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OVERVIEW OF INFILTRATION AND VENTILATION DEVELOPMENTS I N  
NORWAY 

I n t r o d u c t i o n  

T h i s  paper  g i v e s  an overwiew o f  a i r  i n f i l t r a t i o n  and v e n t i l a t i o n  
developnlents and t r e n d s  i n  Norway. The paper  i s  d e v i d e d  i n  an 
i n f i l t r a t i o n  p a r t  and a  v e n t i l a t i o n  p a r t .  

Sonie key  f i g u r e s  f o r  Norway: 

I n h a b i t a n t s  
Low r i s e  h o u s i n g  
B l o c k  o f  f l a t s  
Degree days ( base:  20 O C  ) 

4 . 4  m i l l .  
1 . 3  m i l l .  
0 . 3  m i l l .  
3500 - 7600 O C  D 

INFILTRATION 

B u i l d i n g  code 

I n  Norway we d i d  n o t  have any q u a n t i t a t i v e  code f o r  t h e  
a i r t i g h t n e s  u n t i l  1981. From t h e n  t h e  n,, - v a l u e ,  one can o b t a i n  
f r o m  a  p r e s s u r i s a t i o n  t e s t ,  s h o u l d  be as f o l l o w s  f o r  t h e  
d i f f e r e n t  k i n d s  o f  b u i l d i n g s :  

Low r i s e  h o u s i n g  n,, < 4  ach 
O t h e r  b u i l d i n g s  up t o  2 s t o r i e s  n,, < 3  acl i  
O t h e r  b u i l d i n g s  more t h a n  2 s t o r i e s  n,, < 1 . 5  ach 

I n  a d i t i o n  we have a  f u n c t i o n a l  r e q u i r e m e n t :  

The b u i l d i n g  c o n s t r u c t i o n s  s h a l l  be so a i r t i g h t  t h a t  t h e  
e f f e c t  o f  t h e  h e a t  i n s u l a t i o n  w i l l  n o t  be reduced and so 
t h a t  t h e r e  w i l l  n o t  be any d r a u g h t  o r  m o i s t u r e  p rob lems .  

B u i l d i n g  c o n s t r u c t i o n s  and components 

A f t e r  t h e  o i l  c r i s e  i n  1974 towards 1980 t h e  b u i l d i n g s  became 
more a i  r t i g l i t  because t h e  b u i l d e r s  became Inore aware o f  t h e  
t i g h t n e s s '  e f f e c t  on t h e  energy  consumpt ion .  I n  1973 f l i t - t i g h t ~ i e s s  
o f  7 1  randomly  p i c k e d  s i n g l e  farni l y  houses were tneasul-ed. l l l e  
houses were l o c a t e d  i n  d i f f e r e n t  p a r t s  of  Norway. see f i g .  1. 
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Fig 1. Results frotn a i r t i gh tne s s  measurements of  71 randomly 
picked new s ing le  family houses i n  1979 and 13 new s ing le  
family houses and rowhouses in 1988. 

The number of houses we have lneasured i s  too sliiall f o r  drawing 
any conclusions b u t  they indicate  t ha t  new houses i n  Norway have 
n o t  been more a i r t i g h t  tlie l a s t  decade. Froni other measurements 
we can see tlie same tendency. 

However in the  same periode we have seen a  l o t  of new 
developments in building constructions and components t h a t  should 
have made the  buildings more a i r t i g h t .  Aniong these a re :  

- th icker  polyet.hylene f i lm as vapour ba r r i e r  
- new techniques f o r  rnaking the  j o in t s  in the vapour ba r r i e r  

t i g h t e r  ( welding, s ea l an t s ,  clamping ) 
- use o f  rlrhber gaskets between d i f f e r en t  kinds of 

constructions 
- more use of  sea lan t s  i n  general 
- new and 1 igh te r  wind ba r r i e r  with larger  format v l l ~  i c h  

means fewer j o in t s  
- t i g h t e r  windows and doors 

A typical  s ing le  fariiily house construction froni today i s  shown 
in f igure  2 .  
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Figure  2 .  A t y p i c a l  s i n g l e  fami ly  house c o n s t r u c t i o n  i n  Norway 
t oday .  More than  90 % of t h e  houses i n  Norway a r e  
wood frame c o n s t r u c t i o n s .  
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Figure 3.  A typical  m u l t i  family house construction.  

There m i g h t  be several reasons t ha t  the  buildings a re  n o t  more 
a i r t i g h t  today than 10 years ago. The most probable are :  

- tlie form of the  houses a r e  more complicated today than 10 
years ago 

- the  sick building syndrome has wrongly been connected t o  
t i g h t  buildings and has given t he  builders an excuse n o t  
t o  p u t  an emphasize on tlie t ightness  

- the  high building a c t i v i t , ~  in Norway the  l a s t  years lias 
resul ted  in lack o f  qua l i f i ed  persons t o  the  b u i l d i n g  
industry 

Research A c t i v i t y  

Rather few research projects  have been carr ied  out within t h i s  
f i e l d  in I\lnrway the  l a s t  years .  Here i s  a summary of the  most 
in te res t ing  projects  in which one of tlie goals was t o  improve the  
t igh tness  of the  const ruct ions .  

The e f f ec t  of Vapour Barrier  Thickness on  Air  I n f i l t r a t i o n  

This project  was a  comparativ study o f  the  a i r  leakage 
performance of the  two vapour ba r r r i e r  thicknesses 0.06 mm and 
0.15 nim. The study considerd 10 ident ica l  s ingle  family houses, 
f i v e  which were constrc~cted using the  th in  f i l m  and f i v e  which 
used the  th ick f i lm.  The r e s u l t s  show t h a t  the houses wit t i  0.06 



mm f i l m  on average were 17% more leaky  t han  t h e  houses w i t h  t h e  
0.15 rntn f i l m  when t hey  were new. Tlie n,,- va lues were 3 . 4  ach and 
2.9 ach r e s p e c t i v e l y .  

The Impor tance o f  Wind B a r r i e r s  f o r  I n s u l a t e d  Wood Frame 
C o n s t r u c t i o n  

The main goal  o f  t h i s  research  p r o j e c t  was t o  g e t  more 
i n f o r m a t i o n  about t h e  i n f l u e n c e  o f  wind on t h e  hea t  l o s s  from 
wood frame c o n s t r u c t i o n s .  The p r o j e c t  was dev ided i n t o  t h r e e  
p a r t s :  c a l c u l a t i o n s ,  hot -box measurements and wind p ressu re  
measurements on a  r o t a b l e  t e s t  house. The r e s i l l t s  show t h e  
impor tance o f  p r o t e c t i n g  t h e  i n s u l a t i o n  l a y e r  w i t h  a  wind 
b a r r i e r  t o  ach ieve f u l l  e f f e c t  o f  t h e  i n s u l a t i o n  i n  wind 
exposed c o n s t r u c t i o n s ,  see f i g u r e  3 .  

Windspeed 10 m above ground level, mls 

F i g u r e  4. Est imated i nc rease  o f  heat  t r a n s f e r  th rough  a  s t ud  
fralne w a l l  caused by wind b low ing  fro111 o u t s i d e  i n t o  
t h e  i n s u l a t i o n  and o u t  again .  The two curves 
w i t h o u t  wind b a r r i e r s  r ep resen t  two d i f f e r e n t  ways 
o f  nour i t i ng  t h e  i n s u l a t i o n .  

A i r  Leakage i n  O ld  Timber f rame Houses w i t h  B lown- in  M ine ra l  Wool 
I n s u l a t i o n  

A i r  leakages o f  10 o l d  t i m b e r  frame houses were measured b e f o r ?  
and a f t e r  b low ing  m ine ra l  wool i n t o  t h e  c a v i t i e s  i n  t h e  w a l l  a l ~ d  
roo f  c o n s t r u c t  i ons .  Tlie mean a i r  leakage b e f o r e  i n s u l  a t i o n  was 
n,, = 10 .1  ach and n,, = 9 .0  ach a f t e rwa rds .  Th i s  g i v e s  an 
average improvement o f  10%. Iriiprovenients of 20% were ~ - r ~ : ~ i s t e r ~ d  
on houses where bo th  w a l l s  and c e i l i n g  were i n s u l a t e d .  A coup le  
of houses had no improvement a t  a l l .  

I n f i l t r a t i o n  Rates Measurements i n  B u i l d i n g s  

I n f i l t r a t i o n  r a t e s  meaurements have been c a r r i e d  ou t  i n  8 
d i f f e r e n t  b u i l d i n g s  t o  f i n d  t h e  i n f l u e n c e  of t h e  weather and t h e  



users.  The rneasi~rernents have' ljeen carr ied  out with the  constant 
consentration t r a ce r  gas technique using SF6 as the  t r a c e r  gas.  
This project  i s  not ye t  reported b u t  some of the  preliminary 
r e su l t s  are  shown in the  f i gu re  below. The most in te res t ing  
f indings a re  

- i n  dwellings about one half of the  ven t i l a t ion  i s  caused by 
tlie i nliabi tant-s 

- i n  col~irrlercial buildings there  i s  a  very wide range o f  what 
people can accept of higli ternperatitre and a i r  qua1 i t y  before 
they open t h e i r  windows 

Fi gc~re 5.  Example of r e s u l t s  from a i r  change r a t e s  aeasurernents in 
an off i ce  biri lding using tlie constant cor~sentra t ion 
t r a c e r  gas technique. The building have balanced 
ven t i l a t ion  system which i s  turned o f f  during tlie nights 
and normaly the week-ends. The l a s t  measured week-end i t  
was on and no  people was present in the  building.  Wlieri 
cornparing t ha t  week-end with tlie week-days we can see 
how rrii~ch the people influence tlie a i r  change r a t e .  
During the  f i r s t  week-end the  a i r  change r a t e  i s  only 
carl5ed by i n f i l t r a t i o n .  

I n f i l t r a t i o n  work i n  t h e  fu tu re .  

The rnore we insu la te  our buildings.  the  higher i s  the  r e l a t i v e  
influerice of inf i 1 t r a t i on  on the  energy consun~ption in tlie 
b u i  l d i  ngs. We therefore  have t o  carry on w i  tli measurements 011 

parameters which e f f ec t  i n f i l t r a t i o n  including the  e f f e c t  of the 
occupants. These measurements wil l  give us a  be t t e r  understanding 
so t ha t  be t t e r  constrilctions and be t t e r  ca lcula t ion methods can 
be devel o ~ e d .  



In Norway we can see a  trend i n  using l a rge r ,  prefabricated 
elements i ~ i  the  b u i l d i n g  indust ry .  To ensure good qua l i ty  and 
a i r t i g h t  constructions i n  the  new houses we have t o  develop 
be t t e r  systellis f o r  sealing the  j o in t s  between the  elements. 

VENTILATION 

Veliti 1 at ion i s  a  mean t o  secure acceptable indoor a i r  cjual i  t y .  
There a re  a  nutnber of consequelices of indoor a i r  pol lu t ion on 
both ililiabitalits and building.  These may be groilped in tliree 
types.  

Heal tli r i sk  fo r  inliabi t a n t s .  The sources are  among others :  
Formaldehyde, tobacco smoke, radon, combustion products. 
organic cotiipounds, humidity and liioi s t i t re (moulds and fungis)  

Annoyance of inhabi tants .  Main fac to rs  are:  Body odour. 
other odours and i r r i t a n t s .  

Daliiage t o  b u i l d i n g  f ab r i c .  Main fac to rs  are :  Hillliidi t y  atid 
~noi s t i ~ r e .  

Many of the  po l l i~ t i on  sources have t h e i r  or ig in  i n  building 
mater ia ls ,  b u i  lding furni  shiny and decorations and processes 
and a c t i v i t i e s  taking place within the  building.  Venti lat ion 
reclc~iremelits has t o  take a l l  the  mentioned fac to rs  i l i t o  account. 

CODES AND GUIDELINES 

The Norwegian regulat ions concerriirig b u i  1 ding desi g n  and 
construction a re  composed of laws, codes and guidel ines .  There 
has been a  s h i f t  from codes containing deta i led  requirements t o  
codes based on  fulictiolial r eq i~ i  remelits supported by guide1 ines 
containing information on h o w  t o  f u l f i l l  the  codes. The 
guidelines give examples of solut ions  t h a t  complies with the 
functional  requirements, other approved solut ions  may be accepted 
as wel l .  A co l l ec t ion  of approved solut ions  i s  found i n  the  
Building Research Ser ies  p i ~ b l  i  shed by The Norwegian B c ~ i  lding 
Research I n s t i t u t e .  These s e r i e s  cover solut ions  t o  
design/corictr t~ction d e t a i l s  and techtiical i n s t a l l a t i ons  as well 
as planniliy solut ions .  

Functional requirements 

Building shal l  have ven t i l a t ion  securing a  s a t i s f ac to ry  
indoor climate in each and every room. 

The ven t i l a t ion  plant  shal l  be b u i l t  iti such a  way t h a t  good 
energy econorily i s  secured, i t  i s  easy t o  cotitrol and easy t o  
~nainta i  n .  



Those p a r t s  of t h e  p l a n t  t h a t  must be c leaned  i n  o r d e r  t o  
f i ~ ~ i c t i o l i  p r o p e r l y  has t o  be lnade i n  such a  way t h a t  a l l  
t h e s e  p a r t s  can be c l e a n e d  f r o m  d u s t  and o t h e r  a i r b o r n e  
d e p o s i t i o n s .  

Tlie v e l i t i l a t i o n  p l a n t  s h a l l  be b u i l t  i n  such a  way t h a t  t h e  
c a p a c i t i e s  a c c o r d i n g  t o  t h e  r e q u i r e m e n t s  can be ~neasured  and 
a d j u s t e d .  

Be fo re  t l i e  b u i l d i n g  i s  t a k e n  i n t o  use t h e  v e n t i l a t i o n  p l a n t  
s h o u l d  be c o n t r o l l e d  and a d j u s t e d  i n  o r d e r  t o  s a t i s f y  
des igned  c a p a c i t i e s .  

Tlie a i r  q u a l i t y  w i t h i n  a  room s h a l l  be  k e p t  a t  a  l e v e l  t h a t  
w i l l   lot, t l i e  use o f  t h e  rooin t a k e n  i n t o  accoun t ,  l e a d  t o  
d i s c o m f o r t  o r  h e a l t h  r i s k .  

The a i r  f l o w  between rooms s h a l l  be  f r o m  a room w i t h  a  l ow  
c o n c e n t r a t i o n  t o  a  room w i t h  a  h i g h e r  c o n c e n t r a t i o n .  

The v e n t i l a t i o n  p l a n t  s h a l l  p r e v e n t  t h e  spread o f  gases and 
p a r t i c i l l  a t e  m a t t e r  t h a t  sine1 1 s  a n d l o r  at c dangerous t o  
h e a l t h .  Such p o l l u t a n t s  s h a l l  be  c a p t u r e d  by  means o f  l o c a l  
e x h a u s t .  

The v e n t i l a t i o n  p l a n t  s h a l l  p r e v e n t  t h e  spread o f  
con taminan ts  t o  t l i e  o u t s i d e  i f  t h i s  r e p r e s e n t s  a  danger t o  
h e a l t h  o r  d i s c o m f o r t .  

Tlie g u i d e l i n e s  s u p p o r t i n g  t h e  b u i l d i n g  codes g i v e  recommended 
minimilrn v e n t i  1  a t i o n  r a t e s  w h i c h  f o r  pub1 i c  and cotrimercia1 
b u i l d i n g s  a r e  g i v e n  as m 3 / h  m Z  f l o o r  a rea .  F o r  d w e l l i n g s  t h e  
r e q u i r e ~ n e n t s  a r e  a  c e r t a i n  c r o s s e c t i o ~ i  o f  s t a c k s  f o r  n a t u r a l  
exha i l s t  fro111 s p e c i f i c  roonis o r  s p e c i f i c  exhaus t  a i r  f l o w  r a t e s  
frotn t h e  same rooms when a p p l  i e i l i g  mechan ica l  e x h a u s t .  

Publ ic and commercial buildings 

Outdoor  a i r  P e r s .  Im2 Outdoor  IEA Annex 9 
a i r l p e r s .  Outdoor  a i r  r e q .  

Work roolns 5  m31h m 2  
Assembly ha1 1s 10 " 
S p o r t i n g  h a l l s  10 " 
K i t c h e n  15 " 

O f f i c e s  5 "  
S t o r e s  5 "  
C lass  rooms 7 "  
W a i t i n g  rooms 3 " 

0 . 3  16.5  m3/h 0 . 5 - 1 . 0  ach f o r  
1 . 5  6 . 7  " m c i s t u r e  and 
0 . 3  16.5  Iiuliii d i  i 41. 

0 . 3  5  0 20-30 11131 1 1  ].!el s 
0 . 1  50 f o r  body odo~l t - .  
0 . 3  16 .5  30-70 m3/1i p e r s  
0 . 5  14 f o r  t o b a c c o  smoke. 
0 . 6  5  



As we can see from the t a b l e s ,  the  ven t i l a t ion  fo r  o f f i c e  rootiis 
can be said t o  be of a  high standard cornpared wi t t i  the  
recolal~endations foi~nd in the  IEA annex IX, m i n i m u m  flow r a t e s ,  
wli i  l e  the  standard i s  very low fo r  c lass  roorns and asserribly 
ha l l s .  This i s  a lso  re f l ec ted  in p rac t i ce  where one alliiost 
wi tliout exceptions have conipl a i n t s  in classrooms, k i  ndergardens 
and asselnbly ha1 1s venti 1 ated according t o  the  recoliilnendatiolis in 
the  codes. 

Dwell i ngs 

Room Natural ex- Mech exhaust Suppl. a i r  
haust .  cm2 m3/h g r i l l e s  , 

s l o t s ,  ducts 

Living rooms - - Openabl e  win- 
dow or 100 cm2 

Kitchen 150 6 0  Slot  over u n -  
der door 100 
ctn 

Bathroom with or 
without WC 150 6 0  

Sep. shower or sep. WC 100 4 0  

Wash i n g  - and 
drying root11 150 8 0  Openable w i n -  

dow or 150 cni2 
in outer  wall. 
150 ca2 bet-  
ween adjacent 
rooms 

Tlie ven t i l a t ion  standard wi 11 vary according t o  how many roorris 
requiring exhaust there  a re  i n  the  house. Typically, the  
ven t i l a t i on ,  using tneclianical exhaust,  wil l  vary between 0 . 5  and 
1 .0  ach. In natural vent i la ted  dwellings the  ven t i l a t ion  i s  not 
under control and the ven t i l a t ion  standard i s  usually ra the r  low. 
Many homes financed by the  The S t a t e  Bank fo r  Housing have only 
natural ven t i l a t ion .  Tlie e f f e c t  of t h i s  i s  t ha t  the  vent i la t ion 
in houses f i ~ l ~ ~ l i c e d  by the  S t a t e  Bank f o r  Housing wil l  be ra ther  
poor compared with larger  dwellings of higher standard. 

General contments 

The recommendations i n  the  codes obviously d o  n o t  take properly 
i n t o  account a l l  the pollut ion sources i n  a  building n o t  even the  
number of persons occupying the  space. For t h i s  reason one can 
say t ha t  the  ven t i l a t ion  standard i s  r a the r  uneven. 



Tlie s h o r t c o ~ i i i n g s  o f  t l i e  p r e s e n t  gu ide1  i n e s  a r e  o b v i o u s  and t h e y  
w i  11 be  r e v i s e d  i t1 t h e  f u t u r e .  Tlie N o r d i c  Co~ i i ln i t tee  f o r  B u i  l d i ~ i g  
R e g u l a t i o n s  i s  w o r k i n g  on a  r e v i s i o n  o f  t h e  a i r  q u a l i t y  s e c t i o n  
o f  The N o r d i c  G u i d e l i n e s  f o r  I n d o o r  C l i m a t e .  The outcotlie o f  t h i s  
work w i l l  have a  g r e a t  i ~ i i p a c t  on t h e  f u t u r e  Norwegian a i r  cliral i t y  
and v e n t i l a t i o n  g u i d e l i n e s .  

SYSTEMS AND COMPONENTS 

Codes and g u i d e l i n e s  a r e  s t i l l  governed by  t h e  v iew  t h a t  t h e  
human b e e i n g  i s  t h e  tirain s o u r c e  o f  p o l l u t i o n  i n d o o r ,  w h i c h  i s  no 
l o n g e r  t h e  r e a l  case.  Up t o  t h e  s i x t i e s  t h i s  was p r o b a b l y  more 
t r u e  s i n c e  t h e  g e n e r a l  p r a c t i c e  b e f o r e  t h a t  t i m e  was t o  use  w e l l  
known " n a t u r a l "  b u i l d i n g  m a t e r i a l s .  S i n c e  t h e  s i x t i e s  t h e  
deve lopment  i n  t h e  f i e l d  o f  m a t e r i a l s  f o r  t h e  b u i l d i n g  and i t s  
f u r n i  s h i n y  has been a1 l rnost  e x p l o s i v e  i n  an h i s t o r i c a l  t i t t l e  
p e r s p e c t i v e .  T h i s  i s  e s p e c i a l l y  t h e  case f o r  s u r f a c e  m a t e r i a l s  
1  i k e  p a n e l s ,  wal  l c o v e r s ,  c a r p e t s  and p a i n t i n g s .  i n t r o d u c i n g  a  
1  a rge ,  e v e r  i n c r e a s i n g  number o f  c l ien i i ca l  cmponents i n  t h e  i n d o o r  
env i ronmen t ,  components w h i c h  r i o t  a t  a l l  a r e  good f o r  o u r  h e a l t h .  

D w e l  l i ngs 

The b u i l c l i n g  codes a r e  g e n e r a l l y  t l i e  bases f o r  v e n t i l a t i o n  r e -  
q u i  rernents.  

N a t u r a l  v e n t i  1  a t  i o n  was d o m i n a t i n g  up t o  m i d  s i x t i e s .  However. 
mechan ica l  exhaus t  was used f o r  k i t c h e n  v e l i t i l a t i o n  e i t h e r  as a  
g e n a r a l  exhaus t  o r  t h r o u g h  exhaus t  hoods above t h e  s t o v e s .  

G r a d u a l l y  t o t a l  mechan ica l  exhaus t  was t a k e n  i n t o  use.  f i r s t  o f  
a l l  i n  d w e l l i n g s  n o t  f i n a n c e d  by t h e  S t a t e  Bank o f  Hous ing .  
Exhaus t  a i r  was t a k e n  f ro tn  k i t c h e n ,  bathrooms, WC atid 
washingrooms, i n  t h e  same way as f o r  n a t u r a l  exhaus t .  The 
p r i n c i p l e  o f  exhaus t  v e n t i l a t i o n  i s  show17 i n  f i g . 6 .  

Tlie change t o  mechan ica l  exhaus t  l e d  t o  b e t t e r  s tandarc l  o f  
v e n t i  1  a t i o n .  E s p e c i a l  l y .  p rob lems  w i t h  moulds and f u n g i  s  i n  t h e  
"wet - rooms"  were reduced.  N e v e r t h e l e s s ,  mechan ica l  exhaus t  i s  n o t  
w i t h o u t  p rob lems .  Fatis and d u c t s  a r e  n o t  m a i ~ ~ t a i n e d  i t i  a  p r o p e r  
manner. Fans s t o p  r u n n i n g  and d u c t s  becollie d i r t y .  When t h i s  
happens t h e  v e n t i  1  a t i o n  becomes worse t h a n  w i t h  a1 1  n a t i r r a l  
e x h a u s t .  because o f  t l i e  s t n a l l e r  d imens ions  o f  t h e  d u c t s .  T h i s  i s  
s t i l l  a  p rob lem.  



Figure 6 .  The rnain routes of the  ven t i l a t ion  a i r  flowing through 
a building with exhaust ven t i l a t ion .  

After the  o i l  eliibargo it1 1973 the  standard of ven t i l a t ion  was 
reduced because of the great  focus 011 energy saving, where tlie 
sitiipl i e s t  mean was t o  reduce the  i n f i  1 t r a t i on  andlor venti la t ion 
of the  buildings.  This was done by t ightening tlie building a ~ i d  
closing the  a i r  valves. Buildings with natural veri t i lat ion 
suffered tnost froin tlli S .  Bi~i lditlgs wi t.11 ~iieclianical exhaust 
suffered a lso  because the  fans were n o t  sized fo r  the  resu l t ing  
smaller i n l e t  flow crossect ions .  The need fo r  ven t i l a t ion  because 
of the  new development in building lriaterials required in r e a l i t y  
an opposite approach. 

a .Air  flow pat tern  with a s l o t  b.Air flow pat tern  with a s l o t  
o u t l e t .  The supply a i r  temper- o u t l e t .  The supply a i r  teaper-  
a t i ~ r e  O C .  Oi~tdoor a i r  flow r a t e  a t c~ re  O C .  Outdoor ai l  fluw r a t e  
5 11s. Panel heater 0 w a t t .  5 1 I s .  Panel heater  350 watt .  

Figure 7 .  Exhaust ven t i l a t ion .  When the  heater i s  o n .  drauglit 
can be avoided. 

Mechanical/natural exliaust veliti l a t ion  a re  ins ta l  led with o u t d o o r  
a i r  supply openings/valves in the  outer  wal ls ,  generally located 



i n  t h e  upper window frame, h u t  a l s o  o t h e r  l o c a t i o n s  a re  used. 
Th i s  may l e a d  t o  d rauhg t  problems. I n v e s t i g a t i o n s  c a r r i e d  ou t  a t  
t h e  Norwegian B u i l d i n g  Research I n s t i t u t e  have shown t h a t  t h i s  i s  
o f  no prob lem when t h e  room hea te r s  under t h e  windows a're n o t  
shu t  o f f ,  f i g . 7 .  However. when us i ng  r a d i a t o r s  w i t 1 1  the rmos ta ts  
t h e  hea t  w i l l  go on and o f f ,  r e s u l t i n g  i n  draught  r i s k .  

There has been some a c t i v i t y  developping components overcoming 
t h i s  problem. One method has been t o  i n t e q r a t e  t h e  r a d i a t o r  and 
t h e  ou tdoor  a i r  supply .  f i g . 8 .  Another has been t o  develop supply  
dev ices  ( d i f f u s e r s )  g i v i n g  d r a u g h t f r e e  v e n t i l a t i o n  w i t h  unheated 
ou tdoor  a i r .  The p r i n c i p l e  i s  t o  c r e a t e  a  more i n t e n s e  m i x i n g  
w i t h  rooni a i r ,  i n  and c l o s e  t o  t h e  d i f f u s e r .  

Special air supply device 

F i g u r e  8.  Mechanical  exhaust v e n t i l a t i o n .  The f a n  i s  p laced  i n  
t h e  a t t i c .  The f i g u r e  shows how draught  prohlel i is can be 
so l ved  hy u s i n g  spec i  a1 components i n t e g r a t i  ng t h e  room 
h e a t i n g  dev i ce  and t h e  a i r  supp ly  dev ice .  

The o i l  ernbargo a l s o  r e s u l t e d  i n  an a c t i v i t y  developping balanced 
vent  i 1 a t  i on systems w i t h  hea t  pumps and hea t  recovery .  Such 
systenis a l l o w  a  h i g h e r  s tandard  o f  bo th  v e n t i l a t i o n  and thermal  
comfor t :  see f i g . 9 ,  w i t h o u t  an i nc rease  n e i t h e r  i n  energy 
consumption nor  i n  t h e  t o t a l  c o s t  pe r  yea r  o f  owning and runn ing  
t h e  bu i l c l i ng .  However, t h e  S t a t e  Bank o f  Housing does n o t  f i n a n c e  
such s o l  u t  i 011s. 



F i g i ~ r e  9. B u i l d i n g  equ ipped w i t h  ba lanced ,  mec l ian ica l  v e n t i l a t i o n  
and h e a t  r e c i v e r y  u n i t .  

Systenls w i t h  h e a t  pirlnps u s i n g  t h e  exhaus t  a i r  as h e a t  sou rce  f o r  
h e a t i n g  t h e  warm w a t e r  s y p p l y ,  i s  i n c r e a s i n g  i n  p o p u l a r i t y .  
f i g .  10 .  S i ~ c l l  systems a r e  now made f o r  a l s o  p r e h e a t i n g  t l i e  
v e n t i l a t i o n  

F i g u r e  10.  Example of mechan ica l  ex l iaus t  v e n t i l a t i o n  combined w i t h  
a  h e a t  pump. The f a n  i s  p l a c e d  i n  t h e  basement. F resh  
a i r  i s  t a k e n  t l i r o u g  t l i e  basement and i s  s u p p l i e d  t o  t h e  
l i v i n g  roorns v i a  t h e  s t a i r  w e l l .  I11 t h i s  way a  c e r t a i n  
p r e h e a t i n g  o f  t h e  f r e s h  a i r  i s  ach ieaved.  

The future 

F u t u r e  v e n t i  1  a t  i o n  systems wi  11 c e r t a i n l y  be b a l  anced sy t 1 in:. 

w i t h  h e a t  r e c o v e r y  a n d l o r  h e a t  pirrnps because we w i  11 have t i y h t e r  
c o n s t r u c t i o n s  i n  t h e  f u t u r e .  The s o l u t i o n s  w i l l  t a k e  advantage o f  
t l i e  p o s s i  b i  1  i t i e s  f o r  u s i n g  cheap ~ i i i c r o p r o c e s s o r  t e c h n o l o g y  i n  
what we may c a l l  " i n t e l l i g e n t "  v e n t i l a t i o n .  T h i s  w i l l  be sollie 
k i n d  o f  delllalid c o n t r o l  l e d  v e n t i l a t i o n .  The s t r a t e g y  w i  11 be t o  
s u p p l y  v e n t i l a t i o n  a i r  t o  t h a t  p a r t  o f  t l i e  b u i l d i n g  w l i i c l i  i s  
occup ied  o r  i l l  use .  I n  day t i r i le  t o  t l i e  l i v i n g  area,  i n  n i g h t  t i m e  



t o  the  sleeping area in combi1;ation witli tinier control  of f o r  
exarnpl e  batliroorn exhaust,  e i t h e r  user ac t iva ted  or  occupancy 
sensor ac t iva ted .  This wi l l  lead t o  much b e t t e r  a i r  q u a l i t y  and 
cornfort wi tliout a  silbstanti a1 increase  in t o t a l  venti 1 a t ion  
a i r f low requirements. A c e r t a i n  minirnum basic v e n t i l a t i o n  rlii~st be 
seccrred a l l  t he  time t o  unoccupied a reas .  The exhaust a i r  wil l  be 
froni tlie sanie zones as we f ind  in e x i s t i n g  p rac t i ce  in addit ion 
t o  o ther  " i n t e l l i g e n t "  exhaust points .  

The use of heat pitnips and s o l a r  a s s i s t e d  preheating of t h e  
ven t i l a t ion  a i r  wi l l  be common. 

Public and commercial buildings 

The tninin~urn v e n t i l a t i o n  recli~irerllents in the  codes a r e  genera l ly  
the  bases f o r  outdoor a i r  flow r a t e s .  Higher flow r a t e s  a r e  
occasionally used. O n  the  o ther  hand, source control a r e  
genera l ly  not properly applied.  However, due t o  lack of 
~naintainance and adjust~iient ,  lower flow r a t e s  than tlie design 
values a r e  genera l ly  found in p rac t i ce .  

Mechanical balanced venti 1 a t ion  has been tlie most comrnoll p rac t i ce  
the  1 a s t  twenty t o  t h i r t y  yea r s ,  a1 1 tliougli ~rieclianical and natural  
exhaust systelns has been used t o  some ex ten t .  Natural and 
mecliani cal exhaust lias been most common i  11 sliial 1 e r  o f f i c e  
bui ld ings ,  schools and kindergardens. Because of the  very low 
veilti 1 a t ion  recluirements in tlie codes f o r  schools atid 
kindergardens most of the  s ick  bui lding problerns a r e  found i n  
these  types of bui ld ings .  

The oi 1 eriibargo led on the  one hand t o  reduced v e n t i l a t i o n  
through Illore r ec i rcu la t ion  (reduced outdoor a i r  supply) alicl no 
ven t i l a t ion  during nonoccupancy and on tlie other  hand t o  riiore 
energy econortii c  vent i  1 a t  i  on 1 i  ke the  development of heat recovery 
eclu i  pment . 

Systeliis t h a t  lias beeti used: 

Induct ion systems witli heating and cooling fac i  1 i t i e s .  Not widely 
used t o  day. 

Single duct systerns with zonal reheat ing ,  wi tl i /without fan coi 1s 
f o r  cooling.  

Single duct systems wi tli zonal reheating and coolecl cei 1 ings.  

S ingle  duct systerns with separa te  rooniheating wi thout/wi tli cooled 
c e i l i n g s  or  fan c o i l s  f o r  cooling.  

Dual duct systems. Very 1 i  t t l e  used. 

VAV systems. 



A 1  1 these  a re  rnixillg ven t i l a t ion  systelns, f i g .  11. 

Figure 11. Mixing ven t i l a t ion .  Goocl mixing r e su l t s  i n  ever? 
concentrations i n  the  whole venti 1 ated space. Tile 
concentrations are  tlie sarne as i n  tlie return a i r  duct .  

A 1  1 - a i r  systems have been demor7strated t.o have a  substanti  a1 
reduced veliti 1 a t i  ori e f fect iveness  when tlie Ileati rig demand 
r eq i~ i r e s  supply a i r  ten~perature inore than a  few centigrade above 
roonl a i r  temperature. 

Recirculation leads t o  unfavourable spreading of  pol lu t ions  and 
i t  i s  n o w  a  trend t o  l e s s  use of such s o l ~ r t  ions. Heat recovery i s  
n o w  a1 lti~ost 100 % used and i t  i s  fo r  t h i s  reason l e s s  argilliierits 
fo r  using rec i rcu la t ion  as a  mean fo r  energy saving. 

I n  s p i t e  of increased knowledge arid technical developlnent the  
sick building problelns seenis t o  be increasing a l l  tlie titne i n  
Norway. The reasons are  l i ke ly  t o  be t h a t  vent i la t ion 
requirements and systerri solut ions  are  not adjusted t o  the  ever 
increasing sources of bad a i r  qual i ty  or  on the  contrary.  the 
pollut ion sources are  not properly iden t i f i ed  i n  order t o  apply 
tlie r i  glit measures f o r  el iminating the sources. Another prohlerii 
seerris t o  be ven t i l a t ion  plants  which a re  riot properly cleaned 
nei ther  a t  the  time the  building i s  taken i n t o  use, nor 
afterwards.  

Norway has during the  l a s t  decade been among the  leading par t i e s  
i n  the f i e l d  o f  research i n  vent i la t ion eff ic iency.  The octtcoll~e 
o f  t h i s  i s  a  new vent i la t ion s t ra tegy which i s  cal led 
displacement ven t i l a -  t i on ,  f i g . 12 .  



F i g u r e  12. D i  splacetneri t  v e n t i  1  a t i o n .  Tlie p o l  l u t i o r i  c o n c e n t r a t i o n s  
i n c r e a s e  w i t h  h e i g h t .  The a i r  i s  t r a n s p o r t e d  upwards 
b y  c o n v e c t i v e  c u r r e n t s .  The c o n c e n t r a t  i 011s i n  t l i e  
b r e a t h i n g  zone a r e  l o w e r  t h a n  i n  t l i e  r e t u r n  a i r  d u c t .  

Ar io ther  name i s  s o f t  v e n t i  1  a t i o n  becasuse t l i e  v e n t i  1  a t i o n  a i r  i s  
s u p p l i e d  w i t h  l o w  v e l o c i t y  ( l o w  ~norneritum) d i r e c t l y  t o  t h e  
o c c i l p i e d  zone.  A1 1  though  t h i s  v e n t i  1  a t i o n  s t r a t e g y  f o r  a  l o n g  
t i m e  has been u t i l i z e d  i n  i n d u s t r i a l  v e n t i l a t i o n  , i t  has been 
t o o  l i t t l e  knowledge o f  t h e  p h y s i c a l  b e h a v i o u r  and t h e o r e t i c a l  
d i  s c r i  p t  i on o f  t h e  rnetliod . The 1 ack o f  t h e o r e t i c a l  t r e a t m e n t  rnay 
be t h e  reason  f o r  t h a t ,  a l l t l i o u g l i  t r e a t e d  i n  t h e  l i t t e r a t i r r e  niore 
t h a n  100 y e a r s  ago, t h e r e  has been l i t t l e  a p p l i c a t i o n  o f  t h e  
p r i n c i p l e  i n  t h e  p a s t .  

The concep ts  o f  v e n t i l a t i o n  e f f e c t i v e n e s s  i s  based on t h e  age 
c o n c e p t  where age i s  d e f i n e d  as t l i e  t i r ne  e l a p s e d  s i n c e  t l i e  
v e n t i l a t i o n  a i r  e n t e r e d  t h e  room, f i g . 1 3 .  

0 
q v 

Air exehangt ... . mcy: 

- 
F i g u r e  1 3 .  Tlie l o c a l  rnean age, T; . o f  thew a i r  i s  d e f i n e d  as t l i e  

average t i m e  w l i i c l i  w i y l  e l a p s e  a f t e r  t l i e  a i r  e n t e r e d  
t h r o u g h  t h e  s u p p l y  open ing  u n t i l  i t  a r r i v e s  a t  a  c e r -  
t a i n  p o i n t .  The average age i s  t h e  mean o f  t h e  l o c a l  
ages 



L o c a l  age i s  t h e  age o f  t h e  a i r  a t  a  p o i n t  i n  t l i e  room. Average 
age i s  t h e  average age o f  a l l  t h e  a i r  i n  t h e  room. The s h o r t e r  
t h e  age r e l a t i v e  t o  t h e  nomina l  t i t i l e  c o n s t a n t  t l i e  b e t t e r  t h e  
v e n t i l a t i o n  p o t e n t i a l  i s .  The r e l a t i v e  age i s  c a l l e d  a i r  exchange 
e f f i c i e n c y .  The s h o r t e s t  p o s s i b l e  ages a r e  found  when t h e  v e n t i -  
l a t i o n  a i r  f l o w s  l i k e  a  p i s t o n  t h r o u g h  t h e  room ( p l u g  f l o w ) .  
D i s l ~ l a c e m e n t  v e n t i l a t i o n  i s  t o  c r e a t e  a  f l o w  p a t t e r n  t h a t  i s  as 
c l o s e  t o  p l u g  f l o w  as p o s s i b l e ,  f i g . 1 4 .  The r e a l a t i v e  a i r  q u a l i t y  
o r  co t i tami  n a n t  relr ioval e f f e c t i v e n e s s  i s  measured as t h e  r a t i o  
between t h e  c o n c e n t r a t i o n  o f  p o l l u t i o n s  i n  t l i e  r e t u r n  a i r  and t h e  
c o n c e n t r a t i o n s  i n  t h e  b r e a t h i n g  zone.  The h e a t  rernoval 
e f f e c t i v e n e s s  can be d e f i n e d  i n  t h e  same way, chang ing  
c o n c e n t r a t i o n  w i t h  t e m p e r a t u r e .  

Contaminant removal 
effectivness or relative 
air quality index = 

Cb, Ce 
Pollution concentration 

F i g u r e  14.  The shape o f  t h e  v e r t i c a l  c o n c e n t r a t i o n  g r a d i e n t  shows 
t l i e  d i s p l a c e m e n t  e f f e c t .  

I t  has been demons t ra ted  t h a t  t h e  d i s p l a c e m e n t  p r i n c i p l e  r e s u l t s  
i n  a  b e t t e r  v e n t i l a t i o n  e f f e c t i v e n e s s  t h a n  l r i i x i r lg  v e n t i l a t i o n ,  
and i t  a l s o  makes i t  p o s s i b l e  t o  u t i l i z e  f r e e  c o o l i n g  w i t h  
o u t d o o r  a i r  i n  a  much l a r g e r  s c a l e .  However. i t  has a l s o  been 
demons t ra ted  t h a t  i t  i s  necessa ry  t o  a d j u s t  t h e  v e n t i l a t i o n  f l o w  
r a t e s  t o  t h e  t i i~ l i iber  and s t r e n g t h  o f  t h e  h e a t  sou rces  p r e s e n t  i n  
t h e  v e n t i l a t e d  space.  I n  normal  Norweg ian o f f i c e  rooms i t  i s  
r e q u i r e d  t o  have v e n t i l a t i o n  f l o w  r a t e s  as h i g h  as 7-8  m3/h  and 
inZ f l o o r  a r e a  i n  o r d e r  t o  have a  s i g n i f i c a n t  d i s p l a c e m e n t  e f f e c t .  
F o r  a1 1  v e n t i  1  a t i o n  systems t h e r e  i s  f o r  t h e r m a l  con r fo r t  r easons  
a  1  i m i t a t i o l i  i n  c o o l i n g  c a p a c i t y .  D i sp lacemen t  v e n t i l a t i o n  i s  no 
e x c e p t i o n  t o  t h i s .  The c o o l i n g  c a p a c i t y  i s  l i m i t e d  because o f  t h e  
l i m i t a t i o n  i n  v e r t i c a l  t e n i p e r a t u r e  g r a d i e n t s  i n  t h e  o c c u p i e d  
zone.  I n c r e a ~ i n g  t h e  c o o l i n g  c a p a c i t y  means i n c r e a s i n g  
v e n t i l a t i o n  a i r  f l o w  r a t e s ,  b e t t e r  d i f f u s e r s  o r  i n s t a l l a t i o n  o f  
s e p a r a t e  c o o l i n g  systems l i k e  r a d i a t i v e  c o o l i n g  o r  a  c o m b i n a t i o n  
o f  r a d i  a t i v e  and c o n v e c t i v e  c o o l  i n g .  The re  i s  a t   preset^! r e s e a r c h  
and development a c t i v i t i e s  i n  a l l  t h e s e  a r e a s .  

U s i n g  d i s p l a c e m e n t  v e n t  i 1  a t  i 011 i t  i s  necessa ry  t o  have s e p a r a t e  
h e a t i n g  systerns. The t r e n d  i n  Norway i s  now t o  s e p a r a t e  a1 1  t h r e e  
f u n c t i o n s .  v e n t i l a t i o n .  c o o l i n g  and h e a t i n g .  Do ing  t h i s  one can 
o p t i m i z e  a l l  t h r e e  f u n c t i o n s  and g e t  a  more r e l i e a b l e  o p e r a t i o n  
o f  t h e  HVAC systems i n  a  b u i l d i l i g .  



V e n t i l a t i o n  s t r a t e g y  i n  t h e  f u t u r e  

The object ive  i s  t o  secure healthy buildings w i t h  a  cornfortable 
indoor cl  ilnate. 

There wi l l  be s t r i c t  requirements t o  the  building,  i t s  
furnishing,  a c t i v i t i e s  and processes. Aniong other th ings  we wil l  
see building materials  with health declara t ions .  

Since the re  i s  d i f f i c u l t  t o  use only qu i te  "clean" mater ia ls  
the re  wi 11 be a  requirement f o r  increased venti l a t ion during the  
f i r s t  year of a  new building or the  f i r s t  year a f t e r  a  
renovation. 

I t  i s  of g rea t  importance t h a t  the  user can have an influence on 
h i s  environment, the re fore ,  individual control wil l  be a  basic 
requirelnent in fu tu re  ven t i l a t ion .  

O f  energy econoaic reasons, demand controlled ven t i l a t ion  wil l  be 
a  requirement, l i k e  a  requirement f o r  high ven t i l a t ion  
e f fec t iveness  (displacetnent ven t i l a t ion ,  spot ven t i l a t i on ) .  

Another itnportant requirement i s  ven t i l a t ion  plants  which a re  
easy t o  clean and maintain, equipped with operating ins t ruc t ions  
which the  building owner easyly can understand and a l so  are  easy 
t o  use. 

Last b u t  not l e a s t  i t  wil l  be necessary t o  p u t  in to  p rac t i ce  a  
b e t t e r  qua l i ty  control procedure in the  b u i l d i n g  construction 
phase and a  procedure f o r  repeated control of the  indoor a i r  
qua l i t y ,  f o r  instance every second year .  
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