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Synopsis 

An energy e f f i c i e n c y  monitoring programme was ca r r i ed  out  from 

1984 t o  1986 by t h e  South London Consortium Energy Group, 

United Kingdom Department of Energy, with a s s i s t a n c e  from 

B r i t i s h  Gas, Watson House, a s  p a r t  of a demonstration p r o j e c t  

funded by t h e  United Kingdom Department of Energy, the  EEC and 

SLC Energy Group. 18 occupied low energy houses were 

thoroughly instrumented i n  o r d e r  t o  monitor energy usage and 

occupant hehaviour.  Data c o l l e c t e d  included temperatues i n  

each room of t he  house, window usage determined from 

microswitches on every openable window, i n d i v i d u a l  energy 

consumptions f o r  hea t ing ,  hot water ,  cooking and e l e c t r i c a l  

appl iances ,  and d e t a i l e d  weather monitoring. Humidity 

measurements and v e n t i l a t i o n  t e s t s  were a l s o  performed. 

Pata  was s to red  a s  hourly averages of 2-second readings over  

t h e  e n t i r e  monitoring period.  This  enables  a comparison t o  be 

made between window opening p a t t e r n s  of occupants recorded on 

d a i l y ,  weekly and seasonal  t imesca les .  These window opening 

p a t t e r n s  a r e  d iscussed  with r e s p e c t  t o  t h e  l e v e l s  of 

occupancy, bu i ld ing  energy consumption, occupant a c t i v i t y ,  

comfort, perceived need f o r  v e n t i l a t i o n ,  and ex te rna l  weather  

condi t ions .  

The d i scuss ion  of these  pre l iminary  r e s u l t s  l e a d s  t o  a 

c r i t i c a l  assessment of t he  i n s t a l l e d  warm a i r  heat ing and 

supply v e n t i l a t i n g  system, and the  d i f f e r i n g  r eac t ions  of some 

occupants t o  energy conserva t ion  and a i r  q u a l i t y .  

Suggestions a r e  made concerning changes i n  system des ign  t o  

maximise the  a i r  q u a l i t y  w i t h i n  the  bui ld ing  wh i l s t  minimising 

v e n t i l a t i o n  hea t  l o s s e s  f o r  d i f f e r i n g  l e v e l s  of occupancy. 

The d a t a  c o l l e c t e d  r e in fo rces  t he  e s t ab l i shed  c r i t e r i a  f o r  

window opening behaviour,  The d e t a i l e d  l e v e l  of da t a  

co l l ec t ed  should, on more thorough a n a l y s i s ,  provide a f u r t h e r  

c o n t r i b u t i o n  t o  t hese  c r i t e r i a ,  a s  i nd ica t ed  i n  the  t e x t .  



In t roduc t ion  

The energy e f f i c i e n c y  monitoring of 18 low energy houses by 

t h e  SLC Energy Group w a s  designed t o  record the  performance of 

the  house des ign  with r e spec t  t o  occupant behaviour. The 

logging of window opening times was an  i n t e g r a l  p a r t  of t h i s  

exe rc i se .  The amounts of d a t a  produced as hourly summaries 

over a per iod of g r e a t e r  than  18 months provides a l e v e l  of 

d e t a i l  which w i l l  t ake  a cons iderable  time t o  analyse f u l l y .  

This  paper looks a t  the  o v e r a l l  t r ends  i n  window opening 

behaviour with r e spec t  t o  c u r r e n t  knowledge on the s u b j e c t ,  

and inc ludes  examples of more d e t a i l e d  d a t a ,  which w i l l  no 

doubt produce f u r t h e r  information i n  t h e  fu tu re .  This  

in format ion  i s  used t o  cons ider  t he  occupants '  percept ion  of 

the  q u a l i t y  of a i r  i n  t he  dwel l ing ,  and how t h a t  percept ion  i s  

l i k e l y  t o  be inf luenced by modi f ica t ions  t o  the  v e n t i l a t i o n  

system. Future  a n a l y s i s  w i l l  look a t  the  energy imp l i ca t ions  

of t he  opening d a t a  and how the  energy l o s s e s  a r e  a f f e c t e d  by 

mechanical v e n t i l a t i o n  systems. This i s  the  u l t ima te  

o b j e c t i v e  of t h i s  work. 

Previous work by DICK, RRUNDRETT e t  a1 , l  ,2 , 3  has r e l a t e d  

domestic window opening behaviour t o  p reva i l i ng  weather 

condi t ions  and s o c i a l  grouping, which i s  wel l  re inforced  by 

o t h e r  r e sea rche r s .  More r e c e n t l y ,  t he  window opening 

behaviour p a t t e r n s  and reasons  behind th'e s p e c i f i c  behaviour 

of t he  occupants i s  a t t r a c t i n g  more a t t e n t i o n .  This i s  

important because i f  energy savings are t o  be made by reducing 

occupant window opening wi th  mechanical v e n t i l a t i o n  systems, 

t he  reasons behind e x i s t i n g  behaviour need t o  be inves t iga t ed  

(MEUNIER e t  a1 ) . Such work has a l r eady  been s t a r t e d ,  and 

pre l iminary  r e s u l t s  from ins t rumenta t ion  of a l a r g e  block of 

n a t u r a l l y  v e n t i l a t e d  f l a t s  have been analysed (PHAFF et a 1  '1. 



These d e t a i l e d  ana lyses  a r e  r equ i r ed  because al though window 

opening c o r r e l a t e s  c l o s e l y  with p reva i l i ng  weather c o n d i t i o n s ,  

t h e  reasons  behind t h e  frequency of window opening i s  l i k e l y  

t o  be a  balance between the  e x t e r n a l  weather cond i t i ons  and 

t h e  perceived need f o r  v e n t i l a t i o n  of t h e  occupants.  

The ~ ~ ~ ' ~ r i t i s h  Gas s tudy was c a r r i e d  out  i n  18 low energy 

houses wi th  warm a i r  hea t ing  systems providing p a r t i a l  

v e n t i l a t i o n  dur ing  the  hea t ing  season. Comparison of window 

opening behaviour i n  t he se  houses with d i f f e r e n t  bu i ld ing  

types should r e s u l t  i n  the  i d e n t i f i c a t i o n  of t h e  motives and 

range of responses  t o  those s t imu lae  t h a t  a r e  t he  source of 

mot iva t ion  f o r  occupants changing t h e i r  requirements  f o r  

v e n t i l a t i o n .  

The Tes t  Houses 

The 18 test houses a r e  ene rgy -e f f i c i en t  3-bedroom des igns  w i th  

a  high l e v e l  of evenly d i s t r i b u t e d  i n s u l a t i o n .  They a r e  b u i l t  

i n  t h r e e  North-South o r i en t ed  t e r r a c e s  t o  maximise s o l a r  g a i n  

t o  t he  l i v i n g  rooms and s o l a r  pane ls .  Double g l az ing  and 

draught -s t r ipp ing  i s  used throughout ,  and a draught  lobby i s  

included f o r  both t he  f r o n t  and r e a r  doors.  The warm a i r  

hea t ing  system i s  designed t o  g i v e  even house tempera tures ,  

r e d i s t r i b u t i n g  s o l a r  ga in s  throughout t h e  house by 

r e c i r c u l a t i n g  air .  A f r e s h  a i r  supply t o  t he  hea t ing  system 

i s  provided from a l o f t  a i r  i n t a k e ,  g iv ing  about 0.5 a i r  

changes per  hour. There a r e  no r e t u r n  a i r  pa th s  from t h e  

k i t chen  o r  bathroom, v e n t i l a t o r s  i n  t he se  rooms providing an 

e x i t  f o r  s t a l e  a i r .  Floor  p l ans  of the  houses a r e  shown i n  

Figure 1, toge the r  with a  l i s t  of t h e  energy saving f e a t u r e s  

of t he  des ign .  



The logging system c o n s i s t s  of microprocessors  i n  each house 

taking two second readings of a l l  t he  parameters i n  t h e  house, 

from which they produce hou r ly  averages when i n t e r r o g a t e d  by a 

c e n t r a l  computer. The measurements taken i n  each house a r e  a s  

fol lows : 

( i )  7 room temperatures  

( i i )  c e n t r a l  hea t ing  "on" time 

( i i i )  ga s  consumption (cooking, hea t ing  and hot wa te r )  

( i v )  e l e c t r i c i t y  consumption 

(v)  window opening t i m e s  (microswitches o n a l l 1 0  

openable windows) 

In a d d i t i o n ,  weather d a t a  is  c o l l e c t e d  inc luding:  

( i )  a i r  temperature  

( i i )  ground temperature  

( i i i )  s o l a r  g a i n  

( i v )  wind speed 

(v)  wind d i r e c t i o n  

( v i )  r e l a t i v e  humiditv 

Close con tac t  i s  kept with t h e  occupants of t he  houses,  and 

t h e i r  r e a c t i o n s  a r e  in formal ly  monitored. A ques t ionna i r e  

regarding window opening a t t i t u d e s  w i l l  be c i r c u l a t e d  when 

monitoring has  ceased,  t o  avoid any in f luence  on window 

opening behaviour p a t t e r n s .  

The i n f i l t r a t i o n  r a t e s  of t h e  houses were measured, and a r e  

shown i n  F igure  2. When t h e  hea t ing  system i s  on, t h i s  g ives  

t y p i c a l  v e n t i l a t i o n  r a t e s  of 0.8 a i r  changes per hour. 

(ETHERIDGE) 



Window Opening Pa t  t e r n s  

This pre l iminary  s tudy  reviews t h e  annual  window opening 

c h a r a c t e r i s t i c s  of t h e  houses on a monthly b a s i s ,  and compares 

t he  simple s t a t i s t i c a l  c o r r e l a t i o n s  wi th  those  of Brundret t  2. 

The window opening d a t a  f o r  i n d i v i d u a l  houses is  then reviewed 

and examples of obviously d i f f e r e n t  bahaviour of d i f f e r e n t  

occupants i s  looked a t  i n  more d e t a i l .  These behavioural  

examples a r e  then looked a t  from weekly i n t e r v a l s  over a t h r e e  

month per iod ,  and some a r e  f u r t h e r  looked at using d a i l y  d a t a .  

More d e t a i l e d  i n v e s t i g a t i o n  inc lud ing  d e t a i l e d  s t a t i s t i c a l  

a n a l y s i s  w i l l  be repor ted  a t  a l a t e r  d a t e  when a thorough 

computer a n a l y s i s  of t he  l a r g e  amount of a v a i l a b l e  d a t a  i s  

completed 

Mean Annual Window Opening P a t t e r n s  

F igure  2 shows t h e  mean window opening hours pe r  month f o r  a l l  

18 houses p l o t t e d  over an 18 month per iod.  Also p lo t t ed  a r e  

mean ambient temperature ,  s o l a r  g a i n ,  r e l a t i v e  humidity and 

energy consumption f o r  a l l  t h e  houses. The c o r r e l a t i o n  

c o e f f i c i e n t s  between window opening, ambient temperature ,  

s o l a r  g a i n  and mean house energy consumptions a r e  a l l  

r e l a t i v e l y  good, a s  would be expected from previous work. The 

c o r r e l a t i o n  c o e f f i c i e n t  and r e g r e s s i o n  equa t ions  a r e  a s  

fo l lows  : 

TABLE 1 

VARIABLES CORRELATION REGRESSION 
COEFFICIENT EQUATION 

Window opening ( h r s )  vs  amhient 
a i r  temperature  (OC) 0.90 H R S = - ~ ~ O + ~ ~ X ~ C  

Window opening (h r s )  v s  monthly 
s o l a r  g a i n  ( ~ ~ r n - ~ )  0.84 HRS=O. 96+0.26 M W ~ ' ~  

Ambient a i r  temperature  (OC) v s  
mean energy consumption (kWh) -0.97 kWh=2475-106x°C 

Window opening ( h r s )  v s  
mean energy consumption (kWh -0.84 HRS=1282-0.54kWh 



Ind iv idua l  House Annual Window Opening P a t t e r n s  

F igure  4 shows a s e l e c t i o n  of t h e  mean annual window opening 

p a t t e r n s  f o r  some chosen i n d i v i d u a l  houses. These p a r t i c u l a r  

curves  have been chosen t o  show the  l a r g e  range of window 

opening a c t i v i t y  between d i f f e r e n t  houses over t h e  logging 

per iod.  

House number 28 only has any s i g n i f i c a n t  window opening i n  t h e  

lounge a lone  during the  summer of 1984 ( t h e  h o t t e s t  Summer i n  

England f o r  many years ) .  The only o t h e r  window opening i n  

House 28 was i n  t he  bathroom i n  Winter - t h i s  never exceeded 2 

hours t o t a l  per  month. A t  t h e  o t h e r  extreme, house 18 used 

a l l  i t s  openable windows e x t e n s i v e l y ,  many of t he  windows 

s t ay ing  open v i r t u a l l y  a l l  t h e  time ou t s ide  t he  hea t ing  

season. The except ions  were t he  lounge, k i t chen  and bathroom 

windows. The lounge window was only opened i n  the  peak of 

summer, and t h e  bathroom window was used ex t ens ive ly  dur ing  

the  hea t ing  season and p a r t i c u l a r l y  i n  Spring and Autumn. The 

k i t c h e n  window was used t o  a v a r i a b l e  e x t e n t  throughout t h e  

yea r ,  with l i t t l e  use i n  w in t e r  months. 

Between these  two extremes l i e  a l a r g e  range of window opening 

behaviour ,  with many p a t t e r n s  which d e v i a t e  s i g n i f i c a n t l y  from 

the  t rend which c o r r e l a t e s  w e l l  with ambient temperature.  For 

example, t h e  peaks a r e  i nd i ca t ed  on t h e  graphs f o r  houses 19 

and 25.  These examples a r e  looked a t  i n  more d e t a i l  i n  t h e  

next  s ec t i on .  

Ind iv idua l  Window Opening P a t t e r n s  f o r  Chosen Houses 

F igures  5 t o  8 show the  r e l a t i v e  window open times f o r  each 

room i n  some chosen houses i n  order  t o  show the  v a r i a t i o n  i n  

window opening behaviour du r ing  the  18 month period 

considered.  Also shown on t h e s e  graphs a r e  t he  houses'  energy 

usage on a monthly b a s i s ,  f o r  comparison. 



Figure 5 shows t h e  p a t t e r n  of house 18, which used a l l  t h e  

openable windows ex tens ive ly .  The gene ra l  t rend  fol lows 

e x t e r n a l  temperatures  wel l ,  but  t h e r e  a r e  s e v e r a l  no tab le  

f e a t u r e s  throughout the  seasons. The warm summer of 1984 

encouraged a l l  t h e  bedrooms t o  have a t  l e a s t  one window open 

f o r  g r e a t e r  than 50% of the  t ime. 

It i s  expected t h a t  a n a l y s i s  of d a i l y  window opening p a t t e r n s  

would r evea l  overn ight  opening t o  cool bedrooms a t  n ight .  

Then the  window opening g e n e r a l l y  decreases  with the  approach 

of t h e  hea t ing  season,  with the  except ion of t h e  bathroom 

window, which peaks i n  t h e  in t e rmed ia t e  seasons,  probably due  

t o  t he  low hea t ing  on times and h igher  ambient atmospheric 

water vapour l e v e l s  causing increased  condensation. The 

h ighes t  l e v e l s  of window opening i n  t he  win te r  a r e  i n  t he  

bedrooms and bathroom, most l i k e l y  s t imula ted  by occupants 

percept ion  of a i r  q u a l i t y .  

Figure 6 shows the  window opening p a t t e r n  f o r  house 28. Thi s  

house had a very  low energy consumption throughout t he  year ,  

and a s soc i a t ed  low average i n t e r n a l  house temperatures  of down 

t o  10°C i n  win ter .  The hea t ing  system was not  used, and 

casua l  g a i n s  from cooking and o t h e r  e l e c t r i c a l  appl iance  

ope ra t ion  was t h e  only source of hea t ing ,  averaging 400 kWh 

per  month - equ iva l en t  t o  t he  o t h e r  houses'  c a sua l  gains .  The 

only s i g n i f i c a n t  window opening was i n  t h e  lounge and one 

bedroom during summer 1984. A s m a l l  amount of bathroom window 

opening occurred i n  t he  spr ing  of 1985. 

Figure 7 shows t h a t  the  p a t t e r n  of window opening i n  house 19 

i s  dominated by bathroom window opening between the  hea t ing  

seasons, when the  hea t ing  system was not on. This  e i t h e r  

demonstrates  t h e  householders '  r e luc t ance  t o  open windows i n  

the  win te r ,  o r  it may be a r e f l e c t i o n  t h a t  t he  supply 

mechanical v e n t i l a t i o n  combined with the  hea t ing  system 

provides adequate  v e n t i l a t i o n  f o r  t he  bathroom i n  win ter  and 

sp r ing  seasons. 



Figure 8 shows t h e  i n c o n s i s t a n t  window opening p a t t e r n s  of 

house 25. The windows i n  t h e  k i tchen  and bedroom 2 fo l low a 

p r e d i c t a b l e  seasonal  p a t t e r n ,  but bedrooms 1 and 2 and t h e  

bathroom a r e  i n c o n s i s t a n t .  These r a d i c a l  changes i n  behaviour 

during the  year  may be due t o  long term v i s i t o r s  t o  t h e  house 

who have d i f f e r e n t  window opening h a b i t s ,  o r  who s t i m u l a t e  a 

d e s i r e  f o r  increased  a i r  q u a l i t y  by the  occupiers .  Such 

inexp l i cab le  peaks occur  i n  s e v e r a l  of t h e  monitored houses,  

and f a l l  i n t o  no i d e n t i f i a b l e  pa t t e rn .  

House number 33 i s  worthy of comment, a s  t h e  bathroom window 

i s  opened t o  a s i m i l a r  l e v e l  a l l  year  round, averaging 3 hours 

per day,  appa ren t ly  independant of weather condi t ions  and 

o t h e r  s t imulae .  

Window Opening - Autumn 1985 

Figure 9 shows t h e  18 house weekly mean window opening hours  

and p reva i l i ng  weather cond i t i ons  f o r  autumn 1985. The window 

opening reduces c o n s i s t a n t l y  with temperature,  a p a r t  from week 

5, where the  wind speed increased  s u b s t a n t i a l l y ,  a l though the  

mean temperature ro se  1.5OC. For t h ree  weeks i n  November, the 

mean temperature w a s  below 4 " C ,  r e l a t i v e l y  cold f o r  t he  time 

of year.  The next  t h ree  weeks i n  December were mild, about  

10°C, but window opening d id  not  fo l low t h i s  temperature 

i nc rease ,  even though v e n t i l a t i o n  supplied'  by the  hea t ing  

system reduced. Perhaps t h e  cold period i n  November had 

provoked the  b e l i e f  t h a t  w in te r  had begun, and occupiers  were 

r e l u c t a n t  t o  i nc rease  window opening behaviour a s  a r e s u l t  of 

t h i s  expec ta t ion .  

However, t h e  occupants of house 27, whose window opening 

behaviour c o r r e l a t e s  c l o s e l y  with ambient temperature 

throughout t h e  18 month period monitored, appeared t o  respond 

t o  t he  inc rease  of temperature with an  inc rease  i n  bathroom 

window opening (See F igures  10 and 11) .  



Daily Window Opening P a t t e r n s  

Presented i n  t h i s  s e c t i o n  a r e  some p a t t e r n s  of window opening 

on a d a i l y  bas i s .  These a r e  presented a s  examples which show 

how the window opening behaviour and energy consumptions can  

be l inked t o  occupant a c t i v i t y .  Examples only a r e  presented 

because the  v a s t  amount of d a t a  a v a i l a b l e  w i l l  r equ i r e  

ex t ens ive  computer a n a l y s i s  be fo re  d e t a i l e d  r e s u l t s  a r e  

obta inable .  (Approximately 10,000 d a i l y  behaviour p a t t e r n  

graphs a r e  a v a i l a b l e . )  Var i a t ions  i n  t hese  d a i l y  p a t t e r n s  a r e  

expected t o  c o r r e l a t e  with fami ly  s i z e  and a c t i v i t y  

( BRUNDRETT~ ) . 

Figure 12 shows some 24-hour window opening p a t t e r n s  f o r  house 

27. Figure 12a shows t h e  c e n t r a l  heat ing system f i r e  f o r  an 

extended period p r i o r  t o  the  bathroom window being opened and 

a peak i n  e l e c t r i c a l  consumption. This p a t t e r n  i s  t y p i c a l  of 

washing a c t i v i t y ,  t he  c e n t r a l  hea t ing  providing the hot water  

f o r  ba th ing ,  t he  e l e c t r i c i t y  consumption r i s i n g  f o r  a 

supplementary bathroom hea te r  o r  h a i r  d rye r ,  and the  bathroom 

window opened i n  t h e  mild March weather t o  encourage moisture 

removal. 

Figure 12b shows t h e  k i t chen  window opening a f t e r  the s t a r t  of 

a peak i n  e l e c t r i c i t y  consumption (2.5 kW) a t  1300 on a mild 

Sunday. Kitchen window opening continued through the  evening 

with lower peaks i n  e l e c t r i c i t y  consumption of 1 kW. I n  

Figure 12c on a cold February day, k i tchen  and bathroom window 

opening co inc ides  with e l e c t r i c i t y  consumption peaks of up t o  

4 kW, and a l s o  long c e n t r a l  hea t ing  on times ind ica t ing  near  

simultaneous cooking and ba th ing ,  a l though a 2 kW e l e c t r i c a l  

peak r e s u l t s  i n  no window opening l a t e r  t h a t  day. 



Summary of Pre l iminary  R e s u l t s  f o r  Chosen Houses 

Several  c h a r a c t e r i s t i c s  of window opening behaviour have been 

descr ibed ,  t oge the r  with probably s t imulae  f o r  t he  behaviour. 

The f o u r  main s t imulae  appear  t o  be energy conservat ion,  

pe rcep t ion  of a i r  q u a l i t y ,  mois ture  d i s p e r s a l  and cool ing i n  

Summer. Some of t he  houses'  occupants behaviour p a t t e r n s  can 

be ca t egor i sed  according t o  t h e i r  apparent  primary concern. 

This,  of course,  a l t e r s  with the  seasons. Table 2 shows t h e  

c o r r e l a t i o n  and r eg res s ion  equat ions  f o r  e x t e r n a l  temperature 

with r e spec t  t o  window opening and energy consumption of some 

i n d i v i d u a l  houses. 

House number 18 had the  h ighes t  frequency of open windows with 

1100 window open hours per  month on average. A l l  windows were 

used and the  opening p a t t e r n s  fol low seasonal  v a r i a t i o n s  i n  

temperature,  a p a r t  from the  i n t e r s e a s o n a l  bathroom window 

opening. The r eg res s ion  equat ion  sugges ts  a l i n e a r  i n c r e a s e  

of 114 hours  window opening per  O C  abgove 2OC per  month. I n  

p r a c t i c e ,  a l i n e a r  curve f i t  i s  not an accu ra t e  r e f l e c t i o n  of 

behaviour,  as d i f f e r e n t  s t i m u l i  f o r  window opening a r e  l i k e l y  

t o  be r e l e v a n t  i n  d i f f e r e n t  temperature ranges (BRUNDRETT ) . 
It does,  however, g i v e  an impression of t h e  s e n s i t i v i t y  of the  

householders behaviour t o  e x t e r n a l  temperature.  

House 25 a l s o  used windows ex tens ive ly .  This ,  and the  h igh  

mean indoor  temperature,  probably r ep re sen t s  the  h ighes t  

v e n t i l a t i o n  h e a t  l o s s  through the  windows f o r  the dwel l ings  

monitored. Th i s  house has a very  i r r e g u l a r  p a t t e r n  of annual 

window opening behaviour,  as a l r eady  descr ibed ,  with i s o l a t e d  

peaks of window opening i n  gues t  bedrooms and the  bathroom. 

The energy imp l i ca t ions  of t h i s  behaviour w i l l  be repor ted  i n  

f u t u r e  work, 



Houses 19 and 33 have a r e l a t i v e l y  low frequency of window 

opening. The c o r r e l a t i o n s  with temperature a r e  low, and t h e i r  

r eg re s s ion  l i n e s  have low g r a d i e n t s .  This  implies ,  along with 

t h e i r  lower energy consumptions, t h a t  the  window opening i n  

t hese  houses i s  l e s s  temperature dependant. Windows w i l l  tend 

t o  be closed un le s s  t he re  i s  a s p e c i f i c  need f o r  them t o  be 

open. In  both houses,  t h e  bathroom window i s  t h e  most 

f r equen t ly  opened. The occupants may wel l  be more concerned 

with condensation than the degree of f r e shness  of t he  a i r  i n  

the  house. (House 19 a l s o  appears  t o  have minimal window 

opening h a b i t s  a t  ambient temperatures  below a threshold 

temperature of 10°C -see F igure  13) .  

The mean l e v e l  of window opening i s  lower than t h a t  measured 

by Brundret t  2,3 and the  s e n s i t i v i t y  t o  temperature is a l s o  

lower. This  i s  t o  be expected as p a r t i a l  mechnical 

v e n t i l a t i o n  is  suppl ied  t o  t he  t e s t  houses. Care w i l l  be 

required on more d e t a i l e d  a n a l y s i s  because of t he  

non-continuos n a t u r e  of B r u n d r e t t f s  da t a .  

Conclusions 

From a combination of annual,  seasonal  and d a i l y  window 

opening p a t t e r n s ,  many types of behaviour p a t t e r n  have been 

observed. Some of these  p a t t e r n s  can he a s soc i a t ed  with 

responses t o  d i f f e r e n t  s t i m u l i  such a s  energy conservat ion,  

percept ion of a i r  q u a l i t y ,  mois ture  d i s p e r s a l  and thermal 

comfort. The fol lowing l i s t  of c h a r a c t e r i s t i c s  have 

assoc ia ted  with them the i d e n t i f i c a t i o n  numbers of the houses 

whose window openings appear t o  be inf luenced by them. 

1) Nearly a l l  t he  houses opened windows i n  t he  height  of 

summer f o r  cool ing ,  p a r t i c u l a r l y  i n  bedrooms overnight .  



2) Large i n c o n s i s t a n c i e s  of window opening p a t t e r n  occurs  i n  

some bedrooms (assumed t o  be gues t  bedrooms)(e.g. houses 

25, 28, 33). These have a s soc i a t ed  peaks i n  bathrooms i n  

some houses.  

3)  Some houses c l o s e  a l l  windows through win t e r  

( e  .g .house 19)  

4)  Some houses reach  a minimum window opening l e v e l  i n  

w i n t e r ,  which can be a s s o c i a t e d  with a th reshold  

temperature .  (e.g. houses 18, 20, 25, 27, 33) 

5)  Some houses have high l e v e l s  of window opening i n  

i n t e rmed ia t e  seasons,  p a r t i c u l a r l y  i n  bathrooms. 

(e.g. house 18) 

6 )  Lower l e v e l s  of window opening than previous work ,' ,3  

were encountered which i s  poss ib ly  due t o  t he  p a r t i a l  

mechanical v e n t i l a t i o n  supply system i n  t he  houses 

monitored. 

The d a t a  produces good c o r r e l a t i o n s  between e x t e r n a l  

temperature ,  energy use and window opening frequency, a s  

expected from previous work, but more d e t a i l e d  a n a l y s i s  i s  

requi red  of t h e  cond i t i ons  under which d i f f e r e n t  s t i m u l i  

r e s u l t  i n  window opening f o r  d i f f e r e n t  i n h a b i t a n t s .  

A more d e t a i l e d  a n a l y s i s  of t h e  energy consumptions a s soc i a t ed  

with t h e  window opening behaviour w i l l  be done i n  the  f u t u r e .  

This  work w i l l  have t o  t ake  i n t o  account t h e  f a c t  t h a t  i n  

common with most surveys t h e  e x t e n t  of window opening was not  

measured. 



The supply v e n t i l a t i o n  provided by t h e  heat ing system was not 

adequate a l l  year round f o r  most of t he  households. The 

v a r i a t i o n s  i n  window opening may c o r r e l a t e  with the  s i z e  and 

ages of t he  f a m i l i e s  l i v i n g  i n  t he  houses. (A ques t ionna i r  

should r e so lve  t h i s  ques t ion  a t  a l a t e r  da t e . )  It appeared 

t h a t  The v e n t i l a t i o n  provided by the  hea t ing  system i n  t h e  

in te rmedia te  seasons was not  capable of f u l l y  con t ro l l i ng  

bathroom humidity/condensation. I n  w in te r ,  t he  reduct ion  i n  

bathroom window opening may be due t o  occupants not  t o l e r a t i n g  

draughts ,  o r  the  hea t ing  system providing adequate v e n t i l a t i o n  

through h igher  supply flow r a t e s  of ambient a i r  with lower 

water conten ts .  Ven t i l a t i on  f o r  bathrooms i n  in te rmedia te  

seasons would probably r e s u l t  from supply v e n t i l a t i o n  being 

provided through the  heat ing system whenever the time clock i s  

"on", r a t h e r  than whenever t he  room thermostat  c a l l s  f o r  

heat .  
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TABLE 2 : PRELIMINARY STATISTICS FOR CHOSEN HOUSES 

Ta i s  Ambient Temperature. 

* This compares with Rrundre t t s  of - 150 + 97 T ~ O C .  

+ Mean inc ludes  night-time window opening which i s  a s i g n i f i c a n t  propor t ion  of t o t a l  not included by Brandret t  2 e  

REGRESSION 
EQUATION 

(hrs = a + b x Ta) --- 

MONTHLY MEAN 
HOURS WINDOW 

OPEN (hrs) 

RFGRESSION 
EQUATION 

(k lh  = a + b x Ta) 

18  

19 

25 

33  

34 

+ 
MEAN OF 
ALL 18  
HOIJSES 

HOUSE 
NUMBER 

CORRELATION 
COEFFICIENT 

19.6 

19.6 

22.5 

19.4 

21.4 

- 

CCRRI?T.ATIOM 
COEFFICIENT 

MEAN INDOOR 
TEMPERATURE O C  

MEAN MONTHLY 
EhlERGY 

CONSUMPTION 
(kLfi) 

FULL 18 MONTH DATA NOT AVAILARLE 1100 

205 

830 

298 

492 

- 

1163 

1442 

862 

1685 

- 

0.87 

0.63 

0.91 

0.61 

0.88 

0.90 

-0.85 

-0.91 

-0.94 

0.96 

0.97 

-203 + 114 Ta OC 

-159 + 32 Ta O C  

-142 + 85 Ta O C  

6 + 25 Ta OC 

-461 + 83 Ta OC 

~t 

-120 + 63 Ta O C  

2003 - 73 Ta O C  

2674 - 107 Ta O C  

1714 - 74 Ta OC 

3562 - 164 Ta OC 

2475 - 106 Ta OC 



Fig. 1 FEATURES OF THE DESIGN 

Feahlres of the Energy -Design which can be iden1 
68-72 Lawrie Park Road, London SE26. 

1. Draught-stripped front door 

2. Draught lobby. 
3. Draught-stripped kitchen door to reduce water 

vapour entering rest of the house. 

4. Three taps on sink-tap with yellow top supplies 
solar heated water. 

5. Warm air outlet 

6. Extend wall-cavity insulation plus 
ThennaIboard dry-lining. 

7. Passive solar gain here. Some heat stored in 
floor and wall and released later.This area could 
be turned into Conservatory by addition of 
internal wall. 

8. Draught-stripped windows. Double glazing. 

9. Rear draught lobby. 

10. Draught-sttipped back door 

tified within the Demonstration House-6 Colvin Close, 

11 .  (View 6mm outside or above.) Solar panels for 
water heating. %Solar heated water stored in 
cylinder in roof space. 

12. Warm Air HeatingAkntilation unit lhkes in 
fresh air, mixes with xedrdated ait, heats and 
distributes through ducts. 

13. Draught-stripped bathmom door to reduce 
water vapour entering rest of the house. 

14. Gas water heatec Fed from S o h  qybder so as 
to reduce amount of gas required to achieve 
r e q W  temperature. 

15. Three taps on bath and washbasii. Zips with 
yenow tops provide solar-heated watec 

16. E x t d  wan-insulating blockwork with 
Thermalboard inside and cladding externally. 

17. External wall-insulated timber kame, cladding 
externam 

GROUND FLOOR FlRSTFLOOR 



0 Stage 1 data 

+ Stage 2 data 

Stage 2: 
Extra weat herstripping 
and sealing of gaps 

Fig. 2 VENTlLATlON RATES-PRELIMINARY DATA (VENTS CLOSED) 
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Fig.3 MEAN MONTHLY WINDOW OPENING TIME 198415 COMPARISON WITH AMBlENT TEMPERATURE, 

SOLAR GAIN, RELATIVE HUMIDITY AND MEAN ENERGY USE 

FIG.4 MEAN MONTHLY WINDOW OPENING -INDIVIDUAL HOUSES 



------ L~v~ng roan 
-.-.- Kitcnen (1) 
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- . - - - . - Bathmoo 
- -- aedrooml (1) ---- Bedmom1 U 
------ Bedroan2(1) 
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- . - . .- . . - B e d m  3 (2) A 
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FIG. 5 INDIVIDUAL WINDOW OPENING PATTERNS FOR HOUSE 18 
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FIG.6 INDIVIDUAL WINDOW OPENING PATTERNS FOR HOUSE 28 



-- Living roa ' 
-. KiRchen (1) 
--.-.-.- Kit- (2) - , - . - . - . - Battmxmi --- Sedroan l(1) ---- B e d m  1 Q) 
------ Sedroom2(1) 

N.E Bedroom 2 0 )  wasn't 
open slgnritiy. 

-..-..- Bedroan 3 (1 

Bedroan 30) 

600r 
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FIG.7 INDIVIDUAL WINDOW OPENING PATTERNS FOR HOUSE 19 
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FIG.8 INDIVIDUAL WINDOW OPENING PATTERNS FOR 25 
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FIG. 10. AUTUMN WINDOW OPENING IN HOUSE 27 



Key:- 
Bedroom 3 ---- 
Ecdroom 2 - 
Bathmom --- 
Kitchen -.- 

Week number 
Nov m85 Dec 1985 

FIG. l l  INDIVIDUAL WINDOW OPENING PATTERN FOR HOUSE 27 (AUTUMN 1985) 
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Fig.12 DAILY WINDOW OPENING PATTERNS - HOUSE 27 
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