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AN OVERVIEW OF INFILTRATION AND VENTILATION 
DEVELOPMENTS I N  FRANCE 

Synopsis 

France is  one of  t h e  European c o u n t r i e s  where v e n t i l a t i o n  has  t h e  
most advanced r egu la t ion .  

V e r t i c a l  d u c t s  have been used f o r  a  very long t ime,  making e a s i e r  
t h e  t r a n s f e r  from pass ive  t o  mechanical v e n t i l a t i o n  ( which 
covers  now 90 % o f  t h e  b l o c s  of  f l a t s  and 70 % of  t h e  ind iv idua l  
housing ) . 
1969 r e g u l a t i o n  has been based on a  continuous a i r  exhaus t  from 
t h e  s e r v i c e  rooms and a i r  replacement through i n l e t s  i n  t h e  
h a b i t a b l e  rooms. This  has  never  been changed s i n c e  then  and is a 
p a r t  o f  f rench  r e g u l a t i o n ' s  f e a t u r e s .  

The o t h e r  main c h a r a c t e r i s t i c  is  t o  inc lude  t h e  thermal  l o s s  du 
t o  v e n t i l a t i o n  i n  t h e  c a l c u l a t i o n  of t h e  t o t a l  l o s s  of t h e  
housing . 
Since 1983, it is p o s s i b l e  t o  i n s t a l l  a system which modulates 
and d i s t r i b u t e s  t h e  v e n t i l a t i o n  flows according t o  t h e  needs 
(measured from humidity l e v e l )  i n  t h e  d i f f e r e n t  rooms. 

When you buy a  house, you f i n d  hea t ing ,  water supply,  e l e c t r i c i t y  
supply. Good q u a l i t y  a i r  supply ,  through a  g loba l  v e n t i l a t i o n  
system, must be provided as well .  This  is  why a r e g u l a t i o n  is 
needed, with an o b l i g a t i o n  of  r e s u l t .  

E s s e n t i a l  requirements  have t o  be met i n  every house, every 
p l a c e s ;  whatever t h e  wheater ,  t h e  occupancy may be ,  a t  t h e  r i g h t  
energy c o s t .  



1. HISTORICAL INTRODUCTION 

The p r e s e n t  s t a t e  of  v e n t i l a t i o n  i n  France is t h e  r e s u l t  of a 
long sequence of  h a b i t s  and requirements .  
I n  o rde r  t o  understand it, one should go back as f a r  as t h e  
after-war r econs t ruc t ion  per iod .  
I n  t h e  e a r l y  5 0 t s ,  one searched  f o r  h ighe r  and h igher  bu i ld ings  
because they  were l e s s  expensive and quicker  t o  b u i l d ,  making 
p o s s i b l e  t o  house a s  many people a s  p o s s i b l e  w i t h i n  t h e  s h o r t e s t  
time. 
A t  t h a t  t ime,  a paragraph of  t h e  b u i l d i n g  r e g u l a t i o n  expressed 
t h a t  a l l  dwell ings should have a p o s s i b i l i t y  of h e a t i n g  
accomodation. 

A s  t h e  c e n t r a l  h e a t i n g  w a s  n o t  a s  wide spread  as it i s  now, t h a t  
p a r t i c u l a r  p o i n t  of t h e  requirement o f t e n  turned  t o  be a  mere 
duc t  f o r  fumes ; each dwell ing had its own duct  connected with 
the  roof  l e v e l .  

Due t o  t h a t  requirement and i t s  i n t e r p r e t a t i o n ,  t h e  c o n t r a c t o r  
considered a v e r t i c a l  duc t  f o r  a i r  t r a n s p o r t ,  j o in ing  each f l a t  
t o  t h e  roof  a s  a s tandard .  

Once t h a t  p r a c t i c e  was adopted, it remained v a l i d  even l a t e r ,  
when c e n t r a l  h e a t i n g  proved r e l i a b l e .  

2. THE SHUNT 

I n  1955 a  new type  of  duc t  appeared: the "shuntt ' .  It was i n  f a c t  a 
double duc t  composed of a sma l l e r  one used f o r  t h e  ind iv idua l  
flow of  each dwell ing and a  b igger  one a s  a  c o l l e c t o r  t o  g a t h e r  
t he  ind iv idua l  a i r  flows i n t o  one ( s e e  f i g  1). 

I n  t h a t  way, t h e  shunt  duc t  made it p o s s i b l e  t o  g a t h e r  more than  
one dwell ing i n  one p l a n t  s av ing  space ( f o r  i n s t ance  a  10  s t o r e y  
bu i ld ing  needs only 20 x  54 cm i n s t e a d  of 1 5  x  150 cm i n  t h e  
previous  system) and decreas ing  t h e  c o s t  of cons t ruc t ion .  The 
v e n t i l a t i o n  w a s  s t i l l  l i m i t e d  t o  t h e  p e o p l e ' s  opening t h e  
windows. Occasionnaly, some g r i l l e s  i n  lower and h igher  p o s i t i o n  
were f i t t e d  i n  t h e  s e r v i c e  rooms l i k e  k i t chen ,  bathroom ..., us ing  
pas s ive  v e n t i l a t i o n .  



3. THE REVERSED SHUNT 

A t  t h a t  t ime a new tendency appeared i . e .  t o  group t h e  s e r v i c e  
rooms i n  t h e  middle of  t h e  b u i l d i n g s ,  l eav ing  its "nobles" 
o u t s i d e  space t o  t h e  h a b i t a b l e  rooms. 

Such a des ign  allowed t o  use both s i d e s  of a bu i ld ing .  The 
e x i s t i n g  shunt  duc t  made bu i ld ing  cons t ruc t ion  e a s i e r  by 
pe rmi t t i ng  t h e  v e n t i l a t i o n  of  t h e  s e r v i c e  rooms (where t h e  
p o l l u t i o n s  due t o  occupants a r e  s t r o n g e r )  although they  had no 
longer  any common w a l l  wi th  t h e  o u t s i d e  atmosphere. 

The v e n t i l a t i o n  w a s  then  ensured by a double shunt  system : 
It a s s o c i a t e d  a normal shunt  f o r  t h e  exhaust  of  f o u l  a i r  from t h e  
s e r v i c e  rooms t o  t h e  roof  through h ighe r  g r i l l e s  and a reversed  
shunt  f o r  t h e  f r e s h  replacement a i r ,  coming from t h e  ground f l o o r  
through lower g r i l l e s  (See f i g  2 ) .  

A s  f o u l  a i r  rep laced  fumes i n  those  d u c t s ,  t h a t  des ign  enabled t o  
c o l l e c t  seven flows i n s t e a d  of f i v e .  That v e n t i l a t i o n  w a s  s t i l l  
pas s ive  : t'powertt is g iven  by the  combined a c t i o n s  of wind and 
thermal  draught  ( s t a c k  e f  f e e t ) .  

Each s e r v i c e  room w a s  v e n t i l a t e d  r e p a r a t e l y ,  being connected with 
a double shunt  s h a f t .  

There a r e  two main o b j e c t i o n s  t o  t h i s  p r i n c i p l e  : 
- with t h e  wind f a l l i n g ,  t h e  a i r  flow may be s t r o n g l y  reduced ; 

even i f  a s t a t i c  f a n  may g ive  an i l l u s i o n  of  e f f i c i e n c y .  

- t h e  "motortt o f  t h e  s t a c k  e f f e c t  is t h e  d i f f e r e n c e  between t h e  
i n s i d e  and t h e  ou t s ide  a i r  temperature : It r a c e s  i n  w in te r  and 
s toppes  i n  summer. 

Thus, a l l  dwell ings a r e  over  v e n t i l a t e d  i n  w i n t e r ,  caus ing  
unpleasant  co ld  draughts ,  and under v e n t i l a t e d  i n  summer, l eav ing  
bad odours ,  moisture i n  p l ace .  

- The h a b i t a b l e  rooms a r e  n o t  v e n t i l a t e d  i n  a coherent  way, only 
submit ted t o  t h e  c r o s s  v e n t i l a t i o n  which can be e i t h e r  i n  t h e  
r i g h t  o r  i n  t h e  wrong d i r e c t i o n  spreading  va r ious  p o l l u t a n t s  
from t h e  s e r v i c e  rooms. A t  t h a t  time,however, i n  France,  t h e  
a i r  l eakages  were r a t h e r  high and t h e r e  were only l i t t l e  
condensat ion problems. 



4. 1969 - THE FIRST REGULATION 

4 .1  1969 Regulat ion 

The 1969 r e g u l a t i o n , (  t h e  first r equ i r ed  r e s i d e n t i a l l y  i n  
F rance ) ,  was designed t o  overcome a l l  t h e  drawbacks we t a l k e d  
about  prev ious ly .  The v e n t i l a t i o n  w a s  r equ i r ed  t o  cont inuously 
provide one airchange per  hour i n  each h a b i t a b l e  room. It had t o  
supply f r e s h  a i r  t o  t h e  h a b i t a b l e  rooms and t o  exhaust  s t a l e  a i r  
from t h e  s e r v i c e  rooms ( s e e  f i g  3 ) .  

Actua l ly ,  t h a t  was t h e  very begining o f  t h e  c e n t r a l  mechanical 
v e n t i l a t i o n  i n  France. 
This  technique had a l r eady  been know and used i n  swi t ze r l and  and 
i n  sweden f o r  a l i t t l e  while .  

Its advantages a r e  s i g n i f i c a n t  : 
Whatever t h e  weather ,  wind, tempera ture ,  may be t h e  flows remain 
cons t an t  and we l l  known i n  each s e r v i c e  room. 

I n  1969 r e g u l a t i o n  - a s  i n  t h e  f u r t h e r  ones - t h e  pass ive  
v e n t i l a t i o n  w a s  s t i l l  al lowed,  requirements  were then  t o  be met 
on an  average winterday. 

4.2 Evolut ions 

I t  became necessary t o  c o n t r o l 1  t h a t  t h e  requirements  were 
f u l f i l l e d '  e i t h e r  with a technique o r  with another .  

Several  c o n t r o l  organisms ( CEP - SOCOTEC ... ) were s e t  up. I n  a 
s h o r t  t ime,  they  found t h a t  t h e  mechanical v e n t i l a t i o n  w a s  t h e  
b e s t  s o l u t i o n  t o  comply with t h e  requirements .  I t  w a s  e a s i e r  t o  
c o n t r o l ,  more cons t an t  and c l o s e r  t o  t h e  reques ted  r a t e s .  

The ex i s t ence  of a r e g u l a t i o n  made p o s s i b l e  a g r e a t  ex tens ion  of 
t h e  v e n t i l a t i o n  market and s t imu la t ed  t h e  development of many new 
products ,  new technologies  f o r  t h e  exhaust  o r  i n l e t  va lves .  

The q u a l i t y  of  t h e  d i f f e r e n t  components of  t h e  complete system 
improved : t h e  i n l e t s  took d i f f u s i o n  i n t o  account ,  t r i e d  t o  f i g h t  
c r o s s  v e n t i l a t i o n  and wind p re s su re  e f f e c t s .  The o u t l e t s  allowed 
t h e  f lows t o  remain f i x e d ,  independant of t h e  p r e s s u r e  i n  t h e  
d u c t s ,  without  any adjustment  on s i d e  , al lowing t o  i n s t a l l  
extended networks with one b igger  f a n  on t h e  roof .  The no i se  of 
t h e  elements  w a s  s t r o n g l y  reduced and new requirements  appeared, 
i n  o rde r  t o  l i m i t  sound l e v e l s .  Fans became more and more 
r e l i a b l e ,  and t h e i r  l i f e t i m e  inc reased ,  reaching  10 t o  15 yea r s  
of cont inuous work. 



Addi t ional ly ,  it was l e s s  expensive t o  use c e n t r a l  mechanical 
v e n t i l a t i o n  r a t h e r  than pass ive  because ducts  were s o  much 
smal ler  ( which was f a c i l i t a t e d  by the  increase  of the  a i r  
v e l o c i t y  i n  those ducts  ) thus  saving bui ld ing space. 

Furthermore, t h e  I t  code de l a  cons t ruct ion  I t  which is  - i n  France 
- t h e  p rac t i cab le  i n t e r p r e t a t i o n  of e s s e n t i a l  requirements, asked 
t h e  v e n t i l a t i o n  t o  cope with condensation problems : " 
condensations must not  occur but  momentarily." 
Some cases  were brought before  the  cour t s ,  where t h e  dwellings 
had become insa lubr ious  wi th in  a few month a f t e r  the  first 
occupancy. 

Af ter  a mechanical v e n t i l a t i o n  had been s e t ,  t he  cour t  not iced  
t h a t  condensation had disappeared and condemned the  bu i lde r  t o  
r e f u r b i s h  the  house and t o  use a mechanical v e n t i l a t i o n  ins tead  
of a passive one. 

So, i n  the  e a r l y  7 0 ' s  the  market of the  con t ro l  mechanical 
v e n t i l a t i o n  was growing up a t  a r a t e  of % per year  . 
Assuming t h i s  growth t o  continue f o r  a while,  and be l i ev ing  t h a t ,  
when wri ten ,  a requirement becomes e f f e c t i v e  a t  once, the  french 
a u t h o r i t i e s  have decided t o  include the  energy l o s s  due t o  
v e n t i l a t i o n  i n  the  t o t a l  energy c o s t s  of  the  buildings.  
Although the  requirements were not  met i n  every house, the  energy 
c o s t s  es t imates  turned ou t  t o  be good enough, because of the  high 
r a t i o  of  mechanical v e n t i l a t i o n .  
The consumed energy is then ca lcu la ted  by the  formula : 

E = ( K i  S i )  + 0.34 Q 

where : E is the  t o t a l  l o s s  i n  W / O C  

K i  a r e  the  thermal c o e f f i c i e n t s  of wal ls  i n  W/m2/OC 
S i  a r e  t h e  a r e a s  of  wal ls  i n  m2 
Q is  the  t o t a l  flow of exhaust a i r  i n  m3/h. 

This po in t  of the  french regu la t ion ,  which has continuously been 
used s i n c e  then,  is very s p e c i i c  and very important : 
It makes poss ib le  t o  compare every l o s s  whatever the  sources a r e ,  
hence allowing t o  choose e i t h e r  a saving energy v e n t i l a t i o n ,  o r  a 
normal with a l a r g e r  th ickness  of insu la to r .  

5. 1974 - THE ENERGY CRISIS 

1974 is the  year  of the  first energy c r i s i s  and a t t e n t i o n  was 
focused on the  heat ing  b i l l s .  
A t  t h a t  Time, about one t h i r d  of t h i s  b i l l  was caused by 
v e n t i l a t i o n .  
The dropping of the  continuous v e n t i l a t i o n  was considered a s  a 
poss ib le  energy saving measure. 



5.1 1978 - The Survey 

I n  1978, the  french a u t h o r i t i e s  decided t o  undertake a general  
survey about v e n t i l a t i o n ,  c o l l e c t i n g  da tas  from a l l  p a r t s  of the  
country, i n  order  t o  determine i f  it was poss ib le  t o  reduce the  
air-change r a t e s ,  t o  allow i n t e r m i t t e n t  use.. .  
The considerable amount of d a t a s  which w a s  co l l ec ted  permit ted t o  
know, very p rec i se ly ,  how t h e  d i f f e r e n t  types of houses were 
occupied ( s e e  t a b l e  1 ) 
It made poss ib le  t o  l i n k  t h e  number of  habi table  rooms with 
occupancy, then gave a percent  of  res idences  which were over,  
well  o r  under v e n t i l a t e d  ( s e e  t a b l e  ( 2 )  ) .  

A s i g n i f i c a n t  r e s u l t  of the  survey w a s  t o  f i n d  out  t h a t  almost 50 
% of dwellings were over v e n t i l a t e d  ( when basing on occupancy 
r a t h e r  than on volume ) .  

5.2 The consequence of the  Survey - 1982 Regulation 

5.2-1 The consequence of the  survey 

The main consequence of the  survey has been t o  change the  
reference  f o r  v e n t i l a t i o n  r a t e s  : they have, s ince  then,  been 
l inked t o  the  number of hab i t ab le  rooms. 
I t  has been decided a l s o  t o  l o F  the  airchange r a t e s  i n  order  t o  
minimise energy loss .  
New l a b e l s  were s e t  up, corresponding t o  d i f f e r e n t  c l a s s  of 
energy consumption thus t o  d i f f e r e n t s  amounts of money given a s  
incen t ives  
t o  bu i ld  houses a s  t h r i f t y  a s  possible.  

Some competitions and long time monitorings were s e t  up t o  f i n d  
new s o l u t i o n s  and t o  make everyone involved i n  the  energy saving. 

5.2-2 1982 - Regulation 

The 1982 regu la t ion  was i n  f a c t  decided i n  1980 but  the  
requirements were t o  be e f f e c t i v e  i n  1982, i n  order  t o  g ive  the  
indust ry  s u f f i c i e n t  time t o  develop products  according t o  the  new 
r a t e s .  
These r a t e s  have been ca lcu la ted  a s  follows s ince  then : 



Where Q is  t h e  t o t a l  exhaust  flow i n  m3/h 
N is t h e  number of  h a b i t a b l e  rooms. 

Add i t iona l ly ,  a h igher  l e v e l  f o r  k i t c h e n  has  been proposed, 
depending on t h e  s i z e  of each k i t chen .  
This  a d d i t i o n a l  flow had t o  be i n t e r m i t t e n t l y  opera ted  by t h e  
owner t o  cope with t h e  problems of  odours dur ing  cooking f o r  
i n s t ance .  

5.3 Consequences 

A consequence of  t h i s  r e g u l a t i o n ,  which is o f t e n  f o r g o t t e n ,  has  
been t o  reduce t h e  a i r  changes from one per  hour t o  about  0.75 t o  
0.65 .. . . . 
While v e n t i l a t i o n  was changing, t h e  thermal i n s u l a t i o n  improved, 
t h e  double g l a s i n g  became more and more used and t h e  a i r  leakage 
lower 
We would s e e  t h a t  a l l  t h e s e  changes p u t  t oge the r  have brought 
some desagreements : 
The improvement of thermal i n s u l a t i o n  made t h e  in f luence  of  
thermal b r idges  more e f f e c t i v e  : A l l  t h e  co ld  has been loca t ed  on 
l i t t l e  a r e a s  a t  t h e  breakpoin ts  of i n s u l a t o r s .  
Thus, condensat ion occured always i n  t h e  same zones. 

The g l a z i n g  w a s  p rev ious ly  p l ay ing  t h e  r o l e  of  a l a r g e  co ld  a r e a  
where almost  a l l  water  vapour condensed. The double g l az ing  
removed t h i s  p o s s i b i l i t y .  

The inc reas ing  a i r t i g h n e s s  decreased t h e  c r o s s  v e n t i l a t i o n  thus  
t h e  t o t a l  a i rchange became lower and lower,  which means t h e  
humidity became h igher  and h ighe r  . 
We can s e t  t h e  equat ion : 

Higher humidity 
+ Removal of  co ld  a r e a s  
+ Thermal b r idges  a t  t h e  i n s u l a t i o n  b reak l ines  
+ Decreasing a i rchanges  
= More condensat ion problems, more mould on t h e  w a l l s .  

It semms obvious t h a t  t h e  v e n t i l a t i o n  needs a r e  s t r o n g l y  
connected wi th  t h e  occupancy. I n  1969 requirements t h e  needs of  
l a r g e  f a m i l i e s  were n o t  met. The 1982 r e g u l a t i o n  increased  t h e  
number of  such f ami l i e s .  
A s  shown i n  t a b l e  2 we can s e e  t h a t  t h e  l i n k  between t h e  number 
of  h a b i t a b l e  rooms and t h e  occupancy is n o t  accu ra t e  enough t o  be 
a s u f f i c i e n t  c r i t e r i a  f o r  v e n t i l a t i o n  r a t e s .  



5.4 1983 A l t e r n a t i v e  

To avoid  t h i s  i nc reas ing  r i s k  of  condensat ion,  a r e sea rch  w a s  
undertaken,  t r y i n g  t o  f i n d  o u t  a s o l u t i o n  which would be more 
a c c u r a t e l y  l i n k e d  t o  t h e  r e a l  needs r a t h e r  than  t o  t h e  average 
needs. 

A t  t h a t  t ime,  t h e  p o l l u t a n t  b e t t e r  connected with occupancy was 
found t o  be t h e  water vapour . I t  is s t r o n g l y  r e l a t e d  t o  human 
a c t i v i t y  : Breathing,  cooking, washing ... Each of  t h e s e  
a c t i v i t i e s  g i v e s  o f f  some vapour,  with a s p e c i f i c  q u a n t i t y  which 
can be averaged. 
That enabled t o  b u i l d  some p o s s i b l e  s cena r ios  and t o  prove, 
before  manufacturing any product ,  t h a t  it w a s  p o s s i b l e  t o  save  
energy whi le  adapt ing  v e n t i l a t i o n  c l o s e l y  t o  t h e  needs. 

A l l  t h i s  r e s e a r c h  w a s  p resented  t o  t h e  f rench  a u t h o r i t i e s  and t h e  
r e g u l a t i o n  has  been amended i n  1983 t o  a u t h o r i s e  t h e  new system, 
al lowing t o  reduce t h e  v e n t i l a t i o n  r a t e s  dur ing  under-occupancy 
pe r iods  and r e -e s t ab l i sh  normal ones when necessary.  

A t  t h a t  t ime,  t h e  exhaust f lows have been chosen l e s s  o r  equal  t o  
t h e  requi rements t  l e v e l .  Which means t h a t  t h e  new system l e f t  
under v e n t i l a t e d  t h e  dwel l ing  which previous ly  were. I n  such 
c a s e s ,  t h e  improvement w a s  due t o  t h e  i n l e t s ,  ensur ing  a b e t t e r  
d i s t r i b u t i o n  of  a i r .  (The h ighe r  t h e  humidity,  t h e  l a r g e r  t h e  
appe r tu re  
( s e e  f i g .  4 ) .  
We can t r y  t o  exp la in  why t h e  f lows were s e t  lower than  
requi rements t  ones : t h e  amount of  investments  r equ i r ed  t o  
develop t h i s  technology was q u i t e  important  ; t hus  t h e  new 
products  were r a t h e r  expensive and it w a s  a n e c e s s i t y  t o  s e l l  
maximum energy savings .  I n  t h e  amendment t o  t h e  r e g u l a t i o n ,  t h a t  
sav ing  w a s  t aken  i n t o  account i n  t h e  gene ra l  h e a t  l o s s  of t h e  
house, t hus  g iv ing  p o i n t s  t o  g e t  f i n a n c i a l  i n c e n t i v e  f o r  
b u i l d i n g  . 
That w a s  only a f i r s t  s t e p  t o  meet t h e  r e a l  needs; now, some 
systems use  h igher  f lows,  remaining connected with t h e  humidity.  
They can f i t  more p r e c i s e l y  whith t h e  needs,  even i f  t h e  premises 
a r e  over  occupied ( according t o  f rench  average occupancy ) .  
The modulation al lows t h e  exhaust  flow t o  be a s  low a s  about  
45m3/h ( f o r  a two bathroom dwell ing)  and a s  high a s  175 m3/h 
cont inuously when necessary  (wi thout  accounting f o r  t h e  
a d d i t i o n a l  flows i n  k i t chen  o r  W.C) 
Obviously, we must n o t  f o r g e t  t h e  i n l e t s  which modulation al lows 
t o  admit a i r  where it is t h e  most necessary.  
I n l e t s  and o u t l e t s  have t h e  same p ropor t iona l  a c t i o n  i n  t h e  range 
of 35% t o  70% H r .  



CONCLUSION 

As a conclusion and to make the french approach as clear as 
possible, let us have a glance ont its basements : 

1) The occupants, while breathing, cooking ..., alter their indoor 
air quality, thus ventilation is necessary. 

2) The occupants are not able to appreciate the quality of the 
air they breath neither the ventilation rate which would be 
needed to make it better. 

3) Identical dwellings have not the same needs. These needs 
change during the day itself. 

4) Ventilation has an energy cost. 

5) A dwelling which can be occupied by N Persons must be able to 
provide them a good air quality without causing any nuisance 
for them and their neighbours ( such as odours, moisture, 
noise ...) and for the right energy cost. 

6) The ventilation system is a part of the housing, as well as 
heating, water supply ..., and all means must be set up to 
ensure its proper use. The obligation of result should be a 
requirement instead of an obligation of means. 

7) To ensure possibility for evolutions and clear competition, an 
evaluation method upon the efficiency of the systems should be 
workdown. Such a method is now under consideration in France. 
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Table 1. 1 9 7 8  SURVEY IN FRANCE: O ~ C L I P A N C Y  ACCOKDIS(: TO 
THE NUMBER OF P K Z N C I P A L  ROOMS I X  THE HOME. 

* TOTALS are in thousands, and I ~ a v c  been rounded o f f .  

- TABLE 1 - 



Table 2. 1 9 7 8  SURVEY Th' FRANCE: FRESli A I R  I'ER OCC1'PAtiT TN r n s o u r  
BASED ON 1 9 6 9  RE(;ULATION FOR CONSTANT FI.OV VESTTLATION 

1 TOO MUCH I ?10KB 'I'IIAS 3 0 m 3 / h  PER OCCGPAXT (49X) 

CORRECT A1 R : ElO111; Tll,\S 2 0 m 3 / h  PI-:R OCCL'PANT, and 
L E S S  'I'HAN 3 0 m 3 / h  PER OCCL'PIINT ( 3 9 2 )  

- TABLE 2 - 



F I G  3 / A I R  FLOWS THROUGH THE HOUSE 

DAY OCCUPANCY 

NIGHT OCCUPANCY 


