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1. Introduction

The building was original (appr. 1900) built as a school.  At the time of construction there
were no real building code requirements concerning ventilation and heating. Typically heating
and ventilation were provided for by tile stoves. Outdoor air was supposed to enter through
leaky single pane windows. WC was usually located in connection to the staircase and had a
separate passive stack for ventilation.  In theaters, schools etc. supply air ducts of masonry
were sometimes installed. The supply air was heated by e. g. a wood furnace i. e.  a warm air
heating system. This kind of system was originally installed in the Varberg building. The key
issue when the school was designed was probably to create an acceptable indoor climate i. e.
ventilate and heat.

Later on central heating was installed and the supply ducts were closed. Then in 1946 the attic
space was transformed into an office space. At this time there is a building code which states
”dwellings and if possible also work rooms shall be provided with windows which can be
opened, in order to make quick airing possible.” ”Work room shall be provided with exhaust
air ducts with a cross section larger than 0.05 % of the floor area, however at least 150 cm²
…..”.  The key issue for the design this time was probably ventilation.

During the fifties new double pane windows were installed.

In 1969 the school was turned into its current use i. e. an office. The building code of this
period states that offices and hotels shall be provided with mechanical ventilation. However,
no mechanical ventilation was installed. As the classrooms were divided into cell type offices,
ducts between the offices and the passive stack had to be installed. The ducts were hidden by
a false ceiling. The key issue for the design this time also was probably ventilation.

During the eighties thermostatic valves were installed on the radiators.

The natural ventilation system of this building is a user controlled passive stack system. This
kind of system used to be very common in Scandinavia. Today there is a growing interest,
especially among architects, for these kind of systems, which nowadays often are fan assisted.
The systems are considered to be rather inexpensive to build and considered as requiring little
maintenance.  They are supposed to be easy to understand for the occupants.

When the building was originally built there were no specified standards or regulations. If the
building had been built today the following requirements and recommendations of what
would apply i.e. examples of requirements and recommendations:

Ventilation Reference

- outdoor air 0.35 l/s/m² floor area,
when occupied

Requirement according to the Swedish
Building Code of  1995

- outdoor air 7 l/s/person Recommendation for office buildings
according to the Swedish Building
Code of 1995

- no recirculated air Recommendation according to the
Swedish Building Code of 1995

- air velocity within the occupied zone
< 0.15 m/s

Recommendation according to the
Swedish Building Code of 1995
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- carbondioxide < 1000 ppm (indicator
of IAQ) with normal occupancy

Recommendation according to the
Swedish board of occupational safety
and health

2. Description of the building

The building, which originally was built around the turn of the century, has three stories and a
basement. Most offices in the building are cell-type offices (see figure 2.1 – 2.3). The exterior
walls of the building are of masonry construction. The interior walls are of masonry
construction or gypsum board construction. The windows are double pane windows.

Figure 2.1    Floor plan, ground floor, Varberg office. The PFT measuring (sampling) points
and room numbers are shown.
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Figure 2.2    Floor plan, first floor, Varberg office. The PFT measuring (sampling) points and
room numbers are shown.
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Figure 2.3    Floor plan, second floor, Varberg office. The PFT measuring (sampling) points
and room numbers are shown.

Space heating is provided for by a central heating system. Below every window a
conventional radiator with a thermostatic valve is located. The building is connected to the
district heating system of Varberg.

As solar protection there is solar protecting film attached to half of the windows and on the
south facade there are manually operated awnings.

The ventilation system is a traditional user controlled passive stack system, with no fans (see
figure 2.4). The rooms are connected directly or indirectly (via a horizontal sheet metal duct)
to a passive stack i. e. vertical exhaust ducts of masonry construction. Most windows are
equipped with temperature controlled supply vents (temperature range: -5 °C to wide open at
+ 10 °C), located in the upper window frame. There is no automatic control of the ventilation,
apart from the temperature controlled outdoor air slot vents in the windows.  This is the case
on the ground floor and the first floor. On the second floor there are outdoor air slot vents
which can be opened or closed by the occupants. The occupants can always increase the
ventilation by opening windows. No increased night ventilation for night cooling during
warm periods is employed.

Figure 2.4  The principle of the passive stack ventilation system in the Varberg office.

The building is not equipped with a BEMS. The only real follow up is that the use of district
heating energy is recorded every month since several years.

3. Monitoring Plan

3.1 IAQ and Ventilation

The following aspects were considered to be critical
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� indoor air quality during the part of the summer, when overheating is not a problem

� insufficient air flow rates during the part of the summer when overheating is not a problem

During periods with overheating problems window airing takes place during office hours i. e.
indoor air quality caused by internal sources should not be a problem.

Indoor air quality measurements, which were performed:

Measurement Start monitoring Stop monitoring Measurement
uncertainty

CO2 970818, 17.00 970828, 11.00 ± 100 ppm

RH 971202, 10.00 971212, 10.00 ± 5 %

CO2 980119, 14.00 980126, 14.00 ± 100 ppm

The sensors were located close to the office desks and at a height of 1.1 m above floor level.

Air flow rate measurements, which were performed:

Measurement Start monitoring Stop monitoring Measurement
uncertainty

Window airing 970818, 14.45 970828, 11.30 ± 10 minutes

Passive tracer gas, PFT 970827 970916 ± 10 %

Window airing 971201 971212 ± 10 minutes

Passive tracer gas, PFT 971205 971222 ± 10 %

Active tracer gas,
constant concentration

971204 971212 ± 8 %

3.2 Thermal comfort

The following aspects were considered to be critical partly according to the office staff

� overheating during warm summer periods

� draught from open windows

� draught from the outdoor air slot vents e. g. during cold winter days

Therefore the ventilation rate, the indoor air velocity, the radiant temperature asymmetry and
the air and globe temperature were determined (see table below).

Measurement Start monitoring Stop monitoring Measurement
uncertainty

Air temperature 970806, 09.00 971110, 12.00 ± 0.5 °C

Globe temperature 970818, 16.30 970828, 12.00 ± 0.5 °C

Air temperature 971202, 10.00 971212, 10.00 ± 0.5 °C

Globe temperature 971202, 10.00 971212, 10.00 ± 0.5 °C

Thermal comfort

- air velocity

- relative humidity

- temperature

980119 980119

- ± 0.05 m/s

- ± 5 %

-    ± 0.3 °C
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3.3 Energy use

The energy use was monitored during a year (1997). Monthly readings were made of the
energy meters.

Measurement Start monitoring Stop monitoring Measurement
uncertainty

Use of district heating 970101 971231 ± 10 %

Use of electricity for
hot water

970101 971231 ± 2 %

Use of electricity for
lighting etc.

970101 971231 ± 2 %

4. Results

4.1 Ventilation

The ventilation rate was measured during a summer period and a winter period. Two different
techniques were employed: constant concentration (Blomsterberg 1982) and constant flow
(passive tracer gas with PFT) (Boman 1998).

4.1.1 Summer

The measured average ventilation rates, as measured with the constant flow technique, show
for a typical summer period that the requirement according to the Swedish building code i. e.
0,35 l/(sm²), is probably fulfilled most of the time (see table 4.1). The recommendation of the
building code is however not fulfilled in all rooms i. e. 7 l/(s person). During the monitoring
period the weather was rather typical for a Swedish warm summer and windows were used
fairly much for airing (see table 4.2). The floor plans with room numbers are shown in figure
2.1 – 2.3.

Table 4.1  Measured average ventilation rates for the Varberg office, 970827-0916. The
average outdoor air temperature was 17 °C with a maximum of 25 °C and a minimum of 10
°C. The average indoor air temperature was 23 °C with a maximum of 27,5 and a minimum of
20 °C.

Floor Room ach l/s l/(s person) l/(s m²) Floor area Room
height

Ground 3 (office room) 0.3 9.6 4.8 0.27 35.6 3.25

16 (hallway) 0.47 24.9 0.50 50.1 3.8

19 (office room) 0.23 3.1 3.1 0.21 15 3.25

26 (office room) 0.36 6.9 6.9 0.33 21.1 3.25

1st 29 (office room) 0.21 3.8 3.8 0.19 19.8 3.25

38 (office room) 0.26 3.2 3.2 0.23 13.5 3.25

39 (conference room) 0.31 38.3 0.50 76.7 5.8

40 (hallway) 0.35 32.7 0.37 88.6 3.8
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41 (office room) 0.42 13.4 6.7 0.38 35.4 3.25

49 (office room) 0.29 4.4 4.4 0.26 16.7 3.25

2nd 51 (hallway) 0.25 21.0 0.26 79.5 3.8

Overall for the
monitored rooms

0.31 161.2 4.7 0.36 452

Table 4.2  Measured opening time for windows during the period 970818-29.

Floor Room Total amount of
airing, % of time

Window direction Remarks

1st 41 (office room) 58 West Airing during day
and night

47 (office room) 77 South and east Airing during day
and night

42 (office room) 16 South and west Airing during
office hours

44 (office room) 6 South Airing during
office hours

49 (office room) 3 East Airing during
office hours

46 (office room) 17 South Airing during
office hours

48 (office room) 21 East Airing during
office hours

39 (conference room) 11 South, east and
west

The constant concentration measurements during the summer did not result in reliable results
due to equipment problems.

4.1.2 Winter

The measured average ventilation rates, as measured with the constant flow technique, show
for a typical winter period that the requirement according to the Swedish building code is
often not  fulfilled i. e. 0,35 l/(sm²) (see table 4.3). The recommendation of the Swedish
building code is however never fulfilled in all rooms i. e. 7 l/(s person). For a couple of rooms
the ventilation rate was monitored separately during office hours (see table 4.4). The
difference between day and night ventilation seems to be very small. During the monitoring
period the weather was rather typical for a winter in southern Sweden and hardly any airing
took place according to the recording of window use.

Table 4.3  Measured average ventilation rates during 24 hours/day for the Varberg office,
971205-1222. The average outdoor air temperature was 1,5 °C with a maximum of 6 °C and a
minimum of -7  °C. The average indoor air temperature was  20 °C.

Floor Room ach l/s l/(s person) l/(s m²) Floor area Room
height

Ground 3 (office room) 0.14 4.5 2.2 0.13 35.6 3.25
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16 (hallway) 0.26 13.7 0.27 50.1 3.8

19 (office room) 0.24 3.3 3.3 0.22 15 3.25

26 (office room) 0.17 3.2 3.2 0.15 21.1 3.25

1st 29 (office room) 0.16 2.9 2.9 0.14 19.8 3.25

38 (office room) 0.15 1.8 1.8 0.14 13.5 3.25

39 (conference room) 0.34 42.0 0.55 76.7 5.8

40 (hallway) 0.19 17.8 0.20 88.6 3.8

41 (office room) 0.2 6.4 3.2 0.18 35.4 3.25

49 (office room) 0.16 2.4 2.4 0.14 16.7 3.25

Overall for the
monitored rooms

0.20 98.0 2.7 0.26 372.5

Table 4.4  Measured average ventilation rates during office hours for the Varberg office,
971205-1222. The average outdoor air temperature was 1,5 °C with a maximum of 6 °C and a
minimum of -7  °C. The average indoor air temperature was  20 °C.

Floor Room ach l/s l/(s person) l/(s m²) Floor area Room
height

Ground 3 (office room) 0.15 4.8 2.4 0.14 35.6 3.25

26 (office room) 0.18 3.4 3.4 0.16 21.1 3.25

1st 39 (conference room) 0.19 23.5 0.31 76.7 5.8

41 (office room) 0.18 5.8 2.9 0.16 35.4 3.25

Overall for the
monitored rooms

0.18 37.5 2.9 0.22 168.8

The measured average ventilation rates, as measured with the constant concentration
technique, show for a winter period that the requirement according to the building code is
probably  fulfilled most of the time i. e. 0,35 l/(sm²) (see table 4.5). The recommendation of
the building code is however not fulfilled in all rooms i. e. 7 l/(s person) (see table 4.6). The
variation over time in ventilation rate is rather large (see figure 4.4 – 4.11). During the
monitoring period the weather was rather typical for a Swedish winter and hardly any airing
took place.

Table  4.5  Measured ventilation rates during 971204-12, average in l/(sm²). The average
outdoor air temperature was 4 °C with a maximum of 8 °C and a minimum of - 6 °C. The
average indoor air temperature was  20 °C (17 °C in the conference room) with a maximum of
22 °C (resp. 21 °C) and a minimum of  16 °C (resp. 16 °C).

Room Confer-
ence

 41  47  42 Hallway  44  49  46 48

0,41 0,26 0,47 0,27 0,34 0,44 0,36 0,40 0,30

Table 4.6   Measured ventilation rates during 971204-12, average in l/s.

Room

Confer-
ence

41  47  42 Hallway  44  49  46  48

During
office

31,6 9,2 7,0 6,3 13,3 4,8 5,8 3,0 2,6
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hours

Day and
night

31,2 9,3 7,6 6,5 9,8 4,2 6,1 3,6 4,9

Measured ventilation rate, Varberg, 971204-12
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Figure 4.1 Measured ventilation rates in the Varberg office during 971204-12, l/(sm²).

Outdoor temp. and wind speed, Varberg, 971204-12
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Figure 4.2  Measured wind speed and outdoor temperature during the measurements of the
ventilation rates in the Varberg office during 971204-12.
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Conference, Varberg, 971204-12
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Figure 4.3  Measured ventilation rates in the conference room during 971204-12, l/(sm²).

Room 41, Varberg, 971204-12
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Figure 4.4  Measured ventilation rates in the office room 41 during 971204-12, l/(sm²).
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Room 47, Varberg, 971204-12
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Figure 4.5  Measured ventilation rates in the office room 47 during 971204-12, l/(sm²).

Room 42, Varberg, 971204-12
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Figure 4.6  Measured ventilation rates in the office room 42 during 971204-12, l/(sm²).
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Measured ventilation rate, hallway, Varberg, 971204-12
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Figure 4.7  Measured ventilation rates in the hallway during 971204-12, l/(sm²).

Room 44, Varberg, 971204-12
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Figure 4.8  Measured ventilation rates in the office room 44 during 971204-12, l/(sm²).
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Room 49, Varberg, 971204-12
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Figure 4.9  Measured ventilation rates in the office room 49 during 971204-12, l/(sm²).

Room 46, Varberg, 971204-12
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Figure 4.10  Measured ventilation rates in the office room 46 during 971204-12, l/(sm²).
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Room 48, room 48, 971204-12
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Figure 4.11   Measured ventilation rates in the office room 48 during 971204-12, l/(sm²).

4.2 IAQ

The indoor air quality was monitored during a summer period and a winter period. Two
parameters were measured: CO2 and RH.  During a summer period the CO2 concentration
varied between the background level and an occasional maximum of 800 ppm (see figure
4.12). The Swedish board of occupational safety and health recommends a maximum level of
1000 ppm. The weather was fairly hot for being a Swedish summer and windows were open
most of the time.  The relative humidity was more or less the same as outside.
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CO2 concentration, Varberg, 970818-28
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Figure 4.12 Measured CO2 concentration in Varberg, 970818-28. The average outdoor air
temperature was 22 °C with a minimum of 13 °C and a maximum of 28 °C.

The CO2 concentrations were higher during the winter period, due to lower ventilation rates
(see figure 4.13). No airing took place. The concentrations varied between the background
level and maximums of between 800 and 1100 in different rooms. The levels are most of the
time acceptable.

Measured CO2, Varberg, 980119-26
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Figure 4.13 Measured CO2 concentration in Varberg, 980119-26. The average outdoor air
temperature was   - 3 °C with a minimum of  - 10 °C and a maximum of  + 2 °C.

The relative humidity levels were of course lower during the winter period.   During the
measuring period they varied between 20 % and 45 % (see figure 4.14).  A reasonable level is
above 30 %, which is  difficult to fulfil in most building in Sweden during winter. In one of
the rooms the level was most of the time around 50 %, due to either a very low ventilation
rate or a high moisture production.

Measured RH, Varberg, 971201-12
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Figure 4.14 Measured relative humidity content of the air in the Varberg office, 971201-1212.
The average outdoor air temperature was  + 2 °C with a minimum of  - 9 °C and a maximum
of  + 7 °C.

4.3 Thermal comfort

The indoor air temperature was monitored for almost five months, starting in August 1997
and ending in December 1997. In the summer (970806-0831) the air temperature i.e. the
average for the monitored rooms, is 80 % of the time above 26 °C (see figure 4.15).
According to ISO 7730 the operative temperature should be between 20 °C and 26 °C. The
globe temperature was measured in  2 rooms and deviated from the air temperature appr. 0.5
°C. The globe temperature is an approximation of the operative temperature. August 1997
was however much warmer than what is normal, the monthly average was 5 °C higher than
for a normal year.
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Measured air temperatures, Varberg, 970806-0831
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Figure 4.15 Measured indoor and outdoor air temperature for the Varberg office, 970806-
0831.

During September, October and November the indoor temperatures are within the
recommended limits (see figure 4.16 and 4.17). During December some rooms are somewhat
cold i.e. slightly below 20 °C.

Measured air temperature, Varberg, 970806-1110
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Figure 4.16 Measured indoor and outdoor air temperature for the Varberg office, 970806-
1110.
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Measured air temperature, Varberg, 971202-1212
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Figure 4.17 Measured indoor and outdoor air temperature for the Varberg office, 971202-
1212. The coldest room is the conference room.

Thermal comfort measurements were performed during one day in January (see table 4.7) and
were compared with the recommendations of ISO 7730. The operative temperature is in some
measuring points somewhat too low. The operative temperature should be between 20 °C and
22 °C. The vertical temperature gradient is within the recommended range i.e. 3 K. The air
velocity is also lower than the recommended maximum value of 0,15 m/s. The radiant
temperature symmetry is also lower than the recommended maximum value of 10 °C.

Table 4.7  Measured thermal comfort in Varberg, 980119. The measuring points are located
in front of  the windows at a distance of 0.5 m and at a height of 1.1 m. The outdoor
temperature was + 3 °C.

Room Height
above
floor, m

Operative
temp, °C

Radiant temp
asymmetry

Air velocity,
m/s

RH, % Air temp,
°C

Radiator
operation

39 1,1 17,9 0,7 0,13 37 19,6 on

39 0,1 18,6 -3,7 0,08 37 17,9 on

39 1,1 19,4 0,9 0,2 35 20 on

39 0,1 19,2 -5,1 0,03 35 18,6 on

42 1,1 19,4 1,9 0,05 42 20,4 off

42 0,1 19,2 1,8 0,11 42 19,7 off

42 1,1 19,5 1,9 0,04 42 20,5 off

42 0,1 19,3 2 0,07 42 19,7 off

47 1,1 19,8 -1,9 0,05 42 19,8 on

47 0,1 21 -9 0,04 41 19,5 on
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47 1,1 20 -2 0,03 42 20 on

47 0,1 21 -9,3 0,08 41 19,5 on

4 1,1 20,7 -2,2 0,03 39 20,8 on

4 0,1 21,4 -7 0,04 39 20,4 on

4 1,1 20,7 -1,7 0,08 39 21 on

4 0,1 21,6 -8 0,06 39 20,5 on

26 1,1 20,4 1,3 0,11 40 21 on

26 0,1 21,3 -3,4 0,07 40 21 on

26 1,1 20,8 1,2 0,07 40 21,4 on

26 0,1 21,2 -2,7 0,08 40 21 on

20 1,1 21,3 -1,6 0,04 39 21,6 on

20 0,1 22,3 -8 0,05 39 21 on

20 1,1 21,3 -1,7 0,06 39 21,6 on

20 0,1 22,3 -7,9 0,04 39 21,1 on

4.4 Office environment survey

Unfortunately only five people out of 45 employees did answer the survey for the summer
case and 7 people for the winter case.

4.4.1 Summer

The staff at the office think they have very good control over the lighting but only some
control over the ventilation and the indoor air temperature. They sit between 0 and 2 meters
from a window and all of them open windows when needed.

Some requests for improvement to the office environment, such as trickle vents (being
installed) and means to reduce the temperature when it is hot outside. The employees have
also made requests for showers.

In general the typical working conditions during summer is perceived as satisfactory for the
overall comfort. During heat waves the indoor air temperature is, however, perceived as rather
uncomfortable i. e. high and the air movements as just acceptable as the air can be too still.
The air quality is perceived as just acceptably fresh and satisfactorily free from odours. The
lighting and the noise are perceived as satisfactory.

As for the week when the survey was done the indoor air temperature was perceived as rather
uncomfortably hot, which was confirmed by the measurements. The overall comfort was
perceived as just acceptable. The air movements were just acceptable as the air was perceived
as too still. The air quality was just acceptably fresh and satisfactorily free from odours. The
lighting and the noise are perceived as satisfactory.

Typical moments when the employees are not satisfied with their environment are:

when it is a hot period (>25°C) during summer.

4.4.2 Winter

The staff at the office think they have very good control over the lighting, rather good control
over the indoor air temperature, but almost no control over the ventilation. They sit between 1
and 2 meters from a window and some of them indicate they open windows when needed.



PROBE-building (BE1) 21/24

Energy use 1997 in Varberg building

0

5

10

15

20

25

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1997

E
ne

rg
y 

us
e 

pe
r 

flo
or

 a
re

a 
(k

W
h/

m
2)

District heating

Electricity

Hot water*

Some requests for improvement to the office environment, such as fans for increasing the air
flow rates and cooling facilities.

In general the typical working conditions during winter is perceived as satisfactory for the
overall comfort. The indoor air temperature, the air movements and the indoor air quality are
perceived as satisfactory. The lighting is perceived as fully satisfactory and the noise as
satisfactory.

As for the week when the survey was done the overall comfort as well as the indoor air
temperature were perceived as satisfactory. The air movements was satisfactory and the air
quality was perceived as fresh and satisfactorily free from odours. The lighting and the noise
are perceived as fully satisfactory.

4.5 Energy use

The energy use in the Varberg building was monitored throughout the year by monthly
readings (see figure 4.18). The total energy use in the building (see figure 4.19) is
approximately 128 kWh/m² for 1997, which corrected by degree-days corresponds to 127
kWh/m² for a normal year. The energy use is dominated by the district heating which is 74
kWh/m2 for 1997 (73 kWh/m2). Compared to an investigation of the energy use in different
office type of buildings in Sweden (Energy statistics, 1995) this may be considered as low
(see table 4.8). The district heating system is running from September to June. The average
use of district heating for all office buildings re-calculated for a normal year is 136 kWh/m2

and the  average for newer buildings (1986- ) is 91 kWh/m2.

These figures are calculated from data from 14 228 ±677 Swedish offices with a floorage of
28.1 ±2.4 *106 m2 from where the buildings with district heating have been selected and
studied.

Figure 4.18  Measured monthly energy use during 1997 for the Varberg office.
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Figure 4.19  Measured yearly energy use during 1997 for the Varberg office.

Table 4.8 District heat delivered as a function of type of activity and construction year.
Values originates from 1994 and have been re-calculated for a normal year (Statistiska
meddelande 1995).

Office
buildings

District heat delivered as a function of construction year

[kWh/m2]

- 1940 1941 -
1960

1961 -
1975

1976 -
1980

1981 -
1985

1986 - Mean

Normal
year

140 147 141 173 83 91 136±8

The use of electricity is 49 kWh/m2 for 1997, which is about two thirds of the use of district
heating. Hot water represents only a very small part of the energy use in the Varberg building.
Compared with new office buildings and refurbished office buildings the use of electricity is
low and the use of energy for heating high (see figure 4.20). The total use of energy (space
and hot water heating and electricity) is however similar. Much of the electricity contributes
to the space heating.
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Figure 4.20 A comparison of energy use with a number of commercial buildings, refurbished
office buildings and new office buildings.

5. Conclusions

The ventilation rates are acceptable, but can for winter conditions be lower than the
recommendation per person according to the Swedish building code. The code requirement as
ventilation rate per m² of floor area is not always fulfilled for winter conditions. For warm
summer conditions, when windows are used frequently for airing, the recommendation and
the requirement are fulfilled.

The indoor air quality in the office rooms as characterised by the CO2  concentration and the
level of relative humidity fulfils the Swedish recommendations most of the time for summer
and winter conditions. Occasionally the CO2 concentration will be above 1000 ppm,
especially during the winter when hardly any airing takes place. During warm summer
periods CO2 is at an acceptable level, as windows are used frequently for airing.  CO2 is in
itself not harmful at 1000 ppm, but is a good indicator for human odours.  The relative
humidity can at times for winter conditions be somewhat low, below 30 %.

The thermal comfort is acceptable for winter conditions, but for summer conditions the office
rooms can become uncomfortably warm, although the users open windows.

The energy use for space heating and the use of electricity is reasonable. Compared with new
Swedish office buildings and refurbished office buildings the use of electricity is low and the
use of energy for heating high. The total use of energy (space and hot water heating and
electricity) is however similar. Most of the electricity contributes to the space heating in new
office buildings and during spring, summer and autumn often causing overheating. The
envelope of new office building is usually better insulated than the one of the Varberg office.
Internal gains from lighting etc. has to be reduced in all office building independent of
ventilation system.

Suggestions for improvements of the Varberg office would be:
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- night cooling, probably by including a fan in the passive stacks, as windows for insurance
reasons should not be open during night. This measure would contribute to reducing the
overheating during summer.

- improving the shading of the windows to reduce the solar gains. This measure would  also
contribute to reducing the overheating during summer. The improved shading could
consist of the installation of more awnings or new windows with solar reducing coating.

- installing modern energy efficient lighting i. e. HF neon tubes, instead of the old ones.
This measure would reduce the internal gains and would thereby also contribute to
reducing the overheating during summer.

- modifying the passive stacks to be fan assisted passive stacks or/and renovating the
passive stacks and increasing the size of the inlets. This measure would enable an increase
of the ventilation rate, when necessary.

6. References

Blomsterberg, Å., Lundin, L., 1982. An Automated Air Infiltration Measurement System - Its
Design and Capabilities - : Preliminary Experimental Results, Air Infiltration Review, Vol. 4,
No. 1, Air Infiltration and Ventilation Centre, Bracknell, Berkshire, Great Britain, November
1982.
Boman, C.-A., 1998. Measurements of ventilation rates in an office in Varberg and Malmö.
Pentiaq AB.

Statistiska meddelanden, 1995. Energy statistics for buildings with premises in 1994,
Statistiska Centralbyrån, Stockholm 1995.


	Introduction
	Description of the building
	Monitoring Plan
	IAQ and Ventilation
	Thermal comfort
	Energy use

	Results
	Ventilation
	Summer
	Winter

	IAQ
	Thermal comfort
	Office environment survey
	Summer
	Winter

	Energy use

	Conclusions
	References

