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1. Introduction

This report describes the monitoring campaign of the PROBE building during the summer of
1997. The monitoring campaign was executed in the framework of the NatVent project. The
objective of the monitoring campaign is to evaluate the performances of a natural ventilated
building under summer conditions.

2. Description of the building

2.1 The renovation project PROBE

The PROBE building is a renovated office building. The building is situated on the test site of
the BBRI at Limelette (Belgium); a rural and very quiet location (see Figure 1). The building
has 2 storeys. The exterior walls are non-insulated cavity walls and the building has a flat
roof.

  

Figure 1: The PROBE-building

PROBE stands for Pragmatic Renovation of an Office building for a Better Environment.
Table 1 gives an overview of the different renovation measures. The main objectives of these
different measures are:

� to reduce the energy demand and the environmental impact of the building

� to increase the thermal comfort in the building in summer and winter time.
Retrofitting activity Objective(s)

New fuel boiler – Thermostatic radiator valves –
Improved regulation system

Lower energy consumption – Building Energy
Management System (BEMS)

Additional thermal insulation of the flat roof Better thermal comfort in summer and winter – Lower
Energy consumption

Mechanical ventilation with IR presence detection Better IAQ – Optimum energy demand

Replacement of single glazing by low-e gas filled
double glazing

Increased thermal comfort (winter) – Lower energy
needs in winter

External solar shading with automatic control Increased thermal comfort – Less need for air
conditioning

Large louvres for night ventilation Better thermal comfort in summer – Less need for air
conditioning

Artificial lighting with luminance control and
electronic ballast

Lower electricity consumption – Lower internal gains
and less need for air conditioning

Table 1: Overview of retrofitting activities in the PROBE building
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The PROBE building is an example of a pragmatic renovation:

� All the measures are relatively small-scale improvements and can be applied to many
similar office buildings without the need for complex and detailed studies

� The different measures were spread over a longer period. Thanks to this step by step-
approach of the renovation, the activities in the building were never stopped during the
renovation works.

The last renovations were finished in January 1998 and the refurbished building was
inaugurated on 12 February 1998.

2.2 The ventilation system

The building has two ventilation systems, which have completely different goals and driving
forces:

� The Indoor Air Quality in the building is guaranteed by a demand controlled ventilation
system: infrared sensors in each office detect the presence of people. Fresh air is pulsed in
the offices when the offices are occupied. The extraction is situated in the toilets (see
Figure 2). As this system is a complete mechanical system, it was not monitored in the
NatVent campaign.

Figure 2: BBRI office building B - First floor - Positions of ventilation terminals and exhaust
fans

� Besides the mechanical demand controlled ventilation system, the building has a system
for natural intensive night ventilation. Figure 3 explains the operation of this system. At
night time cold air is supplied through large ventilation grilles in the façade (see Figure 4
and Figure 5). The airflows can cross the building, as the internal doors are open. The
objective of the intensive night ventilation is to cool down the building mass to obtain a
better thermal comfort during the working hours. As there are no false ceilings or floors in
the offices, the air flows have a good contact with the thermal mass of the building
(plastered concrete ceiling - see Figure 7a).

The large ventilation grilles are integrated in two different ways: At the east façade of the
building, the existing wooden window frames were maintained. Large ventilation grilles
were placed before an openable part of the windows (see Figure 4). These ventilation
grilles can be removed outside the summer season. The ventilation grilles have a light
colour to reduce the influence on the visual comfort in the office. At the west side of the
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building new aluminium window frames were installed. These new windows contain two
openable parts with fixed ventilation grilles (see Figure 5). The openable parts are opaque
and very well insulated. This is a more expensive solution but it has the advantage that the
ventilation grilles are divided on both sides of the window: the impact on the visual
comfort in the office is limited.The large ventilation grilles contain an insect-gauze and
meet high performances on rain tightness Moreover they are burglarproof. As the
intensive ventilation only take place during the night, there are no special requirements
concerning noise and draught.

dimensions net surface effective surface

East façade 0,73m x 1,19m 0,48 m² 0,18m²

West façade 2 x 0,30m  x 1,15 m 0,38 m² 0,14m²

Table 2: Characteristics of large ventilation grilles

Figure 3: Concept of cross ventilation

   

Figure 4: Large louvres for intensive ventilation - east side of the building

   

Figure 5: Large louvres for intensive ventilation – west side of the building
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Figure 6 gives a scheme of the global ventilation strategy of the PROBE-building.

Ventilation of the PROBE-building

Day-time:

infrared
controlled
mechanical
ventilation

WINTERSUMMER

Night-
time:

intensive
natural

ventilation

Day-time:

infrared
controlled
mechanical
ventilation

Night-
time:

no
ventilation

Figure 6: Ventilation strategy of the PROBE-building

2.3 A global strategy for thermal comfort

The intensive night ventilation is just one element of an overall strategy to avoid overheating
in summer time. Other measures are:

• Solar protection: Vertical screens on the west side (see Figure 5a) and inclined screens on
the east side (see Figure 1b) of the building reduce the amount of direct solar gains
through the glazed surfaces. These shading devices are automatically controlled by a
weather station in function of: solar intensity, rain, wind velocity, internal and external
temperature.

• Energy efficient lighting: new lights with high frequency electronic ballasts and efficient
luminaires replace the old artificial lighting. This leads to a reduction of electrical
consumption and internal gains of 64% (from 65 to 23 W/m²). Moreover integrated
luminance sensors (see Figure 7) automatically dim the lights as a function of the daylight
measured under the luminaires.

• Extra insulation of the roof: A layer of 7,5cm glass wool was installed on top of the
existing insulation layer of 4cm cellular glass. This adaptation results not only in a
reduction of the heating costs in wintertime, but also in a reduction (-62%) of the indirect
solar gains through the roof in summer time.

   

Figure 7: New artificial lighting with luminance sensor
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3. Description of the measurement campaign

The objective of the measurement campaign is to monitor and analyse the system of intensive
natural night ventilation. The ventilation system that controls the IAQ during the working
hours is a completely mechanical system and is therefore not looked at in this measurement
campaign.

The main objective of the measurement campaign is to evaluate the performances of the
intensive night ventilation, or in other terms the contribution of the intensive night ventilation
to a better thermal comfort in summer time.

3.1 State of the renovation works

As already mentioned before, the different renovation measures of the PROBE building were
spread over an extended period. At the beginning of the measurement campaign (July 1997)
the single glazing in all offices was replaced by double glazing and all offices at the east side
of the building were equipped with external solar shading. The external screens at the west
side of the building were installed after the monitoring campaign. During the measurements
ventilation grilles for intensive night ventilation were only installed in two offices (office nr.3
and nr.6 -see Figure 8). For these offices the strategy of intensive night ventilation was
applied from 18 July till 31 July: windows were opened during the night (see Figure 10).

Solar

protection

Night

Ventilation

east side YES NO, except office 3 & 6

west side NO NO

Table 3: State of refurbishment during monitoring

As there were not yet offices on the West side of the building that were equipped with large
ventilation grilles, the night ventilation of office 3 and 6 during the measurement campaign is
based on ‘single sided’-ventilation. This situation is quite different from the concept of cross-
ventilation that will be realised at the end of the refurbishment project (see Figure 3).

15678 4 3 2

14121110 15 16139

17

N = office with night ventilation

= doser

= sampler

Figure 8: Plan view of the first floor of the PROBE-building

3.2 Monitoring set-up and monitoring periods

The measurement campaign was focused on the east side of the first floor (office 1-8, see
Figure 8), as this was the only zone of the building where intensive night ventilation was
applied. However some measurements took also place in all the offices of the building:
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� During the whole summer (10/07/97-25/10/97) the internal temperatures of all offices
(also ground floor) were measured every 20 minutes by means of Tinytag® dataloggers
(see Figure 9). The accuracy of these temperature measurements is ±0,4K.

   

Figure 9: Heat flux sensorment & Tinytag®datalogger

� Besides the temperature measurements by means of dataloggers, the following parameters
were measured in all offices on the first floor at the east side of the building:

• the resultant temperature (with globe temperature sensor)

• the air temperature (with shielded temperature sensor)

• the CO2-concentration (with a CO2 analyser)

These data were registered every 10 minutes during the following two periods: 9/7/97-
23/7/97 and 27/7/97-31/7/97. In office nr.3 also the air velocity and the heat flux at the
ceiling surface (see Figure 9) were measured. The heat flux data allows to analyse the
behaviur of the thermal mass (see §4.3).

01/07/97 01/09/97 01/10/97 01/11/9701/08/97

dataloggers: temperature in all offices

detailed measuremenst in offices 1-8:
temperature & CO2-concentration

measuremenst of air flows in offices
1-8: tracer gas measurements

night ventilation in
office 3 & 6

no night
ventilation

Figure 10: Monitoring periods

� The ventilation flows in the offices were measured by using active tracer gas techniques
(23/7/97 – 31/7/97). The tracer gas SF6 was used and the constant concentration technique
was applied (target concentration: 10ppm SF6). The location of dosers and samplers is
given in Figure 8. The ventilation flows were analysed by a multipoint sampler and doser
unit Bruel&Kjaer 1303. The constant concentration technique is described in several
publications (1).
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Remark on tracer gas measurements:

As there is no doser unit in the corridor, the SF6-concentration in the corridor will be very low
(see Figure 15). This means that both air exchanges of an office with the external environment
and air exchanges with the corridor lead to an injection of SF6 in the office. This implies that
the measured ventilation rate of an office includes the air exchange with the outdoor as well
as the air exchange with the corridor.

15678 4 3 2

14121110 15 16139

17

N = office with constant SF6-conc.: 10 ppm

= doser

= sampler

Figure 11: Offices with constant SF 6-concentration

office surface volume

3 24.4 m² 61m³

4 24.4 m² 61m³

5 48.8 m² 122m³

6 24.4 m² 61m³

7 24.4 m² 61m³

Table 4: Dimensions of the offices

3.3 User behaviour and internal gains

Before staring to analyse the measured air flows it is necessary to have an idea of the
influence of the users on the openings (window & doors) during the monitoring:

During the weekend and at night:

• The internal doors were always closed.

• The external windows were always closed, except the external windows of office 3 & 6 (open at night
from 18 July till 31 July).

During day time:

• The internal doors of the offices were most of the time open. However the doors of some offices (e.g.
office 7: not occupied) were always closed.

• The external windows were rarely opened (only when the external temperatures was very high).

The internal gains are a very important element of the overheating problem overheating. The
internal gains of the offices 3-7 are very similar, with the exception of:

� office 7: not occupied

� office 5: more internal gains then in other offices
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567 4 3

17

= 1 person (±100 W)

= 1 computer (±120 W)

= 1 printer

Figure 12: Internal gains of office 3-7

4. Measurement results and analysis

The results of the monitoring campaign are analysed in several steps:

1. Analysis of the temperature measurements: This analysis gives a good understanding of
the influence of different elements on the thermal comfort. The different refurbishment
actions try to control these elements.

2. Analysis of the tracer gas measurements: This analysis is focused on the intensive night
ventilation flows. What is the night ventilation air change rate? What are the driving
forces?

3. Detailed analysis of the night ventilation of office 3: This analysis tries to show the
interaction between thermal mass and intensive night ventilation.

4.1 Temperature measurements (Tinytag ®dataloggers)

The internal temperatures of all offices (ground level and first floor, west side and east side)
were measured by means of dataloggers. These measurements show the influence of the
following elements on the thermal comfort:

• direct solar gains

• indirect solar gains

• night ventilation

• internal gains
4.1.1 Direct solar gains

At the beginning of the monitoring period the east side of the building was already equipped
with shading devices, but the vertical screens on the west side of the building were not yet
installed. Figure 13 shows the internal temperatures of two offices on the east side (3 & 4) and
two offices on the west side (15 & 16) during an extremely warm period. This figure
illustrates two effects:

• Influence of the solar protection: The internal temperatures of the offices on the west side
(15 & 16without solar protection) are up to 5K higher than on the east side of the building
(with solar protection). Solar protection leads to an important reduction of solar gains,
lower internal temperatures and an amelioration of the thermal comfort.
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Remark: influence of the internal doors

• During the office hours most of the internal doors were open. This means that the absence of solar
protection on the west side of the building also has an influence on the thermal comfort of the offices on
the east side: the difference between the internal temperature of offices with and without solar
protection would be even higher if all internal doors were closed.

• The internal temperature of office 16 is higher then the temperature of office 15, because the internal
door of office 16 is mostly closed and the internal door of office 15 is always open.

• Influence of the orientation: Offices on the east side of the building have direct solar gains
during the forenoon while offices on the west side of the building receive direct solar
gains in the afternoon. This explains why the maximal internal temperatures occur on a
different moment of the day (see Figure 13). The distribution of the exceeding hours1 also
illustrates this difference (see Figure 14). Important toward the thermal comfort is the fact
that the maximal internal temperature of west-oriented rooms often occurs outside the
office hours. For this reason they are often less sensitive toward thermal comfort during
the office hours. (The temperature in offices 15 & 16 is higher due to absence of screens).
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Figure 13: Internal temperatures at east and west side of the building
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Figure 14: Number of exceeding hours office 3 & 16 (temperature > 25°C) – distribution

                                                
1 The number of exceeding hours (>25°C) is an often used criterion for thermal summer comfort.(NL.)
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4.1.2 Indirect solar gains

As part of the renovation 10 cm of extra insulation (glass wool) was added to reduce the
indirect solar gains through the roof of the building. Figure 15 gives the average temperature
of the offices on the east side of the building, on the ground level and on the first floor. The
temperatures on the first floor are still higher, however this difference would be even larger
without the extra insulation. Table 5 gives an idea of the reduction of indirect solar gains that
is obtained by the additional

U-value g-value

roof without additional insulation 0,92 W/m²K 0,040

roof with additional insulation 0,34 w/m²K 0,015

Table 5: Characteristic values of the roof
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Figure 15: Average temperature of offices on east side: ground level versus first floor

4.1.3 Intensive night ventilation

Intensive night ventilation was only applied in offices nr.3 and 6 (see §3.1) by opening the
windows at night. During day time the windows of all offices were closed. However during
some very warm days external windows might have been opened.

Figure 16 shows the internal temperatures in the offices at the east site of the building. The
strategy of intensive night ventilation has a clear influence on the internal temperature:

• The temperature of office nr.3 and 6 is some degrees lower than the internal
temperature of the offices without intensive ventilation.

• The internal temperature of office nr.3 and 6 is much more dynamic:

Without intensive ventilation, the thermal mass of the building (heavy walls) is heated
during a warm period. Afterwards the internal temperatures stay at a high level during
a fairly long period due to the heat released by the walls. When applying intensive
night ventilation, the internal walls can’t stock heat as they are cooled down with cold
external air. This leads to lower surface temperatures, lower resultant temperatures and
an amelioration of the thermal comfort. The opeartion of the thermal mass is analysed
more in detail in §4.3.
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Figure 16: Temperatures with and without night ventilation

4.1.4 Internal gains

At last, the temperature measures also reveal the important influence of internal gains (and
user behaviour). Figure 17 gives the internal temperature of three offices:

• Office 7: office with no internal gains (not occupied)

• Office 5: office with high internal gains (occupied)

• Office 3: office with high internal gains (occupied)

(For a detailed description of the internal gains – see §3.3)

The figure shows that without the application of night ventilation (before 18/07/97) the
temperature of office 7

• lower is than the temperature of the other offices due to the difference of internal gains

• more constant is, as the external windows were never opened. The temperature of the
offices 3 & 5 is on some moments clearly influenced by the opening of the windows.

This results point out that:

• when analysing temperature measurements, one always has to take into account the
influence of internal gains.

• the reduction of internal gains is a very important element in a strategy toward thermal
summer comfort. The internal gains in the PROBE-building where reduced by installing
new lights with high-frequency electronic ballast and luminance control.

Remark: The application of night ventilation in office 3 (after 18/07/97) leads to an internal
temperature that is even lower then the temperature of the office with no internal gains, office
7.
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Figure 17: Temperature measurements – influence of the internal gains

4.2 Ventilation flows

The ventilation flows at the east side of the building were measured from 27/7/97 till 31/7/97
by use of tracer gasses (SF6). The monitoring set up is described in §3.2. The constant
concentration technique was applied. The zones where the concentration was kept constant
(10ppm of SF6) are indicated on the plan view of Figure 11. As an illustration, the
concentrations of some of the zones are given in Figure 18.
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Figure 18: Concentration of SF 6 in office 2, 3, 6 and the corridor

This chart shows that the concentration of SF6 in the corridor is not kept constant: there is no
doser in the corridor. The concentration of SF6 in the corridor varies as the internal doors of
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the adjacent offices are opened or closed. This means that not only the ventilation exchanges
of the monitored offices with the outdoor are measured but also partially (1-(ppm
SF6.corridor/10) the air exchange with the corridor (see also remark §3.2).

Figure 19 gives the air changes and the internal temperatures of office 3 and 6. In these two
offices intensive ventilation was applied outside the office hours. The air change rate of the
offices varies between 2 and 8 air changes per hour. At first sight there seems to be no clear
difference between the ventilation strategy during and outside the office hours.
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Figure 19: Air flows in office nr.3 & 6

However one has to take into consideration that the given air change rates also partially
includes the air changes with the corridor (see remark above and §3.2). During the office
hours the internal doors of office 3 and 6 were not always closed (see §3.3). The influence on
the measurement results is quite clear: at the end of the office hours one can often find a sharp
fall of the air change rate at the moment that the internal door to the corridor is closed. For
this reason, only the measurements outside the office hours are considered in the following
analysis.

The curve of the air change rate outside the office hours has a certain repetitive shape. At the
beginning of each night the air change rate is rather low and it increases during the night (see
dotted lines in Figure 19). This can be explained by the relation between the ventilation rate
and the difference between the outdoor and indoor temperature.

The ventilation concept of the building is based on cross ventilation (see Figure 3), but during
the monitoring campaign the office 3 & 6 were ventilated through one large opening only
(window – see  §3.1). For this single-sided ventilation, the ventilation through a large opening
depends mainly on the temperature difference at the opening (stack-effect):

2/12/304.0 TWHQ ∆=  (1)

with W = width of the opening

H = height of the opening

∆T = temperature difference at the opening
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Figure 20: Flow through a large opening (single-sided ventilation)

Figure 21 shows that there is a clear relation between the temperature difference and the air
change rate:
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Figure 21: Relation between the temperature difference and the air change rate

When the temperature difference is rather low (e.g. at day time during the weekend) the stack
effect is limited. In that case the air change rate varies strongly as a function of wind pressure
, etc….

One can find the following relation between the air change rate and the temperature
difference:
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Tn ∆⋅+= 9.145.0  with n = air change rate (l/s.m²)

∆T = difference between indoor and outdoor temperature (K)
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Figure 22: Relation between air change rate and temperature difference

Remark: One can expect that the air exchange rates will be higher when cross-ventilation is
applied.

Figure 23 gives the internal temperatures and the air change rates of office nr.4, 5 and 7.
These offices are not ventilated at night time, except office 5 (night of 29-30/7/97 – see also
the sharp fall of the internal temperature). The measured flows during the office hours are also
in this case the air exchanges with the corridor (internal doors are open).
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Figure 23: Air flows in office nr.4, 5 & 7
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4.3 Detailed analysis of office nr.3

The purpose of this paragraph is to get a better understanding of:

• the working of the thermal mass

• the thermal comfort

The heat flux through the surface of the concrete ceiling was measured in office 3. These
results are given in Figure 24 together with the internal temperatures (air, surface and
resultant temperature) and the air changes of office 3 for a warm period.

• There is a very clear difference between the different internal temperatures. The air
temperature drops at night due to the night ventilation. The surface temperature stays
rather constant due to the inertia of the thermal mass.

• The heat flux at the ceiling surface shows the operation of the concrete ceiling: The
concrete ceiling releases heat at night (up to 6 W/m²). This effect is stimulated by the
intensive night ventilation with cold external air. At day time the ceiling absorbs a heat
flux of up to 10 W/m².
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Figure 24: Heat flux through the surface of the ceiling

Figure 24 looks at this effect on a longer time scale. The heat flux at the ceiling surface is
rather limited when there is no night ventilation (before 18/9/97). Due to the night ventilation
the thermal mass is activated. In a first rather cool period (phase 1) the mass is cooled down.
When the external temperature rises, the mass absorbs the internal heat (Phase 2).

This process has a clear influence on the internal temperature and the thermal comfort. (Office
4 & 3 are offices with very similar internal gains - see §3.3)
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Figure 25A&B: Thermal mass in office 3: temperatures (A) and heat flux (B)

5. Conclusions

The temperature measurements of different offices reveal the important influence of several
parameters on the thermal comfort:

• Direct gains - Solar protection: The shading devices on the east side of the building result
into a considerable better thermal comfort in comparison with the west side of the
building (where there is no solar protection).
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• Direct gains - Orientation: The east orientation is the most critical orientation, as the
maximal internal temperatures occur during the office hours

• Indirect gains – Insulation: Due to the extra insulation on the roof, the temperatures on the
first floor nearly don’t exceed those of the ground floor.

• Internal gains: The temperature differences between unoccupied and occupied offices
prove the importance of the internal gains. In this building the internal gains of were
considerably reduced by installing new lights.

• Night ventilation: The application of night ventilation helps to avoid the problem of
overheating. During the monitoring the ventilation was based on single sided ventilation.
The driving force of this type of ventilation is the indoor-outdoor temperature difference.

The monitoring campaign shows that the different renovation actions lead to a better thermal
comfort during the summer. However not all renovation works were finished yet during the
monitoring campaign. It is clear that the thermal summer comfort of the PROBE building still
will ameliorate if:

• also on the west side of the building shading devices is installed

• night ventilation is applied in all offices

• the night ventilation is based on a concept of cross ventilation
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