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SYNOPSIS ---- 

In Sweden, the energy crisis in the early seventies 
resulted in attempts to lower the air change rate in 
buildings to reduce energy consumption. For many build- 
ing categories, this lead to a deterioration of the 
indoor climate or problems with moisture and mould 
growth, Today, many residents demand higher ventilation 
rates, often the motivation is concerns about health 
and comfort. In this paper. - i s  presented results of 
measured air change rates in Swedish dwellings during 
the period 1974-88. 

For some residential building categories, the average 
air change rate is much smaller than that prescribed by 
the Swedlsh Building Code, 0.5 air changes per hour 
( A C H ) .  About half the apartments and houses with 
natural ventilation constructed after 1960 have a rate 
of air exchange that is 0 . 3  ACH, or lower. This is also 
the case for about fifteen per cent of the houses with 
exhaust air ventilation. 

For buildings with mechanical ventilation, it has been 
investigated what are the differences in ventilation 
rates for apartments in the same building and for 
groups of identical houses after the final installation 
and control of the ventilation system. In both cases 
the scatter around the average is about 20 X .  



A I R  CHANGES AND SCATTER I N  MECHANICAL VENTILATION RATES. -. 

I N  SWEDISH RESIDENCES 

Measurements o f  a i r  change r a t e s  i n  d w e l l i n g s  have been 
c a r r i e d  o u t  by  t h e  Swed ish  I n s t i t u t e  f o r  B u ~ l d ~ n g  r e -  
s e a r c h  s i n c e  1974.  The r a t e  o f  a i r  exchange has been 
c a l c u l a t e d  f r o m  t h e  measured decay r a t e  o f  t r a c e r  gas 
c o n c e n t r a t i o n .  The d a t a  bank now c o n t a i n s  d a t a  on t h e  
a i r  change r a t e  i n  a b o u t  1000 d w e l l i n g s .  

Da ta  do n o t  d e s c r i b e  t h e  a i r  change r a t e  i n  d w e l l ~ n g s  
a t  t h i s  i n s t a n t ,  b u t  i s  r a t h e r  t o  be r e g a r d e d  as r e p r e -  
s e n t i n g  an ave rage  f o r  t h e  p e r i o d  1974 -88.  A l s o ,  d a t a  
do n o t  r e p r e s e n t  a  t r u e  s t a t i s t i c a l  sample ,  b u t  have 
been c o l l e c t e d  i n  r e s e a r c h  p r o j e c t s  h a v i n g  a lms o t h e r  
t h a n  t h e  measurement o f  a l r  change r a t e s .  However ,  most  
r e s i d e n t i a l  c a t e g o r i e s  and b u i l d i n g s  o f  d i f f e r e n t  age 
a r e  r e p r e s e n t e d  i n  t h e  m a t e r i a l .  A more d e t a i l e d  
d e s c r i p t i o n  o f  t h e  d a t a  base has been g l v e n  i n  r e f .  
(1) .  

RESULTS - 

A i r  change r a t e s  a r e  p r e s e n t e d  i n  F i g .  1. Many d w e l l -  
i n g s  have a  r a t e  o f  a l r  exchange s m a l l e r  t h a n  t h a t  
p r e s c r i b e d  by  t h e  Swed ish  B u l l d i n g  Code, 0 . 5  a ~ r  
changes p e r  hou r  (ACH).  About  h a l f  o f  t h e  a p a r t m e n t s  
and houses w i t h  n a t u r a l  v e n t i l a t i o n  c o n s t r u c t e d  1960 o r  
l a t e r  have an a i r  change r a t e  o f  0 . 3  ACH , o r  l e s s .  
T h i s  i s  a l s o  t h e  case  f o r  abou t  f i f t e e n  p e r  c e n t  o f  t h e  
houses w i t h  e x h a u s t  a i r  v e n t i l a t i o n .  

R e g a r d i n g  t h e  houses w i t h  n a t u r a l  v e n t i l a t i o n ,  t h e  
measured low v e n t i l a t i o n  r a t e s  can  p r o b a b l y  be e x -  
p l a i n e d  b y  t h e  g r a d u a l l y  imp roved  a i r t i g h t n e s s  o f  
b u i l d i n g  e n v e l o p e s  d u r i n g  t h i s  c e n t u r y  ( s e e  r e f .  2 ) .  

F o r  d w e l l i n g s  w i t h  m e c h a n i c a l  v e n t i l a t i o n ,  t h e  e x p l a n a -  
t i o n  has  t o  be s o u g h t  i n  t e rms  o f  t h e  q u a l i t y  r e g a r d i n g  
i n s t a l l a t i o n  and c o n t r o l  o f  v e n t i l a t i o n  sys tems.  We 
have ,  t h e r e f o r e ,  i n v e s t i g a t e d  what  i s  t h e  d i s p e r s i o n  o f  
t h e  v e n t i l a t i o n  r a t e  f o r  g roups  o f  ~ d e n t ~ c a l  townhouses 
and f o r  a p a r t m e n t s  i n  t h e  same b u i l d i n g .  The r e s u l t s  
a r e  g i v e n  i n  F i g .  2 .  
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Fg. I 
Air change rate in Swedish dwellings, dwellings with mechanical ventilation 
(ksru), houses with natural ventilation (middle), and apartments with 
natural ventilation (right). Dwellings with exhaust air ventilation have been 
divided into houses and apartment buildings. Dwellings with natural venti- 
lation have been subdivived according to the year of constmction. Also given 
are the number of dwellings in each group, N, the average air change rate, n, 
expressed in air changes per hour (ACH), and the standard deviation of the air 
change rate. The air change rate has, for natural ventilation, been wlreded 
to an indoor- outdoor temperature ~~ of 20 K and measurements tbr wind 
speeds exceeding 5 m/s have been excluded from the data set 

Many dwellings have an air change rate below the requirement of the Swedish 
Building Code, 0.5 ACH. One half of the apartments and houses with natural 
ventilation constructed since I= have an air change rate of 0.3 ACH, or 
less. This is also the case for 15 % of the houses with exhaust air ventilation. 



For apartments as well as for houses, the standard 
deviation of the average ventilation rate is about 20%. 
This means that after an installation and control 
aiming at a ventilation rate of 0.5 ACH, about 70% of 
the dwellings have a ventilation rate between 0.4 and 
0.6 ACH, while the remainder may have ventilation rates 
down to 0.3 or up to 1 ACH. 

CONCLUSIONS 

It is found that about half of the apartments and 
houses with natural ventilation constructed 1960, or 
later, have an air change rate of 0.3 ACH, or less. 
This is also the case for about fifteen per cent of the 
houses with exhaust air ventilation. 

For apartments as well as for houses, the standard 
deviation of the average ventilation rate is about 20% 
after installation and control of a mechanical ventila- 
tion system. 
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Fg. 2 
Distribution of ventilation rates in townhouses (M) and apartments (right) 
with mechanical ventilation. The data for townhouses are from three groups of 
houses, the houses in each group are identical. The total number of town- 
houses, N, is 1 18. All three groups have an average ventilation tiat? between 
0.52 and 0.54 air changes per hour. The data for the apartments are from 
apartment buildings where- measurements have been carried out in a number 
of apartments varying from 5 to 15.  Due to average ventilation rates differing 
between the buildings, all measured ventilation rates in apartments have been 
normalized with the average ventilation rate of the resptzdve building. 
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The scatter of the ventilation rates (one standard deviation) is about 20 % 
for apartments as well as for houses. 
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