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ABSTRACT

Within the IEA (International Energy Agency) programme on Energy
Conservation in Buildings and Community Systems eight countries are co-
operating in the project on Evaluation and Demonstration of Domestic
Ventilation Systems. The main goal is to develop tools to make it possible to
predict the consequences of installing a particular ventilation system.

This report, based on about 300 references, gives the basis for making
assumptions as input in the computer models that will be used. In the report is
given data on housing and the development of the number of persons per
dwelling past, today, and in the future. Here is also given information on the
residents’ behaviour. Various pollutants indoors are discussed and both peak and
average values are given.

The use of computer models are discussed in this report for predicting the
indoor air quality by the use of multi zone models, energy calculations,
sensitivity analysis on the thermal comfort equation, how to express ventilation
efficiency, noise consequences, life cycle costing and illustrating the reliability
by comparing three different ventilation systems.
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Foreword

The main aims with this report have been to point out how important the residential sector is,
the variety both with respect to the living area and number of residents, the differences in
habits and behaviour. However, we can also see that the general habits and do not differ that
much from country to country. So in fact here is pointed out that the individual variation can
be very broad but this is rather similar in the participating countries. With this as a base it is
then possible to use the collected data in this State of the Art report to make the assumptions
to be used in our future work with developing tools to evaluate Domestic Ventilation Systems.

The review has been a joint effort and the collection of data with reference to existing reports
have been a matter of using many sources. Appointed participants have been responsible for
the peer review of a chapter. Of course comments have been given also to the other chapters.
There was two reasons for doing it. One was that all participants needed to have the same
background material and the other was that all the participants now agree on the content of
this report and that the most essential knowledge is collected from good reliable sources.

The reader of this report makes the best out of it by using it as a reference work. You can go
back and find a lot of information concerning the residential sector iu general and in particular
factors, that is to be taken into account, when discussing the need for ventilation in dwellings.
New knowledge is always gathered as it is a continuos process. But with giving as many
tables and diagrams as possible it is easy for you as an active reader to compare your own new
collection with this reviewed data and make your own opinion if our conclusion still is valid
in your own case either it is a particular residential building or more general.

As most of the text here is written by people that do not have English as their mother tongue,
there is for sure many clumsy formulations that could be made more smoothly. However, the
time for doing it is less worth compared to make it possible to be read much earlier. With this
foreword I would like to thank the participants for the work. To the reader I would say, enjoy
the contents in small portions!

Lars-Goran Mdnsson
Operating Agent
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Preface

International Energy Agency (IEA)

The International Energy Agency (IEA) was established in 1974 as an autonomous body
within the framework of the Organisation for Economic Co-operation and Development
(OECD) to implement an international energy programme. A basic aim of the IEA is to foster
co-operation among the 22 IEA Participating Countries to increase energy security through
energy conservation, development of alternative energy sources, and energy research
development and demonstration (RD&D). This is achieved in part through a programme of
collaborative RD&D consisting of 46 current Implementing Agreements

Energy Conservation in Buildings and Community Systems

As one element of the Energy Programme the IEA sponsors research and development in a
number of areas related to energy. In one of these areas, the Implementing Agreement "Energy
Conservation in Buildings and Community Systems Programme", the IEA is sponsoring
various exercises to predict more accurately the energy use in buildings, comparison of
existing computer programs, building monitoring, comparison of calculation methods, as well
as air quality and studies of occupancy behaviour. Nineteen countries and the Commission of
the European Communities have elected to participate and have designated contracting parties
to take part in the collaborative research within this Implementing Agreement.

Belgium, Canada, CEC, Denmark, Finland, Greece, Israel (associated), Italy, Japan, The
Netherlands, New Zealand, Norway, Poland (associated), Sweden, Switzerland, Turkey, The
United Kingdom, The U.S.A.

The designation by governments of a number of private organisations, as well as universities
and government laboratories, as contracting parties, have provided a broader range of
expertise to tackle the projects in the different technology areas that would have been the case
if participation was restricted to governments. The importance of associating industry with
govemnment sponsored energy research and development is recognised in the IEA, and every
effort is made to encourage this trend.

The Executive Commiftee

Overall control of the programme is maintained by an Executive Committee, which not only
monitors existing projects, but also identifies new areas where collaborative effort may be
beneficial. The Executive Committee ensures that all projects fit into a pre-determined
strategy, without unnecessary overlap or duplication but with effective liaison and
communication. The Executive Committee has initiated the following projects to date, each
implemented by a subcommittee or Annex.

Annex Project title

no

Load Energy Determination of Buildings
Ekistics & Advanced Community Energy Systems
Energy Conservation in Residential Buildings
Glasgow Commercial Building Monitoring

Air Infiltration and Ventilation Centre

Energy Systems & Design of Communities

Local Government Energy Planning
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8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32

Inhabitant Behaviour with Regard to Ventilation
Minimum Ventilation Rates

Building HVAC Systems Simulation

Energy Auditing

Windows and Fenestration

Energy Management in Hospitals

Condensation and Energy

Energy Efficiency in Schools

BEMS 1 - Energy Management Procedures
BEMS 2 - Evaluation and Emulation Technigques
Demand Controlled Ventilating System

Low Slope Roof Systems

Air Flow Parterns within Buildings

Thermal Modelling of Buildings

Design of Energy Efficient Communities & Urban Planning

Multizone Air Flow Modelling (COMIS)

Heat Air and Moisture Transport in New and Retrofitted Insulated Envelope Parts
Real Time Simulation of HVAC-systems for Building. Optimisation, Fault

Detection and Diagnostics
Energy Efficient Ventilation in Large Enclosures

Evaluation and Demonstration of Domestic Ventilation Systems

Low Energy Cooling Systems
Daylight in Buildings

Bringing Simulation to Application
Environmental Impacts

Integral Building Envelope Performance Assessment

Completed projects in italics

Annex 27 Evaluation and Demonstration of Domestic Ventilation Systems

The idea to initiate this Annex was that there is a need to develop tools to better evaluate
domestic ventilation systems in various situations. Different systems in various climates must
handle situations with a large range of residential behaviour. With the use of the most
complex models a large number of combined situations will enable us to develop simplified

tools, that can be used of practitioners in specific cases.

This report gives the background data that enable us to make good assumptions for the case
studies. Results from other Annexes (A 3, 5, 8, 14, 18, 20, and 23) have been used.

Participating countries are Canada, France, Italy, Japan, The Netherlands, Sweden, U.K.,

U.S.A. A contact list is provided in the AppendiXx.




1. Summary

The main purposes with this report on State of the Art are to give the background data for
making it possible to give realistic assumptions for the case simulations and to review the
models that are possible to use, maybe also imply further development.

The statistical data on housing give us both the average figure and the distribution. The
construction year of dwellings give us that there are 4 different categories. Those are the
countries with about 50 % of the dwelling that are more than 50 years old (B, DK, F, UK);

50 % of the dwellings 25 - 50 years old (D, S, I); 50 % of the dwellings less than 25 years old
(CAN, JAP, NL, SF, USA); and finally an even distribution (CH, N). The average dwelling
area varies within the range of 65 - 152 mZ2. A better measure is the area per person, that varies
from 27 m2 to 61 m2. Another very important factor to take into account is the number of
person in each dwelling. Small households are more common and 2-person-household stands
for 70 % of all in Sweden, 50 - 60 % in most of the European countries and North America
and 40 % in Japan.

Natural ventilation is the most common way to ventilate dwellings, either by means of
window opening or by the stack effect in vertical ducts or shafts. Mechanical ventilation has
become more common in some of the countries during the last 20 years. The tightness of the
envelope varies considerably but goes seldom below 3 h-! (n50) unless new constructed. The
air change rates goes from 0.2 to 0.8 h-!, which together with the size of the dwelling gives a
considerably great variation of the energy use.

The pollutants in the dwellings to take into account are moisture, volatile organic compounds,
particles, and bioeffluents with the tracer gas CO,. The different loads can vary within a
magnitude and ventilation systems may have to deal with this. The survey of measurements
indicates both normal and more severe levels, that may occur in new or just refurbished homes
or just in some problem buildings or in gasfired homes or when smoking.

Residential buildings can have been built on radon emitting ground or on landfill spillage.
Precaution must be taken if the dwelling is depressurized both for outside pollutants and when
combustion appliances are dependent on combustion air from the dwelling.

To give realistic assumptions for the residents” exposure in different situations a detailed
review of existing reports concerning the behaviour has been done. Here is given the time
spent at home, the body washing habits giving a great supply to the moisture production
within a dwelling. The moving frequency indicates, that most families have established their
final home before the age of 35 years. The indoor temperature varies within a great range from
21 9C to 16 °C. The window airing pattern varies but is mostly coupled to the outdoor
temperature, the cloudiness, and if it is windy.

The different models for simulation of energy, multizone models for pollutant exposure (IAQ-
models) and air flow rates, and thermal comfort are discussed. The conclusion is that the
models are more sensitive for the input data than for the selection of computational model.
The ventilation efficiency is very important and the various expressions are described. Noise
reduction is very essential in densed populated areas, when dwellings are exposed to traffic
noise. Special attention must be taken to the supply terminals. As one of the task is to give life



cycle cost calculations for different situations a discussion of the consequences of the use of
life cycle costing is given and the parameters discussed.

All the detailed components in a ventilation system must function. The reliability of a system
is discussed both for the matter of fault and dust accumulation decreasing the ability to give
the required air flow rate and for principally different systems to keep the required flow rate in
different rooms and at what seasons of the year.

With this fundamental parts consisting of statistical data on housing, different ventilation
systems, poliutant loads indoors and outdoors, residents” behaviour, the models for energy,
TAQ, thermal comfort, noise, life cycle cost, gives us the possibility to formulate assumptions
for different realistic cases to apply the most elaborated models on the situations. In addition
further developments will be necessary, when models are lacking or to simplified. The
development of the simplified tools will make it possible for the practitioner to evaluate a
dwelling in a specific situation.

-10-




2. Introduction
Author Lars-Géran Mdnsson, Sweden, Operating Agent

In the introductory chapter is given the background and the reasons for starting an
international collaboration in the field of domestic ventilation. The objectives are given and
the means to fulfil these goals are briefly described. This report is concerning the first phase,
the Subtask 1 - State of the Art. In this report is briefly explained the reasons for why we are
giving standard values and threshold values and measured data. The reason is that the
knowledge has not fully been possible to use when codes and standards have been decided
upon. But the foremost reason is to explain why it is needed, when we are setting out for our
next subtasks and making the assumptions for realistic cases to be calculated.

2.1. Background, Objectives, Scope, and Subtasks of Annex 27

Annex 27 of the International Energy Agency (IEA) is working on Evaluation and
Demonstration of Domestic Ventilation Systems. It is a part of the [EA Research and
Development program on Energy Conservation in Buildings and Community Systems. The
results of the first subtask are contained in this book, "State of the Art". '

Background

Ventilation is of major importance for the well-being of people in their homes. The rate of
outdoor air supply as well as comfort aspects associated with air distribution and the ability of
the systems to remove pollutants are important factors to be considered at the design stage,
during the commissioning procedure, and when using the building during its life cycle.

The two main purpc')s;_é_s of ventilation are to obtain an acceptable indoor air quality and to
avoid the degradation of building fabric e.g. rot in wood, rust on steel. The definition of
"acceptable indoor air quality" is on the other hand not easy to define, especially in dwellings.

Everyone should have the right to an acceptable indoor air quality in his home. As distinct
from a work place, residents can vary across a wide span from an allergic infant to a well
trained sportsman, frorﬂ active people spending most of the days outdoors to elderly people
confined to a life indoors.

Objectives

The objectives of IEA Annex 27 are:

@ Develop methods _fe_r evaluating domestic ventilation Systems

@ Validate the methods with data obtained from measurements,

@ Demonstrate and evaluate domestic ventilation systems for different climates, building
types, and use of dwellings.

-11-



Scope

During the life expectancy of a building its residential patterns vary. This results in a varying
need for supply air to obtain acceptable indoor air quality (iaq) and avoid degradation of the
fabric. Emissions from building materials are also time dependent. When the building is new
or recently refurbished it may be necessary to dilute the emissions by extra supply air. In
standards and codes the supply air needed in a dwelling is generally based on the maximum
number of persons living in the dwelling defined by the possible number of beds contained
therein. Statistics from various IEA countries indicate that, in general, about 50 % (range 46 -
71 %) of the dwellings have only one or two occupants.

Dwellings represent about 25 - 30 % of energy use in the OECD-countries. Ventilation in
dwellings will in the future represent up to 10 % of the total energy use. Thus even relatively
small reductions in overall ventilation levels could represent significant savings in total energy
use. The great potential for energy saving is of course in the existing buildings.

Today there is a vast range of different ventilation strategies in the different OECD countriés.
In some countries the only ventilation possible is adventitious ventilation and window airing,
while in others there are natural ventilation systems more or less commonly in function. In .
countries with colder climate, mechanical systems, either exhaust or balanced systems, have
been installed in new buildings during the last 15 - 20 years, with or without heat recovery
units. The majority of dwellings, however, still have natural ventilation even in countries with
colder climate (in single family houses 75 - 80 % and in flats about 50 %).

There are benefits and drawbacks with all ventilation systems. Adventitious ventilation | 1s
known to be unsatisfactory from indoor climate also from an energy point of view and should
be avoided in the future. Natural ventilation systems normally lack the capability of -
controlling the ventilation rates, which depends greatly on the prevailing weather conditions.
When chilly and windy outside the ventilation works best whilst in warmer and calm
situations the ventilation rate is in most cases low. The first case leads to energy waste and the
second to air quality problems and/or moisture problems.

It is possible to control the air flow rate in a mechanical ventilation system thus making:it
possible to achieve an acceptable indoor climate during a longer period of time than is the
case with adventitious and natural ventilation systems. In mechanical ventilation systems heat
recovery units can be installed thus saving energy. :

Improvement of residential ventilation is of concern in both existing and future bulldmg The
functioning of the ventilation systems may deteriorate at all stages of the building process and
during the lifetime of the building.

Subtasks

The means involve calculation, compilation of data, measurement, collection of data, and
analysis. Three subtasks are set up with ob_]echves means how to achieve those goals.

-12-



The work is divided into the following three subtasks:

Subtask 1. State of the Art
Objectives of the subtask
Q Give an overview of system solutions
O Identify the most frequently used system solutions ang the reasons behind
 Review existing evaluation methods
Means for the achievement
O Describe typical and most frequently used ventilation systems in new and
old domestic buildings
O Reviewing the efficiency of the typical solutions in providing occupants”
required comfort and avoiding the risk of building material deterioration
O Giving the background for existing ventilation systems and standards
O Describing the energy consequences
O Reviewing existing evaluation methods thus identifying the gaps
O Describing promising ventilation system developments

Subtask 2: Development and Validation of Evaluation Methods
Objectives of the subtask
Q Define evaluation parameters
3 Select methods to be used in this Annex
Q Develop new methods/tools where appropriate
O Validate methods
Means for the achievement
O Energy use by considering the heating of supply air and heat recovery
possibilities and fuel type
O Life cycle cost by considering the installation investment, maintenance cost,
and energy cost
O Reliability of systems by considering the ability of the various systems to
maintain the required air flow rate over time
O Controllability by considering the methods available to the occupants to
control the air flow rate
O Acceptable indoor air quality and comfort by considering air flow rates and
distribution
O Measurement data to be used for validation

Subtask 3: Evaluation, Demonstration, and Application of Current and
Innovative Ventilation Systems
Objectives of the subtask
3 Use the methods/tools developed in Subtask 2 in order to evaluate
ventilation systems for a set of variables
O Demonstrate good performance of principally different ventilation systems
[ Demonstrate innovative systems for future buildings
Means for the achievement
O Identify limited number of values of each variable
O Evaluating different systems for climate types, building types, user patterns,
construction types for new, renovated, and existing residential buildings
O Defining the ventilation systems regarding design assumptions and methods
O Demonstrating the application of the evaluation methods by calculation and
field demonstration

-13 -



Reports

From each of the subtasks a separate report is planned to be published. Intermediate reports on
specific topics as well as overviews will be published in conferences and technical briefings in
conjunction with the executive committee meetings. These reports can be received from
ATVC.

Target Audience

Decisions on ventilation are made in all countries by standard bodies, policy makers,
companies involved in the housing industry, and others. But these decisions have been made
without a comprehensive evaluation method. Research in recent years described in IEA
annexes e.g. now makes it possible to formulate such methods to evaluate domestic

ventilation systems.

2.2. State of the Art

In this book is given today's knowledge on available evaluation methods and the systems most
used in the participating countries. Some of those methods are here discussed more from a
principle point of view than an overview of all available methods. The annex is aiming at the
more principle way to deal with the evaluation thus giving possibilities to validate developed
tools. If the complex models will be replaced by others it easy to compare. Most methods do
not differ too much in results from each other. The essential is to give appropriate input data.

Objectives
The main objective with this report on state of the art is mainly to give a discussion how the
various pieces fit together, identify the gaps, and the difficulties with the methods we have

today.

Another objective with this subtask is to let the reader understand that, when the standards and
codes were decided upon, it was usually a worst case that was calculated. This case lasts
usually only during a short period of time of the building life cycle. An average or even low
load situation was never of any concern when writing a standard. This may of course lead to a
to high use of energy.

A third objective has been to give a detailed background of all the variations in the dwelling
with respect to area, number of residents, time spent at home, and other residential
behaviours. With all these details realistic assumptions can be made on how the dwelling is
used in different situations. With the application of various systems and climatic conditions it
is possible to simulate a large number of variations, calculate the life cycle costing, and see
the frequency of different systems to keep required conditions.




3 Statistical Data on Housing

Author Lars-Gdran Mdnsson, Sweden, Operating Agent

In this chapter is given statistical data of the number of dwellings in the individual countries,
table 3.1, the room area per person, the construction year of the dwellings , number of
residents in different sizes of dwellings defined as the number of rooms. From this data an
idea of the variation in the usage of dwellings might be realised. When studying the
equipment in dwellings it might be seen that the load from the appliances will vary. Here we
can also realise a variation in the social structure. With this base statistical data a more varied
discussion on demand related ventilation according to the residents” need can be made in the
forthcoming subtasks in the annex as well as creating realistic case studies.

Table 3.1 Dwelling area in some OECD countries (Ref. Hedman 1993,
Bundesamt fiir Statistik, Dok. Gebidudebestand 1991, Housing
survey 1988)
Country Dwellings Useful Floor Space Total area
Millions m2/dwelling Million m?
Belgium (B) 39 130 507
Denmark (DK) 2.4 107 257
Finland (SF) 2.2 74 163
France F) 26.7 85 2270
Germany (D) 33.9 90 3051
Italy (I} 18.7 65 1216
Japan [€))] 37.4 89 3340
Netherlands (NL) 6.0 110 660
Norway (N) 1.8 85 153
Sweden (S} 4.1 87 360
Switzerland (CH) 3.2 97 310
United Kingdom (UK) 23.6 90 2124
Canada {CAN) 10.0 134 1340
U.S.A. {(USA) 105.7 152 16066
Total 279.6 74 - 152 31817

3.1 Dwellings: Number, Area, Construction Year

We can see from figure 3.1 that in Belgium, Denmark, France, and UK quite many dwellings
are in buildings older than 50 years. Four countries, Finland, Japan, The Netherlands, and the
USA have about 50 % of their dwellings in houses constructed less than 25 years ago. Norway
and Switzerland have an even distribution over the time of the construction of the newly built
dwellings or about 1/3 less than 25 years. In all the other countries about 3/4 (69 % - 83 %) of
the dwellings are more than 25 years old. The conclusion is that in countries with an old
building stock, there is a greater potential for new construction, whilst in the countries with
the majority of the housing stock 25 - 50 years old, there is a greater potential for
refurbishment.

In most countries dwellings in single family houses are most frequent , see figure 3.2. More
than 2/3 of all dwellings in North America, Japan, UK, Netherlands, Denmark, and Belgium
are in single family houses. There is no correlation between an old or a new building stock
and the nurnber of single family houses, as can be seen in UK with an old stock and The
Netherlands with a new stock. Both countries have many single family houses.
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Figure 3.1 The construction years of dwellings, Percentage of total (Ref Hedman 1993,
Bundesamt fiir Statistik, Dok. Gebdudebestand 1991, Housing survey 1988.
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Figure 3.2 Single family homes and flats, percentage (%). {Ref: Hedman 1993, Carlsson
1989, Schipper 1984, Nordic Statistics 1992, UK G&A Home Audit,
US Census data 1990, Dok. Gebdudebestand 1991, Housing survey 1988)

3.2 Demographic data
The floor area varies from 65 - 152 m?2 , table 3.1, giving a volume of 150 -365 m3 if

estimating the ceiling height of 2.4 m. With one of today's standard for outdoor air change rate
of 0.5 h-1 the flow will be 75 - 180m3/h. If combining the volume and the number of
persons/dwelling the outdoor air flow rate goes from 6.5 I/s,p to 24 Us,p if ail dwellings had

mechanical ventilation adjusted to 0.5 h-l.

From figure 3.3 can be seen that in 90 - 95 % of ail dwellings, there is less than two persons in
each bedroom. In a majority of countries, there is less than 1 person/bedroom in 1/3 or even in
172 of the dwellings. The trend seems to be towards even fewer residents in each dwelling. In
nearly all countries 50 - 60 % of the households only consist of 1 or 2 persons and there is a
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trend towards even more, table 3.3. Very few of the households (less than 10 %) have S or
more persons.

Table 3.2 Persons/dwellings (Ref Table 3.3 Number of persons/house-
Hedman 1993, US Census Data 1990, hold. Percentage of all dwellings (Statis-
Bundesamt fiir Statistik, Housing tics in EC, Nordic Statistics 1992, US
survey 1988 Canada Census 1993) Census Data 1990, Housing survey 1988)
Country Persons/ Area, Country Number of
dwelling m2/person persons/household
(distribution %)

1 2 3 4 5
Belgium 2.7 Belgium 26 | 30 ] 18] 16 | 9
Denmark 2.2 49 Denmark 34 33 15 13 5
Finland 2.5 30 Finland 31 29 17 i5 8
France 2.7 32 France 25 28 19 16 12
Germany 2.5 35 Germany 33 29 | 18 14 6
Ttaly 3.2 29 Ttaly 22 | 24 | 23 | 21 | 10
Japan 32 28 Japan 18 | 20 18 | 23 21
Netherlands 2.6 Netherlands 27 | 30 15 19 9
Norway 2.5 43 Norway 35 | 26 15 15 8
Sweden 2.1 47 Sweden 40 | 31 12 12 5
Switzerland 2.2 39 Switzerland
United Kingdom 2.7 27 United Kingdom | 24 | 33 | 17 | 17 9
Canada 2.7 50 Canada 21 30 18 19 12
US.A. 2.3 61 US.A, 25 33 16 17 9

The ventilation of the bedrooms are of great concern as we spend from 8 h to 12 h there. It is
of interest to study how we use this room type. It also gives us a measure on the population
density in each dwelling. Sometimes this has been used to compare the habitable standard. In
some countries the aim of the governmental policy of housing has been "one bedroom per
person”. In figure 3.3 can be seen, that in Canada, the USA, Japan, and Norway more than 50
% of the dwellings have so many rooms that there is one person per bedroom or less.

The developing of one-persons households during the last 40 years can be studied in figure
3.5. This is coupled to a growing number of elderly people living in their own dwelling. In
Europe the trend towards an increasing number of one-person households is now approaching
1/3 of all households. There is a similar trend in the USA with about 1/4 and in Japan with a
little less than 1/5 of all households with one person. The development has gone very fast in
some countries like Japan or nearly 4 times increase since 1950, and in some European
countries doubled during the same time. No country has shown a constant trend over this 40
years. The very odd figure, that the USA show 1950 compared to the following years, may be
a matter of faults in some sources. The trend towards an increasing number of one person
household can be forseen over the next 40 years, see figure 3.4. The number of people older
than 60 years is expected to grow from about 20 % to over 30 % of the population.

There are different explanations for the trend towards fewer persons in each dwelling. The life
time of the males is shorter than the females. The divorce rate has increased during the last 30
years and this trend seems to be kept for a long time. The social trends will lead to a growing
number of one and two person-households.
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The fertility has constantly declined since the last 30 years in the EU-countries and the Nordic
countries. The population can hardly be kept up and can slowly decrease if today's situation is
maintained. On the other hand this trend rapidly can be changed, if the developed countries
get many refugees. The live birth today is given below per 1000 inhabitants.

Nordic Countries 13.7

EU 11.9
USA 6.7
Japan 10.0
Canada 10.9
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Figure 3.3 Persons per bedroom. Percentage of the dwellings (Hedman 1993, Housing
survey 1988)
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Figure 3.4  The percentage of the population older than 60 years 1990 and 2030
(World Bank) '
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Figufe 3.5 Development of one-person household. Percentage of all (Hedman 1993,
Pacific North West Residential Study 1992, Japan Census data, Canada
Census 1993) '

3.3 Dwelling equipment

Nearly all dwellings are equipped with a shower or a bath, see table 3.5. But many baths are
installed in older buildings resulting in an extra load compared to the original habits at the
time of the construction of the building. Also the installation of central heating systems
(hydronic or electric baseboard radiators) and the more or less sealed fireplaces have changed
the original intention. The indoor environment might have been improved by stopped using
the fireplace with respect to draught and smoke from the fire. However, the ventilation was
before mainly provided by the chimney. Now when sealed the residents have to relay only on
window airing, thus resulting in risks for higher relative humidity.
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Table 3.5 Equipment in dwellings 1989.
Percentage of dwellings with
bath/shower, central heating,
dishwasher, washing machine. (Hedman
1993, Housing in EC, Nordic Statistics
1992, Eurostat 1992, Pacific NW
Residential Survey 1992, Housing survey
1988, National Survey 1989, Household
Facilities)

Country Bath/ | Central | Dish- | Washing

Shower | Heating | washer | Machine

Belgium 76 51 25 90

Denmark 90 95 25 66

Finland 93 90

France 95 75 22 81

Germany 92 75 24 83

Italy 86 57 17 87

Japan 91 3 3 . 100

Netherlands 99 80 7 90

Norway 96

Sweden 99 99

Switzerland 45

United Kingdom| 99 68 6 83

Canada 100 99 44 78

US.A. 99 99 66 8%

The number of washing machines seems to be nearly 100%. However, we do not know if the
figure is given for dwellings with access to a washing machine or if it is one machine in each
dwelling. If it is the first statement that is true, there might be an increase of washing
machines in flats to be foreseen. Dishwashers is still not that common. All these machines
give away an extra water vapour to the dwelling, that must be properly treated and taken into
consideration when designing the ventilation systems.

This brief collection of equipment data shows that the dwelling usage has change during the
last decades and dramatically for buildings older than 50 years. This is closed coupled to the
development of the welfare systems and the change away from dirty and heavy work.
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4. Ventilation Performance

Author Lars-Géran Mdnsson, Sweden, Operating Agent

In order to find the range of ventilation expressed as air change rates or outdoor air supplied
by leakage in a natural ventilated dwelling or supplied by mechanical ventilation a survey has
been made of measured data. This is mostly to get some idea of the magnitude of the
ventilation performance in today's building stock. The most frequently used systems are
identified and briefly described.

4.1 Ventilation levels

Until just recently measurements have been made by expensive equipment during a few hours
in dwellings. This matter has restricted the number of measured dwellings to a very few and
made it impossible to exercise large surveys. With the introduction of passive tracer gas
technique it is now possible to make large surveys. Dwellings measured with "active" tracer
gas methods are usually special cases e.g. problem houses, research houses, new houses.
Statistical selection and measuring of dwellings has been to expensive. The passive tracer gas
technique gave the opportunity to reduce the cost considerably.

However, it is not always possible to compare results measured by the two methods. The
passive method includes the habits of the residents, whilst for dwellings measured with the
"active" methods have closed windows and doors. It must be pointed out that the two methods
give the same result, when used under the same conditions. Average ventilation in a dwelling
can be expressed as air change rate [h-1], air flow rate per person [Vs,p], or litres per second
and square metre [I/s,m?].

Data given in table 4.1 are based on the references, that are given with reference number in the
table. As can be seen the ventilation expressed as air change per volume or m? varies within a
large range and can be said to go from close to 0 or 0.1 h-1 to a very high level in individual
dwellings. The average very seldom exceeds 0.5 h-! for single family houses and 0.6 h-1 for
flats. If the value is given person related, [I/s,p], the value is far better as the number of
residents is lower than the total number of beds the dwelling can be furnished with. Results
from the Swedish survey and the Finnish study of flats in Helsinki indicate, that there is
sufficient supply air, 10 - 12 I/s,p. This result gives a value comparable with offices.

4.2 Envelope tightness

Limb (1994) has summarised the codes, standards, and regulations of air tightness for whole
buildings and components like windows and doors for the member countries in AIVC. Those
values are, of course aimed at to be fulfilled, but only for new constructed buildings. For the
existing building stock the air tightness have a great influence, when deciding upon new
ventilation systems in conjunction with renovating buildings. When renovation takes place it
is expected, that the air tightness is improved and particular if additional insulation has been
used on the outside of the facade. However, research results have shown that this is not the
case, at least for detached single family houses, even with very detailed instructions ,
according to Hammarsten, Pettersson (1980) and Kronvall, Minsson (1993).
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Sherman and Dickerhoff (1994) show that retrofitted US dwellings cut the leakage with 25 %
but were still much leakier (17 after retrofitting) than above refered houses

Table 4.1 Ventilation in dwellings

Country Noof | Yearof [Method || Single family houses Multi family buildings Ref
dwells [constt  {pora (b1 [Usp [l/s;m? [system | I/s,p [ i/s,m= {system
Belgium 17 1980 a 05 N 5
0.75
Canada 40 0.2-0.6 19
Denmark 200 1930-60 | p 0.4 8 027 |N 4
? >1982 0.6 E 4
150 p 0.35 18
Finland 242 -1982 |(p 0.40 0.62 N 3
0.42 0.64 E 3
045 0.60 SE 3
all 0.45 0.64
France
Germany all 0.8 0.8 20
Ttaly
Japan 10 1984 p 0-0.7 2]
Netherlands 40 Vdw 20
Norway <1951 0.5 20
‘ 51-65 0.4 20
>65 0.3 20
Sweden =2000 [ all P 034 |12 |023 |N 0.49 12 |0.33 N 1,2
036 |12 (024 |E 058 |14 039 |E 1,2
043 |14 029 |SE 060 |16 040 |SE 1,2
Switzerland || § mvi980s |a N 052 |1 N 6
0.1! 6
all 0.7 0.7 20
UK
USA,NY (30 ? P 0.2 ? 7
Cal,L.A. 640 p3 0.6 7 8
Georgia 22 p 0.1-6 ? ' 9
All states 500 all a 0.83 13
Northern
states ? all a <0.2 13

p=passive tracer gas method, a=active tracer gas method, 1) closed bedroom doors, 2)opened bedroom doors
3) measured in January

Within the large survey reported by Norlén, Andersson (1993) also a subsample of 50 single
family houses and 30 flats were made in order to measure the air tightness with the
standardised method for expressing the leakage rate at 50 Pa (average of over- and under
pressure). The average value goes from 10 h-1 (n50) to 4.4 h-! (n50) in single family houses
and to 1.4 h-! (n50) in multi family buildings, when comparing buildings constructed before
1940 with those after 1975 (the year when improved air tightness was introduced in the
Swedish code). The standard deviation is very high for old flats but very narrow for newer.
For single family houses the standard deviation gives the range of 8 - 2 h-1 (n50). Single
measured houses in Sweden and Canada have proved, that it is possible to reach far below that
level.

Values like the above have been given also in other countries. Wouters et al (1993) reported
that in a multi family building constructed around 1980 the air tightness was 2.3 h-1 (n50).
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Sherman, Matson (1993) report that less than 20 % of the houses in colder regions can meet
the leakage requirement, that is about 2 h-! (050). Sherman and Dickerhoff (1994) gives the
average value of 8 h-1 (n50 recalculated) for US dwellings built after 1980. This is based on
628 houses. The 869 houses built prior to 1980 were leakier, 17 h-! (n50 recalculated).
Multifamily buildings were leakier, which is quite contrary to European experiences and

- might be explained b
Table 4.2 Air tightness in dwellings of all types. different constmctioxzs.
(Ref Orme, Liddament, Wilson 1994)
Country Air tightness | Sampl | Comments Orme, Liddament,
h-1 (n50) e size Wilson (1994) have
Average | Range summarised measured air

Belgium ] 2.25-| 57 | wide distribution tightness in 10 countries
Canada 3 1-20 474 Tmost<l10 and in table 4.2 is given
Denmark _the most'fre_quent values
Finland in the building stock, the
France a 110 |66 |consz>1975 rangra1 andhthe :lumber of

samples the values given
ItG:lnnany are based on. For three
Japin countries the air tightness
Netherlands | 10 | 1-30 | 303 |a few higher, most <20 e tyﬂfai tc’i“;ltd;‘f?_f t
Norway 5 2-8 40 | few houses even distributed yzlalfs ar(; iepo rt; d e{te ::1311
Sweden 5 1-15 144 | mostly <10, a few higher be seen, that the )
Switzerland 3 2-9 37 improved tightness has
UK - 14 3-30 | 385 |verymany 5-25, flat freg. given a cut down.
USA, 11 1-30 | 435 |highest freq 7-17 However the starting

level was quite different
in the countries. The results for the single family houses show, that in the UK the tightness
was decreased from about 20 h-1 (n50) to 10 h-1 (n50) in the Netherlands to 5 h-! (n50). The
higher values were for houses constructed around 1950 and the lower values are today's
houses. For Sweden the results show, that old houses constructed before 1940 have an
airtightniess of 10 h-! (n50) and the modern houses constructed after 1975 about 4 h-1 (n50).
From table 4.2 can also be seen that the air tightness varies within a very large range. It should
be noted that all types of buildings of different ages are contained in the data in table 4.2, Very
few countries have splitted up the results in single family houses and flats of different
construction years. The tightness in Japanese houses have been studied by H. Yoshino (1992).
On Hokkaido the tightest houses were as tight as in Swedish houses from the middle of the
1970s and the leakiest as the looser houses in USA.

4.3 Frequently used ventilation systems

There are two principly different types of ventilation systems. One is the natural ventilation
system (N), that has to rely on temperature difference and wind velocity. N-ventilation can be
divided into a) ventilation only by window openings, called adventitious ventilation, relying
on wind, b) ventilation by means of vertical shafts or ducts, also called stack ventilation.

The other type is the mechanical or fan assisted systems. The simplest is the one with an
exhaust fan called exhaust ventilation system (E). This system must rely on supply air through
cracks and slots (supply device usually located in the window casement or frame also called
trickle ventilator). If the supply air should be more controlled, fans for supply and exhaust
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must be installed. This system is called supply- and exhaust ventilation system (SE). Of the
principally different system types N, E, and SE, a lot of variations have been designed and
also installed. The principally different ventilation systems with variants are shortly described
below and with the explanatory drawings in figure 4.1.

Natural supply and exhaust (N-systems)
System 1 Natural crack ventilation (Adventitious ventilation).
Supply and exhaust through cracks.

Systemn 2 Natural window ventilation (Adventitious ventilation).
Supply and exhaust through windows in one room or more.

System 3 Natural stack ventilation. Supply through cracks, windows,
slots, trickle ventilators, or separate devices through the facade in habitable
rooms and service rooms. Exhaust through vertical ducts (stacks) from service
rooms (one or more), individual rooms, or one per dwelling

Natural supply and exhaust with local mechanical exhaust

System 4 Natural window and crack ventilation with mechanical local exhaust.
Supply as in system 3. Exhaust like in systems 1 and 2 and in addition local
mechanical exhaust in kitchen and/or bathroom

System 5 Natural stack ventilation with local mechanical exhaust.
Like system 3 with a local exhaust fan. Usually a cooker hood

Mechanical systems (E-systems)
System 6 Natural supply and mechanical central exhaust. Supply air like in
system 3. Exhaust devices in service rooms connected by ducts to a central fan.

Mechanical central supply and exhaust (SE-systems)

System 7 Mechanical central supply and local exhaust. Mechanically
supplied air by a fan through a ductwork and introduced in rooms. Usually for
air heating systems with return air ducts. Exhaust fan(s) in the kitchen and/or

bathroom(s).

System 8 Central air intake for one dwelling or building. Mechanically supplied air by a
fan through a ductwork and introduced in rooms. Exhaust air like in system 6,
sometimes with a separate local exhaust from the cooker hood. The system can
be equipped with heat recovery, preheating or designed for air heating.

The tradition has influenced the ventilation strategy. In most dwellings constructed before the
2nd world war at least one fireplace was installed, usually more. This is especially the fact in
single family houses. The chimney together with the needed combustion air gave a large air
change rate in the dwelling (nothing said about the energy or thermal comfort). When central
heating was introduced the fireplace or the chimney was blocked to prevent from backdraught.
In new constructed buildings the traditional design continued without any vertical shaft or
duct to use the stack effect thus giving at least some ventilation.
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System 1: Natural crack ventilation
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Figure 4.1 Principle figures of the various ventilation systems
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Combinations of N- and E-systems is usually the case when local exhaust fans are used for
specific purposes. Such a case is the kitchen hood, which makes it possible to efficient capture
the water vapour and smell from the cooking. Usually the fan is only working for an hour.
Fans in bathrooms and WC connected to the light switch can also be defined as a local fan
with demand control. Those ventilation strategies always need an additional ventilating
system for base ventilation.

The various systems shortly described above and in figure 4.1 can be judged according to
controllability of the flow rate. In table 4.3 is given the possible way of how to control both
exhaust and supply rate in the systems numbered above in figure 4.1.

Table 4.3  Possible ways of controllability of the prin- | A;r conditioning systems are, by

ciple systems. System number, see fig 4.1 definition, also combined with
Control type Control of: cooling. Another special case is
' Supply Exhaust forced air heating systems. The
Central{ Local | Central | Local devices or purpose provided
No control 6 1,4,5 [1,2,3,4] 1,2 openings for the supply air can
On/off 7,8 | 2,4,5 | 6,7,8 | 2,4,7 | beplacedinmany ways.
High/low 8 2.3.5 6.8 12.4.5 7 Together with how the air is
Proportional 7.8 13.4.56] 6.8 4,57 tran'sferred to th; exhaust '
Carbon Dioxide 7.8 6.8 devices Or openings the efficient
Arquie 7 e of i e e e
?rl;r;::;iy 7.8 13,456 2' g 4;5'56177 required indoor air quality level.
2 e Many designs of the devices and
Clock 6,8 45,7 | openings have been seen over
Pressure diff _ 8 6, 8 d the years. Sometimes the new
Temperature diff | 8 6,8 devices are tested in laboratories

-

but some and especially the older
ones are lacking any performance data. Instead of describing all the variations of the principle
systems, which of course never can be complete, the aim of this Annex is to give tools to
evaluate all the more or less possible variations.

An attempt has been made to estimate the proportion of the dwellings furnished with N-, E-,
or SE-systems. In multi family buildings mechanical systems (E-Systems) first were
introduced in countries with colder climate during the 1950s. In single family houses the E-
system was introduced during the 1970s. SE-systems were introduced more broadly during the
1980s in countries with cold climate. In countries with mild or warm climate older buildings
sometimes do not have any stack (vertical duct, chimney, flue), so window airing is the only
measure to airing the dwelling. In table 4.4 is given the distribution of different systems in the
existing residential building stock in different countries. The trends in the various countries
are illustrated by table 4.5 giving the distribution of various ventilation systems in newly
constructed dwellings. Multi family buildings and single family houses are treated separately.

In table 4.6 is presented a classification of different ventilation systems based on today's
knowledge presented by Knoll (1992). Thi