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ABSTRACT 

Ventilation is perceived as playing a key role in maintaining 
optimum air quality in buildings. At its most basic level 
ventilation is needed to satisfy the metabolic requirements of 
occupants. In addition, it is commonly used to dilute and 
disperse pollutants generated within buildings. During 
periods in which heating or cooling is needed, ventilation can 
contribute significantly to energy demand. As the performance 
of thermal insulation improves and as the demands on 
ventilation increase, ventilation may easily become the 
dominant source of heating or cooling loss in buildings. It 
is therefore desirable to avoid excessive or unnecessary 
ventilation. 

Indoor air quality problems and associated unhealthy indoor 
environments have become the focus of recent attention, with 
the result that increasing emphasis is being placed on the 
role of ventilation in controlling indoor pollutants. Thus an 
apparent conflict arises between a desire to limit 
ventilation, in order to minimise ventilation heat loss, and a 
need to increase ventilation, in order to avoid indoor air 
quality problems. As a consequence requirements and 
recommendations are . evolving in many countries covering 
ventilation performance, building air tightness and air 
quality needs. The objective of this paper is to highlight 
some of the activities taking place in the development of 
requirements and to present a rationale of Standards 
development. Discussion also focuses on the role of 
ventilation in providing for a good indoor climate with 
particular emphasis focused on ventilation needs in relation 
to occupants, occupant activities and pollutant emissions from 
internal sources. This review is intended to be illustrative 
rather than exhaustive. The Air Infiltration and Ventilation 
Centre is, however, embarking on the production of a 
comprehensive international Standards Database which is 
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intended to contain regularly updated information on 
Regulations, Standards and Codes in AIVC and other major 
countries. 

INTRODUCTION 

Minimum ventilation rates needed to secure adequate indoor air 
quality have been the subject of intensive investigation. 
While, in many instances, the control of pollution should 
arguably involve the restriction or elimination of the 
polluting source, it often falls upon ventilation to provide 
an answer. This can result in increased energy demand and in 
the need to provide extra ventilation capacity. Although, 
therefore, an essential parameter .of the energy equation, 
ventilation is nevertheless often perceived as vital for the 
dilution and removal of pollution generated within buildings. 
The derivation of minimum ventilation rate for the dilution of 
pollutants is dependent on identifying the dominant pollutant, 
its source strength and its maximum acceptable indoor 
concentration. This approach is well documented as 
illustrated, for example, in British Standard BS5925:1990. 

Ventilation control ~s a means to minimise energy demand has 
become inextricably linked to the problems associated· with 
unhealthy buildings. It is important to recognise, however, 
that this is not always the case, with recent studies showing 
that parameters such as high carbon dioxide concentrations, 
which are associated with poor ventilation , are frequently 
not evident in many "sick11 buildings (Burge 1991} . Seppanen 
(1991} also shows that ventilation can only be correlated to 
incidents of "sick buildings" at ventilation rates below 10 
litresfsecond for each occupant (1/s.p}. Above this level, 
incidents of sick buildings were also found to exist but are 
not correlated with ventilation rates. 

All these factors have been the focus of much recent attention 
in the development of Standards, Codes and Regulations related 
to ventilation. The objective of this paper is to review some 
of these developments and to undertake an international 
comparison. An attempt to outline the rationale of 
ventilation related Standards is also presented. Much of the 
material presented in this paper is taken from a review of 
Standards published by the Air Infiltration and Ventilation 
Centre (Colthorpe 1990} . In addition, the BSRIA EuroCentre 
(1991} has provided information on the development and 
progress of European CEN Standards. Information on Standards 
Authorities covering several countries is presented as an 
Appendix. 
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A RATIONALE FOR VENTILATION REQUIREMENTS AND RECOMMENDATIONS 

A rationale for ventilation related recommendations is 
presented in Figure 1. An attempt has been made to present 
this rationale in a hierarchical order, with each layer 
arising as a consequence of the needs of the layers above. 
Primarily, ventilation requirements are concerned with 
specifying minimum requirements needed to meet the basic 
health needs of occupants. such requirements normally take 
into account metabolic needs and pollution arising from the 
activities of occupants (such as moisture generation and 
smoking). Increasingly, consideration may also be given to 
pollutants emi_tted. from furnishings and building fabrics. 

There are a substantial number of pollutants to be found in 
buildings and maximum permitted or recommended concentrations 
for many of these are set according to toxicity, exposure 
periods and nuisance level (eg odour). Examples of sources of 
air quality recommendations include the World Health 
organisation (1988) and ASHRAE (1989). Nuisance (odour) level 
may have varying impact according to working environment; 
thus conditions appropriate to industrial locations may not be 
acceptable in the office or home. It is for this reason that 
direct threshold limit values (TLV' s) ·for pollutants, set for 
safety purposes, cannot always be applied to the domestic and 
office environment. Much analysis on ventilation and 
ventilation requirements for odour control is being researched 
by Fanger(****) but the variable incidence and strength of 
such pollutants make the setting of ventilation rates for 
their control almost impossible. If the energy impact of 
ventilation to control undesirable odour is considered, the 
best solution is probably to control the use of such 
substances. 

A further need for ventilation control is to minimise energy 
use. Initially such action was motivated by uncertainties in 
energy supply combined with high energy costs. Nowadays such 
control is also concerned with the wider global impact of 
energy use on the environment. The capital cost of 
installing, servicing and operating ventilation systems also 
encourages efficiency in design. Whereas the primary health 
demand focuses on specifying minimum acceptable requirements, 
the energy aspect focuses on avoiding unacceptably high rates 
of ventilation. 

Finally, ventilation control may be needed to maintain comfort 
conditions. Of particular concern is the avoidance of 
excessive or uncontrolled draughts and the need to maintain 
optimum air temperatures. 

Having addressed ventilation needs, the next level of 
requirement addresses the appropriate ventilation strategy. 
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In an international context, this depends on climate, 
building, national policies, and costs. Almost always a 
choice of strategy is available but specific guidelines 
normally apply to each method. Hence there may be a choice, 
for example, between mechanical or natural ventilation, but 
once an approach has been chosen, the method of implementation 
will be covered by guidelines. 

Strategies also cover ventilation heat recovery. The 1990 
Swedish Building Code, for exa~le, specifies that any 
building with a ventilation heat loss of more than 2 MWh/year 
must be fitted with a heat recovery device having an 
efficiency of at least 50%. 

A review of strategies and requirements applying to each 
approach is planned for the forthcoming operating period of 
the AIVC. In addition to providing efficient systems, 
recommendations ahd requirements in some countries also 
specify the need for ventilation air heat recovery systems. 

The optimum performance of ventilation systems as well as 
energy control and comfort conditions is dependent on the 
airtightness of the building envelope. Excessively leaky 
buildings will interfere with the performance of modern 
mechanical systems and will greatly reduce the net efficiency 
of heat recovery devices. On the otherhand, naturally 
ventilated buildings may require higher levels of permeability 
in order that sufficient ventilation air is provided. Recent 
or planned airtightness requirement therefore tend to 
recognise the varying needs of each ventilation approach. 
Hence airtightness requirements are almost always introduced 
with clear guidance on the associated measures needed to meet 
ventilation needs. In terms of the hierarchical order within 
the rationale for Standards, airtightness is considered after 
ventilation needs and approach have been identified. The 
application of Airtightness Standards without consideration of 
meeting ventilation needs could clearly violate the 
fundamental need for ventilation. 

Airtightness requirements cover the performance of specific 
components (such as windows and doors), weather sealing 
material, building facades and the performance of entire 
buildings. 

UNITS 

An international comparison of Codes and Standards is hampered 
by the diverse range of units used to describe ventilation and 
airtightness. A summary of typical units and a description of 
the conversion method used in this paper for making 
comparisons is presented in Table 1. 
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BASIC DEFINITIONS 

There is similarly a need to clarify basic definitions. The 
following lists some key definitions which are frequently used 
in Standards and are beginning to be accepted internationally: 

Air InfiltrationjExfiltration Rate: 

This is the uncontrolled entryjexit of air intojout of a 
building through unintentional openings. 

Air Change Rate: 

The volumetric flow rate of air entering or leaving a building 
or any specified zone expressed in terms of the volume of the 
building or zone. Air change rate is normally expressed in 
units of air changes/hour or ach. 

Air Leakage: 

The rate of entry or exit of air into a building or through 
defined openings or components arising from the application of 
an artificially induced pressure. Sometimes ''air leakage" is 
erroneously used instead of "air infiltration". 

Typically, the air leakage of buildings is quoted at an 
artificially induced pressure difference of 50Pa. This 
pressure is normally regarded as being sufficiently large to 
prevent naturally occurring pressures influencing the results 
yet is sufficiently small to avoid cracks or gaps opening or 
contracting under the applied pressure. Traditionally, 
leakage tests on components such as windows and doors have 
been performed at significantly higher pressures (> 100 Pa). 
Such high pressure tests are normally undertaken in 
conjunction with rain penetration tests and are intended to 
establish standards under extreme rather than normal operating 
conditions. North American leakage values, especially for 
whole buildings, are often quoted at a reference pressure of 
4Pa (United States) ~nd lOPa (Canada). In these instances, 
tests are actually made at higher pressures and the results 
are then extrapolated to the 4 or lOPa values. 

Extract/Exhaust Air: 

Air removed from a building or location by means of mechanical 
or natural extraction. 
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Supply Air: 

Air supplied to a building or zone by mechanical or natural 
means. 

Ventilation Rate: 

The rate at which outside air is supplied to a building or 
zone. Sometimes ventilation is used to describe the total 
mechanical air change in a room or building. This rate may 
then frequently comprise a considerable proportion of 
recirculated rather than ·outdoor air. Hence when apparently 
very large ventilation rates are quoted, it is important to 
establish the proportion of flow consisting of outside supply 
air. The remainder will be recirculated air. 

VENTILATION AND AIR QUALITY - MINIMUM VENTILATION 

In the industrial sector, general ventilation for air quality 
control is not normally regarded as the most satisfactory of 
approaches. Recent UK COSHH Regulations (HSE 1988), Youle 
(1991), ~or example, lists the following methods and order of 
preference for ensuring the maintenance of good indoor air 
quality: 

- elimination of a substance 
- substitution of a substance by a less hazardous substance 
- enclosing the process 
- partial enclosure of the process with local extract 

ventilation 
general (dilution) ventilation 

- personal protection 

Thus dilution ventilation appears close to the bottom of 
preferred methods. In the domestic and office environment, 
however, ventilation is currently often treated as a panacea, 
which is assumed to be able to deal with almost any pollutant 
source. In setting requirements for ventilation in 
non-industrial environments, the following parameters can 
therefore be considered: 

(i) Metabolic Needs 

Ventilation is necessary in order to provide oxygen to 
occupants and to disperse metabolic products (carbon dioxide 
and odour) . This may be regarded as a minimum need. 
Ventilation is typically specified in terms of need per person 
in units, for example, of litresjsecond for each occupant 
(ljs.p). Since carbon dioxide is a product of the metabolic 
process, it is increasingly being used as a marker for 
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assessing the adequacy of ventilation in occupied spaces. 
Furthermore, the production rate of carbon dioxide is well 
defined and therefore, steady state concentrations measured in 
buildings can be used as an indicator of the actual 
ventilation rate. Standards Authorities in some countries 
have, as a consequence, introduced maximum C02 concentrations 
which correspond to the steady state concentration associated 
with the prescribed minimum ventilation rate. 

(ii) Pollutants Generated by Occupant Activity 

Activities undertaken by occupants such as cooking, washing 
and smoking all create pollutant loads. Many Standards 
recognise this by specifying additional rates of ventilation, 
above those required for metabolic purposes in areas where 
these polluting activities take place. Office and domestic 
appliances may also produce pollution, the maximum 
concentrations of which are, in theory, limited by air quality 
regulations. It is difficult to prescribe specific 
ventilation requirements for such equipment, since this will 
depend on source strength and amount of use. 

(iii) Combustion Requirements 

Ventilation is frequently needed to provide combustion air for 
cooking and heating appliances and, in the case of unvented 
appliances, to provide sufficient fresh air to dilute and 
disperse the products of combustion. Requirements for 
combustion air are normally well defined in standards as are 
procedures for the avoidance of backdraughting down flues. 
Exhaust requirements for unvented appliances seem to be less 
well defined although the need for venting cooker hoods, for 
example, is now a requirement in some countries. 

(iv) Pollutant emissions from fabrics and furnishings 

Emissions of volatile organic compounds from building 
materials, furnishings and fabrics is often a cause of 
concern. The role of ventilation in minimising this problem 
is less well defined although ventilation may further be 
required to dilute pollutant emissions from building materials 
and furnishings. The amount of ventilation needed will 
therefore be dependent on the type and the strength of 
emissions. Hence requirements tend to focus on meeting 
specific air quality specifications. However, as with 
attempting to predict ventilation needs for odours, it may be 
impossible at the ventilation design stage to anticipate the 
requirement needed to cope with such emissions. Clearly more 
consideration needs to be given to the permitted use of such 
substances in occupied spaces. 

The AIVC Review of Standards (1990) reveals a wide diversity 
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in minimum ventilation rates. Figure 2, for example, 
illustrates requirements and recommendations for office 
buildings in a variety of countries. Where available, 
requirements for smoking and non smoking areas are indicated. 
From the figure it can be seen that the variation in minimum 
ventilation rates is enormous with a range of between 4 1/s/p 
in Finland for non smoking zones to 30 1/s/p in the United 
States for smoking areas. This can have an equally 
significant impact on ventilation and air conditioning energy 
need as well as important cost implications in providing and 
maintaining ventilation capacity. By means of an example, 
Figure 3 indicates the relationship between ventilation rate 
and the resultant energy needed to heat incoming dry air. 
Data are presented in the form of W/l.s.Oeg c temperature 
difference and also in terms of the energy needed per 
occupant assuming an average 3000 degree days heating season. 
In addition, a significant additional energy load may be 
absorbed and lost through the absorption of moisture into the 
air. From this, it may be seen that very high amounts of 
energy are needed for the space heating ventilation air and it 
is therefore essential to consider closely the role of 
ventilation in controlling air quality problems in buildings. 
Similar arguments may be applied to the energy needed to 
artificially cool air. Hence in climates where heating or 
cooling energy loads are large, a clear understanding of the 
intended purpose of ventilation is needed. In some instances, 
ventilation may be needed to accommodate high internal heat 
gains from lighting and office equipment and therefore under 
such circumstances, immediate energy reductions may not be 
possible. At a later stage, however, improvements in energy 
efficiency of appliances may enable savings to be subsequently 
made. In the more immediate future, the results in Figure 2 
indicate that substantial research is still needed in 
assessing optimum ventilation needs since, between countries, 
there is very considerable differences of view. 

The metabolic production of carbon dioxide can be closely 
correlated to occupant activity as described and quantified in 
BS 5925:1990. Using this relationship, it is possible to 
relate steady state C02 concentration for sedentary activity 
with ventilation rate as illustrated in Figure 4. This Figure 
also illustrates the current maximum permitted or recommended 
C02 concentrations in offices for several countries. From 
Figures 3 and 4 it can be seen that the specified maximum 
ventilation rates for Finland, Switzerland, the Netherlands 
and the United States (California) correspond to the steady 
state carbon dioxide values associated with these countries. 
Because there is a strong correlation between C02 
concentration and ventilation rate in occupied buildings, 
there is considerable interest in the use of C02 sensors to 
control ventilation systems (Raatchen 1990 - IEA Annex 18). 
Finland has incorporated in its 1990 Building Regulations a 
set point of 800 ppm of C02 for the operation of such systems. 
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Minimum ventilation rates for dwellings are now also tending 
to be expressed in terms of a required rate for each occupant, 
although more traditionally it was expressed in terms of air 
changes/hour. United States ASHRAE Standard 62-1989 uses both 
classifications, by specifying a minimum of 3ach or 7.5 ljs.p, 
whichever is the largest. . All AIVC countries prescribe 
minimum ventilation rates for bedrooms, living rooms , 
bathrooms and WC,s. Again, evidence indicates a wide 
divergence of views on preferred ventilation rates. 

Airtightness 

Airtightness requirements, are set to minimise the entry of 
uncontrolled air flow, ie air infiltration. If air quality 
problems are to be avoided, it is imperative that airtightness 
standards are set in conjunction with a purpose provided 
natural or mechanical ventilation strategy. Component 
airtightness standards are fairly commonplace. 
Less common but of increasing importance are standards 
relating to the airtightness performance of the entire 
building shell or to complete building facades. An outline of 
requirements is presented below; full details are contained in 
the AIVC review of Standards (Colthorpe 1990). 

(i) Components: 

Recommendations and requirements covering the maximum leakage 
of components such as windows and doors exist in many 
countries. Sometimes performance is graded according to 
application. For example Belgian and Dutch Standards 
classify permissible leakage according to the overall height 
of the building. In addition, Dutch Standards have much more 
stringent requirements for coastal regions than for inland 
regions. Other countries have grading systems for windows 
without specific applications for each particular grade as in 
the case of Italy and the United Kingdom. In some instances, 
leakage performance is expressed over a pressure range whereas 
in others, values at specific reference pressures are given. 
Most frequently, performance is expressed in terms of leakage 
per unit length of joint although sometimes it is expressed in 
terms of unit area of component. New Zealand uses both 
approaches. 

British Standard BS 88 13390 (1990) stipulates the performance 
and durability of weather strip for the sealing of existing 
windows and doors. This specifies a pressure related unit 
length leakage performance for (a) gap sizes of < 10mm and (b) 
gap sizes of greater than 10mm 
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(ii) Facades: 

A relatively new concept is to classify the leakage of a 
building in terms of the surface area of the facade. Two such 
Standards have recently emerged. The latest (1990) Swedish 
Building Code stipulates a maximum leakage rate at an induced 
pressure of 50 Pa of 3 m3fm2/h (0.82 lfm2/s) for the fabric of 
dwellings and a value of 6 m3/m2/h (1.64 l/m2fs) for all other 
buildings. Italy stipulates a leakage rate for schools of 
10m3/m2/h at 98 Pa. (For comparative purposes, the Italian 
requirement approximates to 1.8 l/m2fs at 50 Pa). The Swedish 
and Italian values therefore corresponds very closely to each 
other for non domestic buildings. 

(iii) Whole Buildings 

Whole building airtightness requirements for dwellings were 
first introduced in the Swedish Building Code in 1980 (SBN 
1980). These stipulated a maximum leakage rate at 50 Pa of 
3ach for single family dwellings and 1 ach for multi-storey 
apartments. Comparable requirements of 4.0 ach for single 
family dwellings and 1.5 for apartments were subsequently 
introduced in Norway. In both cases this residual leakage was 
not regarded as a means of ventilation but formed part of an 
overall ventilation policy involving the implementation of 
purpose provided (normally mechanical) ventilation. In 
Canada, single family houses constructed to the specification 
of the Housing and Urban Development Association of Canada 
(HUDAC) must have a maximum leakage not exceeding 1.5 ach at 
50 Pa. In the United States ASHRAE Standard 119 (1988) 
presents an airtightness standard for single family dwellings 
based on the climatic region of the location in which the 
dwelling is to be constructed. Airtightness is specified in 
the form of a normalised equivalent leakage area, taking into 
account building height, floor area and leakage area, at a 
reference pressure of 4 Pa. This Standard has not yet been 
adopted by any State of the US and is therefore not currently 
a legal requirement. Both the Netherlands and Switzerland 
have proposals for airtightness requirements for dwellings, 
These are both dependent on intended ventilation system and 
building volume. The various airtightness requirements are 
summarised in Figure 5. 

EUROPEAN CEN STANDARDS AND STANDARD HARMONISATION 

Clearly many ventilation related Standards have been developed 
according to the individual requirements of particular 
countries. Within Europe, some attempt is being made to 
coordinate or harmonise such standards. Ventilation is covered 
by CEN Committee TC 156 entitled "Ventilation Systems for 
Buildings". Information presented here has been provided by 

10 



--aeuwa 

the UK Building Services Research and Information Centre 
(BSRIA) Updating Service (1991). 

Individual working groups are looking at such factors as 
terminology, domestic natural and mechanical ventilation, 
ductwork, terminal units, air handling units, design criteria, 
system performance, and installation and commissioning. 
Target dates for reporting range from between the present time 
to December 1993. Since widely differing practices and needs 
are apparent in each country, it is evident that much 
reconciling is needed for the harmonisation of Standards. 

OTHER STANDARDS 

Related Standards concern measurement and test procedures. 
Methods of meeting requirements are normally specified in the 
appropriate Standard or are referenced to particular Test 
Standards. Such Standards include method for conducting 
pressurisation tests, tracer gas ventilation tests and methods 
for assessing the durability of components. 

CONCLUSIONS 

Standards and requirements related to ventilation are varied. 

Authorities tend to base ventilation Standards on the minimum 
requirements needed to satisfy health needs and the 
requirements to maintain good indoor air quality. outside 
industrial areas, existing ventilation Standards possibly tend 
to focus on occupant requirements and, perhaps common 
activities such as smoking, moisture generation and cooking, 
rather than the apparently ever increasing introduction of 
other pollutants into buildings. Many air quality Standards 
exist covering typical pollutants to be found in buildings. 
Apart from metabolically related carbon dioxide 
concentrations, no attempt has been made to undertake a 
comparison of such requirements in this review. 

Dilution ventilation as a means to control indoor pollutants 
is regarded as almost a last resort in new UK COSHH 
Regulations. Where dilution ventilation is used for such 
purposes, the energy implication should be fully understood, 
since this may indicate that such a measure could be very 
costly and may contribute to global environmental issues. 

Airtightness requirements are aimed at ensuring optimum 
performance of purpose provided ventilation systems, the 
avoidance of draughts and the conservation of energy. 
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Attempts are being made to harmonise ventilation and related 
Standards. Within Europe, this is the task of CEN Committee 
156. 

The Air Infiltration and Ventilation Centre is currently 
producing a comprehensive international Standards Database 
which is intended to contain regularly updated information on 
Regulations, Standards and Codes in AIVC and other major 
countries. 
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Appendix 1. 

COUNTRY 

Belgium 

Canada 

.... 

Denmark 

\ 

Details of Issuing Organisations 

ISSUING BODY 

The Belgian Standards Institute · (IBN) 
Boulevard Saint-Lazare, 10 
B-1030 Brussels 

The National Housing Institute (INL) 
(address as above) 

Associate Committee on the National 
Building code 
National Research Council of Canada 
Ottawa 
Ontario 
KlA OR6 

Canadian General Standards Board (CGSB) 
C\o Dept of Supply and Services 
11 Laurier Street 
Hull 
Quebec KlA OS5 

The Danish Standards Association (OS) 
Aurehojvej 12 
DK-2900 Hellerup 

Danish Society of Engineers (DIF) 
Organisation for Norms and Standards 
Vester Farimagsgade 31 
DK-1606 Copenhagen V 

The Danish Ministry of Housing 
National Building Agency 
Stormgade 10 
DK-1470 Copenhagen K 

PUBLICATIONS PRODUCED 

Belgian Standards 

Unified technical 
specifications (STS) 

National Building code 

Canadian standards 

Danish standards 

DIP no~ms, some being 
published as Danish 
standards 

Danish Building 
Regulations 
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APPENDIX 1 

COUNTRY 

Netherlands 
, 
I 

New Zealand 

Norway 

I 

Details of Issuing Organisations 

ISSUING BODY 

The Netherlands Standards Institute (NNI) 
Kalfjeslaan 2 
P 0 Box 5059 
2699 GB Delft 

Standards Association of New Zealand (SANZ) 
Private Bag 
Wellington 

Dept· of Health 
P 0 Box 5913 
Wellington 

Dept of Labour 
Private Bag 
Wellington 

Norwegian Standards Association (NSF) 
tlaakon VII's gate 2 
Oslo l 

The Norwegian Council for Building 
Standardisation 
Kobenhavngt 10 
Oslo 5 

The Royal Ministry of Local Government 
and Labour 
P 0 Box 8112 Dep. 
Oslo l 

PUBLICATIONS PRODUCED 

Dutch standards 

New Zealand standards 

The Drainage and 
Plumbing Regulations, 
1981 

The Factories and 
Commercial Premises Act, 
1981. 

Norwegian standards 

Construction standards 

Norwegian Building Code (BF) 



APPENDIX l - Details of Issuing Organisations 

COUNTRY 

Sweden 

Switzerland 

United Kingdom 

ISSUING BODY 

Swedish Standards Institute (~S) 
Box 3295 
S-193 66 Stockholm .. 
The National Board of Physical ' Planning 
and Building 
Box 12512 
S-192 29 Stockholm 

Swiss Standards Association (SNV) 
Kirchenweg 4 
8932 Zurich 

Swiss Association of Engineers and 
Architects (SIA) 
Postfach 
8939 Zurich 

Swiss Association of Heating & Cooling 
Engineers (SWKl) 
Postfach 2327 
3991 Berne 

British Standards Institute 
Linford Wood 
Milton Keynes 
MK14 6LE 

IIMSO Books 
P 0 Box 569 
London, SEl 9NH 

Greater London Council 
The County llall 
London, SEl 7PB 

PUBLICATIONS PRODUCED 

Swedish standards 

Swedish Building Code (SBN) 

Swiss standards 

Swiss standards on thermal 
protection and heating 
ventilation and 
airconditiong problems. 

Recommendations for heating 
installations, ventilation, 
etc. 

British standards 

Building regulations for 
England, Wales and Scotland 

London building by-laws 
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APPENDIX 1 - Details of Issuing Organisations 

COUNTRY ISSUING BODY 

United States of America The American Society of Heating 
Refrigerating and Air-Conditioning 
Engineers (ASHRAE) 

West Germany 

International 

1791 Tullie Circle NE 
Atlanta GA 30329 

American Society for Testing and 
Materials (ASTM) 
1916 Race St 
Philadelphia PA 19103 

US Dept of Housing 
Development (HUD) 
451 Seventh St SW 
Washington DC 20410 

and Urban 

The German Standards Institute (DIN) 
Burggrafenstrabe 4-10 
Postfach 1107 
1000 Berlin 30 

The German Institute of Engineers (VDI) 
Postfach 1139 
4000 Dusseldorf 1 

International Standards Organisation (ISO) 
1 rue de Varembe 
Case Postale 56 
CH 1211 Geneva 20 
Switzerland 

European Standardization Committee (CEN) 
5 Boulevard de l'Empereur 
B 1000 Brussels 
Belgium 

PUBLICATIONS PRODUCED 

ffVAC standards 

Standards on materials, 
products, systems and 
services 

Minimum property 
standards 

German standards 

Technical guidelines 

International standards 

European standards (EN) 
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Table 1 Units 

Flow Rates 

Air Changes/Hour (ach) 

Equivalent Leakage Area (ELA) 
m ~m th (of exterior surface) 

r_n =Jm th (of floor area) 

m =Jm/h (of joint/crack length) 
m ~m ~ (of exterior/component surface) 
m ~m/s (of joint/crack length) 
1/m ~s or dm Jilt Jfi/(of component area) 

1/m/s or dm !ln/s (of joint/crack hmgth) .. 
Reference Pressures for Flow Rates 

50 Pa - typically for whole building leakage 

4 Pa - ELA - United States 

1 o Pa - ELA - Canada 

> 1 OOPa - typically component leakage specifications 

Note 

No uniformity in use of units makes comparisons 

very difficult. Where aHempted, the equation: 

a = k( B> Ras been applied, where: 

a= flow rate 
9 = pressure difference (reference pressure) 

n = flow exponent = 0.66 
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