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2.5 CANADIAN PROGRAM FOR R & D ENERGY CONSERVATION I N  BUILDINGS 
ANALYZED 

D. G. Stephenson, D i v i s i o n  of B u i l d i n g  Research, Nat iona l  Research Counci 1 o f  Canada, Ottawa 

ABSTRACT.- The program c o n s i s t s  of two main p a r t s :  

1 )  Development of energy s t anda rds  f o r  bu i ld ings ;  

2)  Development of a l t e r n a t i v e s  t o  burning o i l  and 
n a t u r a l  gas f o r  hea t ing  bu i ld ings .  

The f i r s t  p a r t  i nc ludes  t he  development of improved methods and 
da t a  f o r  p red ic t ing  the  energy consumption of bu i ld ings ,  t h e  t r a i n i n g  
of des igners  i n  t he  use of t he  new methods, and the  development o f  
energy budgets f o r  va r ious  k inds  of occupancies,  which can be  used t o  
judge the  e f f e c t i v e n e s s  of a  bu i ld ing  des ign from the  energy po in t  of 
view. 

The second p a r t  dea l s  w i th  ways of u t i l i z i n g  uranium, c o a l ,  
garbage and by-product h e a t  from i n d u s t r i a l  processes  f o r  h e a t i n g  
bu i ld ings  and s a n i t a r y  water .  (There is a  s e p a r a t e  program f o r  t he  
u t i l i z a t i o n  of s o l a r  energy f o r  t hese  purposes.)  The approach t h a t  
appears  t o  be  most promising involves  a  combination of d i s t r i c t  
hea t ing  and t h e  use  of e l e c t r i c i t y .  

S0MMAIRE.- Le programme c o n s i s t e  en  deux p a r t i e s  p r inc ipa l e s :  

1. L16labora t ion  de normes d 'bnergie  pour l e s  bPtiments;  

2. La mise a u  p o i n t  d ' a l t e r n a t i v e s  au  chauffage a u  mazout e t  au  
gaz na tu re1  des  bs t iments .  

La premisre p a r t i e  comprend l ' d l a b o r a t i o n  de mdthodes am6liordes 
e t  de donndes pour p r 6 d i r e  l a  consommation d ,dne rg i e  dans l e s  bs t iments ,  
l a  formation de conceptears  q u i  u t i l i s e r a i e n t  de nouvel les  mdthodes, e t  l a  
p l a n i f i c a t i o n  de budgets en  6ne rg i e  pour d i v e r s  genres d 'usages ,  q u i  
peuvent 8 t r e  u t i l i s 6 s  pour juger  de 1 1 e f f i c a c i t 6  d'une concept ion  de 
bztiment au  po in t  de vue de  116ne rg ie .  

La deuxisme p a r t i e  t r a i t  des moycns d ' u t i l i s a t i o n  de l 'uranium du 
charbon, des ordures  e t  de chaleur  en sous-produit  depuis  c e r t a i n s  prGc6d6s 
i n d u s t r i e l s  pour l e  chauffage des  bstimento e t  de . l ' eau .  ( I 1  e x i s t e  un 
programme independant pour l ' u t i l i s a t i o n  de l ' d n e r g i e  s o l a i r e  5 ces  f i n s . )  
L'approche q u i  semble l a  p l u s  prometteuse implique l a  combinaison du 
chauffage u rba in  e t  l ' u t i l i s a t i o n  de l ' d l e c t r i c i t 6 .  

The program f o r  R & D energy conservat ion i n  
b u i l d i n g s  i s  a v i t a l  p a r t  o f  the Federal  Govern- 
ment's p lan  t o  ensure t h a t  Canadians w i l l  cont inue 
t o  have enough energy t o  meet t h e i r  essen t i a l  
requirements. (1) The p lan  a l s o  inc ludes programs 
f o r  conservat ion i n  the o t h e r  sectors  o f  energy 
use along w i t h  e f f o r t s  aimed a t  i nc reas ing  the 
r a t e  o f  supply o f  energy from domestic sources. 
I t  should be noted, however, t ha t ,  i n  t he  program, 
work on energy conservat ion i n  b u i l d i n g s  has been 
accorded top p r i o r i t y .  

e l e c t r i c i t y  t o  power the l i g h t s ,  water heaters 
and o t h e r  appl iances t h a t  are  used i n  bu i l d ings .  
There i s  f a i r l y  general agreement t h a t  the amount 
o f  energy needed t o  operate bu i  1 dings can be 
reduced w i t h o u t  r e q u i r i n g  any subs tan t i a l  changes 
i n  the way we l i v e .  But i t  w i l l  r e q u i r e  many 
changes i n  the way b u i l d i n g s  are  const ruc ted and 
operated. E f f e c t i n g  these changes i s  the pr ime 
o b j e c t i v e  o f  the program f o r  energy conservat ion 
i n  b u i l d i n g s  and o f  the assoc ia ted programs f o r  
research and development. 

Work on energy conservat ion i n  bu i  1 dings has THE DEVELOPMENT OF AN ENERGY CONSERVATION STANDARD 
been s i n g l e d  o u t  f o r  spec ia l  emphasis because FOR BUILDINGS 
almost 40 pe r  cent  o f  a1 1 the pr imary energy used 
i n  Canada i s  f o r  heat ing b u i l d i n g s  and producing The development o f  appropr ia te  standards 



f o r  energy use i n  space hea t i ng  and coo l ing ,  heat -  
i n g  s e r v i c e  water,  and l i g h t i n g  i s  an i n t e g r a l  
p a r t  o f  the  energy s t ra tegy .  The Nat iona l  
Research Counci l  has been assigned the task  o f  
coo rd ina t i ng  t he  p repa ra t i on  o f  a  standard t h a t  
w i l l  be used f o r  a l l  new b u i l d i n g s  const ruc ted 
f o r  Federal departments and agencies. I t  i s  
expected t h a t  i t  w i l l  even tua l l y  be used by o the rs  
beside Federal departments and agencies who a r e  
d i r e c t l y  i nvo l ved  w i t h  b u i l d i n g s .  With t h i s  
poss ib i  1  i t y  i n  mind, the  s tandard  i s  be ing prepared 
i n  a  form t h a t  w i l l  a l l o w  i t  t o  be used f o r  a l l  
new b u i l d i n g s  i n  Canada i f  the a u t h o r i t i e s  having 
j u r i s d i c t i o n  choose t o  adopt i t. 

The s tandard  w i l l  s imply  s e t  o u t  t he  maximum 
acceptable energy budgets f o r  d i f f e r e n t  types o f  
occupancy and leave the des igner  f r e e  t o  decide 
how t o  meet the  budget. This type o f  s tandard  
a l l ows  the  des igner  the  maximum poss ib le  scope f o r  
i nnova t i ve  design, b u t  i t  c a r r i e s  w i t h  i t  a re -  
s p o n s i b i l i t y  t o  make an accura te  es t imate  o f  
annual energy consumption. Th is  approach i s  prac-  
t i c a l  i n  Canada because the Department o f  Pub l i c  
Works has a  s e r i e s  o f  computer programs t h a t  i t  i s  
us ing t o  analyze the energy consumption o f  b u i l d -  
ings  a t  t he  p recons t ruc t i on  stage. The Department 
i s  making these programs a v a i l a b l e  t o  designers 
a l l  across the coun t r y  on a  r o y a l t y - f r e e  bas i s  and 
i s  p resen t i ng  t r a i n i n g  sessions t o  f a m i l i a r i z e  
designers w i t h  t he  use o f  these programs. 

It i s  obvious, however, t h a t  i t  w i l l  take 
severa l  years  t o  develop energy budgets f o r  a l l  
types o f  b u i l d i n g s  and t o  t r a i n  an adequate number 
of  designers t o  use the energy systems ana l ys i s  
techniques. Thus i t  i s  necessary t o  have a  
convent iona l  type o f  s tandard  t h a t  can be used on 
an i n t e r i m  bas i s .  The American Soc ie ty  o f  Heat ing  
R e f r i g e r a t i n g  and Ai  r-Condi t i o n i n g  Engineers has 
r e c e n t l y  issued a  sem i -p resc r i p t i ve  type o f  
s tandard  f o r  energy conservat ion  i n  new b u i l d i n g s .  
A mod i f i ed  vers ion o f  t h i s  s tandard  w i l l  be used 
as a  bas i s  f o r  deve lop ing energy budgets f o r  
b u i l d i n g s ,  and i t  w i l l  be proposed as the  i n t e r i m  
s tandard  f o r  Federal  b u i l d i n g s  i n  Canada. 

The s tandard  w i  11 be reviewed by a  r e c e n t l y  
appointed Standing Committee o f  t he  NRC Assoc ia te  
Committee on the Nat iona l  B u i l d i n g  Code. Th is  
comni t t e e  may decide t o  endorse the  standard,  o r  a  
mod i f i ed  ve rs ion  o f  i t ,  f o r  i n c l u s i o n  i n  t he  
Nat iona l  B u i l d i n g  Code o r  as a  supplement t o  t he  
main code. This thorough review by knowlegeable 
persons f rom var ious  p a r t s  o f  the  b u i l d i n g  
i n d u s t r y  w i  11 enhance the  s tandard 's  c r e d i b i l i t y  
and eventual  acceptance by o t h e r  j u r i s d i c t i o n s .  

The R & D a c t i v i t i e s  r e l a t e d  t o  t h i s  Energy 
Standard f o r  B u i l d i n g s  f a l l  i n t o  f o u r  main 
ca tegor ies :  

1 )  The f u r t h e r  development o f  methods f o r  ana- 
l y z i n g  designs a t  t he  p recons t ruc t i on  stage t o  
p r e d i c t  t he  amount o f  energy t h a t  w i l l  be needed 
t o  opera te  t he  b u i l d i n g .  This inc ludes c a r r y i n g  
o u t  t e s t s  on e x i s t i n g  b u i l d i n g s  t o  determine t h e i r  
a i r t i g h t n e s s ,  and then developing c a l c u l a t i o n  
procedures f o r  p r e d i c t i n g  i n f i  1  t r a t i o n  ra tes  f o r  

new b u i l d i n g s .  Recent papers by Tamura and 
~haw(2.3.4) g i v e  t he  r e s u l t s  o f  some o f  t h e i r  
s tud ies  on h i g h - r i s e  commercial b u i l d i n g s .  Simi-  
l a r  work i s  be ing done f o r  school b u i l d i n g s  and 
t h i s  w i l l  be extended t o  o t h e r  types o f  b u i l d i n g s  
i n  the  near f u tu re .  Other c u r r e n t  research 
s tud ies  r e l a t e  t o  heat ing ,  v e n t i l a t i n g  and a i r  
c o n d i t i o n i n g  equipment i n  b u i l d i n  s. Two recen t  
papers by Elmahdy and Mi t a l a ~ ( 5 ~ 6 ?  present  the  
r e s u l t s  o f  t h e i r  work on s imu la t i ng  t he  perform- 
ance o f  a i r  c o o l i n g  and dehumid i fy ing  c o i l s  over  
the  f u l l  range of  ope ra t i ng  cond i t i ons  t h a t  o b t a i n  
i n  Canadian b u i l d i n g s .  Th is  i s  a  good example o f  
the  type o f  research t h a t  must be done be fo re  a  
b u i l d i n g  performance standard can be p u t  i n t o  
general  use. S i m i l a r  work i s  requ i red  f o r  t he  
o t h e r  major components o f  HVAC systems. 

I t  i s  usua l l y  n o t  p r a c t i c a l  f o r  designers 
and b u i l d i n g  inspectors  t o  make e labo ra te  computer 
c a l c u l a t i o n s  o f  energy consumption f o r  a1 1  b u i l d -  
ings,  e s p e c i a l l y  houses. The paper by Mi t a l a s  (7) 
o u t l i n i n g  the n e t  annual heat  l o s s  f a c t o r  method 
f o r  e s t i m a t i n g  hea t  requirements o f  b u i l d i n g s  
presents  t he  r e s u l t s  o f  an ex tens ive  s e t  o f  
computer c a l c u l a t i o n s ,  b u t  i n  a  form t h a t  can be 
used i n  a  very  s imple hand c a l c u l a t i o n  procedure 
A companion s tudy on p r e d i c t i n g  heat  losses from 
basements i s  a l s o  near ing  complet ion.  The r e s u l t s  
o f  these and o t h e r  s i m i l a r  s tud ies  w i l l  make i t  
p o s s i b l e  t o  have an energy budget type o f  stand- 
a r d  even f o r  very  s imple  b u i l d i n g s .  Associated 
w i t h  the  development o f  methods o f  ana l ys i s  i s  
t he  task  o f  making the techniques a v a i l a b l e  t o  
b u i l d i n g  designers and r e g u l a t o r y  o f f i c i a l s .  The 
Department o f  Pub l i c  Works i s  c a r r y i n g  t h e  
r e s p o n s i b i l i t y  f o r  the  p a r t  o f  t h i s  a c t i v i t y  
r e l a t e d  t o  Federal b u i l d i n g s  ( t h i s  i s  descr ibed i n  
another paper a t  t h i s  Congress) and NRC w i l l  erl- 
deavour t o  e n l i s t  the  U n i v e r s i t i e s  and I n s t i t u t e s  
o f  Technology i n  t h i s  p a r t  o f  the  program 
a l so .  

2 )  Another aspect o f  t he  research be ing done t o  
a s s i s t  i n  the  development o f  r a t i o n a l  energy 
standards f o r  b u i l d i n g s  i s  t he  development o f  
minimum thermal res i s tance  values f o r  w a l l s  and 
roo fs  o f  r e s i d e n t i a l - t y p e  b u i l d i n g s .  The pro-  
cedure o u t l i n e d  i n  Ref. (8) was developed f o r  
t h i s  purpose, and has been used t o  a r r i v e  a t  t he  
minimum R-values c a l l e d  f o r  i n  the  mod i f i ed  
ve rs ion  o f  t he  ASHRAE s tandard  f o r  energy conser- 
v a t i o n  i n  new b u i l d i n g s .  

Associated w i t h  t h i s  i s  t he  development o f  
procedures and f a c i  1  i t i e s  f o r  t e s t i n g  t he  p e r f o r -  
m n c e  o f  b u i l d i n g  enc losure  elements under con- 
d i  t i o n s  t h a t  s imu la te  those t h a t  o b t a i n  i n  
Canadian b u i l d i n g s .  The NRC has f a c i l i t i e s  f o r  
t e s t i n g  f u l l  s i z e  w a l l  panels ( 3  m x 3 m ) over  a  
range o f  o u t s i d e  temperature f rom -50°C t o  +50°C 
w h i l e  t he  i n s i d e  temperature i s  kept  constant  a t  
around +20°C. These f a c i l i t i e s  a re  a l s o  used t o  
a s s i s t  m a t e r i a l s  manufacturers w i t h  the  develop- 
ment o f  new products  and systems. 

3) The t h i r d  p a r t  o f  t h i s  work i n  suppor t  o f  the  
Energy Standard i s  concerned w i t h  determin ing the  
env i  ronmental cond i t i ons  t h a t  a r e  requ i red  f o r  



var ious  k inds o f  a c t i v i t i e s .  Th is  inc ludes a i r  
cond i t i ons ,  e.g., temperature, humid i ty ,  q u a l i t y ,  
i .e. ,  l a c k  o f  contaminants, as w e l l  as l i g h t i n g  
l e v e l s  and space requirements.  These f a c t o r s  
determine the  performance t h a t  t he  var ious  s e r v i c e  
systems i n  the  b u i l d i n g  must meet. There i s ,  o f  
course, a very  s t rong  coup l i ng  between these 
performance requirements and the  energy used t o  
opera te  the  s e r v i c e  sys tems . 

The Nat iona l  Research Counci l  and the 
Department o f  Pub l i c  Works a re  bo th  c a r r y i n g  o u t  
work i n  t h i s  f i e l d  and p lans have been developed 
t o  expand t h i s  a c t i v i t y  as soon as new f a c i l i t i e s  
a r e  completed f o r  work on l i g h t i n g  and a i r  q u a l i t y .  

4 )  The f o u r t h  phase o f  t he  work on energy stand- 
ards f o r  b u i l d i n g s  i nvo l ves  e s t a b l i s h i n g  annual 
energy budgets f o r  var ious  k inds o f  occupancies 
i n  d i f f e r e n t  reg ions o f  the  count ry .  The approach 
t h a t  i s  be ing  used i s  t o  analyze the  energy 
consumption o f  var ious  types o f  b u i  1 dings t h a t  
have been designed w i t h  t he  s p e c i f i c  o b j e c t i v e  o f  
ach iev ing  low l i f e - c y c l e  costs.  A second, and 
complementary, a c t i v i t y  i s  t o  m n i  t o r  t he  energy 
used by "good" contemporary buSldings i n  d i f f e r e n t  
p a r t s  o f  t he  country.  

The Department o f  Pub l i c  Works i s  t a k i n g  the  
pr ime r e s p o n s i b i l i t y  f o r  bo th  o f  these aspects of 
energy budget determinat ion  f o r  l a r g e  general  
o f f i c e  type b u i l d i n g s .  The Nat iona l  Research 
Counci l  i s  doing the a n a l y t i c a l  work on energy 
consumption i n  schools,  w h i l e  t he  moni t o r i n g  o f  
ac tua l  energy consumption i s  be ing done by those 
respons ib le  f o r  phys i ca l  p l a n t  ope ra t i on  i n  
severa l  school boards. The energy budgets s t i p u -  
l a t e d  i n  t he  energy conservat ion  s tandard  w i l l  be 
based on data  from both  o f  these a c t i v i t i e s  p lus  
t he  judgement o f  those w i t h  exper ience i n  b u i l d i n g  
design and ope ra t i on .  

There i s  one more techn i ca l  a c t i v i t y  r e l a t e d  
t o  t he  energy budgets: mon i to r i ng  t he  ope ra t i on  
o f  b u i l d i n g s  t o  see i f  they a re  ach iev ing  the  low 
energy consumption t h a t  i s  i n h e r e n t  i n  t h e i r  
design. Research i s  requ i red  t o  develop i n s t r u -  
mentat ion packages t h a t  w i  11 make t h i s  mon i to r i ng  
o f  performance p r a c t i c a l .  Mon i to r i ng  a f t e r  con- 
s t r u c t i o n  i s  f i n i s h e d  i s  viewed as a necessary 
s tep  i n  the  enforcement o f  the  energy conser- 
v a t i o n  s tandard  f o r  some types o f  b u i l d i n g s .  

DEMONSTRATION PROJECTS 

The second major component o f  t he  program 
f o r  energy conservat ion  i n  bu i  1 dings i s  very  
c l o s e l y  t i e d  i n  w i t h  t he  f i r s t ;  i t  i nvo l ves  b u i l d -  
i n g  and mon i to r i ng  demonstrat ion b u i l d i n g s .  The 
f o u r  o b j e c t i v e s  o f  t h i s  subprogram a r e  t o :  

1 )  c o n f i r m  the  economic f e a s i b i l i t y  o f  b u i l d i n g  
i n  conformance w i t h  the  requirements o f  the  energy 
standards, 

2 )  check the  v a l i d i t y  o f  t he  a n a l y t i c a l  proce- 
dures and data t h a t  have been developed, 

3) f a m i l i a r i z e  designers,  con t rac to rs  and opera- 

t o r s  w i t h  t he  energy conservat ion  standards, 

4) b r i n g  t o  l i g h t  any problems w i t h  i n t e r p r e -  
t a t i o n ,  implementation, o r  enforcement t h a t  may 
have been over looked i n  t he  p repa ra t i on  o f  the  
standards.  

These demonstrat ion p r o j e c t s  a r e  r e a l l y  t he  
" p i l o t - p l  an t "  phase o f  the  development o f  t he  
energy conservat ion  standards. They w i l l  be 
c a r r i e d  o u t  by t he  departments and agencies t h a t  
have a pr ime r e s p o n s i b i l i t y  f o r  the  c o n s t r u c t i o n  
and ope ra t i on  o f  f ede ra l  b u i l d i n g s  o r  b u i l d i n g s  
t h a t  a r e  b u i l t  as p a r t  o f  a f e d e r a l l y  funded 
program. 

DEVELOPING ALTERNATIVES TO BURNING OIL AND NATURAL 
GAS FOR HEATING BUILDINGS 

The R & D program goes beyond j u s t  reduc ing 
t o t a l  p e r  c a p i t a  consumption o f  energy i n  b u i l d -  
ings .  Most o f  t h i s  energy i s  now obta ined by 
burn ing o i l  o r  n a t u r a l  gas - bo th  o f  which a r e  i n  
s h o r t  supply and w i l l  p robab ly  become even more 
c r i t i c a l  i n  the  f u t u r e .  The program i s  a l s o  
d i rec ted ,  there fore ,  toward developing p r a c t i c a l  
ways o f  s u b s t i t u t i n g  energy de r i ved  from coal  
and uranium f o r  the  energy c u r r e n t l y  ob ta ined  
from o i l  and gas. The b u i l d i n g  sec to r  i s  of  
p a r t i c u l a r  importance i n  t h i s  respect  because 
o t h e r  sources can be s u b s t i t u t e d  f o r  o i l  and gas 
much more e a s i l y  and a t  lower c o s t  than i n  any 
o t h e r  sec to r .  

The ques t i on  o f  how t o  use these o t h e r  
pr imary  f u e l s  f o r  hea t i ng  b u i l d i n g s  and s a n i t a r y  
water  i s  t i e d  i n  w i t h  the  r e l a t e d  problem o f  
maximizing the  b e n e f i c i a l  use t h a t  i s  made o f  t he  
t o t a l  energy con ten t  o f  these f u e l s .  I n  t h a t  
sense i t  i s  a ma t te r  o f  energy conservat ion  and, 
t he re fo re ,  i t  f a l l s  i n t o  t h e  conservat ion  s e c t i o n  
o f  t he  energy R & D program. 

I t  i s  taken f o r  granted t h a t  uranium has t o  
be converted i n t o  a secondary fo rm a t  a spec ia l  
conversion p l a n t ,  and the same probab ly  holds f o r  
coa l  as w e l l .  The quest ion  t h a t  needs answering 
i s  "How shou ld  t he  energy be d e l i v e r e d  t o  t he  
b u i l d i n g s  where i t  i s  needed?" There a r e  t h ree  
p o s s i b i l i t i e s  t h a t  a r e  be ing considered: 

1)  I n  the  form o f  e l e c t r i c i t y ,  

2 )  As h o t  water  o r  steam, 

3) As a s y n t h e t i c  fue l .  

The c r i t e r i a  t h a t  a r e  be ing used t o  judge which 
approach i s  bes t  f o r  d i f f e r e n t  s i t u a t i o n s  are :  
t he  c o s t  o f  the  heat  d e l i v e r e d  t o  the b u i l d i n g  
and the amount o f  c a p i t a l  investment t h a t  would 
be requ i red,  the  e f f i c i e n c y  o f  u t i l i z a t i o n  o f  t he  
energy i n  t he  pr imary  f ue l ;  t h e  e f f e c t  on the  
environment; and the  f l e x i b i l i t y  o r  ease o f  
changing from one pr imary  f u e l  t o  another a t  
some t ime i n  the  f u t u r e .  

The s o l u t i o n s  t h a t  appear t o  be most 
promis ing i n v o l v e  a combinat ion o f  e l e c t r i c i t y  



and h o t  water  as t he  secondary f o m  o f  the  energy. 
The c e n t r a l  conversion f a c i l i t y  would b e  a dual-  
purpose p l a n t  t h a t  produces bo th  e l e c t r i c i t y  and 
h o t  water.  Fo r tuna te l y  a  g r e a t  deal  o f  develop- 
ment work has been done on combined heat-power 
p lan ts (9 , lO ) i n  o t h e r  coun t r i es  and the  r e s u l t s  
a r e  a v a i l a b l e  t o  us, There i s  thus no need f o r  
ex tens ive  exper imental  s tud ies  i n  Canada be fo re  
these techniques can be app l ied .  A l l  t h a t  i s  
needed i s  some f e a s i b i l i t y  s tud ies  f o r  s p e c i f i c  
p r o j e c t s  t o  see which o f  severa l  poss ib le  approaches 
would be b e s t  f o r  each s p e c i f i c  s i t u a t i o n .  The 
expec ta t i on  i s  t h a t  a f t e r  complet ion o f  s tud ies  
f o r  severa l  s p e c i f i c  s i t e s  i t  shou ld  be poss ib le  
t o  reach some general  conclusions. 

The Department o f  Energy Mines and Resources 
and the  Nat iona l  Research Counci 1 a re  suppo r t i ng  
eng ineer ing  f e a s i  b i  1  i t y  s tud ies  i n  coopera t ion  
w i t h  p r o v i n c i a l  agencies. These s tud ies  a r e  
expected t o  l ead  t o  some demonstrat ion p ro jec t s .  
The p r imary  o b j e c t i v e  o f  EM & R i n  t h i s  i s  t o  
develop a bas i s  f o r  government p o l i c i e s  w i t h  
rega rd  t o  p r o v i d i n g  ass is tance f o r  t h e  const ru-  
c t ion  o f  f a c i l i t i e s  f o r  energy conversion and 
d i s t r i b u t i o n  t h a t  would reduce the  coun t r y ' s  de- 
pendence on o i l  and n a t u r a l  gas. The Nat iona l  
Research Counci 1 ' s  o b j e c t i v e s  a re  t o  i d e n t i f y  t he  
gaps i n  e x i s t i n g  t echn i ca l  i n f o r m a t i o n  t h a t  
r e q u i r e  f u r t h e r  study, and t o  c a r r y  o u t  these 
s tud ies  i n  con junc t i on  w i t h  the  demonstrat ion 
p ro jec t s .  
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DISCUSSION 

W . W .  Stanzak (Canadian I n s t i t u t e  o f  S tee l  
Const ruc t ion :  My exper ience i n  p r e d i c t i o n  o f  f i r e  
res i s tance  o f  bu i  l d i n g  s t r u c t u r e s  has i n d i c a t e d  
Illany p i t f a l l s  i n  making c a l c u l a t i o n s  o f  thermal 
behaviour o f  b u i l d i n g  elements. How f a r  away a re  
we from having a  good base o f  f i e l d  performance 
data t o  v a l i d a t e  the  computer programs? 

D . G .  Stephenson: I t h i n k  i t  w i l l  be severa l  years  
before  t he re  i s  a  good base o f  f i e l d  perfomlance 
data  t o  v a l i d a t e  energy systems ana l ys i s  programs. 
Some f i e l d  r e s u l t s  have been obta ined a l ready b u t  
they f a l l  f a r  sho r t  o f  be ing an adequate v a l i d a t i o n  
o f  t he  computat ion procedures f o r  a l l  types of 
b u i l d i n g s .  For example, ASHRAE sponsored a  p r o j e c t  
a t  Ohio S ta te  U n i v e r s i t y  t o  compare computed and 
metered hea t i ng  and c o o l i n g  loads and energy 

consumption f o r  a  b u i l d i n g  on the  U n i v e r s i t y  
campus. The r e s u l t s  were n o t  conc lus ive :  t he re  
were s i g n i f i c a n t  d i f f e r e n c e s  between t h e  computed 
and measured loads b u t  i t  i s  n o t  poss ib le  t o  say 
w i t h  c e r t a i n t y  whether these d i f f e r e n c e s  were due 
t o  e r r o r s  i n  the  measurements o r  i n  t he  data  used 
f o r  t h e  c a l c u l a t i o n s .  More s tud ies  on d i f f e r e n t  
types o f  b u i l d i n g s  and w i t h  d i f f e r e n t  types o f  
mechanical systems a re  needed t o  f u l l y  v a l i d a t e  
t he  procedures. These p r o j e c t s  a r e  expensive and 
t ime consuming hence I t h i n k  i t  w i l l  be a  l ong  
t ime be fo re  t he re  i s  an unimpeachable bas i s  f o r  
t he  new a n a l y t i c a l  procedures. 

R.W. Racine (B.C. Hydro and Power A u t h o r i t y ) :  
R e f i t t i n g  o f  e x i s t i n g  b u i l d i n g s  o f f e r s  a  r e l a t i v e l y  
l a r g e  p o t e n t i a l  f o r  energy conservat ion ,  o f t en  
w i t h  near term r e s u l t s .  Un fo r tuna te l y  most re -  
f i t t i n g  i s  l i m i t e d  t o  equipment and systems 



designed p r i m a r i l y  f o r  new c o n s t r u c t i o n  and i t  
seems most R&D i s  p r i m a r i l y  d i r e c t e d  a t  new con- 
s t r u c t i o n .  Would i t  n o t  be adv isab le  t o  now d i r e c t  
R & D  t o  some o f  t h e  s p e c i f i c  problems faced i n  re -  
f i t t i n g  energy waste fu l  areas such as low thermal 
res i s tance  window, door, masonry, metal  and wood 
c o n s t r u c t i o n  and i n e f f i c i e n t  equipment and c o n t r o l s ?  

D.G. Stephenson: Yes, i t  would be a  good idea t o  
d i r e c t  some R & D  e f f o r t  toward the spec ia l  problems 
t h a t  occur i n  r e f i t t i n g  e x i s t i n g  bu i l d i ngs .  I 

d i d n ' t  i n t e n d  t o  leave t h e  impression t h a t  no th ing  
i s  be ing done about r e f i t t i n g .  The s tudy on heat  
l o s s  f rom basements, f o r  example, i s  r e l e v a n t  t o  
e x i s t i n g  basements as w e l l  as t o  new cons t ruc t i on .  
The spec ia l  problem about r e f i t t i n g  i s  cos t :  i t  
costs  f a r  more t o  add i n s u l a t i o n  t o  an e x i s t i n g  
w a l l  than i t  would have c o s t  t o  p u t  i n  more i n  
t he  f i r s t  p lace. Consequently i t  i s  a  f i r s t  
p r i o r i t y  t o  ge t  new c o n s t r u c t i o n  b u i l t  w i t h  appro- 
p r i a t e  l e v e l s  o f  i n s u l a t i o n ,  and then t o  f i n d  
economical ways o f  improving e x i s t i n g  b u i l d i n g s .  




