building consists
of two separated parts with completely
different objectives (see Figure 3).

Firstly, a system based on natural supply
and mechanical extraction, which
operates only during office hours, is used
to guarantee good indoor air quality.

Figure 1:  Outside View of the Renson Building before Renovation
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Figure 3:Schematic of
Global Ventilation  Strategy Figure 5:  Window Frame

Figure 4:   Window Overhang Figure 6:  Night Ventilation Concept (on left) and AIQ Ventilation System(on right)

Secondly, intensive ventilation is used to
cool down the mass of the building at
night. This is only used during warm
summer periods.

Ventilation Technology

Reduction of Solar Gains:  Reducing
solar gain through windows is an
important measure to combat overheating
during hot, sunny weather. Two measures
were proposed to achieve this: the
replacement of the ordinary double-
glazing by coated, selective glazing, and
the fitting of overhangs above the
windows.

The selective glazing has low total solar
transmission (i.e. a g-value of 0.34
compared with 0.77 for ordinary double-
glazing) which means that direct solar
heat gains are reduced by 56%, while light
transmission is reduced by only 34%. This
type of glazing also has a higher insulation
value (U-value of 1.3 W/m²K instead of
3.0W/m³K for ordinary glazing) which

implies lower heat losses during the
heating season.

The overhangs above the windows are a
second measure to reduce direct solar
gains (see Figure 4). The amount of
shading provided by the overhang
depends on the position of the sun.
Therefore overhangs have a larger impact
on south-oriented façades than on east or
west-oriented façades. The front façade
of the Renson building faces south-west.
Detailed simulations showed that an
overhang of 1m shades more than 60%
of the glazed surface from half way
through April to the end of August. In
January however the shading percentage
is lower than 10%. The overhangs can be
placed vertically along the façade when
no shading is needed.

Ventilation for ‘Night Cooling’:   A
second line strategy to prevent
overheating is the application of intensive
night ventilation. Large grilles in the front
façade can be opened at night. The grilles

are integrated into the window frame
between the glazed parts (see Figure 5).
a well insulated panel is situated behind
the grilles, and in summer, the panel can
be manually opened at night. The driving
force for ventilation on the ground floor
is a chimney above the open staircase (see
Figure 7). For practical reasons it was not
possible to install a chimney for the night
ventilation of the first floor. Therefore this
zone is mechanically ventilated (see
Figure 6). All the offices have false
ceilings and the floors are carpeted. Thus
the thermal mass of the building is not
very accessible and this restricts the
effectiveness of night ventilation for
cooling. Therefore the potential of night
ventilation is, in this building, only
partially utilised.

Ventilation for ‘Indoor Air Quality’:   The
window frames also accommodate
adjustable trickle ventilators, which are
situated above the windows (see Figure
5). These openings are the air inlets of
the ventilation system that controls the
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IAQ. As the building is located along a
busy road, trickle ventilators with a high
acoustical damping performance were
chosen. The system is driven by
mechanical extraction; ductwork in the
false ceiling of the offices pulls the
extracted air into the production hall (see
Figure 6). This system delivers stable
ventilation flows in all zones of the
offices, under all weather conditions. It
is controlled by a timer, which turns the
system off during the night, and at
weekends.

Monitoring Programme

During the summer of 1997 the building
was monitored to assess the impact of the
renovations on thermal comfort in
summer. Unfortunately, at the beginning
of the monitoring period, not all the
renovations were complete. The large
ventilation grilles for night ventilation had
been fitted and were manually opened
during the night and at weekends, but the
selective glazing, overhangs and chimney
had not been installed. Thus, the

monitoring gave an indication of the
indoor climate before rather than after
renovation.

Measurements were made of the external
temperature and of the internal
temperatures in offices 1 to 4 on the first
floor (see Figure 2). Tracer gas
measurements were made to determine
the ventilation rates in offices 5 and 6. To
investigate the behaviour of the thermal
mass, detailed measurements were carried
out in office 3. A temperature sensor and
a flux meter were installed under the
carpet on the concrete floor.

Summer Monitoring Results

Figure 8 shows the measured
temperatures during a warm period in
August. The internal temperatures rose
very steeply in the afternoon on sunny
days. These sharp temperature increases
are due to direct solar gains and will, in
future, be avoided by the selective glazing
and overhangs.

Non-negligible temperature differences
between the offices were observed. These
differences were due to differences in
internal gains and variations in night
ventilation rates. For example, Figure 9
shows the ventilation rates in offices 5 and
6. At night, the ventilation rate is much
higher in office 5 than in office 6. There
is strong evidence that the ventilation
grilles of office 6 were only partially open,

Figure 8:  Temperature Results of Summer Monitoring

Figure 9:  Ventilation Rate in Offices 5 and 6

Figure7:  Chimney forNight Ventilation

0

2

4

6

8

10

12

14

16

18

20

4/9 00 4/9 12 5/9 00 5/9 12 6/9 00 6/9 12 7/9 00 7/9 12 8/9 00 8/9 12 9/9 00 9/9 12 10/9 00 10/9 12 11/9 00

time (days)

ai
r 

ch
an

ge
s 

(l/
s.

m
²)

office 5 office 6

WEEKEND



NatVent    Case Study Summary

 NatVent  NatVent   NatVent   NatVent   NatVent   NatVent   NatVent   NatVent   NatVent   NatVent

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.

(or even closed) at night. These results
illustrate the important role of the
occupants, since they were responsible for
opening and closing the ventilation grilles.
At the end of the period the ventilation
grilles in office 5 were closed because the
external and internal temperatures
dropped.

During the monitoring period neither the
extract fan nor the chimney were installed.
Consequently, the night ventilation in this
period was based on single-sided
ventilation through the large ventilation
grilles. The average ventilation rate at
night was about 8l/s.m² (see Figure 9).
Higher ventilation rates are expected
when the chimney and the extract fan have
been installed.

The results of the thermal mass
measurements show that during warm
periods the thermal mass absorbs a part
of the heat in the zone and during more
temperate periods the thermal mass
releases the heat stored in the concrete.
The peak ‘cooling capacity’ of the thermal
mass is about 13W/m². During the
monitoring period, the ventilation flows
at night were rather restricted (see Figure
9), so the use of the thermal mass can be
improved by higher nocturnal ventilation
flows.

The effect of the thermal mass could be
doubled if the ceiling was also accessible.
These values are however peak values. It
is obvious that the average ‘cooling
capacity‘ of the thermal mass cannot
compensate for large solar gains. It is not
possible to achieve a good indoor climate
without measures to reduce solar gains.

Conclusions

Although the renovations were
incomplete during the monitoring period,
interesting conclusions can be drawn from
the monitoring results:

• The renovation context imposed
some restrictions on the concept of
night ventilation:

a) The accessibility of the
thermal mass in the building is rather
low due to the existing false ceilings.

b) For practical reasons, night
ventilation of the offices on the first
floor is mechanically driven instead
of being driven by the stack-effect of
a chimney.

• As the large ventilation grilles have
to be opened manually, the
effectiveness of the night ventilation
system depends strongly on the
occupants’ behaviour. The education
of occupants forms an important
element in the success of the night
ventilation strategy.

• When all the planned renovations are
finished, thermal comfort in summer
should be considerably improved due
to higher ventilation rates at night and
the reduction of direct solar gains.

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


