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

A t  t h e  Thermal I n s u l a t i o n  Laboratory r e s e a r c h  a c t i v i t i e s  rela- 

t i n g  t o  s o l a r  r a d i a t i o n  have taken  p l a c e  s i n c e  1960. I n  t h e  

pe r iod  1961-1967 r e g i s t r a t i o n  h a s  been made o f  t h e  t o t a l  and 

d i f f u s e  s o l a r  r a d i a t i o n  through double  g l az ing .  I n  t h e  pe r iod  

1964-1972 t h e  r e s e a r c h  has  mainly d e a l t  wi th  t h e  problems t o  

avoid  o v e r h e a t i n g  i n  modern b u i l d i n g s  wi th  l a r g e  windows caused 

by s o l a r  r a d i a t i o n .  

S ince  medio 1972 p re l imina ry  s t u d i e s  have been under taken re- 

gard ing  t h e  p o s s i b i l i t i e s  of  a  p r o j e c t  f o r  s o l a r  h e a t i n g  o f  

b u i l d i n g s  under t he  c l i m a t i c  c o n d i t i o n s  i n  Denmark. The p r o j e c t  

was s t a r t e d  i n  August 1973 and i s  expected t o  have a  d u r a t i o n  

of 3 y e a r s .  The p r o j e c t  w i l l  among o t h e r  t h i n g s  i nc lude  measure- 

ments on an exper imenta l  house h e a t e d  by s o l a r  energy.  

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

e n g i n e e r s  and two a s s o c i a t e d  p r o f e s s o r s  under t h e  d i r e c t i o n  o f  

p r o f e s s o r  V .  Korsgaard . 
The p r o j e c t s  a r e  mainly f inanced by t h e  Danish Council  f o r  Scien- 

t i f i c  and I n d u s t r i a l  Research.  



l ,  Data f o r  s o l a r  r a d i a t i o n  

A d a t a  c o l l e c t i o n ,  t h e  "Reference  Year",  e s p e c i a l l y  s u i t e d  

f o r  computer ized  c a l c u l a t i o n s ,  h a s  been deve loped  w i t h i n  

t h e  l a s t  two y e a r s  [ l] a 

The "Reference  Yearu  c o n t a i n s  8760 h o u r l y  v a l u e s  o f  tempera- 

t u r e ,  c l o u d s ,  s o l a r  r a d i a t i o n  and o t h e r  w e a t h e r  d a t a .  

An e x p e r i m e n t a l  house  c a l l e d  t h e  Zero Energy House h a s  been 

c o n s t r u c t e d  d u r i n g  t h e  s p r i n g  1975 on the e x p e r i m e n t a l  f i e l d  

a t  t h e  l a b o r a t o r y  6 2 9 .  

The house  i s  d e s i g n e d  and c o n s t r u c t e d  i n  s u c h  a way t h a t  it 

c a n  b e  h e a t e d  a l l  w i n t e r  w i t h o u t  any " a r t i f i c i a l "  e n e r g y  

s u p p l y ,  t h e  main h e a t  s o u r c e  b e i n g  s o l a r  e n e r g y ,  

With energy  c o n s e r v a t i o n  a r rangements ,  such  as h i g h - i n s u l a t e d  

c o n s t r u c t i o n s  (30-40 c m  m i n e r a l  wool i n s u l a t i o n ) ,  mobi le  

i n s u l a t i o n  o f  t h e  windows and h e a t  r e c o v e r y  i n  t h e  v e n t i l a -  

t i n g  sys tem,  t h e  t o t a l  h e a t  r e q u i r e m e n t  f o r  t h e  house  i s  

c a l c u l a t e d  t o  2300 kWh p e r  y e a r .  

With a  h e a t  r e c o v e r y  u n i t  i n s t a l l e d  i n  t h e  h o t  w a t e r  sys tem,  

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

t o  2700 kWh p e r  y e a r .  

For  a  t y p i c a l ,  w e l l  i n s u l a t e d ,  o n e - s t o r i e d ,  one-family  house  

b u i l t  i n  Denmark, t h e  c o r r e s p o n d i n g  h e a t  r e q u i r e m e n t  f i g u r e s  

a r e  15,000 kWh f o r  s p a c e  h e a t i n g  and 7,000 kWh f o r  h o t  w a t e r  

s u p p l y  

The s o l a r  h e a t i n g  sys tem i s  dimensioned t o  c o v e r  t h e  h e a t  

r e q u i r e m e n t  and t h e  h o t  w a t e r  s u p p l y  f o r  t h e  Zero Energy 



Mouse during the whole year on the bas is  of the weather 

data in the "Reference Yearn8, 

The solar  heating system consists of a 42 .m2 flat-plate 

solar collector, a water storage t ank  with a capacity of 

30 m3 a d  a heat distribution system. 

A computer progrm is developed %s simulate the system con- 

sisting of a flat-plate solar collector, water-acc%%%nulators 

and the heat consmption for space heating and for domestic 

hot water under the climatic conditions in Dewark, 

hether computer progranrurne is developed ts simulate the per- 

formance of a solar heating system working togeaer with. a 
heat p u p ,  

\ 

It will be investigated if it is possible ts freeze a part 

~f the water in the acceamulator tank using a heat pump and 

-then utilize the melting heat. For "eBaawing %he ice is used 

energy from the so la r  collector, 

On the basis of t he  analysis of ths systems men,tioned &ove, 

it will be tried to m a k e  some practical rules f o r  an optimum 

dimensioning of solar heating systems mder the climatic 

conditions in Demark . 

As an attempt $a reduce the heat Isss of the solar collector, 

a project has been started to make a study an. the use of a 

concentrating solar collector for heating of water, A proto- 

type has been designed and is under construction, 



5 ,  -- F l a t - p l a t e  s o l a r  P- c o l l e c t o r  f o r  a i r  h e a t i n g  

A s  an  a l t e r n a t i v e  t o  wa te r ,  t h e  u se  o f  a i r  a s  heat-absorbing 

medium has  been i n v e s t i g a t e d ,  

A mnodel a f  a s o l a r  c o l l e c t o r  i s  i n s t a l l e d  on t h e  roof  of  t h e  

exper imenta l  h a l l ,  and measurements have taken p l a c e  d u r i n g  

the s p r i n g  1 9 7 5  [ 3 ] ,  

6 ,  t o r a g e  i n  rocks  

I n  connec t ion  wi th  t h e  use  o f  a i r  as heat-absorbing medium, 

p re l imina ry  s t u d i e s  have t aken  p l a c e  about  t h e  u se  o f  rock- 

beds a s  heat-accumulator  [4 ], 

7 .  a r  c o l l e c t o r  f o r  h e a t i n g  o f  wate r  

On b a s i s  of Qae computer model mentioned abave under p o i n t  3 ,  

t h e r e  w i l l  be  made a d e t a i l e d  computerized i n v e s t i g a t i o n  of 

'che e f f i c i e n c y  o f  a f l a t - p l a t e  s o l a r  c o l l e c t o r .  The purpose 

o f  t h i s  p r o j e c t  i s  t o  c o n s t r u c t  an optimum f l a t - p l a t e  s o l a r  

c o l l e c t o r  under t h e  c l i m a t i c  c o n d i t i o n s  i n  Denmark. 

8 .  Performance o f  an a r t i f i c i a l  sun f o ~  t e s t i n g  

To t e s t  t h e  performance of  d i f f e r e n t  s o l a r  c o l l e c t o r s  i p  

t h e  experimental .  h a l l ,  an  a r t i f i c i a l  sun w i l l  be c o n s t r u c t e d  

i n  co-opera t ion  wi th  t h e  I l l u m i n a t i n g  Engineering Laboratory.  

9 .  I n s u l a t i o n  of  h e a t  accumulators 

I n  Denmark the h e a t  accumulators a r e  a ve ry  impor tan t  p a r t  

of  t h e  so l a r  h e a t i n g  system, Therefore  it i s  necessary  t o  

make o u t  a very e f f i c i e n t  way t o  i n s u l a t e  t h e  accumulators .  



A p r o j e c t  w i l l  be  s t a r t e d  t o  s tudy  unconvent ional  i n s u l a -  

t i o n  methods. An example i s  "vacuum i n s u l a t i o n "  around 

t h e  t a n k ,  The evacuated space  i s  f i l l e d  w i th  powder o r  

m u l t i - l a y e r  r e f l e c t i v e  i n s u l a t i o n .  

1 0 .  

I n  connec t ion  wi th  the use  of a i r  a s  heat-absorbing medium, 

heat-accumulat ing systems a s  e u t e c t i c  s a l t  phase change 

mediums w i l l  be  s t u d i e d ,  

The p r o j e c t  w i l l  run i n  co-operat ion wi th  t h e  Phys ica l -  

Chemistry I n s t i t u t e ,  

11. 

A numerical  a n a l y s i s  i s  i n  p r e p a r a t i o n  t o  i n v e s t i g a t e  t h e  

p o s s i b i l i t y  of us ing  t h e  ground around a r e s e r v o i r  a s  an 

accumulating medium i n  a  s o l a r  h e a t i n g  system, where unin- 

s u l a t e d  wa te r  r e s e r v o i r s  a r e  placed i n  t h e  ground. 

The p r o j e c t  i.s running i n  co-operat ion w i t h  t h e  I n s t i t u t e  

f o r  Numeri-cal Analys i s .  

I n t e r n a t i o n a l  co-opera t ion  

The work wi th  t h e  s o l a r  h e a t i n g  r e sea rch  p r o j e c t s  t a k e s  p l ace  

i n  c l o s e  co-opera t ion  wi th  r e s e a r c h  groups i n  o t h e r  c o u n t r i e s .  

The l a b o r a t o r y  p a r t i c i p a t e s  i n  t h e  fo l lowing  i n t e r n a t i o n a l  co- 

o p e r a t i o n s  concerning s o l a r  h e a t i n g  of b u i l d i n g s :  

CCMS Energy Conservat ion 

a )  C l ima t i c  Condi t ions  and Reference Year (chairman: 

De.nmark ) 

CCMS S o l a r  Energy 

a )  Pro jcct Reporting Format Committee (chairman : USA) 

b )  ZE?L.O Energy House Exper t s  Group (chairman: Denmark) 



I n t e r n a t i o n a l  Energy Agency - Sola r  Energy R & D 

a )  Development of Solar  Beating, Cooling and Hot Water 

Supplying Systems (chairman : Denmark) 

b)  Thermal Performance Test ing of S o l a r  Co l l ec to r s  

(chairman : Gemany) 

c )  Inference  of I n s o l a t i o n  E a r m e t e r s  from Exis t ing  

Meteorological Records (chairman: Sweden) 

A Scandinavian 'section of I n t e r n a t i o n a l  S o l a r  Energy Socie ty  

is  a t  p r e s e n t  under p repara t ion ,  

The Danish Academy of Technical Sciences has  appointed a s o l a r  

energy group w i t h  p a r t i c i p a n t s  from t h e  u n i v e r s i t y  research  group, 

from consu l t ing  engineers  and a r c h i t e c t  companies, from s o l a r  

hea t ing  system manufactoring companies and from o t h e r  i n t e r e s t e d  

o rgan i sa t ions  and i n d i v i d u a l  persons,  

The main purpose of- the appointment of  t h e  group i s  t o  have a 

forum f o r  exchange of information. 
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