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It is variously estimated that up to 90% of our time is
spent in buildings; much of which is in the home.
Hence, the environment in dwellings has significant
importance with respect to the health, comfort and
well-being of occupants. In attempting to improve
comfort in the home, much effort has concentrated
on increasing the thermal insulation of the building
shell to prevent unnecessary heat loss. In recent
years, insulation standards have developed
considerably in all IEA countries, as have
improvements in design to minimise the risk of
thermal bridging and consequential condensation.
While much is now understood about the thermal
performance of buildings, the role and application of
ventilation often still remains a secondary
consideration.

introduction of many polluting sources into the
building. Arguably, the fundamental role of ventilation
is to meet the metabolic needs of occupants.
However, it is also needed to dilute and remove
unavoidable pollution generated within the building.
Dwellings present particular problems, since
considerable amounts of water vapour may be
generated through cooking, washing and clothes
drying. In addition, other pollutants may be emitted
from cooking and heating appliances, from other
household activities and from furnishings and fiings.
Ventilation to meet these needs can often represent a
considerable energy penalty, while inadequate
ventilation control, through poor design or excessive
air infiltration, may further add to unnecessary energy
loss and may also contribute to poor air distribution.

In recent times, increasing demands have been
placed on the ventilation load in the home as a
consequence of changing life-styles and the

Methods of ventilation are diverse with the choice
largely being dominated by climate, cost and a
remedial response to problems as they arise.

eview, Vol14, No 3, June 1993

I

Occupancy patterns also vary widely and have a
major impact on the adequacy of performance of a
ventilation system. In addition the presence of
combustion appliances, open chimneys, adventitious
leakage openings and many other interacting
parameters all combine to influence the safety and
performance of individual approaches to ventilation.
Further difficulties often arise because changes may
be made to the balance of polluting sources brought
about by the differing requirements of occupants as
they move in to existing dwellings. A uniformly
acceptable or a single approach to ventilation is
therefore unlikely to provide an adequate or cost
effective solution. Any system must be able to
compensate and provide adequate ventilation
according to these different and, often, continuously
varying needs. Thus domestic ventilation presents
complex problems, many of which still need to be
identified and sdved. The ultimate aim, nevertheless,
is to provide reliable and energy efficient ventilation.
In early times, ventilation was provided by wholly
natural means. In many instances, this simply meant
relying on the natural porosity of the building,
combined with window opening for summer cooling.
To others, natural ventilation means the provision of
purpose provided ventilators, frequently combined
with a ventilation stack or chimney. More recently,
several countries have introduced central mechanical
systems for both single family and apartment
buildings. These are normally based on either extract
ventilation, with or without heat pump heat recovery,
or on balanced supplylextract systems, which
frequently incorporate air-to-air heat recovery. Even
buildings that are ostensibly naturally ventilated are
often fitted with extracting cooker, window or wall
fans. Classifying the type of system fitted into a
building is, itself, a difficult task. The motivation for
mechanicalventilation, tends to come from areas
subjected to severe extremes of climate. In these
localities, it is particularly desirable to decouple the
indoor environment from that of the outside.
Buildings, therefore, tend to be constructed to a high
degree of airtightness, while pre-conditioning of the
incoming air is desirable to avoid discomfort. High
energy loads are needed to heat (or cod) the air,
thus increasing the attraction of incorporating heat
recovery into the ventilation system. It is difficult to
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imagine a return to natural ventilation in countries that
now routinely incorporate mechanical systems into
new dwellings.
The position for milder climates is less clear. Costs of
providing and maintaining mechanical systems can
be high and may not necessarily be compensated by
introducing heat recovery. The main argument used
in support of mechanical systems in these regions is
the need to provide consistent and controllable
ventilation.
Whichever approach to ventilation is used, however,
it is clear that much more effort is needed in

understandingthe role of ventilation and in
implementing good design. Furthermore good
design principles need to be applied to existing
buildings as well as to new buildings.

A new IEA Annex has been established to address
some of these problems. Its principal tasks are to
classify current methods of ventilating the home and
to develop techniques which may be used to evaluate
the performance of domestic ventilation systems.
The intention is to provide the designer with a set of
simple validated algorithms which will enable a
reasonable assessment to be made of the energy and
air quality impact of alternative ventilation strategies.
It is further intended to demonstrate the performance
of various domestic ventilation systems for various
climatic conditions, construction types and
occupancy patterns.
Scheduled to operate for five years, this Annex held
its inaugural meeting at the TNO, Delft in the
Netherlands on 21st-22nd April. Interested
participants from nine countries were present,
representing a diverse range of ventilation, building
construction and climate types.
In introducing the Annex, the Operating Agent, Lars
Goran Mansson, indicated that the ventilation of
dwellings in IEA Countries accounted for
approximately 10% of all energy consumed.
Furthermore, despite the recent introduction of
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mechanical ventilation systems in some countries,
the dominant form of domestic ventilation is still
natural. Lars also stated that the occupancy density
of dwellings averaged approximately 2.5 people for
each dwelling.
The current focus for this Annex concentrates on the
implicationsfor space heating energy rather than
coding. It is also aimed at three target groups, these
being building inspectors, designers and researchers.
This Annex has been subdivided into three Subtasks.

Subtaskl :
State of the Art
Review

Subtask 3:
Demonstration
of Evaluation
Methods

The outcome of this task will be to develop a clear
picture of present day approaches to ventilation and
to assess the consequences of these systems in
relationto energy use and the indoor environment. It
is also intended that this task should provide a
background against which improved domestic
ventilation design can be compared.
Subtask 2 looks to developing new methods or
improving existing methods to evaluate ventilation
system performance. This is seen as the essential
product of the Annex, with the ultimate goal being to
provide the designer with a tool which may be used
assess the energy and indoor air quality performance
of a ventilation strategy in relationto the type of
building construction, occupancy loading and
climatic conditions (Figure 2). This development will
be supported by a series of validation tests.
Methods

Building Type
Construction Type
Ventilation Method
Occupancy Pattern

Subtask 2:
Development
and Validation
of Evaluation
Methods

1
Evaluation
Tool

e
Final Reporting

Energy and
Air Quality
Assessment

Figure 1: Annex 27 - Programme Plan
Figure 2: Subtask 2 Developmentof EvaluationMethSubtask 1 is concerned with undertaking a
comprehensive review of the current methods used
to ventilate the home. This review will include an
evaluation of the proportion of each type of system in
use and the distribution of systems according to
climate zone, country, building age and construction
type (eg high rise, low rise, construction materia1,etc).
Ventilation methods will be categorised according to
a standard set of system types. These have yet to be
defined but examples include ventilation by
infiltration, window opening, purpose provided
natural ventilation, local extract fans, central
ventilation by extract, balanced ventilation, use of
heat recovery, etc.
This survey will further endeavour to assess the
rational behind the various methods in current use,
especially in relation to Building Codes and
Standards. The energy and indoor air quality impact,
system cost and payback periods will also be
evaluated. Additionally, existing methods of
evaluating ventilation performance will be reviewed as
part of this subtask.
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Aspects under consideration include energy use, life
cycle costs, system reliability and maintenance
needs, flow patterns, occupancy interaction and air
quality parameters.
Subtask 3 will focus on demonstrating and using the
evaluation tools developed in subtask 2 to assess the
performance potential of ventilation strategies. This
will illustrate to the designer how the techniques may
be applied to assess the range of applicability of
different ventilation methods. Examples will be based
on systems in current use and innovative systems for
use in future building design.

Annex

o

Annex 27 is scheduled to operate for a total of 5
years which includes a 1 year preparation phase and
a 4 year operational phase. individual country
participant commitment is for a minimum of 39

months of effort. Countries that have indicated an
interest in the project, although, as yet, not
necessarily committed themselves to taking part, are:
Belgium, Canada, France, Finland, the Netherlands,
Norway, Sweden, the United Kingdom and the United
States of America. There is still time for organisations
in other countries to join. Interested organisations
should make immediate contact with their ExCo
representativeandlor contact the Operating Agent for
this Annex:

Mr. Lars Goran Mansson
LGM Consult AB
Adler Salvius vag 87
S-146 00 TULLINGE
SWEDEN
Tel: +46 (0)8 778 5006
Fax: +46 (0)8 778 8125
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A fundamental prerequisite for demand controlled
ventilating systems is the possibility of finding a
measurable "indicator" of the air quality. Another
important factor is the existance of commercially
available sensors for the measurement, which have
acceptable sensitivity, accuracy, long term
characteristics and price levels.
Different types of "indicators" can provide different
types of information concerning the ventilation
requirements of a specific building. Furthermore,
different types of sensors for the same "indicator" can
give different results. Such sensors must be sensitive
enough to detect changes in the air quality requiring
increased or decreased supplies of outdoor air and
simultaneously be stable enough to function
satisfactorily over long periods in varying
environments.
Hence it is of great value to increase our knowledge
concerning questions such as:
0 which "indicators" are suitable;
a which sensors are possiblefor the planned
"indicators";
o how do the different "indicators" read relative to
each other;
a how do different sensors for one particular
"indicator" read in the short term as well as in
the long term.

Sensors for the following types of indicators (in
accordance with the scope of IEA Annex 18) were
included in a laboratory performance test at SP
(Swedish National Testing & Research Institute):

Water vapour (RH, WBT, DPT)
Carbon dioxide
Non-oxidized gases (WC, e.g. CmHn, CO, etc).

Fhe tests consisted of two main parts. In the first part
me specimen of each sensor type was extensively
aboratory tested and in the second part three
specimens of each sensor type were exposed to
normal indoor climatic conditions.
Thus four specimens of each sensor type were
included. To limit the size and cost of the project,
testing was planned for a maximum of fieen sensors
(seven for water vapour, three for carbon dioxide and
five for non-oxidized gases). In the actual test it was
not possible to include more than two carbon dioxide
sensors due to delivery problems. Instead another
humidity sensor was included to give the same total
number of sensors. The following presentation mainly
pertains to the laboratory part of the test program.
The laboratory tests consisted of the following four
main parts:
0 Checking of the manufacturers' data sheets
and instructions;
0 Determinationof the performance of new
sensors including comparisons with data
sheets;
0 Determination of the cross-sensitivity of
sensors exposed to various combinations of
the three chosen indicators as well as variations
in the power supply, atmospheric pressure,
temperature and air velocity;
0 Environmental tests concerning exposure to
dry heat, dry cdd, humidity, temperature
change, vibration, electromagnetic radiation
and electrostatic discharge.
Sensors were selected and tested by the respective
manufacturer prior to delivery to SP. The sensors
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were installed in the laboratory as described by the
manufacturer's instructions. Prior to the test the
manufacturers were asked to provide technical
information in accordance with a proposed
standardized data sheet. This informationwas noted
as background informationto be compared with the
test results.

The sensor performance was defined in terms of
parameters such as warming up time, zero drift,
linearity, repeatability, hysteresis, stability, accuracy,
sensititity, rise time, and cross-sensitivity (sensitiiity
to influencefactors). Some selected results from the
presentation by Fahldn et al are given below.
The warming up times were only measuredfor the
humidity sensors. One half of these sensors had
negligible warming up times (less than 0.5 min). The
other half of the humidity sensors had warming up
times in the range 30-70 min. The VOC-sensors on
the other hand have two different warming up times,
one after a short interruption of the power supply and
one after the heated sensing element has been
permitted to cool down. These were not determined
in this investigation but the long term warming up
time may be as long as a fortnight or even up to a
month according to the manufacturer.
Some results from determinations of sensor
characteristics are summarized in Table 1. Linearity
was calculated as the maximum deviation between
any measured value and a straight line between two
specified rating points. Hysteresis and sensitivity
were calculated in a similar manner with the
sensitiiity defined as the change in output between
fixed rating points divided by the corresponding
change in input (e.g. V/% RH). Sensor no. S14 is
equipped with two sensing elements, one for
humidity (S14A) and one for VOC (S148).

The reference gas for testing VOC-sensors was
composed of one aldehyde (octanal, C~HI~CHO),
one aromatic hydrocarbon (toluene, C7H8), and one
aliphatic hydrocarbon (nonane, CgH20). These
substanceswere intended to represent organic
compounds that are frequently found in the analysis
of air from e.g. office buildings.
During the determination of the characteristic curve
the VOC-cocktail was composed of equal parts of the
three constituents. At one test point, however, tests
were also performed with the total concentration
consisting of only one of the reference gases at a
time. It was found that for this particular cocktail, and
with these particular sensor types, changing the
composition had no significant influence on the result.
VOC-sensors were also tested with tobacco smoke
corresponding to two levels of smoke concentration
at each of three different flowrates (minimum flow for
a non-smoking environment, minimum flow for a
smoking environment and the maximumflowrate of
the system). Cigaretteswere smoked by an "artificial
smoker" to achieve a reproducibletest. In Figure 1
the response of VOC-sensors S1, S2,S3, S4 and S14
are shown for a case of 10 cigarettes smoked
simultaneously at a condition of minimum ventilation
rate for a non-smoking environment. The diagram
indicates that although this is a case of extreme
smoke pollution one of the VOC-sensors does not
react at all and another only reacts to a very small
extent.
Air flow: 325 rnVh

Number of clgarrettes: 1C

Figure I:
Response of VOC-sensors when 10 cigarettes are smoked simultaneously at a condition of minimum ventilation rate for a non-smoking environment,
All sensors performed acceptably with regard to
repeatability and stability. Deviations ranged betwec
0.1-1.1 %. The rise time and fall time, respectively,
were also measured and calculated as the time
between a change of input until the output had
changed to 90% of the steady state value. The rise
times of most humidity sensors were acceptable
(1-10 min.). Sensor S10, however, had a rise time
exceeding 1 h and a fall time of 18 min, figures which
would not be acceptable for control purposes. Rise
times for carbon dioxide and VOC-sensors were not
evaluated.
Table 1: Results from determinations of the sensor
characteristic curve.
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The sensitivity of sensors to various influence
quantities was tested by varying, one at a time,

influence quantities such as temperature, humidity,
voltage, frequency, atmospheric pressure and
composition, and tobacco-smoke. The
cross-sensitivitywas expressed for each influence
factor as the ratio between total change in output and
total change in input. Voltage, frequency, temperature
and humidity all affected the Con sensors to some
extent. Sensor S5, for example, changed its output by
50 ppm for either of the following changes: 15 V of
supply voltage, 3 Hz of supply frequency, 7 Deg. C of
ambient temperature, and 20 % RH of ambient
humidity. During the smoking experiments it was also
found that the CO2 sensors were slightly influenced
by tobacco-smoke. VOC sensors were generally
influenced by changes in temperature and humidity
whereas the humidity sensors seemed tolerant to all
the selected types of influence factors.

slowly died altogether. Tests with radiated
electromagnetic interference clearly indicated that
this type of interference is a potential source of
trouble. Even though the behaviour of individual
sensors was quite different in detail ail sensors
changed their outputs by several orders of magnitude
at specific frequencies or frequency ranges.

Finally, the characteristic curves of the surviving
sensors were checked again. The result for one of the
sensors is shown in Figure 3. This sensor, humidity
sensor S8, has endured all tests extremely well.

Environmentaltests were performed to check the
resistance of a sensor to possible extreme situations
in the environment within the field of application of
the sensor. Tests were carried out concerning
climatic, mechanicaland electricalparameters.
Climatic tests were performed in accordance with IEC
standards on low temperature, dry heat, damp heat
and change of temperature. Similarly, mechanical
tests were performed in accordance with the IEC
standard on random vibration whereas electrical
tests were performed in accordance with IEC
standards on conducted bursts, electrostatic
discharge, electromagnetic radiation and surge
voltage immunity. In Figure 2 an example is shown of
the output from a humidii sensor during the
environmental tests. Note that the output changes
between -20% and more than 100 % RH (the scale is
limited to 80%) while being exposed to electrical
transients. The actual humidity is around 40% RH
during this test.

Hnmldlly sensor ,315

Figure 3: The characteristic curves of humidity sensor S8 before (full line) and after (dashed line) the environmental testing.
Parallel to the environmental tests in SP's laboratories
three specimens of each sensor type were installed in
actual buildings. One was installed in a conference
room, one in a cell-type office and one in a laboratory
room. Figure 4 illustratesthe change in the sensor
characteristic curve after approximately one year of
operation in a conference room.

Chareeterlstk curve for S6-CO2 before and after neld
testing In a conference r w m
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Figure 2: The output signal of humidity sensor 515
during the environmental tests.
Few sensors endured the entire environmental test
program. Vibration, electrostatic discharges or surge
voltages ("thunder") caused 12 of the 15 sensors to
fail. Furthermore, the outputs of most sensors were
greatly affected during the actual transient bursts.
The output of one humidity sensor (S15), for instance,
changed from 1 V to -10 V and another (S13)
changed from 3.8 V to 25 V. One CO2 sensor
changed its output from 10.3 V to 40 V and then

Concentration (ppm C 0 2 )

Figure 4: The characteristic curve of one sensor of
the type S6 before (full line) and after (dashed line)
one year of operation in a conference room.

The test results indicate that capacitive humidity
sensors are well suited for the control of humidity
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levels in buildings. The combined error of linearii,
hysteresis and repeatability is normally below 5% RH
at 20" C. The cross-sensitivities to variations in the
ambient temperature and power supply (voltage and
frequency) are acceptable and the cross-sensitivities
to hydrocarbons, carbon dioxide and tobacco smoke
are negligible. A plastic strip humidity sensor, on the
other hand, proved less suitable due to excessive
hysteresis and linearity errors.
Carbon dioxide sensors show acceptable
performance for control purposes with a deviation of
less than 50 ppm at a level of 1000 ppm. Sensor
calibration and/or adjustment is however a time
consuming process. These sensors are also sensitive
to humidity below a threshold level.
The mixed gas sensors indeed show a mixed
behaviour. Some react strongly to tobacco smoke,
some slightly and one hardly at all. On the other
hand, all of them seem quite sensitive to humidity.
Tests with varying compositions of the chosen VOC
cocktail indicated little difference in the response to
the individual components.

The stack effect provides the driving force for vertical
air movement within buildings. Its effects are
especially pronounced in high rise developments,
where the air leakage associated with elevators, stairs
and service shafts can be a major concern. Stairwells
and lift shafts themselves provide occupant access to
those floors above or below ground level as well as
providing routes for the movement of air. A
knowledge therefore of the air movement
characteristics of such shafts is vital in understanding
the ventilation and leakage patterns in medium and
high rise buildings. Such work has been particularly
helpful in the prediction and evaluation of smoke
control procedures.
This AlVC review attempts to outline the main areas
of research that have been undertaken in the
evaluation and understanding of air leakage
characteristics of both stairwells and lift shafts.
The review identifies the importance of stairwell and
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All sensors endured the climatic tests reasonably
well. Mechanical vibration of the other hand caused
some of the sensors to break. Radiated
electromagnetic fields affected all sensors and the
electric shock due to a simulated strike of lightning
proved too much for most of the sensors.
The environmental tests were decisive in the respect
that only three out of fifteen sensors survived all of
the tests. These results notwithstanding, the test
conditions were chosen to represent favourable
operating situations that e.g. household electronics
may encounter. It must, however, be borne in mind
that laboratorytests are one thing and the facts of
real world situations may be quite a different cup of
tea. Future in situ evaluations will hopefully provide
further useful information in this respect.

1.

Fahlen P, Andersson H. Ruud S, 1982, Demand Controlld Ventllallng Systems
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lift shaft air flows in tall buildings. Of primary interest
are the characteristics and mechanisms of such air
flows for the prediction of heat moisture and pollutant
transport throughout buildings. The restriction and
control of smoke and fire in vertical stair wells and lift
shafts has also generated much interest along with
the associated effects of stack pressures and the
resulting air leakage characteristics especially in tall
buildings. The interaction of these concerns with
ventilation systems has also been an area of focus.
Most papers cited in this review deal with the
fundamentals of airfiows in stairwells and lift shafts.
Many use models to predict these phenomena as well
as experimental data from test and real buildings.
These examples provide important background
guidelines for further research.
A copy of the full review, including a detailed text and
bibliography, is available from AlVC Information
Services.

Ventilation Related Aspects in the CEC-PASCOOL
Project on Passive Cooling Strategies. M.
Santamouris (Greece), 6. Vandaele (BEL), F.Allard
(FW
Efficient "Horizontal Flow" Ventilation: Influence of
Supply lnlet Designs. Y-Q Tang, S Holmberg (SWE)
Stratified Flow in a Room With Displacement
Ventilation. P V Nielsen (DEN)
Natural Ventilation without Draught. M Egedorf (DEN)
Mechanical Ventilation System with Heat Exchanger
in One Room - Low Cost Mechanical Ventilation
System. M Egedorf (DEN)
Some Aspects of Using Jets for Cooling. T
Karimipanah, M. Sandberg (SWE)
The Effect of Various lnlet Conditions on the Flow
Pattern in Ventilated Rooms - Measurements and
Computations. G Morgenstern, E. Richter, M. Rosler,
P. Vogel (GER)
Ventilation Rates and Air Tightness Levels in the
Swedish Housing Stock. J Kronvall, C-A Boman (SWE)
Potential Energy Savings from Modified Ventilation of
Dwellings. N. Bergsoe (DEN)
Ventilation-Energy Liabilities in US Dwellings. M.
Sherman, N. Matson (USA)
The Energy lmpact of Ventilation & Air infiltration in
an Atrium. A Blomsterberg, M Wall (SWE)
The Energy lmpact of Ventilation on Industrial
Buildings; The Implications of Low Infiltration Rates
on Ventilation Effectiveness in Factories. P.J. Jones,
D K Alexander, G. Powell, (UK)
Theoretical Basis for Assessment of Air Quality & heat
Losses for Domestic Ventilation Systems in France.
J-G Villenave, J-R Millet, J. Riberon (FRA)

Theoretical & Experimental Simulation of Exhaust
Hoods. M Di Tommaso, G. Fracastoro, E. Nino, M.
Perino (ITA)
Demand Controlled Ventilation in an Auditorium.
S.Svennberg, 6-G Mansson (WE)
Development & Investigation of a Combined
Ventilation & Floor-Heating System. F Steimle, B.
Mengede (GER)
Simulation of Displacement Ventilation and Radiative
Coding. M Koschenz (SWIR)
Energy and Cost lmpact of Residential Ventilation
Control Strategies. D.J. Shah, D.Wahlstedt (USA)
Energy Implicationsof Domestic Ventilation Strategy.
S Palin, R. Winstanley, D. Mclntyre, R. Edwards (UK)
Cooling Ceiling Systems & Displacement flow. G
Mere (GER)
Stack Effect Ventilation of An Infants School. J
Palmer, M. Trollope, R. Watkins (UK)

Ventilation Efficiency Measurements in a Test
Chamber with DifferentVentilation & cooling Systems.
C-A Roolet, P. Cretton (SWIR)

Benefits and Limits of Free Cooling in Non-Residential
Buildings. A Bollinger, H Roth (GER)

Air Infiltration Review, Voll4, No 3, June 1993

M Nuess (USA)
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data bank AIRBASE, which are marked accordingly
(e.g. #NO 1968).
In recent years the terms "Sick Building" and
"Building Illness" have been heard more and more
often. This however does not mean that the actual
building is sick. It rather means that the employees in
the building do not feel well and have causes of
complaint, which more or less fade out when the
people leave the building. Not everybody who works
in a "sick1building will get ill.It is similar to an
influenza epidemic, which does not affect everyone
either. There is no definite explanation for what the
causes of the complaints in the building are, because
there is a variety of possible factors.
When people who work in air conditioned buildings
complain about health problems, they
spontaneously blame the air conditioning system.
We should however always consider the whole
building, e.g. building materials, interior equipment,
places of work, technical equipment of the building,
location of the building, etc. There might as well be
an increased concentration of pollutants caused by
the evaporation from interior equipment, which can
lead to health problems with the employees. The
evaporation of formaldehyde from equipment can be
seen as an example of immediate interest. This has
led to substantial problems in recent times. Changing
the carpet can very often be the solution to the
problem and the number of complaints from
occupants is consequently reduced to an acceptable
rate.
A further important aspect is the way a building is
used. A building e.g. which in the past was
adequately designed for a certain purpose might not
come up to present demands. An older office
building could have had different owners and thus a
different structure of rooms and interior equipment.
Open-plan offices can have been rearrangedto single
offices, office rooms to business premises or stock
rooms. Furthermore additional copiers, computers,
etc. can have been installed. Such alterations
inevitably lead to problems with the indoor air
quality, because the ventilationlair conditioning
system was designed for the original offices in the
building.
This report is meant to give a brief survey of existing
publicationsabout the "Sick Building Syndrome". It
reviews investigations from several different
countries. The choice of the studies considered is
mainly based on entries in the AlVC bibliographic

Different from "normal" illnesses like e.g. influenza,
health problems often disappear when the affected
people leave their places of work. The complaints
only arise again when the employees return to their
working environment. The people concerned are
obviously reactingto their office environment. If a
greater number of occupants have symptoms which
are connected with their places of work, they
frequently suffer from the so-called "Sick Building
Syndrome". The symptoms which arise such as
headaches, drowsiness, eye irritation, nose and
throat infection, etc. are often comparable to those of
a cold or influenza.
Even if the causes of the sick building syndrome are
frequently emphasized differently, the indoor air
quality is a problem in most of the cases. Usually
airborne pollutants are responsiblefor this. The
thermal comfort factors however also play an
important role in this connection. This can be seen
as the frequency of complaints about rooms which
are too cold or too hot, air draught phenomena, etc.
Further factors can be air humidity, lighting, noise,
odour, but also aspects like health supporting office
furniture, overcrowded rooms, and working
conditions. Consideringthe psychological aspects
and the fear of possible damage to health, we can
imagine how many variable factors influence each
other.
Furthermore the fact that thresholds of tolerance are
different with every human being makes it difficult to
find a definite cause of the sick building syndrome.
Because of individually different metabolisms people
produce different quantities of heat, so that there will
always be disagreement between the employees
about the choice of a certain room temperature.
Often the room temperature is used to show the
employees that they work under comfortable
conditions. This procedure however is basically
wrong, because in order to estimate the thermal
comfort the following limiting quantities are of
decisive importance:

- internal temperature

- internal air velocity

-he great number of variable parameters makes it
learly impossible to please every individual in a
wilding or room with respect to thermal comfort.
iven with an optimum indoor climate we will always
lave to expect a certain number of complaints.

- temperature of the surrounding surfaces

- activii, and
- clothing.
Thresholds of tolerance with human beings are also
different referring to sensitivity to odour. Furthermore
people's sense of smell weakens during longer stay
in a building or a room, so that only persons who stay
there for a short time can perceive existing odours.
mpared work
omparatwe
stedy

Venhlat~on~au
condltlomg

Envuonmental
measurernerd

Quest~ono;ure

Mechanrcl ventllat~on temperature, humldlty.
system W A V
supply of outdoor au,

no

yes

Buddmg 1 naturally
temperature, humldlty,
vent~lated
cOz
Burldng 2 mecban~cally
ventllated

yes

no

HVAC, VAV-system

tempepdture, hwmdlty,
panleulates,
hydrocarbans,
ventdatlon and mr
dcsmbttt~on,supply of
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yes

yes

Bu~ldtng1 narurally
ventilated
Bmldmg 2 HVACsystem

volume, veloclty and
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return a u (au balance
test)

yes

yes

6 btddmgs naturally
veatdated,
3 mechaiucally
veddated,
2 supplylexhaustau
system and
recuculatloa.
2 supplylexhaustar
system and humlmfier,
I only supply/exhaua
ausystem

temperature, bumrdlty,
formaldehyde, dust,
mmroocgmtsms, fibres,
volat~leorganrc
compounds, hghtmg,
noise, C02

yes

no

Most areas have sunple auklow, temperature,
mechamcal ventllatm humldlty, pallutaots,
wrth heat recovery and a panicles, lons, radon
small pan of the
bruldng has a u
condtt~omngand

no

co, co2

yes

h,,m,d,fir.tmn

venalated,

CO,, a u velocity, nose

l partly HVAC and
naturally ventdated
yes
no

HVAC-system

no
yes
temperature, humidity, yes, but only
electrostattc dlseharges. enwanmennoise, supply of outdoor tal parmeters
ar,a u velocay, dust.

n AIRBASE, the bibliographic database of the AIVC,
here are more than 150 items which use the term
;ick building, building sickness or SBS. Most of the
iterature describes only basic informationabout the
;ick building syndrome and in a few of them we can
ind investigations. In this report a small amount of
!xisting work is used to compare the results of the
luestionnaires.

'able 3.1 shows a selection of studies which are
:ompared with each other. The literature used is from
lifferent countries; Canada, Denmark, Finland,
Zermany, Netherlands, Norway, Switzerland, UK and
JSA.

dost of the existing studies use questionnaires to
ind out what the building-related health problems of
he employees are. The alphabetic list following in
rable 4.1 shows a great number of symptoms which
he employees concerned were asked about in
lifferent forms of questionnaires.
Table 4.1: Alphabetic Iut of symptoms
Aches, aches of arm, hand, wrist
A
Back ache, blocked nose, breathing
B
Chest pains or tightness, chills, circulatory disturbance, cold
C
extremities, cold/flu, contact lense problems, cough
D Depression, diarrhoea, difficulty concentrating, digestion problems,
diiness, drowsiness, dry skin
Eye, eye irritation
E
Faintness, fatigue, fever, flu-like
F
c
General
Headache, heavy tired legs, humidifier fever
H
Irritability, itchy nose, itchy skin

-

arbome meoae,
panlculates, pollutanls,
c o , co,
system.
Bulldmg 2 naturally
ventdated

no

HVAC-system

yes

Butldmg 1 naturally
ventilated,
Budding 2 fully ar
mndmoned

yes

3 bu~ldmgsnahmlly
veatdated.
l mechan~cally
veutfilated wlth
rectrculatlon aa.
5 fully a s cond~t~oned

yes

Menstrual, mucous membrane, muscle aches
Nasal, nausea, neck ache, nose bleed, nose irritation
Others

-

n
temperature, humldlty,
ar veloclty, pollutants,
bactena

yes

temperature, humldlty,
au veloc~ty,cons

yes

R

1

II
I

no

yes

5 bmldmgs fully a a
condltroned.
6 mechan~eallv
ventllated,
4 naturally ventllated

temperature, hum~drty,
pan~culates,
mleroorean~sms

yes

multl-zone)

temperature, humldlty.
fungal spores (m-and
autnde), CO. CO, SO,

T

Rash, respiratory probiems, rheumatic problems, runny nose
Shortness of breath, sinus congestion, skhl, skin dryness or itching,
skin rash, sleepiness, sore and irritated throat, stomach ache, stress,
stufi nose
Tension, throat, throat irritation, tight chest, trouble focusing
Watering eyes, weakness, wheeze

I

Table 4.1: Alphabetic list of symptoms

Table 3.1: View of the compared work

There are a lot of symptoms with similar meanings in
this list and it is nessesary to make several
symptom groups. This is important in order to
compare the different studies with each other. Table
4.2 shows ten groups which were made for this
report.
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m.V ....mechanicallyventilated
n.V .....naturally ventilated.

Figures 5.1 and 5.2 show no significant difference
oetween the several countries. In each study the
:omplaint about fatigue and headache is very
&en mentioned. In the symptom group fatigue
ethargy is included and very often also accompanied
by a headache. Headache and lethargy have many
possible causes, including working all day under
Ruorescent lighting, spending too many hours in
front of a visual display unit, lack of negative ions,
lack of air movement, low humidity, ozone and
carbon monoxide or formaldehyde from furniture and
furnishings.

Figure 5.7: Prevalence of work-relatedsymptoms in
different studies
Figure 5.1 and also Figure 5.2 show generally there is
a higher percentage of complaints in air conditioned
buildings than in naturally ventilated buildings. The
study NO 4398 is an exception, because the rates of
the dissatisfied in the different symptom groups are
very similar. In some groups the percentage of
complaints in mechanically ventilated buildings is
higher than in air conditioned ones.
Figure 5.3: Summarized results of the studies

All studies and all investigated buildings respectively
are summarized in Figure 5.3 to see a trend for the
Frequent complaints. Due to the different numbers of
buildings which are divided into three groups, a
statistical statement is not possible. The nine studies
which are used here to show the percentage of
complaints were all carried out in 24 air conditioned,
13 naturally ventilated and 7 mechanically ventilated
buildings. Considering the results we can see that the
air conditioned buildings come off badly, but the
problem is that the number of the ventilated buildings
is different. It is also possible that the next 11
naturally ventilated buildings - t o have the same
numbers of air conditioned and ventilated buildings yield higher rates of dissatisfaction.
in this report only 9 of the 17 selected studies were
compared. The reason therefore is that the data of
the 8 studies which are not compared were not
sufficient. Either the investigated buildings were not
exactly described referring to the ventilating system
or the percentage of complaints was not clearly
assigned to the systems.

Figure 5.2: Prevalence of work-relatedsymptoms in
different studies

Investigations into the phenomenon of sick building
syndrome frequently make comparisons between air
conditioned buildings in which there is a high rate of
complaints or above-averageabsenteeism due to
illnesses and naturally ventilated buildings. This is
acceptable as long as the bad results of the air
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conditioned buildings do not lead to the conclusion
that air conditioning generally causes illnesses.
By means of the studies cdlected in this report it can
be shown that there are hardly any investigations
into naturally ventilated buildings, which also have a
high rate of absenteeism due to illnesses. This might
be connected with the fact that arising health
problems are normally said to be caused by air
conditioning. Sure it would be useful to compare air
conditioned buildings which are related to a high
number of complaints with buildings that are equally
equipped with air conditioning but are free of
problems. The studies on which this report is based
however mention no building suitable for such a
comparison.
8.

Many of the symptoms, e.g. aches, eye problems or
headache, cannot be related to air conditioning or
ventilation systems. Some of the comparisons show
that buildings equipped with full air conditioning
have better results than mechanically ventilated
buildings. The results presented here generally
indicate equal tendencies referring to the rate of
symptoms. There is no significant difference between
the different countries to be seen. It becomes clear
that the procedures of the investigations are highly
different. In some of the cases e.g. only
questionnaires have been used and there have been
no environmental measurements. The multitude of
sick buildings which have been investigated up to
now however makes it evident that the topic of sick
building syndrome is still a matter of immediate
interest.

10.

11.

BlBlNF lndoor Air, Vo1.3, Sensory and
Buildings. edited by B.Bergiund T.
Building Research, ~toclrholm:1984.
Engiish AIC bk,
#NO 1730 Condensation
AUTHOR Greatar Lo
BIBINF GLC Bulletin
January 1985, No 8
#NO 1919 Compari
measurementsin two offka b
AUTHOR Robertson AS, Burge
BIBINF British Medical Joumal,
refs. #DATE 10:08:1985 in Engl
#NO 1Ba8 Sick buildings: case studlet of tight build1
quality investigationsin modern OM
buildings.
AUTHOR Sterling E M, Mclntyre E D, Coilat C W et al.
BIBINF EnvironmentalHealth Review, September 1885, Voi29, No 3,
fig, 9 tabs,12 refs. #DATE 00.08:1985 in Engiish
#NO 2405 The skk building syndrome :prevalence studies
AUTHOR Finnegan M J, PlckeringC A C, Burgs P S
BIBlNF British MedicalJwmal, Voi289, No 4458.8 December 1984,
p1573-1575, tabs,refs. #DATE 08:12:1@84in English
#NO 2988 Building lllnerrs In a large officecomplex.
AUTHOR Mc DonaldJ C
BIBINF in: lndoor air quality in cold climates: hazards and abatement
measures. APCA Specialty Conference 1986, p7- 22.9 tabs. 12 refs. #DATE
W:W:1986 in Engiish
#N03282 Tha 'dcK buildingsyndrome in the office environment: the Danish
T a m Hall study.
AUTHOR Skov P, Valbjorn 0, Dl.%
BIBINF Environment international. Vo113.1987, pp338-348, 2 figs, @tabs, 21
refs. #DATE W00:1987 in English
#NO 4036 Sick building syndmme traced to axcesthretotal suspended
particulates (TSP).
AUTHOR Annstmng C W, Sherertz P C. U d f y n G C
BiBiNF in: The human equation: health and comfort, proceedings IAQ 89,
pp3-7,2 tabs, refs. #DATE 00:00.1989
in English
#NO 4227 Prsvafenceof health and comfort wrnpialnts of office workers: male
and female dilferences.
AUTHOR Klaven S R, Sterling T D
BlBlNF in: The human sauation: he& and comfort ~ m ~ e e d i IAQ
n a ~89.
pp232-238.5 tabs. refa. DATE W:W:1989 in ~ n ~ i i s h
#NO 4398 An investigation of the relationship betwean microbial and Wicuiate
indcar air pollution -and the sick building syndmme.
ALITHOR HarrisonJ, Plckering CAC, Faragher E B, Austwick P K C
BlBiNF Canada, lndoor Air'90, Procaedingsof the 5th international Conference
on lndoor Air Quality and Climate, Toronto, 29 July 3 August 1990, Volume 1
'Human Health, Comfort and Performance', pp 148154. #DATE 00.07:1990 in
English
#NO 4404 Sick leave due to work-related health wrnpialnts among office workers
in the Netherlands.
AUTHOR Preller L, Zwbers T, B~nekraef8, Bdeij J S M
BlBiNF Canada, lndoor Air '90. Proceedingsof the 5ih lnbmationalConference
pn lndoor Air Quality and Climate. Toronto, 29 July 3 August 1990, Volume 1
Human Health, Comfort and Performance', pp 227-230. #DATE W073990 in
Engilsh
#NO 4487 An indoor air quality sunray oftweniy-six Swiss offke buildings.
AUTHOR Turner S, Binnie P W H
BIBINF Canada, lndoor Air '90, Proceedingsof the 5th lntemational Conference
on lndoor Air Quality and Climate, Toronto, 29 July 3 August 1990, Vdume 4
'Building and System Assessmenis and Solutions'. pp 27-32. #DATE
W07:lWJ in English
#NO 5215 Mechanicalwntilation In office buildings and the sick building
svndrome. An exoerimentaiand eoldemloloaical studv.
A
~ ~askkoia
R J J K, Heinon& 0 P, %&men 0BiBINF Denmark, Copenhagen, lndoor Air, No 2, 1991, pp 111- 121,2 figs, 5
tabs,refs. #DATE 00:00:1991 in English
Peter Kraing
[ I ] Gosundheb und BaRndenSStNngenin kilmatidertenGemden.
Vergleichende Untersuchungen zum 'building illness'-Syndrom.
Copyright 1885 by W. Zuckschwerdl Verlag GmbH, Kmnwlnkler Shurss 24.
D-8000 Miinchen 80. Printed in Germany by St&- D ~ c Mijnchen.
k
ISBN
3-88803-147-0. in German.
A London HE&& Centre Handbook
Sick Buiidina Svndrome Causes. effects and control.
Published b
; t6e London Hazard; Centre T ~ sLimned,
t
June 1990, ISBN
0-848974060, in Engiish.
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#NO 1508 An office environment problems and improvemenis
AUTHOR Hanssen SO., M a h i E.
BlBlNF indoor Air, Vo1.3. Sensory and Hypenoadidly Raactlons to Sick
Buildings. ediied by B.Berglund, T.Undvall, J.Sunddl. Swedish Council for
Building Research, Stockholm, 1984.303-307.4 figs, 2 tabs, 8 refs, #DATE
W00.1984 in Engiish AIC bk,
#NO 1508 Sick buiiding syndrome
AUTHOR PickeringA C.
BiBlNF lndoor Air, Voi.3, Sansory and Hypemaactidly Reactions to Sick
Buildings. edited by B.Berglund, T.Lindvall, J.Sundeli.hsiS
d
w
e
Council for
Building Reseanh, Stockholm, 1984.321-3253tabs, 2 refs, #DATE
WW1984 in English AlC bk
#NO 1510 Case study of a skk buiiding
AUTHOR Waller R A

Malcolm Orme joined the AlVC last October,
following a short time at the AIVCSasa student during
which he completed a project on multizone air flow
modelling. A graduate in mathematicsfrom the
University of Warwick, UK, he will be working on the
continued development of the AIVC's numerical
database.

15.

18.

17.

-

The ways buildings are designed, constructed,
maintained and operated have a direct impact on
occupants' health, thermal comfort and
productivii as well as on buildings energy
consumption.
This conference will be the second in the series
entitled "IAQ, Ventilation and Energy Conservation
in Buildings". The first meeting was held in 1992,
and has gathered industrial and scientific experts,
government officials, engineers and architects
from around the world to share their knowledge
on these important subjects. The objectives of this
conference are the provision of a forum for the
presentation and discussion of the most recent
developments and advances in the field of indoor
air quality, ventilation, energy conservation and
especially integrated approaches to these three
aspects.
The official languages of the Conference will be
English and French. Simultaneous translation
services in both French and English will be
available.

lndoor Air '93 The 6th lnternationalConference on
lndoor Air Quality and Climate
4-8 July 1993
VENUE: Helsinki, Finland
CONTACT: lndoor Air '93, PO Box 87, SF-02151
Espoo, Finland, Fax: +358 0 451 3611
lnternational Buildings Performance Simulation
Association
Third lnternational Conference
Building Simulation '93
VENUE: Adelaide, Australia
CONTACT: IBSPA Conference Secretariat, Satour
Promotions, PO Box 44, Rundle Mall, Adelaide,
Australia 5000, Tel: +61 8 232 3422, Fax: +61 8 232
3424

Abstracts of approximately 500 words proposing
papers in the above or related topics are invited.
Abstracts should be submitted by June 1st, 1994.
Notification of acceptance will be forwarded by
September 1st, 1994, when the authors will also
be advised on the recommended format for the
preparation of manuscripts. To ensure the
proceedings are available at the time of the
conference, authors must return completed
manuscripts by December 1, 1994 for review and
final selection.
Abstracts should be sent to:
Dr Fariborz Haghighat
Centre for Building Studies
Concordia University
1455 de Maisonneuve Blvd W
Montreal, Quebec H3G 1M8
Canada
Td: (514) 8483192
Fax: (514) 848 7965

liam
, Tel:

Road, Coventry
203 692050, Fax

ASTM
Symposium on Air Flow Through Building
Envelopes
10 October 1993
VENUE: Fort Worth, Texas, USA
CONTACT: Dorothy Savini, Symposia Operations,
ASTM, 1916 Race Street, Philadelphia PA
19103-1187, USA, Tel: 215 299 5413
IAl
lnternational Conference
Volatile Organic Compounds
27-28 October 1993
VENUE: Royal College of Physicians, London, UK
CONTACT: Conference Secretariat, lnternational
VOC Conference, Unit 179,2 Old Brompton Road,
London SW7 3DQ, UK, Tel: +44 767 318 474, Fax:
+44767313929
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Quarterly newsletter containing topical
on air infiltration research and
application.

.Quarterly bulletin of abstracts
added to AIRBASE, AIVC's bibliographic database.

Rate and Airtightness MeasurementTechniques -An Application
(1983) Elmroth, A. Levin, P. 'Air infiltration control in
housing. A guide to international practice.'

and Dutch) Supplements.
1983) Liddament, M,, Thompson, C. 'Techniques and
ntation for the measurement of air infiltration in buildings
a brief review and annotated bibliography'
1983) Liddament, M., Allen, C. 'The validation and
ison of mathematical models of air infiltration'
1984) AIlen,C. 'Wind pressure data requirementsfor air

-

nd Pressure Workshop Proceedings'
(1985) Allen$. 'Leakage Distribution in Buildings'
(1985) Parfitt, Y. 'Ventilation Strategy A Selected

(1992) Limb M J 'Airgloss Air Infiltration Glossary'
(1992) Liddament M W, 'A Strategy for Future Ven
ch and Applications',
(1992) Limb M J 'AIRGUIDE: Guide to the ANC's
Bibliographic Database'.
1993) Liddament M W "A Review of Ventilation Effeciency".
1993) Kendrick J F, "An Ovewiew of Combined Modelling
Transport and Air Movement".
(1993) Wilson D and Walker I,'Infiltration Data from the
1
Uberta Home Heating Research Facility".

UVC Conference Proceedings nos 1-9 are available as individual
can be forwarded on request.
n air infiltration and ventilation
,esearch' Espoo, Finland, 1989;
'Ventilation System Performance' Belgirate, Italy, 1990;
r Movement and Ventilation Control within Buildings',
, Canada, 1991,3 volumes.;
'Ventilation for Energy Efficiency and Optimum Indoor Air
y Impact of Ventilation and Air Infiltration',
n, Denmark, September 1993 (to be published soon)
nferences numbers 1-10are also
available in microfiche form.

.

-

(1987) 'Airborne moisture transfer: New Zealand workshop
dings and bibliographic review'
(1987) Liddament, M.W. 'A review and bibliographyof
definitions, measurement, design and
calculation'
1988) Dubrul,C. 'Inhabitants' behaviour with regard to

-

1988) 'AlVC Measurement Techniques Workshop:
Proceedings and Bibliography'
(1989) Blacknell,J. 'Asubject analysis of the AIVC's
(1989) Haberda,F and Trepte,L. IEA Annex IX 'Minimum
ventilation rates and measures for controlling indoor air quality.
(1990) Bassett, M. 'Infiltration and leakage paths in single
houses. A multizone infiltration case study.'
(1990) Sutcliffe, H. 'Aguide to air change efficiency.'
(1991) Brouns C, Waters JR, 'A guide to contaminant
effectiveness'.
) Feustel, H E, et al 'Fundamentals of the multizone
(1990) Colthorpe, K 'A review of building airtightness and
ventilation standards.'
(1990) Limb, M 'ANC's fifth worldwide survey of current
rch into air infiltration,ventilation and indoor air quality.'
'Reporting guidelines for the
measurement of airflows and related factors in buildings.'
(1991) Liddament M W 'A review of building air flow
simulation.'
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1991) Roulet GA, Vandaele L 'Air flow p
s: measurement techniques.'
992) Knoll B 'Advanced ventilation systems

-

1) Pressurisation infiltration correlation: 1. Models.
2) Pressurisation infiltration correlation: 2. Measurements.
3) Weatherstripping windows and doors.
4) Caulks and sealants.
5) Domestic air-to-air heat exchangers.
6) Air infiltration in industrial buildings.
7) Air flow through building entrances.

8) Air infiltration in commercial buiyings.
9) Air infiltration in public buildin*.
10) Carbon dioxide controlled ventilation.
11) Occupancy effects on air infiltration.
12) Wtndbreaks and shelterbelts.
13) Air infiltration measurement techniques.
14) Rook and attics.
15) Identification of air leakage paths.
16) Sick buildings.
17) Flow through large openings.
18) Control of cross contaminationfrom smokers.
19) Location of exhausts and inlets.
*For list of participating countries see back page.

x monthly newsletter of the
s Programme, contains
topical updates on the current projects, and news of conferences,
list of publications for the various annexes can be
provided on request free of charge.

*P. Wouters, Belgian Building Research
Institute (WTCBICSTC), rue de la
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