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The Velux Building, Trimbach
Building Description

The Velux building is situated in
Trimbach, in the tableland of central Swit-
zerland, where the climate is moderate,
but sometimes windy. It is located in a
quiet industrial zone next to a little-used
road and near a river. Noise and pollu-
tion are therefore not considered to be a
problem. The function of the building is
essentially administration. A production
hall for window fittings is attached to the
back of the building, on the north-west
side. Because this company produces
window fittings, including electronic ac-
tuators, it was seen as very important that
these components should be used in con-
junction with a natural ventilation strat-
egy.

In 1992, the building was renovated and
two additional floors, with sloping walls,
were put on top of the existing flat roof
to make the new roof shown in Figure 1.
This provided a total floor area of ap-
proximately  1100 m2 with a volume of
about 3500 m3.  Although there are rooms
on all five floors, occupation of the build-
ing is usually concentrated in the three
central floors, where 25 people work, ei-
ther in cellular offices or in open plan
rooms (see Figure 2).

Ventilation Philosophy and Aims

Ventilation is based on natural ventilation
using openable windows. The aim is to

guarantee adequate indoor air quality in
winter and acceptable thermal comfort in
summer, using a low budget installation.
As a consequence of the open architec-
ture of the building staircase it was
thought that the stack effect  would be able
to provide a sufficiently strong driving
force for ventilation. Initially, summer
overheating resulted in the intensive use
of an inefficient, (poor quality) mechani-
cal cooling system during periods of hot
weather.  Despite the thermal mass of the
building not being very large, a night cool-
ing strategy was introduced in an attempt
to reduce the need for mechanical cool-
ing.

Ventilation Technology

In the early summer of 1996 most of the
windows (four windows in the basement,
every second window on the 1st and 2nd

floor and the top roof windows) were fur-
nished with electronic actuators. Figure
3 shows on the left a ‘normal’ window
and on the right a window fitted with elec-
tronic actuators.

An electronic controller supervises the
automated opening and closing of  win-
dows. However, the building users are
allowed to modify the indoor climate in
their own offices by  manually over-rid-

Figure 1:  View of the Velux Building

Figure 2:  Plan View of the Velux Building (1st and 3rd Floors) and Side  Elevation
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ing the automatic control settings during
working hours, in accordance with their
comfort requirements.

The ventilation system is of a decentral-
ised design in which the building is di-
vided into several sectors, according to
the façade direction and the floor, allow-
ing the electronic control to act independ-
ently within each sector. Rain and wind
sensors as well as a timer supply a decen-
tralised building management system with
the necessary information to operate the
actuators. Figure 4 shows the sectors’
structure and the corresponding chosen
natural ventilation function depending on
rain and wind conditions. Four different
cases are distinguished:

• dry weather with wind
• dry weather without wind,
• rain with with wind,
• rain without  wind

automatically opening the windows be-
tween 1 a.m. and 7 a.m., thus generating
a high air change rate. This night cooling
strategy achieved an air change rate of up
to 20 ach.  During periods of the day when
the outdoor temperature exceeded the in-
door temperature, ventilation rate was
reduced to below 1.5 ach by closing win-
dows. To avoid air quality problems aris-
ing during periods of restricted ventila-
tion, the offices would be purged with
high ventilation rates for a short period
during the middle of the day. For extra
cooling, an inefficient refrigerative cooler
was installed in the 2nd floor for the hotter
summer days.

Winter ‘Heating’ Strategy: A static wa-
ter filled radiator heating system is in-
stalled for cold weather. Acceptable in-
door air quality is achieved by cross ven-
tilation, based on timer control, and purg-
ing the building at moderate air change
rate for a short time during the lunch
breaks.

Monitoring Programme

Among all 20 offices spread out over the
building floors, one office on each floor
and for each facade direction was moni-
tored to enable a good picture of natural
ventilation to be established. The offices

Figure 4:  Strategy for Electronic Control of Ventilation

Figure 5:  The Representative Office

Figure 3:  Window Fitted with
Electronic Actuators

Security issues (no automatically opened
windows on the ground floor, secured
windows in the basement) as well as flex-
ibility demands, guide the ventilation con-
cept but the user is still able to modify his
indoor climate by manually operating the
windows and the external shading de-
vices.

Summer ‘Cooling’ Strategy: Summer
cooling is achieved by using external so-
lar shading devices to minimise heat gains
and by flushing the building with ventila-
tion air during periods when the outdoor
air temperature is less than the indoor tem-
perature. Subject to wind and rain condi-
tions night cooling is accomplished by
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opened windows
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selected included three cellular offices
(one on the ground floor and two on the
1st floor) and an open plan office on the
2nd floor. Because they were only used
occasionally, rooms in the basement and
on the 3rd floor were monitored just to get
reference values for the analysis.

Continuous measurements of carbon di-
oxide concentration (CO2), ventilation
rate, temperature and humidity were made
over one week periods during February
1997 and August 1997. To summarise the
results, a cellular office on the 1st floor
on the south-west building side, as shown
in Figure 5, was selected as being repre-
sentative of all the offices monitored over
both the winter and summer measurement
periods. Three people involved in mainly
sedentary office work usually occupied
the selected office. The mean internal
summer heat load was approximately
26W/m2 while, for winter, it was 28W/m2

plus an assumed heating power of about
20W/m2.

Summer Monitoring Results

During the summer good thermal com-
fort was observed in this office (see Fig-
ure 6). The indoor temperature never ex-
ceeded 28 °C, even with an outside tem-
perature of 34 °C. Notwithstanding the
light thermal mass of the building, a high
night cooling efficiency avoided over-
heating effects in the hotter afternoons.
In addition no draught problems were
observed during the monitoring period

and the indoor air velocity never reached
values over 0.15 m/s. The maximum car-
bon dioxide concentration did not exceed
800 ppm, thus indicating a good ventila-
tion rate for metabolism. In hot periods,
lunchtime purging at high ventilation rates
prevented CO2 concentrations rising
above this threshold.

Winter Monitoring Results

In general a good indoor air quality was
observed during the monitored period
(see Figure 7). Again, the CO2 concen-
tration did not exceed values of about 800
ppm thus indicating a good indoor envi-
ronment. Good thermal comfort was also
monitored during the measurement pe-

riod. On one occasion the indoor air tem-
perature reached 25 °C, resulting in the
occupants opening the windows. Occu-
pants would also open the windows oc-
casionally during working hours when
they noticed that the air quality had re-
duced. This was found to correlate
strongly with the CO2 concentration ex-
ceeding 850 ppm.

Evaluation of Occupant Reactions

Interviews with the occupants showed
that, generally, they had no complaints
regarding thermal comfort and indoor air
quality. However, most of the occupants
made use of a desk ventilator during the
hotter summer afternoons, probably be-
cause of an increased thermal discomfort.
The acceptance of the natural ventilation
was quite high.

Lessons Learnt

Several lessons have been learnt from this
case study, these include:

• For security reasons, automatically
openable windows could not be in-
cluded on the ground floor and ground
floor internal doors could not be left
open. For these reasons, night cool-
ing was not possible at ground floor
level with the result that overheating
occurred.

• If doors were closed during lunch
breaks and during the night the effec-

Figure 6:  Summer Monitoring Results (1st Floor Room on SW Side of Building)

Figure 7:  Winter Monitoring Results (1st Floor Room on SW Side of Building)
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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.

tiveness of cross ventilation in winter
and night cooling in summer was con-
siderably reduced.

• An equal area of openable windows
on each floor did not result in an equal
rate of air change on each floor. As a
result, the cooling effect was reduced
on the upper floors, resulting in the
need for mechanical cooling on the
second floor.

• The impact of using external shading
devices to avoid summer overheating
needs to be studied in detail.

• User behaviour plays a decisive role
in the performance of natural ventila-
tion. Freedom given to the user should
be controlled to avoid high ventilation
heat losses in winter and overheating
in summer.

• The cooperation of all occupants is
needed because a failure in the opera-
tion of the system in one area can have
an adverse effect on the thermal com-
fort in another area of the building.

Suggested Improvements

Various improvements are proposed;
these include:

••••• Night Cooling: An analysis of the
temperature data indicates night cool-
ing can be made even more effective
by automatically opening the windows

at least 3 hours earlier. Improved con-
trol is more likely to be achieved with
a temperature sensor rather than the
existing timer.

••••• Cross ventilation: the performance of
cross ventilation during the summer
lunch breaks could be improved by
bringing it forward by  almost half an
hour when the outdoor air tempera-
ture is lower.  Cross ventilation in win-
ter should be more intensive but take
place over a shorter period to decrease
ventilation heat losses.

••••• Winter Over-Heating: To avoid over-
heating and consequent unnecessary
window opening in winter, the heat-
ing capacity of the offices on the
south-west building side should be
reduced, especially in the sunny win-
ter afternoons.

••••• Location and Size of Openings: An
improved analysis of the relationship
between the vertical location and size
of openings and the resultant impact
on ventilation performance is needed
for both summer and winter condi-
tions. Such a study is necessary to
devise strategies  to increase cross
ventilation efficiency in winter and
night cooling effectiveness in summer.

Conclusions

An analysis of this case study enables the
following general conclusions to be made:

• Building occupants should collabo-
rate with the ventilation manager to
avoid obstructing  the natural ventila-
tion concept. In particular office doors
should be left open for cooling pur-
poses.

• In winter the ventilation rate should
be reduced to the minimum needed to
fulfil occupant needs (metabolism,
odour etc.). In addition short cross
ventilation periods, during breaks,
should be used to maintain good in-
door air quality while avoiding cool-
ing of the thermal mass.

• In summer windows should always be
left open when the outside air tem-
perature is less than the inside tem-
perature. Also night cooling should be
as intensive as possible and should go
on as long as possible with help of a
temperature control rather than a
timer. To achieve maximum cooling
efficiency, all internal doors should be
left open during summer nights.

For further information contact:
Elia Zaccheddu, Sulzar Infra Lab Ltd, Zurcherstrasse 46, CH-840 Winterthur, Switzerland
Tel: +41 52 262 4744 Fax; +41 52 262 0002 e-mail: Elia.Zaccheddu@sulzer.ch


