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SYNOPSIS 

The i nc reas ing  awareness t h a t  indoor  a i r  q u a l i t y  aspects may re-  
s t r i c t  energy conservat ion by i n f i l t r a t i o n  and v e n t i l a t i o n  measures 
has l e d  t o  ex tens ive  i n v e s t i g a t i o n s  o f  d i f f e r e n t  v e n t i l a t i o n  s t r a -  
t eg ies .  Aiming a t  a  reduc t ion  o f  energy consumption 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  ra tes  have t o  be minimized. But i n  o rder  t o  
main ta in  heal t hy ,  sa fe  and comfor table cond i t i ons  f o r  t h e  inhab i -  
t a n t s  and t o  avo id  damages t o  t h e  b u i l d i n g  f a b r i c  t he  outdoor a i r  
supply should n o t  remain under minimum v e n t i l a t i o n  ra tes .  

To f i n d  ou t  advantages and disadvantages o f  var ious v e n t i l a t i o n  
systems, t o  assess the  r o l e  these systems w i l l  p l ay  i n  d i f f e r e n t  
v e n t i l a t i o n  s t r a t e g i e s  and f o r  d e f i n i n g  v e n t i l a t i o n  standards i n  
the  Federal Republ ic o f  Germany i n  1980 t h e  main a c t i v i t i e s  o f  a  
r & d  programme " 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  i n  Res ident ia l  
Bu i l d ings "  had been s ta r ted ,  supported by the  Federal M i n i s t r y  f o r  
Research and Technology. 

F i r s t  r e s u l t s  show t h a t  t he  c o n f l i c t i n g  requirements energy conser- 
va t i on  and adequate indoor a i r  q u a l i t y  i n  many cases bes t  a re  met 
by mechanical v e n t i l a t i o n  and heat  recovery.  I n  unoccupied t e s t  
houses as w e l l  as i n  occupied b u i l d i n g s  t h e  t o t a l  energy consump- 
t i o n  coul  be reduced by 10 t o  20 %. I n h a b i t a n t ' s  behaviour and 
func t i ona l  de f ic iences  o f  t h e  systems can decrease these ef fects 
i n  p r a c t i c e .  

INTRODUCTION 

The bas i c  aim o f  t he  German r & d  programme " V e n t i l a t i o n  and A i r  
I n f i l t r a t i o n  i n  Res ident ia l  Bu i ld ingsn1 was t o  i d e n t i f y  p o s s i b i l i -  
t i e s  f o r  reducing v e n t i l a t i o n  heat losses.  Therefore emphasis had 
been l a i d  on i n v e s t i g a t i o n s  o f  d i f f e r e n t  v e n t i l a t i o n  systems i n  
unoccupied t e s t  houses as w e l l  as i n  occupied b u i l d i n g s .  From the  
beginning i t  was ev ident  t h a t  aspects of indoor  a i r  q u a l i t y  had t o  
be incorpora ted  because reducing v e n t i l a t i o n  ra tes  r e s u l t e d  i n  
h igher  l e v e l s  o f  indoor  a i r  p o l l u t i o n s '  concentrat ion.  O f  impor- 
tance i n  t h i s  connect ion a re  t h e  a c t i v i t i e s  o f  Annex I X  "Minimum 
V e n t i l a t i o n  Ratesm2 o f  t h e  I n t e r n a t i o n a l  Energy Agency. To main- 
t a i n  hea l thy ,  sa fe  and comfor table cond i t i ons  fo r  t he  i nhab i tan ts  
on one hand and t o  conserve energy on t h e  o the r  the var ious ven t i -  
l a t i o n  systems w i l l  p l ay  d i f f e r e n t  r o l e s  i n  v e n t i l a t i o n  s t r a t e g i e s  
being o f  importance f o r  r e s i d e n t i a l  b u i l d i n g s .  



Table 1: Reasons for  ventilation and measures for  acceptable 
indoor ai  r aual i t v  

*) order o f  magnitude. **) c l imat ic  conditions and bui ld ing 
assumption: f loor  area 70 m2, construction typical  for Germany 
3 persons 

i i i )  minimize 
heal th  r i sks  

In table 1 only a rough idea will  be given about necessary a i r  
change rates  and measures. I t  was and i s  one of the objectives of 
Annex IX "Minimum Ventilation Rates" and the German standard 
DIN 1946 "Wohnungsluftung" to  define and to  give reasons for  ven- 
t i l a t ion  rates  in more de ta i l .  

Important i s  t ha t  building physics, inhabitants '  health and 
annoyance demand minimum ventilation rates5 above 0 .5  ach. Pos- 
s ibly in Germany moisture aspects dominate and minimum ventilation 
rates in the order of 0 .8  ach have t o  be recommended6. 

> 0.5 ach 
add. ven t i l a t ion  
supporting 
other measures 

reducing o r  prevent 
emission (covering, 
e l imin.  mater ia ls  
e tc . ) ,  
a i r  cleaning 



SOME ASPECTS OF INDOOR A I R  QUALITY 

The p r i n c i p l e s  o f  improving indoor  a i r  qual i t y  by v e n t i l a t i o n  are  
based on d i l u t i o n  and removal o f  contaminants. Known f o r  decades 
the  d iscussions on fundamental problems s t i l l  cont inue: 

- d e f i n i t i o n  o f  t h e  term " s u f f i c i e n t  indoor  a i r  q u a l i t y "  
- outdoor a i r  r a t e  needed t o  ensure t h i s  indoor a i r  q u a l i t y  
- v e n t i l a t i o n  s t r a t e g i e s  which a re  most appropr ia te  f o r  an 

e f f e c t i v e  contaminant removal ( v e n t i l a t i o n  e f f i c i e n c y ) .  

Most o f  t h e  n a t i o n a l  v e n t i l a t i o n  standards are confronted w i t h  
these quest ions. I n  Germany e.g. a c t i v i t i e s  are  going on t o  modify 
e x i s t i n g  standards, having i n  mind a i r  q u a l i t y  as w e l l  as energy 
conservat ion. 

There a r e  th ree  reasons o f  d i f f e r e n t  k i n d  f o r  the  observance of m i -  
nimum v e n t i l a t i o n  ra tes  i n  b u i l d i n g s  and dwel l ings :  

i 1 t o  avo id  damage t o  t h e  b u i l d i n g  f a b r i c  

t y p i c a l  indoor  p o l l u t a n t s :  mo is tu re  and humid i ty  

i i )  t o  decrease annoyance o f  t h e  i n h a b i t a n t s  

t y p i c a l  indoor  p o l l u t a n t s :  odours, body odour, carbon 
d iox ide  e t c .  

i i i )  t o  minimize hea l th  r i s k s  
. . .- 

t y p i c a l  indoor  p o l l u t a n t s :  tobacco smoke, radon, organic 
vapours and gases, formaldehyde e t c ,  

The f i r s t  reason i s  nea r l y  independent o f  t h e  number o f  persons 
l i v i n g  i n  t he  dwe l l i ng .  That  speaks fo r  t h e  d e f i n i t i o n  o f  a  "basis  
v e n t i l a t i o n " .  I n  t he  second case the number o f  persons i s  t o  a  
great  ex ten t  c o r r e l a t e d  w i t h  t h e  degree of annoyance. Carbon d iox ide  
e.g. may be used as an i n d i c a t o r  f o r  body odour. I n f l u e n c i n g  the  
emission r a t e  i s  nea r l y  impossib le.  So t h e  requ i red  v e n t i l a t i o n  
r a t e  w i l l  be dependent of t h e  number of i n h a b i t a n t s .  Besides, 
Berg-Munch e t  a1. could show a  d i f f e r e n t  s e n s i t i v i t y  o f  persons 
t o  body odour and carbon d iox ide .  Therefore t h e  minimum v e n t i l a t i o n  
r a t e  w i l l  be a l so  dependent o f  t h e  percentage o f  persons accept ing 
a  c e r t a i n  a i r  qual i t y  l e v e l .  I n  the  ASHRAE Standard 62-814 accept- 
ab le  a i r  q u a l i t y  i s  de f ined as an indoor  a i r  cond i t i on  which i s  
accepted by a t  l e a s t  80 % o f  the  i nhab i tan ts .  

For t he  d e f i n i t i o n  o f  minimum v e n t i l a t i o n  ra tes  i n  the  t h i r d  case 
a  r i s k  assessment has t o  precede. Apart  from the  quest ion which 
r i s k  l e v e l  cou ld  be accepted, f o r  decreasing pol  1  u tan ts '  concen- 
t r a t i o n  v e n t i l a t i o n  on l y  can support,  independently from the  num- 
ber  o f  i n h a b i t a n t s .  I n  t a b l e  1 some of t h e  statements o f  i n t e r e s t  
are summarized. 



3. VENTILATION SYSTEMS AND STRATEGIES -- 

The v e n t i l a t i o n  systems under cons idera t ion ,  t h e i r  v e n t i l a t i o n  
funct ions on p r i n c i p l e  and energy aspects had been presented i n  
several papers1 3 7 .  The i n v e s t i g a t i o n s  covered 

na tu ra l  v e n t i  1  a t i o n :  

windows, devices f o r  " con t ro l  1  ed" na tu ra l  v e n t i l a t i o n  

and mechanical v e n t i l a t i o n :  

c e n t r a l  o r  decent ra l  systems f o r  exhaust f an  v e n t i l a t i o n  o r  
f o r  bo th  supply and exhaust fan v e n t i l a t i o n ,  i n  two mu1 t i p l e  
dwel l ings  combined w i t h  heat  recovery. 

The main types o f  v e n t i  l a t i o n  sys tems and charac ter is  t i c s  be ing  o f  
i n t e r e s t  a r e  summarized i n  t a b l e  2. 

Tab1 e  2: V e n t i l a t i o n  systems and some o f  t h e i r  c h a r a c t e r i s t i c s  -- 

From the  v iewpo in t  o f  energy conservat ion t h e  a i r  change ra tes  
should be as low as poss ib le ,  independent f rom o ther  f a c t o r s  as 
wind v e l o c i t y  temperature d i f f e rences ,  i nhab i tan ts  behaviour etc .  
and c o n t r o l l a b l e .  For  reasons o f  indoor  a i r  q u a l i t y  they should 
be h igh  enough, n o t  remain under values i n  t h e  order o f  0.6 t o  
0.8 ach, b u t  a l so  n o t  a f f e c t e d  by o ther  f a c t o r s  and adaptable t o  
changeable i nne r  p o l l u t i o n  concent ra t ion  l e v e l s .  

1 

auxi 1  i a r y  
energy 

no 

no 

f o r  fan operation 
and heat recovery 

f o r  fan .operation 
and heat recovery 

natura l  
ven t i l a t i on  

con t ro l l ed  
natura l  
ven t i l a t i on  

exhaust fan 
v e n t i l a t i o n  

supply and 
exhaust fan 
v e n t i l a t i o n  

- 
contro l  o f  
ven t i l a t i on  rates 

extremely 
var iab le 

contro l  i n  
pract ice 
not y e t  proved 

good 

very good 

main in f luencing 
factors 

inhabitants . 
wind ve loc i t y ,  
temp. d i f ferences 

inhabi tants  

almost independent 

almost independent 



Comparing with the system's character is t ics  in table 2 mechanical 
ventilation systems obviously meet these demands best. For the 
example of a multi-story residential  building different ventilation 
s t rategies  and the i r  consequences are i l l u s t r a t ed  in figure 1. 

Figure 1: Energy conservation by different  ventilation s t rategies  

multi-story building with A / V  = 0.7 U = 0 . 5  w/m2~, 
Qv:  ventilation heat loss ,  Qc: conductive heat loss 

9, 
F T  min. ven I rater  9. , 

1 1 
I 

1 I without heat recovery 

1.0 1,5 2 .o ach 

For low a i r  change rates as e.g. in the case of t igh t  building en- 
velopes and t ight  windows energy conservation i s  comparatively high. 
However, indoor a i r  quality can raise  problems. Air cleaning de- 
vices or other measures decreasing emission rates could make such 
s t rategies  to  an al ternat ive,  

Higher inner loads may require a i r  change rates f a r  above 0.7 ach. 
Heat recovery i s  the only way t o  conserve energy, especially i f  
the system's ventilation efficiency i s  low. In figure 2 common 
sys tems are  compared. 



F i g u r e  2: T y p i c a l  a i r  change r a t e s  and hea t  losses by v e n t i l a t i o n 7  

s i n g l e - f a m i l y  dwe l l  i n g ,  volume ca. 450 m3 
a)  re fe rence ,  window v e n t i l a t i o n  
b) + c)  supply  and exhaust  v e n t i l a t i o n ,  hea t  exchanger 
d )  supp ly  and exhaust v e n t i l a t i o n ,  a i r / a i r  hea t  pump 
e )  supp ly  and exhaust v e n t i l a t i o n ,  heat  exchanger, heat 

recovery  f rom exhaust  gas 

infiltration 
mechan. vent 
without heat 
recov. 

infiltration 
mechan. vent 
with 
heat recov. 

system 

High a i r  change and i n f i l t r a t i o n  r a t e s  r e s u l t  i n  h i g h  energy losses 
(2a and c )  . I f  these  r a t e s  a r e  necessary f o r  i ndoo r  a i r  q u a l i t y  
reasons hea t  recovery  i n f l u e n c e s  p o s i t i v e l y  t h e  energy ba lance.  

4. CONCLUSIONS 

I n  p r i n c i p l e  supp ly  and exhaust f a n  v e n t i l a t i o n  l i n k s  i n d o o r  a i r  
q u a l i t y  and energy conse rva t i on  most promiz ing.  V e n t i l a t i o n  heat  
losses can be min imized by h e a t  recovery i f  t h e  b u i l d i n g  i s  t i g h t  
and t h e  ou tdoor  a i r  f l o w  c o n t r o l l e d .  The mechanical v e n t i l a t i o n  
g ives  t h e  p o s s i b i l i t y  t o  adapt a i r  change r a t e s  t o  v a r i e d  s i t u a -  
t i o n s ,  e.g. h i g h e r  i ndoo r  o r  outdoor  p o l l u t a n t  l e v e l s .  These sy- 
stems can be developed t o  p o l l u t i o n  c o n t r o l l e d  v e n t i l a t i o n  systems. 

Bu t  i n  v e n t i l a t i o n  s t r a t e g i e s  a l s o  o t h e r  aspects have t o  be con- 
s idered :  e l i m i n a t i o n  o f  p o l l u t i o n  emissions, a i r  c l ean ing  devices, 
v e n t i l a t i o n  e f f i c i e n c y  e t c . .  F u r t h e r  impo r tan t  f a c t o r s  a r e  r e l i a -  
b i l i t y  o f  these  t e c h n i c a l  systems, maintenance and f i n a l l y  accept- 
ance by t h e  i n h a b i t a n t s .  So, i n  v e n t i l a t i o n  s t r a t e g i e s  a l s o  o the r  
system v a r i a n t s  w i l l  p l a y  a  r o l e .  
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