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ABSTRACT 

The paper describes the performance of the Zero Energy House 

project during the period 1976-77. With energy conservation 

arrangements such as high-insulated constructions, mobile in- 

sulation of the windows and heat recovery in the ventilating 

system the heat requirement for space heating was calculated 

to 2300 kWh per year. During the winter period 1976/77 the 

heat requirement, however, was measured to 5800 kWh. The main 

reason for this difference is an unintentional infiltration 

and a bigger rate of mechanical ventilation than originally 

calculated. The solar heating system consists of a 42 m 2 

flat-plate solar collector and a seasonal water storage tank 

with a capacity of 30 m3. This system was dimensioned to cover 

the heat requirement for space heating and hot water supply 

during the whole year. Due to a very small amount of solar 

radiation last winter and due to the bigger heat requirement 

for space heating, the solar heating system has covered only 

about 43% of the heat requirement. 

Paper presented at 

1st German Solar Energy Forum 26.-28. September 1977, Hamburg. 



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

During t h e  s p r i n g  1975 a  one- fami ly ,  o n e - s t o r y ,  e x p e r i m e n t a l  

house ,  t h e  Zero Energy House, h a s  been c o n s t r u c t e d  a t  t h e  Tech- 

n i c a l  U n i v e r s i t y  o f  Denmark. 

The i n s t a l l a t i o n  o f  t h e  measur ing  equipment  was f i n i s h e d  i n  

December 1975,  

During t h e  w i n t e r  1975/76 t h e  house  ; , a s  been o c c u p i e d  p e r i o d i -  

c a l l y  by members from t h e  r e s e a r c h  group .  

S i n c e  October  1976 t h e  house  h a s  been o c c u p i e d  by a  t y p i c a l  Da- 

n i s h  f a m i l y :  Two a d u l t s  and two c h i l d r e n  a t  s c h o o l .  

The measurements  w i l l  c o n t i n u e  d u r i n g  t h e  w i n t e r  p e r i o d  1977/78 

w i t h o u t  o c c u p a t i o n .  A f t e r  t h i s  p e r i o d  t h e  house  w i l l  be used  a s  

a  g u e s t  house  f o r  t h e  Technical U n i v e r s i t y .  

D e s c r i p t i o n  of  t h e  b u i l d i n g .  

The house  i s  d e s i g n e d  a s  two d w e l l i n g  u n i t s  o f  60 mL e a c h ,  sepa-  
2 r a t e d  by a  g l a s s - r o o f e d  a t r i u m  o f  7 0  m . The a t r i u m  is  n o t  

h e a t e d ,  b u t  i t  i s  p r o t e c t e d  a g a i n s t  wind and  r a i n ,  and t h e r e f o r e  

i t  may be  u s e d  a s  a  p a r t  o f  t h e  l i v i n g  a r e a  a t  d a y  t i m e  d u r i n g  

t h e  main p a r t  o f  t h e  y e a r .  

The two d w e l l i n g  u n i t s  a r e  c o n s t r u c t e d  o f  p r e f a b r i c a t e d  u n i t s  

w i t h  30 cm o f  m i n e r a l  wool i n  t h e  w a l l s  and 40 cm o f  m i n e r a l  

wool i n  t h e  r o o f  and i n  t h e  f l o o r .  

The windows a r e  p r o v i d e d  w i t h  two l a y e r s  o f  g l a s s  and w i t h  i n s u -  

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

n i g h t .  The windows f a c i n g  s o u t h  a r e  f u r t h e r m o r e  p r o v i d e d  w i t h  

a  s u n  s h a d i n g  d e v i c e .  

Hea t  r e c o v e r y  equipments  a r e  i n s t a l l e d  i n  t h e  v e n t i l a t i n g  s y s t e m  

w i t h  a n  e f f i c i e n c y  o f  80% and i n  t h e  w a s t e  w a t e r  sys tem w i t h  a n  

e f f i c i e n c y  o f  50%.  

The s o u t h  f a c i n g  u p p e r  v e r t i c a l  p a r t  o f  t h e  a t r i u m  c o n t a i n s  a  

f l a t - p l a t e  s o l a r  c o l l e c t o r  o f  42 m 2 .  The s o l a r  c o l l e c t o r  i s  con- 

n e c t e d  t o  a  w a t e r  s t o r a g e  t a n k  of  30 m3 b u r i e d  i n  t h e  g round  

j u s t  o u t s i d e  t h e  a t r i u m .  

F i g u r e  1 The Zero  Energy House. 

D e s c r i p t i o n  o f  t h e  measurement sys tem.  

The measurement  s y s t e m  is  d i v i d e d  i n t o  5 s e c t i o n s :  

Analoge measurements  i n  t h e  house  ( i n d o o r  t e m p e r a t u r e s ,  tempera-  

t u r e s  o n  t h e  windows and i n s u l a t e d  s h u t t e r s ,  t e m p e r a t u r e s  i n  

t h e  h e a t  r e c o v e r y  s y s t e m ) .  

D i g i t a l  measurements  i n  t h e  house  (opening  o f  windows and  d o o r s ,  

o p e r a t i n g  o f  i n s u l a t i n g  s h u t t e r s ,  h e a t  f l o w  meas t rements ,  o p e r a -  

t i n g  h o u r s  o f  t h e  h e a t i n g  u n i t s ) .  

Analoge measurements  i n  t h e  s o l a r  h e a t i n g  s y s t e m .  ( t e m p e r a t u r e  

i n  t h e  s o l a r  c o l l e c t o r  and  t h e  s t o r a y e  t a n k ) .  

D i g i t a l  measurements  i n  t h e  s o l a r  h e a t i n g  s y s t e m  ( h e a t  f l o w  mea- 

s u r e m e n t s ,  o p e r a t i n g  h o u r s  o f  s o l a r  c o l l e c t o r ) .  

M e t e o r o l o g i c a l  measurements  ( o u t d o o r  t e m p e r a t u r e ,  s o l a r  r a d i a -  

t i o n  on a  v e r t i c a l  and h o r i z o n t a l  s u r f a c e ) .  

The measurements  a r e  r e g i s t e r e d  by a  S o l a r t r o n  D a t a l o g g e r  w i t h  

70 c h a n n e l s .  



The channels registrating the operat.ion of the solar heating sy- 

stem and the meteorological data are scanned each 10 min., the 

other channels are scanned each hour. 

Energy consumption~fn~ space heating. 

With the enerqy conservation equipments: High-insulated construc- 

tions, mobile insulation of the windows and heat recovery in the 

ventilating system, the heat requirelner~t for space heating has 

been calculated to 2300 kWh in the Danish Reference Year. 

During the winter term October 1, 1976 till May 31, 1977 the 

heat requirement for space heating has been about 5800 kWh, more 

than twice as great as ~riqi~jally calculated. 

Among other things t11rs is due to the fact 

1) that the house has not been as tight as assumcd (infiltration 

is measured to 0.15 air change/hour against assumed 0.03 air 

change/hour). This is about 10% of the difference between 

calculated and measured energy requirement. 

2) that the mechanical amount of ventilation has been greater 
3 

than assumed (240 m /h through all 24 hours against assumed 
3 

100 m3/h during the night and 200 m /h during the day). 

The degree of heat recovery in the ventilation system has 

been about 0.7 against assumed 0.85. This is totally about 

60% of the difference between calculated and measured energy 

consumption. 

3) that the transmission loss among other things through the 

shutters has been greater than calculated. 

From the continuous registration of the indoor temperature and 

the outdoor temperature and from periodical nieasurelncnts of the 

heat loss by transmission and heat loss by ventilation, a spe- 

cified heat balance is calculated for the period October 1976 

till June 1977: 

Heat loss by transmission 

Heat loss by ventilation 

Heat supply from 1, rsons 1600 kWh 

Heat supply from ell ctric lighting etc. 4700 kWh 

Solar heat gain throuyli windows 1900 kWh 

Supply from the solar enerqy system 2500 kWh 

10700 kWh 
Necessary auxiliary electric heat supply 3300 kWh 

Efficiency of mohile insulation. 

The U-value for windows with shutters was originally calculated 

to 0.4 w/m2.0c. 

Vindue. Oprtelt. vandret og lodret mit.  Window with shutter. Front view. horizontal and venicai lsction 

Figure 2. 



The U-value f o r  t he  o u t s i d e  windows wi th  s h u t t e r s  has  been mea- 

sured  t o  0.9 w/rn2.0c. This  d i f f e r e n c e  i s  due t o  thermal b r idges  

i n  t h e  c o n s t r u c t i o n  altd t o  v e n t i l a t i o n  i n  t h e  space  between win- 

dows and s h u t t e r s  because o f  an i n s u f f i c i e n t  t i g h t n e s s .  

The U-value f o r  t h e  windows and s h u t t e r s  f a c i n g  t h e  a t r ium has  

been measured t o  0.5 w/m2.0c .  I n  t h i s  c a s e  t h e  s h u t t e r s  a r e  c lo -  

sed  wi th  magnetic l o c k s ,  and t h e r e f o r e  t h ~ ,  a i r  t i g h t n e s s  is very  

h igh ,  and t h e  thermal b r idges  a r e  reduced e s s e n t i a l l y .  

Energy consumption f o r  h o t  water  supply .  

I n  t h e  c a l c u l a t i o n s  of t h e  h e a t  ba lance ,  it was assumed t h a t  t h e  

amount of h o t  water  supply was 350 l i t e r  p e r  day a t  43O C cor-  

responding to .  420 kWh p e r  month. 

I t  was fur thermore  assumed that. t h e  h e a t  recovery  equipment i n  

t h e  waste water  system had an e f f i c i e n c y  of 50%. Therefore  t h e  

amount of energy f o r  h o t  water  supply should  n o t  exceed 210 kWh 

p e r  month. 

Due t o  problems wi th  t h e  f i l t e r  i n  t h e  h e a t  recovery  equipment 

it has  n o t  been i n  o p e r a t i o n  du r ing  t h e  p a s t  w i n t e r  p e r i o d ,  and 

t h e  h o t  water  supply was assumed t o  420 kWh p e r  month, t o t a l l y  

4200 kWh f o r  thel0-months pe r iod ,  t h e  house has  been occupied.  

The a c t u a l  amount of  h o t  water  supply i n  t h i s  pe r iod  has  been 

measured t o  3000 kWh, corresponding t o  220 l i t e r  p e r  day a t  5 3 O ~  

( o r  290 l i t e r  p e r  day a t  43O C ) .  

I n  t h e  beginning o f  t h e  pe r iod ,  October 1976, i t  was c l e a r ,  

t h a t  t h e  h e a t  requi rement  f o r  space  h e a t i n g  would be g r e a t e r  

than  c a l c u l a t e d ,  and t h e r e f o r e  t h e  s o l a r  energy system would n o t  

be a b l e  both  t o  supply t h e  space  hea t ing  requi rement  t o t a l l y  and 

t h e  h o t  water  supply t o t a l l y .  Therefore  it was decided t o  cover  

t h e  h o t  water  supply t o t a l l y  wi th  e l e c t r i c i t y  dur ing  t h i s  w i n t e r  

pe r iod .  From May 1977 t h e  s o l a r  energy system again  has  covered 

t h e  h o t  water  supply t o t a l l y .  

The s o l a r  energy system. 

The s o l a r  energy system c o n s i s t s  of a  f l a t - p l a t e  s o l a r  c o l l e c -  

t o r ,  a  h e a t  s t o r a g e  tank and a  h e a t  d i s t r i b u t i o n  system. 

The s o l a r  energy system is  dimensioned on t h e  b a s i s  of  t h e  f o l -  

lowing c r i t e r i a :  

1. For a r c h i t e c t u r a l  r easons ,  i t  was decided t h a t  t h e  a r e a  o f  

t h e  f l a t - p l a t e  c o l l e c t o r  should  n o t  exceed 42 m L  (12 m long 

and 3.5 m h i g h ) ,  and t h a t  t h e  c o l l e c t o r  should  be v e r t i c a l .  

2. Because t h e  system i s  used a l s o  f o r  h o t  water  supply ,  t h e  

tempera ture  i n  t h e  s t o r a g e  t ank  must n o t  be lcwer - than  43O C .  

3. With t h e  a r e a  of t h e  c o l l e c t o r  f i x e d  a t  42 m L ,  t h e  accumula- 

t o r  should  be dimensioned i n  such a  way t h a t  t h e  s o l a r  energy 

system is  a b l e  t o  cover  t h e  h e a t  requi rement  f o r  t h e  house on 

Figure  3  



t h e  b a s i s  o f  t h e  "Reference Year" and t h e  h o t  wa te r  supply .  

The s o l a r  c o l l e c t o r .  

The c o l l e c t o r  i s  of t h e  f l a t - p l a t e  t ype .  The abso rbe r  i s  a  r o l l -  

bond s t e e l  r a d i a t o r  pa in t ed  wi th  o rd ina ry  carbon blac!. p a i n t ,  

i n s u l a t e d  on t h e  back wi th  25 cm of minera l  wool. The f r o n t  o f  

t h e  c o l l e c t o r  is  s t anda rd  he rme t i ca l ly  s e a l e d ,  double pa ins  

framed i n  s t e e l  b a r s ,  and s e a l e d  wi th  a  mas t i c .  

SOLAR COLLECTOR 1:5 ~i H ~ I L A L  rinjr 

Figure  4 

Under t h e  wors t  cond i t ions  which means no water  c i r c u l a t i n g  

through t h e  absorber  p l a t e s  and c l e a r  sunshine  a lmost  perpendi-  

c u l a r  t o  t h e  c o l l e c t o r ,  t h e  tempera tures  i n  t h e  c o l l e c t o r  a r e  

very  h igh.  

On a  sunny day i n  February 1975 t h e s e  c o n d i t i o n s  occur red .  The 
0 

tempera ture  was measured t o  140 C on t h e  abso rbe r ,  120° C on 

t h e  i n n e ~  g l a s s  and 60° C on t h e  o u t e r  g l a s s .  Due t o  t h i s  tempe- 
0 

r a t u r e  d i f f e r e n c e  on 60 C between t h e  i n n e r  and o u t e r  g l a s s  t h e  

i n n e r  g l a s s  was broken i n  a lmost  25% of t h e  c o l l e c t o r  a r e a .  

Therefore  it i s  very  impor tant ,  t h a t  t h e  cover  g l a s s  i s  mounted 

i n  such a  way t h a t  it i s  p o s s i b l e  f o r  t h e  g l a s s  t o  move under 

t h e  varying tempera tures .  Maybe it w i l l  be a  b e t t e r  s o l u t i o n  t o  

use  2 s i n g l e  l a y e r s  of g l a s s  i n s t e a d  of a  he rme t i ca l ly  s e a l e d  

double pane. 

The accumulator.  

The a c c u m u l a t ~ r  i s  des igned a s  a  c y l i n d r i c a l  s t e e l  t ank ,  2 .5  m 

i n  d iameter  and 6.5 m long wi th  a  volume of 30 m3. The tank i s  

i n s u l a t e d  wi th  60 cm of minera l  wool. The ground wa te r  l e v e l  is 

f a r  below t h e  tank bottom. To p reven t  r a i n  water  from penet ra-  

t i n g  t h e  i n s u l a t i o n ,  an earth-covered roof i s  b u i l t  on t h e  t o p  

of t h e  i n s u l a t i o n  sepa ra t ed  by a  mechanica l ly  v e n t i l a t e d  a i r  

space .  

A 400 l i t res  s t o r a g e  tank f o r  t h e  domestic h o t  wa te r  i s  b u i l t  

i n t o  t h e  accumulator.  

The h e a t  c o n d u c t i v i t y  c o e f f i c i e n t  f o r  t h e  mine ra l  wool i s  

0.044 w / m e O c ,  and i t  i s  assumed t h a t  i n  t h e  c a l c u l a t i o n s  of t h e  

h e a t ' l o s s  t h e  tempera ture  of t h e  surroundings  ( t h e  ground) i s  

c o n s t a n t l y  15O C.  

The h e a t  l o s s  i s  then  c a l c u l a t e d  t o  5 .8( t4-15)  Watt ,  where t4 

i s  t h e  a c t u a l  tempera ture  i n  t h e  accumulator.  

I n  t h e  f i r s t  y e a r  of  o p e r a t i o n ,  however, t h e  h e a t  l o s s  has  been 

about  twice  a s  b i g  a s  c a l c u l a t e d .  The cover  of t h e  400 l i t r e s  

s t o r a g e  tank h a s  been l e a k i n g  due t o  tempera ture  changes,  and 

t h e  surrounding i n s u l a t i o n  g o t  wet. For  t h i s  reason we must 

warn a g a i n s t  b r i n g i n g  a  s i m i l a r  system under p r e s s u r e  b e f o r e  t h e  

h i g h e s t  tempera tures  have reached,  and t h e  b o l t s  of  t h e  Lover 

have been t i g h t e n e d  once more. 



F i g u r e  5 .  The a c c u m u l a t o r  i s  i n s u l a t e d  w i t h  60 cm o f  m i n e r a l  

wool .  

U t i l i z e d  s o l a r  e n e r g y .  

The s o l a r  h e a t  g a i n  d u r i n g  t h e  p e r i o d  August  1, 1976 till J u l y  31,  

1977 h a s  o n l y  been  a b o r  65% o f  t h e  s o l a r  h e a t  g a i n  d u r i n g  t h e  

c o r r e s p o n d i n g  p e r i o d  i n  t h e  R e f e r e n c e  Year .  

The t o t a l  s o l a r  h e a t  g a i n  on t h e  v e r t i c a l  s u r f a c e  f a c i n g  s o u t h  
2 

( t h e  e f f e c t i v e  a r e a  i s  38 m h a s  i n  t h e  p e r i o d  been  26980 kWh 
2 2  

(710 kWh/m ) compared t o  40800 kWh (1070 kwH/m ) i n  t h e  R e f e r e n c e  

Year .  

The u t i l i z e d  s o l a r  e n e r g y  i n  t h i s  p e r i o d  is  measured t o  5600 kWh 

(21% o f  t h e  s o l a r  h e a t  g a i n ) .  

F o r  t h e  c o r r e s p o n d i n g  p e r i o d  o f  t h e  R e f e r e n c e  Year t h e  u t i l i z e d  

s o l a r  e n e r g y  i s  c a l c u l a t e d  t o  7300 kWh (18% o f  t h e  s o l a r  h e a t  

g a i n ) .  

The e f f i c i e n c y  o f  t h e  s o l a r  e n e r g y  s y s t e m  i s  measured a b o u t  3% 

h i g h e r  t h a n  c a l c u l a t e d  i n  t h e  R e f e r e n c e  Year .  I t  c o r r e s p o n d s  

w i t h  t h e  f a c t  t h a t  t h e  t e m p e r a t u r e  i n  t h e  s t o r a g e  t a n k  h a s  been  

l o w e r  i n  t h e  m e a s u r i n g  p e r i o d  t h a n  i n  t h e  R e f e r e n c e  Year .  

The e n e r g y  b a l a n c e  o f  t h e  s o l a r  h e a t i n g  s y s t e m .  

The o r i g i n a l l y  e n e r g y  b a l a n c e  c a l c u l a t e d  f o r  t h e  p e r i o d  August  1 

till J u l y  3 1  i n  t h e  R e f e r e n c e  Year:  

F i g u r e  6 .  S k e t c h  o f  t h e  a c c u m u l a t o r  b u r i e d  j u s t  o u t s i d e  t h e  

h o u s e .  

The amount o f  e n e r g y  i n  t h e  s t o r a g e  t a n k  

( c a l c u l a t e d  from o0 C )  p e r  August  I 2600 kWh (74O C )  

U t i l i z e d  s o l a r  e n e r g y  August-June 7300 kWh 

9900 kWh 

F o r  s p a c e  h e a t i n g  2300 kWh 

F o r  d o m e s t i c  h o t  w a t e r  2300 kWh 

Hea t  l o s s  f rom t h e  s t o r a g e  t a n k  2700 kWh 

7300 kWh 

The amount o f  e n e r g y  i n  t h e  s t o r a g e  t a n k  

p e r  J u l y  e l  i n  t h e  R e f e r e n c e  Year 2600 kWh (74O C )  



The measured energy  ba l ance  f o r  t h e  p e r i o d  August 1, 1976 till 

J u l y  31, 1977: 

The amount o f  energy  i n  t h e  s t o r a g e  t ank  

( c a l c u l a t e d  from o0 C) p e r  August 1, 1976 

U t i l i z e d  s o l a r  energy  i n  t h i s  p e r i o d  5600 kWh 

7940 kWh 

For space  h e a t i n g  2500 kWh 

For domestid h o t  w a t e r  300 kWh 

Heat  l o s s  from t h e  s t o r a g e  t ank  3000 kWh 

5800 kWh 

The amount o f  energy  i n  t h e  s t o r a g e  t ank  

p e r  J u l y  31, 1977 

The deg ree  o f  cove r ing  f o r  t h e  s o l a r  h e a t i n g  system. 

O N D J F M A M  

1976/77 

Heat  requi rement  f o r  space  h e a t i n g  

covered by s o l a r  energy  



Reactions from the occupants. 

During the summer period, the family in the house has used the 

atrium as a livingroom, which means that the useful livingspace 

is increased with 50%. 

The windows facing south are relatively small, and they are pro- 

vided with a sun shading device, which means that there have not 

been problems with high indoor temperatures on sunny days. 

It was very interesting to see if the family would feel comfor- 

table in this high-insulated, very tight house during the winter 

period. 

However the family has been very satisfied with the indoor cli- 

mate. The ventilation system has supplied the house with a suf- 

ficient amount of fresh air, and it has not at any moment been 

necessary opening the windows to ventilate the room. 

The only thing which is different by living in the Zero Energy 

House is to remember closing and opening the insulating shut- 

ters. 
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