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Sumnary 

The review examines briefly (i) the requirerrents of ventilation, (ii) the 
possible problems, (iii) the options available and, in rrore detail, (iv) 
ventilation by natural means; this is done by reference to the literature 
appended in the bibliography. 
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NATURAL VENI'ILATION OF BUILDINGS 

1. 

- a review, with an annotated bibliography. 

Introduction 

The built environment plays an important part in our lives and 
ventilation within buildings has a significant role in maintaining 
that environment. In traditional or low technology buildings 
ventilation was, and still is, achieved simply by openings in the 
building fabric to allow wind or terrperature driven air rrovement. The 
requirements fran ventilation were equally simple - rerroving unwanted 
srrells or srroke, helping to keep food fresh and keeping a:x:>l in 
sumner. HONever, there were also penal ties if ventilation was 
uncontrolled - excessive heat loss in winter and ingress of rain or 
snow, dirt and debris. In addition unprotected openings also provided 
access for the unwanted intruder. 

In m:difying the techniques used to provide ventilation the same basic 
needs have survived - on the one hand adequate ventilation for health 
and safety including supply of adequate air for cxnibustion and 
dispersal of canbustion products (ventilation) and on the other 
reduced ventilation for energy O'.)nservation and rraintenance of 
perfonnance of the building envelcpe (air tightness) • These needs 
have guided and m:dif ied legislation regarding buildings and continue 
to guide research needs and product develc:pnent. 

During the heating season, there thus can be a O'.)nf lict between 
ventilation and airtightness. 

Of great use in helping to clarify and resolve this <Dnflict has been 
the -work of the Air Infiltration Centre (AIC). This was established 
in 1979 by the International Energy Agency which has also established 
other projects examining arrongst others, inhabitant behaviour with 
regard to ventilation and minimum ventilation rates based en air 
quality. It is based in the UK at the Building Services Researdl and 
Infornation Association at Bracknell, Berkshire and the cperating 
agent is the Oscar Faber Partnership. 

Countries participating in the AIC comprise Belgium, Canada, Denmark, 
Federal Republic of Gennany, Finland, Netherlands, Ne.¥ Zealand, 
Norway, SWeden, SWitzerland, United Kingdan and the United States of 
America and so wide ranging input and discussion on varied research 
interests can take place. 

The aims of the Centre are: 

- to improve the understanding of air infiltration processes 

- to improve the accuracy of techniques for predicting air 
infiltration and its relationship to energy consunption, indoor 
air quality and airborne noisture migration 

- to prarote the proper ai;.plication of infiltration reducing 
measures to both ne.v and existing buildings 
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To achieve these aims the Centre works in three areas. 

- provision of a specialised technical infonnation service including 
AIRBASE, a canputer based abstract storage and retrieval system 

- undertaking its o.vn research into specific aspects of ventilation 
and infiltration, in particular rrathematical nodelling. 

- facilitating technical interchange between collaborating countries 
by arranging conferences, providing surveys of current research and 
a newsletter. 

The work of the AIC highlights current concerns in the area of 
ventilation. This review aims to introduce these by looking briefly 
at (i) the requirements of ventilation, (ii) the .fX)SSible drawbacks, 
(iii) the options available and, in rrore detail, (iv) ventilation by 
natural neans. This will be done by reference to the literature 
available. It should be noted that the rrajority of references are 
concerned with ventilation of danestic buildings. 

2. The reguirenents of ventilation 

Ventilation nay be required in buildings for one or sane of the 
following reasons (see references 9, 12, 13, 22, 26, 33, 35, 56,60, 
62, 65) 

(i) to provide an adequate supply of oxygen for breathing 

(ii) to rerrove products of respiration and occupation e.g. carbon 
dioxide, odours and rroisture Which can lead to condensation 

(iii) to rerrove contaminants released by building and furnishing 
materials, e.g. radon, forrraldehyde 

(iv) to provide cx:mbustion air and rerrove canbustion products 

(v) to provide cx:ioling in surnner 

(vi) to provide srroke release in the event of a fire. 

Different sources place differing enq:hases on the various aspects 
dependent on particular research interests. In the literature 
reviewed ventilation requirenents in fire are not norrrally discussed 
and therefore will not be further camiented on. The primacy 
requirement of ventilation is however to maintain the health and 
safety of building occupants with canfort being a secondary 
consideration. 

To that end, it is considered that ventilation air required for 
ccmbustion and rerroval of caabustion products shc:uld be provided 
separately from that required for breathing and dilution of 
contaminants ( 21, 22) • Further, van der Kolk ( 12) considers that the 
underlying principle should be that ventilation air should be 
primarily provided to dilute and disperse the contaminants produced by 
man - carbon dioxide, rroisture, crlours and that building fabric and 
furnishings shruld not produce contaminants at levels requiring 
dispersal or dilution by ventilation. 
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1 If the above CO'Tlllents are taken into consideration ventilation should 
be provided to maintain oxygen and carbon dioxide at acceptable 
levels, renove products of occupation, and to provide C'OOling. 

The list of requirements has already identified a specific seasonal 
requirement - that of ventilation for cooling in sunrner. In certain 
arid or 1x>t countries this aspect becomes of pri.nary importance and 
traditional solutions of wind tONers and wind catchers are adopted and 
rocrlified for rocrlern domestic dwellings (7, 41). In rrore temperate 
climates with rrore a:rcplex buildings and approaches to energy usage, 
natural ventilation for sUirmer cooling warrants special design 
analyses and solutions - 'solar chimneys' and vented atria are just 
two examples of such solutions (4, 35). · 

The arrount of ventilation required to prevent overheating in sunmer 
would rornially be excessive in winter (29) - further, Brundrett (24) 
has identified three overriding seasonal ventilation criteria for 
housing in the UK, (i) in winter minimum adequate air for 1:xJdy odour 
renoval (ii) in spring/auttmn sufficient ventilation to control 
rroisture and (iii) in sunmer sufficient air rroveirent for a::x:>ling. 

In assessing the appropriate ventilation rate, authors and standards 
have described this as volume flows expressed as volurre per unit tine; 
volurre per tmit tine per person in the occupied space; or as rate of 
change of the occupied volurre per unit tine (see the individual 
standards in Section 2, or reviews 2, 14, 17) • 

Discussion has continued on the rrost appropriate ventilation rate for 
danestic use. Consensus appears to be that 0.5 -1 air changes per 
hour (ac/h) or rates Which, in typical UK housing, approxinate to 
this, provide the minimum desirable \\hole house ventilation rate (9, 
17, 26, 40). It is reported (12, 20) that this rate is often not 
achieved and with ro apparent detriment to the occupants. 

Due to the constraints of energy conservation hONever this rate also 
tends to become the ma.ximum and therefore gives rise to the risk of 
problems occurring due to inadequate ventilation - odours, 
condensation, rrould growth, poor air quality. 

Research has been carried out to assess the contribution to 
ventilation made by air infiltration through joints or cracks in the 
building fabric; this is often considerable - it can be in excess of 
the ventilation provided by purpose made cpenings (25) but it has also 
been found that such infiltration can be inadequate even for miniIIl.lIT\ 
ventilation requirements ( 34) , leading to the problems listed belON. 

3. Problems associated with ventilation 

As mentioned previously in the heating season there is conflict 
between the need for airtightness for energy conservatioo and for 
adequate ventilation to avoid crlours and condensation. Ccnsequently, 
writers concerned with 'tight' houses and lON rates of ventilation 
recognise the need for coherent design ( 23, 25, 40, 42, 58) involving 
heating, fabric performance, occupancy patterns, as well as 
ventilation. 
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One aspect Which illustrates this is that reported by Hansen (3) & 
Handegard (26), anongst others, and concerns rroisture damage caused by 
air rroverrent carrying water vapour fran occupied spaces through 
unoccupied spaces e.g. throogh lofts, walls and floors. To avoid 
this, airtightness, sealing of fabric, correctly installed insulation 
and adequate ventilation of the occupied space need to be carried out. 
A cnmprehensive study (11) describes international practice concerning 
air leakage, insulation and mini.mt.nn ventilation. 

Consideration of Whole building volurres When assessing ventilation 
rates does not take account of differing rates within the different 
enclosed spaces within a building. It should be rea:)(Jnised that poor 
air mixing and fresh air distribution can occur, even with mechanical 
systems (14, 15, 21). The concept of ventilation efficiency (18) is 
used to assess this. 

4. Types of ventilation 

To provide a satisfactory solution to the conflicting and varied 
requirements of ventilation requires a coherent approadl to design. 
In the past, ventilation has been provided on an ad-hoc basis although 
various atterrpts have been made over the centuries to improve on the 
effects of natural forces using a variety of techniques, as described 
by Billington ( 27) • The aim of sudl techniques has been to improve 
perfonnance and efficiency and provide controllability. 

Current cptions for ventilation range from dependence entirely on 
natural forces to virtual independence of natural forces using fully 
mechanical ventilation with air conditioning and heat recovery and 
these options can be described rrore fully as follows (26, 30, 36):-

(i) natural ventilation is dependent for its rrotive force on wind 
pressures and temperature differences within buildings and between 
buildings and outside (33, 55, 57, 60). It relies on simple c:penings 
in walls for air inlet and exhaust. Occupant behaviour can rrodify the 
effects of these natural forces but the level of control is pcnr 
canpared to the variability and influence of the rrotive forces. (20, 
24, 37) • Further, under low wind and low tenperature difference, 
ventilation is likely to be less than the rea:)(Jnised minim.mt. 

(ii) controlled natural ventilation is also dependent on wind 
pressures and temperature differences but it attempts to provide 
better air flow patterns within and through buildings by using ducts 
and openings specifically provided for ventilation (5,16,31 and 
regulations 48, 52, 54) • Better levels of oontrol can be achieved but 
it is rea:)(Jnised that sudl systems may still provide inadequate 
ventilation under certain clircatic conditions (48). 

Controlled natural ventilation systems designed to incorporate sized 
extract ducts and inlets are also known as passive ventilation 
systems. 

6/10 



(iii) mechanical ventilation uses fans to provide the rcoti ve force but 
the buildings will still be subject to wind and 'stack effect' and 
therefore the perfonnance and efficiency of the system will depend on 
the interrelationship of these forces - Gale & Sandberg (38) describe 
work to investigate such effects. The ideal situation is for the 
building to be airtight and all ventilation air to be supplied and 
extracted by the system. In practice, this is not achieved and 
systems may be as follows ( 26, 36) : -

a) exhaust only. Air inlet is by infiltration or through purpose 
designed inlets - the building becx:mes 
depressurised relative to outside. 

b) supply only. Air exhaust is by exfiltration, and the building 
becx:mes slightly pressurised. 

c) supply and exhaust. Air inlet, distribution and air exhaust 
are all via purpose designed openings and ducts 
with sore leakage throogh fabric. 

Mechanical systems using exhaust only or su_pply and exhaust allow the 
possibility of heat recovery fran the exhaust air, which can be used 
to off set the running costs of the system by reducing the heating 
load. 

(iv) cx:rnbination of natural and mechanical. Such a cx:rnbination may 
use natural ventilation for nost of the t.irce augmented by mechanical 
extract when necessary e.g. the use of extract fans in kitchens when 
a::x:>king, or use of mechanical extract for bathrocms. 

Natural systems offer the advantages of sirrplicity, low installation 
cost, ease of maintenance, low running cost and neglibible heat loss 
if operating at the optimum rate in winter. However, they do have the 
uncertainties regarding consistent perfonnance, as described above. 
In addition, ventilation by natural means can subject occupants to 
intrusive noise, draughts and dust. 

Mechanical systems offer the possibility of 1t0re efficient, de_pendable 
arrl controllable ventilation, rut are likely to be nore carplex, 
costly to install, require sane maintenance and incur running costs; 
the latter may be offset by heat recovery. Afpropriate systems can be 
used to provide ventilation with attenuation of external sound and 
filtering of dust and other particles. 

One as_pect of using full mechanical systems which does mt seem to be 
covered in the literature is the effect of distancing _people frcm 
access to 'fresh air' and the outside environment. 

5. Natural ventilation 

In this discussion natural ventilation and controlled natural 
ventilation will be C'OllSidered together. As described above, natural 
ventilation is dependent for its rrotive force on wind pressures and 
temperature differences. 

7/10 



The resultant pattern of ventilation is dependent on the relative 
strengths of the rrotive forces and will vary fran day to day, season 
to season and with wind direction. The airtightness of the fabric, 
the presence of chimneys or flues and the arrangement of windows will 
also effect the resultant arrount and pattern of ventilation. In 
general terms, air normally enters the building at lo.\rer level and 
leaves at high level - this has inplications for condensation control, 
for exanple, in roof spaces and on rroisture dispersal fran kitchens to 
unheated bedrocms ( 3, 40) • 

Occupants are able to control ventilation by the use of windows; 
research has sho.om their use to be related to temperature and to wind 
speed ( 8, 20, 24, 28, 37) • It has also been shown that occupants tend 
to leave windows open for periods beyond their original usefulness 
(37) thus resulting in waste of energy. In an effort to provide a 
finer degree of control, ventilation Openings kno.vn as trickle or slot 
ventilators, are being provided to UK windows. Their installation has 
been sho.vn to reduce incidence of condensation (32) and they are 
suggested as an appropriate means of providing controllable and secure 
background ventilation ( 10, 29) . 

Research has been carried out on the effectiveness of nodified natural 
ventilation systems or passive systems (16,30,31,44,45). With regard 
to 2 storey dwellings it is concluded that: 

(i) "for houses in which air leakage provides nost of the ventilation, 
a well designed passive ventilation system can be a practical 
m=ans of supplying the additional outdoor air required for 
C'Ontrolling indoor humidity and improving indoor air quality" 

and "stack action was the daninant driving potential • • . with 
wind speeds less than 30 km/hr (Sm/sec). (16) 

(ii)"for nost weather conditions of interest there will be an 
acceptable arrount of ventilation fran a stack ventilator" and 
"Which system is best • • • • is • • dependent on envelope leakage" • 
(30) 

(iii)"It has been demonstrated that a sirnple duct system will at least 
re-route sare of the ventilation air in a house;" and "the system 
should provide an extraction rate in the region of 0.5 to 1 ac/h 
thrc:ughout the heating season after suitable nodifications". (31) 

(iv)Positioning of duct outlets needs careful consideration When 
installed in dwellings adjacent to high buildings. (45) 

Ccrnparisons between natural and mechanical systems have also been 
carried o..tt. (6,19,30,33,36). These conclude that 

(i) A SWedish one-family house with unpowered ventilation, was 
inadequately ventilated all year round with doors and windCMS 
closed and that "the best way of toth supplying adequate 
ventilation and C'Onserving energy is to make sure the building 
envelope is sufficiently tight and then install a mechanical 
ventilation system". (6) 
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(ii)In SWeden "Basic knowledge seems to be insufficient in the field 
of building and ventilation technology" with "strongly varying 
information •... O)ncerning airtightness, type of ventilation 
system, minimum air exchange rate and the technical as well as the 
economical consideration for heat recovery." 

Furth.er, "mechanical exhaust air systems seem to be the nost 
efficient type of ventilation system, from a total point of view. 
Natural ventilation systems seem to be dangerous in airtight 
houses • " ( 19 ) 

(iii) "which system is best;. 
(30) 

is dependent on envelope leakage. 

(iv) "A perfect energy-efficient system wa.ild be one that satisfied the 
ventilation requirements at all times. Natural ventilation 
systems can never achieve this ideal, because random variations 
occur due to weather and because occupant control is not precise. 
However, by paying attention to ''minimising" variations due to 
weather and improving the potential for occupant control, "it 
should be possible to make significant design improvements in 
these areas" • ( 33) 

(v) in principle supply and exhaust ventilation is the rrost pranising 
in linking indoor air quality and energy conservation. (36) 

As interest in utilising solar energy develops, the role of natural 
ventilation in energy efficient h::>using has also developed (1, 4). 
Ventilation and conservatories can be linked - Baker suggests th.at 
conservatories can be used in winter to preheat ventilation air (1) 
and Dodson (4) describes a system Whereby a 'solar chimney' (a 
derivative of the conservatory) is used to 'drive' a ventilation 
system. 

Although research continues in utilising natural or passive 
ventilation, the widespread adoption of such rrodified ventilation 
techniques is poor. Building Regulations and Standards (Section 2) , 
When describing ventilation provision, refer in the main to openable 
areas as a proportion of floor area or to rrechanical systems with 
specific rates of flow. Certain countries, e.g. SWeden (48), Denmark 
(52), Holland (54), describe specifically the requirements for natural 
ventilation systems with duct sizes, inlet/outlet relationships and 
flow patterns with.in houses. As rrentioned before, it is recognised 
that a natural ventilation system canplying with the requirement may 
not provide specified flow rates under all clinatic conditions. ( 48) • 

6. Conclusions 

Natural ventilation is a a:rmon form of ventilation in the UK. 
However, design guidance is sinplistic in approadl to an aspect of 
building performance Which is of imnediate concern to all building 
users but which is extrercely variable in performance and method. 
Legislation is simplistic in approach too. 

9/10 



Practical requirements are becaning nore precise and the balance 
between too little and too much ventilation appears difficult to 
achieve in practice. Natural or passive ventilation systems can 
provide ventilation at the required levels but rrechanical systems 
offer a greater degree of reliability in achieving the required 
perfonnance with the added possiblity of heat recovery. 

Research into nore refined systems of natural ventilation is limited 
and should be extended in view of the advantages of sinplicity, lON 
cost and maintenance requirements. 

A sirrple design guide for advanced natural ventilation systems is mt 
available and therefore should be one of the priorities of research 
into natural ventilation. 
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are apparent. Because of the conflicting requirements of 
airtightness and ventilation, it is noted that mini.nurn 
ventilation rate requirenents o~en becone the rnaxinu.un. 
Tables 1 and 2 provide a useful canparison of ventilation 
requirenents and provisions in which there is greater 
emphasis placed on kitchens and bathrcx:rns. Provisions for 
natural ventilation are based on c:penable areas. 

18. SANDBEffi,M. Definition of ventilation efficiency and the efficiency 
of mechanical ventilation systems. Proceedings, 3rd Air Infiltration 
Centre Conference, 'Energy efficient domestic ventilation systems for 
achieving acceptable indoor air quality', Lendon, 20-23 Sept. 1982, 
PP· 13.1-13.22 

This paper discusses air quality and the related 
definitions of ventilation efficiency. A definition of 
efficiency for ventilation systems in residential 
buildings is suggested which takes into account ho.v 
ventilation air spreads within the building. It is shown 
that a roan average of the efficiency can be determined by 
measuring the tracer gas concentrations in the exhaust 
ducts. Further, when roan doors are closed, efficiency 
can be enhanced by suitable c:penings between roans. 

19. HARRYSSON,C. The choice of airtightness & ventilation system for 
single family houses. Air Infiltration Review, May 1983, 4 (3) 2-6 

This paper presents facts and ideas to improve - cost 
effective design for airtightness and ventilation systems. 
Scherratic alternative measures to save energy are 
presented. An investigation into ventilati01. rates in 
occupied houses is described. In discussing the 
appropriateness of different systems it is concluded that, 
for airtight rouses, the mechanical exhaust type seem> to 
be the nost efficient and that natural ventilation seems 
to be dangerous. 



20. KVIS3AARD,B. The user's influence on air infiltration. Air 
Infiltration Review, August 1985, 6 (4) 1-3 

This paper is a surmary-of the Technological Institute, 
Copenhagen project. Research on fresh air change rate: 1 
which concludes that occupants' behaviour has a 
considerable influence on dwelling air change rate, with 
occupied dwellings having airchange rates 3-4 higher than 
the basic rate of air infiltration. It was fourrl that, 
although the average rate of 0 .68 ac/h was higher than 
the 0.5 ac/h recannende:i in Denmark, 20% of the dwellings 
had rates such that indoor clirnate problems nay occur. 
Further, mechanical systems usually give too high a rate 
of airchange and natural ventilation systems too lo.v. 

21. MEYRIN3ER,V. Revie.v of sorre research issues relatErl to ventilation 
of dwellings in Genrany. Air Infiltration Review, May 1985, 6 (3) 
2-6 -

This article ootlines the FErleral Ger:rran research 
progranure 'Ventilation in residential buildings' and 
discusses natural ventilation, fireplaces and stoves in 
airtight buildings, arrl inhabitants' ventilation behaviour 
in greater detail. Interesting findings include: typical 
natural ventilation devices have poor control 
characteristics and natural ventilation dependent on 
wirrlo.vs arrl infiltration offers considerable scq;>e for 
i.nprovenent, from both the viewpoint of energy and 
hygiene, mechanical fan ventilation offers the best 
solution; inhabitants' control of ventilation is 
inadequate, rnarke:i stro03ly by individual habits and 
subjective feelings. 

22. TES L'ID. Ventilation requirerrents for airtight houses. A research 
report. Ottawa, Canada, Energy, Mines & Resources. 1983 • ( BEIT 
pub.no. 83.04) 

This working paper forms part of a technical review of 
airtight hones in Canada and dOCUirents ventilation 
requirenents. It provides technical backgroum 
inforrration on ventilation requirerrents, ventilation 
irethods and system5, current caies and standards, and 
current research. Considerations for a new ventilation 
standard for Canada are also presented. 'Ihe main 
conclusions reached are: a ventilation rate of o.5 ac/h 
is required to rnaintain adequate indoor air quality; to 
achieve specified control of ventilation mechanical 
ventilation systems (pcssibly in conjunction with heat 
recovery} will likely be required; canbustion and 
ventilation air should be separate; ASHRAE Standard 
62-1981 coold fonn the basis of a ne.v standard. 

23 . O' SULLIVAN, P. and JOOES, P .J. Design features for lo.v energy musing. 
Energy in Buildings, October 1985, pp. 16-18 

This article examines briefly three areas affecting the 
energy efficient design of houses - occupant usage, 
clirrate/muse interaction and ventilation and air 
quality. It emphasises the need for coherent design, 
especially for natural ventilation, the predominant 
ventilation mechanism in UK housing. 



24 . BRI.J.NDRErr, G. W. Ventilation : a behavioural approach. Energy 
Research, 1977, 1 (4) 289-298. (Int. CIB Synposium on Energy 
Conservation in the Built Envirorurent, Garston UK, 6-8 April 1976) 

This paper reports behavioural studies of the wirrla.v
opening habits of families in 123 rouses. Results showa:i 
a stro09 seasonal pattern. During winter windcw opening 
was closely related to the external air moisture level. 
In sl.lJTIITer, it was rrore closely linked to rrean daily 
tenperature. There were wide differences between 
families, with larger families having rrore open wirrlows. 
Re-examination of ventilation criteria SU<J3ested three 
seasons; deep winter which needs minim.nn ventilation for 
body cd.our rerroval; spring/autunn for controlling noisture 
and surmner for cooling. 

25. EIHERIIXIB,D.W. and NEVAALA,D.J. Air infiltration and wr therma.l 
enviroruoont. Building Services & Environmental Engineer, March 1979, 
1 (7) 10-13 

This paper describes the sources and mechanism:; of air 
infiltration and attempts to give an insight into the 
pr00lem:; that it may cause in h::>using. It concludes that 
nore attention will have to be paid to infiltration as the 
associated heat loss constitutes a large fluctuating 
ccnponent of the total heat loss: lcw level draughts 
caused by infiltration calld be a cause of discanfort and 
such draughts influence assessment of the overall 
envirorurent: a cheaper rut less effective alternative to 
full nechanical ventilation in 'airtight' houses is to 
minimise advantitious q:>enings and sutstitute purpose
provided c:penings for natural ventilation. 

26. HANDEGARD, G .o. Ventilation of houses. Hllltli.di ty, condensation and 
ventilation in houses: Proceedings of the Building Science Insight 
'83, Oct. , NOi/. and Dec. 1983 • Canada, Di vision of Building Research 
Proceedings No. 7. Ottawa, National Research Council of Canada. 1984. 
(NICC 23293) pp. 41-52 

This paper reviews the factors influencing air leakage in 
houses am the role of air leakage in condensation an:1. 
ventilation. The requirenents for ventilation for air 
quality am humidity control are considered and 
ventilation system:; suitable for Canadian h:Juses are 
discussed. It recamrends a minim.nu ventilation rate of 
35 litres per second to ma.intain air quality in h:Juses 
under nonnal cira.llllStances with capability of 75 litres 
per secorrl for intermittent use. It ccncludes that 
natural forces cannot be relied upon to provide such rates 
tmier all circumstances and a positive mechanical system 
is desirable. 



27. BILLING'!Ul ,N .s. The art of ventilation. Proceedings, 3rd Air 
Infiltration Centre Conference, 'Energy efficient domestic 
ventilation systems for achieving acceptable indoor air quality', 
London, 20-23 Sept. 1982, pp. 1.1-1.17 

An interesting and entertaining paper on the relationship 
between ventilation needs and net.hods arrl the technologies 
available as civilisation has develc:ped. Hunan needs, 
ventilation efficiency, rrot.ive p<JNer, the role of 
ventilation in design, and research are discussed. It 
questions whether currently accepted criteria are still 
valid and suggests that ventilation is only one net.hod of 
anelioratin:J the internal environment. If ventilation is 
to be used uncontrollable variables such as wind and stack 
effect shoold be eliminated. A broad approach to the 
problem is urged involving heating designer, architect, 
builder and c:x:cupant. 

28. BRIJNDRETI' G.W. and FUULTREY,G.H. Use of natural ventilation. - as 
above - pp. 2.1-2.12 

This paper describes a study to estirrate the energy loss 
of 24 well insulated houses due to the ventilation 
behaviour of the c:x:cupants. Results shCM windo.YS are 
seldan conpletely closed and that win:icw openin:J is 
related to terrperature. Analysis of the energy losses 
suggest that about one-third is due to ventilation - half 
of this is due to casual infiltration and half to windCM 
openin3 habits. 

29. HJW\R'IH,A.T., .BURBERRY ,P .J., IRWIN ,C. and I' ANSCN,S.J. Ventilation 
arrl internal air rroveirents for sumrer and winter conditions. - as 
above - pp. 6.1-6.7 

This paper describes the problem> of designing natural 
ventilation systerrs for surrarer and winter conditions and 
discusses in detail the oojectives, rretlxxis and sate field 
studies invol vai in the solution of winter ventilation 
prd:>lens. 

30. SHERMAN ,M.W. and GRIMSRIJD,D.T. A c:orcparison of alternate ventilation 
strategies. - as above - pp. 7.1-7.23 

This report examines several ventilation strategies for 
their effect on both total ventilation and on the energy 
ha.lance of residential structures, including natural 
systems such as stack ventilation. It concludes that the 
nost appropriate strategy is critically dependent on 
envel~ leakage. 

31. Ja!NSCN,K.A. and PITI'S,G. Experinents with a passive ventilation 
system. - as above - pp. 9.2-9.12 

This paper describes a sinple passive ventilation system 
consistin;3 of vertical extract ducts fran kitchen and 
ba.t.hrocm with trickle ventilator inlets at wind.CM heads. 
It concludes that the ventilation air will be re-routai 
through these ducts and that whole ha.Ise air changes of 
0.5 - 1 ac/h shoold be provided t.hrrugh the heatin3 
season. 



32 . O'SUILIVAN,P. and JCNES,P.J. The ventilation perfornance of houses -
a case study. - as above - pp. 10.1-10.21 

This paper describes ventilation rreasurerrents carried 01t 
on a grcup of energy efficient houses designed in the rnid-
1970' s. Results showed that vvhole house ventilation rates 
were satisfactory but that ventilation distribution was 
pcx:>r with sane serious condensation. 'Trickle' 
ventilators were installed and better distributions of 
ventilation were achieved with reduction in condensation. 

33. E.'THERiffiE,D.W. Natural ventilation in the UK and sorre considerations 
for energy efficient design. - as above - Supplerrent to Proceedings, 
pp. Bl - B24 

This paper discusses the potential for achieving "energy 
-efficient" ventilation system5 by improving design 
procedures for natural ventilation. Ventilation 
requirements are outlined, characteristics of natural and 
rrechanical ventilation are discussed and natural 
ventilation is then described in detail. Various design 
techniques are described vvhich should enable natural 
ventilation to nore closely meet the requirements. 

34. BASSEIT ,M. The infiltration conponent of ventilation in Ne.v Zealand. 
Proceedings, 6th Air Infiltration Centre Conference, 'Ventilation 
strategies and rreasurerrent techniques', Het Meerdal Park, Sc:uth 
Netherlands, 16-19 Sept. 1985, pp. 2.1-2.18 

This paper describes the analysis of airtightness tests 
on 80 houses. Anongst the conclusions are: a joint 
length/envelope area index can provide a guide to likely 
air leakage; infiltration alone will give insufficient 
ventilation to control condensation and the level of 
heating and supplementary ventilation will have nore 
control than infiltration. 

35. HOLMFS,M.J. Design for ventilation. - as above - pp. 13 .1-13 .23 
This paper describes design for sumner cooling by natural 
ventilation for an office building and limited 
verification data. It is concluded that the designer's 
oojecti ves were achieved. 

36. TREPTE,L. Air quality and energy conservation by different 
ventilation strategies. - as above - pp. 14.1-14.7 

This paper reports on West Gerrran research into air 
infiltration and ventilation; first results sha.v that the 
conflicting requirerrents of energy conservation and 
adequate indoor air quality in many cases are best net by 
rrechanical ventilation and heat recovery. 

37. P.HAFF,J.C., VPN ]))NGEN,J.E.F. and DE GICS,W.F. Inhabitants' behavia.rr 
with regard to ventilation; the use of windows. First heating season. 
- as above - pp. 20.1-20.28 

This paper describes research on the use of windows and 
doors in a block of flats to provide natural ventilation. 
Arrongst its conclusions are that window cpening is related 
to temperature; the notive for winda.v opening is to 
discharge polluted air; over-ventilation leads to 
excessive heatloss. 



J8. GALE,R. and SANDBERG ,M. The perfornance of ventilation in an untight 
house. - as above - :Supplerrent to Proceedings, pp. 1-8 

This pa.per describes ventilation and ventilation 
efficiency of both natural ventilation and rrechanical 
ventilation systems in an airtight (8 ac/h @ 50 Pa) 2 
storey house. The results derronstrated that the natural 
stack dat1inated ventilation pattern was n:Yt overcarre by 
the rrechanical system and, whilst the mechanical system 
offered the assurance of rnininum flON and exhaust rates, 
it did not guarantee a predictable distribution of air 
supply. Further, extraction of pollutants at source is 
more likely to be cost beneficial than carplex balanced 
systems. 

39. BRITISH GAS CORPORATION. Ventilation of danestic tuildings. Studies 
in Energy Efficiency in Buildings No.6. British Gas. 1981. 

This is a CXlllpilation of seven technical studies on 
various aspects of ventilation including design,m:::xielling, 
testing techniques, air leakage and provides useful 
backgrourrl to the subject. 

40. I.OUDON,A.G. The effects of ventilation and building design factors on 
the risk of condensation and :roculd grONth in dwellings. Building 
Research Station, Current Paper CP 31/71. Garston, BRS. 1971. 

This paper discusses hON temperature and relative humidity 
are controlled by adjusting the ventilation rate and shows 
by cal0.1lation the effect of ventilation on a whole house, 
a kitchen and an unheated bedroom. Critical mininum 
a:rocunts of heat arrl ventilation are shONn to be needed to 
avoid condensation. 0.5 - l ac/h is considered to be the 
suitable ventilation rate. 

41. OOUffiEOIS, J .-L. Sind wind. Architects Jcurnal, 12 March 1980, 171 
(11) 506-7 

This article describes the use of roof nounted 
wind-catches on houses in Pakistan for natural ventilation 
in sumrer. 

42. HJUSING AND URBAN DEVEI.DPIBNI' ASSOCIATION OF CANADA and ONI'ARIO 
MINISTRY OF ENEIDY. Builder's guide to energy efficiency in new 
housing. Toronto, HID.AC. 1980. 

This book examines all aspects of energy efficiency and 
discusses airtightness and ventilation in this context. 

43. CXDN ,D. Indoor air quality in tight rouses - a literature review. 
Ontario, Canada, Ontario Ministry of Municipal Affairs & Housing, 
Hoosing Conservation Unit, 1984. 

This reviev1 provides an 01erviev1 of the literature on the 
effects of air sealing on air quality arrl includes 
sections on the nature and oources of ccntaminants; en 
methods of detennining airtightness and airchange rates; 
on rreasures that can be taken to inprove indoor air 
quality. 



44. DEN OUDEN,H.PH.L. and DE GUS W.F. (The cperation of vertical 
ventilation ducts for natural ventilation in high- and :rredium-rise 
buildings). (In) Instituut voor Milieuhygiene en Gezondheidstechniek, 
Afdeling Binnenklinaat, 'Klirraat ventilatie verwarming in woningen en 
gebouwen'. Delft, IG-'IND. 1974. (TN'.)/'IVL - dag nr.4) pp. 7-24 (In 
Dutch) 

This paper examines natural ventilation systems and 
concludes that canbined ducts provide adequate airf lo.vs 
for :rredium-rise buildings and insufficient for high-rise: 
in both types performance is less than satisfactory. 

45. DE GIIE,W.F. and DEN OUDEN,H.PH.L. (Three investigations into the 
cperation of natural ventilation ducts, which trace the influence of 
positioni~ arrl height of the outlet of the build~ tak~ into 
account the surroundings and shape of the outlet. ) - as above -
pp. 25-42 (In Dutch) 

The three investigations reported in this paper led to 
specific requirements in the Dutch building regulations 
concerning the positioning and might of natural 
ventilation duct outlets for residential dwellings. 



Section 2 - Building Re:;Julations & Standards 

46. UK 

47. UK 

48. SWe:len 

49. Canada 

50. USA. 

Parliament. Building and Buildings: The 
Regulations 1976. Statutory Instrurrents 

Building 
1976 No.1676. 

London, HMS0.1976. 
K4 Means of ventilation 
KS Ventilation openings on 
K6 Ventilation of larders 

) 
to courts) 

) 
) 

Part K 
Open space, 
ventilation & 
height of rcx::ms 

Parliament. Building and Buildings: The Building 
Regulations 1985. Statutory Instrurrents 1985 No.1065. 
London, HMS0.1985. 
Part F Ventilation Fl Me:ms of ventilation 

Department of the Environment and Welsh Office. The 
Building Regulations 1985:AfProved docllllents F. 
Ventilation. London, HMSO. 1985. 

The essential requirenents of both the 1976 and 1985 
regulations can be sumrnarise:l as follows:- natural 
ventilation to habitable rooms, kitchens and bathrooms to 
be by at least one opening with an area of at least 
l/20th of the floor area and with sone part of the 
opening at least 1. 75 rn arove the floor. 

National Swe:lish Boord of Physical Planning and Building. 
Air quality (Chapter 36 of SWedish Building Ccrle S.EJN" 
1980). Stockholm, NBPPB. 1982. 

Section 43 Approved construction of natural 
ventilation in detached houses. 

Natural ventilation for detache:l dwellings uses ducts 
of specified areas and with air transfer and supply 
patterns specifie:l for differing roan types. It is 
recognise:l that a house with a natural ventilation system 
c01plying with the regulations may not achieve specified 
rninim.un air change rates in all weather conditions. 

National Research Council of Canada, Associate Camri.ttee 
on the National Buildings COOe. Residential Standards 
1980 for use by Canada Mortgage and Housing Corporation. 
Ottawa, NRCC. 1980. 

Natural ventilation to dwellings shall be provided by 
rninim.nn unobstructed area of 0. 28 rn2 per roan for 
habitable rooms and kitchens and 0.09 rn2 for bathrooms 
(for a typical UK living roan of say 3 x 4 rn, this wruld 
equal approximately l/40th floor area). 

Building Officials & Ccrle Administrators International 
Inc. The IDCA Basic National Building Ccrle/1984. Ca.mtry 
Club Hills, Ill., BOCA. 1983. 

Natural ventilation of occupied spaces shall be through 
openable windows, doors or openings to the outdoor air of 
rnininurn area of 4% of the floor area being ventilated. 
(= 1/25 floor area) 



51. USA 

52. Dennark 

53. France 

Arrerican Society of Heating, Regrigerating and Air 
Conditioning Engineers. Ventilation for acceptable indoor 
air quality. ASHRAE Standard 62-1981. 

A basic outdoor ventilation rate of 2. 5 litres per 
second per person is reccmrended. Variations of this are 
allo,.;ed to ccpe with tobacco snoke and other 
contaminants. The designer is also allONed to provide 
differing ventilation rates to dilute contaminants to 
specified levels. 

Danish Ministry of Hcusing. Building regulations 1977. 
Copenhagen, DMH. 1977. (English version 1978) 

Part 11 Ventilation 

Ventilation in residential buildings shall be provided by 
an adequate supply of fresh air via openings directly to 
cutdoor air with renoval of cx:intaminated air by either 
natural or mechanical :rreans. 

For natural ireans air inlet and duct sizes are specified 
with additional constructional details. For exanple, 
habitable roans are required to have inlet area of 30 an2 
and kitchens and bathrcans shculd have inlets of 30 an2 
and extract ducts of 200 an2 cross-section. 

Centre Technique du Bois et de l 'Arreublement Maisons a 
oosature bois cu a Colanbage. Cahier 11 7. Paris, 
Cl'B.1983. 

Para 6.3.2 

Ventilation systems should CXIIprise air inlet into 
principal roans, air flo,.; fran principal rcans to.vards 
service rooms and air extract from service roan.s. 
Vertical ducts using natural forces are one of the 
irethods of extraction allcwed. wtole lnuse airchange 
rates of 0.5 ac/h are required. 

54. _Netherlands Vereniging van Nederlandse GenEenten. 
Model-ba.iwverordening. 's-Gravenhage, ~. 1981, with 
20/21 st. supplerrent 1983. 

Natural ventilation by both cpenable doors and windows of 
at least 1/20 floor area and ducted systems are 
described. Specific air changes are given for various 
rcx:rns arrl duct sizes and discharge positions are 
specified. Extract ducts for kitchens and bathrooms 
shculd have an area of 0.012 m2 (120 an2). 



Section 3 - Technical reference publications 

Building ResearCh Establishment Digests. Garston, BRE. 

55. Digest 170 Ventilation of internal bathroans and WC's in dwellings. 
(1974) 

This digest describes both natural and ITechanical 
ventilation systems and canrnents that the risks of 
variable or reverse flo.Y associated with natural 
ventilation and its unsuitability for tall buildings has 
led to general use of ITeChanical ventilation. 

56. Digest 206 Ventilation requirements. 
(1977) 

This digest discuses fresh air requirerrents and tolerable 
levels of contaminants and is concerned ma.inly with 
ventilation during the heating season as that required for 
coolinJ in surnrrer is likely to exceed that requira:l for 
dilution of contaminants. 

57. Digest 210 Principles of natural ventilation. 
(1978) 

58. Digest 297 
(1985) 

This digest discusses the IIEchanisms Which govern natural 
ventilation and illustrates them with fonmilae for sinple 
cases. 

Surface condensation and rrould gro.Yth in traditionally
built dwellings. 

This digest considers the circumstances that lead to 
surface condensation and roculd gro.-.rth and suggests ways 
of reducing their incidence. Adequate but mt excessive 
ventilation plays a role in reducinJ condensation risk. 
The inter-relationship of internal environemtn, structure 
and natural climate is discussed. 

59. Digest 306 Darestic draughtproofing: ventilation considerations. 
(1986) 

'Ibis digest addresses the proolem of conflicting 
requirements for reduced air infiltration arrl adequate 
ventilation for air quality in the ccntext of draught
proofing of external doors and windows. 

British Standard Specifications. l.a1.don, BS!. 

60. BS 5925:1980 Ccrle of practice for design of hlildings: Ventilation 
principles and designing for natural ventilation. 

This ccxie of practice deals with ventilation of hlildings 
for human occupation. The main reasons far the provision 
of ventilation are ootlined and, where possible 
recanrnended quantitative air flo,y rates are given. Air 
supply recormendations are given for different hlildings 
and roans, characterised by usage arrl the basis for the 
choice between natural and ITechanical ventilation is 
given. Design for natural ventilation is descri.bai by 
outlining the IIEchanisms Which govern natural ventilation 
and illustratinJ them for sinple cases. 
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61. BS 5250: 1975 Cede of basic data for the design of buildings : the 
control of condensation in dwellings. 

This C<Xle gives recamnendations concerning the control of 
condensation in dwellings and ventilation is discussed 
where appropriate in this context. 

Chartered Institute of Building Services. London, CIBS. 

62. CIBS Guide 

63. CIBS Guide 

64. CIBS Guide 

Miscellaneous 

65. ASHRAE 
Handbock 

Section Al 1978 Environmental criteria for design. 

This section provides a limited discussion of ventilation 
requirements in the overall context of environmental 
control. 

Section A4 1976 Air infiltration and ventilation losses. 

This section of the Guide describes the principles 
governing air infiltration and natural ventilation, 
mathods of calculation and errpirical values for use in 
assessing heat losses for heating system design. 

Section B2 1976 Ventilation and air conditioning 
( re:::iuirements). 

This section examines the re:::iuiremants of ventilation in 
general arrl provides recanrnen:led ventilation rates far a 
variety of buildings. The machanisns of natural and 
mechanical ventilation are described. The requirements 
for buildings of specific purposes are described and 
contaminant limits are listed. 

1981 Furrlamantals 

This handl:x:>ak provides detailed discussion of ventilation 
theory and i;i1ysiological and envirorurental re:::iuirerrents 
in the overall CCTitext of environrcental CCTitrol. 


