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WindowMaster Office Building, Vedbaek
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Figure 2:  First Floor Plan Showing Offices Monitored

Figure 1:  Outside View of  the WindowMaster Building

Building Description

The WindowMaster building is located
in relatively quiet surroundings in Vedbæk
just under 20 kilometres north of
Copenhagen City. WindowMaster, a
company within the VELUX group, is
working on the development of electrical
and electronic products for the operation
and automatic control of windows.

This three storey building, originally a
factory building, was built some thirty
years ago and was renovated in 1995. The
basement, which is partly below ground,
houses various storerooms, workshops
and a canteen.  There are offices on the
ground and first floors. On the first floor,
one office is a dedicated electronics
workshop.  Except for the basement, the
activity in the building is mainly
administrative.  Figure 1 illustrates the
building.

The total floor area is about 2,000 m2 and
the building volume is about 5,600 m3.
On each of the two office floors, about
150 m2 is circulation area, toilets and
cloakrooms. Hence, taking into account
the basement,about 50 percent of the total
floor area is dedicated to offices and
meeting rooms. A plan view of the first
floor is illustrated in Figure 2. There are
three large open plan offices, each with a
floor area of about 100 m2.

The facades of the building are of brick
construction while the roof and horizontal
divisions are constructed of concrete.
Internal walls are made of light gypsum
boards and there are light false ceilings.
As a consequence, the thermal mass of
the building can be characterised as
medium.

Ventilation Philosophy and Aims

The WindowMaster building is, in many
ways, representative of a typical older
Danish office building. Apart from the
basement area, where a mechanical

extract system is used for the canteen and
the machinery in the workshops, the
ventilation in the building is based on
natural forces.

Originally, the building was not
specifically designed for natural
ventilation. However, in view of the
product line of the user, WindowMaster,
special attention is constantly being paid
to the ventilation of the building. The
company needs to keep abreast of the
latest research findings so that it can
develop new products and provide good
service and advice to customers. A good
indoor climate and comfortable
environmental conditions in the offices
are important issues for management.
WindowMaster occasionally uses the
building in connection with the full scale
testing of new components and control
systems.

Ventilation Technology

The ventilation principle is basically very
simple. In the offices, air is supplied partly
through large openable windows and
partly through smaller windows
positioned above the large windows (see
Figure 3). On the top (first) floor, two
openable roof lights are provided to
facilitate air exhaust using natural forces.
The roof lights are located near the
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staircases as shown in Figure 4. From the
ceiling to each of the roof lights there is a
short stack  about 1 m  in length and with
a cross sectional area of about 0.6 m2.

All  the openings are equipped with
motorised actuators. The wiring and the
low-voltage electrical installations have
been designed and laid out so that, in the
future, full centralised automatic control
of all openings in the building can be
achieved. At present, the occupants are
able to adjust the window openings
individually via keypads in control panels
located near the windows.  The panel also
controls the internal blinds which provide
solar shading.

Only a few fully automatic operations
were active during the summer and winter
monitoring periods studied in this report.
One of these operations was that, for
security reasons, all windows were closed
at 18.00 in the evening. After this the
small windows could be controlled
separately from the large windows.
Special alarm systems secured the closed
windows when the building was empty.
A second automatic operation, controlled
by room temperature sensors, caused the
ventilation openings and the roof lights
to open at 7.00 in the morning for  30
minutes.

Monitoring Programme

Four offices on the first floor (see Figure
2) were chosen for the investigation.
Offices 1, 2 and 3 are ordinary cellular
offices, each with a floor area of about

15 m2.  Office 4 is open plan and
accommodates 8 people. It has an
approximate floor area of 100 m2. During
the winter monitoring period, the corridor
adjacent to offices 1, 2 and 3 was included
in the investigations.

Measurements during the summer and
winter monitoring periods included
continuous recording of outdoor air
temperature, indoor (dry bulb)
temperature in each office, fresh (outdoor)
air ventilation rate (using constant
concentration tracer gas analysis), carbon
dioxide concentration, carbon monoxide
concentration and relative humidity. It
proved difficult  to obtain reliable results
from tracer gas measurements in office
4, therefore, only measurements of carbon
monoxide, carbon dioxide, temperature
and relative humidity were made in this
office. Inside the building smoking is

allowed only on the southern staircase
landings. The outdoor temperature
readings were obtained from a nearby
meteorological station.

Summer Monitoring Results

During the summer, monitoring took
place between July and September 1997.
Figure 5  summarises excerpts of the
monitoring results and shows typical
results for about one week of
measurements in office 3.

Thermal comfort and air quality:  For
some of the time, the summer was
unusually hot in Denmark. This resulted
in the average indoor air temperature of
the four monitored offices, being
constantly above  25 °C for a two-week
period. Nevertheless, generally
acceptable room temperatures were found
during a greater part of the summer.

The relationship between indoor and
outdoor temperature, as illustrated, was
typical of the whole monitoring period,
with the indoor temperature being up to
5K greater than the outdoor value. The
automatic opening of the windows every
morning at 7.00, for 30 minutes, did not
seem to have any effect. This result
suggests that the full benefit of night
cooling of the thermal mass was not yet
being achieved. Nevertheless, the indoor
air temperature generally remained below
29oC.

From  Figure 5 it can be seen that the
carbon dioxide level was well below the

Figure 3:  Ventilation Openings Above the Ordinary Windows

Figure 4:  Stack and Roof-light Near the Southern Staircase
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critical limit of 1000ppm and hence there
was sufficient ventilation for occupant
and general air quality needs.
Measurements of the  mean air velocity
(not shown) were also below the critical
(draught) limit of 0.15 m/s. During the
weekend, when the building was
unoccupied,  the  air  supply  was  about
1 l/s⋅m2 equalling an air change rate of 1-
2 ach. During office hours the air supply
was significantly higher, typically 10-20
times.

Winter Monitoring Results

Figure 6 summarises excerpts of the
results of the winter season monitoring
which took place during November and
December 1997. It shows  typical results
for about one week of measurements in
office 2.

Thermal comfort and air quality:  When
the offices were occupied, the temperature
reached about 22oC, and the carbon
dioxide concentration was between 800
and 1000 ppm. As illustrated, the   outdoor
air supply was between 2-4 l/s⋅m2, (i.e.
about 2-5 air changes per hour). The
moderately high carbon dioxide
concentration indicated that the
ventilation rate was at about the minimum
needed for acceptable indoor air quality.

During the tracer gas measurements,
WindowMaster tested a control strategy
which included opening the windows at
midnight for 30 minutes. The results of
this strategy are illustrated in Figure 6.
The air supply increased, the temperature
decreased, and the indoor carbon dioxide
concentration was at its minimum just
after midnight. From Sunday afternoon on
the 14th of December until midnight all
the windows were left open by mistake.

Evaluation of Occupant Reactions

Approximately 40 occupants responded
to the Summer survey . Questions covered
perception of comfort (temperature and
air movement), air quality (odour etc.) and
general environmental conditions such as
lighting levels and noise.   The results are
summarised in Figure 7 in the form of a
scale, for each of the parameters,
extending from good to unsatisfactory.
The overall picture obtained from the
questionnaire was that the occupants were
generally satisfied with the indoor
environment.  Areas of greatest concern
were temperature, air movement and
noise although the balance of response
was on the satisfactory side. The overall
score on acceptability and comfort was
high. Aspects covering absence of odour
and the freshness of the air were also
marked high, indicating general
satisfaction with the ventilation rate.

Approximately 25 occupants responded
to a similar series of questions covering
the winter period. These results are
summarised in Figure 8. Most concern
covered the freshness of the air, noise and
air movement (draughts) although, again,
the balance of the responses was on the
positive side. Overall acceptability and
comfort was rated highly.

Figure5:  Summer Monitoring Results

Figure 6:  Winter Monitoring Results
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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.
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Figure 7:  Occupant Reactions: Summer Figure 8:  Occupant Reactions: Winter

Lessons Learnt and Suggested
Improvements

The building offered a generally
comfortable environment in which the
occupants reported satisfaction. The
results did indicate, however, relatively
high indoor temperature elevations when
compared to the outdoor value (typically
5K). This indicated that a night cooling
strategy could usefully be implemented,
aimed at ventilating the thermal mass
during the night. The automated short
period flushing in the early morning
appeared to have little effect but the
automated control strategy is available for
operation at other times. As always,

security is a problem but, possibly,
alternative varieties of air intakes can be
considered. In addition, good cross flow
should be considered by installing transfer
grilles in the internal doors.

Improved summer temperature control
may also be achieved by the use of
external solar shading. At present only
internal blinds are provided which,
although preventing glare, are not
efficient at preventing heat build-up
through solar gain.

For further information contact:
Niels C Bergsoe, Danish Building Research Institute, SBI, Energy and Indoor Climate Division, PO 119, DK-2070, Horsholm, Denmark
Tel: +45 45 86 55 33 Fax: +45 45 86 75 35 e-mail: ncb@sbi.dk


