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The European Patent Building, Rijswijk, ZH

Figure 1:  View of the European Patent Building

Building Description

The European Patent Building (Figure 1)
was built in 1972. It consists of a square
main structure which has four floors and
a rectangular 25 storey, 86m tall tower.
In 1986, a fifth floor was built onto the
main buiilding. The diagonals of the
building are, respectively, NS and EW
facing (see Figure 2). Construction is of
high mass, consisting of brick and
concrete.  The ‘main’ building has an
inner courtyard with the offices being
arranged along the outer and inner
(courtyard) perimeters.  Office rooms in
the tower are situated along the four
perimeter walls.  When  it was constructed
the building was located in an open
landscape, but since then high rise
buildings have been erected in the vicinity
and two very busy high ways run nearby.

Public areas such as meeting and
conference rooms, the library, the
restaurants and the computer rooms are
located in the core of the main building,
while the tower and the outer
circumference of the main building are
primarily used for office accommodation.
Most of the offices are single occupancy
and each measures approximately
3.5x5.5x2.75m.  There are also a number
of larger multi-occupancy offices.

Ventilation Philosophy and Aims

The whole building is naturally ventilated
except for the computer rooms, archives,
restaurant and meeting rooms, which are
fully air conditioned, and the toilets,
which have mechanical extract
ventilation. The fifth floor of the main
building, which was added during
renovations in 1986, has localised cooling
(fan coil units).

Natural ventilation is by window opening
and the use of ventilation grilles. Each
office is equipped with four manually
operated horizontally openable windows,
located in vertical pairs on either side of a
fixed centre window. The openable
windows measure 0.35x0.70m (upper) and
1.20x0.70m (lower) respectively. A ‘slot’
or ‘trickle’ ventilator grille, with an
openable area of approximately 0.06 m2, is
located within  the framework of the
centre window. It  is operated by a pull
cord (see Figure 3). The effective opening
area of the windows when fully open is
1.1 m2  giving an  effective vent ratio (ratio
of effective vent opening area to floor area)
of 5.6%. This satisfies the minimum
recommendation  of   NatVent  WP 3.4 for
buildings of  high thermal mass of  2%
effective vent ratio for cross ventilation.

Ventilation Technology

Summer Cooling Strategy:  Summer
cooling is achieved by using the high
thermal mass of the building, night
ventilation and shading.

Shading is achieved by means of a fixed
concrete band  0.6 m wide with three slits
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in it, which projects 0.9 m from the façade
and is built around the whole
circumference of the building. It functions
as a very effective solar protection device:
in the summer, when the sun is high, this
band blocks the bright solar radiation; in
the winter however, the low winter sun
can freely enter the rooms to provide
daylighting. External manually operable
(venetian) blinds cover the windows on
the South-east and South-west facing
walls of the fifth floor only.

During the summer, internal doors and the
openable windows are left open during
the day and at night. This results in a high
level of cross ventilation and cools the
building overnight. The high thermal mass
results in lower than outside peak day
temperatures for all but extended periods
of hot weather.

Winter Heating Strategy:  Because the
work in this building is mainly sedentary,
an indoor temperature of 22oC is
necessary for the occupants to feel
comfortable. Heating is by natural gas
serving a hot water system which feeds
radiators positioned beneath the
windowsill in each room.  The original
system incorporated a primary hot water
circuit which was designed to operate at
110oC. This served a secondary circuit
which was designed to operate at  90oC.
Recently the system has been replaced by
a  new high efficiency heating system with
a 90oC primary hot water circuit. As a
consequence the secondary circuit
operates at a reduced temperature.

Monitoring Programme

During the summer of 1997 and the winter
of 97/98 four rooms (two on the
Southwest and two on the Northeast side)
of the 15th floor of the tower were
monitored (see Figure 2). The parameters
measured were: the indoor and outdoor
air temperatures, the indoor and outdoor
carbon dioxide concentration, relative
humidity, and ventilation rate.

The ventilation rate in the monitoring
rooms was measured by constant
concentration of sulphur hexafluoride
tracer gas (SF

6
) using a Brüel & Kjær gas

analyser and injection system.

Temperature monitoring in each room
included: air temperature close to floor

level, globe temperature at 1.10 m above
floor level, and wall temperature. The
globe temperature was measured  by
placing a temperature probe in a black
ping pong ball.

Outdoor climate measurements included
air temperature, solar radiation, and wind
velocity. These were available from the
building’s energy management system.

At the start of the monitoring session a
questionnaire regarding the working
climate was distributed to the occupants
of the 15th floor.

Summer Monitoring Results

Figure 4 shows the results of the hottest
period in 1997 (8th -12th August). During
this period, the outdoor temperature did
not fall below 20oC, there was bright sun
every day and the wind speed remained
low  (0-5 m/s). Peak temperatures occured
very late in the afternoon and the
measured outdoor temperatures  differed
for the SW and NE facades.The behaviour
of the indoor air temperature  is shown
for two rooms only, the hottest being on
the SW side 15.13 (T13 on the graph) and
the coolest on the NE side 15.43 (T43).
A temperature difference of nearly 2.5K
was observed between these two rooms.
During each day of the heat wave, the
indoor peak temperature increased from
the previous peak as the building mass
absorbed  the heat. Nevertheless, the

Figure 4:  Summer Monitoring Results (for a Very Hot Summer Period)

Figure 3:  View of the Windows in an Office. Note the Fixed Band with the Slits.
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building mass assisted in keeping the
indoor temperature below that of the
outdoor peak temperature.  By the end of
this period, the maximum indoor
temperature reached  almost  28oC
compared to the maximum measured
outdoor temperature of 31oC.

At night the indoor temperature of room
T43 cooled down to the outdoor
temperature. Unfortunately the ventilation
rate was not monitored during this period
but it was observed that occupants kept
their windows and doors open both at
night and during the day.

Further monitoring results including
ventilation rates are shown in Figure 5 for
the period 3rd - 6th September 1997.
Monitored outdoor air temperature on the
SW-side of the building tended to be
lower than on the NE-side, while the
indoor temperature of room 15.13 on the
SW-façade was cooler than room 15.43
on the NE-facade. The outdoor CO

2

concentration is approximately 400 ppm
while the indoor CO

2
 concentration

increased during working hours to a
maximum of 750 ppm. At night and
during the weekends the indoor CO

2

concentration rapidly dropped to the
outdoor level.  The ventilation rate was
very high (shown for room 15.13) and
averaged between 500-750 m3/h
(equivalent to between 10 and 15 air
changes/hour - ach).  The other rooms
showed a similar pattern of air change but
room 15.43 had  very high day time
ventilation peaks (even at weekends).
Despite having the greatest ventilation

rate,  the indoor temperature of room
15.43 was higher than the other rooms
being monitored.

Table 1 Overheating Hours in August

The indoor air temperature during office
hours (8:00-16:00, including  weekends)
was monitored in all four  offices  during
August. Analysis of the results shows that
the number of hours when overheating
occurred (i.e. temperatures exceeded
25.5oC) differed very much from room to

room. These results are summarised in
Table 1. Although the rooms were cooler
than outside, the level of cooling was
insufficient in some rooms.

Winter Monitoring Results

Figure 6 shows the results of the winter
monitoring period which was unusually
mild for the Netherlands. The wind was
also very moderate. During working hours
the ventilation rate was very high, at up
to 10 ach but, at night and over the
weekends it dropped to about 2-4 ach. The
indoor CO

2
 concentration was very

acceptable during office hours and outside
these times returned to the outdoor value
of 400 ppm (not shown).

The building was heated continuously for
24 hours a day, including the  weekend.
Consequently, the indoor temperature
stayed between 22 and 24oC. Continuous
heating was introduced to overcome
insufficient warmth at the start of the day
resulting from reduced temperature in the
heating circuit.  In this monitoring session
energy use was not monitored.

Evaluation of Occupant Reactions

Eight people, all non-smokers, completed
the questionnaire.  They each had single
occupancy offices and had their desks
near to the window.

Environmental Controls: Five of the
respondents reported that they were ‘very
satisfied’ with their control over  heating

Figure 5  Summer Monitoring (Indoor Climate)

Figure 6  Winter Monitoring Results

Hrs>25.5oC Hrs>27.7oC

Room15.13 164 24

Room15.16 92 18

Room15.43 24 6

Room15.45 148.5 14.5
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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.

and ventilation. Two reported being
‘satisfied’ and one was ‘not satisfied’. All
were ‘satisfied’ or ‘very satisfied’ with
their control over  lighting. All had used
their windows and only one person
complained about lack of control over
draughts  One person was very positive
about natural ventilation and thought that
air conditioning was always ‘too cold’.
No one had requested that any
improvements should be made to the
office environment. One person
commented that  horizontal blinds would
be preferable to vertical blinds because
they are more easily adjusted to the height
of the sun.

Environmental Conditions: seven
respondents found the room temperature
‘comfortable’ (although occasionally too
hot) and one found it ‘uncomfortable’ (too
hot in both summer and winter because
windows could not be opened due to
draughts). Five people reported that they
were ‘satisfied’ with the level of air
movement while the remainder were  not.
Five reported that they were ‘satisfied’
with the air quality (fresh and odourless),
two found it ‘just acceptable’ and one
found it to be ‘stuffy and smelly’,
especially after weekends or when the
room had been unoccupied for a long
time. Lighting levels were  ‘ acceptable’
to ‘just acceptable’ and noise level ranged
from   ‘just acceptable’ to ‘unacceptable’.

Only two people were satisfied about the
noise. Overall, comfort ranged from
‘satisfactory’  to ‘just not acceptable’.

Lessons Learnt and Suggested
Improvements

The building design was capable of
providing high rates of ventilation and
natural cooling. On the whole a good
thermal environment could be obtained
although there was some over-heating in
summer. Since the heating system had
been replaced there was a  problem in
achieving sufficient warmth during
winter, at the start of the day. The solution,
running the system continuously, seemed
to be particularly energy wasteful. From
the measurement of ventilation rate, it
seemed that the rate was excessively high
in winter, especially outside periods of
occupancy.  Perhaps windows or the
trickle vents are left open over night
resulting in wasted heat loss. This winter
condition needs further investigation with,
possibly, improved sizing of vents to
avoid unnecessary heat loss.

In summer, improved air control to ensure
that warmer outside air does not enter the
building should be considered, but  this
must be balanced against  extra solar gain
(through the sun acting on closed
windows) and loss in benefit from the
cooling effect of high air flow velocities.

 Conclusions

A high level of air change was possible
which was capable of meeting metabolic
and air quality needs as well as assisting
in summer cooling.

High thermal mass combined with night
time ventilation enabled summer time
indoor air temperatures to be maintained
significantly below outdoor peak values

Individuals had direct control over
ventilation by means of a window vents
and openable windows.

Indoor air temperatures differed from
room to room. On  very hot days this
difference  reached approximately 2.5 K
between room 15.13 and room 15.43. The
number of hours of overheating also
varied from room to room, regardless of
the location of the room (SW or NE side).

The CO
2
 concentration was  very

acceptable rising to 750 ppm during
working hours in both winter and  summer
and dropping to the outdoor ‘background’
level of 400 ppm at night and during
weekends.

Occupants were generally satisfied with
the performance of this building.

For further details contact:
Hong Liem, Delft University of Technology, Lab of Reg Eng and Indoor Climate Tech, Mekelweg 2, 2628 CD Delft, The Netherlands
Tel: +31 15 278 6675 (sec 6667) Fax: +31 15 278 7204 e-mail: a.h.c.vanpaassen@wbmt.tudelft.nl


