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A b s t r a c t  

V e n t i l a t i o n  becomes p r o g r e s s i v e l y  more impo r tan t  as f a b r i c  i n s u l a t i o n  
improves. The o c c u p i e r i  S n ~ i a i n u m  needs a r e  based on d i  l u t i o n  o f  boiiy odours .  
Behav ioura l  s t u d i e s  show the  o c c u p i e r  has a ma jo r  i n f l u e n c e  on seasonal  
v e n t i l a t i o n  by opening windows. One reason f o r  t h i s  i s  t o  a v o i d  
condensa t i on .  

Two e l e c t r i c a l  s o l u t i o n s  t o  t h e  v e n t i l a t i o n  prob lem a r e  desc r i bed .  The 
f i r s t  i s  a combined ozone and u l t r a  v i o l e t  i r r a d i a t i o n  t o  o x i d i z e  t h e  mal-  
odours .  The second i s  t he  a p p l i c a t i o n  o f  a  hea t  pump d e h u m i d i f i e r  t o  remove 
excess m o i s t u r e  i n  m i l d  weather .  

1 . l NTRODUCT l ON 

A b u i l d i n g  loses  energy p r i n c i p a l l y  th rough  two mechanisms. 
T r a d i t i o n a l l y  t h e  most impo r tan t  one i s  conduc t i on  t h rough  t h e  b u i l d i n g  
f a b r i c .  The neasure  o f  t h i s  i s  t h e  thermal  t r a n s m i t t a n c e  o r  ' U '  va l ue .  
The r i s i n g  c o s t  o f  energy has concen t ra ted  a t t e n t i o n  on t h i s  mechanism d n d  
t h e r e  a re  a  w ide  range o f  p r o p r i e t a r y  techniques t o  improve t h e  i n s u l a t i o n .  
For  t h e  r o o f  t h e  i n s u l a t i o n  i s  a t h i c k  b l a n k e t  o f  m ine ra l  woo l ;  f o r  t he  w a l l s  
i t  i s  a c a v i t y  i n s u l a n t  such as  p e l l e t i s e d  m i n e r a l  woo l ,  s l a b s  o f  s i l i c o n e d  
s e m i - r i g i d  m i n e r a l  wool ,or a ureaformaldehyde foam i n j e c t i o n ;  f o r  s o l i d  
f l o o r s  i t  i s  edge i n s u l a t i o n  s e t  i n  t h e  ground, w h i l e  t i m b e r  f l o o r s  can have 
m! n e r a l  wool packed underneath;  t h e  w i  ndows can be i n s u l a t e d  and weather-  
s t r i p p e d  by numerous p roduc t s .  I n  a 90m2 B r i t i s h  semi-detached house t h e  use 
o f  these i n s u l a t i o n  methods can reduce t he  f a b r i c  conduc t i on  f r om  5 . 9  kll t o  
2 , 2  kW, f i g .  1 .  T h i s  r e d u c t i o n ,  when taken  w i t h  :he b e n e f i t s  o f  t h z  ' f r e e '  
heat  generated w i t h i n  t h e  house, shou ld  have a  power fu l  i n f l u e n c e  on energy 
sav ing.  

The second mechanism i s  t h e  i n f i l t r a t i o n  o f  c o l d  a i r  wh ich  d i s p l a c e s  t h e  
warm a i r  i n  the  b u i l d i n g .  T h i s  v e n t i l a t i o n  h e a r  l o ss  i s  n o r m a l l y  t r e a t e a  
a r b i t r a r i l y  a t o n e  f r e s h a i r  c h a : > g c p e r  hour .  C a l c u l a t i o n  techn iques  arc. 



a v a i l a b l e  wh i ch  a r e  based on t h e  knowledge o f  t t e  i n f i l t r a t i o n  c o e f f i c i e n t  o f  
t h e  window frame and t h e  l o c a l  w ind  c o n d i t i o n s . b l  B r i t i s h  houses l a r g e l y  use 
wooden window frames and t he  n a t u r a l  c h a r a c t e r i s t i c s  o f  t i m b e r  make an 
i n f i l t r a t i o n  c o e f f i c i e n t  d i f f i c u l t  t o  es r ima te .  Recent da ta  by Sk inne r  [3] 
shows t h a t  a  s i g n i f i c a n t  p a r t  o f  t h e  i n f i l t r a t i o n  comes f r om casual  gaps i n  
t he  c o n s t r u c t  i o n  p a r t  i c u l a r l y  t h e  j o i n t  between and wooden frames. 
A c t u a l  measurenients o f  a i r  changes by Warren o f  have revea led  a  w ide  
d i f f e r e n c e  between houses. Values f rom 0 . 3 - 1 . 4  a i r  changes/hour a r e  found a t  
average w ind  speeds o f  5 m/s. Each house then  has i t s  own v a r i a b i l i t y  w i t h  
changes i n  wind speed, d i r e c t i o n  and tempera tu re  d i f f e r e n c e  i n s ? d e / o u t s i d e .  
I n  bad l y  i n s u l a t e d  houses t h i s  n o t i o n a l  heat  l o s s  i s  assumed t o  be 20-25% o f  
t h e  t o t a l  heat  l o s s .  However i n  t h e  w e l l  i n s u l a t e d  house t h i s  approaches 50% 
o f  t h e  des ign  heat  l oss .  

I n  l a r g e r  b u i l d i n g s  such as schoo ls ,  t he  conven t i ona l  assumpt ion i s  two 
a i r  changes pe r  hour  wh ich  comprises t y p i c a l l y  35% o f  t he  des ign  hea t  l oss .  
I n  new p r o t o t y p e  i n s u l a t e d  school  S meet i ng t h e  same s tandards ,  t h e  ven t  i l a t  i o n  
i s  55% o f  t h e  hea t  l o s s .  O f f i c e s  a r e  s i m i l a r .  

T h i s  shows t h a t  v e n t i l a t i o n  i s  r a p i d l y  becoming t he  one ma jo r  h e a t  l o s s  
parameter .  I t  i s  impo r tan t  f o r  des ign  s i z i n g  o f  space h e a t i n g  equipment.  
I t  i s  becoming impo r tan t  i n  terms o f  seasonal energy use, s i n c e  c a r e l e s s  
v e n t i l a t i o n  can negate much o f  t h e  b e n e f i t  o f  f a b r i c  i n s u l a t i o n .  L e t  us 
t h e r e f o r e  examine t h e  v e n t i l a t i o n  c r i t e r i a .  

2. VENTILATION CRITERIA 

F resh  a i r  i s  needed t o  supp l y  t h e  p h y s i o l o g i c a l  needs o f  metabo l i sm and 
a l s o  t o  d i l u t e  t h e  l e v e l  o f  normal con tam ina t i on  t o  one wh i ch  i s  b o t h  accep t -  
a b l e  and s a f e .  The con tam ina t i on  can be body odours i n  a  crowded roon, 
smoking, o r  m o i s t u r e  b u i l d  up. These a r e  cons idered  i n d i v i d u a l l y .  

(a)  P h y s i o l o g i c a l  c o n s i d e r a t i o n s  

The chem is t r y  o f  metabo l i sm u t i l i s e s  t h e  oxygen absorbed t o  gene ra te  
carbon d i o x i d e  wh ich  i s  e x p e l l e d .  To le rance  t o  oxygen i s  p a r t i c u l a r l y  w ide  
and i t  i s  most improbab le  t h a t  sho r t age  o f  oxygen w i l l  e v e r  occu r  i n  
b u i l d i n g s .  B r e a t h i n g  i s  c o n t r o l l e d  by t h e  carbon d i o x i d e  l e v e l  i n  t h e  room. 
Depth o f  b r e a t h i n g  inc reases  a t  2% carbon d i o x i d e  w i t h  a  consc ious  e f f o r t  
i n c r c a s  i ng ni t h  h i g h e r  c o n c e n t r a t  i ons  t o  6% which i s  dange rous .~5 ]  The maxi -  
mum a l l o w a b l e  c o n c e n t r a t i o n  o f  carbon d i o x i d e  i s  0.5% by volume wh i ch  g i v e s  a  
generous marg in  f o r  b r e a t h i n g  comfo r t .  T h i s  i s  4.5m3/h f o r  a  seden ta r y  
person,  f i g .  2. 

Odour dilution 

Weal thy,  c l e a n  peop le  g i v e  o f f  odours  even a f t e r  a  ba th .  Such odours  
a r e  n o t  known t o  be harmfu l  b u t  do induce unpleasantness.  Malodours  a r e  
r a r e l y  s i n g l e  compounds bu t  c o m p l e x m i x t u r e s .  Yaglou, R i l e y  & Coggins c63 
p u b l i s h e d  t h e  b a s i c  research  on wh ich  most v e n t i l a t i o n  codes a r e  based. 
Odour g e ~ e r a t i o n  was r e l s t e d  t o  t h e  e lapsed t ime  s i n c e  t h e  l a s t  ba th .  
C h i l d r e n  were more odorous than  a d u l t s .  The amount o f  f r e s h  a i r  needed t o  
d i l u t e  these  odours  t o  an accep tab le  l e v e l  was a  f u n c t i o n  o f  b o t h  persona l  
space and c o n c e n t r o t i o n  l e v e l .  C i g a r e t t e  smoking i n t r o d u c e s  i t s  own 
con taminan ts  o f  p a r t i c u l a t e s ,  a c r o l e i n  and carbon monoxide. B r i t i s h  p r a c t i c e  
i s  t o  doub le  t he  riiinimu:n v a n t i l a t i o n  r a t e  when smoking i s  p e r m i t t e d . [ a  



Becher and Evenscn found t h a t  ove r  t h e  range o f  ven t  i l a t  i o n  p o s s i b l e  
i n  Danish f l a t s ,  t h e  a i r  q u a l i t y  was more r e l a t e d  t o  the  c l e a n l i n e s s  and h a b i t s  
o f  t h e  occupants  than t o  t h e  d e t a i l e d  measurement of' the  f r e s h  a i r  supp ly .  

( c )  M o i s t u r e  

People  c o n t i n u o u s l y  l o s e  m o i s t u r e .  P a r t  i s  r e s p i r a t i o n ,  p a r t  i n s e n s i b l e  
p e r s p i r a t i o n  t h rough  t h e  s k i n  and t h e  remainder th rough  t he  sweat g lands  when 
o v e r h e a t i n g  has occur red .  I n  normal c i  rcumstances a  heal  t h y  7 0  kg Inan work- 
i ng  i n  a  temperate c l i m a t e  loses  app rox ima te l y  400g o f  m o i s t u r e  a  day f rom t h e  
lungs and a  f u r t h e r  5009 th rough  t h e  s k i n .  The t o t a l  m o i s t u r e  r a t e  i s  3Gg/h 
d u r i n g  s l e e p ,  r i s i n g  t o  40g/h w h i l e  awake. T h i s  m o i s t u r e  l e v e l  can become a  
contaminant  i n  areas where h u m i d i t y  c o n t r o l  i s  des i r ed .  I n  houses t h e  
persona l  m o i s t u r e  l oss  i s  r e i n f o r c e d  by evapo ra t i on  f rom washing, e a t i n g ,  
cook ing  and c l o t h e s  d r y i n g .  

Cu r ren t  comfor t  recommendations a r e  between 40-70% re1 a t  i ve humi d  i t y .  
Lower va lues  run  t h e  r i s k  o f  e l e c t r o s t a t i c  shocks and h i g h e r  va lues  can l ead  t o  
fungus g rowths  and b u i  l d i n g  d e t e r i o r a t i o n .  

The amount o f  f r e s h  a i r  needed t o  d i l u t e  m o i s t u r e  l e v e l s  t o  an accep tab le  
v a l u e  depends upon t h e  a b s o l u t e  dryness o f  t he  o u t s i d e  a i r .  I n  c o l d  weather  
when t h e  ~ o i s t u r e  con ten t  i s  low a  smal l  amount o f  a i r  i s  s u f f i c i e n t .  How- 
eve r  t h e r e  i s  a  c l o s e  r e l a t i o n s h i p  i n  B r i t a i n  between t he  ou tdoo r  tempera tu re  
and t h e  a b s o l u t e  m o i s t u r e  c o n t e n t .  l 9 1  T h i s  means t h a t  i n  m i  l d e r  weather  
c o n s i d e r a b l y  more v e n t i l a t i o n  i s  needed t o  remove t h e  same m o i s t u r e .  

3. THE OCCUPANT'S l NFLUENCE 

The o c c u p i e r  o f  t h e  b u i l d i n g  can i n f l u e n c e  energy consumption by a d j u s t -  
ment o f  t empe ra tu re  l e v e l s  i n  b o t h  space and t i r e .  Less o b v i o u s l y  he can 
a f f e c t  t h e  energy use by opening windows. I n  m i l d  weather t h e  room the rmos ta t  
w i l l  encourage t h e  h e a t i n g  system t o  compensate f o r  excess v e n t i l a t i o n .  The 
o c c u p i e r  may n o t  r e a l  i s e  the  energy p e n a l t y  o f  t h i s  a c t  i on .  D i ck  E Thomas b O l  
revea led  t h e  B r i t i s h  tendency t o  open t h e  windows i n  m i l d  weather ,  f i g .  3 ,  
Re-ana lys is  o f  f i e l d  da ta  o f  c e n t r a l  h e a t i n g  t r i a l s  i n  1968/69 a t  Bromley,  
London, showed a  s im i  l a r  p a t t e r n .  [11] However t b e  r e - a n a l y s i s  was c rude  and 
served  o n l y  t o  u n d e r l i n e  the  need t o  i d e n t i f y  use r  behav iou r .  The subsequent 
su rveys  o f  t w o  hous ing  e s t a t e s  showed a  remarkable  p a t t e r n ,  f i g .  4 .  T h i s  
p a t t e r n  was i n f l u e n c e d  by t he  number i n  t h e  f a m i l y .  The average w i n t e r  window 
opening was c r u d e l y  p r -opo r t i ona l  t o  t h e  a c t u a l  number i n  t h e  house. When 
asked why they  opened t h e  windows t h e  b i g g e s t  p r o p o r t i o n ,  68% s a i d  t o  f r e s h e n  
t h e  house and t h e  second reason was t o  a v o i d  condensat i on ,  3 1 4 L ~ q  

The n e x t  res'earch s t e p  i s  t o  i n v e s t i g a t e  e l e c t r i c a l  o p p o r t u n i t i e s  wh ich  
w i l !  remove t h e  o c c u p i e r ' s  i n c e n t i v e  t o  o v e r - v e n t i l a t e .  

4 .  ODOUR CONTROL 

Research has concen t ra ted  on i d e n t i f y i n g  t h e  ma lodoran ts  i n  cook ing  
s m e l l s ,  p a r t i c u l a r l y  those  i n  b o i l i n g  cabbage,and body odours ,  p a r t i c u l a r l y  
those  r e l a t e d  t o  p e r s p i r a t i o n .  Over t h i r t y  i n d i v i d u a l  compounds have been 
i d e n t i f i e d  w h i l e  cook ing  cabbage and t h e i r  r e l a t i v e  c o n c e n t r a t i o n s  measured. 
The t e n  h i g h e s t  l e v e l s  o f  c o n c e n t r a t i o n  a r e  g i v e n  i n  Tab le  I a l o n g s i d e  t h e  
mean odour t h r e s h o l d  f o r  each compound. The r a t i o  o f  c o n c e n t r a t i o n  t o  odour  
t h r e s h o l d  i s  an index o f  smel l  s t r e n g t h .  Such a n a l y s i s  i d e n t i f i e s  d ime thy l  
s u l p h i d e  a s  t he  dominsnt compound accoun t i ng  f o r  more than 80% o f  t h e  
pe rce i ved  s m e l l .  Many obnoxious sme l l s  a r e  compounded f rom a l i m i t e d  number 



o f  malodorous chemica ls .  A n a l y s i s  o f  body odours  r evea led  two types o f  mal -  
odoran ts  namely t h e  o r g a n i c  su l ph ides  and t h e  a l i p h a t i c  amines. These a r e  
a l s o  p resen t  i n  t h e  cabbage and t h e  f i s h  sme l l s  o f  cook ing .  

The domest ic  env i ronment  i s  l i k e l y  t o  c o n t a i n  o r g a n i c  s u l p h u r  compounds 
such as s u l p h i d e s  and mercaptans, and n i t r o g e n  c o n t a i n i n g  compounds such as 
ammonia and amines w i t h  low mo lecu la r  we igh t .  C a r b o x y l i c  a c i d s ,  a ldehydes,  
ketones and a l c o h o l s  a r e  p resen t  t o  a  l e s s e r  degree. 

Two common techn iques  t o  e l i m i n a t e  odours  a r e  a b s o r p t i o n  and o x i d a t i o n .  
A b s o r p t i o n  i n  cha rcoa l  beds i s  no t  e f f e c t i v e  f o r  a l l  conlpounds and s u f f e r s  
f r om  a  l i m i t e d  c a p a c i t y .  I t  i s  a l s o  a f f e c t e d  by wa te r .  'The most 
e f f e c t i v e  method i s  o x i d a t i o n  by means o f  ozone and p h o t o x i d a t i o n  by u l t r a -  
v i o l e t  l i g h t .  Bo th  processes can be ach ieved u s i n g  a  s u i t a b l y  m o d i f i e d  low 
p ressu re  mercury  lamp, The su lphu r  and n i t r o g e n  c o n t a i n i n g  compounds shou ld  
be r e a d i l y  o x i d i s e d  by t h i s  niethod. The c a r b o x y l i c  a c i d  and h i g h e r  mo lecu la r  
w e i g h t  compounds w i l l  be l e s s  r e a d i l y  a f f e c t e d .  

Two t ypes  o f  exper iment  have been under taken .  The f i r s t  s t u d i e d  t h e  
r a t e  o f  decay o f  t he  malodorant  i n  a  s t a t i c  system. The r e a c t a n t ,  a  s i n g l e  
compound, was ~ i x e d  w i t h  ozone i n  a  t e n  l i t r e  p l a s t i c  v e s s e l .  Ozone was f e d  
i n t o  t h e  vesse l  a t  a  cons tan t  r a t e  t o  produce about  5 p.p.m. The r a t e  o f  decay 
o f  t h e  ma lodoran t  was neasured u s i n g  gas chromatography. T h i s  was done a t  
r a t h e r  h i g h e r  l e v e l s  o f  c o n c e n t r a t i o n  than  expec ted  i n  a  house because t h e  
measurement equipment i s  no t  as s e n s i t i v e  as t h e  nose. 

The e f f e c t i v e n e s s  o f  d e s t r u c t i o n  was assessed by comput ing the  t i m e  taken  
f o r  h a l f  o f  t h e  ma lodoran t  t o  be decomposed. F a s t e r  r e a c t i o n  t imes  occu r red  
as t h e  c o n c e n t r a t i o n  o f  t h e  malodorant  decreased, The h a l f  l i f e  o f  d ime thy l  
s u l p h i d e  i s  g i v e n  i n  t a b l e  I1 t o g e t h e r  w i t h  va l ues  e x t r a p o l a t e d  t o  0 . 1  and 
0 . 0 1  p.p.m. The s h o r t e r  t imes  a t  t h e  lower  c o n c e n t r a t i o n s  show t h a t  d i rnethy l  
s u l p h i d e  i s  des t royed  more e f f i c i e n t l y  a t  l ower  c o n c e n t r a t i o n s .  The h a l f  
l i v e s  o f  a  range o f  su l phu r  c o n t a i n i n g  compounds when exposed t o  ozone a r e  
g i v e n  i n  t a b l e  111. The h i g h e r  s u l p h i d e s  and d i s u l p h i d e s  r e a c t  more q u i c k l y  
than  carbon d i s u l p h i d e  and t h e  mercaptans. I n c r e a s i n g  t h e  r e l a t i v e  h u m i d i t y  
o f  t h e  a i r  f rom 15  t o  1 0 0 %  increased t h e  r e a c t i o n  r a t e  between ozone and 
d ime thy l  s u l p h i d e  and d imethy l  d i s u l p h i d e .  

The second t y p e  o f  exper iment  i n v o l v e d  a  f l o w i n g  no t  a  s t a t i c  gas m i x t u r e .  
The ma lodo ran t ,  s u i t a b l y  d i l u t e d  i n  a i r  was mixed w i t h  ozone formed by t h e  
i r r a d i a t i o n  o f  a i r  by a  low p ressu re  mercury lamp. The decompos i t i on  o f  t h e  
ma lodoran t  and o f  t h e  ozone was measured downstream o f  t h e  lamp. Reac t i on  
r a t e s  agreed w i t h  t h o s e  found i n  t h e  s t a t i c  exper iment .  However i f  t h e  
malodorant /ozone m i x t u r e  was i r r a d i a t e d  w h i l e  r e a c t i n g  t h e  r a t e s  o f  
d e s t r u c t  i o n  were ' l ncreased by up t o  two o r d e r s  o f  magn i tude.  Th i  S phenomenon 
i s  under i n v e s t i g a t i o n .  I t  presumably depends on the  p r o d u c t s  o f  i r r a d i a t i o n  
o f  ozone b e i n g  more e f f e c t i v e  than  ozone i t s e l f .  

5. MO! STURE REMOVAL 

The two complementary rou tes  f o r  m o i s t u r e  c o n t r o l  a r e  r e d u c t i o n  i n  t h e  
r e l e a s e  r a t e  a t  source  and e x t r a c t i o n  f r om  t h e  areas a t  r i s k .  Fourno l  
es t ima ted  10-40kg o f  m o i s t u r e  re1 eased p e r  day i n  French f i a t s .  L o u d o n q ? ]  
c a l c u l a t e d  a m o i s t u r e  r e l ease  o f  7kg pe r  ncrmal day o f  wh ich  3kg were f r om 
cook ing .  On washday t h e  m o i s t u r e  f rom c l o t h e s  d r y i n g  would i nc rease  t h e  t o t a l  
v a l u e  t o  15kg/day. T h i s  rceans t h a t  t he  t w o  ma jo r  soul-ces o f  ~ o i s t u r e  a r e  



c o o k i n g  and c l o t h e s  d r y i n g .  V e n t i l a t i o n  e x t r a c t  f r o m  t h e  k i t c h e n s h o u l d  be  
v i a  a  c o o k e r  hood. C i o t h e s  d r y i n g  s h o u l d  be v e n t e d  t o  t h e  o u t s i d e .  

The second r o u t e  i s  m o i s t u r e  e x t r a c t i o n .  T h i s  i s  most  e f f e c t i v e l y  
a c h i e v e d  by  a  h e a t  pump d e h u m i d i f i e r .  The e v a p o r a t o r  c h i l l s  t h e  i ncoming  a i r  
w h i c h  d e p o s i t s  m o i s t u r e o n  t h e  h e a t  t r a n s f e r  s u r f a c e s .  The w a t e r  t h e n  d r a i n s  
t o  a  c o l l e c t i n g  t a n k .  The c o l d ,  d r i e r  a i r  i s  t h e n  blo!./n o v e r  t h e  condenser  
and i s  r e h e a t e d .  The  r e h e a t  co~np t - i ses  t h e  r e f r i g e r a n t  compressor  power 
t o g e t h e r  w i t h  t h e  s e n s i b l e  and l a t e n i  h e a t  c o l l e c t ~ d  f r o m  t h e  e v a p o r a t o r .  
L a b o r a t o r y  measurements show a  w a t e r  e x t r a c t i o n  c h a r a c t e r i s t i c  w h i c h  i n c r e a s e s  
w i t h  t h e  r e l a t i v e  h u m i d i t y  and w i t h  t h e  t e m p e r a t u r e  o f  t h e  i ncoming  a i r ,  
f i g .  5 .  S p e c i f i c  e n e r g y  consumpt ions  o f  w a t e r  e x t r a c t e d  p e r  kWh v a r y  w i t h  
t h e  amb ien t  c o n d i t i o n s .  A t  o r d i n a r y  room t e m p e r a t u r e s  t h e  e f f e c t i v e n e s s  l i e s  
be tween 0 . 5 - 1 . 0  hg w a t e r  e x t r a c t e d / k \ < l h .  The l a t e n t  h e a t  a d d i t i o n  means t h a t  
f o r  e v e r y  e l e c t r i c a l  kWh expended t h e r e  w i l l  b e  an e x t r a  0 . 7 - 1 . 4  kWh r e l e a s e d  
i n t o  t h e  room. 

The h e a t  pump d e h u m i d i f i e r  has a  d o u b l e  b e n e f i t .  I t  saves  t h e  h i g h  
v e n t i l a t i o n  h e a t  l o s s  w h i c h  w o u l d  o t h e r w i s e  be  n e c e s s a r y .  I t  a l s o  t r a n s l a t e s  
t h e  l a t e n t  h e a t  o f  t h e  t r o u b l e s o m e  w a t e r  vapour  i n t o  s e n s i b l e  h e a t  w h i c h  can 
be  u s e f u l .  

6 .  CONCLUS l ONS 

V e n t i l a t i o n  i s  r a p i d l y  becoming t h e  m a j o r  f a c t c r  i n f l u e n c i n g  space h e a t i n g  
ene rgy  c o n s u m p t i o n .  T h i s  i s  b o t h  i n  t e rms  o f  t h e  minimum d e s i g n  v e n t i l a t i o n  
a imed t o  r e d u c e  body odours  and a l s o  t h e  u s e r  b e h a v i o u r  p a t t e r n  o v e r  t h e  
h e a t i n g  season.  A  c o n t r i b u t i n g  f a c t o r  f o r  t h e  o c c u p a n t s '  h a b i t s  i s  t h e  r i s k  
o f  c o n d e n s a t i o n .  

- 
Iwo e l e c t r i c a l  s o l u t i o n s  a r e  p roposed  t o  meet t h e  o c c u p a n t s '  r e q u i r e m e n t s .  

Thc  f i r s t  i s  a  combined o z o n e / u l t r a v i o l e t  i r r a d i a t i o n  t e c h n i q d e  w h i c h  i s  
p a r t i c u l a r l y  s u c c e s s f u l  a t  o x i d i s i n g  l ow  c o n c e n t r a t i o n  m a i o d o u r s  i n t o  h a r m l e s s  
i n o f  f e n s  i ve  compounds. The second i s  t h e  h e a t  pump dehurni d  i f i e r  w h  i c h  n o t  
o n l y  removes :he need f o r  h i g h  v e n t i l a t i o n  r a t e s  b u t  a l s o  r e c o v e r s  t h e  l a t e n t  
h e a t  o f  t h e  w a t e r  v a p o u r .  
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Table I C a b b a ~ e  Volatiles 
---- -- 

Table I1 Half 1 ife (tl) of dirnethyl sulphide versus concentration - 
"2" 

Ozone concent rat ion hl 5 p. p.m. 

initial dirnethyl sulphide 

concentration in p.p.m. 
1500 
30.5 
3.05 
0.1 
0.01 

fival ues extrapolated u s i n g  the relst ionship s ~ l ~ h i d ~ ~ ~ ~  - 

Table 111 Half lives of sulphur containing compounds 

Ozone concent rat ion d 5 p. p.m. 

Compound initial conc. 
p. p.m. 

dirnethyl sulphide 3 0 
dimethyl disulphide 25 
diethyl sulphide 2 1 
carbon disulphide 3 7 
methyl rnercaptan 4 0 



House hea t  l OS s 
kW 

House 1 2 3 4 

G i 1  l S 

Roof 

F l o o r  

L/ i ndow 
and 

doors 

l n f i l t  

S 

r a t  i o n  

F i g .  1 Design hea t  l o s s  f o r  a  B r i t i s h  house 
3 (9drn2 semi-detached t w o  f l o o r s  220m ) 



3 f r e s h  a i r  m /h 

3 0 

minimum t o  m a i n t a i n  
60% r . h .  i n  room a t  

2 0 

minimum f o r  body 

-- - - = = a -  

10  

minimum f o r  d i l u t i o n  
o f  carbon d i o x i d e  

0 
10 2 0 

ou tdoo r  tempera tu re  OC 

F i g .  2 V e n t i l a t i o n  needs o f  an a d u l t  i n  B r i t a i n  



f r e s h  a i r  change r a t e s  p e r  h o u r  

Measurements made by 
D i c k  & Thornas 1951 a t  
Abbots  Lang l ey 

/ E s t i m a t e  based on 
f i e l d  t r i a l s  a t  
B romley  1975 

1 0  15 
0 

o u t s i d e  t e m p e r a t u r e  C 

F i g .  3 Seasonal  r e l a t i o n s h i p  between f r e s h  a i r  and o u t s i d e  t e m p e r a t u r e  



Nurnber o f  rooms 
w i t h  open window 
(max = 123) . ma i n bed room 

second 

room 

6 8 1 0  12 

e x t e r n a l  m o i s t u r e  g/kg d r y  a i r  

F i g .  4 R e l a t i o n s h i p  between windows open and 
e x t e r n a l  m o i s t u r e  



w a t e r  e x t r a c t  i on  r a t e  
grams/hour 

Model A 
n o m i n a l l y  260 w a t t  

2 0 2 5 
0 

ambient a i r  tempera tu re  C 

F i g .  5 Water e x t r a c t i o n  performance o f  domest ic  d e h u m i d i f i e r  


