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SYNOPSIS 

Each occupant in a room should be able to control his 
own indoor environment. Individual control can be ac- 
hieved in many ways: from simple window-opening to 
automatically arranged personal mini-environment. 

Individual control is not utilized effectively today. 
This is partly caused by lack of proper information, 
and partly by the fact that builders pay more attention 
to construction than to use and operation. 

Even technically complicated systems can be easy to 
operate -what is needed is sufficient, but not too 
difficult user information. 

In this paper, practical examples of user-friendly 
ventilation in residential and office buildings will be 
analyzed. Information problems, technical limitations 
and consequences of various individual control strate- 
gies will also be discussed. 

INTRODUCTION 

The need of ventilation is primarily caused by people 
and their activities, secondarily by other sources of 
heat and pollutants. People behave in different ways, 
and their activities vary highly individually in space 
and time. 

Ventilation should be designed and operated so that a 
proper indoor air quality is achieved whenever needed. 
Different people may also have different objectives for 
indoor air quality, thermal comfort etc. (1). So, the 
need of ventilation depends on occupancy. Ventilation 
can, in principle, be designed to be operated on full 
capacity all the time, but this would waste energy. 
Continuous minimized ventilation cannot, on the other 
hand, guarantee good indoor air. Ventilation should, 
therefore, be controllable in space and time - manu- 
ally, automatically, or in a suitable combination. 

2 PHYSIOLOGICAL, PSYCHOLOGICAL AND TECHNICAL BACKGROUND 

2.1 Attitudes against mechanical ventilation - why? 
Many complaints are today made against mechanical ven- 
tilation. The words "SICK BUILDING" are presented too 
often in connection with a modern office or other work 
environment and mechanical ventilation or air-condi- 
tioning. 

In many cases, further complaints can be avoided by re- 
adjustment, minor renewal, and systematic operation and 
maintenance. But, complaints may occur (or remain) even 
if there, from the technical point of view, should be 



no reason to. (See e.g. (2), (3)). 

The causes for the "sick building syndrome" are only 
partly known. The psychological aspects cannot be neg- 
lected: people feel bad if they cannot control their 
indoor environment: temperature, air flows, noise, 
lighting, (4). To be able to open a window has a great 
positive psychological effect! People can tolerate more 
draught or noise if they have got some means to control 
them. 

2.2 Technical limitations - before and now? 

"Collective" ventilation has been designed and used for 
the past 20 - 30 years. Simply because there have been 
no economical alternatives. In the Nordic countries, 
the main ventilation system in residential buildings is 
mechanical exhaust, run at full capacity for a few 
hours per day. In offices, especially in "landscapes", 
a constant temperature is set throughout the building, 
and ventilation is run at a constant capacity during 
office hours. Limited individual control may be ac- 
hieved in separate rooms by using e.g. radiator ther- 
mostats or controllable fan-coil units. 

In many cases, energy-efficiency has been increased, at 
the risk of deteriorating the indoor air quality, by 
using minimum outdoor air rates, minimized hours of 
operation (in offices etc.) or maximum percentage of 
return air. 

Today, it is technically possible to build more indivi- 
dual systems and control s than was technically poss- 
ible in the 1970's. Energy-efficiency is achieved easi 1 y 
by heat recovery systems which have become cheaper and 
more reliable. VAV-systems allow varying heating and 
cooling capacity when needed. Air quality control of 
ventilation is rapidly developing. New components of 
control systems can be programmed to provide also suit- 
able temperature fluctuations as well. 

A ventilation or air-conditioning system can be design- 
ed and balanced in a way not to be disturbed by window- 
opening. Pressure-controlled fans allow you to control 
your own air change rate without influencing ventila- 
tion in other rooms. But it may remain difficult to 
arrange great temperature variations - although in most 
cases + 1 OC is possible in indivicual spaces, which 
will oFten be sufficient in minimizing dissatisfaction. 

3 HOW T O  USE INDIVIDUAL CONTROL - WILL PEOPLE LEARN IT? 
3.1 Technical aspects 

Technical possibilities have improved, as stated be- 
fore, but they are not very well utilized today. 



A t t i t u d e s  among b u i l d e r s ,  d e s i g n e r s  and c o n t r a c t o r s  
shou ld  be changed.  Now t h e y  c o n c e n t r a t e  on c o n s t r u c t i o n  
and equipment  i n s t e a d  of  o c c u p a n t s '  needs and o p e r a -  
t i o n / m a i n t e n a n c e .  T r a d i t i o n a l l y ,  t h e  system and i t s  
c o n t r o l  a r e  d e s i g n e d  more o r  l e s s  s e p a r a t e l y .  

Use r -o r i  e n t e d  techno1 ogy ,  examples  

In o t h e r  b ranches  of t e c h n o l o g y ,  t h e r e  a r e  numerous 
examples of e a s y - t o - o p e r a t e  s y s t e m s ,  which i n  p r i n c i p l e  
a r e  much more c o m p l i c a t e d  than  v e n t i l a t i o n .  

For example,  a t  home you can s w i t c h  your  l i g h t s  on and 
o f f ,  whenever needed,  v e r y  s imply  and w i t h o u t  any t e c h -  
n i c a l  e x p e r t i s e .  You g e t  your  t a p  w a t e r  a lmos t  a s  e a s i -  
l y ,  o r  open your  r a d i o ,  TV e t c .  A l i t t l e  more i s  r e -  
q u i r e d  f o r  a d j u s t i n g  t h e  t a p  w a t e r  t e m p e r a t u r e ,  o r  
c o l o u r s  i n  your  TV b u t  you s t i l l  can do i t  w i t h o u t  
t e c h n i c a l  s k i l l ,  and your  o p e r a t i o n s  have no i n f l u e n c e  
on your  n e i g h b o u r s .  Why n o t  a l s o  i n  v e n t i l a t i o n ?  Why 
n o t  have a  c o n s t a n t  d u c t  p r e s s u r e  ( a s  v o l t a g e ! ) ,  why 
no t  s imply  a d j u s t  your  i n d i v i d u a l  a i r  supp ly  and ex-  
h a u s t  whenever needed? 

A more c o m p l i c a t e d  c o m p a r a t i v e  example i s  t h e  motor 
c a r .  In o r d e r  t o  use i t  you need e d u c a t i o n  and a  l i c e n -  
s e ,  "A l i c e n s e  f o r  l i v i n g  i n  your  own home" does no t  
sound r e a s o n a b l e  a t  a l l ,  b u t  some e d u c a t i o n  on o n e ' s  
i ndoor  envi ronment  s h o u l d  be g i v e n ,  a l r e a d y  a t  s c h o o l .  
For t h e  r e s t  ( t h e  t e c h n i c a l  p a r t )  you should  g e t  
i n s t r u c t i o n s  from t h e  m a n u f a c t u r e r  o r  d e s i g n e r !  

Windows 

Windows have been used f o r  c e n t u r i e s  a s  a  means of 
b a s i c  o r  a d d i t i o n a l  v e n t i l a t i o n .  Because t h e y  g e n e r a l l y  
can a l s o  be t i g h t l y  c l o s e d  ( a t  l e a s t  i n  t h e  Nordic  
c l i m a t e  f o r  a l l  w i n t e r ) ,  o t h e r  means of a i r  s u p p l y  
shou ld  be used f o r  b a s i c  v e n t i l a t i o n .  There a r e  s t i l l  
p e r i o d s  when e x t r a  v e n t i l a t i o n  i s  needed o r  wanted:  f o r  
c o o l i n g  i n  summer, f o r  a i r i n g  i f  t h e  room i s  e x c e p t i o n -  
a l l y  crowded e t c .  

At tempts  t o  change p e o p l e ' s  window-opening h a b i t s  have 
g e n e r a l l y  f a i l e d .  People  f e e l  d i s s a t i s f i e d  i f  t h e y  
c a n n o t  open t h e i r  windows. 

3 . 4  I n f o r m a t i o n  

You c a n n o t  change p e o p l e ' s  h a b i t s ,  b u t  people  can be 
e d u c a t e d !  The on ly  way t o  do t h i s  i s  p r o p e r  in fo rma-  
t i o n ,  Both n a t u r a l  and mechanica l  v e n t i l a t i o n  need 
c a r e f u l  o p e r a t i o n  and ma in tenance  - good, s i m p l e  and 
c l e a r  i n f o r m a t i o n  i s  n e c e s s a r y .  Always t e l l  peop le  w h y  
( a i r  q u a l i t y ,  c o m f o r t ) ,  and h o w  ( s h o r t - p e r i o d  window 
open ing ,  use of  f o r c e d  v e n t i l a t i o n  i n  k i t c h e n ,  f i l t e r  



cleaning periodically). Information should not, how- 
ever, mean a technical manual with hundreds of pages! 

CASE STUDIES 

4.1 General 

The following examples show both positive cases of 
user-oriented ventilation (including limitations in 
application), and cases where lack of (or wrong) 
information has caused problems in air quality and even 
structural damage. 

4.2 Detached and row houses 

Extreme examples have been measured: air change rates 
of about 0.01 ac/h ( ! ! ) ,  C02 concentrations of more 
than 5 000 ppm, i.e. beyond hygienic limit values, high 
humidities allowing mould growth. These observations 
concern tightly-sealed bedrooms in houses equipped with 
natural or closed-off mechanical ventilation and with- 
out any supply air arrangements. The occupants had 
wanted to save energy or been disturbed by draught or 
noise, generally they had not received any information 
on how to use their ventilation. 

Generally, in houses with mechanical ventilation, the 
fan is on only during cooking, bath etc. Major problems 
can be avoided if the ventilation cannot be completely 
closed off. 

In one experimental area, the manufacturers informed 
the residents on ventilation. In those houses, most 
people learned the proper use immediately, but still in 
some cases the fan is (especially in winter) closed off 
if the air change due to infiltration satisfies the 
minimum need for ventilation. Generally, people consi- 
dered personal instruction by the manufacturer or cont- 
ractor more useful than instruction manuals. 

The importance of good adjustment, and noise reduction, 
is obvious. Measures required for maintenance should 
also be as simple as possible; even cleaning or chan- 
ging the cooker-hood filter is likely to be forgotten 
if it is considered difficult. 

4.3 Renovated block of flats: exhaust fan for each flat 

This three-storey block of flat was built in 1951, and 
need for renovation became obvious in early 1980's. The 
existing ducts for natural ventilation were in a poor 
condition, and therefore the owner decided to build a 
new mechanical exhaust system with one small controll- 
able fan for each flat. 



T e c h n i c a l l y ,  t h i s  s y s t e m  w o r k e d ,  b u t  t h e  i n f o r m a t i o n  
was n o t  s u f f i c i e n t .  The a d v a n t a g e s  o f  good  v e n t i l a t i o n ,  
when needed ,  w e r e  n o t  p o i n t e d  o u t  t o  t h e  r e s i d e n t s  
c l e a r l y .  The s l i g h t  i n c r e a s e  i n  t h e  e l e c t r i c i t y  b i l l  
c a u s e d  b y  t h e  e x h a u s t  f a n  was e s t i m a t e d  i n t o  i t s  m a x i -  
mum, some 200 F IM p e r  y e a r .  W i t h  t h e  c o n s e q u e n c e  t h a t ,  
i n  o r d e r  t o  s a v e  a  l i t t l e  money, p e o p l e  c l o s e d  o f f  t h e  
f a n s  i n  many f l a t s .  T h i s  c a u s e d  f r o s t  damage d u e  t o  
c o n d e n s a t i o n  i n  t h e  e x h a u s t  a i r  d u c t  t o p s  a n d  i n  r o o f -  
t o p  f a n s .  New i n f o r m a t i o n  was s o o n  d i s t r i b u t e d  t o  t h e  
o c c u p a n t s ,  a n d  now, some y e a r s  l a t e r ,  t h e  v e n t i l a t i o n  
i s  s a t i s f a c t o r y  and p r o p e r l y  o p e r a t e d .  S u p p l y  a i r  i s  
t a k e n  i n  v i a  c r a c k s  i n  t h e  b u i l d i n g  e n v e l o p e ,  w h i c h  i n  
some w i n t e r  w e a t h e r  c o n d i t i o n s  c a u s e s  d r a u g h t .  

4 .4  E x p e r i e n c e s  f r o m  f u l l  s p e e d  - h a l f  speed ,  o p e r a t i o n  o f  
e x h a u s t  v e n t i l a t i o n  i n  b l o c k s  o f  f l a t s  

I n  b l o c k s  o f  f l a t s  m e c h a n i c a l  e x h a u s t  v e n t i l a t i o n  w i t h  
one c e n t r a l  e x h a u s t  f a n  i s  p r e d o m i n a n t .  The f u l l  s p e e d  
i s  g e n e r a l l y  on  f o r  o n e - t w o  h o u r s  i n  t h e  m o r n i n g  and  
t w o - t h r e e  h o u r s  i n  t h e  a f t e r n o o n ,  i . e .  when p e o p l e  a r e  
assumed t o  do  t h e i r  c o o k i n g .  The r e s t  o f  t h e  d a y  and 
a l l  t h e  n i g h t  v e n t i l a t i o n  i s  r u n  a t  h a l f  speed.  
T h i s  a r r a n g e m e n t  has  n o t  w o r k e d  s a t i s f a c t o r i l y .  I n  
h u n d r e d s  o f  b u i l d i n g s ,  t h e  e x h a u s t  f a n  i s  c l o s e d  o f f  
f o r  n i g h t s  ( e n e r g y ,  n o i s e . .  . ) ,  #although t h i s  s h o u l d  n o t  
be  a l l o w e d .  I n  many c a s e s ,  t h e  t i m e r  c l o c k  i s  n o t  a c c u -  
r a t e  and  may s w i t c h  f u l l  s p e e d  on  e v e n  a t  m i d n i g h t .  

B u t  e v e n  i f  t h e  s y s t e m  i s  o p e r a t e d  c o r r e c t l y ,  p e o p l e  
o f t e n  a r e  f a r  f r o m  s a t i s f i e d .  I n  r e c e n t  e x p e r i m e n t a l  
p r o j e c t s  i t  was f o u n d  o u t  t h a t  p e o p l e ' s  c o o k i n g  h a b i t s  
v a r y  s o  much t h a t  c o l l e c t i v e  f a n  o p e r a t i o n  w o u l d  n o t  
s a t i s f y  e v e r y o n e  u n l e s s  t h e  f u l l  s p e e d  w e r e  o n  f r o m  
7 .00  t o  21 .00  h o u r s .  

The f u l l  s p e e d - h a l f  s p e e d  o p e r a t i o n  a l s o  c a u s e s  p r o b -  
l ems  i n  p r e s s u r e  c o n d i t i o n s .  A t  h a l f  speed ,  t h e  p r e s s -  
u r e  d i f f e r e n c e s  a r e  a b o u t  one  f o u r t h  o f  t h o s e  a t  f u l l  
speed  ( e . g .  f a n  p r e s s u r e  100  Pa v s .  400 P a ) ,  f o r  w h i c h  
t h e  s y s t e m  i s  g e n e r a l l y  b a l a n c e d  a n d  a d j u s t e d .  T h i s  
means t h a t  i n  w i n t e r ,  e s p e c i a l l y  i n  h i g h - r i s e  b u i l d -  
i n g s ,  o r  a t  h i g h  w i n d  s p e e d s ,  t h e  n a t u r a l  f o r c e s  w i l l  
d i s t u r b  t h e  b a l a n c e  o f  v e n t i l a t i o n .  P r o b l e m s  w i t h  p r e s -  
s u r e  c o n d i t i o n s  may o c c u r  e v e n  i f  t h e  v e n t i l a t i o n  s y s -  
tems c a n  be o p e r a t e d  i n d i v i d u a l l y  - f l o o r s  a n d  p a r t i -  
t i o n  w a l l s  s h o u l d  be  b u i l t  as  a i r t i g h t  as p o s s i b l e !  

4.5 Modern  a n d  r e n o v a t e d  o f f i c e s  

A new g e n e r a t i o n  o f  o f f i c e  i n t e r i o r s  h a v e  b e e n  r e c e n t l y  
i n t r o d u c e d .  F l e x i b l e ,  i n t e g r a t e d  f u r n i t u r e  s y s t e m s  
i n c l u d i n g  l i g h t i n g  a n d  a i r  d i s t r i b u t i o n  a r e  a l r e a d y  



a v a i l a b l e .  T h i s  a l l o w s  an i n d i v i d u a l l y  c o n t r o l l a b l e  
mini -envi ronment  f o r  each  occupan t .  U n f o r t u n a t e l y ,  no 
e x p e r i m e n t a l  d a t a  i s  a v a i l a b l e  y e t  conce rn ing  indoor  
a i r  c o n d i t i o n s  and sys t em per formance .  

In r e n o v a t e d  o f f i c e s ,  o r i g i n a l l y  equipped w i t h  n a t u r a l  
v e n t i l a t i o n ,  many p e o p l e  1  i  ke t o  keep t h e  v e n t i l a t i o n  
" a s  n a t u r a l  a s  p o s s i b l e " .  Very o f t e n  t h i s  i s  n o t  pos- 
s i b l e :  t h e  o f f i c e  env i ronment  i s  more loaded t h a n  be- 
f o r e  ( o f f i c e  a u t o m a t i o n ! ) ,  o l d  ductwork i s  p a r t l y  dama- 
ged ,  o u t d o o r  a i r  q u a l i t y  r e q u i r e s  a i r  f i l t e r i n g  e t c ,  
" S o f t "  and f l e x i b l e  m e c h a n i z a t i o n ,  wi th  a s  l i t t l e  i n -  
f l u e n c e  on i n t e r i o r  a r c h i t e c t u r e  a s  p o s s i b l e ,  g e n e r a l l y  
b r i n g s  t h e  b e s t  r e s u l t .  I f  changes  i n  a r c h i t e c t u r e  a r e  
a l lowed  ( o r  have a l r e a d y  been made) ,  t hen  p r o v i d i n g  
modern a i r - c o n d i t i o n i n g  i s  p o s s i b l e  even i n  an e x i s t i n g  
b u i l d i n g .  In any c a s e ,  i t  i s  i m p o r t a n t  t o  l i s t e n  what 
t h e  end u s e r  wants!  Even mechanical  systems can be 
" n a t u r a l "  - a d j u s t a b l e  and n o i s e l e s s .  Lack of  s p a c e  f o r  
new d u c t s  s e t s  i t s  own l i m i t a t i o n s ;  V A V  o r  f a n - c o i l  
sys tems a r e  o f t e n  s u i t a b l e  and u s e r - f r i e n d l y .  

CONCLUSIONS AND FUTURE TRENDS 

In t h e  d e s i g n  of v e n t i l a t i o n ,  i t  i s  n e c e s s a r y  t o  pay 
much a t t e n t i o n  t o  t r a d i t i o n s  and p e o p l e ' s  h a b i t s .  
People  want t o  a d j u s t  t h e i r  own room t e m p e r a t u r e ,  and 
t h e y  want t o  open windows. Why n o t  l e t  them? Modern a i r  
c o n d i t i o n i n g  t echno logy  a l l o w s  i n d i v i d u a l  c o n t r o l ,  and 
t e c h n i c a l  s o l u t i o n s  can be made based on t h e  o c c u p a n t s '  
needs and wan t s .  

C o r r e c t  i n f o r m a t i o n  i s  n e c e s s a r y ,  e . g . :  

- Opening a  window i n  your  o f f i c e  c a u s e s  d r a u g h t  i n  
w i n t e r  and b r i n g s  i n  d u s t ,  s o  i f  you s t i l l  want t o  
open i t ,  j u s t  a  few m i n u t e s '  a i r i n g  i s  enough,  i n  
summer do j u s t  a s  you l i k e ,  b u t  remember t h a t  a i r i n g  
when wind speed i s  h igh  may c a u s e  d i s c o m f o r t  t o  y o u r  
ne ighbours  (OFFICE). 

- C l o s i n g  o f f  your  f a n  makes t h e  a i r  bad, The minimum 
speed  i s  needed even when t h e r e  i s  nobody a t  home. 
Half speed  i s  recommended e x c e p t  d u r i n g  cook ing ,  
when you a l s o  s h o u l d  open t h e  k i t c h e n  hood damper 
(HOMES. The p o s i t i o n s  needed must be marked c l e a r -  
l y ) .  

- In summer, i f  i t  g e t s  t o o  warm i n d o o r s ,  you can run 
your  f a n  a t  f u l l  s p e e d - o r  open your  windows l a t e  i n  
t h e  e v e n i n g ,  a t  n i g h t ,  i n  t h e  morning,  when i t  i s  
c o o l e r  o u t d o o r s .  (HOME). In o f f i c e s  mechanical  n i g h t  
c o o l i n g  i s  recommended. 

People  a r e  ve ry  s e n s i t i v e  t o  d r a u g h t  and n o i s e ;  odours  
a r e  o f t e n  much more e a s i l y  t o l e r a t e d .  In o r d e r  t o  



a c h i e v e  good i n d o o r  a i r  q u a l i t y ,  s p e c i a l  a t t e n t i o n  
s h o u l d  be p a i d  t o  p r o p e r  a i r  d i s t r i b u t i o n  and n o i s e  
i n s u l a t i o n / r e d u c t i o n .  

The f u t u r e  v e n t i l a t i o n  would p r o b a b l y  be d e s i g n e d  a s  
f o l l o w s :  

In r e s i d e n t i a l  b u i l d i n g s :  i n d i v i d u a l l y  c o n t r o l l e d  
v e n t i l a t i o n  i n  e ach  f l a t ,  maybe i n  e ach  room. T o t a l  
a i r  f l o w  i s  c o n t r o l l e d  by f a n  o r  damper ,  room c o n t -  
r o l  by t e r m i n a l  d e v i c e s .  Window o p e n i n g  i s ,  n a t u r a l  - 
l y ,  p o s s i b l e .  I f  h i g h e r  q u a l i t y  i s  needed ,  e a c h  room 
would be e q u i p p e d  w i t h  c o n t r o l l a b l e  a i r  s u p p l y .  To 
a v o i d  p rob l ems  w i t h  p r e s s u r e  d i f f e r e n c e s ,  combina-  
t i o n s  o f  n a t u r a l  and m e c h a n i c a l  v e n t i l a t i o n  ( e . g .  
n a t u r a l  e x h a u s t  p l u s  k i t c h e n  hood f a n )  a r e  n o t  a l -  
lowed ,  s u p p l y  and e x h a u s t  s h o u l d  be w e l l  b a l a n c e d  
f o r  a  s l i g h t  u n d e r p r e s s u r e ,  and f l o o r s  and p a r t i t i o n  
w a l l s  s h o u l d  be b u i l t  a i r t i g h t .  

In  o f f i c e s ,  s c h o o l s ,  t h e a t r e s ,  h o t e l s  e t c ,  an  a i r -  
c o n d i t i o n e d  i n d i v i d u a l  m i n i - e n v i r o n m e n t  where  you 
can a d j u s t  t h e  t e m p e r a t u r e  ( e . g .  w i t h i n  + 1 OC) o r  
i t s  f l u c t u a t i o n  ( e . g .  morning - 2 1  + 1 O C ,  a f t e r -  
noon-upper  l i m i t  2 4  O C ,  " n a t u r a l "  r r s e ) ,  t h e  amount 
of f r e s h  a i r  ( c o n s t a n t  o r  between minimum-maximum), 
d i r e c t i o n  o f  s u p p l y  a i r  f l o w .  In  s o p h i s t i c a t e d  s y s -  
t e m s ,  t h e  i n d o o r  e n v i r o n m e n t  can be c o n t r o l l e d  by 
c e n t r a l  a i r  c o n d i t i o n i n g  ( b a s i c  c o n t r o l )  p l u s  m i n i -  
a i r - c o n d i t i o n i n g  ( i n d i v i d u a l  v a r i a t i o n s )  - maybe 
w i t h  o p e n i n g  a  window a s  a  t e m p o r a r y  a d d i t i o n !  Rooms 
w i t h  t e m p o r a r y  o c c u p a t i o n ,  e . g ,  c o n f e r e n c e  rooms a r e  
c o n t r o l l e d  s e p a r a t e l y  ( f o r  example ,  by t i m e r - c o n t -  
r o l l e d  o n - o f f  dampers  and a i r  q u a l i t y - c o n t r o l l e d  
VAV- te rmina l s ) .  I n t e g r a t e d  f u r n i t u r e  - l i g h t i n g  - 
a i r  d i s t r i b u t i o n  s y s t e m s  w i l l  p r o b a b l y  be soon  
i n t r o d u c e d  a l s o  i n  o f f i c e  r e n o v a t i o n s .  

In  a l l  c a s e s ,  t h e  b e s t  r e s u l t  can be a c h i e v e d  w i t h  a  
c o m b i n a t i o n  o f  manual and  a u t o m a t i c  a d j u s t m e n t  + c o n t -  
r o l .  Some p r i n c i p l e s  a r e  p r e s e n t e d  i n  t h e  F i g u r e s  1 and 
2. 
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Fig. 1. How to use ventilation in residential build- 
ings. Basic ventilation is always on, forcing 
is due to occupancy, cooking etc. Airing only 
for extra need or exceptional loads. 

Fig. 2. Use of ventilation in offices. 
Minimum = continuous exhaustfrom toilets etc. 
Basic = ventilation due to expected occupancy 
(Variable if demand-controlled) forced = extra 
ventilation due to thermal loads . 


