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Abstract

& large project was conducted in Finland to evaluate the present indoor
air qguality, climate and ventilation and to establish new criteria for
ventilation and indoor climate. Great differences were found out 1in the
ventilation rates and operation of HVAC-systems. In general indoor air
guality was good. More problems were found out in the thermal climate. In
many cases the HVAC-system didn't satisfy the variation of the londs of the
rooms. As a result of the project some recommendations for good indoor air
quality was given. The mest important of those were the optimum temperature
21 - 22 °C and maximum air speed 0.1 m/s during the heating season. The
ventilation rates should depend on occupancy being 7V - 8 litres/s per
person, however, the minimum ventilation rale should not be less than 0.4
air changes per hour.

Introduction

Ventilation and air infiltration will use app. 40 % of the all energy
consumed by buildings in Finland. Due to the wreng energy conservation
measures the ventilation rates have been reduced too much in many cases,
This has been partly due to improved airtightness of building envelope
partly due to wrong operation of ventilation system and too low design air
flow rates. At the same time new building materials have been introduced
and people have become more sensitive for air pollutants. Ventilation has
become a very important national issue in respect of energy consumption and
publie¢ health. A questieon has arisen in many countries, also in Finland.
What is the relation between ventilation and health and what are the
appropriate design values for ventilation and other parameters of indoor
climate?

Methods

A large research project was established to study the situation in
Finland and to answer question above. Ultimate goals were the design values
but lot of other goals such as need for system and product development,
testing methods, design tools etc. were established. Interdiciplinary
nature of research and need of coordination on the national level was
understood in the beginning. Helsinki University of Techonology accepted
the role of the coordinator. Twelve research units worked together in the
project. Their expertise covered areas such as:

- medical sciences, particularly public health
- fine particle physics
- radon problems
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- micro organism

- air cleaning

- building materials

- particle boards

- ventilation and air distribution

- design of residential and commercial ventilation systems.
The project lasted four years. Total cost was equivalent to 1 million USD.
The research methods selected according to the subtasks. A survey on air
quality and operation of ventilation systems was done with cooperation of
several research institutes. Laboratory tests were made toc study venti-
lation effectiveness and air distribution. Computer programs were written
and verified with measurements. The performance of various equipment were
tested in laboratory. Health effects of ventilation and indoor climate were
studied with field tests and large gquestionnaires. Existing measuring
methods were tested and new developed.

Results

Over 40 reports were printed (in Finnish). Some of the major results are
described in the following. Several more detailed papers are printed in the
proceedings of the 4th International Conference on Indoor Air Quality and
Climate.

Air pollutants

Because of individual differences the effects of indoor climate on human
being may vary considerably. The number of allergic people is large. Their
wellfare can be essentially improved with good indoor air quality. This can
be achieved with ventilalion, source control of pollutants and air
cleaning.

Absolutely safe limits of the pollutant concentrations are not known.
The effect of pollutants are also individual. The simultaneous effects of
various indoor climate variables on human being are not either known.
Inspite of difficulties the project has ended up to certain recommended
values on some indoor air pollutants and other indoor air parameters.

Thermal climate

The effect of thermal climate was found to be even greater than assumed.
The temperature had not only an effect on thermal sensation but also on the
sensation of air quality, dryness and amount of various symptoms. The Lem-
perature has not only an effect on comfort but also on health. The recom-—
mended temperature for sedentary activity is 21 - 22 °C. If the lempcrature
is much above this the prevalence of symptoms increases rapidly and if the
temperature is much below the prevalence of draught complaints will in-
crease. Individual temperature control of two degrees C is recommended.

The selection of air humidity is a complicated guestion. It looks like
relative humidity of 40 to 60 percent is ideal in respect of health,
however, the lower relative humidity has not proven to be hazardous to the
healthy persons. Although in the field studies up to /0 % of office workers
complained of dryness of air during winter months /1/.
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The recent studies have shown that people are more sensitive for draught
than what was earlier anticipated. Thermal radiation and temperature has
strong effect on draught sensation in addition to the mean velocity of the
The mean velocity of the air should be under O.1 m/s during the

air.
ring the summer.

heating season and under 0.15 m/s du

Control of ventilation

The concentration of indoor air pollutants depends not only on ventila-
tion but also on many other factors such as: sorption, general hygiene «nd
human activities. The calculation of concentration of indoor air pollutants
is possible only in some simple cases. The greatest difficulty is to find
out the strength of the pollutant sources and sinks.

air flows in buildings are in muany cases not

The actual ventilation
large venlila-

entilation requirements. Some buildings have too
The measured ventilation rates in resi-
m/h o . The ventiletion was
ventilation the carbondioxide

based on Vv
tion rates and some too small.
dential building varied from 0.1 - 1. 6
especially low in bedrooms. Due to low
concentrations up to 3000 ppm were measured.

The ventilation effectiveness was studied also in the project. The air
exchange efficiency and ventilation effectiveness which are part of venti-
lation effectiveness have 2 great influence on the air quality energy
economy of ventilation. In many cases the ventilation effectiveness could
be improved by avoiding short circuiting flow patiern. Ventilation effec—
The displacement flow pattern scems 1o

tiveness is often low in residences.
air flows

provide the same air quality as mixing flow pattern with lower
S

The feedback control of air flows based on air quality seems Lo be
possible at least with carbondioxide concentration. The system is parti-
ple to the spaces with variable occupancy. Expecled savings
jon for ventilation are 20 - 30 %. Commercial air
ested simultaneously with CO. and particle measure-
unpredictable in real

cularly applica
in the energy consumpt
guality sensors were €
ments. It was found out that their output was

buildings /3/-

Aip filtration has some effect on air gquality. Particularly the concen-—
tration of particles originating from outdoors is leower in the buildings
with mechanical ventilation with good filtration than with natural venti-
lation. Sources of particles were traced with element analysis of collected
dust. Concentration of elements such as s, Pb, K, Ca, cl were measured /4/.

Air circulation and filtration will reduce the concentration of fine
particles (d < 1.7 um). The concentration of coarse particles (d > 1.7 pm)
will not be so much influenced by the circulation and filtration. The out-
door air rates can not be reduced due to increased use of return air,
however, there seem not to be any measurable reasons why the return air
couldn't be used for temperature control of the spaces /5/.

outdoor air and return air filters should meet at least the requirements
of Eurovent's class EU 6 and have adeguate dust holding capacity.

Most of portable filter units in the market proved to operate unsatis-—
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factorily in respect of cleaning properties and noise generation.

Chemical air cleaning seems to be able to remove some compounds from the
air, however, its dynamic performance and health effects are not known.

The operation of HVAC systems and equipment

The performance of heating systems proved to be usually good. The
greatest need for improvements may be in too large temperature differences
between the rooms. This is often due to the variation in the thermal per-
formance of the exterior envelope and internal loads.

There seemed to be lot to improve in the design, installation, and
operation of ventilation and air conditioning systems. The interaction
between air conditioning system and indoor climate is not always under-
stood. The requirements are often not well enough established and bad
performance is too often accepted by building owner. The design dc not
always correspond the use of the spaces. The installation does not always
follow the design and the use of the spaces differ from what originally
designed.

The operation of natural ventilation was studied with measurements and
theoretical models. It seems to be possible to obtain adequate ventilation
rates also with natural ventilation, however, the ventilation rate will
vary more than in a mechanical system. This and the difficulties in heat
recovery will usually lead to worse energy economy than in the mechanical
ventilation systems. The influence of wind on air flows can not be elimi-
nated with present technology. The natural ventilation will not operate
properly in one floor detached houses generally. Kitchen range hoods with
fans will easily reverse the air flow in other exhaust ducts. During the
warm weather natural ventilation has to be combined with window operation.

Ventilation rates

Ventilation rates should be defined based on the number of persons
because the generation of many pollutants depend on that, too. In respect
of human odors 7.5 1/s per person seem to be an acceptable air flow rate.
Wwith sedentary activity this will increase the carbondioxide concentration
up to 0.1 %. These values are in agreement with the latest international
recommendations /6/. If this air flow rate will not decrease the concen-—
trations of other pollutants to the acceptable level the source control is
usually better strategy for indoor quality control than the increase of
ventilation rates.

The minimum air exchange rate is 0.4 times per hour which means the time
constant of ventilation in complete mixing is 2.5 hours. It will take 5
hours to replace all room air.

Pollutant sources
The measurement of emissions from building materials and furniture

showed that other sources of formaldehyde except particle board exist. The
glues and various plastic materials seemed to emit organic gases. The
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emission rotes depend not only on the material but also on environment,
londing and ventilation. This makes the calculation of the concentration of
pollutant uncertain. The emission is strongest in the new buildings. This
glves a reason to ventilate the new buildings more than the old ones.

The venlilation and air conditioning systems studied were not in general
the sources of bioaerosols. The concentration of bacteria was much lower in
the supply air than in room air eventhough return air was used. However,
the duct system may be a source of spores when it becomes wet for example
due to improper construction. This was found in two of 32 investigated
detached houses with warm air heating system.

Discussion

The projecl started lot of research activities in the area of indoor

quality and c¢limate. Although many problems became solved lot of new
questions arose. As a result from the project a better understanding of
indoor alr climate wns achieved. A criteria for good indoor air climate was
cslablished. The results of the project had influence on the revision of
Finnish building code in the area of ventilation. Numerous projects for new
products have started also as a result of the project. Very important was
also Lo fiind out how far the every day building industry is from the
resnlts of the research. Much higher satisfaction on indoor air climate and
qualily could be achieved if the all known indoor air criterias would be

fullfilled. Unfortunately the practical questions in building industry seem
Lo rise as a major obstacle for better indoor air quality and climate.
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Abstract

The ventilation of dwellings is essential for the removal of chemical
contaminants, indoor pollutants as carbon dioxide, body odour, and water
vapour but at the same time it effects comfort and energy consumption for
space heating. The main sources of contaminants giving rise to health ef-
fects in dwellings were found to be tobacco smoke, some building materials
and under certain conditions, combustion appliances. For indoor pollutants
being most important within the work of International Energy Agency's Annex
IX "Minimum Ventilation Rates" air exchange rates have been defined which
prevent 1) damage to the health of occupants, 2) annoyance or reduction in
amenity, 3) damage to the building fabric. Technical solutions which can
meet the controverse requirements for good indoor air quality and energy
conservation have to integrate the following aspects: 1) tight building's
envelop, 2) mechanical ventilation with the possibility to adapt outdoor
air supply to demand, 3) inhabitants behaviour fitting these requirements
and acceptance of the technology by the inhabitants, 4) heat recovery, and
5) an important key to economical solutions: design and realization of ven-
tilation systems of high efficiency.

The earliest recommendations for ventilation rates were based on the carbon
dioxide level or more or less weak definitions of a comfortablie and healthy
indoor air atmosphere. More than 100 years ago Pettenkofer (1) expressed
his view that carbon dioxide may be a good indicator for indoor air quali-
ty. The Pettenkofer number of 0,1 ¥ carbon dioxide content as the highest
acceptable level is still applied in many national ventilation standards.
Tredgold (2) recommended an air exchange of 4 cubic feet per minute and
person which corresponds with 1,9 1/s per person, to prevent stuffiness.
Others as e.g. Carnelly et al. (3) refferred to microorganism in the indoor
environment and suggested that a concentration of 20 organisms per liter
should not be exceeded for healthy conditions in schools and dwellings.

The experts cooperating in International Energy Agency's Annex IX "Minimum
Ventilation Rates" tried to summarize the different approaches and the
available knowledge in the fields of indoor air quality to come to a more
homogenous picture. The aim was to define ventilation rates which prevent
that concentration of the main pollutants will not exceed levels which may
give rise to one or more of the following categories:
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