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1. Introduction

The administration building of Ullevål hospital in Oslo, Norway was completed in 1924. The
building has 4 floors, in addition to unoccupied basement and attic. Total floor area is
approximately 3500 m², with 870 m² on each floor. There are about 160 employees in the
building, occupied mainly with office type work in 120 cellular offices.

The building is situated in the centre of Oslo, with heavy traffic on a road just in front of the
building.

The primary relevance of the building for NATVENT is the possibility to evaluate the
function of a true natural ventilation system in a cold climate like the Norwegian. To our
knowledge, this is the only larger office building in Oslo with a functioning stack system
based on thermal buoyancy. The building would however not be suited as a promotion object
in terms of sophisticated design. The building and the ventilation system are old and have
shortcomings, hence the concept is not directly applicable in modern buildings.

The building is designed for natural ventilation, based on thermal buoyancy in vertical ducts
from each office room.

The Norwegian Building Research Institute has made measurements in the building in
wintertime (12. -21. February 1997) and in summertime (13. June - 5. September 1997). The
methods used in the monitoring are not described in detail, unless the measurement routine
differs from the routines agreed upon in the NATVENT project.

2. Description of the building

2.1 Key features of the building

The building has two main facades, one southward that faces a road with heavy traffic (Figure
1), and one northward that faces a large open yard. The building has generally large rooms, in
terms of number of both m² and m³ pr. workplace. The floor plan is shown on Figure 2. The
room height in the offices is about 3,3 m. Both inner and external walls are built in masonry,
while the floor is made of concrete. Thus, the thermal mass in the building is large, and the
internal sound insulation is good.

Figure 1: Front view of the administration building
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The floor covering is mainly linoleum. The masonry wall is covered with wallpaper (paper),
painted with white, acrylic paint. The lighting is mainly fluorescent lamps. The building has
coupled windows, with two layers clear panes. The windows are old, they are leaky and in a
poor condition. Therefore, noise from the traffic is a nuisance on the side of the building that
faces the street.

The indoor climate in the offices on the northern facade is quite agreeable, due to the large
rooms, no noise and and good thermal climate because of very little direct sun. As seen on
Figure 1, the windows on the southward facade has either Venetian blinds or awnings for sun
shading.

Figure 2: Floor plan of one floor of the building (See also Figure 21 and 22)

2.2 Ventilation concept

The ventilation is based on thermal buoyancy through vertical stacks and large ventilation
louvres on the roof (see Figure 1). The ventilation principle is shown in Figure 3. Each room
has inlets (see Figure 4) in the outer wall and an extract terminal (see Figure 5) on the inner
wall. From each room there is a vertical duct from the extract terminal up to the roof (Figure
3).

The building is not designed for natural cross ventilation.

The ducts and the grills were quite dusty, no cleaning has been performed for many years.
Many grills seem too small to ensure a satisfactory air flow rate. In many offices that faces the
street, the occupants close the air inlets due to noise and air pollution. There are no other
ventilation system in the building, and there is no possibility for control of the air flow rate
beyond manual opening of windows or terminals.
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Figure 3: Ventilation concept- duct system

The heating system is based on hot water circulating in radiators below the windows. The
buidling has an old-fashioned individual temperature control system, with valves on the
radiators. The hospital has a central heating system, with hot water circulating through all the
buildings in the hospital area. Originally, the building had radiators based on steam, but this
was changed in 1964, when the building was refurbished. There is no special night cooling or
any other cooling system in the building, except for a few rooms with much electronic
equipment, where water-cooled fancoil units are installed.

Figure 4: Typical office – inlet high on outer wall
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Figure 5: Typical office – extract grille on inner wall

2.3 Tested offices

The data for the selected rooms are shown in table 1. The choice of the offices for detailed
monitoring is made partly to protect the measuring equipment (a part of the building is open
for the public), partly to obtain practical possibilities to perform tracer gas measurements.

Temperatures are monitored for about two months in two offices summertime (office 4 and
5). The main monitoring period summertime was from 28.8 until 5.9, sat./sun 30./31.8. The
monitoring period in winter was from 12.2 until 21.2, sat./sun 15./16.2. The location of the
rooms in the building is shown on Figure 21 and Figure 22.

Winter Summer

Office no. 1 2 3 4 5 6 7 1 2 3 4 5 6 7

Floor/orientation 2/S 2/S 2/S 2/N 3/S 3/N 2/N 2/S 2/S 2/N 2/N 2/S 3/S 3/N

Window area 1.5 1.5 4.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Room volume 62 65 219 201 65 50 42 72 70 60 80 65 62 52

Floor area 19.
4

19.
7

66.
4

59.
1

19.
7

15.
2

13.
1

19.
4

19.
4

18.
2

24.
2

19.
7

19.
4

15.
8

Measurements t t/i t t i i i t t t/i t i i i

Table 1: Selected rooms for monitoring. “t” denotes tracer gas measurements, “i” denotes
indoor climate (thermal comfort) measurements. There are 3 occupants in office 3 winter.

Office 4 winter is a meeting room. All other offices are occupied by one person.
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3. Thermal comfort

3.1 About the measurements

The temperature measurements are done partly with termo-elements in connection with an
INTAB data-logger, partly with Tinytag temperature sensors. The termo-elements were
placed inside ping-pong balls; in order to measure the globe temperature rather than the air
temperature. Standard height for the measurements is 1.1 m. Average distance from the
window is 1.5 m.

For winter conditions, the indoor air velocity has been measured continuously with B&K
1213 Indoor Climate Analyser. During summer monitoring, a Dantec hot sphere anemometer
connected to a standard data logger has been used.

In analysing the results, one must consider the rather special climate conditions during the
monitoring periods. In August, the normal monthly mean outside air temperature in Oslo is
15.2°C. In the monitoring period, the mean temperature was 18.2°C. In winter, the mean
temperature was –4.3°C, with a monthly mean temperature –4.1°C.

3.2 Winter conditions

Figure 6 shows temperature conditions during the monitoring week in winter. The
temperatures show rather low temperatures in many of the offices.
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Figure 6: Temperatures in four offices, a meeting room and outside-winter

Figure 7 and 8 shows indoor air velocities in two offices. In office 2 there are periodically
high air velocities (above 0,15 m/s).
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Figure 7: Air velocity measurements during a 2 hour period (3 min averages, with recordings
every 10. seconds) Office 2
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Figure 8: Air velocity measurements during a 3 day period (3 min averages, with recordings
every 2.hour) Office 3
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3.3 Summer conditions

Figure 9 show temperature conditions during the summer period (9.6 until 7.9.97) in one
office. The temperature was measured in two offices in this period.
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Figure 9: Temperatures during summertime in two offices

Figure 10 shows temperature conditions during one week with detailed monitoring.
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Figure 10: Temperatures in four offices and outside one week summertime
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Figure 11 shows indoor air velocity throughout the monitoring week.
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Figure 11: Average air velocity (3 min, every 20. min) in one office during one week in office 3

Considering the high outdoor temperatures, it is not too hot in the offices. The air velocity
measurements in Figure 11 show that the occupants frequently open the window for airing,
and that the air velocity seems to be low in periods with the windows shut.

4. Ventilation and air quality

4.1 About the measurements

The measurements were performed with Brüel & Kjær tracer gas and gas analysing
equipment (B&K 1302 and 1303). The monitoring set-up is described in the NATVENT
monitoring manual.

4.2 Winter conditions

The air flow measurements are summarised in Table 2.

Room Average air flow rate

l/s

Floor area

m²

Persons in
the office

Specific air flow rate

l/(s·m²)

Office1 25.6 19.4 1 1.32

Office2 27.3 19.7 1 1.39

Office3 51.5 66.4 3 0.78

Meeting room 99.3 59.1 Varying 1.68

Table 2: Average air flow rates in the offices during the monitoring week. Mean outside air
temperature during the week –4.3°C, average wind speed 2.8 m/s.
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Figure 12 shows air flow rates in the selected offices.
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Figure 12: Air flow rate in selected rooms – winter. The reduction of the air flow rate in office 2
around 14.2.97 is caused by a temporarily closing of the air inlet grille. Floor areas: 19, 19, 66

and 59 for office 1,2,3 and meeting room, respectively

Figure 13 shows average air flow rate in a large meeting room, plotted against outdoor
temperature and wind speed.
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Figure 13: Air flow rate in a meeting room (2 nd floor, N), together with wind speed and outdoor
temperature (from meteo station). Floor area: 59.1 m²



Ullevål hospital – administration building (NO1) 11/19

Figure 14 shows average air flow rate each day in the monitoring week.
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Figure 14: Average air flow rate each day one week in the winter. There is no data for 16.2.
Floor areas: 19, 19, 66 and 59 for office 1,2,3 and meeting room, respectively

Figure 15 shows CO2-concentration in the selected offices.
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Figure 15: CO2-levels in the monitoring week
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There are occasionally high CO2-levels in the meeting room and in office 2 and 3. Figure 16
shows humidity levels in the offices. The humidity is quite low, in periods below 10 % RH
(with a minimum 7 % RH). This low humidity typically occurs with low outside air
temperatures (-15°C).

0

1000

2000

3000

4000

5000

6000

12.02.97 0:00 13.02.97 0:00 14.02.97 0:00 15.02.97 0:00 16.02.97 0:00 17.02.97 0:00 18.02.97 0:00 19.02.97 0:00 20.02.97 0:00

Office1 Office2 Office3

Office3 Office1

Figure 16: Humidity in the selected offices. The humidity varies between a minimum of 7 %
(1070 mg/m³/19°C) and about 20 % (3500 mg/m³/20°C)

4.3 Summer conditions

Table 3 shows average air flow rates during the week in three offices. The fourth office is
omitted because the gas tube to the room was bent during the measurements.

Room Average air
flow rate

l/s

Floor area

m²

Air volume

m³

Persons in
the office

Specific air
flow rate

l/(s·m²)

Office1 4.2 19.4 72 1 0.22

Office2 3.4 19.4 70 1 0.18

Office3 0.6 18.2 60 1 -

Table 3: Average air flow rates in three offices. Average outside air temperature is 18.2, wind
speed 2.4 m/s.

Figure 17 shows air flow rate in one office. The curve is fluctuating. The most obvious reason
for this is that the measuring equipment is unable to handle the situation correctly with so low
air flow rates.
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Figure 17: Typical air flow rate measurement result from one of the offices in summer

Figure 18 shows CO2-concentration in the selected offices. There are occasionally high CO2-
levels in the meeting room and in office 2. It should be noted that the occupants frequently are
away from the office. That is especially the case for office 1 and 3.

0

200

400

600

800

1000

1200

1400

28.08.97 00:00 29.08.97 00:00 30.08.97 00:00 31.08.97 00:00 01.09.97 00:00 02.09.97 00:00 03.09.97 00:00 04.09.97 00:00 05.09.97 00:00

Office1 - S Office2 - N Office3 - N

Figure 18: CO2-levels in three offices
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Figure 19 shows humidity levels in the offices. The humidity varies typically between 40 %
and 75 % RH.
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Figure 19: Humidity variation in the monitoring week – summer. The humidity varies typically
between 40 % and 75 % RH.

5. Questionnaire study

5.1 About the questionnaire

The questionnaire was handed out personally to each office. The employees was given a week
to fill in the questionnaire. The employees returned the questionnaire themselves to the
administration. The original questionnaire (in English) was translated into Norwegian.

105 questionnaires were handed out, both winter and summer. 70 questionnaires were
returned in winter, 55 in summer, giving the response 66 and 52 %, respectively. The
employees were not reminded of the questionnaire during the three days.

In analysing the results, one must consider the rather special climate conditions during the
monitoring periods. In August, the normal monthly mean outside air temperature in Oslo is
15.2°C. In the monitoring period, the mean temperature was 18.2°C. In winter, the mean
temperature was –4.3°C, with a monthly mean temperature –4.1°C.

5.2 Results

In analysing the results, one must consider the summer temperature was 3°C higher than
normal, as mentioned in chapter 3.1.

Table 4 shows the main results from the questionnaire study.
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  Winter  Summer

 Question  Average  Yes (%)  No (%)  Average  Yes (%)  No (%)

 Age  40,5    40,7   
 Do you smoke while in the office?   10  89   5  95

 Do other in your immediate working environment smoke in the office?   29  70   21  79

 Work environment       
 Personal control – temperature (0 - 10)  5,1    4,4   
 Personal control – ventilation (0 - 10)  3,6    3,1   
 Personal control – lighting (0 - 10)  6,6    7,0   
 Distance to nearest window  1,6    2,6   
 Do you or anyone else in your office ever open a window in your office   97  3   98  2
 Requests for improvements heating, ventilation or air conditioning   46  54   52  38

 Requests for improvements to other aspects   37  63   50  48

 Typical working conditions in the office at this time of the year       
 Temperature  Comfortable - uncomfortable  (0 –10)  4,3    7,0   
 Too hot   8  92   69  29

 Too cold   5  95   0  98

 Too varying   32  68   5  93

 Air movement  Comfortable - uncomfortable  (0 –10)  6,4    7,3   
 Too still   56  44   64  33

 Too draughty   14  86   17  81

 Air quality  Fresh - Stuffy (0 - 10)  6,5    7,1   
 Odourless – Smelly (0 - 10)  2,9    3,5   
 Overall acceptability   clearly acceptable – clearly not acceptable (0 –
10)

 5,9    6,1   

 Light  Satisfactory overall - unsatisfactory overall (0 -10)  2,1    2,8   
 Noise  Satisfactory overall - unsatisfactory overall (0 -10)  5,2    6,7   
 Overall comfort Satisfactory overall  – unsatisfactory overall (0 -10)  4,1    5,5   
 Typical working conditions in the office this week       
 Temperature  Comfortable - uncomfortable  (0 –10)  4,7    5,0   
 Too hot   16  84   31  67

 Too cold   8  92   0  98

 Too varying   21  79   10  88

 Air movement  Comfortable – uncomfortable  (0 -10)  6,2    6,4   
 Too still   49  49   52  45

 Too draughty   10  90   10  88

 Air quality  Fresh - Stuffy (0 - 10)  6,5    6,2   
 Odourless – Smelly (0 - 10)  3,0    3,5   
 Overall acceptability   clearly acceptable – clearly not acceptable (0 –
10)

 6,0    5,3   

 Light  Satisfactory overall - unsatisfactory overall (0 –10)  2,0    2,9   
 Noise  Satisfactory overall - unsatisfactory overall (0 –10)  5,3    6,2   
 Overall comfort  Satisfactory overall – unsatisfactory overall (0 -10)  4,2    5,1   
 Typical moments not satisfactory (yes - no)   38  59   43  36

 Table 4: Main results from the questionnaire study
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The main conclusions from the study are:

• Bad personal control over the ventilation

• 46/52 % (winter/summer) requests for improvements concerning heating, ventilation or
air condition (especially in summer)

• Uncomfortable temperature in the offices in summer (too hot)

• Few draught problems (14 %)

• Overall air quality not acceptable

• Overall comfort satisfactory in winter, but not in summer

• Small differences between “this time of the year” and “this week”. The percentage saying
the temperature is too hot is much lower this week.

6. Energy use

 The heating system is based on hot water circulating in radiators below the windows.
Unfortunately, energy data is only available for this building in combination with its
neighbour building (a pharmacy), because the two are physically connected. The neighbour
building has a modern, mechanical ventilation system. Table 5 shows energy use each year
from 1993 to 1996.

  Room
heating

 kWh/m²

 Electricity

 kWh/m²

 

 Total
energy use

 kWh/m²

 1993  173  80  253

 1994  190  107  297

 1996  219  119  338

 Table 5: Specific energy use 1993-96. Data for 1995 is missing

 Figure 20 shows energy use each month in 1994. There are no monthly data later than this
year.

 The energy use is quite high. The energy use in the building is too high. This is due to an old
heating system with old-fashioned temperature control systems, insufficient pipe insulation,
and lack of heat insulation in the building constructions.

 It should also be noted that the monitoring system for energy use at the hospital is unreliable
and not very well developed.

 Necessary energy-saving measures are:

• new windows

• better temperature control system with thermostats

• replacement of the old radiators with modern heating elements

• insulation of heat pipes
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 Figure 20: Monthly energy use in 1994

 7. Conclusions

 This building is one of very few large office buildings in Norway that still is equipped with
the traditional, Scandinavian, passive stack ventilation system. As such, the building is of
interest for NATVENT. Unfortunately, the building has technical shortcomings concerning
inlet grilles, windows, heating system and general furnishing. The building in its present state
is therefore no model building, which also has been confirmed by the questionnaire data.

 However, it is of interest to see that the stack ventilation system can extract sufficient air
flows during the heating season. Further, the necessary improvements concerning ventilation
could be relatively simple, with new advanced inlet grilles, installations for cross-over
ventilation or an assisting extract fan system.

 The overall air quality is judged by the occupants to be not acceptable, both wintertime and
summertime. The overall comfort, however, is judged to be acceptable in winter.

 The temperature in the building is acceptable in winter. In summer, the temperature is judged
by the occupants to be too high. Only 14 % of the occupants have complaints concerning
draught. It is nevertheless obvious that the inlet grilles cause draught problems during cold
periods. Air velocity measurements during winter confirms this, with velocities above 0.15
m/s.

 Around 50 % of the occupants have requests for improvements concerning heating,
ventilation or air conditioning.

 The ventilation in the offices (around 1.3 l/(s·m²)) almost fulfils the Norwegian Building code
(1.4 l/(s·m²) in winter. Nevertheless, the CO2-concentrations are too high in the offices in
periods. In summer, however, the ventilation in the offices could be very low (0.2 l/(s·m²).
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 The measured temperatures in the offices in summer are high, but not as high as could be
expected regarding the high outdoor temperatures during the summer. In winter, the humidity
is very low in periods (< 10%RH). This is normal in many office buildings during cold
periods in Norway.

 Many occupants tend to close the air inlet grilles due to noise and draught problems.
Furthermore, there are no possibilities for cross ventilation in the building. This reduces the
air flow rate.

 To improve the ventilation and reduce heat load problems, the following measures are
necessary:

• Install new windows, with sun control and good noise insulation

• Install new, larger grilles in the facades with sound attenuation

• Install an assisting, central extract fan, with ductwork in the original ducting

• Ensure proper function (cleaning, etc.) of all extract grilles

• Install new, energy efficient lighting equipment (i.g. HF neon tubes), possibly with
automatic control for daylight compensation

The energy use room heating in the building is too high (170-230 kWh/m²). The reason for
this is an old, not energy efficient, central hot water system at the hospital. Both the energy
monitoring system, temperature control system and the heating elements need to be
modernised.
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Figure 21: Floor plan – 2 nd floor. “w”/”s” denotes
winter/summer measurements “t” tracer gas, “i”

indoor climate

Figure 22: Floor plan – 3 rd floor. “w”/”s”
denotes winter/summer measurements “t”

tracer gas, “i” indoor climate
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