
Work Package 2: Performance of naturally ventilated buildings

Annexe A: Detailed Monitoring Protocol
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1. Introduction

1.1 Scope of this protocol

The monitoring activities are key actions in the NatVent project. The main objective of the
monitoring is to obtain a better understanding of the possibilities and limitations of natural
ventilation in office buildings. The working programme foresees three levels in the
monitoring activities (Figure 1):

• prototype monitoring of two buildings

• basic monitoring in nineteen buildings

• detailed monitoring in four buildings.
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Figure 1: Monitoring activities in NatVent  Project

A list of the buildings selected within the NatVent project are given in the main report.

This annex gives measurement protocols for the basic monitoring to be performed in the 19
buildings. The idea is to use standardisation so that comparability of the data recorded by the
different partners is maintained. The protocol given in the following is the minimum
requirement and doesn’t hinder a partner to go more into detail, as long as the minimum
requirements are fulfilled.  As an example, noise measurements are not in the minimum
requirements but in a building situated along a busy road, these might be considered as
essential.
1.2 Monitoring philosophy

The objective of work package II of the NatVent project is to study the performance of
naturally ventilated buildings by means of field monitoring. The performance study targets at
two aims:

• to understand all the processes related to the natural ventilation of the building,

• to document the building performance in terms of thermal comfort and in comparison with
design values.

Therefore, the set up of the monitoring needs to be planned carefully. The ventilation
characteristics must be understood and the design concept with the design values if available
should be known. Before doing any monitoring work, the questions to be answered by the
measurements should be formulated. By asking for information, looking around in the
building and discussing with the users and facility managers, a picture about crucial
parameters in the building is formed. Having all this information at hand, the critical
questions to be answered in relation to natural ventilation can be identified. This process will
lead to an individual monitoring concept for each building. For each of the above raised
questions, the following points should be considered:

• WHAT  is the situation in the building?

• WHY  is it so?

• Possibilities to IMPROVE ?
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The first point addresses the actual performance, the second point focuses on the border
conditions and the understanding of the natural ventilation and finally under the third point
solutions for possible shortcomings can be proposed.

From this point of view, the monitoring cannot be fully standardised. Moreover, it is vitally
important that the specific aspects of each building are taken into account by the monitoring
campaign. Hence, a building tailored monitoring concept for each of the nineteen buildings
will result, which will be based on the basic monitoring protocol given here.  By following
these guidelines, the monitoring is specific and individual for each building while the
comparability of the individual measurement results between different buildings is
maintained.

Use of the basic monitoring protocol

Sometimes suggestions are included that go beyond the minimum requirement. These
suggestions are given in italics. They might also serve as a guideline for the detailed
monitoring. The available equipment is not always able to measure exactly to the
sampling/interval/averaging timings given below. Please make use of the next closest value
you can provide with your equipment in these cases and give a brief comment in the
measurement report.

Definition of often used terms:

Duration: Total duration of a continuous measurement

Interval time: How often an observable is stored for analysis during a continuous
measurement.

Averaging time: Over this period the measured quantity is averaged. In continuous
measurements this time is always smaller than the interval time

Example
windspeed

Duration: 1 week

Averaging time: ≥ 1 min

Interval time: 1 hour

This means, that for one week, every hour an
averaged value of the windspeed is stored.
The averaging time has to be equal to or
longer1 than one  minute centred around the
interval time

Table 1: Definitions

2. Basic Monitoring Protocol

2.1 Overview

In this section, an overview of the parameters to be measured is given with the minimum
number of locations and the minimum monitoring period.
2.1.1 Number of measurement locations

Most of the measurements have to be taken at least in six locations, with emphasis being
placed on

• vertical height separation for high to medium height buildings

• horizontal separation for long buildings and

                                                
1 If only the averaged value of a quantity is of interest, the length of the averaging time doesn't have
much influence on the averaged value. The minimal averaging time indicated allows for averaging out
the natural fluctuations in the variable.
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• localised separation when facades are exposed to different external parameters (e.g.
traffic, noise).

It is recognised that the length of the tracer gas tubes and the accessibility can restrict the
separation of the different measurement locations. The optimum set up has to be defined on
site. It is suggested however that easy measurements (like e.g. temperature) can be performed
in more than six locations depending on the availability of monitoring equipment by each
team.

It is assumed that four rooms and one corridor are measured in the building plus the outside.
However, the specific geometry of the building, such as atria, might suggest a different split-
up. The rooms should be briefly described in the measurement protocol, including
information about

• geometry and construction materials

• loads

• average occupation

• orientation and size of glazed surface
2.1.2 Measurement duration

Cooling ('summer') season

Temperatures should be recorded at least during three months so as to be sure to cover high
external temperature periods. Tracer gas and air velocity measurements should both be carried
out continuously for one week during the hottest time of the summer.

As one week is a short period of time, it must also be carefully checked that the building is
working under normal conditions (e.g. that the measured rooms are effectively occupied).
Longer periods may be necessary, since it is not always possible to know when the hottest or
coldest periods occur.

Heating ('winter') season

The measurements should be carried out during one representative week with low external
temperatures.  Again the building has to work under normal conditions during the monitoring
week and the weather condition must clearly require a heating operation mode of the building.
2.1.3 Parameters, measurement periods and accuracy

Parameters Minimal duration Interval No. of Locations
heating season2 cooling season r c o

Temperature 1 week 3 months 30 min 4 1 1
IAQ (CO2, H2O) 1 week 1 week 30 min 43 (1) 1
Ventilation rate 1 week 1 week 30 min 4 1 14

Indoor air velocity 1 week 1 week 30 min 1 0 0
Wind 1 week 1 week 1 hour 0 0 1

Table 2: Overview over the monitoring parameters and the duration of the measurements (r:
room, c: corridor, o: outside)

                                                
2 If the outside temperatures are unexpectedly high in winter, the duration needs to be extended.
3 Recognising the importance of spatial separation.
4 For B&K users one sampling channel can be used for the outside to cover environmental CO2-
concentration and humidity.
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The Table 2 gives a short compilation of the parameters, the measurement periods, the
measurement intervals and the number of locations.

An optimum accuracy/effort relation is aimed with regard on allocated means. The following
accuracy levels are considered to be sufficient for the monitoring. Please state the estimated
accuracy of your equipment in the measurement protocol.

Temperature: ± 0.5 °C Doser Injection Rate : ± 5%

CO2 concentration: ± 100 ppm Tracer Gas Concentration : ± 5%

Relative Humidity: ± 5 % Wind Speed: ± 0.5 m/s

Indoor Air Velocity: ± 0.05 m/s

Table 3: Accurancy levels for the monitoring

2.1.4 Sensor locations

Since comfort levels is the parameter of interest, the sensors should be placed (whenever
possible) at a location with comparable conditions as the main working place in the office
(without disturbing the users).  The target is occupied rooms to cover the normal working
conditions of the building. The unoccupied case is automatically included over the weekends.

Suggested sensor locations

(ISO 7730)

office 1.1 m above ground

corridor 1.7 m above ground

Table 4: Suggested sensor locations

Figure 2: Suggested sensor locations

In the example given in Figure 2, the suggested locations for the temperature sensors would
be close to the working desk in the office and at head level in the corridor. It is desirable to
have the different sensors (T, vair, tracer gas) close together to get a coherent set of data,
representative for one well defined location in the room. However, the location of the sensors
should be chosen such that human influence on the measurement results is as small as
possible; i.e. air velocity or temperature shouldn’t be recorded above persons, electronic
equipment, etc. The sensors should also be well away from any openable windows (and well
within the offices) to minimise cold surface effects near windows or the opening of windows.
Radiation can bias the measurements too; avoid direct sunlight exposure to the temperature
sensors by selection of the measurement location. Together with the recorded data, the
monitoring teams should also provide a drawing of the exact sensor locations in each room. It
is also suggested to take photographs from each measurement location for documentation
purposes.
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It is also allowed to use data from the building energy management system (BEMS). In this
case, it is important to make sure that the sensors are located such that their data is useful for
the NatVent monitoring (i.e. what temperature is measured?) and that the data is available at
the desired time intervals.
2.2 Temperature measurements

Measurement duration winter: 1 week
summer: 3 months

Interval time: 30 min
Averaging time: ≥ 5 min
Recorded parameters: indoor:globe temperature, Tglobe [ºC]

outdoor: air temperature, Tair [ºC]
Quantity of interest: indoor: Tglobe [ºC]

outdoor: Tair [ºC]

Table 5: Temperature measurements

Globe temperatures should be recorded every 30 minutes at the six locations defined above
(in minimum). If equipment is available, it is suggested to measure in the offices in addition
to the height of 1.1 m (head height) also at a height of 0.1 m (foot height) above the floor.

For the summer period (3 months measuring time) this results in 4400 data points. In case of
using the BEMS (i.e. outside temperature) check what kind of temperatures (Tglobe, Tair,
Tsurface, Trad) are really measured.

If some teams want to go more into details, short term measurements of the operative
temperature, surface and air temperatures or radiant temperature asymmetry within the
occupied zone of the room is suggested

Definition of the measurement setup for the globe temperature:

Tglobe: the sensor is placed in the centre of a white ping pong ball5

2.3 Tracer gas measurements

Measurement duration winter: 1 week
summer: 1 week

Interval time: 30 min
Averaging time: ≥ 5 min
Recorded parameters: Tracer gas doser rate, di [ml/s]

Tracer gas concentrations, ci [ppm]
Quantity of interest: Air flow rate* in room i, qi [l/s]6

*To analyse ventilation for IAQ control, the air flow rate from the outside to the measured
room (winter situation) should be estimated.  For the overheating prevention role of intensive
ventilation, the total flow rate to the room is the parameter of interest.

Table 6: Tracer gas measurements

                                                
5 This set-up guarantees that only long wave (i.e. infra red), but not UV/vis radiation contributes to the
globe temperature.
6 For the interpretation, the average number of occupants in the room and the room volume should be
given.
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2.3.1 Overview

According to the equipment lists, all teams used the B&K 1302 gas analyser. The
doser/multiplex unit B&K 1303 is available for some teams. We therefore base our standard
guidelines on this equipment (e.g. number of locations). However this measurement protocol
stays general enough to be performed with other equipment too.

In short the tracer gas measurement should be organised the following way:

• One injection gas is used: for example SF6, depending on the available filters.

• The constant concentration technique should be used during the heating season since we
want to know the outside (fresh) air flow rate and not the interzonal flow rates. The
constant concentration should be as low as tolerable for a good signal/noise ratio in order
to be far below toxic levels and to save money (dosing for one week). Therefore a target
concentration of cSF6=2 ppm is suggested (with the B&K equipment).

• B&K users should always select water vapour compensation and cross compensation (For
example the NO2 has a strong cross interference with CO2).

• During the summer situation, either constant injection or constant concentration techniques
could be used since the quantity of interest is the total ventilation of the room.  However,
constant concentration has the advantage of ensuring an accurate measurement for a wider
range of air flow rate. Moreover, it allows to stay below toxicity levels in all the situations
(even for very low flow rates).  In addition the application of the same measurement
technique allows for a closer comparison of summer and winter results, so that we clearly
favour the constant concentration method.

• One representative week should be recorded and analysed in the heating and the cooling
season with the set-up given below.

2.3.2 Dosing and sampling

The sensor locations should be chosen following the guidelines given in chapter 2.1.4. More
delicate is the set-up for the dosing system.

If a mechanical ventilation system is present in the measured room for ensuring the IAQ
control or the natural ventilation system uses ducts, these should be used to inject evenly the
tracer gas in the investigated room. By using this set up make sure that the major part of the
fresh air is entering the monitored zone via this channel.

In cases where such a technique is not applicable, a mixing system is required to distribute the
tracer gas evenly in the zone. A mixing fan is not the optimum but probably the only solution.
It can be noisy for the occupants and the fan might influence the air velocity measurements.
Therefore a silent mixing fan should be used (approx. 15 W) to evenly distribute the tracer
gas in the zone around the dosing point. For this case, the natural mixing and transport
processes assist the mixing of the tracer gas in the room. The location of the doser should be
chosen such that:

• No short circuits occur between the doser and an air outlet opening (doors, windows, etc.)
or between the doser and the sampler. Simple smoke experiments can be applied to check
this question.

• The sampler and the doser are spatially separated.

• The doser should be placed preferably at the same height as the sampler. If this is not
possible, the doser should be placed lower than the sampler (The mixing fan can blow than
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the air upwards.). With this set up it should be possible to track the air paths in most
situations.

2.3.3 Measurement set-up for heating season ('winter')

In the heating season, the aim of natural ventilation is to control Indoor Air Quality.  Outdoor
air is 100% efficient (assuming perfect mixing in the space) whereas air coming from adjacent
spaces is already partly polluted.  The equivalent outdoor air flow rate can be calculated as
follows

q q
C C

C C
qe equiv e

room adj i

room ei

N

adj i,
,

,= +
−

−
⋅

=
∑

1
Equation 1

In most cases during the heating season a reasonable assumption is that most of the air flow
entering an office is coming through the natural ventilation devices. The air flow from
adjacent spaces is probably substantially smaller and in any case already partly polluted.
Therefore, the proposal is to neglect the equivalent amount of fresh air coming from adjacent
spaces. It means that the equivalent fresh air flow rate is approximated as:

q qe equiv e, ≈ Equation 2

The measurement of qe can be done with tracer gas, if the adjacent spaces have the same
concentration of tracer gas as the room itself. Therefore, the proposal is to use constant
concentration in the adjacent spaces so that a potential relatively high air flow rate to the
space (in most cases the corridor) is at the same concentration.  If multiple tracer is available,
one can try to measure both air flow rates.

Figure 3 shows a theoretical example of a set-up for the measurement during the heating
season. We are interested mostly in the fresh air flow rates into the building. Therefore the air
flow from adjacent spaces is masked by providing the same constant concentration of tracer
gas (i.e. C1=C2=C3=C4=Cc) in all the neighbouring zones with a potential high air flow rate to
the space, (coloured grey in Figure 3). In this example, it is supposed that walls 3-5 and 4-6
are airtight while walls 1-3 and 2-4 are possibly leaky. Therefore, the fresh air flow rates into
the zones (qo1, qo2, qo3, qo4 and qoc+qxc) can then be calculated directly from the dosing rate di

in each of the rooms. The four rooms were chosen on the same floor. This might not be
suitable for high buildings where a height resolution is desirable.

A short hand notation is used for the effective air flow rates qij  defined by the difference
between the two directional flow rates qij= qij ’-qji ’=-qji .

The most critical point is to provide constant concentration in the corridor. It is not necessary
to fill the whole space. However, the area around the doors towards the rooms under
investigation should have the standard reference concentration. In cases that the B&K 1303
sampler with six channels is used, the four offices have to be close together, to assure that the
corridor concentration is at about the same level. It is recognised that it is very difficult and
highly building dependent to provide a controlled level of tracer gas in the corridor. Special
care should therefore be paid on the practicality of the setup described here.
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Figure 3: Example of measurement set-up for the heating season

Although the chance of getting significant tracer concentrations on the outside is low, it is
suggested to those groups using the B&K equipment (maybe also the others) to include also a
point at the outside of the building (this can also measure the CO2 and H2O levels at the same
time). Please note, that although indicated in Figure 3, it is not required to monitor
neighbouring offices. However by using neighbouring offices, it is easier to provide the same
tracer gas concentration in the adjacent corridor area.
2.3.4 Measurement set-up for cooling season ('summer')

Natural ventilation for summer comfort aims at cooling down the room. When taking outdoor
air as the reference, the air coming from adjacent spaces has an efficiency which depends on
the relative temperature differences.

q q
T T

T T
qe equiv e

room adj i

room ei

N
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,
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=
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Equation 3

Different configurations for intensive cooling ventilation can appear: single sided ventilation
(inner door closed), cross ventilation (inner door open) or a configuration with extraction
chimney(s). In case of cross ventilation, it is clear that certain rooms will mainly receive air
from adjacent spaces. It is therefore important to measure these air flow rates. The air from
adjacent spaces at night-time will often be at a higher temperature than the outside
temperature and therefore less efficient for night cooling. For night ventilation cooling only
an estimation of the order of magnitude of the air flow rate (e.g. the air change rate is 1, 5 or
15 h-1) is required.  Therefore, it is proposed to establish constant concentration in the room
under investigation and that the air coming from adjacent spaces is nearly not polluted by
tracer gas. This can be achieved by having the various rooms under investigation as far as
possible from each other. An example of a possible set-up is shown in Figure 4.

To account for single sided and cross ventilation, the total air flow rate entering the zone
should be known, not only the outdoor air. Therefore, 'isolated' rooms should be selected for
monitoring with a tracer gas free environment (no tracer gas in neighbouring offices nor in the
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corridor). The dosing rate required to keep up a constant concentration corresponds then to
the total air flow into the zone.

q qi ij
i

= ∑ Equation 4

1 3 5

2 4 6 8 10

97

c

o

doser

detector

q 3
c

q1c

q o
c

q5c

( )

Figure 4: Example of measurement set-up for the cooling season

In this case, the equivalent outdoor air flow rate will be approximated by:

∑
=

+=
N

i
iadjeequive qqq

1
,, Equation 5

2.4 PFT measurements

The NatVent consortium agreed that the classical PFT technique was not suitable for this
monitoring concept:

− in summer time, very large variations in air flow rate can be expected and big differences
between daytime and night-time;

− in winter time, the air change rate is more stable but giving the importance to be given to
the energy aspect, rather accurate measurements are desirable.

It seems that PENTIAQ is now developing a new technique allowing to separate average air
flows during the day and the night by using an automated device which opens and closes the
PFT sampler at pre-set periods. It would have the advantage of allowing to measure a bigger
number of rooms but of course provides only average values on pre-set periods (the average
on several days of the air flow rates from 8:00 to 18:00 for example). However, this is not
included in the basic monitoring protocol.
2.5 Indoor Air Quality related measurements

For teams using the B&K 1302 /1303 equipment, the six locations chosen for the tracer gas
studies should be recorded; this does not require any additional effort because the data can be
recorded in the same run with the tracer gas measurements. Therefore the IAQ on the corridor
is included in table 1, although our interest in that quantity is rather limited.

Please make sure that the gas analyser is properly calibrated.
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In principle both relative or absolute humidity measurements are possible in case the
temperature is recorded simultaneously at the same location.
Measurement duration winter: 1 week

summer: 1 week
Interval time: 30 min
Recorded parameters: Carbon dioxide concentrations ci [ppm]

Humidity [mg/m3] (absolute is preferred)
Quantity of interest: Carbon dioxide concentrations ci [ppm]

Humidity level [mg/m3]
*To analyse ventilation for IAQ control, the air flow rate from the outside to the measured
room (winter situation) should be estimated.  For the overheating prevention role of intensive
ventilation, the total flow rate to the room is the parameter of interest.

Table 7: Indoor Air Quality measurements

2.6 Air velocity measurements (indoor)

Measurement duration winter: 1 week
summer: 1 week

Interval time: 30 min
Averaging time (each hour): 3 min
Recorded parameters: vmean, vrms [m/s]
Quantity of interest: average air velocity vmean,

standard deviation of the air velocity vrms,
degree of turbulence Tu

Formulas:
[ ]T

v

vu
rms

mean

= ⋅100 %

Table 8: Air velocity measurements

All teams have hot probe anemometers available. After a sampling time of 3 min (for one data
point) the vmean (=v50 ) and vrms (=v84-v50) values should be calculated and recorded in order to
calculate also Tu. For one week this will result in 1080 data points of the average velocity and
the degree of turbulence in each zone. Special care should be paid to disturbing influencing
factors on the measurement results, i.e. all sources of thermal plumes (radiators, people,
electronic office equipment, lighting, etc.), ventilation outlets of computers, etc. or opening of
doors and windows. While most of the disturbing factors can be avoided by selecting a good
location for the detectors, draughts originating from opening of doors and windows should
ideally be correlated with status recording of these devices.

Indoor air velocity measurement should be taken in one room at least.
2.7 Wind measurements (outdoor)

Three different strategies to record wind data are possible:

• BEMS

• nearest meteorological station

• meteorological mast.
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In choosing one of these strategies one has to consider the following factors and conditions:

• The data should be available at least hourly and the monitoring team must be able to
access the data.

• The measurement location is of some importance. It is not standardised, because the
monitored building are different and the exact influence of the measurement
location on the results is mostly unknown. Instead the wind records should be
accompanied by some information about its recording, containing:

• the location of the sensor

• the height above ground of the sensor

• measurement interval and averaging protocol applied to the data
Measurement duration winter: 1 week

summer: 1 week
Interval time: 1 hour
Sampling time: ≥1 minute
Recorded parameters: vwind [m/s], wind direction αwind [º]

(αwind=0º: wind is coming from north,
αwind=90º: wind is coming from east, etc.)

Quantity of interest: vwind [m/s], wind direction αwind [º]

Table 9: Wind measurements

2.8 Building energy management system

The knowledge of the status of the devices relevant for ventilation (window opening, solar
protection, heating system, etc.) is often needed to interpret the measured data. Often
additional useful data, especially energy related quantities, are available from the BEMS. It is
recommendable to make use of these data whenever possible to complement the
measurements.
2.9 Status recording

To fully understand the recorded data, it is sometimes indispensable to know the status of
some devices, not controlled by the BEMS. Especially in low budget NatVent buildings with
manual systems, this information is needed to correlate the data records with the different
operating modes of the building.

Again at this stage it is not meaningful to standardise any status recording. We just advise the
teams to think in advance of the monitoring about the necessity of knowing the status of the
following devices:

• manually openable windows

• doors

• solar protections

• radiator valves

3. Office environment survey

3.1 Target audience

The survey should be carried out among all occupants in the investigated part of the building.
They shall be used to enquire the perceived comfort and therefore to complement the
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measurements carried out in the building. The questionnaire proforma (attached to the end)
covers only one season and has to be carried out twice; i.e. for the heating and the cooling
season.
3.2 Questionnaire

The questionnaire to be used, developed by SBI, is attached (see Figure 5 and Figure 6).
Some partners may need to translate the questionnaire to their language. A general English
knowledge of the occupants cannot be expected. Also the probability of a false understanding
is greatly reduced by translating the questionnaire to the local language.

4. Data presentation

4.1 General

Using a file naming convention eases the later data exchange:

Work book naming convention:

Country*No.*Season Index_*Parameter.xls

Example: CH1W_TRA.XLS

Country: GB, BE, NO, NL, DK, SW, CH

No.: 1,2,3,... (According to BBRI’s list)

Season Index: W: winter, S: summer, I: intermediate

Parameter: TRA: tracer gas data (ventilation rates, IAQ: c(CO2), humidity)7

TEM: temperature

IAV: Indoor air velocity

STA: status records

WIN: wind

NOI: noise

POL: pollution

PRE: pressurisation

BMS: BEMS data

RAD radiation

VAR: various data

For the general description of the building, a word document is better suited: The name should
be in analogy to the Excel files:

Country*No.*Season Index_DSC.DOC

Example: CH1W_DSC.DOC describes the winter season setup for the CH1 building.

Table 10: Word book naming convention

The partners are asked to use the symbols, units and terminology given in the report of the
"CEN/TC 156 Ventilation for buildings". If a symbol is not included there, please keep to the
terminology used in this document. Such standardisation makes easier the comparison of data
recorded by different monitoring teams. Templates of Excel workbooks containing all the

                                                
7 Ventilation and IAQ data are collected together because most teams measure these quantities with
one equipment (B&K1302).
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recorded data as well as some general information about the building are given to each
monitoring team. With regard to computer speed, a split up of the monitoring data into several
files is preferred to an all in one solution with many different worksheets within a single
workbook. Graphs can be made easily with data from different files.
4.2 Data format

Each Excel Workbook should contain the following data on the first worksheet(s):

• name and address of building

• name of monitoring team

• name of monitoring researcher (author of the spreadsheet)

• monitoring period (date and time) and recorded parameters including units

• sensor location

• comments about special issues affecting the monitoring

• a reference on which file a description of the building (including plans, views,
elevations, constructional quality, facade glazing areas, use of the building etc.) can be
found. The building description form together with the short compilation for the
brochure contain most of these data, and should therefore be included together with the
relevant plans into the ****_DSC.DOC.

• measured data.
NATVENT WP II - Monitoring

Building name & adress: XX Monitoring team: XX

XX street Researcher in charge: XX

XX town

XX country

Monitoring Period: X.X.1996- Y.Y.1996

Recorded Parameters: X1, X2, X3, X4,...

Sensor locations X1: ....................

X2: ....................

X3: ....................

X4: ....................

X5: ....................

X6: ....................

Comments:

Table 11: Data format

Error! Not a valid link.

Figure 5: Questionnaire (Page 1)
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Error! Not a valid link.

Figure 6: Questionnaire (Page 2)
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