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INTRODUCTION 

Because from energy considerat ions houses must be b u i l t  b e t t e r  
a i r  t i g h t  and problems o f  a i r  p o l l u t i o n  i n  homes occur more 
and more i t  i s  des i rab le  t o  examine how occupants must be 
advised about t h e  use o f  v e n t i l a t i n g  prov is ions .  B u i l d i n g  more 
a i r  t i g h t  means namely t h a t  more than before  opening o f  ven- 
t i l a t i n g  windows o r  g ra t ings  consciously w i l l  be necessary f o r  
supplementing the background v e n t i l a t i o n  through the cracks 
and chinks t o  a c e r t a i n  desi red l eve l .  
This p u b l i c a t i o n  must be seen as a f i r s t  endeavour t o  come 
from the  e x i s t i n g  s i t u a t i o n  o f  the  use o f  windows and the  occu- 
pants'  ideas t o  the  des i red  s i t u a t i o n  weighing on the one hand 
the  energy aspect and on the  o the r  hand a r i g h t  indoor environ- 
ment. 

PROCEDURE 

On the bas is  o f  l i t e r a t u r e  data [ I ] ,  [ 2 ] o n  the  behaviour o f  
occupants r e l a t i n g  t o  the  use o f  v e n t i l a t i n g  prov is ions  es ta-  
b l i s h i n g  how and why occupants v e n t i l a t e  i t  can be examined 
whether t h i s  i s  necessary o r  des i rab le .  
Therefore, f o r  t h i s  i nves t i ga t i on ,  a i r  t i gh tness  measurements 
have been c a r r i e d  out  i n  ten  t y p i c a l l y  Dutch dwel l ing  complexes 
[ 3 ] .  I n  each complex four  homes were measured. 
With the  a i d  o f  t h e  IMG c a l c u l a t i o n  model f o r  v e n t i l a t i o n  a 
c a l c u l a t i o n  study has been c a r r i e d  out  i n t o  t h e  v e n t i l a t i o n  t o  
be expected o f  these dwe l l i ng  [4 ] .  
From these data bas ic  ma te r ia l  has been developed which can be 
used by p u b l i c  r e l a t i o n  o f f i c e r s  f o r  spec ia l  in fo rmat ion  o f  the 
group aimed a t  (e.g. occupants, housing assoc ia t i on ) .  

THE USE OF THE VENTILATING PROVISIONS 

Table 1 summarizes the r e s u l t s  o f  an i n q u i r y  among 1500 occu- 
pants o f  homes [I]. 
Table 1: Use o f  v e n t i l a t i n g  p rov i s ions  

1500 homes Source: NWR Netherlands Housing Council 
% 

F lap windows o r  v e n t i l a t i n g  s l i d e  i n  l i v i n g  room 
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per day 
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some t imes 
a week 

lone hour 



This t a b l e  shows the  use o f  the  v e n t i l a t i n g  prov is ions ,  namely 
the windows, i n  1500 homes. The data were obta ined through 
an i nqu i r y .  
The use o f  f l a p  windows o r  a v e n t i l a t i n g  s l i d e  (above) and p i -  
vo t i ng  windows ( l e f t )  i s  given. The f l a p  windows can be opened 
always, somethimes o r  never, t he  p i v o t i n g  windows some hours 
a day, one hour a day and/or some hours a week o r  some times 
a week one hour. 
Three groups can be discerned. 
Above t o  t h e  l e f t  t he re  a r e  about 40% o f  t he  people v e n t i l a -  
t i n g  ra the r  much; i n  the midd le  the re  i s  a group o f  people 
v e n t i l a t i n g  t o  an average, about 30%; they w i l l  never use a 
f l a p  window and sometimes a v e n t i l a t i n g  s l i d e ,  bu t  they w i l l  
use the windows several  t imes a week. 
Below t o  the  r i g h t  a r e  the people, a l s o  about 30%, who ven- 
t i l a t e  o n l y  (very)  1 i t t l e .  I f  these people l i v e  i n  a i r  t i g h t  
homes the problems a r e  obvious. 

A study which i s  d i r e c t e d  more a t  the  s p e c i f i c  use o f  v e n t i -  
l a t i n g  p rov i s ions  i n  610 homes [2 ]  g ives r e s u l t s  over t he  
quest ion which window how long w i l l  be used and why. 

Table 2 summarizes the  use o f  the  f l a p  windows (vent 1 i gh ts ) .  
Table 2 Use of v e n t i l a t i n g  p rov i s ions  i n  610 homes 
Source Netherlands housinq counc i l  

I n  the l i v i n g  room the  f l a p  windows a re  used l i t t l e :  36% do not  
use them a t  a l l ,  31% use them an hour and 17% use them a sho r te r  
t ime. 8% use them sho r te r  than 12 hours and 8% longer. The k i t -  
chen g ives a dispersed p i c t u r e .  
The conclus ion i s  t h a t  the f l a p  windows a r e  used ra the r  f r e -  
quent ly,  though i t  i s  unknown wheter t h i s  i s  always a t  the r i g h t  
momen t s . 
The bedroom f l a p  windows a re  genera l l y  open f o r  a long t ime and 
i n  some cases they a r e  open f o r  some hours. The same app l i es  t o  
the bathroom. So the  f l a p  windows a re  used ra the r  much. 

The use o f  the  v e n t i l a t i n g  s l i d e s  i s  summarized i n  Table 3. 



Table 3: Use o f  v e n t i l a t i n g  s l i d e s  i n  610 homes 

The v e n t i l a t i n g  s l i d e  i s  found i n  about 100 homes i n  the  l i v i n g  
room. I n  50% o f  the  cases i t  i s  no t  used i n  view o f  poss ib le  
complaints about draught, but  y e t  i n  26% i t  i s  open 24 hours 
a day. Th is  may be re la ted  t o  the  s i t u a t i o n  on the seaside i n  
respect o f  the  most f requent  wind d i r e c t i o n ,  so t h a t  complaints 
about draught w i l l  not  occur so soon as a r e s u l t  o f  en te r ing  
a i r .  I n  many cases the s l i d e  i n  the  k i t chen  i s  always open. 
This app l ies  a l s o  t o  t h e  bedroom and the  bathroom. 

Table 4: The use o f  p i v o t i n g  windows 

I n  the l i v i n g  room nobody uses these windows very long. A reaso- 
nable percentage ' a i r s '  one hour and 65% does not  use a p i v o t i n g  
window a t  a l l .  I n  the  bedroom a l l  k inds o f  use occur. 
The r i g h t  users a r e  found here among people who use the  window 
one hour o r  shor ter .  

Table 5: The use o f  mechanical v e n t i l a t i n g  prov is ions  

Mechanical 24 h 12 h <12 h one hour shor ter  not  
v e n t i l a t i o n  - 1 8 64 23 4 
210 k i t chen  

I n  210 homes o f  the  610 there  was such a prov is ion ,  bu t  i t  was 
not c l e a r  wheter t h i s  was a mechanical system (a cen t ra l  pro- 
v i s i o n )  o r  an exhaust hood (a decentral  ized p rov i s ion ) .  
64% o f  t h e  people uses i t  one hour, 23% s t i l l  shorter.  I t  must 
be observed tha t ,  i f  i t  concern s p e c i f i c a l l y  the  k i tchen v e n t i -  
l a t i o n  w i t h  a device, i t  does not  seem so unreasonable. Turning 
on the v e n t i l a t i o n  f o r  twelve hours seems a l i t t l e  long. 



4. WHY ARE VENTILATING PROVISIONS USED 

Table 6: Why do people v e n t i l a t e ?  

The reasons energy and hea l th  have the  same score, 52% th inks  
of i t  s t r o n g l y  and 25% a l i t t l e .  The others do not  t h i n k  o f  i t  
o r  do not  answer. 
Fresh a i r  and avoid ing draught score h igher.  Obviously people 
have the idea t h a t  they must v e n t i l a t e  t o  keep the  home f resh.  

5. RESULTS OF THE AIR TIGHTNESS MEASUREMENTS AND CALCULATION STUDY 

The r e s u l t s  o f  t h e  a i r  t igh tness  measurements a re  d i v ided  i n t o  
one-family homes and f l a t  dwe l l i ng  as fo l lows.  

5.1 One-family houses 

Number o f  homes examined: 19, d i v ided  over 5 locat ions .  
A i r  passage measured: 
C = 122 dm3/s a t  1 Pa; Anet = 915 cm2; n = 67 a v av 
Dispersion: 
lowest value Cmin = 74 dm3/s a t  1 Pa 

h ighest  va lue  Cmax = 194 dm3/s a t  1 Pa 

standard devat ion an-l = 36 dm3/s a t  1 Pa 

standard dev ia t i on  i n  na = 0,16 
D i s t r i b u t i o n  over the  s k i n  o f  t h e  home: 
- f ron ts  3-20%; ducts 20-35%; o ther  ( roo f ,  f l o o r  e tc . )  25-70%. 

5.2 F l a t  dwel l ings 

Number o f  homes examined: 20, d i v ided  over 5 locat ions .  
A i r  passage measured: 
C = 23 dm3/s a t  1 Pa; Anet = 169 cm2; nav = 1.58 
av D~spers ion :  

lowest value Cmin = 3 dm3/s a t  1 Pa; h ighest  value Cmax= 50 dm3/s 
a t  1 Pa: 

standard dev ia t i on  unml = 11.5 dm3 a t  1 Pa; standard dev ia t i on  
i n  no = 0.17 

I t  should be observed t h a t  the  minimum value was measured i n  a 
f l a t  w i t h  mechanical v e n t i l a t i o n ,  w i t h  the  mechanical v e n t i -  
l a t i o n  sealed. So the  a i r  leakage measured i s  the f r o n t  + pos- 
s i b l e  r e s t ,  such as i n  f l a t s  main ly  the  meter box. 
D i s t r i b u t i o n :  
- f r o n t s  13-60%; ducts 30-70%; o ther  ~ 7 % .  



5.3 Results of the calculation study 

Table 7 summarizes the results of the calculation study [4 ] .  
Table 7: Review of the total ventilation (calculated) at an 

outdoor temperature of 5 O C  and an average shelter, 
indoor temperature 1 8 O C ,  volume flow in dm3/s (qv) ; 
all windows and doors closed. 

The dispersion per column is caused by: 
- ventilating system - natural 

- mechanical exhaust 
- characteristics of the home (architectural) 
- effect of wind directions, e.g. wind on fore front or backfront 
- temperature influences. 
WHAT VENTILATION LEVELS ARE DESIRED 

What would people desire for ventilation dependent on use and 
occupation of the home? 
Figure 1:  What is desired for a family of four persons? 

living room; bedroom (2 persons); time; dm3/s. 

bedroom (2 persons) 

+ time 
Fig. 1 



The time is plotted horizontally, the volume flow vertically. 
For a family of four persons, with all people in one room, the 
amount which must be ventilated is 4 x 7 = 28 dm3/s. In the 
morning the family has breakfast in the living room and then 
this amount is needed. It is not necessary to go lower than 7, 
because in the living room there will be always someone present. 
During the day with one child at home a level of 14 is necessary. 
if there is still another child at home from school 21 dm3/s, 
and at the end of the workday if there are four persons 28 dm3/s 
is desired and in the evening with two visitors 6 x 7 = 42 dm3/s. 
At night 7 suffices. This pattern can be considered desired op- 
timum pattern. The occupant should reckon with this, though a 
difficulty is added to it as will be obvious in a moment. Take 
a look at the volume flow and the time during the day of one 
bedroom for two ersons (lower figure), this must be vented by 8 14 dm3/s or 50 m /h. In the morning the wife makes the beds 
and wishes that the dust raised dilures and disappears with air. 
So, she open a pivoting window for a very short time, 20 minutes 
is quite sufficient, and causes then a high peak of 42 dm3/s, or 
higher. 
After that, if there are no persons left, the level may be low, 
but a minimum level is desired. 

Consider a similar approash for the kitchen and the bathroom, 
the most important two wet rooms, then we see for the kitchen 
the fol lowing picture h(f igure 2). 
Figure 2: Kitchen. Batroom. time. 

ki tchen 

4 

Fig. 2 



I t  i s  assumed t h a t  there i s  always one person present.  The 
requirement f o r  t h e  k i t chen  i s  t h a t  i s  must be poss ib le  t o  
a t t a i n  21 dm3/s o r  75 m3/h. Normal ly  t h i s  i s  necessary f o r  
cooking, so i n  the  evening f o r  1 o r  2 hours and f u r t h e r  over  
the  p a r t  which produces humidi ty .  I n  the morning when pre-  
par ing breakfas t  and i n  t h e  a f te rnoon when prepar ing d inner 
a l i t t l e  more i s  needed than dur ing  the  r e s t  o f  the day. 
Real ly ,  dur ing  cooking, one would l i k e  t o  have a h igh  peak 
t o  v e n t i l a t e  vapour and cooking smells.  For t h i s  the tem- 
p o r a r i l y  h igher  value i s  needed. Using a h i g h  reading on an 
exhaust hood w i thou t  an engine i s  a reasonable p o s s i b i l i t y  
t o  put  a peak on i t .  
For a good use of windows and o ther  v e n t i l a t i n g  prov is ions ,  
dependent on t h e  type of home, t h e  degree o f  she l te r  and t h e  
wind v e l o c i t y  one can use the  data from Table 8. 

Table 8: Basic v e n t i l a t i o n  f o r  t h ree  persons. 
Which type of windows open? How f a r ?  
What chinks sealed? 

siderations 

see normal shelt 



Let  us now consider the  bathroom: the  requirement f o r  a bath  
room i n  the  Dutch Standard NEN 1087 i s  14 dm3/s. There a r e  
moments when one should l i k e  t o  exceed t h i s  l e v e l ,  e.g. i f  
the  bathroom i s  e n t i r e l y  f i l l e d  w i t h  vapour. General ly,  a 
minimum leve l  i s  required,  s u r e l y  f o r  evaporat ing humid i ty  
from the b u i l d i n g  const ruc t ion ,  over a longer time. I n  gene- 
r a l  one should n o t  go below 7 dm3/s. Perhaps the 14  dm3/s 
l i n e  should be cont inued w i t h  a few temporary peaks. I t  i s  
essen t ia l  t h a t  t h e  occupants a r e  not  i n s t r u c t e d  t o  use t h e  
v e n t i l a t i n g  p rov i s ions  o f  t he  bathroom o n l y  dur ing bath ing  
o r  washing, bu t  espec ia l l y  a long t ime afterwards. 
Some hours a f t e r  t he  use o f  t h e  bathroom swi tch  the  v e n t i l a -  
t i n g  p rov i s ions  a t  a h igh  reading and af terwards a t  a low 
reading, bu t  do not  swithch them o f f ,  t h a t  i s  abso lu te ly  
necessary f o r  wet rooms. 

7. WHAT I S  NECESSARY TO ATTAINS THE FOREGOING? 

At any case two matters a re  necessary: good prov is ions  and 
a good use o f  these prov is ions .  Most ly  t h e r e  i s  something 
wrong w i t h  both. The requirements f o r  good prov is ions  i n  the 
Netherlands can be improved and i n  the r e v i s i o n  o f  NEN 1087 
we s h a l l  s t r i v e  f o r  improvement o f  the c o n t r o l l a b i l i t y  and 
the  ad jus tab i  1 i t y .  
I n  the  f i r s t  p lace a good design and a good dimensioning a r e  
important. 
The window must be l a rge  enough; the  v e n t i l a t i n g  i n s t a l l a t i o n  
must be well-designed/dimensioned, such t h a t  the f l o w  i s  su f -  
f i c i e n t l y  s t rong.  Exhaust a t  a r a t e  o f  100 m3/h f o r  a home 
the t o i l e t  o f  which i s  v e n t i l a t e d  n a t u r a l l y ,  i s  below the stan- 
dard, a c t u a l l y .  
F i r s t l y ,  t he  t o i l e t  may not  be v e n t i l a t e d  on ly  n a t u r a l l y ,  bu t  
the  t o t a l  a i r  f low,  the  nominal f l ow  o f  the  v e n t i l a t o r  o f  
100 m3/h, i s  a l s o  too low. Therefore, a good design and dimen- 
s ion ing a re  important,  i n  the  f i r s t  place. 

Often, t he re  i s  a l ack  o f  good forms o f  c o n t r o l a b i l i t y .  The 
standard i s  very simple, perhaps too  simple: the  volume f lows 
must be ad jus tab le .  
The c o n t r o l a b l i l i t y  can be improved t o  a great  ex tent  i n  the  
v e n t i l a t i n g  i ndus t ry  i n  general.  Also good a d j u s t a b i l i t y  i s  
necessary, f o r  t he  v e n t i l a t i n g  i n s t a l l a t i o n  can be grovided 
w i t h  a good c o n t r o l  device, but  i f  t h i s  i s  d is turbed by a 
minor cause, e.g. the wind presure, i t  i s  o f  no use. 

The v e n t i l a t i n g  prov is ions  must be w e l l  w i t h i n  reach. Often 
one knows how t o  open f l a p  windows, but does not  know how t o  
c lose them, f o r  then they a re  o u t  o f  reach. 

They must be easy t o  handle, no t  complicated. I f  the window 
must be handled by p u l l i n g  a cord one must know then i f  the  
window i s  open o r  closed. 



They may cause no inconvenience by draught and no no ise  annoy- 
ance. As concerns t h i s  l a s t  i tem the mechanical i n s t a l l a t i o n s  
o f t e n  a r e  designed wrong. 

CONCLUSION 

The r i g h t  use o f  v e n t i l a t i n g  prov is ions  a t  any r a t e  requ i res  
good i n s t r u c t i o n s ,  b e t t e r  than has been the  case t i l l  now, t h a t  
w i l l  be c l e a r .  The i n s t r u c t i o n  must take account o f  t he  b u i l -  
ding type o f  the  home, one-family house o r  f l a t .  Also o ther  
th ings  such as open s ta i r case  and open k i t c h e n  w i l l  a f f e c t  the  
v e n t i l a t i o n .  
Fur ther  the  degree o f  a i r  t igh tness ,  the  weather cond i t ions ,  
the  occupation and the a c t i v i t i e s .  They must form the cent re  
i n  the  i n s t r u c t i o n  and i t can be imagined t h a t  i f  such a whim- 
s i c a l  p a t t e r n  i s  added i t  i s  no easy task f o r  the i n s t r u c t i o n .  
But I t h i n k  i t  a chal lenge which sure ly  can lead t o  reasonable 
resu l t s ,  i f  the re  i s  s u f f i c i e n t  knowledge o f  a l l  these matters. 
How do people v e n t i l a t e  a t  t he  moment, why do they c lose o r  
open windows and a t  what moments i n  a g iven type o f  b u i l d i n g  
and a i r  t igh tness? Where must people open windows then under 
what weather cond i t ions? And they must be urged tha t  i t  very 
much depends on the  occupation and the  a c t i v i t i e s .  Systems 
which independent o f  the occupation and a c t i v i t y  a re  always 
on the  nominal power a re  not  a t  a l l  i dea l .  They are  not  w e l l  
c o n t r o l l a b l e  namely and perhaps do not meet one s t a r t i n g  p o i n t  
o f  the  Dutch standard. 
F i n a l l y ,  a good a t t i t u d e  o f  t h e  occupants i s  required. I f  t h i s  
lacks i t  i s  impossible t o  a t t a i n  a good operat ion w i t h  t h i s  
k ind  o f  systems, wheter they a r e  mechanical o r  na tu ra l .  
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