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1.2 SOLAR HEATING DEVELOPMENTS IN  CANADA AND ABROAD 

J.R. Sasaki, D i v i s i o n  o f  B u i l d i n g  Research, Nat iona l  Research Counci l  o f  Canada, Ottawa 

ABSTRACT.- The paper reviews ongoing Canadian activities related to 
utilization of solar energy for heating buildings. These include the 
formation of the Solar Energy Society of Canada, Inc.; a study on the 
feasibility of solar heating in Canada conducted by the University of 
Waterloo; and the initiation of six solar-heating demonstration 
projects under the Canadian Urban Demonstration Program. New activi- 
ties reviewed are the $550,000 Federal funding program for encouraging 
solar heating in buildings; the forthcoming solar-heated Senior Citizen 
Home sponsored by the Province of Ontario; and the ongoing construction 
of privately-funded solar-heated homes. International activity on 
solar energy utilization is reviewed for comparison with the Canadian 
level of effort. 

S0MMAIRE.- Cette communication examine les activitgs canadiennes en 
cours ayant rapport 5 l'utilisation de l'gnergie solaire pour le 
chauffage des bltiments. Celle-ci comprend la formation de la Societg 
de 1'6nergie du Canada, inc.; une etude de la praticabilite du chauffage 
solaire au Canada men6e par l'universit6 de Waterloo; et le commencement 
de six projets de d6monstration du chauffage solaire 5 l'intgrieur 
"Canadian Urban Demonstration Program". Les nouvelles activitgs revisdes 
sont le programme de consolidation fGd&ral de $550,000 pour encourager 
le chauffage solaire dans les bftiments; de futur foyer pour personnes 
ag6es avec chauffage solaire subventionne par la province dlOntario; et 
la construction en cours de maisons au chauffage solaire financees par 
le secteur priv6. L'activite internationale de l'utilisation de 1'Energie 
solaire est revisee afin d'en faire la cornparaison avec le niveau 
d'effort canadien. 

The t r e n d  i n  Canada has been t o  r e l y  h e a v i l y  
on f o s s i l  f u e l s  and h y d r o - e l e c t r i c i t y  f o r  c u r r e n t  
energy needs, and on e l e c t r i c i t y  generated by 
coa l -burn ing thermal p l a n t s  and nuc lea r  r e a c t o r s  
f o r  f u t u r e  energy needs. I t  i s  argued by many, 
however, t h a t  renewable energy sources should be 
developed as poss ib le  a l t e r n a t i v e  s o l u t i o n s  t o  
ou r  f u t u r e  energy requirements.  A l t e r n a t i v e  
sources t h a t  can be used t o  generate power o r  
s imply  p rov ide  heat  i n c l u d e  geothermal, t i d a l ,  
biomass, wind and s o l a r .  Of these, s o l a r  energy 
shows the  most promise f o r  near- term a p p l i c a t i o n  
i n  b u i l d i n g s .  

FEASIBILITY OF SOLAR HEATING 

Solar -heat ing  f e a s i b i l i t y  have 
shown t h a t  t h e  most app rop r i a te  use o f  s o l a r  
energy i n  b u i l d i n g s  i s  as low-grade heat, f o r  
loads which tend t o  be un i f o rm  over  t h e  year,  and 
which c u r r e n t l y  use e l e c t r i c i t y .  Thus, serv ice-  
water hea t i ng  ranks as t h e  most app rop r i a te  use 
o f  s o l a r  energy i n  b u i l d i n g s .  I n  areas such as 
P.E.I. and Nova Sco t i a  w i t h  h i g h  e l e c t r i c a l  r a tes ,  
s o l a r  serv ice-water  hea t i ng  cou ld  become econom- 
i c a l  w i t h i n  a few years.  Space hea t i ng  w i t h  
s o l a r  energy, a l though more app rop r i a te  than space 
coo l i ng ,  w i l l  take somewhat longer  be fo re  i t  
becomes economical ly a t t r a c t i v e  f o r  most p a r t s  o f  

Canada. 

A l l  b u i l d i n g  types a r e  n o t  e q u a l l y  s u i t e d  
f o r  s o l a r  heat ing .  The s u i t a b i l i t y  o f  b u i l d i n g s  
f o r  s o l a r  hea t i ng  can be ranked as f o l l o w s :  

( i )  Medium-densi t y  dwe l l  ings,  such as l ow- r i se  
apartments and row housing u n i t s  would 
rank h igh  because o f  t he  low heat  l o s s  
pe r  d w e l l i n g  u n i t ;  t h e  economy o f  sca le  
o f  a shared hea t i ng  system; and a r e l a -  
t i v e l y  l a r g e  demand f o r  h o t  s e r v i c e  water.  

( i i )  Schools and h o s p i t a l s  w i t h  a r e l a t i v e l y  
l a r g e  demand f o r  ho t  s e r v i c e  water 
would a l s o  rank hiah. 

( i i i  ) S ing le- fami  l y  dwel i i n g s ,  h i g h - r i s e  apa r t -  
ment b u i l d i n g s  and l ow- r i se  comnercial  
b u i l d i n g s  w i t h  a demand p r i m a r i l y  f o r  
space heat ing ,  would rank nex t  i n  o rde r  
o f  s u i  t a b i  1 i t y .  

( i v )  Commercial b u i l d i n g s  t h a t  exper ience 
simultaneous heat ing  and c o o l i n g  demands 
a r e  more s u i t e d  f o r  mechanical heat -  
recovery  systems than f o r  s o l a r  hea t i ng  
systems. ( I f ,  however, a heat - recovery  
system w i t h  a heat  s torage u n i t  i s  i n -  
corpora ted i n  a b u i l d i n g ,  the  a d d i t i o n  o f  
a s o l a r  c o l l e c t o r  system becomes more 
economica l ly  a t t r a c t i v e . )  

The key ques t i on  rega rd ing  s o l a r  hea t i ng  



i s  where and when i t  w i l l  become economical ly 
a t t r a c t i v e  t o  use s o l a r  heat ing  systems i n  p lace 
o f  convent iona l  hea t i ng  systems. The f a c t o r s  
t h a t  determine f e a s i b i l i t y  a re :  t h e  c u r r e n t  cos t  
and the  r i s e  i n  cos t  o f  convent iona l  f ue l s ;  t h e  
i n i t i a l  and maintenance costs,  as w e l l  as the  l i f e ,  
o f  s o l a r  heat ing  systems; t h e  i n t e r e s t  on c a p i t a l ;  
and the a v a i l a b i l i t y  o f  s o l a r  energy. Some o f  the  
developments descr ibed i n  t h i s  paper w i l l  go a 
l ong  way toward answering where and when s o l a r  
hea t i ng  w i l l  become economic i n  Canada. U n t i l  
these answers a re  for thcoming, however, some 
guesses can be made on t h e  c u r r e n t  f e a s i b i l i t y  
o f  s o l a r  heat ing .  

I n  1975, a B u i l d i n g  Research Note on So la r  
Heat ing o f  Bu i l d i ngs  was prepared (4 ) ,  i n  which 
an example was g iven on t h e  c o s t  compet i t iveness 
o f  hea t i ng  a home i n  Ottawa w i t h  s o l a r  energy. 
The f o l l o w i n g  c h a r a c t e r i s t i c s  were used i n  t h e  
example: 

House 1 i v i n g  area = 140 m2 (1500 f t 2 )  
House heat - loss  c h a r a c t e r i s t i c  = 5.3 kW.hl°C-day 

(10,000 BtuI0F-day) 
House space-heat ing demand = 25,000 kW.h/year 

(85x106 B tu l yea r )  
Cost o f  e l e c t r i c a l  heat ing  (1975) = 1.55B/kW-h 

It was assumed t h a t  a s o l a r  hea t i ng  system 
w i t h  47 m2 (500 f t 2 )  o f  c o l l e c t o r s  cou ld  save 
h a l f  o f  the  purchased energy f o r  heat ing ;  t h a t  
i s ,  about $200 per  year .  With an es t imated 
present  worth f a c t o r  o f  20, t h e  maximum inves t -  
ment t h a t  cou ld  be j u s t i f i e d  f o r  a s o l a r  hea t i ng  
system was $4,000. 

I n  1976, an energy c o s t  o f  2&/kW-h seems 
more app rop r i a te  f o r  e l e c t r i c a l  heat ing,  and an 
investment o f  $5,000 cou ld  now be j u s t i f i e d  f o r  
the  s o l a r  hea t i ng  system. Consider, however, t h a t  
t h e  t o t a l  c o s t  o f  a system inc ludes c o l l e c t o r  
purchase, d e l i v e r y  and i n s t a l l a t i o n  costs;  p i p i ng ,  
pump, i n s u l a t i o n  and c o n t r o l  costs;  and heat  
s torage cost .  I t  i s  t h i s  t o t a l  c o s t  t h a t  cannot 
exceed $106/m2 o f  c o l l e c t o r .  Since t h e  purchase 
p r i c e  o f  t he  c o l l e c t o r  a lone i s  about $106/m2, 
a s o l a r  hea t i ng  system us ing commercial c o l l e c t o r s  
and normal c o n s t r u c t i o n  p r a c t i c e  would n o t  seem 
t o  be c o s t  compe t i t i ve  today. However, i n  a 
reg ion  where t h e  convent iona l  energy cos t  approach- 
es 4Q/kW-h, t he  s o l a r  a l t e r n a t i v e  would be much 
more a t t r a c t i v e .  

The economics o f  s o l a r  hea t i ng  i s  a l s o  im- 
proved w i t h  s i t e - f a b r i c a t e d  c o l l e c t o r s ,  us ing  
l o c a l  m a t e r i a l s  and f r e e  labour ,  t h a t  i s ,  t h e  "do- 
i t - y o u r s e l f "  approach. Th is  approach i s  q u i t e  
impor tant  today because i t  permi ts  t he  e a r l y  
i n t r o d u c t i o n  o f  s o l a r  heat ing  systems i n  Canada. 
The approach, however, may n o t  have a s i g n i f i c a n t  
i n f l u e n c e  on the  pene t ra t i on  o f  s o l a r  hea t i ng  i n t o  
the mass housing market. An i n d u s t r i a l  c a p a b i l i t y  
f o r  supp ly ing  f a c t o r y - f a b r i c a t e d  so la r -hea t i ng  
hardware would appear t o  be a necessary pre-  
r e q u i s i t e  f o r  s o l a r  hea t i ng  t o  have a l a r g e  impact 
on the  b u i l d i n g  i ndus t r y .  Much of t h e  c u r r e n t  
suppor t  f rom government i s ,  there fore ,  d i r e c t e d  
toward e s t a b l i s h i n g  such an i n d u s t r i a l  base. 

CANADIAN SOLAR ENERGY DEVELOPMENTS 

P r i o r  t o  1974, government-funded work on 
s o l a r  energy u t i l i z a t i o n  was v i r t u a l l y  non- 
e x i s t e n t .  So la r  energy research was l i m i t e d  t o  
t h a t  conducted by the  Brace Research I n s t i t u t e  o f  
McG i l l  U n i v e r s i t y  and by the U n i v e r s i t i e s  o f  
Toronto. Waterloo, Western Ontar io ,  Manitoba and 
B r i t i s h  Columbia. 

The o i l  c r i s i s  o f  1973 saw the con~n~encement 
o f  a number o f  a c t i v i t i e s  r e l a t e d  t o  energy 
research and development i n  Canada. The 
f o l l o w i n g  a re  some o f  t h e  a c t i v i t i e s  r e l a t e d  
d i r e c t l y  t o  the  development o f  s o l a r  energy as 
a v i a b l e  energy resource. 

( a )  So la r  Energy Soc ie ty  o f  Canada, Inc .  

The SESCI was formed i n  1974 by a number o f  
Canadians i n t e r e s t e d  i n  t he  f u t u r e  development 
o f  wind, biomass and s o l a r  energy. The Soc ie t y  
sponsored a conference i n  June 1975 i n  Ottawa 
on t h e  P o t e n t i a l  o f  So lar  Energy f o r  Canada; i t  
was a t tended by more than 400 people and 
Proceedings were publ ished. I n  August 1976, 
t he  Soc ie t y  co-sponsored the annual conference 
o f  t h e  American Sec t i on  o f  the  I n t e r n a t i o n a l  
So la r  Energy Soc ie ty  i n  Winnipeg. 

Membership i n  the  Soc ie ty  i s  an e x c e l l e n t  
way t o  keep informed o f  a c t i v i t y  r e l a t e d  t o  
s o l a r  energy i n  Canada. The Soc ie ty  pub l ishes 
p e r i o d i c  Newsle t te rs  which descr ibe  ongoing 
s o l a r  demonstrat ion p r o j e c t s  as w e l l  as f u t u r e  
funding programs. The Soc ie ty  has i t s  head- 
qua r te rs  i n  Winnipeg, Manitoba (Box 1353). and 
has r e g i o n a l  as w e l l  as l o c a l  Chapters across 
t h e  count ry .  

( b )  Federal  So la r  Energy Program 

I n  1974, an in terdepar tmenta l  government 
task group o u t l i n e d  a research and development 
program f o r  t he  e x p l o i t a t i o n  o f  s o l a r  energy. 
The program recommended l e v e l s  o f  spending by 
t h e  Federal  Government f o r  t h e  years up t o  
1980. The aims o f  t he  program were t o :  

( i )  develop a data  base f o r  the  r a t i o n a l  
des ign o f  s o l a r  hea t i ng  systems; 

( i i )  undertake a f e a s i b i l i t y  study t o  determine 
when s o l a r  heat ing  would become econom- 
i c a l l y  v i a b l e  i n  t he  var ious  reg ions o f  
Canada ; 

( i i i )  fund demonstrat ion p r o j e c t s  t o  s t i m u l a t e  
p u b l i c  i n t e r e s t  i n  s o l a r  heat ing ;  

( i v )  a s s i s t  u n i v e r s i t i e s  and the manufac tur ing  
i n d u s t r i e s  t o  develop c o s t - e f f e c t i v e  
s o l a r  hea t i ng  hardware i n  Canada; and 

( v )  a s s i s t  t he  development o f  economical 
thermal and pho tovo l t a i c  solar-power 
sys tems . 

E a r l y  i n  1976, funds were made a v a i l a b l e  by 
t he  Federal  Government t o  pursue the fo rego ing  
aims r e l a t e d  s p e c i f i c a l l y  t o  s o l a r  hea t i ng  o f  
b u i l d i n g s .  



P a r t  o f  t h i s  money i s  be ing used by t h e  
Atmospheric Environment Serv ice  o f  Environment 
Canada t o  f u l f i l l  t h e  f i r s t  aim. They w i l l  under- 
take t o  p rov ide  weather and s o l a r  r a d i a t i o n  data  
f o r  t he  major  urban cent res  i n  a fo rmat  usable by 
b u i l d i n g  hea t i ng  engineers.  T h i s  w i l l  i nvo l ve  a 
modest increase i n  the  number o f  weather s t a t i o n s  
measuring s o l a r  data, t h e  development o f  a method 
f o r  i n f e r r i n g  i n s o l a t i o n  data  f o r  areas w i t h  no 
measured s o l a r  data,  and t h e  development o f  a 
r e l i a b l e  method f o r  t r a n s l a t i n g  t h e  va lue o f  
s o l a r  r a d i a t i o n  f a l l i n g  on a h o r i z o n t a l  sur face 
i n t o  a va lue o f  r a d i a t i o n  f a l l i n g  on sloped 
surfaces. 

The remainder o f  t h e  money i s  suppor t ing  
s o l a r  work i n  t h e  p r i v a t e  sec to r .  I n  March 1976, 
t h e  D i v i s i o n  o f  B u i l d i n g  Research announced a 
fund ing program o f  $550,000 t o  s t i m u l a t e  pub1 i c  
and i n d u s t r i a l  i n t e r e s t  i n  s o l a r  heat ing .  The 
program cons i s t s  o f  f o u r  subprograms: 

(A) - c o n s t r u c t i o n  o f  so la r -hea t i ng  demonstrat ion 
b u i l d i n g s ;  

( 6 )  - mon i to r i ng  o f  so lar -heated bu i l d i ngs ;  
(C) - research on so la r -hea t i ng  hardware and 

systems; 
( D )  - commercial development o f  s o l a r  hardware and 

sys terns. 

Over 200 proposa ls  f rom companies, i n s t i t u t i o n s  
and i n d i v i d u a l s  were rece i ved  and reviewed. Con- 
t r a c t s  a r e  now be ing l e t  i n  p u r s u i t  o f  t h i s  
program. 

Subprogram A (demonstrat ion) w i l l  suppor t  
t he  c o n s t r u c t i o n  o f  14 so lar -heated houses across 
Canada. The program w i l l  demonstrate s o l a r  
space-heating systems us ing  commercial l y - a v a i  l a b l e  
hardware on new, s i ng le - fam i l y  homes l oca ted  i n  
housing developments. I n  subsequent years, i t  
i s  in tended t o  demonstrate space-heat ing as w e l l  
as serv ice-water  hea t i ng  s o l a r  systems i n  new 
and e x i s t i n g  m u l t i - u n i t  dwe l l i ngs ,  schools and 
commercial b u i l d i n g s .  S t i l l  l a t e r ,  s o l a r  space- 
coo l i ng  systems w i l l  be demonstrated. 

Subprogram B (mon i to r i ng )  i s  d i r e c t e d  pr imar-  
i l y  a t  developing and manufactur ing t h e  heat- f low 
meters f o r  mon i to r i ng  the  performance o f  t h e  
so la r -hea t i ng  systems be ing const ruc ted t h i s  year .  
A smal l  number o f  so lar -heated houses w i l l  a l s o  
be monitored, i n c l u d i n g  t h e  Mississauga and 
P rov iden t  s o l a r  houses. (These w i l l  be mentioned 
l a t e r . )  

Subprogram C ( research)  and D (development) 
w i l l  p rov ide  support  t o  manufacturers o f  s o l a r  
c o l l e c t o r s ,  heat  s torage u n i t s ,  and space and 
serv ice-water  hea t i ng  systems. Support  w i l l  a l s o  
be g i ven  t o  companies and i n s t i t u t i o n s  f o r  
research on new designs f o r  c o l l e c t o r s  and s torage 
u n i t s ,  s e l e c t i v e  absorber coat ings ,  and co r ros ion  
s tud ies ;  and f o r  p repa ra t i on  o f  gu ide l i nes  on 
the c o n s t r u c t i o n  o f  crushed-rock heat s torage 
u n i t s  and s o l a r  a i r - h e a t i n g  systems. 

(c) Waterloo F e a s i b i l i t y  Study 

Another a c t i v i t y  i n i t i a t e d  i n  response t o  t he  
So la r  Energy Program i s  a f e a s i  b i  1 i t y  study on 
s o l a r  hea t i ng  o f  b u i l d i n g s  i n  Canada, undertaken 
by t h e  U n i v e r s i t y  of Waterloo. The f i r s t  phase 
o f  t he  study was the development o f  s u i t a b l e  
computer programs f o r  s imu la t i ng  the  behaviour 
o f  s o l a r  space-heating systems us ing  a i r  o r  
water  as the  heat  t r a n s p o r t  medium. The second 
phase i nvo l ves  t h e  use o f  these programs t o  
determine f e a s i  b i  1 i t y  o f  s o l a r  hea t i ng  i n  seven 
c i t i e s :  Freder ic ton,  Montreal ,  Ottawa, Toronto, 
Winnipeg, Edmonton and Vancouver. 

The f i r s t  phase o f  the  s tudy i s  completed 
and computer programs a r e  now a v a i l a b l e  f o r  
s imu la t i ng :  

- a system us ing  water,  w i t h  shor t - te rm heat  
storage, 

- a system us ing  water, w i t h  seasonal heat  
storage, and 

- a system us ing a i r ,  w i t h  shor t - te rm heat  
storage. 

The programs have been descr ibed i n  two r e p o r t s  
(5.6) prepared by Pro fessor  K.G.T. Hol lands 
and J.F. O r g i l l ,  and a r e  a v a i l a b l e  f rom the 
U n i v e r s i t y  o f  Waterloo, Waterloo, Ont. The 
s t reng ths  o f  these programs a r e  b r e v i t y ,  the  
a b i l i t y  t o  accept the  hea t i ng  l oad  p r o f i l e s  o f  
a v a r i e t y  o f  b u i l d i n g  types, and the  i n c l u s i o n  
o f  an economic eva lua t i on  subrout ine .  

The second phase o f  the s tudy i s  now i n  
progress.  I t  w i l l  a t tempt  t o  determine the  
economic v i a b i l i t y  o f  a i r  and water so la r -hea t i ng  
systems as a f u n c t i o n  o f :  

- b u i l d i n g  type ( i .e . ,heat ing  demand), 
- geographic l o c a t i o n  ( i  .e., hea t i ng  demand and 

s o l a r  a v a i l a b i l i t y ) ,  
- c o l l e c t o r  s ize,  l i f e  and cost,  
- thermal s torage s ize ,  l i f e  and cost,  
- convent iona l  energy cos ts ,  and t h e i r  annual 

esca la t i on ,  and 
- i n t e r e s t  r a t e  on c a p i t a l .  

The r e s u l t s  o f  t he  f e a s i b i l i t y  study, which 
should be a v a i l a b l e  near the  end o f  t he  year, 
w i l l  be u s e f u l  i n  i n d i c a t i n g  the  d i r e c t i o n  f o r  
subsequent s o l a r  demonstrat ion p ro jec t s .  It i s  
hoped t h a t  the  computer programs developed f o r  
t h i s  study w i l l  a l s o  be u s e f u l  as design a i d s  
f o r  b u i l d i n g  heat ing  engineers.  One o f  t he  
aims i n  mon i to r i ng  so lar -heated b u i l d i n g s  i s  t o  
eva luate  t he  wor th  o f  these programs. 

(d )  Canadian Urban Demonstrat ion Program 

A major  s o l a r - r e l a t e d  a c t i v i t y  begun i n  
1974 was the s h o r t - l i v e d  Canadian Urban Demon- 
s t r a t i o n  Program o f  the  M i n i s t r y  o f  S ta te  f o r  
Urban A f f a i r s .  Before  t h i s  program was termin-  
a ted  i n  mid-1975, i t  i n i t i a t e d  the f o l l o w i n g  s i x  
s o l a r  demonstrat ions which a r e  now i n  va r i ous  
stages o f  development. Funding f o r  these p r o j e c t s  
i n  1975 t o t a l  l e d  about $675,000. 



( i )  Gananoque So la r  House.- Th i s  i s  a r u r a l  
home w i t h  a 1 i v i n g  area o f  204 m2 l oca ted  near 
Kingston, Ontar io .  The s o l a r  space-heating system 
cons i s t s  o f  22 m2 o f  water -heat ing  c o l l e c t o r s  and 
a l a t e n t  heat  s torage u n i t .  The c o l l e c t o r s  a r e  
f a b r i c a t e d  o f  copper tubes w i t h  a non-se lec t ive  
absorber coat ing ;  two l aye rs  o f  t ransparent  
p l a s t i c  sheets a c t  as t h e  cover.  The heat  s torage 
u n i t  i s  made up o f  two tanks con ta in ing  2000 kg o f  
p a r a f f i n  wax. The water -g lyco l  s o l u t i o n  f l o w i n g  
through the  c o l l e c t o r s  t r a n s f e r s  i t s  heat  t o  t h e  
wax through heat  exchangers. The so la r -hea t i ng  
system w i l l  be a supplement t o  t h e  e l e c t r i c  
hydron ic  heat ing  system i n  t he  house. It i s  
expected t o  be ope ra t i ona l  be fo re  t h e  1976-77 
hea t i ng  season. The house and s o l a r  system were 
designed by Mr. G. A l l e n  o f  S t e l l a ,  Ontar io .  

( i i )  Mississauga So la r  House.- Th i s  i s  a 
suburban home w i t h  a l i v i n g  area o f  135 m2, l oca ted  
i n  Mississauga, Ontar io .  The so la r -hea t i ng  system 
cons i s t s  o f  64 m2 o f  water-heat ing c o l l e c t o r s ,  a 
sens ib le  heat  s torage u n i t  o f  23 m3 o f  water, and 
a w a t e r - t o - a i r  e l e c t r i c  heat  pump. So lar  energy 
i s  used t o  preheat  t he  se rv i ce  water and t o  heat  
t he  l i v i n g  space e i t h e r  d i r e c t l y  o r  through t h e  
heat  pump. Supplementary space and serv ice-water  
heat ing  i s  by e l e c t r i c i t y .  The c o l l e c t o r  i s  s i n g l e  
glazed and has a copper absorber w i t h  a s e l e c t i v e  
absorber coat ing .  Freezing i s  avoided i n  w i n t e r  
by d r a i n i n g  the water f rom t h e  c o l l e c t o r s  between 
per iods  o f  use. 

The so la r -hea t i ng  system i s  f u l l y  ope ra t i ona l  
and i t s  performance w i l l  be moni tored d u r i n g  t h e  
1976-77 hea t i ng  season. The house and system 
were designed by Messrs. Lorriman, Lee and 
Ferguson o f  Mississauga So lar  Demonstration P r o j e c t  
Ltd. ,  Toronto.  

( i i i )  Prov ident  So lar  House.- Th i s  i s  a 
suburban home w i t h  a l i v i n g  area o f  248 m2, l o c -  
a ted n o r t h  o f  King C i t y ,  Ontar io .  It attempts 
t o  s a t i s f y  100 p e r  cen t  o f  t h e  space hea t i ng  
demand w i t h  s o l a r  energy, by c o l l e c t i n g  and 
s t o r i n g  s o l a r  heat  d u r i n g  t h e  nonheat ing months 
f o r  use du r i ng  the hea t i ng  season. 

The s o l a r  space-heating system cons i s t s  o f  
67 m2 o f  water -heat ing  c o l l e c t o r s  and a sens ib le  
heat s torage u n i t  o f  274 m3 o f  water.  The c o l l e c -  
t o r  i s  s i n g l e  glazed and has a s t e e l  absorber w i t h  
a s e l e c t i v e  absorber coat ing .  Freez ing i s  avoided 
by d r a i n i n g  t h e  c o l l e c t o r s .  

Serv ice  water i s  preheated by a separa te  s o l a r  
system c o n s i s t i n g  o f  7.4 m2 o f  s ing le-g lazed copper 
c o l l e c t o r s  w i t h  a s e l e c t i v e  absorber coat ing .  The 
water -g lyco l  s o l u t i o n  f l o w i n g  through the  c o l l e c t -  
o rs  exchanges heat  w i t h  t h e  feed water through a 
heat exchanger. Supplementary hea t i ng  i s  by e lec -  
t r i c i t y .  

The demonstrat ion i s  now ope ra t i ona l ;  i t s  
performance wi  11 be moni to red du r i ng  the 1976-77 
hea t i ng  season. The house and s o l a r  heat ing  
systems were designed by Messrs. Hooper and H ix  
of  Env i roge t i cs  Ltd. ,  Toronto.  

( i v )  Housing f o r  Quebec I n d i a n  Communities.- 
The o r i g i n a l  i n t e n t  o f  t h i s  p r o j e c t  was t o  b u i l d  
four  d i f f e r e n t  houses t h a t  were app rop r i a te  f o r  
d i f f e r e n t  I n d i a n  communities. Var ious degrees o f  
freedom f rom convent iona l  b u i l d i n g  se rv i ces  were 
t o  be achieved by u t i l i z i n g  design fea tu res  such 
as so la r -hea t i ng  systems, wind power systems and 
composting t o i l e t s .  The house c a l l e d  t h e  "Cote 
Nord" p ro to t ype  i s  now completed; two o t h e r  p ro to -  
types, c a l l e d  t h e  "Waswanipi" and the "M is tass in i "  
w i l l  be completed l a t e r  t h i s  year .  

The "Cote Nord" p ro to t ype  has 98m2 o f  l i v i n g  
area; 47m2 o f  v e r t i c a l ,  a i r - h e a t i n g  s o l a r  c o l l e c t -  
ors;  and a sens ib le  heat  s torage u n i t  c o n t a i n i n g  
33 m3 o f  crushed rocks.  The double-glazed 
c o l l e c t o r s  have a cor rugated metal  absorber p l u s  a 
wire-mesh screen absorber, bo th  coated w i t h  non- 
s e l e c t i v e  p a i n t .  A f a n  t r a n s f e r s  heated a i r  from 
the  c o l l e c t o r s  t o  t h e  s torage u n i t  l oca ted  beneath 
t h e  house. Supplementary hea t i ng  i s  by wood s t o v e  
E l e c t r i c  power w i l l  be prov ided by a 6-kW wind 
tu rb ine .  Th is  house w i l l  be monitored du r i ng  the 
1976-77 hea t i ng  season. 

The "Waswanipi" p ro to t ype  has 203 m2 o f  
l i v i n g  area; 35 m2 o f  v e r t i c a l ,  a i r - h e a t i n g  s o l a r  
c o l l e c t o r s ;  and a sens ib le  heat  s torage u n i t  con- 
s i s t i n g  o f  7.7 m3 o f  water i n  p l a s t i c  b o t t l e s .  
The c o l l e c t o r s  a re  i d e n t i c a l  t o  t h a t  o f  t h e  "Cote 
Nord". Heated a i r  f rom t h e  c o l l e c t o r s  i s  t r ans -  
f e r r e d  t o  s torage by n a t u r a l  convect ion.  Supple- 
mentary hea t i ng  i s  by wood stoves. The house has 
no e l e c t r i c a l  power, b u t  water i s  pumped indoors  
by a smal l  w indmi l l .  

The l a r g e s t  of t he  t h ree  houses i s  t he  
"M is tass in i "  p ro to type.  It has 231 m2 o f  l i v i n g  
area and a v e r t i c a l  " s o l a r  w a l l " .  The " s o l a r  
w a l l "  combines the func t i ons  o f  c o l l e c t o r  and 
storage; i t  cons i s t s  o f  s t e e l  o i l  drums f i l l e d  
w i t h  s a l t  water  and pa in ted  b lack  on the s u n l i t  
face. A double-wal l  t ransparent  a c r y l i c  sheet 
separates t he  w a l l  f rom outdoors.  The heat  l o s s  
f rom t h e  s t e e l  drums t o  the  l i v i n g  space c o n s t i -  
t u t e s  space heat ing .  An i n s u l a t e d  c u r t a i n  can be 
drawn between the  drums and t h e  l i v i n g  space t o  
avo id  over-heat ing,  o r  i t  can be drawn between the  
drums and the  a c r y l i c  cover t o  min imize heat  l o s s  
f rom storage. The c o l l e c t o r  area i s  39 m2 and the  
volume o f  b r i n e  i n  t he  s t e e l  drums t o t a l s  9 m3. 
A separate s o l a r  heater  prov ides ho t  s e r v i c e  water. 
Supplementary hea t i ng  i s  by wood stoves. 

A l l  t he  houses i nco rpo ra te  some novel forms 
of energy-conserving and c o n s t r u c t i o n  techniques, 
such as preserved-wood foundat ions  w i t h  e x t e r i o r  
i n s u l a t i o n  f o r  water drainage; south- fac ing win- 
dows and greenhouses t o  augment space heat ing;  and 
e a r t h  berms f o r  added i n s u l a t i o n .  The p r o j e c t  was 
undertaken j o i n t l y  by t he  School o f  A r c h i t e c t u r e  
and t h e  Brace Research I n s t i t u t e  o f  McG i l l  Univer-  
s i t y ,  Montreal .  

( v )  Ark f o r  P.E.1.- Th is  i s  a f a m i l y - s i z e  
food, energy and housing complex t h a t  inc ludes 
s o l a r  heat ing ,  wind power generat ion,  greenhouse, 
f i s h  c u l t u r e  and l i v i n g  components. I t  i s  an ex- 
per iment i n  autonomous l i v i n g  as w e l l  as a demon- 
s t r a t i o n  o f  b i o log i ca l l y -ba lanced  r e a r i n g  o f  f i s h  
and p l a n t s  i n  an i n t e g r a t e d  system. The Ark i s  



l oca ted  a t  Spry Po in t  on Pr ince Edward Is land.  It The des ign fo r  the b u i l d i n g  and so lar -heat ing 
cons i s t s  o f  fmr separate spaces; l i v i n g  area - system was opened t o  compet i t i ve  b idd ing  and 56 
116 m2; aquaculture and greenhouse - 242 m2; labor -  proposals were received. The design submit ted by 
a t o r y  - 14 m2; and barn - 4 m2. Env i roget ics  L td .  o f  Toronto was selected. 

The food -cu l tu re  space has a south- fac ing 
t ransparent  r o o f  o f  double-wal l  a c r y l i c  sheets 
232 m2 i n  area. Pa r t  o f  t he  excess s o l a r  heat 
c o l l e c t e d  i n  t h i s  area i s  s to red  pass i ve l y  i n  t h e  
f i s h  ponds (86 m3 o f  water) ;  i n  add i t i on ,  the 
heated a i r  i s  c i r c u l a t e d  through a heat  storage 
u n i t  o f  90 m3 o f  crushed rock.  

The l i v i n g  area i s  heated by a so lar -heat ing 
system c o n s i s t i n g  o f  79 m2 o f  water-heat ing c o l l e c -  
t o r s  and a sens ib le  heat  s torage u n i t  o f  91 m3 o f  
water. The storage u n i t  i s  intended t o  p rov ide  a 
seasonal heat s torage and i s  segmented i n t o  th ree  
pa r t s .  The s ing le-g lazed c o l l e c t o r s  con ta in  a 
copper absorber w i t h  a s e l e c t i v e  absorber coat ing. 
Freezing i s  avoided by d ra in ing  the c o l l e c t o r s .  A 
separate s o l a r  heat ing system provides h o t  se rv i ce  
water. A wood stove provides supplementary heat-  
i ng .  

The p r o j e c t  w i l l  have th ree  wind tu rb ines  w i t h  
a t o t a l  power r a t i n g  o f  25 kW. When the e l e c t r i c -  
i t y  generated by the  tu rb ines  exceeds the  povter 
needs o f  t he  Ark, i t  w i l l  be fed  i n t o  the  P.E.I. 
e l e c t r i c a l  power g r i d .  

The Home w i l l  be a two-storey, energy- 
conserving b u i l d i n g  w i t h  about 550 m2 o f  l i v i n g  
area. The so lar -heat ing system w i l l  use seasonal 
heat  storage i n  an e f f o r t  t o  s a t i s f y  100 per  c e n t  
o f  t h e  space heat ing demand. The s o l a r  systefn 
wi 11 f e a t u r e  approximately 170 m2 o f  water-heat ing 
c o l l e c t o r s ,  r e f l e c t o r s  t o  augment s o l a r  heat  c o l -  
l e c t i o n ,  and a sens ib le  heat  storage u n i t  o f  about 
900 m3 o f  water. 

( f )  Shediac O f f i c e  B u i l d i n g  

The New Brunswick E l e c t r i c a l  Power Commission 
i s  proceeding w i t h  the  des ign and cons t ruc t i on  o f  
a s o l a r  heated b u i l d i n g  i n  Shediac, N.B. The 
b u i l d i n g  w i l l  have 650 m2 o f  o f f i c e  space and 
465 m2 o f  warehouse space. The so lar -heat ing sys- 
tem w i l l  f ea tu re  117 m2 o f  water-heat ing c o l l e c -  
t o rs ;  a sens ib le  heat storage u n i t  o f  18 m3 of 
water; and two wa te r - to -a i r  heat pumps. Supple- 
mentary heat ing w i l l  be w i t h  e l e c t r i c a l  res i s tance  
heaters.  The b u i l d i n g  i s  scheduled f o r  complet ion 
i n  1977. 

(g)  P r i v a t e  So lar  Homes 

The Ark, w i t h  the  except ion o f  t he  wind power I n  a d d i t i o n  t o  the solar-heated b u i l d i n g s  
system, should be ope ra t i ona l  f o r  the 1976-77 heat-  a l ready descr ibed the re  are  a number o f  s o l a r -  
i n g  season. The p r o j e c t  was undertaken by the heated homes i n  Canada which have been o r  are  
New Alchemy I n s t i t u t e  headed by Dr. J. Todd. being const ruc ted w i t h  p r i v a t e  funds. 

( v i )  So lar  Demonstration on Manitoba Legis- 
l a t i v e  Bu i ld ing. -  The aim o f  t h i s  demonstrat ion 
i s  t o  c rea te  p u b l i c  awareness about methods of 
c o l l e c t i n g  s o l a r  energy and i t s  a p p l i c a t i o n  as a 
supplementary heat source. Four c o l l e c t o r  arrays, 
each 23 m2 i n  area a r e  being mounted on the r o o f  o f  
t he  Manitoba L e g i s l a t i v e  B u i l d i n g  t o  compare the  
performance o f  f o u r  types o f  water-heat ing c o l l e c -  
t o r s .  The c o l l e c t e d  heat w i l l  be s tored i n  a p a i r  
o f  water tanks having a t o t a l  volume o f  27 m3 and 
w i l l  be used t o  heat the lower dome area of t he  
L e g i s l a t i v e  Bu i l d ing .  A water- to-water heat  pump 
wi 11 upgrade the energy from one tank t o  the  o ther .  

I n  summer, 46 m2 o f  co l  1 ec to rs  wi 11 be mounted 
h o r i z o n t a l l y  w i t h  t h e i r  t ransparent  covers removed. 
The heat ex t rac ted  from the lower dome area by the  
heat pump w i l l  be r e j e c t e d  t o  the n i g h t  sky through 
these c o l l e c t o r s .  

The demonstrat ion p r o j e c t  wi 11 be ope ra t i ona l  
i n  l a t e  1976 o r  e a r l y  1977. It i s  be ing undertaken 
j o i n t l y  by the  Departments o f  Pub l i c  Works, and 
Indus t r y  and Comnerce o f  Manitoba, and by the  
O f f i c e  o f  I n d u s t r i a l  Research o f  t h e  U n i v e r s i t y  o f  
Manitoba. 

(e )  On ta r i o  Senior C i t i z e n s  Home 

The prov ince o f  On ta r i o  i s  sponsoring the  
cons t ruc t i on  o f  a solar-heated Senior C i t i z e n s  Home 
near London, Ontar io .  The home w i l l  con ta in  t h i r t y  
l i v i n g  u n i t s  and w i l l  be const ruc ted i n  1977. 

The o ldes t  solar-heated home i n  Canada i s  
t h a t  b u i l t  i n  1971 by E. Hoffman near Vancouver. 
A so lar -heat ing system c o n s i s t i n g  o f  43 in2 of 
water-heat ing copper c o l l e c t o r s  and 3 m3 o f  water 
as the heat  s torage u n i t ,  p rov ide about 50 per  
cent  o f  the space-heating needs o f  a house w i t h  a 
l i v i n g  area o f  140 m2. 

Two o the r  so lar -heated houses have been b u i l t  
i n  B r i t i s h  Columbia w i t h i n  t h e  past  two years  by 
So lar  App l i ca t i ons  and Research Ltd.  o f  Vancouver. 
One house b u i l t  i n  Duncan, B.C. uses water-heat ing 
s o l a r  c o l l e c t o r s  o f  t he  " t r i c k l e "  type, developed 
o r i g i n a l l y  by H. Thomason, i n  which water i s  
t r i c k l e d  over t he  s u n l i t  absorber surface. The 
hea t i ng  system cons i s t s  o f  74 m2 o f  double-glazed 
c o l l e c t o r s  and 23 m3 o f  water as heat storage, and 
heats a home w i t h  140 m2 o f  l i v i n g  area. The 
second house, i n  White Rock, B.C., has an a i r -  
heat ing s o l a r  system i n  con junc t i on  w i t h  a 
crushed-rock heat  storage u n i t .  Heated a i r  i s  
t r a n s f e r r e d  from c o l l e c t o r  t o  storage by a fan. 

There are  a number o f  p r i va te l y - funded  s o l a r  
homes i n  Ontar io,  i n c l u d i n g  a t  l e a s t  two near 
Ottawa, one near Peterborough, one i n  Te r ra  Cotta,  
and one i n  t he  London area. One o f  t he  Ottawa 
houses (G. Mason) uses " t r i c k l e M - t y p e  water-  
heat ing c o l l e c t o r s  and a l a r g e  water storage tank. 
The o the r  Ottawa house (M.L. Stanley-Jones) uses 
21 m2 o f  commercial water-heat ing c o l l e c t o r s  and 
23 m3 o f  water as heat  storage t o  heat a home w i t h  
a l i v i n g  area o f  170 m2. The home near 



Peterborough (L. Van Dyck Const ruc t ion  L td . )  uses 
56 m2 o f  water -heat ing  c o l l e c t o r s  and 180 m3 o f  
water  as heat  s torage t o  heat  a home w i t h  a l i v i n g  
area o f  111 m2. 

The home i n  Te r ra  Cot ta ,  Ont. (R. Symmes) d i f -  
f e r s  f rom the  o thers  i n  t h a t  i t  u t i l i z e s  a " s o l a r  
-heat ing  furnace",  an approach t h a t  may prove 
s u i t a b l e  f o r  f - e t r o f i t t i n g  e x i s t i n g  bu i l d i ngs .  The 
furnace used c o n s i s t s  o f  13 m2 o f  a i r - h e a t i n g  c o l -  
l e c t o r s  mounted on an i n s u l a t e d  con ta ine r  f o r  9,000 
kg o f  crushed rock. A fan t r a n s f e r s  t he  heated a i r  
f rom c o l l e c t o r  t o  storage. The furnace stands f r e e  
of  t h e  house and i s  o r i e n t e d  f o r  ~naximum s o l a r  c o l -  
l e c t i o n .  I n s u l a t e d  a i r  duc ts  and a f a n  connect t h e  
fu rnace t o  the  e x i s t i n g  h o t - a i r  hea t i ng  system o f  
the house. 

There a r e  a t  l e a s t  two s o l a r  houses i n  Quebec. 
One. i n  L o r r a i n e  ( W .  steward),  uses 13 m2 o f  
" t r i c k l e N - t y p e  water-heat ing c o l l e c t o r s .  Another, 
near Sherbrooke (N. Nicholson),  uses forced-  
c i r c u l a t i o n  a i r - h e a t i n g  c o l l e c t o r s  i n  con junc t i on  
w i t h  a crushed-rock heat  s torage u n i t .  

ous energy-conservat ion features  app l i ed  t o  r e s i -  
d e n t i a l  c o n s t r u c t i o n  and compare the  energy sav- 
i n g s  achieved w i t h  a so lar -heat ing  system and w i t h  
a heat  pump system. Mon i to r i ng  o f  t he  experimen- 
t a l  houses w i l l  f u r n i s h  i n f o r m a t i o n  t o  achieve 
these aims, but w i l l  a l s o  be s u f f i c i e n t l y  d e t a i l e d  
t o  be ab le  t o  check the  v a l i d i t y  o f  s o l a r  system 
s i m u l a t i o n  programs and of  a house heat - load c a l -  
c u l a t i o n  program now be ing developed. 

INTERNATIONAL SOLAR ENERGY DEVELOPMENTS 

A number o f  coun t r i es  have had Illany years' ex- 
per ience w i t h  so la r -hea t i ng  systems, e s p e c i a l l y  
w i t h  serv ice-water  heaters.  

A u s t r a l i a . -  I n  Aus t ra l i a .  s o l a r  serv ice-water  
heaters  have been manufaciured commercia 1 l y  f o r  
over  20 years.  I t  i s  es t imated t h a t  over 30,000 
m2 o f  c o l l e c t o r s  a r e  now i n s t a l l e d ,  p r i n ~ a r i  l y  i n  
houses b u t  a l s o  i n  h o t e l s  and apartments. Ongoing 
research i s  d i r e c t e d  toward t h e  use o f  a i r - h e a t i n g  
s o l a r  c o l l e c t o r s  and rock  s torage f o r  wood and 
crop dry ing,  as w e l l  as f o r  b u i l d i n g  a i r -  

This  i s  by no means a comprehensive l i s t i n g  cond i t i on ing .  

o f  so lar -heated homes i n  Canada, b u t  i t  i n d i c a t e s  
the  g r e a t  v a r i e t y  o f  so la r -hea t i ng  systems be ing I s rae l . -  The h i s t o r y  o f  s o l a r  hea t i ng  i n  I s r a e l  

const ruc ted.  i s  s i m i l a r  t o  t h a t  o f  A u s t r a l i a .  Over a p e r i o d  o f  
20 years,  s o l a r  serv ice-water  hea t i ng  systems have 

(h )  So la r  Research a t  t h e  D i v i s i o n  o f  B u i l d i n g  been i n s t a l l e d  i n  more than 150,000 apartment 

Research/NRC u n i t s .  I t  i s  es t imated t h a t  these heaters  save 
1.2 percent  o f  t he  annual consumption o f  e l ec -  

The D i v i s i o n  i s  t h e  source o f  t h e  $550,000 t r i c a l  energy. Cur rent  p r o j e c t s  a r e  aimed a t  com- 

funding program on solar  ti^^ of ~ ~ i l d i ~ ~ ~ ;  t he  merc ia l  development o f  s o l a r  space hea t i ng  and 

sponsor of the  un jvers i  ty of ~ ~ t ~ ~ l ~ ~  solar feasi- Cool ing  Systems 9 and development o f  s o l a r  pond5 a5 

b i  l i t y  study; and the mon i to r  f o r  the  Gananoque, a source o f  heat. 
Mississauga and Prov ident  So la r  Houses. Only two 
s o l a r - r e l a t e d  a c t i v i t i e s  a r e  be ing  conducted i n -  Japan.- The s a l e  o f  s o l a r  serv ice-water  heaters  

house. i s  very  l a r g e  i n  Japan where an es t imated 2.5 
m i l l i o n  heaters  were s o l d  i n  1973 alone. Since 

One i s  the  development o f  a s o l a r  c o l l e c t o r  
c a l o r i n ~ e t e r  f o r  e v a l u a t i n g  the  thermal performance 
o f  c o 7 l e c t o r s  under n a t u r a l  weather cond i t i ons .  
The ca lo r ime te r ,  which can t e s t  two c o l l e c t o r  mod- 
u Ies  a t  a t ime, was developed p r i m a r i l y  t o  compare 
the  performance o f  commercial l y - a v a i l a b l e  c o l  l e c -  
t o r s  under Canadian cond i t ions ;  and f o r  conduct ing  
research on c o l l e c t o r  t e s t i n g  methods. Several  
c o l l e c t o r s  a r e  now be ing  evaluated, and t h e  r e s u l t s  
o f  t he  t e s t s  w i l l  be pub l ished i n  1977. Upon com- 
p l e t i o n  o f  t h i s  comparat ive study, t h e  f a c i l i t y  
w i l l  be made a v a t l a b l e  f o r  l i m i t e d  comnercial  t e s t -  
ing.  T h i s  s e r v i c e  w i l l  o n l y  be provided, however, 
u n t i l  a connerc ia l  t e s t i n g  capabi 1 i t y  i s  p rov ided 
by a Canadian company o r  i n s t i t u t i o n .  

The second s o l a r - r e l a t e d  a c t i v i t y  i s  a j o i n t  
e f f o r t  between t h e  D i v i s i o n  and Housing and Urban 
Development Associa t i o n  o f  Canada (HUDAC). Plans 
a r e  f o r  t he  c o n s t r u c t i o n  o f  f o u r  s i m i l a r  houses i n  
Ottawa, one b u i l t  t o  c u r r e n t  r e s i d e n t i a l  standards 
and t h r e e  w i t h  a d d i t i o n a l  energy-conservat ion fea- 
tu res .  O f  these three, one w i l l  be e l e c t r i c a l l y  
heated, one w i l l  i nco rpo ra te  an a i r - h e a t i n g  s o l a r  
system. and one w i l l  have an a i r - t o - a i r  heat pump. 
Supplementary hea t i ng  i n  a l l  houses w i l l  be by 
e l e c t r i c i t y .  

then, t h e  number o f  u n i t s  s o l d  has increased sub- 
s t a n t i a l l y .  A n a t i o n a l  program i n  suppor t  o f  
energy development was inaugura ted i n  1973, 
e n t i t l e d  "Sunshine P ro jec t " .  One element of  t h e  
program i s  aimed a t  the development o f  s o l a r  
hea t i ng  and power systems. Funding f o r  t h i s  sub- 
program i n  1975 amounted t o  $3 m i l l i o n ,  o f  which 
$850,000 was f o r  research and development on s o l a r  
hea t i ng  and c o o l i n g  systems f o r  b u i l d i n g s .  T h i s  
work i s  conducted p r i m a r i l y  by u n i v e r s i t i e s  and 
ve ry  l a r g e  i n d u s t r i a l  groups, and tends t o  be con- 
cen t ra ted  on high-technology systems. 

France.- I n  Europe, France has the longest  exper- 
ience w i t h  s o l a r  heat ing .  I n d u s t r i a l  involvement 
i n  the  manufacture and sa le  o f  s o l a r  hea t i ng  hard- 
ware i s  w e l l  es tab l ished,  w i t h  more than 10 com- 
panies manufac tur ing  so la r -hea t i ng  systems f o r  
homes. The fede ra l  So la r  Program supplements t h i s  
i n d u s t r i a l  e f f o r t  by deve lop ing a n a l y t i c a l  methods 
f o r  o p t i m i z i n g  the design o f  so la r -hea t i ng  systems 
f o r  b u i l d i n g s .  T h i s  program, operated by  t he  
Na t i ona l  Centre f o r  S c i e n t i f i c  R ~ s e a r c h  ( l e  Centre 
Na t i ona l  de l a  Recherche S c i e n t i f i q u e ) ,  w i l l  a l s o  
sponsor research on high-temperature c o l l e c t o r s .  
s o l a r  c o o l i n g  systems and s o l a r  thermal power 
generators.  

The study will the efficacy of vari- Germany.- Federal  sponsorship of s o l a r  research 



i n  Germany began i n  1974. The s o l a r  program pro-  
v ides  h a l f  t h e  funds f o r  a  research, development o r  
demonstrat ion p r o j e c t  and the sponsored p a r t y  sup- 
p l i e s  t h e  o t h e r  h a l f .  For  t h i s  reason, most o f  t h e  
funds have gone t o  l a r g e  companies such as Do rn ie r  
and P h i l i p s  which have the  necessary c a p i t a l .  The 
fede ra l  i n p u t  t o  research and development of s o l a r  
space-heat ing systems i n  1975 amounted t o  $3 m i l -  
l i o n .  Sponsored p r o j e c t s  ranged f rom development of 
r e t r o f i t  space-heat ing systems, t o  c o n s t r u c t i o n  of 
exper imental  s o l a r  houses. Cur rent  p r o j e c t s  p lace  
g r e a t e r  emphasis on s o l a r - h e a t i  ng denlonstrat ion 
b u i l d i n g s .  As i n  Japan, much o f  t h i s  e f f o r t  i n  
Germany appears t o  be d i r e c t e d  a t  development o f  
h igh-technology so la r -hea t i ng  systems. 

U.K.- So la r  research i n  t h e  Un i ted  Kingdom i s  a l s o  
f a i r l y  new. Even, so, t h e r e  a re  12 companies en- 
gaged i n  t he  manufacture o f  so la r -hea t i ng  hardware. 
There a re  c u r r e n t l y  seven s o l a r  demonstrat ion bu i ld -  
ings  i n  ex is tence o r  be ing const ruc ted,  most o f  
which i nco rpo ra te  o n l y  s o l a r  serv ice-water  heat ing  
systems. The B u i l d i n g  Research Establ ishment i s  
now b u i l d i n g  two exper imental  energy-conservat ion 
houses t h a t  i n c l u d e  s o l a r  space-heat ing systems. 

U.S.A.- The Un i ted  Sta tes  has t h e  g rea tes t  amount 
o f  government-sponsored a c t i v i t y  r e l a t e d  t o  s o l a r  
energy. I n  1975, 29 demonstrat ion p r o j e c t s  were 
funded, rang ing from the  r e v i s i o n  o f  a  p u b l i c a t i o n  
on s o l a r  heat ing ,  t o  t he  i n s t a l l a t i o n  o f  s o l a r  
heat ing  and c o o l i n g  systems i n  two f e d e r a l  o f f i c e  
b u i l d i n g s  i n  Manchester, N.H. and Saginaw, Mich. 
I n  t he  same per iod ,  59 research and development 
p r o j e c t s  were funded, rang ing f rom sponsorship o f  
workshops, t o  development o f  s o l a r  hardware. 

I n  1976, t he  Energy, Research and Development 
Admin i s t ra t i on  (ERDA) wi 11 spend $86 m i l l i o n  on 
s o l a r  p r o j e c t s .  Of t h i s  amount, $49 m i l l i o n  i s  f o r  
development o f  e l e c t r i c  power genera t ion  systems 
us ing  s o l a r  thermal and p h o t o v o l t a i c  means, wind 
energy, and ocean thermal grad ients .  The sum o f  
$25 m i l l i o n  has been a l l o c a t e d  t o  development of  
s o l a r  hea t i ng  and c o o l i n g  systems f o r  b u i l d i n g s .  

P a r t  o f  the  $25 m i l l i o n  f o r  demonstrat ion pro-  
j e c t s  w i l l  be spent as f o l l o w s .  The Department o f  
Housing and Urban Development (HUD) has granted $1 
m i l l i o n  t o  suppor t  the purchase and i n s t a l l a t i o n  o f  
s o l a r  hea t i ng  and/or c o o l i n g  systems f o r  143 r e s i -  
d e n t i a l  u n i t s .  bo th  o l d  and new. Inc luded a r e  102 
s ing le - fan l i l y  dwe l l i ngs  and 41 m u l t i - u n i t  dwell ings. 
ERDA w i l l  p rov ide  $7.5 m i l l i o n  f o r  t he  i n t r o d u c t i o n  
o f  s o l d r  hea t i ng  and/or c o o l i n g  systems i n  34 non- 
r e s i d e n t i a l  b u i l d i n g s ,  15 o f  which a re  new. The 
demonstrat ion u n i t s  i n c l u d e  o f f i c e s ,  schools, hotels 
and f a c t o r i e s .  

ERDA in tends t o  spend $116 m i l l i o n  f o r  s o l a r  
p r o j e c t s  i n  1977, i n c l u d i n g  $34.5 m i l l i o n  f o r  heat-  
i n g  and c o o l i n g  b u i l d i n g s .  

We i n  Canada a r e  very  f o r t u n a t e  t o  be so c lose  
t o  the  spending e f f o r t  i n  t h e  U.S.A., s i nce  many 
o f  t h e i r  p r o j e c t s  a r e  d i r e c t l y  a p p l i c a b l e  t o  Canada 
In fo rma t i on  r e l a t e d  t o  these p r o j e c t s  w i  11 be 
gained through our  membership i n  the  So la r  Energy 
P r o j e c t  o f  the Committee on the  Challenges o f  

Modern Soc ie ty  i n i t i a t e d  by NATO. 

Canadian e f f o r t  i n  t h e  f u t u r e  should be aimed 
a t  those a p p l i c a t i o n s  o f  so la r -hea t i ng  technology 
t h a t  a re  un ique l y  Canadian. R e p e t i t i o n  o f  American 
experiments should be l i m i t e d  t o  t h a t  necessary f o r  
s t i m u l a t i n g  t h e  i n t e r e s t  of t h e  Canadian p u b l i c  and 
b u i l d i n g  i n d u s t r y  i n  s o l a r  heat ing .  
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DISCUSSION 

K.F. Tupper (Consu l t an t ) :  Mr. Sasaki ' s  paper 
g i ves  a  comprehensive v iew o f  what i s  t a k i n g  p lace 
i n  Canada i n  harnessing s o l a r  r a d i a t i o n  f o r  t he  
hea t i ng  o f  dwel l ings .  

A  much eas ie r  problem t o  so lve  i s  s o l a r  
energy f o r  t he  supply o f  domestic h o t  water.  Th is  
energy demand i s  v i r t u a l l y  cont inuous throughout  
t he  whole o f  t he  year.  The energy s torage problem 
i s  much l e s s  i n  q u a n t i t y  and t ime. On a  n a t i o n a l  
bas i s  t h e  t o t a l  amount o f  energy now used t o  heat  
water t o  a  temperature w e l l  below the b o i l i n g  
p o i n t  i s  imp ress i ve l y  l a rge .  

It would seem t h a t  on a  number o f  counts s o l a r  
water heat ing  should have a  c l e a r  p r i o r i t y  over 
space hea t i ng  f o r  a t t e n t i o n  i n  Canada. It the re  
some reason f o r  i t s  neg lec t?  

J.R. Sasaki: Heat ing  o f  s e r v i c e  water w l t h  s o l a r  
energy has n o t  been ne l ec ted ;  we appreciate i t s  
energy-saving p o t e n t i a ?  and p lan  t o  begin s tud ies  
i n  1977. A  dec i s i on  was made t h i s  year  t o  demon- 
s t r a t e  an a p p l i c a t i o n  o f  s o l a r  hea t i ng  t h a t  would 
make the g rea tes t  impression on the  general  p u b l i c .  
So lar  space-heating systems were, t he re fo re ,  



chosen over  s o l a r  serv ice-water  hea t i ng  systems, 
s i nce  space hea t i ng  represents  t he  l a r g e s t  energy 
c o s t  t o  the  home owner. S i m i l a r l y ,  s i ng le - fam i l y  
detached dwe l l i ngs  were chosen over  b u i l d i n g s  such 
as medium-density d w e l l i n g  u n i t s  t h a t  a re  more 
app rop r i a te  f o r  s o l a r  heat ing ,  because owners o f  
detached homes a re  g e n e r a l l y  more energy conscious 
than apartment dwel le rs .  I n  t he  c u r r e n t  year ,  
t he re  i s  o n l y  one demonstrat ion o f  a  s o l a r  serv ice-  
water hea t i ng  system, t h a t  on an e x i s t i n g  s i ng le -  
fami 1  y  detached home. 

J.H. C o l l y e r  (A.D.I. L i m i t e d ) :  Other cons ider -  
a t i o n s  be ing equal - what a r e  t he  e f f e c t s  upon a  
b u i l d i n g ' s  hea t i ng  and/or c o o l i n g  l oad  o f  d i f f e r -  
e n t  co lou rs  o f  the  e x t e r i o r  (and/or  i n t e r i o r )  
sur face o f  t h e  b u i l d i n g  envelope? It might  w e l l  
prove t o  be a  more s i g n i f i c a n t  f a c t o r  than gener- 
a l l y  supposed, p a r t i c u l a r l y  perhaps w i t h  low pro-  
f i l e ,  f l a t  r o o f  s t r u c t u r e s  and smal l  i n d u s t r i a l  
metal  s k i n  (pre-engineered) b u i l d i n g s ,  and poss i -  
b l y  w i t h  s i n g l e - f a m i l y  dwe l l i ngs .  The e f f e c t s  
cou ld  probab ly  be e a s i l y  and cheaply moni tored i n  
model s imu la t i on  and i t  i s  suggested t h a t  a  
research p r o j e c t  be c a r r i e d  o u t  a t  N.R.C. t o  f i n d  
ou t  what t h e  e f f e c t s  are,  i f  any, on energy expend- 
i t u r e  on an average annua l ized bas is .  

J.R. Sasaki: The i n f l u e n c e  o f  t he  c o l o u r  o f  t he  
e x t e r i o r  b u i l d i n g  sur faces on t h e  energy demand o f  
b u i l d i n g s  such as houses w i l l  be looked a t  w i t h  
t h e  house l oad  program be ing developed a t  DBR. I t 
i s  a n t i c i p a t e d  t h a t  t h e  e f f e c t  o f  t h e  e x t e r i o r  and 
i n t e r i o r  sdr face co lou r  on the  heat ing  and c o o l i n g  

loads o f  a  b u i l d i n g  w i l l  depend on the amount o f  
i n s u l a t i o n  i n  t he  w a l l s  and r o o f .  The e f f e c t  
should be l e s s  f o r  w e l l  i n s u l a t e d  b u i l d i n g s  than 
f o r  p o o r l y  i n s u l a t e d  b u i l d i n g s .  

E. Haseler (Consu l tan t ) :  I n  Mr. Sasak i 's  s l i d e  
showing worldwide a c t i v i t y  i n  s o l a r  energy devel-  
opment, t he  l i s t  o f  coun t r i es  does n o t  i n c l u d e  
New Zealand. I t h i n k  t h a t  i t  should as I have 
seen f o r  myse l f  t he  successful  achievements i n  
s o l a r  energy u t i l i s a t i o n  by t he  Department o f  
S c i e n t i f i c  and I n d u s t r i a l  Research a t  Wel l ing ton.  

Mr. Sasaki has g i ven  an e x c e l l e n t  paper 
devoted t o  s o l a r  energy c o l l e c t o r s  on i s o l a t e d  
b u i l d i n g s .  I s  he p lann ing  f u t u r e  R & D work f o r  
b u i l t - u p  urban areas? The c a p i t a l  expense can be 
shared by many, t he  vas t  s torage capac i t y  i n  t h e  
e x i s t i n g  d i s t r i c t  hea t i ng  systems i s  i d e a l  f o r  
s o l a r  energy purposes. The t a k i n g  up o f  house 
space by s torage vessels i s  thus  obv ia ted.  There 
i s  a  bonus o f  energy gains f rom spaces on each 
b u i l d i n g  o therwise sh ie lded by s o l a r  energy 
c o l l e c t o r s .  The smal l  towns w i t h  a  m u l t i p l i c i t y  
of s o l a r  energy c o l l e c t o r s  l ook  absurd so c e n t r a l -  
i s e d  schemes now being developed would obv ia te  
t h i s  uns igh t l i ness .  

J.R. Sasaki: I thank Mr. Haseler f o r  t h e  i n f o r -  
mat ion  on s o l a r  hea t i ng  a c t i v i t y  i n  New Zealand. 
The concept o f  a  c e n t r a l  s o l a r  c o l l e c t i o n  and 
heat  s torage system se rv ing  a  number o f  d w e l l i n g  
u n i t s  i s  c u r r e n t l y  under study, and should be 
demonstrated w i t h i n  the  nex t  yea r  o r  two i n  Canada. 


