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Building Description

The building is situated in the centre of
Enschede. It has been extended by a new
five storey wing that covers a total surface
area of 4300 m2 (see Figure 1). A garage
for cars and bicycles is located beneath
the building. The floor plan is wedge
shaped (see Figure 2), with long facades
on the north and south sides of the
building. Offices, which are 5 m deep, are
located behind the facades.  In the middle
there is an atrium, surrounded by corridors
that are open to the atrium on one side
(like verandas) and interconnected by
bridges.

The building is of high mass construction
with concrete floors.  Ceramic tiles,
fastened to a  wooden frame, were used
as a cladding on the facades. The tiles are
12 times lighter than a brick wall, easy to
remove for cleaning, re-usable and long
lasting. Interior materials included
linoleum floor covering, concrete
granulate and re-usable indoor system
walls.

There is a double row of horizontal strip
windows on each storey. Between the two
window strips, on the inside, there is an
aluminium light shelf about 1 m deep. The
top row of windows is used for ‘day-
lighting’. Light from them is reflected
from the top of the light shelf, onto the
uncluttered, white-painted ceiling, and
back down into the centre and back of the
room (see Figure 3). Electric lighting is
provided on the end of the light-shelf and

in a free-hanging acoustic-island ceiling
at the back of the room.

The lower row of windows comprises
manually openable, tilting windows with
adjustable external blinds to reduce solar
heat gain in hot sunny weather.

Ventilation Philosophy

The building is wholly naturally
ventilated. An aim of the design was to
provide maximum occupant control of the
indoor climate. Air supply is through
manually operated, multi-setted trickle
vents. The lowest setting is used in winter
to provide minimum ventilation for
occupant metabolism, while the

maximum setting is used for night cooling
in summer. Exhaust air is removed from
the building through chimneys in the
central atrium. Design features such as the
external sun-shades and the use of
‘daylighting’ are aimed at reducing the
heat load on the building, and the high
thermal mass is used to assist night
cooling.

The ground floor garage is isolated from
the building atrium ventilation system and
has a separate mechanical ventilation
system.

Ventilation Technology

The passive ventilation system uses the
Coanda effect in which cold, incoming air
‘sticks’ to the ceiling, mixes with hot room
air, and then falls into the ‘living’ zone
(see Figure 3). This provides a measure
of pre-conditioning to minimise the
probability of cold draughts. This system
of introducing air into a room is most
effective when the supply air ‘sticks’ to
the ceiling for a relatively long time so
that it is well mixed before it drops into
the lower part of the room.

In each room, air supply is through two
constant-flow trickle ventilators (see
Figure 4) located between the day-lighting

Figure 1:  The Tax Office Building (Courtesy of W/E Consultants)

Figure 2:  Plan
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windows and the ceiling. The ventilators
are about 0.3 m wide and 0.1 m high with
a constant flow rate of 50m3/hr for driving
forces of between 1 and 25 Pa. The units
have 5 positions that can be selected by
the users. It is recommended that one unit
is used under normal circumstances and
both units for night cooling. During warm
summer periods users are advised to open
both ventilators before leaving their
rooms at the end of the working day.

Acoustically isolated ducts remove
exhaust air from the rooms to the atrium.
They are located above lowered ceilings
in the ‘veranda’ corridors round the
atrium. At the top of the atrium, vents
(chimneys) can be opened so that the
stack effect will give the under-pressure
needed for air supply. Exhaust fans on the
chimneys are switched on at low wind
speeds (below 2 m/s) to help initiate the
stack effect

Monitoring Programme

Measurements of temperature and CO2

concentration were made in rooms 107,
404 and 505 on the South façade and
rooms 123, 418 and 518 on the North
façade.  The Coanda effect was
investigated in six rooms on both sides
of the building (see Figure 5).  In April
and September1997, questionnaires were
sent out to ascertain the building
occupants’ perceptions of the building
environment and their ability to control
their environment.

Summer Monitoring Results

Ventilation flows:    Measurement of
ventilation flow rate was based on
monitoring the pressure difference

between the room and the corridor and
the dimensions of the air gap under the
door.  The ventilation rate was determined
on June 30th under conditons of: room
temperature 21-23 0C; outdoor
temperature 16 0C;  wind velocity 3-4 m/
s; wind direction SW.  The design
ventilation rate for summer is 200 m3/h
(4 ach). This was achieved on the first
and third floor (see Table 1). On the fifth
floor, on the South façade the flow rate
was 25% below the design value and on
the North façade the ventilation rate was
only 50%.

In the last two weeks of July 1997 the
mean ventilation rate of several rooms
was determined using multi tracer gases.
This method enabled the air leaking
between rooms and the ‘flushing’ of
rooms with fresh air to be determined.
These measurements indicated that:

• the summer night-ventilation rate of
the building is 3.75 ach (the design
value is 4 ach);

• all areas of the rooms were well venti-
lated (or flushed) and there were no
‘dead zones’;

• air leakage between rooms was very
small, 2 – 8 m3/h; the greatest inter-
room leaking occured on the fifth floor,
where a rate of  40 m3/h was meas-
ured.

Internal heat gain:  The measured
electricity consumption for office
equipment is fairly constant at 1.2 kWh/
m2 and for lighting in the summer months
it is 0.2 kWh/m2 gross area. With an
occupation of 2 people (2*80 W) per
room (20 m2 net), this means a net internal
heat gain of ~27.5 W/m2

Figure 3:  Key Issues of the Design (Courtesy of W/E Consultants)

Figure 4:  Constant Flow Ventilator Figure 5:  Monitoring Scheme for the
Coanda Effect

Room Facade Floor [m3/h]

107 South 1 209

122 North 1 133

311 South 3 192

322 North 3 101

505 South 5 146

520 North 5  93

Table 3:   Summer Ventilation Flow
Rates (Courtesy W/E Consultants)
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Room facade/
floor

Coanda
effect

Distance
(m)

111 South/1 yes 2.00

121 North/1 yes 2.00

314 South/3 yes 1.20

320 North/3 yesa 1.50

503 South/5 no   -

520 North/5 yes 0.80

Table 2: Coanda Effect (Courtesy W/E
Consultants)

Room facade floor [m3/h]

111 South 1 (160)

121 North 1 (126)

314 South 3 90

320 North 3 96

503 South 5 110

520 North 5 97

Table 3:   Winter Ventilation Flow Rates
(Courtesy W/E Consultants)

Thermal comfort:  Figure 5 shows the
temperatures in the atrium, room 107
(South), and room 123 (North) during
August, when outdoor temperatures were
unusually hot. During this period, the
threshold comfort temperature, as defined
by ISO Standard 7730 (i.e. for office
work, summer clothes, average air
velocity of 0.1 m/s) was exceeded for a
total of 166 hours. At peak outdoor
temperatures the indoor temperatures
were typically 4K less.

Winter Monitoring Results

Ventilation Flows:  A smoke tube was
used to evaluate the effectiveness of the
Coanda effect . The airflow direction and
the distance from the façade before the
air dropped down from the ceiling were
traced. Environmental conditions were:
indoor temperature 20-21 0C; outdoor
temperature 9-12 0C; wind velocity 2–3
m/s; wind direction North. These
conditions are nearly equal to the design
conditions.  The results are shown in
Table 2. In most rooms on both facades
the Coanda effect was clearly observed.
However, in Room 503 on the South
façade the airflow was very irregular.

The results of the measurements of
ventilation flow rate are given in Table 2.
The specified ventilation flow is 100 m3/
h. Flows on the first floor were found to
be too high because of excessive air
leakage.

Air Quality:    The CO
2
 concentration

during working hours (measured in April)
varied between the outdoor concentration
of 350 ppm and about 1200 ppm. Values

greater than 1200 ppm were very rare. The
maximum allowable value is 1500 ppm

Ventilation and thermal comfort:
Monitoring to determine thermal comfort
was performed in room 417 on the fourth
floor of the North façade. Measurements
took place 0.10 m from the desk in a plane
perpendicular to the façade. One-and-a-
half hours before the experiment started,
the radiator valve was fully opened and
the ventilator was switched to its
minimum position. The maximum vertical
temperature difference was found to be
less than 1.5K and occurred at a distance
of approximately 1.50 m from the façade.
The horizontal temperature difference
was found to be very slight, but probably
this was because of the relatively high
outdoor temperature of 10oC.

Evaluation of Occupant Reactions

170 questionnaires were handed out and
there was about a 60% response in both
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Figure 5:  Summer Monitoring (a Very Hot Period)

the summer and the winter. The summer
survey was held in September, so the
response was influenced by the heat wave
in August. Occupants felt that the
temperature was ‘very hot’, control was
‘bad‘, and many asked for cooler
temperatures. There was ‘nearly no air
movement’ and control of the air
movement was bad, but it was not very
draughty and control of draughts was
‘satisfactory‘. Air quality was also
satisfactory; humidity was ‘good’, but
about half the occupants complained
about the smell of diesel coming from the
nearby railway station. Most occupants
were satisfied with the amount and control
of both day- and artificial light, although
some had problems with glare on their
computer terminals. The noise level was
acceptable although a few occupants
experienced problems with noise.

In winter, most occupants were happy
with the temperature and with their ability
to regulate it. Air movement ranged from
‘just sufficient’ to ‘too much’; while the
ability to control air movement was
‘acceptable’ to ‘good’. Inconvenience due
to draught (days in the week) was less than
one day and draught prevention control
was ‘sufficient’ to ‘good’. The air quality
was ‘sufficient’. and the humidity was
‘good’ to ‘too dry’. About a third of the
occupants experienced unpleasant smells,
mostly from cigarette smoke, office
apparatus and diesel fumes. Almost
everyone was happy with the amount of
light although again there were problems
with glare. The noise level was ‘good’ to
‘satisfactory’ although a small number of
people had noise problems.
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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.

Lessons Learnt

• The Coanda effect works as expected.
Only in the most unfavourably situated
room on the fifth floor at the lee side
was this effect very irregular and some-
times it disappeared.

• Three of the ten constant flow ventila-
tors were jammed by building dirt.  All
ventilators need to be checked and
cleaned.

• The first floor was not sealed properly
from the garage were not glued to the
concrete floor. This has been repaired.

• Measurements indicated that the po-
tential for night cooling has not been
fully used. This has been improved by
opening additional ventilators earlier.

• The control of the boiler was not opti-
mal; it was started during the night
cooling time. This has been remedied.

Conclusions

Natural ventilation:
• In most rooms the minimum fresh air

supply in winter was close to the
desired ventilation (100 m3/h)

• At normalised outside conditions
(wind speed 2 m/s and outside
temperature 10oC) there was no
draught and the room air was well
mixed.

• There is enough ventilation. The

measured CO2 concentration level
was always below the maximum
value of 1500 ppm.

• Inhabitants said they were satisfied
with the ventilation system.

• The indoor vertical temperature
gradient was 1.5 K by 10 0C outdoor
temperature. This complies with the
requirement for thermal comfort.

Night Cooling by Natural Ventilation:
• The ventilation rate for cooling (3.75

ach) was close to the desired value
(4 ach). Temperature responses show
that a higher cooling effect can be
obtained if the assisting fan is
switched on at a higher wind speed.

• Indoor temperatures were
occasionally higher than necessary
because of incidental mistakes (e.g.
the boiler was switched on in the
summer, shading was up on some
bright days because of window
cleaning). Also, in some rooms,
windows were open when the outside
temperature was higher than the
inside temperature thus increasing
the indoor temperature.

• The indoor climate generally fulfilled
the comfort criterion given by ISO
Standard 7330.

• Although the indoor temperatures
fulfil comfort requirements, the
questionnaires showed that people
found  the indoor climate was too hot.

Day-lighting:
• The day-lighting concept operates

well. Measurements showed that a
much lower heat gain caused by the
artificial lighting took place (1.5 W/
m2 floor area, while 8 to 10 is
normal).

• Because of the light shelf, the light
intensity deep inside the room was
good and met design specifications.
When the sun shades for the lower
view windows were closed, the light
distribution across the room was
uniform, showing that the
combination of light window and
light shelf works effectively.

Concluding remark:
• This concept shows that integral

approach of natural ventilation,
effective solar shading, daylight
control and the use of thermal mass
for heat accumulation lead to a
successful application of natural
ventilation.
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