
ANALYSIS BY MEASUREMENTS OF ENERGY CONSUMPTION IN  FULL-SCALE MODEL 
HOMES 

B. Adamson, Department o f  Building Science, Lund Irzstitute of' Technolog-v, Swede11 

Summary 

If  measurements o f  energy consumption in buildings are to be o f  general value, a large number o f  
factors affecting the energy consumption must be studied. These factors refer to  the outdoor climate, 
the building and its installations and to the use and operation o f  the building. A n  analysis o f  the 
measurement conditions prevailing in uninhabited and inhabited buildings indicates that considerable 
difficulties will be encountered in any attempt to study the change in energy consumption resulting 
from a change in the building, its installations or its use and operation. Detailed measurements are 
presented for two blocks o f  flats. These measurements were taken partly during 19 71 / 72 and partly 
during the oil crisis o f  1973174. In one o f  these two projects, major savings were achieved by  adjust- 
ing the heating system, reducing the room temperature and reducing the mechanical ventilation. 
About half o f  the savings made in the energy used for heating and ventilation (approx. 40%) resulted 
from reduced airing o f  rooms. 

Resume 

Pour que les mesures de consommation d'tnergie dans les batiments aient une valeur plus gtnkrale, il 
est ndcessaire d'ktudier un grand nornbre de facteurs qui ont une influ'ence sur la consommation 
d'dnergie. Ces facteurs .re rapportent au climat extdrieur, au batiment et h ses instalbtions ainsi qu "a 
son utilisation et d son exploitation. Une analyse des mesures dans les bdtiments habit& et non 
habitds montre que ['on se heurte h d'importantes difficult4s si l'on veut etudier la modification de 
la consommation lors de la transformation du bdtiment, de ses in.rtallations, dc sort utilisation ou  de 
son exploitation. Un compte rcndu est donne des mesures minutieuses ejyectukes dans deux maisons 
pour plusieurs families. Ces mesures ont  ktk extcutkes d'une part en 19711 72 et d 'autre part pendant 
la crise pdtroliere en 19 73/74. Pour une de ces maisons, de grandes tconomies on t  k t t  rdaliskes par 
le rtglage du systeme de chauffage et par la rtduction de la temperature intkrieure et de la ventilation 
mdcanique. Sur l'tconomie d'tnergie rkaliske sur le chauffage et la ventilation (env. 40%) environ la 
moitik est h porter au compte d'une diminution de 1 hdration. 



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

Several mot ives can be p rov ided  f o r  s t u d y i n g  energy supp ly  and energy 

consumption i n  e n t i r e  b u i l d i n g s .  One such m o t i v e  can be t h e  d e s i r e  t o  

examine how new b u i l d i n g  components such as w a l l s ,  r o o f s ,  windows e tc ,  

and new i n s t a l l a t i o n  components f u n c t i o n  when they  a r e  i n c l u d e d  i n  the  

comp l i ca ted  system which an i n h a b i t e d  b u i l d i n g  comprises.  Another m o t i -  

ve may be t o  s tudy  an o r d i n a r y  b u i l d i n g  o f  comp le te l y  normal design,  

c o n s t r u c t i o n  o r  use, wh ich does n o t  c o n t a i n  any fo rm o f  conscious expe- 

r i m e n t a t i o n .  The s t u d y  may aim a t  e s t a b l i s h i n g  whether t h e  b u i l d i n g  

f u n c t i o n s  i n  t h e  manner i n tended  d u r i n g  t h e  des ign  stage.  D e v i a t i o n s  can, 

as F i g .  1  i l l u s t r a t e s ,  be t h e  r e s u l t  of  e r r o r s  and shortcomings i n  the 

des ign ( I ) ,  i n  t h e  c o n s t r u c t i o n  ( 2 )  o r  i n  t h e  o p e r a t i o n a l  maintenance ( 3 ) .  
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FIG. l  Study o f  o r d i n a r y  b u i l d i n g s .  F u n c t i o n a l  r e s u l t s  (1, 2 and 3)  and 

measures ( A  and B ) .  
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These s t u d i e s  can a l s o  be f o l l o w e d  up b y  measures taken  on t h e  b u i l -  

d i n g  and i t s  i n s t a l l a t i o n s  (A) and on i t s  o p e r a t i o n  and maintenance (B )  

w i t h  t h e  a im o f  i m p r o v i n g  t h e  f u n c t i o n .  The f u n c t i o n  o f  a  b u i l d i n g  em- 

braces a l l  o f  t h e  requ i remen ts  wh ich  a  b u i l d i n g  i s  t o  meet. Energy eco- 

nomiza t i on  comprises no more than  a  smal l  p a r t  o f  t hese  requ i remen ts ,  

d e s p i t e  t h e  f a c t  t h a t  i t  i s  an ex t reme ly  i m p o r t a n t  p a r t  today f r o m  t h e  

n a t i o n a l  economic p o i n t  o f  v iew. Consequently, t h e  f o l l o w i n g  sub-objec-  

t i v e  emerges: Energy economizat ion  combined w i t h  an accep tab le  f u n c t i o n  

o f  t h e  b u i l d i n g  i n  o t h e r  respec ts .  Another s u b - o b j e c t i v e  w i l l  be t o  

a v o i d  u n n e c e s s a r i l y  o v e r s i z i n g  t h e  b u i l d i n g  and i t s  i n s t a l l a t i o n .  

A number o f  energy s t u d i e s  have been executed o r  have, been p lanned a t  

t h e  Lund I n s t i t u t e  of  Technology, Department o f  B u i l d i n g  Science. The 

exp'erience o b t a i n e d  f rom these s t u d i e s  w i l l  be p resen ted  and d i scussed  

here. The d e t e r m i n a t i o n  o f  t h e  annual energy consumpt ion i s ,  o f  course,  

an e s s e n t i a l  p a r t  o f  s t u d i e s  on energy economi z a t i o n .  Consequently, t h i s  

prob lem w i  11 be d i scussed  f i r s t .  

De te rm ina t ion  o f  annual energy  consumpt ion 

The g ross  energy consumpt ion i n  an i n h a b i t e d  b u i l d i n g  i s  dependent on 

t h e  f o l  1  owing f a c t o r s :  

1. a )  t r a n s m i s s i o n  l o s s e s  th rough  e x t e r n a l  w a l l s ,  r o o f s  and windows 

b )  t ransmi  s s i  on l osses  th rough  founda t ions  and s o i  1  

2 .  a )  heat  l osses  th rough  c o n t r o l l e d  v e n t i l a t i o n  

b )  hea t  1  osses th rough  n a t u r a l  v e n t i  1  a t i  on 

c )  heat  l osses  th rough  a i r i n g  

3. household energy consumption f o r  l i g h t i n g  and e l e c t r i c  a p p l i a n c e s  

4. energy f o r  h o t  water  

5. u t i l i z e d  s o l a r  and sky  r a d i a t i o n  

6. energy u t i l i z e d  f rom household energy and h o t  wa te r  

7. h e a t  u t i l i z e d  f rom humans and animals 

8. hea t  p r o d u c t i o n  e f f i c i e n c y  

These can be d i v i d e d  i n t o  f a c t o r s  dependent on t h e  ou tdoor  c l i m a t e ,  on 

des ign  and on users,  see TAB.1. as TAB.l i n d i c a t e s ,  t h e  user-dependent 

f a c t o r s  have a  c o n s i d e r a b l e  e f f e c t  on t h e  energy consumption. T h i s  means 

t h a t  a  d e t e r m i n a t i o n  o f  t h e  annual energy consumpt ion i s  r e l e v a n t  o n l y  

f o r  t h e  use r  h a b i t s  wh ich  a p p l i e d  d u r i n g  t h e  measurement p e r i o d .  The o u t -  
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door c l ima te  v a r i e s  f rom year  t o  year  and t he  energy consumption which 

has been measured apply  o n l y  f o r  t he  measurement per iod .  I n  o t h e r  words, 

methods f o r  general  i z i n g  t he  measurement r e s u l t s  must be es tab l i shed .  

The f o l l o w i n g  a re  a number o f  methods f o r  t h i s  purpose: 

1. Measurements i n  un inhab i ted  houses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Energy measurements.can be c a r r i e d  ou t  i n  newly const ructed houses which 

have n o t  y e t  been taken i n t o  use by i n h a b i t a n t s .  The p r e r e q u i s i t e  f o r  

t h i s  i s  t h a t  t h e  indoor  temperature c o n t r o l  be c a r r i e d  ou t  au toma t i ca l l y  

and, p re fe rab ly ,  t h a t  dwe l l i ng  cond i t i ons  be s imu la ted  w i t h  regard  t o  

energy consumption. Th is  s imu la t i on  may be d i f f i c u l t  t o  achieve. I f  the 

aim i s  t o  s tudy t he  e f f e c t  o f  c e r t a i n  components on the  energy consump- 

t i o n ,  i . e .  the  e f f e c t  o f  b u i l d i n g  o r  i n s t a l l a t i o n  components, t he  simu- 

l a t i o n  o f  dwe l l i ng  cond i t i ons  may, i n  some cases, be omi t ted .  The d i f f i -  

TAB.l Fac to rs  which a f f e c t  t h e  gross energy consumption ( f ue l  and e l e c t r i c i t y )  

f o r  a b u i l d i n g .  

8 

x 

2b 

x 

x 

x  

1 

Factors  

Factors  dependant on outdoor  

c l i m a t e  

Outdoor temperature 

So la r  and sky r a d i a t i o n  

Wind 

Factors  dependant on design 

The b u i l d i n g  

The i n s t a l l a t i o n s  

C o n t r o l l e d  r e g u l a t i o n  o f  

i ndoor  temperature 

Factors  dependant on users 

Indoor  temperature se l ec ted  

Manual r e g u l a t i o n  o f  i ndoor  

temperature 

A i r i n g  

Household e l e c t r i c i t y ,  h o t  

water, occupants 

Operat ion and maintance 

6 

x x x  

x x x  

x 

5 

x 

x 

2 c 3  

x 

x  

x 

7 

x 

l a  

x 

x  

x 

4 

x 

1b 

x 

x x x x  

x  

2a 

x x x x x  

x 

x  

x x x x x  

x 



Measurements o f  Energy Consumption 

c u l t i e s  i n h e r e n t  i n  o b t a i n i n g  a  c o r r e c t  r e s u l t  a r e  i l l u s t r a t e d  by  t h e  

f o l l o w i n g  r e l a t i o n s h i p  f o r  t h e  annual n e t  energy consumption 

- where Pt ' 0 - year  

o r  

r where Pt + 0 

where 

= a d d i t i o n a l  o u t p u t  r e q u i r e d  t o  m a i n t a i n  t h e  i n d o o r  temperature  

s e l  ec ted 

= i n d o o r  temperature  

= outdoor  temperature  

= t r a n s m i s s i o n  losses p e r  degree temperature  d i f f e r e n c e  

i ndoor-ou t d o o r  

= heat  1  osses r e s u l t i n g  f rom c o n t r o l  1  ed o r  o t h e r  v e n t i  1  a t i o n  

per  degree temperature  d i f f e r e n c e  indoor -ou tdoor  

= household e l e c t r i c i t y  s u p p l i e d  a t  t i m e  t (W p e r  hour )  

= u t i l i z e d  p a r t  o f  household e l e c t r i c i t y  Ph 

= energy s u p p l i e d  f o r  h o t  water  a t  t i m e  t (Wh p e r  hour )  

= u t i  1  i z e d  p a r t  o f  h o t  water  energy P v V  

= e n t e r i n g  energy f rom d a y l i g h t ,  sun and sky a t  t i m e  t 

(Wh p e r  hour )  

= u t i l i z e d  p a r t  o f  d a y l i g h t  a t  t i m e  t 

= heat  from occupants s u p p l i e d  d u r i n g  t i m e  t (Wh p e r  hour )  

= u t i l i z e d  p a r t  o f  heat  f rom occupants 

= energy s u p p l i e d  t o  and s t o r e d  i n  t h e  i n n e r  su r faces  o f  

the  room (Wh per  hour )  

Pj,t can be ignored  f o r  i n t e g r a t i o n  ove r  a  l o n g  p e r i o d  o f  t i m e .  I f ,  f o r  

example, e x t r a  thermal i n s u l a t i o n  i s  i n t r o d u c e d  so t h a t  T i s  reduced by 

AT, t h e  f o l l o w i n g  express ion  can be ob ta ined :  
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where P i s  t h e  n e t  energy  f o r  a  household and h o t  wa te r  minus t h e  u t i -  e, t 
l i z e d  energy from d a y l i g h t  and occupants .  S ince Pt i n  e q u a t i o n  ( 1 )  must 

be g r e a t e r  t han  0 t o  be i n t e g r a t e d ,  i t  can e a s i l y  be seen t h a t  t h e  i n t e -  

g r a t i o n  l i m i t s  a r e  reduced when e x t r a  thermal  i n s u l a t i o n  i s  p r o v i d e d .  I t  

can s i m i l a r l y  be seen t h a t  aWyear becomes dependent on t h e  magni tude o f  

T, V t  and PeYt. The same a p p l i e s  i f  V t  i s  reduced by t h e  i n t r o d u c t i o n  o f  

hea t  exchange i n  t h e  v e n t i l a t i o n  a i r .  

Consequent ly ,  if t h e  e f f e c t  of new components on t h e  annual energy con- 

sumpt ion i s  t o  be examined, e i t h e r  t h e  user-dependent  f a c t o r s  must be 

s i m u l a t e d  o r  a  c a l c u l a t i o n  must be made o f  t h e  annual energy requ i remen t  

u s i n g  reasonab le  assumpt ions f o r  t h e  n e t  o u t p u t s  suppl  i e d  f o r  household 

e l e c t r i c i t y  and h o t  w a t e r  and t h e  u t i l i z e d  p o r t i o n s  o f  t h e  h e a t  s u p p l i e d  

f rom d a y l i g h t  and occupants .  T h i s  can be done i f  V t  and P can be simu- 
e , t  

l a t e d  a t  each p o i n t  i n  t i m e  t i n  a  reasonab le  manner and if Wyear  can 

t h e n  be c a l c u l a t e d  from e q u a t i o n  ( l a )  w i t h  P  
l , t  = 

0. The ou tdoo r  tempe- 
- 

r a t u r e  can a l s o  be changed then .  

2. Measurements i n  i n h a b i t e d  houses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

If t h e  a im i s  t o  s t u d y  an i n h a b i t e d  house, t h e  n e t  energy can be measured 

and reco rded  as 

' A t  
= t o t a l  energy  s u p p l i e d  d u r i n g  t h e  t i m e  p e r i o d  ~t 

= energy s u p p l i e d  th rough  r a d i a t o r s  d u r i n g  a t  

' v a 4 t  = energy  s u p p l i e d  f o r  p r e - h e a t i n g  o f  v e n t i l a t i o n  a i r  d u r i n g  

A t  

'vv ,A~ = energy  s u p p l i e d  f o r  h e a t i n g  h o t  wa te r  d u r i n g  nt 
- .  - 

' hS4 t  
= energy  s u p p l i e d  f o r  househo ld  e l e c t r i c i t y  d u r i n g  fit 

I n  a d d i t i o n ,  t h e  f o l l o w i n g  shou ld  be measured and recorded:  

- 
4 = mean i n d o o r  room tempera ture  d u r i n g  t h e  t i m e  p e r i o d  ht - 

+u,u,4t = mean o u t d o o r  t empera tu re  d u r i n g  at 

n  = incoming energy  f r o m  s o l a r  and sky  r a d i a t i o n  on v e r t i c a l  e x t e r -  
2  n a l  w a l l  ( n  = 1,2,3,4) d u r i n g  t h e  t i m e  p e r i o d  A t  (Wh/m ) - 

v  = mean wind v e l o c i t y  d u r i n g  t h e  p e r i o d  nt 
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I f  t h e  f o l l o w i n g  e q u a t i o n  i s  w r i t t e n  

t h e  f o l l o w i n g  a p p l i e s  

where A  i s  t h e  g l a z e d  a r e a  o f  t h e  v e r t i c a l  e x t e r n a l  w a l l  n .  D r e p r e s e n t s  
q n  

t h e  user -dependent  f a c t o r s  such as manual r e g u l a t i o n  o f  h e a t  and a i r i n g  

and t h e  energy  s t o r e d  i n  f l o o r  c o y s t r u c t i o n s  e t c .  S ince  o n l y  n e t  e n e r g i e s  

a r e  recorded,  t h e  o p e r a t i o n  and ma in tenance o f  t h e  h e a t i n g  p l a n t  a r e  ex-  

c l uded .  The e f f i c i e n c y  o f  t h e  p l a n t  can  be s t u d i e d  s e p a r a t e l y  as a  f u n c -  

t i o n  o f  t h e  o u t p u t  o b t a i n e d .  

I f  t h e  u n i t s  men t i oned  above a r e  r e c o r d e d  d u r i n g  a  l a r g e  number o f  p e r i o d s  

of  t h e  y e a r ,  A, B, C and D can be de te rm ined  i n  p r i n c i p l e .  I n  p r a c t i c e ,  

however, t h i s  p roves  d i f f i c u l t  s i n c e ,  f o r  example, t h e  parameters  l ow  o u t -  

doo r  t empera tu re  and l i t t l e  s u n l i g h t  v a r y  i n  an i n t e r r e l a t e d  manner. Ex- 

pe r imen ts  w i t h  ~t = 1  day (24 -hou r )  have g i v e n  r e s u l t s  wh i ch  appear  doubt -  

f u l ,  p r o b a b l y  as a  r e s u l t  o f  t h e  ene rgy  s t o r e d  i n  f l o o r  c o n s t r u c t i o n s  e t c .  

A t  m i g h t ,  perhaps,  be s e t  a t  one week o r  more and t h u s  p r o v i d e  b e t t e r  

r e s u l  t s  . 

I f  t h e  a im i s  t o  s t u d y  energy  s a v i n g  measures, u s e f u l  r e s u l t s  can  be 

ach ieved  by means o f  t h e  f o l l o w i n g  e q u a t i o n :  

TAB.2 The c o e f f i c i e n t  A i n  e q u a t i o n  ( 7 )  f o r  m o n t h l y  energy  consumpt ion  f o r  h e a t -  

i n g  i n  B o l l n a s  ( r a d i a t o r  t h e r m o s t a t s )  and Stockho lm ( o u t d o o r  t h e r m o s t a t s )  

Month 

1971 Oc tobe r  

November 

December 

1972 Janua ry  

Feb rua ry  

March 

A p r i  1  

May 

A  ( ~ w / ' c )  
B o l l  nas 

1.55 

1 .60  

1.54 

1.49 

1.37 

1.26 

1 .20  

0.82 

S tockho lm 

4.27 

4.05 

4 .40  

4.67 

4.47 

4 .35  

4 .39  

3.44 
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Energy savings in inhabited houses 

Careful measurements have been carried out in two blocks of f l a t s ,  namely: 

1 .  Stockholm. ( 5 9 . 3  O N  l a t )  35 f l a t s .  Dis t r ic t  heating. Hot water radia- 

to r s .  Outdoor thermostat. Pre-heated fresh a i r .  Collective metering 

of heating and h o t  water and separate metering of household energy. 

2 .  Bollnas. (61.4 O N  l a t )  28 f l a t s .  Electrical panel radiators with ther- 

mostats. Heat exchange from exhaust a i r  to supply a i r .  Collective 

metering of heating, hot water and household energy. 

The outdoor climate, indoor temperatures and energy consumption, broken 

down by radia tors ,  a i r  pre-heating, hot water and household energy, were 

studied hour by hour during the year 1971/72. If the following equation 

i s  applied: 

with Qat in accordance with ( 4 )  and A t  = 1 month, A in TAB.2 i s  obtained. 

In Bollnas, where radia tor  thermostats are used, A varies with the time 

of year. This i s  obviously the r e su l t  of additional heat from occupants 

e t c .  A i s  more constant in Stockholm since the radiator temperature i s  

controlled by the outdoor temperature as long as manual regulation i s  

not used. 

The following measures have been carried out to  reduce the energy con- 

sumption in Stockholm: 

1 .  the heat and venti lat ion system was adjusted 

2. the room temperature was reduced 

3.  the vent i la t ion was reduced 
4. the supply a i r  temperature was reduced t o  the room temperature 

5. instructions on how hot water can be saved were dis t r ibuted 

6. a  general energy saving campaign was carried out in conjunction 

with the o i l  c r i s i s .  

The energy consumption in Bollnas has only been affected by saving in- 

s t ruct ions  and the general energy saving campaign. 



Measurements o f  Energy Consumption 

The 24-hour  energy  consumpt ion  f o r  r a d i a t o r  h e a t i n g  R and s u p p l y  a i r  

h e a t i n g  L r e s p e c t i v e l y  has been c o r r e l a t e d  w i t h  t h e  mean 24-hour  v a l u e  

o f  t h e  o u t d o o r  t empera tu re  4 f o r  t h e  months January-May 1972 and 1974 

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

C 
Stockholm: 1972 R = 47.77 - 2.162 3 kWh/ f l a t , day  

L IJ 
L = 24.44 - 1.064 I.,, I I 

R+L = 72.71 - 3.226 $ I I 

U 

4 
B o l l n a s :  1972 R = 1 9 . 9 6 - 1 . 1 8 7  t!u kWh/ f la t ,day  

h 
L = 5.78 - 0.294 :, I I 

R+L = 25.74 - 1.481 Ju II 

As can be seen, t h e  energy  consumpt ion  f o r  h e a t i n g  was m a r k e d l y  reduced 

i n  S tockho lm b u t  n o t  i n  B o l l n a s .  

Us ing  t h e  mean o u t d o o r  t empera tu re  d u r i n g  t h e  normal  h e a t i n g  season i n  

S tockho lm ( =  t 2 . 2  OC) as a  b a s i s ,  t h e  r e l a t i o n s h i p s  g i v e n  above become 

the  f o l  1  ow ing  f o r  January-May 1972: 

R = 43.0 and L  = 22.1 kWh/day p e r  f l a t  

The mean 24-hour  o u t p u t  s u p p l i e d  f o r  t h e  e n t i r e  house ( 3 5  f l a t s )  becomes: 

r a d i a t o r s  PR = 62.7 kW 

a i r  p r e h e a t i n g  PL = 32.2 kW 

(PR t PL) = 94.9 kW 

I n  1971/72 t h e  s u p p l y  a i r  had a  t empera tu re  o f  a p p r o x i m a t e l y  3  O C  above 

t h e  room a i r .  T h i s  co r responds  t o  4  kW. Room t e m p e r a t u r e  s u p p l y  a i r  t h e n  

r e q u i r e s  28.2 kW. A  c a r e f u l  c a l c u l a t i o n  o f  t h e  t r a n s m i s s i o n  l o s s e s  g i v e s  

2 . 2 0  ~ w / ' c .  (PR t P L )  can  t hen  be a l l o c a t e d  amongst t h e  f o l l o w i n g  l o s s  

i tems - t h e  room t e m p e r a t u r e  was 23 O C  d u r i n g  1971/72: 
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45.8 kW 

28.2 kW 

t r a n s m i s s i o n  2.20 (23.0  - 2 .2 )  

supp ly  a i r  a t  room temperature  

a i r i n g  t n a t u r a l  v e n t i l a t i o n ,  

" f r e e  hea t "  from occupants,  house- 

h o l d  energy e t c .  20.9 kW 

94.9 kW 

The room temperature  d u r i n g  January-May 1974 was 21 O C  and t h e  supp ly  

a i r  temperature  was equal t o  t h e  room temperature.  A t  t 2 . 2  OC, we g e t  

R = 28.3 and L  = 10.4 kWhlday p e r  f l a t .  The mean 24-hour o u t p u t  f o r  the  

e n t i  r e  house then becomes: 

r a d i a t o r s  PR = 41.3 kW -. 

a i r  p r e h e a t i n g  PL = 15.2 kW 

The o u t p u t  s u p p l i e d  can now be broken down by 

t r a n s m i s s i o n  2.20 (21.0  - 2.2)  41.4 kW 

supp ly  a i r  a t  room temperature  15.2 kW 
a i r i n g  t n a t u r a l  v e n t i l a t i o n ,  

" f r e e  hea t "  from occupants, house- 

h o l d  energy e t c .  

S ince t h e  " f r e e  heat "  can be assumed t o  be t h e  same d u r i n g  1971/72 and 

1973/74, t h e  r e d u c t i o n  (20.9 + 0.1 ) = 21 kW must be t h e  r e s u l t  of  a i r i n g  

and any changes which may have taken  p l a c e  i n  t h e  n a t u r a l  v e n t i l a t i o n .  

I n t e r v i e w  surveys which were c a r r i e d  o u t  d i d ,  i n  f a c t ,  i n d i c a t e  reduced 
9 

a i r i n g .  

The measures taken r e s u l t  i n  a  r e d u c t i o n  o f  (94.9 - 56.5) = 38.4 kW 

(=  40%) d i v i d e d  between 

1. reduced room temperature  ( f r o m  23.0 t o  21.0 OC) 

a )  reduced t r a n s m i s s i o n  losses  (45.8 - 41.1) = 4.4 
21.0-2.2); 2.7 b)  reduced v e n t i l a t i o n  losses  28.2 (1-  23,0-2.2 - 7.1 kW 

2. reduced v e n t i l a t i o n  when t h e  room temperature  was 

lowered (28.2 - 2.7 - 15.2) = 10.3 kW 

3. reduced a i r i n g  and, i n  c e r t a i n  cases, reduced 

n a t u r a l  v e n t i l a t i o n  (20.9 t 0.1) = 21.0 kW 

38.4 kW 
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I t e m  3  i s  s u r p r i s i n g l y  l a r g e .  T h i s  may be a  r e s u l t  o f  room temperatures  

which were t o o  h i g h  i n  c e r t a i n  p a r t s  o f  t h e  house b e f o r e  t h e  ad jus tmen t  

was made. 

The energy sav ing  i n  h o t  water  between 1971172 and 1973174 was a p p r o x i -  

m a t e l y  40% d u r i n g  December and January,  app rox ima te l y  30% d u r i n g  Febru- 

a r y  and approx ima te l y  20% d u r i n g  March i n  Stockholm. No sav ings were 

no ted  a f t e r  March. T h i s  agrees w e l l  w i t h  t h e  course o f  t h e  o i l  c r i s i s .  

The energy sav ing  i n  h o t  water  i n  B o l l n a s  was, on t h e  o t h e r  hand, i n -  

s i g n i f i c a n t  - approx ima te l y  10%. 

The energy s a v i n g  i n  household energy  between 1971172 and 1973174 was 
20% i n  Stockholm and l e s s  than 10% i n  B o l l n a s  d u r i n g  t h e  a c t u a l  c r i s i s .  

A c e r t a i n  r e s i d u a l  e f f e c t  of app rox ima te l y  5% c o u l d  be d i sce rned .  

I t  i s  d i f f i c u l t  t o  e x p l a i n  t h e  d i f f e r e n c e  i n  sav ing  between Stockholm 

and B o l l n a s .  I t  i s  due t o  t h e  f a c t  t h a t  c i t y  d w e l l e r s  a r e  more aware o f  

t h e  problems i n v o l v e d  than  a r e  r u r a l  d w e l l e r s ?  

References 

Use o f  energy i n  b u i l d i n g s .  Measurements and s t u d i e s  i n  b l o c k s  o f  f l a t s ,  

Na t iona l  Swedish B u i l d i n g  Research. R10:1974. 

Adamson, B., Hamler, J. & Mandorf f ,  S.: Energy sav ing.  A s t u d y  o f  two 

b locks  o f  f l a t s ,  Nat ionaF G e d i s h  B u i l d i n g  Research. R23:1975. 

DISCUSSION 

N.I. Ngoko; Brunel University, Uxbridge, United Kingdom: The factors taken into account in arriving at 
equation (5): 

did not include heat gains (mostly of latent heat) from the occupants and heat losses due to human move- 
ments in the houses, i.e. by opening external doors several times a day. It is essential that these factors are 
taken into consideration in arriving at an energy balance equation in occupied buildings. May I know what 
Mr. Adamson's opinion about this is? 

Author: Equation ( 5 )  should read: 

4 

W ~ t  - W ~ ~ ~ t  - = A ' Q ~ t  + B' Z Aqn ' sn + C ' V  - D. 
n = l  

The equation refers to measured quantities and the coefficients A-D are to be estimated by means of a 
statistical procedure. Thus heat gain from the occupants will affect the coefficient D.  Natural ventilation 
will have influence on A and C through cracks and other gaps and by opening external doors. It has, however, 
to  be pointed out that we have had difficulties in estimating B and C with a reasonable degree of  accuracy. 


