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The 

1. INTRODUCTION

NatVentTM is a pan European research project in the framework of the Joule Research
Program of the European Commission. In this project participate nineteen institutions from
seven European countries.

The aim of NatVentTM is to overcome the technical barriers that block the wide spread
application of low energy natural ventilation and cooling in office buildings in moderate and
cool climates.

As part of the project nineteen naturally ventilated office buildings in the participating
countries are being studied. The tax office of Enschede is one of them.

2. BUILDING DESCRIPTION
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Figure 1The tax office of Enschede. Courtesy W/E consultants
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uurd Roorda of the Government Building Agency, East direction, is the architect of this
ension of the old tax office in Enschede. It is located near the main railway station of
chede. The gross floor area of this six storeys high new wing is approximately 4300 m2,

 total investment circa 16.5 million Dutch guilders. In this new wing work about 200
ple. The building is finished at the end 1996. The energy concept and ventilation design is
W/E consultants sustainable building, Gouda, NL, and the daylighting and building
sics by Esbensen, Copenhagen, DK and Peutz & associes BV, Mook, NL. The ground



floor is open and used as a
natural ventilated garage for
cars and bicycles. On the roof
are two ponds to collect the
rainwater. A pump system
distributes this water to the
toilets on the various floors.
The building has five office
floors. The office rooms are
mainly on the north and south
façade. The ground plan is
wedge shape. In the middle
there is an atrium, surrounded
by corridors that are
interconnected by bridges. The
5 m deep office spaces are
located behind facades of the
building. The long facades are

rtesy
Figure 2. Typical floor plan of the wedge shape new wing. Cou
R.Roorda
oriented north and south. What is striking is the double row of horizontal strip windows on
each floor (see figure 1). On the sixth floor are the service rooms for the lifts and the boiler
installation of the central heating and the daylighting windows for the atrium, see figure 3.
Figure 4 shows a perspective view of the atrium from a connecting bridge.

/
Figure 4. Perspective view in the atrium,
courtesy W/E consultants
Figure 3. Cross section, courtesy WE
consultants
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The Tax Office building is part of Energy Comfort 2000. This THERMIE project, supported
by the European Commission, demonstrates the possibilities of far-reaching energy-savings as
a result of integrated design. Subsidiary goals include the maximum use of building fabric for
space conditioning, avoidance of mechanical air conditioning and maximum occupant control
of the indoor climate. Sustainable building is a major focus of all EC2000 projects. The key
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Figure 5. Key issue of the design, courtesy W/E consultants

Figure 6. Flow pattern in the building. Courtesy W/E consultants

issues regarding sustainable building of the design are: passive ventilation; use of daylight;
use of thermal mass through night ventilation; low energy use (17 m3 gas equivalent per m2)
and use of sustainable building materials.

3. DESIGN CONCEPTS

Optimal use of daylight is
realised by advanced
‘high tech’ concepts,
though no special
installations has been
used. This results in
substantial less energy
use for lighting. The
percentage glass area is
more than in a normal
office building, on the
north as well as on the
south façade. The glass
area is divided in two
parts: the view window
with the outdoor
sunshades and above it,

just below the trickle vents, the daylight window with low admittance glass and no sunshades.
An aluminium light shelf on the inside of the daylight window reflects the incoming solar
radiation to the white painted open ceiling. Because of this the contrast between dark and light
is very small and the incoming light is very diffuse. The light shelf has a hollow aluminium
construction with acoustical facilities and a high efficiency fluorescent lamp that is also
directed to the ceiling. Automatic dipswitches, connected to a light cell control the indoor
lighting. A sensor that measured the solar radiation automatically controls the outdoor
sunshades. The user can overrule this action. The view windows are manually openable inside
turning trap windows.

By using natural day and night
ventilation, the use of an air
conditioning unit can be
avoided. This is possible,
because the internal load is kept
low because the new wing has
no computer room and no
restaurant (these facilities are in
the old building and four of the
five floors have a direct
connection to the old building).
Constant flow trickle vents take
care of the supply of fresh air.
These vents are located just
below the ceiling, above the



daylighting windows. Because of the Coanda effect, the supply air sticks to the open ceiling.
This air is then mixed with the indoor air before it drops to the living zone. So draught is
avoided. Through ducts in the lowered ceiling on the corridor side of the room and in the
corridor it self, the airflows to the atrium where it is rises by the buoyancy forces in the atrium
and is expelled through the six hug chimneys on top of the atrium. In case the wind velocity is

less than 2 m/s exhaust
fans in the chimney are
switch on to assist the
buoyancy forces. The
ventilation system was
designed to deliver 100
m3/h per room in the
winter (see figure 6) and
200 m3/h for summer night
cooling. There are two
trickle vents in the room.
In the winter only one
trickle vent is active; for
summer night ventilation
both are used.

Thermostatic controlled
water radiators located
near the windowsill heat
the rooms.

Figure 7 shows façade
during construction with
the daylighting and
Figure 7. View of the windows during construction
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openable view windows.
Just visible are the holes
for the constant flow
trickle vents (see figure 8)
between the ceiling and the
daylighting windows and
the inside turning trap
view windows. Some are
in the open trap position.
The light shelf between the
daylighting and the view
windows has not yet been
installed.

Figure 8. The constant flow trickle vents. The width of one vent is
approximately 0.20 m
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Figure 9. Monitoring the Coanda effect

4 THE MONITORING

In 1997 W/E consultants has monitored the building during a whole year in various rooms on
different floors. We are allowed to use their results in this report. In rooms 107, 404 and 505
on the south façade and rooms 123, 418 and 518 on the north façade the temperature and CO2

measurements have been performed. The winter monitoring has been performed in March and
the summer monitoring in September. Together with the monitoring, a questionnaire has been
organised according the European Audit. The questionnaire concerns the building, the
installations and its operation and building related health problems.

5. WINTER RESULTS

5.1 Results of the questionnaire

170 questionnaires are handed over, 102 returned. This is a 60% response. The respondents
are 20% females and 80% males, the average age is 42 years and consist of management
personnel (11%), specialists (46%) and administration personnel (41%).
The temperature on the workplace is ‘good’, the possibilities to regulate the temperature is
‘sufficient’ to ‘good’. They do not want to change the temperature.
Ventilation and air quality: the air movement is ‘just sufficient’ to ‘much’; the ability to
control the air movement is ‘acceptable’ to ‘good’. Inconvenience due to draft (days in the
week) is less than one day. Controllability to prevent draught is ‘sufficient’ to ‘good’. The air
quality (from ‘very stuffy’ to ‘very fresh’) is ‘sufficient’. The humidity is ‘good’ to ‘too dry’.
32% experience unpleasant smells, the most came from cigarette smoke, office apparatus and
diesel oil from the nearby station, 75% found it acceptable and 25% not acceptable.

Daylighting: 96% is content with the daylight, 3% likes more, 87% can control the daylight,
58% has problems with glare on the monitor, 99% have sufficient artificial light, 88% have
control of the light level (daylight and artificial light).

Noise: the noise level is ‘good’ to ‘satisfactory’, 10% have problems with the noise.

5.2 The Coanda effect

The Coanda effect concerns the sticking of
the incoming cold air to the ceiling. The
longer it sticks to the ceiling, the better it
is, because the cold air has more time to
mix with the warmer room air. When
finally this fresh air drops to the living
zone, it is already at a comfortable
temperature and the occupant feels no
draught. The Government Building
Agency applies the Coanda effect for the
first time in an office building. Thus a
special monitoring session is devoted to
study this phenomenon (figure 9).

The experiment is performed with a
smoke tube. With this the direction of the
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airflow can be determined, in which direction it is progressingand the distance that the air
flow sticks to the ceiling. During the experiments the doors of the monitored rooms are closed
and one trickle vent is opened.

During the experiment the conditions are:
• Outdoor temperature 9-12 0C
• Wind velocity 2–3 m/s
• Wind direction North
• Indoor temperature 20-21 0C.

These conditions are nearly equal to the design conditions.

The result of the experiment concerns the appearance of the Coanda effect (yes/no) and the
distance [m] from the façade before it drops from ceiling. In most rooms the Coanda effect
can be clearly observed. The incoming air concentrates it self into a small jet that flows just
below the ceiling. After a distance of approximately one meter the air descends to the floor.
On both facades the effect can be clearly observed. Only in room 503 this effect is very
irregular. This is the most vulnerable room under these circumstances of the wind direction
(north).

The condition of the trickle vents is not optimal every where. Some are dirty with sand and
are not working properly. This influences the constant airflow and decreases the Coanda
effect. Probably it is dirt that came form the construction. The total results of the Coanda
effect are given in Table 1.

Table 1: Coanda effect  (Courtesy W/E consultants)
Room façade/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 yes 1.50
503 South/5 no -
520 North/5 yes 0.80

5.3 The ventilation flow

The ventilation flow is determined as follows. With a flowfinder the airflow through the two
acoustic tubes to the corridor are measured. The height of the gap between the door to the
corridor and the threshold is determined. Now the airflow through this gap can determined
based on the pressure difference over the air gap and the dimensions of this gap. The results
are given in Table 2. The specified ventilation flow is 100 m3/h. The ventilation flow in four
rooms are within 10% of the design specifications. Only the airflows of the first floor are too
high and put between brackets. This is caused because of leaks from the connection between
the façade and the floor above the garage. These leaks have been sealed.
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Table 2: Ventilation flows (Courtesy W/E consultants)
Room façade 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

5.4 Ventilation and thermal comfort

In room 417 on the fourth floor at the North façade the thermal comfort has been determined.
The measurement takes place at a plane perpendicular to the façade, 0.10 m from the desk.
One and a half-hour before the experiment starts the radiator valve is fully opened and the
ventilator is switch on at position 1 (minimum position).
The maximal vertical temperature difference is less than 1.5 K and occurs at a distance of
approximately 1.50 m from the façade. The horizontal temperature difference is very slight,
probably because of the high outdoor temperature (10 0C).

5.5 CO2 concentration level

Figure 9 shows a histogram of the the CO2 concentration during working hours in April. The
outdoor concentration is 350 ppm. Values less than 350 ppm are due to the accuracy of the
measurement instrumentation. Values more than 1200 ppm are very rare. The maximum
allowable value is 1500 ppm.

CO2 concentration level in April 
(workdays,08:00 - 18:00)
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Figure 10.  CO2 concentration level in April during office hours
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6 SUMMER RESULTS
6.1 Results of the questionnaire

170 questionnaires have been handed out and 105 have been returned. The response was 62%,
81% were male and 19% female; the average age was 42, their activities were 8% in
management, 50% specialists and 42% administration. The survey was held in September, so
the response will be very much influenced by the heat wave of August. The temperature was
‚very hot‘, the control was ‘bad‘, many ask for cooler temperatures. The ventilation and air
quality: nearly no air movement, control of the air movement was bad, draught less than one
day per week, control of draught was ‘satisfactory‘. The air quality was also satisfactory,
humidity was ‘good‘. 50% experience smelly air, 60% blame this to the station (diesel fuel).
55% found this ‘acceptable‘ and 45% ‘not acceptable‘. Daylighting: 99% are satisfied with
the daylighting, 3% likes to have more light, 94% can control the daylighting, 35% have
problems with glare on their terminals, 98% have sufficient artificial light, 95% can control
the level of the light (daylight and artificial light). The noise level is acceptable and 12% have
problems with the noise

6.2 Indoor temperature

In the first half of August the temperature was very high during a number of consecutive
days. Fig. 10 shows the outdoor temperature and the temperatures in the atrium, room 107
(South) and room 123 (North) during this period.

At night the outdoor temperature is still below 20 0C. The boiler is off. In the morning the
north room is cooler than the south room or the atrium. After office hours the south room
cools to the same level as the north room. In the morning  (before 6 hours) the atrium
temperature decreases very fast approximately 1 degree. Probably the windows are opened.
This is an indication, that there is still some cooling capacity left that is not utilised. This can
be utilised by switching the auxiliary fans in the atrium earlier.

Summer monitoring
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Figure 11. A hot summer period in August
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6.3 Internal 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
persons (2*80 W) per room (20 m2 net), this means a net internal heat gain of ~27.5 W/m2.

6.4 Thermal comfort
Based on the measured temperatures, the weighted temperature exceedings have been
determined. Only the temperatures during working hours (8:00-18:00 hours) have been
considered. The weighting factors according ISO 7730 are based on:

Office work metabolism M=70W/m2
Summer cloths I=0.5 clo
Mean air velocity 0.1 m/s

The temperature dependent weighting factors are given in Table 3.

Table 3 Temperature dependent weighting factors

Weighting factor Temperature [0C]

1.0 25

1.4 26

2.0 27

2.6 28

3.4 29

4.2 30

The uncorrected, weighted temperature exceeding over 1997 is 166 degree-hours.

With corrections for temperature (August was extreme hot) and some other unintended causes
(windows unintended opened, sun shades out of order, intensified night cooling in August,
etc.), the weighted temperature exceeding over 1997 becomes 83 degree hours.

6.5 Ventilation flow in the summer
On June 30th, the ventilation flow has been determined. The conditions were:

Outdoor temperature 16 0C
Wind velocity 3-4 m/s
Wind direction SW
Indoor temperature 21-23 0C
The leak between the floor and the façade is not yet repaired.
The occupants had been asked to open both trickle vents.
The auxiliary fans in the atrium are off. They are only used when the outdoor
temperature is very high combined with very low wind velocities (less than 2 m/s).
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Table 4. Summer ventilation

Room Façade Floor Ventilation [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

The aim is a ventilation of 200 m3/h (4 ach). This is achieved on the first and third floor. On
the fifth floor on the South façade this is 25% below the aim and on the North façade the
ventilation is only 50%.

During the last two weeks of July the mean ventilation rate has been determined. This is done
in rooms 107, 122, 505 and 520. The aim was to determine the ventilation rate for night
ventilation (200 m3/h - 4 ach) during a longer period. At the same time it is interesting to
know, whether there are any corners in the room that are not flushed. The experiment will
also give an indication whether used air is leaking from one room to the other. The occupants
are asked to open both trickle vents during the whole period. The experiments have been
performed with SBI from Denmark with the PFT method: in each room is supplied a different
tracer gas. On various positions of the room the concentration tracer gas is measured.

The results of this experiment are:

The mean summer night ventilation rate of the building is 3.75 ach (the aim was 4
ach).

The room was flushed very good, there are no ‘dead corners’.

Only outdoor air was measured, the leaks from the other rooms were very low (2 to 8
m3 per hour as compared with 200 m3 per hour).

6.6 Energy consumption

The gas consumption depends very much on the outdoor temperature.

January 2.1 m3/m2

February 1.25 m3/m2

March 0.9 m3/m2

April 0.9 m3/m2

May 0.5 m3/m2

Mostly the gas consumption is approximately 11 m3 per degree-day. In January and February
it was a little higher, probably because the leak of the connection of the floor of the first floor
to the garage.
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Table 5 gives an overview of the expected energy consumption over the whole year, based on
the monitored 9 months. The calculation is based on the degree day method.

Table 5 Energy consumption per m2

Reference Tax Office

Aim Measured (approximate)

Prim energy Electricity Prim energy Electricity Prim energy Electricity

m3 kWh m3 kWh m3 kWh

Heating 7.7 7.1 9.6

Lights 7.1 24 1.2 4 0.7 2.3

Apparatus 8.3 28 8.6 29 3.8 12.8

ventilators 8.3 28 0.0 0 0.02 0.05

Cooling 3.5 12

Total 34.9 91 16.9 33 14.1 15

The main objective was a maximum energy consumption of 16.9 m3 gas equivalent primary
energy per square meter. This objective is reached with a consumption of 14.1 m3/m2. The gas
consumption is included the leakage to the garage from the first floor. When this leak is
repaired, the gas consumption for heating will be reduced.

The energy consumption for lighting is much lower than anticipated. This can be caused by:

The measured daylight in the room is very high (at least 1.5% till deep into the room)

The occupants appreciate the quantity of daylight in the room and the controllability
(96% are content with the quantity of daylight)

Not all the places are occupied; the average occupation is 62%.

7. LESSONS LEARNT AND SUGGESTED IMPROVEMENTS

• The Coanda effect works as expected.

• Three of the ten constant flow trickle vents were not working properly. Apparently
building dirt had jammed the sleeves, so all vents have to be checked and cleaned.

• The first floor was not sealed properly; the isolation plates on the ceiling of the garage
were not glued to the concrete floor, so the floor was leaking. This had been repaired.

• An occupant in one of the rooms opened the window in the morning and it resulted in a
lower indoor temperature (-1K). This meant, that the potential for night cooling had not
been fully used. The potential of night cooling can be improved by starting the additional
fans earlier.

• It had been observed in some rooms that the occupants opened the windows at the hottest
hour of the day. This resulted in more overheating hours.

• The control of the boiler was not optimal; at night cooling time the boiler was started.
This was remedied.
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8 CONCLUSIONS

♦ Natural ventilation

• In most rooms the minimum fresh air supply was in the winter close to the desired
ventilation (100 m3/h)

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

• There is enough ventilation. The measured CO2 concentration level is always below
the maximum value of 1500 ppm.

• Inhabitants said to be satisfied with the ventilation system.

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

• The Coanda effect has been determined in all rooms. In the smoke experiments the
conditions were nearly equal to the design conditions (wind velocity 2 m/s, outdoor
temperature 10 0C). Only in the most unfavourable situated room at the fifth floor in
the lee side is this effect very irregular and sometimes it disappears.

• The overall conclusion is: the concept of natural ventilation with self controlled
ventilators, acoustic ducts for air transport to the atrium, exhaust openings and assisted
fans in the atrium operates well.

♦ Cooling by natural ventilation (Night cooling)

• 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.

• The average internal heat gain in an office room occupied by 2 persons, is  ~27.5
W/m2 in a summer month.

• Indoor temperatures were in some periods higher than necessary because of incidental
mistakes (boiler was switch on in summer period, shading was up at some bright days
because of glass cleaning). Also in some rooms the windows were open when the
outside temperature higher than the inside, this cause higher indoor temperatures.

• Compensation of these effects show that the indoor climate fulfils the comfort
criterion (weighted temperature exceeding equal without compensation 166 hours,
while 150 are allowed. This can be compared with 100 hours not weighted exceeding).
We should not forget that the summer of 1997 was extreme. Normally the indoor
temperatures are calculated for a reference year, leading to a lower exceeding.

• Although the indoor temperatures fulfil comfort requirements the questionnaires show
that people find the indoor climate very warm. The reason may be that the
questionnaires were send to the users direct after the extreme warm period.
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♦ Daylighting

• The daylighting concept operates well. Measurements showed that a much lower heat
gain caused by the artificial lighting has taken place (1.5 W per m2 floor area, while 8
to 10 is normal)

• Because of the light shelf the light intensity deep inside the room is still good and
according the design specifications. When the sun shades for the lower view windows
are closed, a very equal light distribution occurs in the room. It shows that the
combination light window and light shelf works very effective. Much light is reflected
deep inside the room.

9 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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