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Ventilation c r i t e r i a  are viewed i n  terns of both the  building and the  occu- 
pants. Moisture control is necessary t o  preserve the  building fabric .  
The occupants have additional sens i t iv i ty  t o  chemical contamination such as  
odours and cigaret te  m k e .  Cr i te r ia  can be expressed i n  minimum accept- 
able concentrations for  health reasons, o r  even lower concentrations fo r  
comfort. The ventilation needed t o  met these c r i t e r i a  is derived frcm a 
knuwledge of the  generation rate of the pollutant,  the  effectiveness of 
ventilation mixing, the  characteris t ics  of the  fresh air supplied, and the  
tenperature of t he  occupied room. 

INTRODUCTION 

Contaminants can build up inside sealed buildings t o  create discomfort f o r  the  occupants and, i n  
the long term, can both affect  t h e i r  health and spoi l  the  in tegr i ty  of t he  building fabric .  Fresh 
a i r  is therefore necessary to d i lu t e  these c o n t d n a n t s  t o  an acceptable level.  This paper reviews 
the wntaminants individually and then, i n  terns of overall design, collectively. 

CONTAMINANTS 

Carban dioxide 

Breathing is controlled primarily by the  carbon dioxide concentration i n  the  lungs ((Bell et al. (1)).  
When inspired air contains approximately 2% by v o l m  of carbon dioxide, then the  depth of breathing 
inc reees .  When the concentration reaches 3-5% by v o l w ,  there  is a conscious need fo r  increased 
respiratory ef for t  and the breathing rate increases and the  atmsphere becares objectionable. Con- 
centrations over 6% are  dangerous. The rmximum allowable concentration fo r  8 hour exposures for  
healthy adults  is 0.5% by volume. 

The usual source of carbon dioxide is the  occupants thenselves. 'Ihe generation rate is direct ly 
proportional t o  t he  nunber of people and the i r  act ivi ty.  The ventilation needed for  carbon dioxide 
dilution is i l l u s t r a t ed  i n  Table 1 (BS 5925: 1980 (2)).  

TABLE 1 - Outdoor air requi2emnts for  respiration (BS 5925: 1980) 

Metabolic Requiremnts for  R e q u i m n t s  for  

Activity r a t e  oxygen ( 16. % 02 carbon dioxide 
in expired a i r )  at 0.5% by volume 

(watt.: .) (m3/h) (SP) 

Seated quiet ly 100 0.36 2.9 

Light work 160-320 0.7-1.1 4.7-9.4 

Moderate work 320-480 1.1-1.3 9.4-14 

Heavy work 480-650 1.8-2.5 

Very heavy work 650-800 2.5-3.2 

Flueless heating appliances are also a source of carbon dioxide. A 3 kW paraffin heater is equiv- 
alent t o  20-33 people i n  the room (BRE D i g e s t  No. 206 (3 ) ) .  
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Odours 

Healthy, clean people give off odours even inmediately a f t e r  a bath (Yaglou e t  al. (4) ) . Such 
odows are not knm t o  be m u 1  but can be unpleasant and diminish appetite. Odour generation 
is proportional t o  the s ize  of the adult (Lehrrberg e t  al. (5)) and the t i r ~  elapsed since the last 
bath. Children younger than 14 years old are mre powerful generators than adults (Figure 1).  

Odour concentration cannot always be measured chemically and so enpirial ventilation rates are 
prescribed. An unusual feature of body odours which distinguishes them from sinple chemical 
odours is that  acceptability is influenced both by concentration and by personal space. Much m r e  
fresh air is needed as the personal space declines (Figure 2).  

Enpirical data suggests a rrdninnm~ a i r  extract ra te  from the W.C. should be 20 cu. metres per hour 
(BRE Digest 170 (6) ) . 
!?!s&!3 
In norrndl cigarette smking, m r e  tobacco burns during the smulder period and escapes t o  the roan 
than during the inhaling period, when the m k e r  absorbs the &ustion products himself. This 
sidestream snolce requires dilution (Brundrett (7) ) . 
While the tobacco type, its t rea tmnt ,  the cigarette s ize  and smoking pattern axe very varied, an 
approximate value of XI$ of fresh air is needed t o  dllute the sidestream m k e  frcm a cigarette t o  
an acceptable air quality. Since the average British smker cons- 1.3 cigarettes an hour, then 
a fresh air a l l m c e  of 26 m3/h is needed for each smoker. In small offices, the probability of 
an office containing nrainly smkers is high and so t h i s  fresh air is needed for  each occupant. In 
large offices of 50-100 occupants, it can be ass& that  the population in the office w i l l  reflect  
the normal adult population, of which half w k e .  The ventilation ra te  can therefore be halved, 
since only half the occupants wi l l  be expected t o  smke (Halfpenny & Starre t t  (8)). I f  the cigar- 
e t t e  consmption is kncwn t o  be much lower or  much higher, then appropriate changes in the ventila- 
tion ra te  wi l l  be necessary. Experience suggests that  the values given i n  Table 2 are adequate for 
Britain (CIBS (9)) .  

TABLE 2 ' - 'Veritilatidri 'to 'dilute 'cigsuiette 'Srirjke 

. , . , . . . . . . . . . . . ,  . . . . . . . . . . . . .  . . . . . . . . . . ,  . . . . . . . . . . . . . . . . . .  

Minimum Recomnended 
Snaking spa* outdoor a i r  outdoor air 

m3/h per person $/h per person 

SOIE open plan office 18 29 

heavy private offices 29 . 43 

very heavy board room 65 90 

h e r  quantities of fresh air introduce i r r i t a t ion  t o  the eyes and respiratory,passages. When th i s  
occurs, there is the r i s k  that  the nraxirmm pemdtted concentration of acrolein has been exceeded 
(Figure 3). 

Moisture 

Moisture has two kinds of effect. The f i r s t  is related t o  relat ive humidity, while the second is 
related t o  vapour pressure. 

Organic mteriaLs such as  wool, paper, cotton and leather, absorb mistm as a function of the rel- 
ative humidity in  the atrmsphere (Hearle & Peters (10)). If t h i s  relat ive humidity lxxams low, 
then fabrics becan? less flexible and less electrically conducting. Electrostatic shocks can be 
expected from walking on carpets when the relat ive humidity f a l l s  below 40% (Brundrett (11) ) . When 
the relat ive humidities r i s e  above m, then fabrics become darrp t o  the touch (Lake & Lloyd-Hughes 
(12)), mould spores can develop (Brundrett & Onions (13)), and house mltes thrive (Cunnington (14)). 
Unfortunately, the relat ive humidities involved are those hnediately adjacent t o  the fabric rather 
than the bulk air in  the centre of the room. 'Ihis mans, for  exanple, that  wallpaper on a cold 
w a l l  could have very hi& relat ive hmidi t ies  irrmdiately adjacent t o  it, while the values in the 
room centre are lm. In practice, mis tu re  problem are avoided i f  the bulk a i r  in the roan does 
not r i s e  above X% relat ive humidity (HNB (15)). 

mysiological factors such as dry throats, cracking skin, and sultr iness,  depend more upon the abso- 
lute water vapour Pressure. While work is linrited i n  t h i s  area, i l lustrat ions of these relation- 
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ships are given in Ngure 4 (Brundrett (16)). The generation rate of m i s t u r e  within the house is 
sumwised  in Table 3 according t o  ac t iv i ty ,  and is typical ly 7 kg a day unless clothes are dried 
in the  house, when t h i s  value is doubled (Loudon (17)). Ventilation r e q u i m n t s  needed t o  prevent 
excessive re la t ive  humidity depend on both the  m i s t u r e  generation rate i n  the  house and the mis- 
ture  content i n  the outdoor air. The m i s t u r e  i n  the outdoor air depends i n  turn upon the  outdoor 
air tenperature (Ngure 5)  (Heap (18)). This mans tha t  f o r  a constant m i s t u r e  generation ra te  in  
the  house, t he  venti lat ion w i l l  need t o  increase progressively with outdoor temperature t o  m;clntain 
a chosen re la t ive  h w d i t y  (Figure 6). bcal  extraction of m i s t u r e  vapour at source, such a s  with 
a cooker hood, o r  any form of dehumidification, could signif icantly reduce t h i s  ventilation require- 
m n t  (Brundrett (19)). 

TABLE 3 - Moisture generation rates i n  f ive  person hod& (budon 1971) 

Activity Generation rate . . . . . . . . .  

Moisture from the occupants 1.7 kg/day 
(perspiration and respiration) 

Clothes washing 0.5 kg/day 

Clothes drying 5 k g / d a ~  

Baths and washing . . 

Daily average 7.2 kg/day 
14.4 kg on washday 

Radon - 
Minute traces of uranium are present in mst rocks, s o i l s  and ummn building nraterials. Uranim 
is radioactive and decays down t o  a s tab le  lead isotope. One of the  products of t h i s  chain is the 
gas radon. Radon has a half-life of 3.8 days, which is suff ic ien t  f o r  it t o  diffuse from building 
materials and from the  sub-soil underneath a house in to  the  buildings. The radon gas decornposes 
in to  four short-lived daughters, which can be inhaled. Inhaled dau&ters can decay within the  lung 
and could increase the  incidence of lung cancer (Davies (!XI), Doll & Hi l l  (21)). The health r i s k  
is proportional t o  the  radon concentration and the t b  exposed t o  it (Table 4).  Present evidence 
suggests t ha t  the  minimun ventilation rate for  a house i n  Bri tain should be 0.2 air changes an hour. 

TABLE 4 - IVedicted l a g  cancer incidence i n  the  UK due t o  environmentsil 22% daughter conaintra- 
t ions as the  man winter (7 mnths)  venti lat ion r a t e  is reduced: the  s m r  (5 mnths)  man ventil- 
ation r a t e  is a s s m d  t o  be constant at 2 a i r  changes per hour 

Winter Mean Lung cancer N u m b e ~  of cigarettes m k e d  
ventilation population incidence predicted per week t o  give t he  same 

rate exPosure per 106 population lung cancer incidence 

h-I WLM y-I Per Year (Dei-ived from Ref. 20) 

VENTILATION REQUIREMENTS FOR DESIGN 

The four design factors  are: 
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1. extract  contaminants at source 
2. venti late  for  the worst pollutant 
3. avoid by-passing of the  supply and extract  a i r  
4. control the  flaw route 

When the  sources of pollution are known, the  f i r s t  design requiremnt is t o  r m v e  as much as pcs- 
s ib l e  at source. Once t ha t  is done the generation r a t e s  of the  pollutants in to  the  room can be 
estimated. Fnr a l l  prac t ica l  purposes, the  ccmron pollutants can be considered t o  be independent 
of each other. The venti lat ion needed f o r  each pollutant should then be calculated and the highest 
ventilation rate chosen. When air is supplied a t  law ra tes ,  it slawly but intimately mixes with 
the room a i r .  The re la t ive  positions of the  in l e t  and out le t  grilles are not very important. H w -  
ever, a t  high venti lat ion ra tes ,  s o m  correction is needed for  the  inefficiency of the  air mixing. 
The chances of short-circuiting increase with the  higher.ventilation r a t e s  and mre care is needed 
i n  positioning and d is t r ibut ing  the i n l e t  and extract air (Yaglou & Witheridge (22)). 

Mnally, while i n  general it is desirable t o  provide each room with fresh a i r ,  exceptions can be 
W e  for  buildings such as houses. The conventional house has two types of rooms, clean residen- 
tial room and service m m .  The residential  room, which include l i v ing  roans and bedroom, can 
be supplied with fresh air t o  ensure pleasant conditions during the  long periods these rooms are 
occupied. Hawever, t he  service room such as kitchen, bathroom and t o i l e t ,  are occupied fo r  shor- 
ter periods and it is the  t rad i t ional  approach i n  mechanically ventilated houses t o  supply the  fresh 
air t o  the clean room and extract  the  same a i r  from the kitchen and other service areas. Routing 
the air t h i s  way saves mch ventilation. 

FUTURE NEEDS 

As the  importance of venti lat ion becomes rewgnised, we w i l l  need t o  strengthen f ive  weaknesses. 
The f i r s t  is t o  re f ine  the  ventilation c r i t e r i a .  Most work has concentrated on the adult popula- 
t ion and f o r  eigfrt hour exposure as i n  a working day. Buildings can contain children, the  elderly 
and the infirm, and often for  continuous occupancy. More research is needed t o  assess su i tab le  
c r i t e r i a  fo r  these c o m n  circumstances. 

The second is the need f o r  s inple sensors which w i l l  guide the  occupants of the building on whether 
o r  not they have gross under- o r  over-ventilation. The need fo r  such i n s t m n t a t i o n  is strongest 
for  those pollutants such as radon o r  carbon mnoxide, o r  carbon dioxide, which the occupants them- 
selves cannot sense. Hawever, law & detection of the  m r e  recognised pollutants, such as cigar- 
e t t e  m k e  o r  m i s t u r e ,  could be valuable as the s t a r t i ng  point for  mre advanced energy saving 
controlled venti lat ion schemes. 

The t h i r d  is an educational exercise t o  s h w  the importance of r m v i n g  w n t d n a n t s  a t  source. ' 

?his includes cooker hoods venting t o  t h e  outside t o  remve m i s t u r e  and odours, and a lso  proper 
use of venting k i t s  f o r  appliances such as  tw33le dryers. It also includes the dangers of unflued 
heaters. 

The fourth is recognition of the  importance of the ventilation route. In m y  circumstances, the 
fresh air can be designed t o  serve two purposes. In a house, fo r  example, i f  fresh air is intro- 
duced in to  the l iv ing  room t o  d i lu te  body odours, the same a i r  can be extracted f m  the kitchen, 
taking with it the added m i s t u r e  and cooking mlls. 

m e  f i f t h  is the developmnt of al ternat ive mthods of lowering the pollution concentration. Re- 
search is already exploring deodorising techniques t o  r m v e  o r  destroy d o d o r a n t s  and advanced 
dehumidification techniques t o  solve m i s t u r e  problem. 

CONCLUSION 

Ventilation is necessary t o  d i lu t e  c o m n  contaminants t o  acceptable concentrations for  health and 
canfort,  and t o  protect buildings. 

The venti lat ion requirements a re  rriainly a function of the  generation r a t e  of the  pollutant and the 
maximum allowable concentration. Unoccupied buildings need a m i n h m  ventilation r a t e  t o  prevent a 
build-up of radon. This is d n l y  a function of the building materials. The rrdnimum for  occupied 
buildings depend. upon the  carbon dioxide generation. This generation is direct ly related t o  act i-  
vi ty level.  Cigarette m k e  is proportional t o  the  cigaret te  consumption although the  cr i te r ion  of 
acceptability varies f m  the  relat ively sensi t ive one of a v i s i t o r ,  t o  the  much less sensi t ive one 
of a smker.  Body odours a re  unusual i n  being related not only t o  t he  elapsed time since the  last 
bath, but also t o  the  allocated volume of personal space. Designing f o r  m i s t u r e  control is the 
mt d i f f i c u l t ,  s ince it is a wnplex function, not only of the outdoor vapour pressure and the  in- 
door m i s t u r e  generation r a t e  and lwa t ion ,  but also of the temperatures of individual parts  of the 
moms, which should renrain above the  a i r  dew point. 



NATURAL VENTILATION BY DESIGN 

Further work is needed on ventilation routes so that  fresh air can be introduced t o  the l iving 
rooms and extracted from the service roans, which are usually more contaminated. Separate fresh 
air supply is then not necessary i n  the service room. The air f l m  is then in opposition t o  the 
contaminant gradient. More attention must be paid t o  local contamination control. 'Ihis includes 
cooker hoods and vented clothes dryers t o  prevent moisture and odows escaping into the roan. It 
also includes dehumidifiers, which can not only reduce the ventilation r e q u i m n t  but also trans- 
duce latent heat into sensible heat. 
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Figure 1 Fresh air needed for acceptable body 
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Figure 2 Fresh air needed for ac+table body figure 3 Fresh a i r  needed t o  dilute cigarette 
odour as a function of personal space m e  
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Figure 4 Comfort zone fo r  sedentary people (shown hatched) 
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Figure 5 'Ihe relat ion between misture content Figure 6 Ventilation r e q d m n t s  fo r  -tic 
and outdoor air tenperatwe mistwe control and radon i n  the house 




