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This r e p o r t  i s  concerned with t h e  development of a  r a t i o n a l  
method of  c a l c u l a t i o n  and a p p l i c a t i o n  of 'Energy Budgets' f o r  
new bu i ld ings .  S p e c i f i c a l l y  it r e p o r t s  on energy budgets f o r  
new school  cons t ruc t ion  i n  Canada. 

The document i s  i n  t h r e e  main s e c t i o n s :  

(1) An in t roduc t ion  and b r i e f  d e s c r i p t i o n  o f  energy budgets  
and performance s tandards .  

(2) The d e f i n i t i o n  o f  a  computer model which could  b e  used t o  
c a l c u l a t e  energy budgets  f o r  schools  . 

( 3 )  Reports o f  ana lyses  c a r r i e d  o u t ,  based on t h e  computer 
model, t o  determine s u i t a b l e  energy budgets and determine 
what parameters  should be  cons idered  i n  s e t t i n g  such 
budgets .  



SUMMARY AND RECOMMENDATIONS 

The purpose o f  s t udy  - To develop a method o f  c a l c u l a t i n g  *Energy Budgets 
f o r  use  w i t h  Performance Code. (*Annual u n i t  energy  a l lowance  f o r  
which t h e  b u i l d i n g  should  b e  designed and /or  ope ra t ed )  . Dea 1s  
s p e c i f i c a l  l y  w i t h  s choo l s .  

Method adopted - To c a l c u l a t e  energy  u se  of  a s e r i e s  o f  h y p o t h e t i c a l  
school  b u i l d i n g s  and check c o n s i s t e n c y / t r e n d s  w i t h  a v a i l a b l e  f u e l  

consumption r e c o r d s .  

A s e t  o f  r u l e s / p r e s c r i p t i o n s  were developed t o  d e f i n e  scllool models. 

P h y s i ca l  l ayou t  o f  s choo l s  was, based on c o n s i d e r a t i o n  o f  e x i s t i n g  
f a c i l i t i e s  (Ottawa);  thermal performance t o  ASIIRAE 90-75 - S e c t i o n  A .  

E x t ens ive  u se  made o f  Meriwether ESA s e r i e s  (ERE on ly )  t o  c a l c u l a t e  
energy consumption f i g u r e s  f o r  v a r i o u s  s i z e s  o f  s c l ~ o o l s  i n  

11 l o c a t i o n s  th roughout  Canada. 

The r e s u l t s  o f  t h e  c a l c u l a t i o n s / a n a l y s e s  a r e  p r e sen t ed  i n  S e c t i o n  B 

o f  t h e  r e p o r t  ( p .  7 0 ) , t h e  s a l i e n t  p o i n t s  a r e  d e t a i l e d  below. 

The s e t t i n g  o f  Energy Budgets based on a  computer model appea r s  
s a t i s f a c t o r y  a 1  though t h e  model cou ld  b e  r e f i n e d  . See  "Possib l e  
Changes t o  School Model" a t  end o f  summary (p .  5 ) .  

A d a t a  b a s e  i s  use fu l  t o  compare/ver i fy  t h e  r e s u l t s  o f  t h e  model 
h u t  is no t  cons ide r ed  s u i t a l ~ l c  on i t s  own t o  d e f i n e  budge ts  because :  

a .  r e c o r d s  ( d a t a  base)  r e f l e c t  p re -energy  consc ious  d e s i g n ,  

b .  l a r g e  v a r i a t i o n s  i n  f u e l  consumptions make t r e n d s  d i f f i c u l t  t o  
p e r c e i v e  and it i s  a lmos t  imposs ib le  t o  q u a n t i f y  
t h e  major  i n f l u e n c e s  on energy consumption. 

Analyses  show t h a t  school  t ype ,  s i z e ,  l o c a t i o n  and hours  o f  
u s e  a l l  have s i g n i f i c a n t  b u t  va ry ing  e f f e c t s  on energy  consumption 
and t h a t  a l l  o f  t h e s e  f a c t o r s  must b e  cons idered  when s e t t i n g  
energy  budgets  f o r  s c h o o l s .  

School t ype  - Two groups have been i d e n t i f i e d  f o r  t h e  a n a l y s i s ,  
pr imary and  secondary.  The two groups can  b e  cons idered  as having 
d i f f e r i n g  occupancy d e n s i t y ,  a c t i v i t i e s  and phys i ca l  r equ i r emen t s .  

S i z e  - Because o f  s c a l i n g  e f f e c t s  ( l e s s  exposed a r e a  p e r  u n i t  of  
f l o o r  a r e a  i n  l a r g e r  b u i l d i n g s )  energy use ,  p a r t i c u l a r l y  h e a t i n g ,  
i s  s t r o n g l y  r e l a t e d  t o  t h e  b u i l d i n g  s i z e .  I t  i s  sugges ted  t h a t  
energy budge ts  f o r  s c h o o l s  can be  s p e c i f i e d  a s  a  f unc t i on  o f  g r o s s  
f l o o r  a r e a ,  i . e . ,  kW*h/annum/sq f t  f l o o r  a r e a .  (This  may n o t  b e  a  
s u i t a b l e  b a s e  f o r  o t h e r  c l a s s e s  o f  b u i l d i n g s ,  e . g . ,  f o r  t a l l  o f f i c e  

b u i l d i n g s  where s i t e  r e s t r i c t i o n s  p r even t  t h e  c o n s t r u c t i o n  o f  a 
compact b u i l d i n g ,  some a l lowance  may b e  deemed d e s i r a b l e  based  on 
t h e  number o f  l e v e l s / f l o o r s . )  



An a d d i t i o n a l  s t u d y  s u g g e s t s  t h a t  ;t i s  n o t  p r a c t i c a l ~ l c  t o  
rlorllla 1 i z c  t h c  c f f c c t s  of si i c  hy f o r c i n g  .;,r?cl l c r  1111 i 1 r l i  nKs t o  

have a h i  ghcr s t a n d a r d  of' c o n s t r ! r c t i o ~ l .  

!O.  Locat ion - The l o c a t i o n f c l  imate  a f f e c t s  b u i l d j n g  energy  consumption 
i n  v a r i o u s  degrees  depending on t h e  b u i l d i n g  s i z e  and hours  of  
u s e .  The energy u s i n g  systems i n  a  b u i l d i n g  a r e ,  i n  t u r n ,  a f f e c t e d  
i n  v a r y i n g  amounts by d i f f e r e n t  a s p e c t s  o f  t h e  e l i r a t e .  I t  i s  
assumed t h a t  some energy u s i n g  sys tems,  e . g . ,  l i g h t i n g ,  a r e  n o t  
i n f l u e n c e d  by c l i m a t e .  

An energy budget  f o r  a  b u i l d i n g  can be  a r r i v e d  a t  wi th  c o n s i d e r a -  
t i o n  o f  t h o s e  s p e c i f i c  a s p e c t s  o f  t h e  l o c a l  c l i m a t e  t h a t  a f f e c t  
t h e  i n d i v i d u a l  component sys tems ' energy consumption.  T h i s  i s  
b e s t  achieved by us ing  meteoro log ica l  d a t a  f o r  t h e  a c t u a l  c i t y  in  
which t h e  b u i l d i n g  i s  t o  h e  c o n s t r u c t e d ,  and no t  by u s i n g  c l i m a t i c  
zones ( s e e  S e c t i o n s  B4 ( p .  9 0  ) ,  U5 ( p .  95 ) and B 8  ( p .  1 1 4 ) .  

Analyses so  f a r  i n d i c a t e  t h a t  t h e  f o l l o w i n g  f a c t o r s  can b e  uscd 
t o  def i n c  components o f  t h e  t o t a l  b u i l d i n g  energy h ~ ~ d g c t :  

( i )  l l ea t ing  - normal h e a t i n g  d e g r e e  days .  

( i i )  Cooling - "coo l ing  d e g r e e  days" 
( s r ) e c i f i c a l l y  degree  hours  > 5S°F/24) . 

( i  i i )  Fans (Ileat ing)  - w i n t e r  d e s i g n  t empera tu re .  

F u r t h e r  a n a l y s e s  c o u l d  p r o v i d e  r e l a t i o n s h i p s  f o r  t h e  remaining 
components, i . e . ,  f a n  (A/C) , h e a t i n g  and c o o l i n g  p e r i p h e r a l s  
and domest ic  h o t  wa te r  ( D f I W )  . I t  may, however, where t h e  e f f e c t  
on t h c  t o t a l  consumption is  minimal,  b e  d e s i r a b l e  t o  
makc t h e  f o l  lowing s i m p l i f i c a t i o n s  : 

( a )  t o  comb i n e  components, c .  g  . , h e a t i n g  and h e a t i n g  p e r i ] ? h e r a l s ,  
and 

11 .  I lours /Pa t t e rn  o f  Use - T h i s  p r e s e n t s  one  o f  t h e  l a r g e r  unreso lved  
problems i n  t h e  a p p l i c a t i o n  o f  Energy Budgets - it is  p a r t i c u l a r l y  
t r o u b l  esomc i f  p o s t  c o n s t r u c t i o n  moni to r ing  is  t h e  means by which 
compliance w i t h  t h e  energy code i s  de te rmined .  

Two major problems a r e  a p p a r e n t :  

( i )  The c a l c u l a t i o n  o f  energy consumption is  dependent on t h c  
assumed usage p r o f i l e s ;  e . g . ,  f o r  l i g h t i n g ,  occupancy,  DILW 
and miscellaneous cciuipment. I t  i s  f e l t  t h a t  t h c  c ~ l r r c n t  
knowledge o f  sucli a s p e c t s  i s  n o t  adequa te  t o  p r e s e n t  a 

r c a l i s t i c  model l ing o f  a c t u a l  use .  



( i i )  No two s c h o o l s  a r e  l i k e l y  t o  o p e r a t e  on i d e n t i c a l  s c h c d u l c s  
p a r t i c u l a r l y  whcn sc l iools  a r c  uscd e x t e n s i v e 1  y  f o r  "community 
n c t i v i t i c s " .  A d i r c c t  c o r r e l a t i o n  o f  enc rgy  consumption wi th  
hours  o f  use  i s  unlikely. F u r t h e r  moni to r ing  o f  usage  t o  
dc te rmine  compliance w i t h  t h e  ene rgy  code would b e  a prohlcrn, 
n o t  o n l y  would hours  of usc  b e  r c q u i r e d  b u t  a l s o  wlicn i t  was uscd 
(wintcr/summcr,  d a y / n i g h t )  and t o  what c x t e n t  i t  was o c c u ~ l i  cd  
( c . g . ,  1  c l a s s room/ i i l l  c l a s s r o o m s ) .  

1 7 .  Bccausc t h e  hours  o f  use  s i g n i f i c a n t l y  a f f c c t  t h e  energy use ,  
p a r t i c u l a r l y  t h a t  r e q u i r e d  f o r  1  i g h t i n g  and h e a t i n g ,  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  (IIVAC) f a n s ,  i t  i s  n o t  c o n s i d e r e d  a p p r o p r j a t c  
t o  s e t  budge t s  such t h a t  e x t e n s i v e  community a c t i v i t y  i s  p o s s i l ) l c  
w i t h i n  t h e  budge t  s i n c e  t h i s  would r e s u l t  i n  unreasonab ly  h i g h  
a 1  lowances f o r  t h o s e  schoo l s  w i t h  minimal community use .  

These problems can b e  avo ided  i n  p a r t  [ i )  and t o t a l  ( i i )  i f  a  
p r e - c o n s t r u c t i o n  ene rgy  a n a l y s i s  check i s  used t o  de te rmine  
compl iance  w i t h  t h e  ene rgy  code .  

13. Fundamental t o  t h c  a d o p t i o n  o f  a  performance codc i s  t h c  a b i l i t y  t o  
c a l c u l a t e  ene rgy  consumption w i t h  some d e g r e e  o f  a c c u r a c y  and 
c o n s i s t c n c y .  Recent  s t u d i e s  show t h a t  t h i s  i s  n o t  always ach i c ~ a b l c  
(ACC Symposium 1971, S p i c l v o g e l  - AStIRAE Semi-annual Confcrcncc  
l l a l i f a x  1977, Ayres - 11PAC Feb 1977. international Energy Agericy - 

Comparison o f  Load and Energy A n a l y s i s  Computer Programs i n  Progress. 

NRC comparison of  2 2  a n a l y s e s  c a r r i e d  o u t  on a  t e s t  b u i l d i n g  u s i n g  
t h c  Mcriwcthcr ESA s e r i e s ) .  

i ' l .  l lnt i  1  cnc rgy  a n a l y s i s  t c c h n i q u c s  can  b e  r e 1  i e d  on t o  produce 
c o n s i s t e n t  r e s u l t s  t h a t  model a c t u a l  ene rgy  consumptions ( t h i s  a s  
y e t  h a s  no wide s c a l e  v e r i f i c a t i o n )  , it  seems i n a p p r o p r i a t e  t o  
adop t  p o s t  c o n t r o l  moni to r ing  a s  t h e  means o f  s a t i s f y i n g  compliancc 
r v i  t h  t h e  cnc rgy  codc .  

15 .  Due t o  problems d e s c r i b e d  above and i n  11, it  i s  s u g g e s t e d  t h a t :  

i i n i t i a l l y  compl iance  wi th  t h e  enc rgy  codc 13c s e t  by p r c -  
c o r i s t r u c t i o n  a n a l y s i s .  (A methodology t o  1  i m i t  v a r i a t i o n s  
i n  i n p u t  - r e s u l t i n g  from " e n g i n e e r i n g  judgement" should  h c  
dcveloped)  ; 

i i )  cncrgy m o n i t o r i n g  and r e p o r t i n g  b c  made compulsory ant1 would 1)c 
used t o  check c o n s i s t e n c y  o f  a c t u a l  and c a l c u l a t c d  consunlp- 
t i o n  b u t  would have  .- ;lo mandatory s i g n i f i c a n c e ;  and 

( i i  1) t he  nnergy consumption r e c o r d s  t o  b e  used  t o  a i d  t h e  
rlcve, ,%;7ment and change t o  code compliance by means o f  p o s t -  
cons t1  1 '- t icn m o n i t o r i n g .  

I h .  I t  i s  a c c e p t e d  +11;iC p o s t  c c n s t r u c t i o n  moni to r ing  i s  t h e  d e s i r a b l e  
end g o a l  t o  minim; z z  energy  u s e .  (Fcor  b u i l d i n g  management 
and f a u l t y  d e s i g n  :ai7not bc  c o n t r o l  1 c d  by p r e - c o n s t r u c t i o n  chcchs . )  
I n  t h e  meantime, howevti., i r  i s  hoped t h a t  ( i i )  a l ~ o v c  w i l l  
encourage  good energy manapcment. 



I ' o s s i l ~ l e  Changes t o  School r.lodel 
- - -. - - - - - - - - -- --- -- 

( 1 )  Below 10,000 sq  f t ,  go t o  s imple  p l a n  S u i l d l r g .  

( 2 )  Below 40,000 sq  f t ,  go t o  mechanical  v e n t i l a t i o n  w i t h  
p e r i m e t e r  r a d i a t i o n .  

( 3 )  Decrease U v a l u e s  t o  Canadian Code. 

( 4 )  Decrease  U v a l u e s  a s  b u i l d i n g  s i z e  r e d u c e s .  

(5)  Improve e s t i m a t e s  o f  m i s c e l l a n e o u s  e l e c t r i c a l  u s e .  

( 0 )  Adjus t  f r e s h  a i r  minimum t o  r e f l e c t  p r a c t i c a l  minimiio~ mixing 
~ ~ e r c c n t a g e s  . 

( 7 )  Improve d a i  l y  usage  p r o f i l e s  t o  r e f l e c t  more t y p i c a l  o p e r a t i o n .  

( 8 )  Improvc DIIW e s t i m a t e  

(9)  Re-appra i se  environmenta l  c r i t e r i a  used,  p a r t i c u l a r l y  l i g h t i n g  and 
minimum a i r  movement. 

(10) Re-appra i se  i n f i l t r a t i o n  r a t e s  and modeling.  

( 1  1 )  Add summer maintenance  s c h e d u l e s  t o  s t a n d a r d  school  u s e  p a t t e r n  

( 1  i) Cons ide r  c a l c u l a t i n g  and  p r e s e n t i n g  budge t s  by  d e f i n e d  a r e a s ,  
e .  g . ,  c lass rooms ,  l a b o r a t o r i e s ,  c a f e t e r i a s ,  gymnasium, e t c .  

(1.5) Confirm o r  o t h e r w i s e ,  a c c e p t a b l e  l i f e  c y c l e  c o s t  o f  school  
b u i l t  t o  meet budget  d e r i v e d  from model. 



INTRODUCTION 

IVil i 1  c  t h e r e  i s  a  growing agrcement  t l l a t  sollle form o f  p o s i t  i v c  
i  if 1 i ~ c ~ n c c ~ ,  t)cyorlcl ~lormnl m l r h c t  f o r c e s ,  i s  r r q u i r e d  t o  r c d u c c  
si g n i  f i c - . ~ r ~ t  ly  t l l c  atnounts o f  c n c r g y  consunlcd i n  1)ui  l  clj rigs, t h c r c  is tr~r~cli 
tl i s p u t c  on t h c  form t:l  i s  "influence" s l ~ o u l d  tn l tc .  

A t  p r c s c n t ,  a t t e n t i o n  is  b e i n g  f o c u s e d  on t h e  f o r n l u l a t i o n  o f ,  o r  
~ ~ l o d i f i c ; ~ t i o n  t o ,  b u i l d i n g  codes  i n  o r d e r  t o  i n c l u d e  some form o f  
~ ~ ~ e c h a n i s m  f o r  r e d u c i n g  e n e r g y  consumpt ion .  Two a p p r o a c h e s  t o  t h e  prol>lem 
:Ire g e n e r a l l y  c o n s i d e r e d ,  e i t h e r  t o  h a v e  a  " p r e s c r i p t i v e "  s t a n d a r d ,  wllerc 
c o r ; s t r a i n t s  a r e  p l a c e d  on  i n d i v i d u a l  b u i l d i n g  components  and  s y s t e m s ,  
o r  a  "performance" s t a n d a r d  where  t h e  o n l y  c o n s t r a i n t  i s  t h a t  t h e  
b u i l d i n g  i n  u s e  must n o t  exceed  a  s p e c i f i e d  consumpt ion .  

The most  w i d e l y  known z n e r g y  s t a n d a r d  t o  d a t e  is t h a t  p u b l i s h e d  
1,y ASlIRAE, S t a n d a r d  90-75 "Energy C o n s e r v a t i o n  i n  New B u i l d i n g  Des ign ."  
'I'llis S t a n d a r d  h a s  b e e n  a d o p t e d ,  o r  u s e d  a s  a  b a s i s  f o r  mandatory  c o n t r o l s ,  
i n  s t v c r n l  .hmericarl S t a t e s ,  and  i s  e s s e n t i a l l y  a  " ! ) r c sc r i1> i t i ve  starltl : lrd." 

1 ) e sp i t c  t h e  S t a n d a r d ' s  w i d e s p r e a d  g e n e r a l  a c c e p t a n c e  t h e r e  a r c  two 
g r o u p s  who have  t a k e n  e x c e p t i o n  t o  i t  ( 1 ) ;  o f  p a r t i c u l a r  impor t ance  is  
t11c American I n s t i t u t e  o f  A r c h i t e c t u r e  who c l a i m  t h e  S t a n d a r d  i s  
r c s t r i c t i v c  t o  d e s i g n  and  who h a v e  s t a t e d  t h e i r  p r e f e r e n c e  f o r  a 
"performance o r i e n t e d "  c o d e .  

A r e c e n t  c r i t i q u e  o f  t h e  S t a n d a r d  ( 2 )  d o e s  n o t  recommend i t s  
aclopt ion f o r  u s e  i n  Canada b u t  i n s t e a d  s u g g e s t s  t h e  a 1  t e r n a t i v e  r o u t c  o f  
pcr formancc  o r i e n t e d  l e g i s l a t i o n .  To t h i s  end  t h e  Nat iona  1  Resca rch  
Courlci l  o f  Canada was a s s i g n e d  t h e  t a s k  o f  c o - o r d i n a t i n g  t h e  p r e p a r a t i o n  
o f  a "modcl s t a n d a r d "  f o r  e n e r g y  c o n s e r v a t i o n  i n  b u i l d i n g s .  

A perforn tnnce  t y p e  s t a n d a r d  was envisaged f o r  new b u i l d i n g s  t h a t  
i ~ o u l d  g i v e  maximum f reedom o f  c h o i c e  t o  t h e  d e s i g n e r s  and  o p e r a t o r s  of  
Ijui l d i n g s ,  t h e  r e q u i r e d  pe r fo rmancc  t o  b e  s p e c i f i e d  i n  t h e  form o f  a n  
"cncrgy  hudgct"  t h a t  must n o t  1,e cxceeded  when t h e  b u i l d i n g  is  i n  u s e .  
I n  t i lc c a s c  o f  I lousing and  o t l l e r  sma l l  b u i l d i n g s  w i t 1 1  s i m p l e  hcn t in? ,  
sy s t ems  i t  was s u g g e s t e d  t h a t  d e s i g n e r s  Ile a l l o w e d  t o  choose  I>etwecn a 
s e t  of  p r e s c r i p t i v e  s t a n d a r d s  o r  meet  t h e  e n e r g y  b u d g e t .  A l l  o t h e r  
bui 1  d i n g s  s h o u l d  b e  govcrned  by  an  e n e r g y  b u d g e t ,  t h e  i n t e n t i o n  h e i n g  
t h a t  t h e  bui1din.z  d e s i g n e r  s l lould c a r r y  o u t  a n  a n a l y s i s  t o  show t h a t  a 
proposed  b u i  ldi i . ! ,  c o u l d  b e  o p e r a t e d  w i t h o u t  9xceed ing  t h e  a 1  lowab l e  
e n c r g y  b u d g e t .  r . u r the r  i t  was s u g g e s t e d  t h a t  a f t e r  t h e  b u i l d i n g  i s  i n  
u s c  a n  a n n u a l  ene re ;  -onsumpt ion  r e p o r t  b e  s u b m i t t e d  b y  t h e  h u i l c l i n g  
o p c r n t o r  t o  show t ! la t  t h e  b u i l d i n \ :  i s  o p e r a t i n g  i n  a n  e f f i c i e n t  manner .  
?his chcck  o n  t h e  b u i l d i n g ' s  o p e r a t i o n  i s  c o n s i d e r e d  most d e s i r a b l e  ~ i n c c  
t l l c r c  i s  c o n s  i d c r a b  1  c ev i d c n c e  t o  c:dggest t l i a t  p o o r  operation and i11;1i 11-  

~~~~~~~~c call s I g n i f  ~ c a n t l y  inc r c a s c  L i , ~ i  l d i n g  I s  c n c r g y  consurnl)t loll .  



'Illis r e p o r t  i s  concerncd w i t h  t h e  ca lculz! t ion o f  encrgy budge t s  
f o r  new s c h o o l s ,  f o r  u s e  wi th  t h e  modcl s t a n d a r d  and Is hascd on t h e  
f o l  lowing proposal  s:  

( i )  Energy budge t s  s l ~ o u l d  b e  produced f o r  d i f f e r i n g  rypes  o f  
occupancy; and i n  t h e  f i r s t  i n s t a n c e  b u d g e t s  shorlld b e  preparcd  
f o r  o f f i c e s  and s c h o o l s  o n l y .  

( i i )  T l~ese  energy budge t s  should  b e  s e t  b o t h  by examinat ion of  
e x i s t i n g  b u i l d i n g  consumption r e c o r d s  and by a n a l y s i s  o f  a 
h y p o t h e t i c a l  b u i l d i n g .  

( i i  i )  The energy budge t s  should  b e  moderated by c l i m a t e .  I t  was 
proposed t h a t  a  p a r t i c u l a r  budget  shou ld  a p p l y  o v e r  a  l i m i t e d  
s p e c i f i e d  zone o r  "Cl imat ic  Area". An a l t e r n a t i v e  c l i m a t i c  
m o d i f i e r  i s  suggested i n  t h i s  r e p o r t .  

( i v )  'I'hc Standard shou ld  be  cogn izan t  o f  t h c  differing r n t c  o f  
consumption of  pr imary f u e l  r e s o u r c e s .  T h i s  r c q u i r c s  t h a t  
d i f f e r e n t  forms o f  ene rgy  be r e p o r t e d  s e p a r a t e l y  and t h c i r  
impact on a v a i l a b l e  f u e l  and energy r e s o u r c e s  c o n s i d e r e d .  

I n i t i a l  c o n s i d e r a t i o n  o f  a v a i l a b l e  i n f o r m a t i o n  sugges tcd  t h a t  t h c  
budgets  b e  r e l a t e d  t o  t h e  s i z e  and t y p e  o f  schoo l  ( i . e . ,  p r i m r y  o r  
secondary) and t h a t  some account  b e  made f o r  d i f f e r i n g  h o u r s  o f  u s e .  
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S E C T I O N  A 



DEFINITION OF SCHOOL MODEL 

' h e  fo l lowing  s e c t i o n  d e f i n e s  i n  d e t a i l  t h e  b u i l d i n g  model proposed 
t o  c a l c u l a t e  energy budge t s  f o r  new schoo l  b u i l d i n g s .  

The pa ramete r s  used a r e  c o n s i d e r e d  t o  b e  r e a s o n a b l y  energy  
c o n s e r v a t i v e ,  t y p i c a l  o f  school  c o n s t r u c t i o n ,  and p r a c t i c a b l e ;  i t  s h o u l d ,  
however, b e  r e a d i l y  p o s s i b l e  t o  d e s i g n  b u i l d i n g s  w i t h  b e t t e r  consu~npt ion  
f i g u r e s .  

1 .  BUILDING DESCRIPTION 

! . l  S i z e  and Shape 

1 . 1  . 1  General  

Because t h e  shape  o f  a  b u i l d i n g  h a s  a  c o n s i d e r a b l e  impact on f u e l  
consumption and s i n c e  i n t e r n s 1  p l a n n i n g  requ i rements  r e s t r i c t  t h e  shape,  
i t  was f e l t  necessa ry  t o  have an a p p r e c i a t i o n  o f  school  p lann ing  t o  avoid  
choosing a  model which i s  n e i t h e r  r e p r e s e n t a t i v e  of school b u i l d i n g s ,  nor  
c a p a b l e  of  accommodating rchoo l  f a c i l i t i e s  e f f e c t i v e l y .  

With t h i s  i n  mind, a  b r i e f  s t u d y  o f  school l a y o u t  p l a n n i n g  was 
c a r r i e d  o u t  based  on s c h o o l s  o p e r a t e d  by t h e  C a r l e t o n  School Board. I:ron~ 
t h e  r e s u l t s  o b t a i n e d  t h e  fo l lowing  model i s  s u g g e s t e d .  

1 . 1  . 2  D e f i n i t i o n  

'Ihe model i s  asswned t o  comprise o f :  

( i )  C y n m a s i a / a u d i t o r i a / h a l l  , occupying 10  p e r  c e n t  o f  t h e  t o t a l  f l o o r  
a r e a  i n  Pr imary Schoo l s  and 14 p e r  c e n t  i n  Secondary.  The longer  p l a n  
dimension h e i n g  1 .5  t imes  t h a t  o f  t h e  s h o r t e r .  

( i i )  S i n g l e  o r  two l e v e l  t each ing  b l o c k .  Based on p r a c t i c a l  p l a n n i n g  
a r rangements ,  assuming a  t y p i c a l  c l a ss room a r e a  o f  780 sq  f t  w i t h  a  
minimum p l a n  dimension o f  23 f t  a l l  s c h o o l s  o v e r  20,000 s q  f t  a r e  
assumed t o  b e  two l e v e l .  The l a r g e r  p l a n  dimension i s  assumed t o  b e  
twice  t h a t  o f  t h e  s h o r t e r .  The c lassroom b l o c k  h a s  no common w a l l s  w i t h  
t t ~ c  Gym/ltall b l o c k .  



1 . l .  3 Examples 

For  a 19,000 s q  f t  Primary School t h e  arrangement i s  assumed t o  be:  

and f o r  3 21,000 s q  f t ,  school  it i s  assumed t o  be:  

56.12 ft 
U 

w 

ru 
G 

I-. 
c7 

H A L L  

U 

w 

3 
I-. 

I*) 

Q 

L E V - / -  C- 

CL ASSRC CIA4 b LCCt.. 
1 

137.48 ft 



1 . 2 . 1  General 

To make a l lowance f o r  d i f f e r i n g  environmental  c r i t e r i a  and v a r y i n g  
usage t h e  model has been developed from a  c o n s i d e r a t i o n  o f  t h e  s e p a r a t e l y  
i d e n t i f i a b l e  a r e a s  w i t h i n  t h e  o v e r - a l l  school  p l a n .  Tab le  1 . 2 . 1  (1) 1  is ts  
t h e  average v a l u e s  f o r  a r e a  usage a s  p e r c e n t a g e s  o f  t o t a l  f l o o r  a r e a .  
The va lues  were a r r i v e d  a t  by look ing  a t  some 25 a r b i t r a r i l y  s e l e c t e d  
s c h o o l s  ( C a r l e t o n  School Board) . 

TABLE 1 . 2 . 1 ( 1 )  

-t nominal n u l ) e r  have a  gymnasium 

where : 
Svec i a l  Teaching i n c l u d e s  

Primary - l i b r a r y  and k i n d e r g a r t e n  

Secondary - a r t  rooms, s c i e n c e  l a b s ,  1 i b r a r y ,  workshops, music 
rooms and 1 i b r a r y ,  d r a f t i n g  o f f i c e s ,  seminar  and 
l e c t u r e  t h e a t r e ,  s e c r e t a r i a l / b u s i n e s s  machines.  

Remaining a r e a s  c o n s i s t  o f  cloakrooms, c i r c u l a t i o n ,  k i t c h e n ,  e t c  . 



I:or t h c  purpose  of  t h e  model t h e  v a l u e s  g iven  i n  Tab le  1 . 2 . 1 ( 2 )  a r c  
usecl. 

TABLE 1.2.112) 

1 . 3  Bui ld ing  He igh t  
-. 

For t h e  purposes  o f  t h e  model t h e  fo l lowing  h e i g h t s  a r e  assumed: 

Gymnasia, A u d i t o r i a  and H a l l s :  26 f t  o v e r - a l l  h e i g h t  w i t h  21 f t  
f l o o r  t o  c e i l i n g  i n  A u d i t o r i a  and  Ha l l  (Gymnasia c l e a r  h e i g h t )  

Classroom Block: 12 f t  6 i n .  o v e r - a l l  h e i g h t  p e r  f l o o r  w i t h  
9 f t  0 i n .  f l o o r  t o  c e i l i n g .  

1 .4  B u i l d i n g  O r i e n t a t i o n  

The "nmjor a x i s "  of  t h e  b u i l d i n g  i s  SW t o  N E .  

2.1 General  

The c o n s t r u c t i o n  meets t h e  requ i rements  o f  ASHRAE 90-75 w i t h  t h e  
fo l lowing  r e s t r a i n t s .  

2.2 F e n e s t r a t i o n  

Gymnasia and a u d i t o r i a  a r e  ung lazed .  A l l  o t h e r  a r e a s  a r e  double  
g l a z e d  w i t h  s e a l e d  double  pane and have i n t e r n a l  medium c o l o u r e d  
v e n e t i a n  b l i n d s .  (For  t h e  purposes  o f  c a l c u l a t i o n  t h e  b l i n d s  a r e  
assunicd clown cont- inuously  and shad ing  coefficient = 0 . 5 7 ) .  



l 'hc g l a z i n g  i s  J i s t r i b u t c d  e q u a l l y  around t h e  p e r i m e t e r  wi th  25 p e r  
c e n t  of t h e  wa l l  a r e a  g l s i e d  ( a s  viewed from i n s i d e ) .  

2 . 3  F a b r i c  

'The w a l l  t r a n s m i t t a n c e s  a r e  s e l e c t e d  from ASHRAE 90-75 based  on t h e  
l o c a l i t y  o f  t h e  b u i l d i n g  and t h e  g l a z i n g  d e t a i l s  a s  j u s t  d e s c r i b e d .  

2.4 Bui ld ing  Weight -- 

'The b u i l d i n g  i s  assumed t o  b e  o f  "Medium Weight" c o n s t r u c t i o n  - 

70 l b  o f  m a t e r i a l i s q  f t  o f  f l o o r  a r e a .  

3 .  OCCUPANCY 

For t h e  purpose  o f  t h e  model d e f i n i t i o n  t h e  d e s i g n  occupancy dc-nsi t i c s  

i n  l 'nhlc 3 have been assumed. 

'TABLE 3  

Square  f e e t / o c c u p a n t  (1) ASI1RA.E I 
A r c;l - 

Primary Secondary S tandard  62- 73 

Classrooms 2  5  4  0  2  0  I 
S p e c i a l  Teaching 4  0  7  0  3  3  

A u d i t o r i a  - 2  0  7  I 
G ymnas i a  - 100 14 1 
Comh ined Usage Audi to r in  2  0  - i 4  I 
'I'oi 1 e t  and Changing (2) 10 10 10 

A d m i n i s t r a t  ion  200 200 100 I 
'rc:lch e r s  2 0 2  U 14 I 

' reaching R lock 
Composite F i g u r e  (3) 60 115 

p v e r - a 1  1  F igure  7  0  130 - 1 

(1)  Tncludcs s t a f f  a t  s t a f f / s t u d e n t  r a t i o  o f  1 .20  
O v e r - a l l  f i g u r e s  compare wi th  s c h o o l s  a t  
CBOE - Primary 71 .5  s q  f t / o c c u p a n t ,  Secondary 128 s q  f t / o c c u p a n t  
Waterloo - Combined 9 8  s q  f t / o c c ~ r p a n t  [- 50% a r e a  pr imary,  

50"; sccondary)  

(21 Not s imul taneous  occupancy a r e a s ,  i  . e . ,  occupan t s  frorn o t h e r  
s p e c i f i e d  zones. 

(3)  Teaching b lock  composite f i g u r e  i s  based on occupancy o f  c l ass rooms ,  
s p e c i a l  t e a c h i n g  and a d m i n i s t r a t i o n  ( i  . e . ,  s i m u l t a n e o u s l y  occupied 
a r e a s )  and assumes t h a t  o n l y  80% o f  t h i s  a r e a  i s  used a t  any one  
t i m e .  



4 .  B U I L L ) I N G  USAGE 

4 . 1  General  

Because o f  v a r i c d  community u s e  o f  schoo ls  no two school  b u i l d i n g s  
o p e r a t e  on i d c n t i c a l  schedu les  and between any two s c h o o l s  t h c  occupancy 
[ x t t t c r n  may vary considcrn1)ly.  

I n  o r d e r  t o  c o n s i d e r  t h c  v a r i a t i o n  o f  energy consumption wi th  hours  
o f  use t h e  fo l lowing  t h r e e  occupancy per iods  a r e  de f ined  f o r  use  wi th  t h e  
b u i l  d ing  model : 

(a )  Basic  schoo l  use;  

( I ? )  School used d u r i n g  t h e  evenings  on "school days"; and 

(c )  School used through y e a r ,  i . e . .  evenings ,  weekends and f o r  
sulnmer s c h o o l .  

4 . 2  Per iod  o f  Operat ion - .- 

For ease  o f  computation the  energy budget f i g u r e s  a r e  c a l c u l a t e d  
f o r  a  c a l e n d a r  y e a r  and n o t  f o r  an  academic year  (September t o  
September).  Computations a r e  based on 200 days o f  o p e r a t i o n  between t h e  

fo l lowing  d a t e s :  

2  January t o  25 March 
1 Apr i l  t o  30 June,  wi th  a  h o l i d a y  19 May 
2 September t o  19 December, w i t h  h o l i d a y s  11 October  and 

11 November 
(Based on 1975 c a l e n d a r ,  1  January was a  Wednesday) 

\:or t l iosc c i  t i c s  whosc ' Isc>st I<ct'crcncc Year wc:~tl ler  dotit i s  ;i I C-LII) 

y c ; ~ r  t h e  fo l lowing  d a t e s  a r e  used:  

2 .January t o  14 Apri l  i n c l u s i v e  
22 A p r i l  t o  30 ,June i n c l u s i v e ,  wi th  a  h o l i d a y  24 May 
2 September t o  21 December i n c l u s i v e ,  wi th  h o l i d a y s  6 Septemhcr, 

11 October and 11 November 
(Based on 1976 c a l e n d a r  1 J a n u a r y  was a  'Thursday) 

4 . 3  Table  o f  Basic Schedules 

The fo l lowing  schedu les  d e f i n e  t h e  school  ' s  o p e r a t i o n :  

Schedule  
Numb cr -- - - - - - 

1 .  L i g h t i n g  - School Day Classrooms 
2 .  L'gh t ing  - School Day Gymnasium and Auditorium 
3 .  L igh t ing  - Weekend and Holidays - All Areas 
4 .  Occupancy - School Day Classrooms, Gymnasium 
5 .  Occul>ancy - School Day Audi toriurn 
h . Occupancy - Weekcnd and l lo l idays  - All  Areas 



7 .  Domestic llot Water - Schcol U<ly Classroom 
8.  Ilomestic l lot  Water - School L)ay Gymnasium 

9 .  Domestic lIot Water - Wezkend and Wclidzy 

The schedu les  can b e  found i n  Appendix A .  

4 .4  Supplementary Schedules  ( f o r  community use)  

4 .4 .1  Weekend and v a c a t i o n  use  

For weekend and v a c a t i o n  u s e  t h e  same schedu les  a ?  f o r  s t a n d a r d  
schooldays  a r e  used.  

L i g h t i n g  - Classrooms - Schedule  H1 
L i g h t i n g  - Cymnns i i lm and Aduitorium - Schedulc  t12 
Occupancy - Classrooms, Gymnasiuin - Schedule  #4 
Occupancy - Auditorium - Schedule  # 5  
* 1W1W - Classrooms - Schedule H7 

DfIW - Gymnasium - Schedule # 8  

3 . 4 . 2  Evening use 

S i x  new schedu les  a r c  proposed.  

4 . 4 . 3  Table o f  supplementary scl iedules -- 

Schedule  
Numl~er 

9 .  Ligh t ing  - Classroom 
10 . L i g h t i n g  - Gymnasium, Auditorium 
11.  Occupancy - Classrooms and Gymnasium 
12.  Occupancy - Auditorium 
13.  111 IW - Classrooms 
14. Dl IW - Gymnasium 

5 .  LNVI RONMENTAL CRITERLA 

Hascd on AStlRAE 90-75,  t h e  c o n d i t i o n s  f o r  each o f  t h e  a r e a s  d e f i n e d  
i n  S e c t i o n  1  a r e  t a b u l a t e d  i n  Tab les  5 . 1 ( 1 )  and 5 . 1 ( 2 ) .  Where t h e  
c l a s s i f i c a t i o n  c o v e r s  a r e a s  wi th  d i f f e r i n g  c r i t e r i a  ave rage  v a l u e s  o r  
r anges  a r e  g i v e n .  The v a l u e s  g iven  i n  t h e s e  t a b l e s  a r e  t h o s e  used i n  t h e  
model and a r e  n o t  n e c e s s a r i l y  recommended v a l u e s .  

*L)ITIU' = Domestic tlot Water 





TABLE 5 .1 (2 )  

ENVIRONMENTAL CRITERIA - SECONDARY SClIOOL 

V e n t i l a t i o n  
Humiditv 

Temperature OA p e r ( 1 )  OA p e r ( 2 )  A i r  Movement 
~i nm Ma xm person s q  f t  *Ligh t ing  Level  

Winter  Summer Winter  Sunmer (cfm) (cfm) f t  c a n d l e s  (minm) cfm/sq f t  

Classrooms 

S p e c i a l  Teaching 

Audi t o r i a  

Gymnasia 

T o i l e t  and  
Changing 

Admin i s t r a t ion  

Teachers  

P l a n t  Rooms 

S t o r a  ge 

C i r c u l a t i o n  a n d  
Cloakrooms 

0 .125  

0.071 

0 .25  

0 .067  

0 .67  
( E x t r a c t  

Rate)  

0 .025  

0 .25  

- 

- 

0 .13  
( E x t r a c t  

Rate)  

NOTE: l imber s  i n  p a r e n t h e s e s  r e f e r  t o  t h e  Notes on p .  1 6 .  

* A l t e r n a t i v e  l i g h t i n g  l e v e l s  a r e  sugges t ed  i n  S e c t i o n  B2 



Notes 
-- 

(1)  Assumes r e c i r c u l a t i n g  IiVAC sys tems  

( 2 )  Based on  occupancy d e n s i t y  as p e r  T a b l e  3 

(3 )  E q u i v a l e n t  s p h e r e  i l l u m i n a t i o n  

( 4 )  These a r e a s  n o t  s i m u l t a n e o u s l y  o c c u p i e d  zones,  i. e . ,  o c c u p a n t s  
removed from o t h e r  a r e a s  t h e r e f o r e  e x t r a c t  o n l y  from t h e s e  a r e a s ,  
v e n t i l a t i o n  by v i r t u e  o f  make-up a i r  

(5) 'rllcse a r e a s  a r c  non a i r - c o n d i t i o n e d  and c o n s e q u e n t l y  no h u m i d i t y  
cor l t ro l  i n  summer 

( b )  No w i n t e r  hurn i d i f i c a t i o n  p r o v i d e d  

( 7 )  'I'hese a r c a s  a r c  n o t  c o n d i t i o n e d  

(8)  l t  i s  assumed t h a t  p r i m a r y  s c h o o l s  a r e  - n o t  a i r - c o n d i t i o n e d  - 
i n c r e a s e d  v e n t i l a t i o n  which may b e  r e q u i r e d  t o  m a i n t a i n  s u i t a b l e  
c o n d i t i o n s  i n  warmer w e a t h e r  assumed t o  b e  p r o v i d e d  b y  open ing  
w indow s 

(9) A c o n s t a n t  y e a r  round t e m p e r a t u r e  o f  71°F i s  u s e d .  

O v e r - a l l  O u t s i d e  A i r  Supp ly  Rate :  Teach ing  Block 

Based on t h e  occupancy r a t e s ,  a i r  volume and mix o f  a r e a s  i n  t h e  
t e a c h i n g  b l o c k ,  t h e  o v e r - a l l  o u t s i d e  a i r  s u p p l y  r a t e s  have been c a l c u l a t e d  
a s :  

Pr imary  - cfm/sq f t  0.085 

Secondary  - cfm/sq f t  0 .045  

. DIVISION Of: BUILDING INTO 'IllERMAL BLOCKS 

6 .1  Genera l  

For  t h e  pu rpose  o f  ma themat i ca l  mode l l ing  t h e  b u i l d i n g  i s  d i v i d e d  
i n t o  "Thermal Blocks" as d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

6 . 2  Major D i v i s i o n s  

The major  d i v i s i o n s  a r e ,  b a s e d  on usage  and c o m p r i s i n g :  

( i )  Gymnasium 

( i i )  Audi tor ium 

( i i i )  Genera l  Purpose  Hall 

( i v )  Teaching Block 



A s i n g l e  space  

6 . 2 . 2  Audi t o r i a  

A s i n g l e  space  

(Secondary School s )  

(Secondary School s) 

6 . 2 . 3  General  pu rpose  

A s i n g l e  s p a c e  (Elementary Schoo l s )  

6 . 2 . 4  'Scachine b lock  

Comprising o n e  o r  more thermal b l o c k s  . 

Assuming non-open p l a n  t e a c h i n g  s p a c e s  t h e  i n t e r n a l  d i v i s i o n  can b e  
cons ide red  an a c c e p t a b l e  d i v i s i o n  i n t o  the rmal  b l o c k s .  

For  purposes  o f  t h e  model a s t a n d a r d  method o f  d i v i s i o n  i n t o  the rmal  
b l o c k s ,  depending on t h e  o v e r - a l l  b u i l d i n g  s i z e ,  i s  used  v i z .  

S i n g l e  Level  

Up t o  10,000 sq  f t  f l o o r  a r e a  -- 2 thermal  b l o c k s  ( F i g .  6 . 2 . 4 ( 1 ) )  

10 ,000 t o  20,000 sq f t  f l o o r  a r e a  - 3 t he rmal  b l o c k s  [ F i g .  6 . 2 . 4 ( 2 ) 1  

Two Level 

20,000 t o  40,000 s q  f t  f l o o r  a r e a  - 4 thermal  b l o c k s  (F ig .  6 . 2 . 4 ( 3 ) )  

40 ,000 ---t s q  f t  f l o o r  a r e a  - 6 thermal  b l o c k s  ( F i g .  6 . 2 . 4 ( 4 ) ) .  

F i ~ u r e  6 . 2 . 4 ( 1 )  

5- 10 ,000  s q  f t  ( S i n g l e  Level )  

F igure  6 . 2 . 4  (2)  

10- 20,000 s q  f t  ( S i n g l e  Level )  



F i g u r e  6 . 2 . 4 ( 3 )  20-40,000 s q  f t  (Two Level )  

F igure  6 . 2 . 4 ( 4 )  40 ,000-  (Two Level)  

NOVi:  Width o f  P e r i m e t e r  Zones = 28  f e e t  

7 .  SPACE INTERNAL LOADS 

7 . 1  General  

Space  i n t e r n a l  l o a d s  a r e  c o n s i d e r e d  t o  r e s u l t  from occupancy a n d  
l i g h t i n g  o n l y .  

7 .2  Occupancy 

Based on t h e  occupancy d e n s i t i e s  g i v e n  i n  Tab le  3 ,  t h e  r e s u l t a n t  
pcak s e n s i b l e  occupancy g a i n s  a r e  d e t a i l e d  i n  Tab le  7 . 2  

TABLE 7 .2  

Area 
D e n s i t y  ( s q  f t  Gain (B tu /h r  Pe r  Cent Gain  (B tu /h r  
p e r  o c c u p a n t )  p e r  occupan t )  l a t e n t  s q  f t )  

Gymnasium 100 

Auditorium 
(Secondary) 2 0  

l l a l l  
(Pr imary)  

C l a s s  
(Pr imary)  

C l a s s  
[Secondary) 



7.2.1 -- Weighted occupancy p r o f i l e s  

The use  o f  a  "weighted p r o f i l e "  f o r  t he  r a d i a n t  h e a t  g a i n  from 
occupancy i s  used c a l c u l a t e d  i n  t h e  fol lowing manner: La ten t  and 
convec t ive  ga ins  a r e  assumed t o  follow t h e  occupancy p r o f i l e .  
Th i r t y - fou r  p e r  c e n t  o f  t h e  s e n s i b l e  ga in  i s  assumed t o  be  convec t ive .  
Ihe i a d i a n t  component i s  lagged i n  t h e  fo l lowing  manner: 

= a W  
'(n) o  (n)  + alw(n- 1) 

- b i q  
(n- 1) 

where 

= r a d i a n t  component o f  s e n s i b l e  cooli .ng load  f o r  occupants  a t  
t ime n, and 

W 
(n) 

= occupancy r a d i a n t  hea t  ga in  a t  t ime n .  

a,, a l  and b l  t h e  weight ing f a c t o r s ,  a r e  t aken  t o  be  0.43.  - 0 . 3  and -0.57 
r e spec t i ve1  y.  These va lues  a r e  t y p i c a l  f o r  a  "medium weight" c o n s t r u c t i o n .  
Weighted schedules  a r e  given i n  Appendix B .  

The ins tan taneous  and lagged "peak loads" t o  which t h e  schedules  
w i l l  apply have been c a l c u l a t e d  from Table 7.2 and a r e  given i n  
Table 7 . 2 . 1  

TABLE 7 .2  . I  

Ins tan taneous  Lagged 
Btu/hr  sq  f t  Per  Cent Btu /hr  sq  f t  

Area (convec t ive  and l a t e n t )  l a t e n t  ( r a d i a n t )  

Gymnas iurn 7.36 75 3.63 

Audi t o  ri urn 
(Secondary) 13.29 

l i a l l  
(Primary) 

C l a s s  
(Primary) 

C l a s s  
(Secondary) 



7 . 3  Ligh t ing  

Based on t h e  l i g h t i n g  l e v e l s  g iven  i n  Tab les  5 .1(1)  and 5 .1 (2)  and 
t h e  a r e a  mix o f  spaces  i n  t h e  Teaching Block, and u s i n g  t h e  ASI-IRAE 90-75 
procedure f o r  t h e  c a l c u l a t i o n  o f  a  ! 'Lighting Budget1' t h e  r e s u l t a n t  peak 
l i g h t i n g  loads  were e s t i m a t e d .  The r e s u l t a n t  l o a d s  a r e  shown i n  
'Table 7 .3 .  (An a l t e r n a t i v e  model w i t h  lower i n s t a l l e d  l i g h t i n g  load  i s  
cons idered  i n  S e c t i o n  B2, p .  80. ) 

TABLE 7 . 3  

I n s t a l l e d L i g h t i n g L e v e l  S p a c e L o a d  
Area ( w a t t s / f t 2 )  (Btu/hr f t 2 )  

Gymnasium 1.1 3.75 

Auditorium 
General Purpose 

C l a s s  room 
Block 2 . 3  7.85 

7 .3 .1  Weighted l i g h t i n g  p r o f i l e s  

Weighted 1 i g h t i n g  p r o f i l e s  a r e  used t o  s i m u l a t e  t h e  h e a t  s t o r a g e  
e f f e c t s  o f  t h e  b u i l d i n g .  ASHRAE c o e f f i c i e n t s  o f  Room T r a n s f e r  Funct ions  
a r c  used t o  weight the  l i g h t i n g  p r o f i l e s .  

(n) 
= c o o l i n g  l o a d  f o r  l i g h t s  a t  t = n 

W 
( n) 

= power i n p u t  t o  l i g h t s  a t  t = n  

a , ,  a ,  and b , ,  t h e  we igh t ing  f a c t o r s ,  a r e  taken t o  b e  0.53, - 0 . 4  and 
0 .87 r e s p e c t i v e l y .  These v a l u e s  a r e  f o r  f l u o r e s c e n t  f i x t u r e s  r e c e s s e d  
i n t o  a  suspended c e i l i n g ,  c e i l i n g  plenum - n o t  v e n t i l a t e d  and "Medium 
Weight S t r u c t u r e " .  The weighted p r o f i l e s  a r e  shown i n  Appendix B .  

7 . 4  Miscel laneous  

With t h e  excep t ion  o f  domestic h o t  w a t e r  t h e  b u i l d i n g  model does not  
inc lude  non HVAC/lighting equipment such a s  a u d i o / v i s u a l  a i d s ,  c a t e r i n g  
equipment, e t c .  



7 . 4 . 1  Domestic h o t  w a t e r  

l lo t  w a t e r  ene rgy  consumption peaks:  150 Btu h / s t u d e n t  f o r  school  

c l a s s room a r e a s  and 160 Btu h / s t u d e n t  f o r  gymnasia. 

Based on s q u a r e  f o o t a g e  t h i s  becomes 

Primary Schoo l s  - Classroom Block - 2 .5  Btu h / s q  f t  

Secondary  School s - Gymnasium - 1 .6  Btu h / s q  f t  

Classroom Block - 1 . 3  Btu h / sq  f t  

8 .  EXTERNAL LOADS 

8 . 1  Weather Data 

The o p e r a t i o n  o f  t h e  b u i l d i n g  a s  d e f i n e d  s o  f a r ,  i s  modelled through 
a  y e a r ' s  o p e r a t i o n  u s i n g  wea the r  d a t a ,  b a s e d  on " T e s t  Refe rence  Years", 

f o r  t h e  f o l l o w i n g  l o c a t i o n s  : 

Weather S t a t i o n  

1.  Vancouver I n t l .  A i r p o r t  

2 .  Lethbr idge  A i r p o r t  

3 .  Saska toon  A i r p o r t  

4 .  Winnipeg I n t l .  A i r p o r t  

5 .  Toronto I n t l .  A i r p o r t  

6 .  Montreal  I n t l .  A i r p o r t  

7.  F r e d e r i c t o n  A i r p o r t  

8 .  S h e a r w a t e r  A i r p o r t  

9 .  S t .  J o h n ' s .  Newfoundland 

Year 

19 59 

1956 

1956 

19 70 

1968 

1966 

19 66 

1971 

1963 

The T e s t  Refe rence  Years were s e l e c t e d  o n  t h e  b a s i s  o f  recommended 
ASllRAli  procedure  (Don Boyd method) . 

Assoc ia ted  w i t h  each  set  o f  wea the r  d a t a  i s  an  a r e a  o v e r  which t h e  
d a t a  can  b e  c o n s i d e r e d  r e p r e s e n t a t i v e .  These a r e a s  a r e  d e f i n e d  o n  
F i g u r e  8 . 1  



FIG. 8.1 
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8 . 2  I leat  Losses and Gains 

Heat l o s s e s  and g a i n s  a r e  handled i n  t h e  way p r e s c r i b e d  i n  t h e  
r e f e r e n c e  document accompanying t h e  Meriwether ESA package w i t h  t h e  
fo l lowing  r e s t r i c t i o n s .  

8 . 2 . 1  S o l a r  d a t a  

"Weighted So la r"  d a t a  i s  used t o  g i v e  some a c c o u n t  o f  b u i l d i n g  
s t o r a g e  e f f e c t s .  Th i s  i n v o l v e s  t h e  u s e  o f  t h e  S o l a r  t ieat  Gain F a c t o r  
g e n e r a t i n g  program SL2 wi th  t h e  f o l l o w i n g  s p e c i f i c  d e t a i l s .  S o l a r  Heat  
Gains (See Appendix 5) a r e  assumed t o  a p p e a r  a s  c o o l i n g  load  i n  t h e  
f o l l o w i n g  manner. 

V e r t i c a l  (Windows) 71 p e r  c e n t  i n  f i r s t  hour  wi th  a  9 - h r  "sum o f  
d i g i t s "  spread f o r  remainder .  

l t o r i z o n t a l  (Roof) 0 p e r  c e n t  i n  f i r s t  hour  w i t h  a  9 - h r  equal  
pe rcen tage  s p r e a d  f o r  t h e  remainder .  

8 . 7 . 2  S o l a r  t r a n s m i s s i o n  through opaque f a b r i c  

Th i s  was c o n s i d e r e d  f o r  t h e  roof  on1 y, by us ing  t h e  "Equivalent  
g l a s s  a rea"  concep t .  

8 . 2 . 3  I n f i l t r a t i o n  

The l i m i t a t i o n  o f  a v a i l a b l e  s o f t w a r e  t o  p r e d i c t  i n f i l t r a t i o n  r a t e s  
wi th  any degree  of  c e r t a i n t y  l e a d s  t o  t h e  o v e r s i m p l i f i c a t i o n  o f  t h e  
approach p r e s e n t e d  h e r e .  

I n f i l t r a t i o n  i s  assumed t o  b e  c o n s t a n t  throughout  t h e  yea r ,  
r e s u l t i n g  from a  s t e a d y  wind a c t i n g  on t h e  NW f a c i n g  w a l l .  

The a c t u a l  wa l l  l eakage  r a t e  is  given i n  F i g u r e  8 . 2 . 3  a s  a f u n c t i o n  
o f  t h e  a v e r a g e  o f  t h e  mean f a l l / w i n t e r / s p r i n g  wind speed.  'I'hesc a v e r a g c  
wind speeds  f o r  t h e  d e f i n e d  c l i m a t i c  a r e a s  a r e  g iven i n  Tab le  8 . 2 . 3 .  

I n  o r d e r  t o  c a l c u l a t e  min/max l o a d  on i n d i v i d u a l  zones, i n f i l t r a t i o n  

i s  c o n s i d e r e d  t o  o c c u r  a c r o s s  a l l  w a l l s  a t  t h e  same r a t e  a s  t h a t  
found f o r  t h e  NW w a l l .  



Average  W i n d  S p e e d  

( M P H )  

Figure  8 . 2 . 3  

TABLE 8 . 2 . 3  

C l i m a t i c  Area Weather S t a t i o n  Wind Speed (mph) 

Vancouver 

Le thbr idge  

Saskatoon 

Winnipeg 

Toron t o  

Montreal 

F r e d e r i c t o n  

Shearwate r  

S t .  John7  s ,  Nfld 



9  . HVAC SYSTEMS 

9 . 1  General 

For purposes o f  t h e  model d e f i n i t i o n  t h e  fo l lowing  HVAC systems a r e  
used.  

The systems have been s e l e c t e d  a s  be ing  s u i t a b l e  and p r a c t i c a l  f o r  

schools ;  t h e  ope ra t i on  of t h e  system i s  such t h a t  they  a r e  reasonably  
energy conse rva t i ve .  A l l  systems a r e  assumed t o  have "economiser" mixed 
a i r  c o n t r o l  and spray  a i r  washer o r  sprayed c o i l s ,  f o r  humid i f i c a t i on .  

9 . 1 . 1  Gymnasia, a u d i t o r i a  and gene ra l  purpose h a l l  

S i n g l e  d u c t ,  c o n s t a n t  volume v a r i a b l e  temperature  system. (As 
Meriwether Type "0" s ystem, F ig .  9 . 1 . 1 ) .  

9 . 1 . 2  Classroom block - primary schools  

Terminal r e - h e a t  system wi th  supply a i r  temperature  scheduled wi th  
o u t s i d e  a i r .  The terminal  r e h e a t  i n  p r a c t i c e  i s  most l i k e l y  t o  b e  
per imete r  r a d i a t i o n  b u t  f o r  t h e  purposes  of  t h e  model t h e  two a r e  
thermodynamically s i m i l a r .  (F ig .  9 .1 .2)  . 

9 . 1 . 3  Classroom block - secondary schools  

Var iab le  a i r  volume system, w i th  scheduled supply  a i r  temperature  
and te rmina l  r e h e a t  con t ro l  l e d  by roomsta t .  A s  above te rmina l  r e - h e a t  i s  
most l i k e l y  t o  b e  per imete r  r a d i a t i o n  i n  ex t e rna l  zones; Minimum a i r  
flow no l e s s  than 50 p e r  c en t  t h e  f u l l  volume (F ig .  9 .1 .3 )  

9 . 2  System Shut  Off /Se t  Back 

System ope ra t i on  i s  matched t o  fol low occupancy schedules ,  t he  
fol lowing shu t -o f f  and se t -back  procedures  a r e  used:  

9 . 2 . 1  I-lea tin^! season s e t  -back 

A l l  a r e a s  a r e  se t -back  10°F d u r i n g .  "scheduled per iods1 '  a s  def ined  
i n  S e c t i o n  9 . 2 . 5 .  

9 . 2 . 2  Cooline season s e t -uu  

No s e t -up  temperature .  

9 . 2 . 3  V e n t i l a t i o n  a i r  

V e n t i l a t i o n  ( i  . e . ,  o u t s i d e  a i r )  reduced t o  zero and a l l  e x t r a c t  f a n s  
o f f  dur ing t h e  scheduled pe r i ods  a s  de f i ned  i n  S e c t i o n  9 . 2 . 5 .  



H . V .  S y s t e m  S c h e m a t i c  - H a l l ,  A u d i t o r i u m  
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H . V .  S y s t e m  S c h e m a t i c  - C l a s s r o o m  B l o c k  

P r i m a r y  S c h o o l s  

PStsslE 
CONTROUER 
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9 .2 .4  A i r  handl ing  p l a n t  

I n  t h e  classroom block on ly ,  t he  a i r  handlirrg p l a n t  i s  s h a t  o f f  
dur lng  scheduled pe r i ods  a s  de f i ned  i n  Sec t i on  9 .2 .5 ,  room tempera ture  
be ing  mainta ined by per imete r  h e a t i n g .  

9 . 2 . 5  Shut  o f f l s e t  back schedules  

Normal ope ra t i on ,  scheduled "off per iod" 6 pm t o  6 am schooldays 
and o f f  a l l  day weekends and h o l i d a y s .  Community use  ope ra t i on ,  
scheduled o f f  perj.od 10 pm t o  6 am schooldays ,  and 6 pm t o  6 am weekend 
ho l  idays  . 

9 . 3  Room A i r  Supply Rates 

For hea t ed  and coo led  a r e a s  t h e  room a i r  change r a t e s  a r e  based on 
t h e  s e n s i b l e  h e a t  l o s s  o r  ga in ,  whichever i s  t h e  g r e a t e r ,  w i th  a  maximum 
room-supply temperature  d i f f e r e n t i a l  o f  1 5 " ~  dur ing  coo l ing  and 30°F 
dur ing  h e a t i n g .  A minimum a i r  supply r a t e  o f  0 .5  cfm/sq f t  i s  assumed. 

For a r e a s  w i th  no mechanical cooling,room a i r  change r a t e s  a r e  
based upon t he  h e a t  l o s s  and a  room/supply t empera ture  d i f f e r e n t i a l  o f  
30' F. Any inc r ea sed  v e n t i  1 a t i o n  r equ i r ed  dur ing  warmer months t o  
minimize i n t e r n a l  temperatures  i s  deemed t o  b e  by v i r t u e  o f  open windows 
and n o t  by o v e r s i z i n g  v e n t i l a t i o n  p l a n t .  

9 . 4  - Fan Power Required f o r  HVAC Systems 

The c a l c u l a t i o n s  f o r  fan  motor absorbed power and fan  A t  (motors 
assumed no t  i n  a i r  s t ream) a r e  based on t h e  fo l l owing  assumptions .  

9 . 4 . 1  Fan p r e s su re  

VAV systems supply 4  i n .  r e t u r n  l b  i n .  A l l  o t h e r  
systems supply 2  i n .  and r e t u r n  1 i n .  

9 . 4 . 2  Fan e f f i c i e n c y  

(qF) 70 p e r  c e n t .  

9  - 4 . 3  Drive t ransmiss ion  e f f i c i e n c y  

(qT) 95 p e r  c e n t .  

9 .4 .4  Motor e f f i c i e n c y  

(qM) From Table 9 .4 .4  



TABLE 9.4 .4  

Motor S i z e  (HP) E f f i c i e n c y  

Less t han  1 65 % 

9 . 4 . 5  A i r  s t ream (fan1 A t  

Based on fan e f f i c i e n c y  o f  70 p e r  c e n t  wi th  2/3 of f an  l o s s e s  i n t o  a i r  
stream, t h e  fan A t  i s  given by 0.44X Fan Tota l  P r e s su re  us ing  AP a s  
d e t a i l e d  i n  9 . 4 . 1  t he  f a n  A t 1  s a r e  a s  shown i n  Table  9 .4 .5 .  

TABLE 9 .4 .5  

Fan/S ystem AP ( i n . )  +AT ("F) 

Supply VAV 4 2 

Return VAV 1 3  0.66 

Supply a l l  o t h e r s  2  1 O 

Return a l l  o t h e r s  1 0.44 

+ Supply a i r  A t ' s  a r e  l i m i t e d  t o  n e a r e s t  
i n t e g e r  by computer model. 

9 . 4 . 6  Fan motor s i z e s  

The f a n  motor s i z e  i s  given by t h e  r e l a t i o n s h i p  

Fan Motor - - a i r  power 

n~ Xr\t mC77, 

where a i r  power = Fan P re s su re  x A i r  Volume 

= 5 . 2  x P x Q f t  l b  f/min 

o r  0.1175 x P x Q w a t t s  

where 
P = Fan P re s su re  i n  i n .  wa te r  

Q = A i r  Flow r a t e  i n  cfm 



9 .4 . 7  VAV fans  

These have a n  i n l e t  guide vane s t a t i c  p r e s su re  c o n t r o l  on  both the  
supply and exhaust  fans .  The f a n  power - a i r  flow r e l a t i o n s h i p s  a r e  a s  
shown i n  F igure  9 . 4 . 7  Meriwether Fan Key 5 i s  used. 

Figure  9 .4 .7  Fan Power v s  A i r  Volume 

(Source: M . E . D .  Notes # 1 3  Ove Arup 6 P a r t n e r s  U . K .  October 1974) 

Type A System Discharge P re s su re  5 i n .  w.g.  

Suc t i on  Pressure  2 i n .  w.g.  

Type B System Discharge P re s su re  0.5 i n .  w.g. 

Suc t ion  Pressure  2 i n .  w .g .  
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APPENDIX A 

OCCUPANCY, LIGHTING AND DOMESTIC HOT WATER SCHEDULES 



M C  L I G H T I N G  S C H E D U L E S  

S C H E D U L E  /I1 S C H O O L  DAY - C L A S S R O O M S  

S C H E D U L E  # 2  S C H O O L  DAY - GYM & A U D I T O R I U M  

S C H E D U L E  /I3 W E E K E N D  & H O L I D A Y S  - A L L  A R E A S  



BASIC O C C U P A N C Y  S C H E D U L E S  

S C H E D U L E  # 4  - S C H O O L  DAY - C L A S S R O O M S  & G Y M N A S I U M  

S C H E D U L E  # 5  - S C H O O L  DAY - A U D I T O R I U M  

100 

S C H E D U L E  /I6 - W E E K E N D S  & H O L I D A Y S  



BASIC DOMESTIC HOT WATER SCHEDULES 

SCHEDULE /I7 SCHOOL DAY CLASSROOMS 

SCHEDULE /I8 SCHOOL DAY GYM 

AS SCHEDULE /I6 WEEKEND & HOLPDAY 



S U P P L E M E N T A R Y  S C H E D U L E S  - L I G H T I N G  

S C H E D U L E  / I9  S C H O O L  DAY & E V E N I N G S  - C L A S S R O O M S  

M 2 4 6  8 1 0 N 2 4 6 8 1 0 M  

S C H E D U L E  / I 1 0  - S C H O O L  DAY & E V E N I N G S  GYM & A U D I T O R I U M  



S U P P L E M E N T A R Y  S C H E D U L E S  O C C U P A N C Y  

S C H E D U L E  / I11  S C H O O L  DAY & E V E N I N G S  - C L A S S R O O M S ,  GYM 

M 2 4 6 8 1 0 N 2 G 6 8 1 0 M  

S C H E D U L E  / I 1 2  - S C H O O L  D A Y  & E V E N I N G S  - A U D I T O R I U M  



S U P P L E M E N T A R Y  S C H E D U L E S  D O M E S T I C  HOT WATER 

S C H E D U L E  #13 S C H O O L  DAY & E V E N I N G S  - C L A S S R O O M S  

M 2 L 6 8 1 0 N 2 4  6 8 1 0 M  

S C H E D U L E  / I14 S C H O O L  DAY & E V E N I N G S  G Y M N A S I U M  



APPENDIX I3 

WEIGHTED OCCUPANCY AND LIGHTING SCHEDULES 

The following p r o f i l e s  were c o m ~ i l e d  
f o r  use i n  t h e  Sleriwether ESA s e r i e s  t o  
s imulate  the  e f f e c t s  of bui ld ing  heat  
s torage .  

The p r o f i l e s  were derived using ASHRAE 
' c o e f f i c i e n t s  of room t r a n s f e r  funct ions ' .  



WEIGHTED LIGHTING SCHEDULES 

SCHEDULE 815 SCHOOL DAY - CLASSROOMS 

SCHEDULE 816 SCHOOL DAY - GYM & AUDITORIUM 



WEIGHTED OCCUPANCY SCHEDULES 

(RADIANT COMPONENT ) 

SCHEDULE /I17 - SCHOOL DAY - CLASSROOMS & GYMNASIUM 

SCHEDULE /I18 - SCHOOL DAY - AUDITORIUM 



- 4 3 -  

S U P P L E M E N T & R Y  S C H E D U L E S  - L I G H T I N G  W E I G H T E D  

S C H E D U L E  / I19 S C H O O L  D A Y  & E V E N I N G S  - C L A S S R O O M S  

M 2 L 6 8 1 0 N 2 4 6 8 1 0 M  

S C H E D U L E  1/20 - S C H O O L  D A Y  & E V E N I N G S  G Y M  A U D I T O R I U M  



S U P P L E M E N T A R Y  S C H E D U L E S  O C C U P A N C Y  W E I G H T E D  ( R A D I A N T  C O M P O N E N T )  

S C H E D U L E  !I21 S C H O O L  DAY & E V E N I N G S  - C L A S S R O O M S ,  GYM 

S C H E D U L E  / I 2 2  - S C H O O L  DAY & E V E N I N G S  - A U D I T O R I U M  



APPENDIX C 

HEAT LOSSES FROM SLAB ON O E  

For the computer model the heat loss from slab on grade is 

assumed to be 6irectly proportional to the ambient temperature 

with U values as shown in Figure C1, which is derived from data 
from 

(1) IHVE London U.K. Guide Book A, 1970 and 

(2) Rsgles de calcul des caract6ristiques thermiques utiles 

des parois de construction, des perditions de base des 

bztiments et du coefficient G des logements et autres 

locaux d'habitation, le Centre scientific et technique 
du bztiment. Paris, fgvrier 1975. 

(Because the foregoing information is not comprehensive it is 

suggested that the values found from the graph should not be 

used other than for the purposes of the school model). 





APPENDIX D 

PROCEDURE FOR THE CALCULATION OF AIR SUPPLY 

RATES AND SUPPLY AIR TEMPERATlJRE SCHEDULES 

AIR SUPPLY RATES 

To reflect the practice of selecting air supply rates to satisfy 
space loads, the air quantity for each zone in each school is calculated 
separately, based on the design peak heating or cooling loads. 

For heated only buildings the air supply rate is determined by the 
design maximum heating requirement. This is deemed to result from: 

(1) Fabric loss at winter design At 

(2) Infiltration loss at winter design At 

(3) 14inrn internal load (taken at 0900 hr) 

(4) Zero solar gains. 

A room supply air temperature differential of 30°F is assumed. 

For heated and cooled buildings the air supply rate is determined 
by the design maximum cooling requirement. 

This is deemed to result from: 

(1) Fabric gain at summer design At 

(2 )  Infiltration gain at summer design At 

(3) Coincident maximum of internal and solar loads 
(taken at 1500 hr - June solar data is assumed). 

A room supply air temperature differential of 15°F is assumed. 

PRIMARY SUPPLY AIR TEMPERATURE SCHEDULES 

For terminal re-heat and V.A.V. systems only. 

Winter heating 

For winter heating, the primary supply air temperature is selected 
on the basis of satisfying the minimum heating demand within the zone 
when the outdoor temperature is at winter design point. 



This  i s  deemed t o  r e s u l t  from: 

(1) Fabr ic  l o s s  a t  win te r  des ign  A t  

( 2 )  Zero i n f i l t r a t i o n  (zone assumed on leeward s i d e  of  bu i ld ing ] .  

( 3 )  Coincident maximum of i n t e r n a l  and s o l a r  loads 
( taken a t  1500 h r  - January s o l a r  d a t a  i s  assumed). 

Summer cool ing 

By e a r l i e r  d e f i n i t i o n  t h e  primary supply a i r  temperature  f o r  
mechanically cooled schools  a r e  

( t  - lS°F) - per imeter  zones 

( t  - 10°F) - i n t e r n a l  zones t = room temperature 

For non-mechanically cooled schools  ( e . ~ . ,  primary schools ) ,  t h e  
primary supply a i r  temperature schedule  i s  c a l c u l a t e d  a s  though 
cool ing were a v a i l a b l e .  

The minimum supply a i r  temperature i s  taken t o  ne t h a t  temperature 
necessary t o  remove t h e  design maximum h e a t  gain from t h e  space. This  
i s  deemed t o  r e s u l t  from: 

(1) Fabric  ga in  a t  summer A t  

( 2 )  I n f i l t r a t i o n  gain a t  summer A t  

(3 )  Coincident maximum of t h e  i n t e r n a l  and s o l a r  loads 
(taken a t  1500 h r  - June s o l a r  d a t a  assumed). 



APPENDIX E 

TREATMENT OF SOLAR LOADS I N  ESA ANALYSIS 

SOLAR GAINS THROUGH WINDOWS 

As previously s t a t e d ,  double glazed windows with medium colour  
i n t e r n a l  venet ian b l inds  a re  assumed. Blinds a r e  assumed t o  be down 
a l l  year.  

To use  t h e  b e s t  approximation f o r  cooling load t h a t  i s  ava i l ab le  
i n  t h e  Meriwether SL2 package, t h e  v a r i a t i o n  of  cooling load with 
respec t  t o  time f o r  a u n i t  pu lse  of  s o l a r  gain was ca lcula ted  using 
t h e  Transfer  Function method, and the  r e s u l t s  compared with t h e  SL2 
options.  

From Table 7 of Chapter 22(11 the  c o e f f i c i e n t s  of room t r a n s f e r  
funct ions  f o r  windows with i n t e r n a l  shading a re  a s  follows: 

VO = 0.7108, V 1  = -1.4456, V2 = 0.9639, V = 0.2108 
and 

W 1  = -2.1082, W3 = 1.4606, W3 = 0.3331 

("Medium Weight Construct ion") 

Assuming a l l  t h e  s o l a r  gain eventua l ly  appears a s  cooling load: 

where 
QT = cooling load a t  time T 

G = gain a t  time T 
- 1  2 e t c .  = time l e s s  1, 2 hours e t c .  

and V and W ,  c o e f f i c i e n t s  a s  above. 

The value of Q f o r  a u n i t  pu lse  (GO = 1. G 1  = 0) ca l cu la t ed  using 
t h e  foregaing formula i s  a s  shown i n  Figure E l .  

S.L.2 Options 

The percentage s o l a r  gain t o  cooling load can be spec i f i ed  f o r  t h e  
f i r s t  hour. The log ica l  choice i n  t h i s  ins tance  i s  t o  use t h e  f i r s t  
hour value a s  ca lcula ted  previously,  i . e . ,  71 pe r  cent .  The remaining 
gain can be spread over a maximum of 9 hours by e i t h e r :  

a.  "Uniform Spread" assuming 9-hr  spread,  t h i s  r e s u l t s  i n  
(100-71 per  cen t ) /9  i . e . ,  3.22 per  cent  f o r  t he  next  9 h r .  





b.  "Sum of  D i g i t s  Spread" assuming 9-hr spread ,  t h i s  r e s u l t s  i n  

n=9 
9 /1  in .  x (100-71 pe r  cen t )  i. e .  , 5.8 p e r  cen t  i n  t h e  2nd h r  
I?= 1 

n=9 
i n ,  x (100-71 pe r  cen t )  i .  e . ,  5.16 p e r  cen t  i n  t h e  3rd h r ,  e t c .  

n= 1 

( f o r  an 8 h r  spread t h e  2nd low va lue  would be 6.4 p e r  c e n t ,  
f o r  7  h r ,  7.25 p e r  cen t ,  f o r  6  h r  - 8.29 p e r  cen t ,  and 
f o r  5  h r  11.6 p e r  cen t ) .  

The foregoing r e s u l t s  a r e  p l o t t e d  on Figure E l  cons idera t ion  o f  
which suggest  t h a t  t h e  sum of d i g i t s  (9 h r  spread) i s  t h e  b e s t  approximation. 

TRANSMISSION OF RADIANT HEAT (SOLAR) ABSORBED BY THE ROOF 

In o rde r  t o  c a l c u l a t e  t h e  cool ing  load by t h e  t r a n s f e r  func t ion  
method, a  roof  cons t ruc t ion  - a s  shown i n  Figure E2 i s  assumed, and 
t h e  t r a n s f e r  func t ion  c o e f f i c i e n t s ( 2 )  and h e a t  ga in  ca l cu l a t ed .  

The c a l c u l a t i o n s  a r e  based on a  roof  (U va lue  of  0.06) subjec ted  t o  
a  u n i t  pu l se  of s o l a r  r a d i a t i o n .  The r e s u l t s  a r e  shown on Figure E 3  

'I'he cool ing  load,  r e s u l t i n g  from t h e  ga in  through t h e  r o o f ,  i s  
ca l cu l a t ed  i n  a s i m i l a r  manner t o  t h a t  descr ibed  f o r  t h e  windows. The 
r e s u l t s  a r e  p l o t t e d  on Figure E 3 .  

By cons idera t ion  o f  Figure E3 t h e  percentage i n  t h e  f i r s t  hour 
i s  taken a s  0  p e r  cen t ,  The a l t e r n a t i v e s  f o r  t h e  d i s t r i b u t i o n  of  t h e  
"remaining" ga in  being e i t h e r  

a .  Uniform Spread. Assuming 9-hr  spread t h i s  r e s u l t s  i n  
100 p e r  cen t /9  = 11.11 p e r  cen t  pe r  h r .  

b .  Sum o f  D ig i t s  Spread. Assuming 9-hr  spread t h i s  r e s u l t s  i n  

i = 9  
9 /1  in .  x 100 p e r  cen t  i . e .  20 p e r  cen t  i n  t h e  2nd h r  
i=l 

i = 9  
8 /1  i n .  x 100 p e r  cen t  i . e .  18 p e r  cen t  i n  t he  3rd h r  
i=l 

i =9 
7/ 1 in .  x 100 p e r  cen t  i . e .  16 p e r  cen t  i n  t h e  4 t h  h r ,  e t c .  

i= 1 

Considerat ion of  t h e  a l t e r n a t i v e s  p l o t t e d  on Figure E 3  suggested 
t h e  choice o f  t h e  uniform spread a s  t h e  n e a r e s t  approxinat ion.  
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APPENDIX I: 

SAMPLE PREPARATION OF MERIWETHER ERE INPUT 

(FOR A 20,000-SQ FT SINGLE LEVEL PRIMARY SCHOOL) 

This appendix illustrates how the school Model 
Definition is used to generate the necessary data 
input for the running of the Meriwether ERE energy 
analysis. 

SAMPLE CALCULATION - OTTAWA 20,000-SQ FT PRIMARY SCHOOL 

From model definition 20,000 sq ft is the limit of single-story 
construction. Thus it would be appropriate to produce a single- or 
a two-level model. 

In this example the single-level case is considered. 

(The numbers in brackets after the sub-headings refer to the 
relevant chapter in the model definition.) 

Classroom block; by definition = 90 per cent total area with 
longer side twice that of shorter. 

i.e., 2w x w = 18,000 where w = short side 

w = 94.87 ft. 

Hall: by definition = 10 per cent total area, i-e., 2000 sq ft 
with longer side 1.5 times that of the shorter 

i.e., 1.5~ x w = 2000 where w = short side 



2. ZONES (FIGS. 6 .2 .4(1 ,2 ,3  and 4 ) )  ORIENTATION (1.4) HEIGHTS (1 .3)  

Figure F 2 

3 .  CONSTRUCTION (2) (WINDOWS (2.2)  FABRIC (2 .3 ) )  

Sect ion 2 r e f e r ences  ASHRAE 90-75 from which f o r  Ottawa, degree 
days = 8693, requi red  Uo wa l l s  (90-75 Figure 3) = 0.225 and Uo roof  = 

0.06. 

4 .  FABRIC TRANSMISSION 

Convention: U value  of  e x t e r n a l  wal l  forming s i d e  of pienum is 
assumed t o  be t h e  same a s  roo f ,  i . e . ,  0.06. 

TABLE F4(1) 

Fabric  Area U.A.  Fabric  

Zone Wall Plenum Roof Wall Plenum Roof EUA 



Slab: From graph for heat loss for slab on grade - Appendix C, 
Figure C1. 

[ Area j classroom block = 18,000 = 31-62 
Perimeter 569 

and U value = 0.014 Btu/hr ft2~F 

Qslab = 0.014 x 18000 x 89 

Assumption: Qslab lost at external zones only 

therefore Qslab 1 = Qslab 2 = 22.428/2 = 11.214 M.Btu/hr 

Similarly for Hall 

Qslab = 0.026 x 2000 x 85 = 4.42 M.Btu/hr 

TABLE F4(2) 

Losses 
(M.Btu/hr to - 17OF) Gains 

(M.Btu/hr to 87OF) 
Zone Walls and Roof Slab Total Walls and Roof 

5. SOLAR TRANSFIISS ION (8.2) 

TABLE F5(1) 

Exposure *Reference Solar 

NE 
NW 
SE 
s W 

Horizontal 

*For definition see Ross F. Meriwether Reference Manual 
solar data: output from SL2 run for June at Noon 



Transmission of Radiant Heat (Solar)  Absorbed by Roof 

Ateo = Sol  a i r  increment 

a = absorptance of  su r f ace  t o  s o l a r  r a d i a t i o n  - 
value a = 0.5 assumed 

E = hemispherical  emit tance of s u r f a c e  va lue  E = 1 .0  assumed 

ho = c o e f f i c i e n t  of  hea t  t r a n s f e r  a t  su r f ace  va lue  ho = 4.5 

assumed based on average w i n t e r / s p r i n g / f a l l  wind speed of 

10 mph 

AR = r e - r a d i a t i o n  from su r f ace  va lue  AR = 20 Btu/hr sq  f t  

assumed 

I t  = t o t a l  s o l a r  r a d i a t i o n  i nc iden t  on su r f ace  

= Reference So la r  x 1.15 

= 108 x 1.15 

= 124 Btu/hr sq  f t  

Hence 

- 0.5 x 124 1 x 20 
%eo - 4.5 4 .5  

U = t r ansmi t t ance  = 0.06 

A = Area f t  
2 



TABLE F5(2) 

SOLAR LOAD 
Zone 1 

Window Heat Gain Equivalent Percentage Equivalent 
Expo sure  

Area M .  Btu/hr Glas sArea  Glass Areas 

N E 106.7 3.16 60.82 15.3% 

SW 106.7 4.20 60.82 15.3% 

NW 4 27 8.27 243.4 61 . l %  

Horiz.  6401 3.57 33.1 8 .3% 

TOTALS 19.20 398.14 

where 

"Equivalent Glass Areatt = Area of Window x S.C. f o r  glazing 

Heat Gain 
o r  fo r  transmission through roof = Horizontal Reference Solar and 

Equivalent Glass Area on Exposure 
Percentage Equivalent Glass Area = 

Total Equivalent Glass Area 

TABLE F5(3) 

Exposure Area M .  Btu/hr Glass Area Glass Area 

Horiz. 64 01 3.57 33.1 8.3% 

TOTALS 35.51 398.14 

Horiz. 5198 2.9 26.86 100% 

Horiz.  2000 1.12 1 0 . 3  100% 



6 .  INFILTRATION (8.2 .3)  

Classroom Block 0 .3  cfm/sq f t  

H a l l  0 .15 cfm/sq f t  

I n f i l t r a t i o n  based on wind on t h e  l o n g e s t  wa l l :  

Classroom = 189.74 x 12.5  x 0 . 3  = 711 cfm 

Ha1 1 = 54.77 x 26 x 015 = 213 cfm 

For Classroom I n f i l t r a t i o n  i n t o  Zone 1 

TABLE F6 

1 ZONE INFILTRATION I 

7.  INTERNAL LOADS (7) 

Classroom Block - convec t ive  and l a t e n t  load  ( ins tan taneous)  

= 3.62 Btu/hr sq  f t  with 66 per  c e n t  l a t e n t  r a d i a n t  load 

( lagged)  

= 2.38 

Hal l  - convec t ive  and l a t e n t  load  

= 10.87 wi th  66 p e r  c e n t  l a t e n t  r a d i a n t  

= 7.12 



TABLE F7 (1) 

Convective and Latent Load 
Radiant Load 

Zone ( Instantaneous) 
(Lagged) 

M .  Btu/hr % Latent 
M .  Btu/hr 

Lights  (Tables 7.2 (1) and (2) ) 

Classroom Block 7.85 Btu/hr sq f t  

Hal 1 9.89 Btu/hr sq f t  

TABLE F7(2) 

Zone Space Load M .  Btu/hr 

1 50.25 

2 50.25 

3 40.80 

4 19.78 

8 .  HOTWATER (7.4.1) 

Classroom Block 2.5 Btu/hr sq f t  

Hall 0 



TABLE F8 

Zone Domestic Hot Water M .Btu/hr 

1 1 6  

2 16 

3 13 

4 0 

9 .  VENTILATION AND AIR CHANGE RATES (5) 

V e n t i l a t i o n  o u t s i d e  a i r  

Classroom Block - 0.085 cfm/sq f t  

Ha11 - 0.25 cfm/sq f t  

A i r  supply (9 .4 )  

Supply a i r  volume 

V = Q/Ats x 1.08 s u b j e c t  t o  minimum of 0 .5  cfm/sq f t  

A t  = room a i r  supply  t empera tu re  d i f f e r e n t i a l  ( t empera tu re  
S 

s u p p l y  a i r  - t empera tu re  room) 

QR = maximum zone h e a t i n g  load d u r i n g  occupied per iod  

Zone 1 

Losses  

F a b r i c  Loss @ o u t s i d e  d e s i g n  - 1 7 O ~  101.99 M. Btu/hr 

I n f i l t r a t i o n  771 cfm x 8 9 " ~  x 1 .08 74 . l o 8  M .  Btu/hr 

Gains 

L i g h t s  46% @ 09:OO PM x 50.25 23.1 2 M .  Btu/hr 

Occ (Radiant)  55% @ 09: 00 PM x 15.23 8.38 M .  Btu/hr 

Occ (Convec.) 100% @ 0 9 : 0 0 x 3 4 %  x 23.17 7 .88 M .  Btu/hr  



Zone 2 A s  Zone 1 

Zone 3 

Losses 

Fabric  

I n f i l t r a t i o n  

Gains 

Lights  

Occ (Radiant) 

Occ (Convec . ) 

Q = - 4.20 ("Cooling" Required) 

V s u b j e c t  t o  minimum o f  0 .5  cfm/sq f t  

= 2589 cfm 

Zone 4 

Losses 

Fabr ic  92.14 M .  Btu/hr 

I n f i l t r a t i o n  213 cfm x 8S°F x 1.08 19.55 M .  Btu/hr 

Gains 

Lights  33% x 19.78 6.53 M .  Btu/hr 

Occ (Radiant) 7% x 14.26 1.00 M .  Btu/hr 

Occ (Convec . ) 10% 34% x 21.74 0.74 M .  Btu/hr 



TABLE F9 

Minimum Outs ide  A i r  Supply A i r  Volume 
Zone 

( V e n t i l a t i o n )  cfm c fm 

1 54 4 4220 

2 544 , 4220 

3 44 2 2599 

4 500 3192 

10.  ELECTRICAL CONNECTED LOADS 

Light ing (Table  7 .2)  

Classroom Block - 2 . 3  w a t t s / s q  f t  

tIa 1 1 - 2.9 w a t t s / s q  f t  

TABLE FlO(1) 

Connected L i g h t i n g  Load 
Zone 

(kW) 

1 14.722 

2 14.722 

3 11.955 

4 5.80 

Fans (9 .4)  

Assumption: A s e p a r a t e  fan/HVAC system i s  prov ided  f o r  each  o f  t h e  
zones d e f i n e d  i n  t h e  mode 1. 

Fan S ize :  A i r  Power = 0.1175 x P x Q w a t t s  

where P = Pan P r e s s u r e  i n  i n .  water  

Q = A i r  Flow cfm 

E .  Zone 1 Supply P =  2 i n .  

Q = 4041 cfrn 

A i r  Power = 0.1175 x 2 x 4041 = 949 w a t t s  GI 1 . 3 3  h p  



A i r  Power 
Motor s h a f t  ou tpu t  = 

l"F "T 

nF = Fan e f f i c i e n c y  assumed t o  be  70 pe r  c en t  

nT = Drive Transmission e f f i c i e n c y  assumed t o  be 
9 5  pe r  cen t  

Motor Sha f t  ou t  = 949 = 1428 wat t s  (1.915 hp) 
70% x 95% 

o u t  u t  
Motor i npu t  = 

'Im 

l" m 
= motor e f f i c i e n c y  

= 74 + 2.75 (1.915 - 1 )  = 76.52 ( see  Table  9 .4 .4)  

1428 
Motor i npu t  = - = 1941 wa t t s  

76.52 

Summary: i . e . ,  Supply Fan Zone 1 = 1.886 kW connected load .  

TABLE FlO(2) 

11. SPACE HEATING CAPACITY 

Convention 

I n s t a l l e d  c a p a c i t y  t o  be 1 . 5  x (Maximum load )+  

+ Assumed t o  be load dur ing  morning pre -hea t  when, f o r  s i m p l i c i t y ,  space 
ga in s  a r e  assumed t o  be ze ro .  

Zone 

1 

2 

3 

4 

E l e c t r i c a l  Load kW 
Motor 

E f f i c i ency  (%) 

Supply 

1.886 

1.886 

1.231 

1.573 

A i r  Power 

supply (K) 
(Return 

= 50% supply)  

949 

94 9 

61 1 

750 

Supply 

76.52 

76.52 

74.6 

75.65 

Motor Output - 
Supply (W) 

1428 (1.9 HP) 

1428 (1.9 HP) 

918 (1 .2  HP) 

1190 ( 1 . 6  HP) 

Return 

74 

74 

65 

65 

Return 

0.964 

0.964 

0.706 

-915 

To t a l  

2.85 

2.85 

1.937 

2.488 



TABLE F11 

1 F a b r i c  I n f i l t r a t i o n  V e n t i l a t i o n  T o t a l  I n s t a l l e d  
Zone Loss M .  Btu /h r  M .  Btu/hr  Load C a p a c i t y  

1 101.99 68.341 52.289 222.62 3 34 

2 101.99 0 52.289 154.279 231 

3 27.768 0 42 .485  70.253 1 0 5  

4 92.14 1 9 . 5 5  45.900 157.590 236 

12 .  SUPPLY AIR TEMPERATURE SCHEDULE (9 .1 .2 ,  AND APPENDIX D) 

From method o u t l i n e d  i n  Appendix D :  

t 
Supply  a i r  t e m p e r a t u r e  a t  Winter  Design P o i n t  ( o u t s i d e  - 1 7 " ~ )  

Zone 1 

Losses :  (min l i k e l y  a t  t = -17OF) 

F a b r i c  

I n f i l t r a t i o n  (Zone on  l eeward  s i d e  o f  b u i l d i n g )  

Gains :  (max g a i n s  - t a k e n  a t  3 :  00 pm) 

L i g h t s  79% x 50.25 

Occupants  ( R a d i a n t )  76% x 1 5 . 2 3  

Occupants  (Convec.) 100% x 34% x 23.17 

S o l a r  NE = t 6 0 . 8 2 ~  lo* 

SW = 6 0 . 8 2  x 179 

NW = 293.4 x 11 

HOR = 33 .1  x 51 

39.698 

11.575 

7.868 

0.608 

10.886 

2.677 

1 .688  

Q = 26.99 LOSS 

t E q u i v a l e n t  g l a s s  a r e a  see s e c t i o n  on  s o l a r  a d .  
* J a n  3:  00 pm s o l a r  d a t a  



Zone 2 

A s  Zone 1 with s o l a r  on SE f a c e  r ep l ac ing  s o l a r  on NW 

ISE = 243.4 f t 2  x 48 = 11.683 

INW (Zone 1) = 2.677 

A = 9.006 

Zone 3 

Losses 

Fabric  

Gains 

Lights  

Occupants (Radiant) 76% x 12-37 9.401 

Occupants (Convec.) 100% x 34% 18.82 6.399 

So la r  (Roof) 26.86 sq  f t  x 51 1.369 

EQ = 21.633 GAIN 



Supply A i r  Temperature a t  Summer Design Point ( t  o u t s i d e  = 87°F) 

Zone 1 

Fabric  

I n f i l t r a t i o n  

Lights  (max @ 3: 00 pm) 

Occupants (Radiant) 

Occupants (Convec .) 

So la r  NE 60.02 X 40* 

SW 60.82 x 148 

NW 293.4 x 78 

HO R 33.1 x 190 

* June 3:00 pm Solar  Data 

Zone 2 

I s e  
= 243.4 x 52 = 12.656 r ep l aces  I @ 22.885 

nw 

and t s  46OF 

Zone 3 

Fabr ic  4.680 

Lights  32.232 

Occupants (Radiant) 9 -401 

Occupants (Convec . ) 6.395 

Solar  - 26.86 sq  f t  x 190 -5.103 



Zone 
Primary Supply A i r  Temperature (OF) 

Winter @ -17OF Summer @ 87OF 



S E C T I O N  B 

E N E R G Y  A N A L Y S I S  



THE CALCllLATION OF ENERGY BUDGETS 

FOR NEW SCIIOOLS 

The fo l lowing  s e c t i o n s  d e t a i l  t h e  r e s u l t s  o f  a n a l y s e s  c a r r i e d  o u t  
u s i n g  t h e  school  model a s  d e f i n e d  i n  S e c t i o n  A .  Where p o s s i b l e  t h e  
r e s u l t s  have been  compared w i t h  r ecorded  d a t a .  

1. COMPARISON OF CALCULATED ENERGY CONSUMPTION AND ACTUAL 
RECORDED VALUES FOR SAMPLE OTTAWA AREA SCHOOLS (1974) 

Based on t h e  model d e f i n e d  i n  S e c t i o n  A ,  c a l c u l a t i o n s  o f  annual  
energy consumptions f o r  9 s c h o o l s  o f  v a r i o u s  s i z e s  were  made u s i n g  t h e  
Meriwether ESA/ERE program. 

Actual  1974 Ottawa wea the r  d a t a  was used  f o r  comparison w i t h  
e x i s t i n g  r e c o r d s  o f  f u e l  consumption o f  some 64 s c h o o l s  i n  t h e  Ottawa 
a r e a .  

The r e s u l t s  f o r  t h e  9  s c h o o l s  a r e  shown i n  Tab le  I j l ( 1 ) .  

The n e t  consumption f i g u r e s  shown i n  Tab le  Bl(1) have been a d j u s t e d  
t o  produce  g r o s s  consumption f i g u r e s  i n  t h e  manner i n d i c a t e d  below. 
( F i g u r e s  g iven  i n  Tab le  B l (2 )  ) . 

These ' g r o s s  consumption'  f i g u r e s  a r e  compared w i t h  measured d a t a  i n  
F igures  B 1 . l ,  B1.2 and 81.3 .  

Heat ing  and DHW Seasona l  b o i l e r  e f f i c i e n c y  o f  70 p e r  c e n t  i s  assumed. 

Coo 1 i n g  O v e r - a l l  R e f r i g e r a t i o n  C . O .  P .  ( i n c l u d e s  consumption by  
pumps c o o l i n g  tower,  e t c  .) o f  2 .7  i . e . ,  1 . 3  kW-h o f  
e l e c t r i c i t y  w i l l  p r o v i d e  1 tonohr  o f  c o o l i n g .  

E l e c t r i c i t y  ----- To p r o v i d e  f o r  misce l l aneous  e l e c t r i c a l  u s e  ( i n c l u d i n g  
h e a t i n g  pumps) 20 p e r  c e n t  of t h e  b a s i c  1 i g h t  and fan. 
consumption h a s  been added t o  c a l c u l a t e d  f i g u r e s .  



'TABLE a 1  (1)  

RESULTS FROM ERE RUNS 

School  Net Ilea t i n g  E l e c t r i c i t y  
Type and Area Type of  and D . H . W .  % Net Cool ing  ( L i g h t s  and  f a n s )  

( s q  f t )  Usage f (kW- h/sq  f t  ann)  D . H . W .  ( t o n  h r / s q  f t  ann)  (kW0h/sq f t  ann)  

ELEMENTARY : 

( 1  
5,000 (2)  

(3)  

SECONDARY : 

(1)  
62,790 ( 2) 

(3 )  

t (1)  Bas ic  u s e  (2)  Used even ings  on s c h o o l  days  (3) Used evening  on s c h o o l  days ,  p l u s  dayt ime 
u s e  weekends and  h o l i d a y s  



TABLE 13 1 (2)  

ESTIMATED GROSS CONSIIMPTION FIGURES 

School  
Type and Area Type of Hea t ing  E l e c t r i c i t y  % t %t % t 

( s q  f t )  Usage t (kW*hr/sq f t )  (kW*hr/sq f t )  L i g h t s  Fans  Coo l ing  

ELEMENTARY 

SECONDARY 

62,790 

t % of E l e c t r i c i t y  Consumption 









Comparison of a c t u a l  and c a l c u l a t e d  f i g u r e s  g e n e r a l l y  r c i n f o r c c  t l lc  
c h o i c e  o f  parameters  f o r  t h e  school  model, i n  p a r t i c u l a r  t h c y  i 1 l u s t r ; r t c ~  
t h e  need f o r  a n  energy budget  r e l a t e d  t o  school  s i z e .  There  is ,  how- 
ever ,  s u f f i c i e n t  d ive rgence  between c a l c u l a t e d  and a c t u a l  consumptions 
f o r  secondard schoo l s  t o  w a r r a n t  f u r t h e r  comment. 

T h i s  d i s c r e p a n c y  cou ld  be  t h e  r e s u l t  o f  any one o r  combination of  
t h e  f o l l o w i n g  f a c t o r s ,  which were n o t  s p e c i f i c a l l y  c o n s i d e r e d  i n  t h e  
a n a l y s i s .  

( i )  Longer hours  o f  use  of secondary s c h o o l s  where a f t e r  school  
a c t i v i t y  i s  more f r e q u e n t  t h a n  i n  pr imary s c h o o l s .  

( i i )  D i f f e r i n g  environmental  s t a n d a r d s ;  secondary s c h o o l s  t r a d i t i o n a l l y  
enjoy b e t t e r  f a c i l i t i e s  t h a n  pr imary s c h o o l s .  Th i s  i s  r e f l e c t e d  
t y p i c a l l y  i n  h i g h e r  v e n t i l a t i o n  and  a i r  change r a t e s ,  c o n t r o l l e d  
humidity,  h i g h e r  l i g h t i n g  l e v e l s ,  e t c .  

( i i i )  The p o t e n t i a l  f o r  energy was te  i n  non a i r - c o n d i t i o n e d  b u i l d i n g s  
i s  l e s s  than  t h a t  i n  a i r - c o n d i t i o n e d  b u i l d i n g s  where s imul taneous  
h e a t i n g  and c o o l i n g  i s  a n  acknowledged problem. 

( i v )  Secondary s c h o o l s  have many s p e c i a l  t e a c h i n g  a i d s  t h a t  u s e  energy.  
Equipment such a s  ovens and r a n g e s  i n  domest ic  s c i e n c e  c lassrooms,  
metalworking and welding equipment i n  i n s t r u c t i o n a l  workshops, 
and exhaus t  f a n s  f o r  s p e c i a l  purpose  exhaus t  such a s  fume hoods 
and cupboards  i n  l a b o r a t o r i e s ,  a r e  common i n  secondary s c h o o l s  
b u t  n o t  i n  pr imary.  Such equipment h a s  t h e  p o t e n t i a l  t o  consume 
l a r g e  amounts o f  energy,  b o t h  i n  t h e  form o f  d i r e c t  o r  pr imary 
energy t o  d r i v e  t h e  machine and t h e  secondary energy r e q u i r e d  t o  
m a i n t a i n  a c c e p t a b l e  environmental  s t a n d a r d s  around t h e  machine.  

Miscel laneous  E l e c t r i c a l  Use 

Misce l l aneous  e l e c t r i c a l  use  i s  cons ide red  t o  i n c l u d e  consumption by 

any e l e c t r i c a l  equipment n o t  d i r e c t l y  r e l a t e d  t o  t h e  environmental  system 
and would i n c l u d e  such i tems a s  t each ing  a i d s ,  c l e a n i n g  and cooking 
equipment, e t c .  

Analyses c a r r i e d  o u t  s o  f a r  i n c l u d e  c a l c u l a t i o n s  o f  e l e c t r i c i t y  
consumption s o l e l y  f o r  l i g h t i n g  and f a n s .  An e s t i m a t e  of consumption was 
made f o r  a l l  o t h e r  e l e c t r i c a l  equipment i n  o r d e r  t o  compare a c t u a l  and 
c a l c u l a t e d  d a t a .  

While a  b e t t e r  e s t i m a t e  of consumption by p l a n t  p e r i p h e r a l s  such a s  
pumps, b u r n e r s ,  coo l ing  tower f a n s ,  e t c . ,  cou ld  be  made, l a c k  o f  informa- 
t i o n  a t  t h e  p r e s e n t  t ime  p r e v e n t s  r e a l i s t i c  e s t i m a t e s  being made of 
misce l l aneous  e l e c t r i c a l  useage.  To f i l l  t h i s  a p p a r e n t  gap i n  knowledge 
t h e  Na t iona l  Research C o u n c i l ' s  D i v i s i o n  of Bu i ld ing  Research i n t e n d s  t o  
monitor e l e c t r i c a l  useage i n  s c h o o l s .  



Ligh t ing  

Ana lys i s  shows l i g h t i n g  t o  b e  t h e  l a r g e s t  s i n g l e  u s e r  o f  e l e c t r i c i t y .  
For l a r g e  secondary s c h o o l s  wi th  extended hours  o f  use consumption can 
cxceed t h a t  r e q u i r e d  f o r  h e a t i n g  and  v e n t i l a t i o n .  

I f  c o n s i d e r e d  i n  terms o f  primary energy ,  assuming t h e  e l e c t r i c i t y  
used is produced by f o s s i l  f u e l  burn ing  g e n e r a t i n g  s t a t i o n s ,  then  f o r  a l l  
b u t  t h e  ve ry  s m a l l e s t  s c h o o l s  w i t h  l i m i t e d  hours  o f  use ,  l i g h t i n g  c a n  b e  
t h e  s i n g l e  h i g h e s t  consumer o f  pr imary f u e l  r e s o u r c e s .  

A s  i t  a p p e a r s  t h a t  l i g h t i n g  i s  such a  s i g n i f i c a n t  u s e r  o f  energy it  
would seem s e n s i b l e  t o  e n s u r e  t h a t  t h e  assumpt ions  made f o r  l i g h t i n g  i n  
t h e  school  model a r e  r e a l i s t i c  and  c o n s i s t e n t  wi th  energy  c o n s e r v a t i o n .  

C a l c u l a t i o n s  o f  l i g h t i n g  e l e c t r i c i t y  consumptions a r e  based on 
i l l u m i n a t i o n  l e v e l s  recommended by t h e  I l l u m i n a t i n g  Engineer ing S o c i e t y  
( I .  E .S .) (American) and on assumed p r o f i l e s  o f  l i g h t i n g  useage .  Before 
a d o p t i n g  t h e  r e s u l t s  a s  s u i t a b l e  components o f  an  energy budget c o n s i d e r -  
a t i o n  shou ld  b e  g iven  t o  t h e  f o l l o w i n g  p o i n t s .  

(1)  Although t h e r e  is  s t r o n g  ev idence  t o  s u p p o r t  t h e  i l l u m i n a t i o n  
1 eve1 s recommended by t h e  I .  E .S . , (and i n  many c a s e s  t o  suppor t  even 
h igher  l e v e l s ) ,  it  must be  asked whether we can  ' a f f o r d '  l e v e l s  o f  
i l l u m i r ~ a t i o n  t h a t  demand s o  much energy .  How much we c a n  a f f o r d  is a 

m a t t e r  o f  c o n j e c t u r e .  By way o f  i l l u s t r a t i n g  t h e  p o s s i b l e  sav ings  i n  
energy t h a t  could  be  achieved by a n  a c c e p t a b l e  i l l u m i n a t i o n  l e v e l ,  
S e c t i o n  B 2 p r e s e n t s  r e s u l t s  o f  an  energy  a n a l y s i s  u s i n g  commonly used 
European l i g h t i n g  l e v e l s .  

(2) Ligh t ing  useage ,  r e f l e c t e d  i n  t h e  p r o f i l e s  used,  assumes 100 
p e r  c e n t  l i g h t i n g  ( i . e . ,  a l l  l i g h t s  on) d u r i n g  occupied p e r i o d s ,  and a  
c o n s i d e r a b l e  amount of  useage  i n  immediate p r e  and p o s t  occupancy p e r i o d s .  
F u r t h e r  t h e  p a t t e r n  of  l i g h t i n g  u s e  i n  i n t e r n a l  zones i s  assumed t o  b e  
s i m i l a r  t o  t h a t  i n  p e r i m e t e r  zones.  

While t h i s  cou ld  be  t y p i c a l  i n  i n s t a n c e s  where energy c o s t s  a r e  
n e i t h e r  impor tan t  nor  d i r e c t l y  passed  o n t o  t h e  u s e r ,  t h i s  usage  p a t t e r n  
cou ld  be c o n s i d e r e d  i n a p p r o p r i a t e  a s  t h e  b a s i s  o f  a  l i g h t i n g  budge t .  To 

what e x t e n t  occupan t s  can  be r e a s o n a b l y  expec ted  t o ,  o r  do, i n  f a c t ,  

swi tch  o f f  l i g h t s  when n o t  r e q u i r e d  i s  q u e s t i o n a b l e  and would r e q u i r e  
f u r t h e r  s t u d y  i f  such 'economics of  u s e 1  were t o  b e  cons ide red  i n  t h e  
c a l c u l a t i o n  of energy budge t s .  Such a  s t u d y  i s  now b e i n g  under taken by t h e  
Na t iona l  Research Council  o f  Canada. 



Thc E f f e c t  o f  Occupancy on Energy Consumption 

The r e s u l t s  o f  t h e  a n a l y s i s  s u g g e s t  t h a t  t h e  hours  o f  occupancy 
have a s i g n i f i c a n t  impact on t h e  energy consumption o f  t h e  schoo l .  By 
way o f  i l l u s t r a t i o n :  

1 -  P e r c e n t a g e  I n c r e a s e  i n  Consumption 

I 

School 1 Used Evenings* 1 Used Weekend, Evenings,Holidays* 

1 GasIOil  I E l e c t r i c i t y  I GasIOil  1 E l e c t r i c i t y  

20,000 sq f t  
Primary Schoo 1 

150,000 s q  f t  
Secondary School 1 +1% I +14% 

The p e r c e n t a g e s  w i l l  vary w i t h  t h e  s i z e  o f  school  
"*Evening Use" invo lves  o p e r a t i o n  o f  t h e  schoo l  f o r  a n  a d d i t i o n a l  800 
h o u r s .  (Basic  u s e  1600 hours)  
"*Evening, Weekend and  I Iol iday use" i n v o l v e s  o p e r a t i o n  of  t h e  s c h o o l  f o r  
a d d i t i o n a l  2120 h o u r s .  



Records o b t a i n e d  from t h e  C a r l e t o n  Board o f  Educat ion show t h e  
fo l lowing  p a t t e r n  o f  useage w i t h  a v e r a g e  hours  of community u s e  o f  879 
hours  f o r  pr imary s c h o o l s  and 2307 f o r  secondary s c h o o l s .  (Based on 
records  o f  one y e a r ' s  community u s e . )  

A N N U A L  HOURS OF COMMUNITV USE 

I t  should  b e  no ted  t h a t  t h e  hours  o f  community u s e  r e p o r t e d  may 
i n c l u d e  s imul taneous  useage o f  schoo l  f a c i l i t i e s  by  a  number o f  s e p a r a t e  
community groups and a r e  n o t  n e c e s s a r i l y  a d d i t i o n a l  hours  o f  use  of  t h e  
school  f a c i l i t i e s .  

Because of  t h e  d i v e r s i t y  and e x t e n t  o f  community u s e  t h e r e  i s  some 
j u s t i f i c a t i o n  f o r  i n c r e a s i n g  energy budge t s  t o  a l low f o r  e x t r a  c u r r i c u l a  
a c t i v i t y .  The method and e x t e n t  o f  such a l lowances  r e q u i r e  f u r t h e r  
c o n s i d e r a t i o n .  For i n s t a n c e  t h e  c a l c u l a t e d  consumptions (g iven  i n  Tab les  
Bl(1)  and Bl(2)) a r e  based  on extended hours  o f  use o f  t h e  whole b u i l d i n g ,  
invo lv ing  f u l l  p l a n t  o p e r a t i o n  and 50 p e r  c e n t  l i g h t i n g .  While t h e r e  i s  
l i t t l e  j u s t i f i c a t i o n  f o r  o p e r a t i n g  a l l  schoo l  s e r v i c e s  t o  accommodate 
nominal community use ,  t h e r e  i s  a  p r a c t i c a l  l i m i t  t o  t h e  way i n  which 
b u i l d i n g s  can  be  des igned and o p e r a t e d  t o  a c h i e v e  minimum energy  useage 
dur ing  p a r t i a l  occupa t ion .  

To i l l u s t r a t e  t h e  s i g n i f i c a n c e  o f  t h e  hours  o f  u s e  on energy 
consumption it i s  u s e f u l  t o  compare t h e  v a r i a t i o n  o f  consumption w i t h  
community use  and t h e  v a r i a t i o n  o f  consumption w i t h  l o c a t i o n .  (Th i s  
example makes u s e  o f  t h e  r e s u l t s  r e p o r t e d  i n  S e c t i o n  B5).  



Addi t iona l  consumption f o r  a  20,000-sq f t  p r imary  schoo l  is  a s  
f o l  lows: 

Ottawa ( i )  Evening Use O i l  / g a s  + 6% 
e l e c t r i c i t y  +21% 

( i i )  Evening, 
Weekend and o i  l / g a s  + 20% 
1101 i d a y s  e l e c t r i c i t y  +75% 

Keg i ona 1  
V a r i a t i o n  
a c r o s s  
Canada 

Even . ing Use o i l / g a s  10.36 t o  18.34 kWahr/sq f t  
annum o r  +28% of  mean. o r  excluding 
e x t r e m r z o n e s  (1, 3 a n d q )  +5% of  
mean. 

e l e c t r i c i t y  4 .46  t o  5 . 2 5  kW-hr/sq f t  
annum or +8% o f  mean. - 

2 .  ENERGY CONSUFIPTION FIGURES FOR OTTAWA AREA SCHOOL MODEL WITH 
REDUCED LIGHTING LEVEL 

A s  l i g h t i n g  consumes a  g r e a t  d e a l  of  e l e c t r i c i t y  and i n  view of  
i n c r e a s i n g  c r i t i c i s m  of  c u r r e n t  l e v e l s  of i l luminance ,  t h e r e  is  some 
j u s t i f i c a t i o n  f o r  energy budgets  t o  be based on lower o v e r - a l l  l e v e l s  of  
i l l u m i n a t i o n  t h a n  h a s  c u r r e n t l y  been t h e  f a s h i o n .  

To i n v e s t i g a t e  t h e  energy consequences o f  reduced i l l u m i n a t i o n  t h e  
l i g h t i n g  s p e c i f i c a t i o n  o f  t h e  schoo l  model, as d e f i n e d  i n  P a r t  A ,  was 
changed t o  r e f l e c t  t y p i c a l  European l i g h t i n g  p r a c t i c e .  

The fo l lowing  Tab le  compares t h e  v a l u e s  of  i l luminance  used i n  t h i s  
i n v e s t i g a t i o n ,  (based on U . K .  c u r r e n t  recommended p r a c t i c e )  wi th  t h o s e  
used i n  t h e  o r i g i n a l  model. 

TABLE B2(1) 

O r i g i n a l  Model Reduced I 1 1 um inanc e  
(Based on I . E . S . ,  U.S.A.) (Based on I .E .S . ,  U . K . )  

S pac e  f t  cd* lux* 

Classrooms 

S p e c i a l  Teaching 

Assembly H a l l s  

C i r c u l a t i o n  

Gymnasia 

Primary 300 
Secondary 500 

* 1 f t  c d  = 10.76 lux  ( lux  = 1 lumen/sq metre)  



These l i g h t i n g  l e v e l s  t r a n s l a t e  t o  t h e  fo l lowing  e l e c t r i c a l  loads ,  
us ing  ASHRAE 90-75 "Light ing Budget" method. 

TABLE B2(2) 

Classroom Block 

' O r i g i n a l  Model 
Space 

tla 1 1 

Gymnasium 

Reduced I l luminance  

(w/ f t2>  

Because a r e d u c t i o n  i n  i l luminance  w i l l  b e  accompanied by a lower thermal  
inpu t  t o  t h e  space ,  a change i n  energy usage  a f f e c t i n g  h e a t i n g ,  c o o l i n g ,  
f a n  and pump consumption w i l l  occur  a s  w e l l  a s  t h e  obvious  change i n  
l i g h t i n g  consumption.  

2 .3  

2.9 

For a hea ted  o n l y  b u i l d i n g ,  t h e  fo l lowing  e f f e c t s  might be  observed.  

Primary - 1.12 
Secondary - 1 .59  

1 . 7 7  

(1) Inc reased  h e a t i n g  energy consumption, 

Approximately s i m i l a r  l o a d s  

(2) Inc reased  l 'balance temperature"  of b u i l d i n g  w i t h  p robab le  
l eng then ing  o f  t h e  ' !heating season"  and p o s s i b l e  i n c r e a s e d  
energy  consumption by h e a t i n g  p l a n t  p e r i p h e r a l s .  

(3)  Larger pumps and f a n  s i z e s  t o  hand le  i n c r e a s e d  l o a d s  r e s u l t i n g  
i n  h i g h e r  e l e c t r i c i t y  consumption.  

For h e a t e d  and coo led  b u i l d i n g  t h e  fo l lowing  a d d i t i o n a l  e f f e c t s  
might be  observed:  

( 1) Reduced c o o l i n g  consumption, 

(2)  Shor tened coo l ing  season  w i t h  p o s s i b l e  reduced energy consump- 
t i o n  by c o o l i n g  p l a n t  componen t s /pe r iphera l s ,  

(3) Smal le r  pump and fan* s i z e s  because  of reduced l o a d s .  

F i g u r e s  B2.1, .2 and - 3  i l l u s t r a t e  v a r i o u s  energy consumptions .  
Tab le  B2(3) compares energy consumptions o f  low i l luminance  and o r i g i n a l  
models. 

* (For hea ted /coo led  b u i l d i n g  the ,  a i r  supp ly  r a t e  i s  most u s u a l l y  
determined by t h e  c o o l i n g  r e q u i r e d  and t h e r e f o r e  reduced l i g h t i n g  
should  pe rmi t  a reduced f a n  s i z e ) .  











I n  t h e  r e s u l t s  r e p o r t e d  h e r e  t h e  e f f e c t s  of  i n c r e a s e d  pump s i z e ,  
and change i n  s e a s o n a l  e f f i c i e n c y  a r e  n o t  c o n s i d e r e d .  F u r t h e r  t o  l i m i t  

computa t ion ,  one p a t t e r n  o f  use ,  b a s i c  schoo l  u s e  and even ings ,  i s  
c o n s i d e r e d  . 

Computations a r e  made us ing  Ottawa 1974 weather  d a t a  t o  e n a b l e  
comparison w i t h  t h e  o r i g i n a l  model r e s u l t s .  ( S e c t i o n  B l ) .  

The r e s u l t s  o f  t h e  a n a l y s i s  a r e  s e l f - e v i d e n t  and i n d i c a t e  a  u s e f u l  
s n v i  ng i n  e l e c t r i c a l  ene rgy .  

What i s  s i g n i f i c a n t ,  however, i s  t h a t  i t  would appear  t h a t  h igh  
l i g h t i n g  l e v e l s  c a n n o t  be  condoned i n  genera l  on  t h e  b a s i s  t h a t  h e a t  
from t h e  lamp w i l l  s i g n i f i c a n t l y  o f f s e t  h e a t i n g  demand. I t  may, however, 
do so i n  s p e c i f i c  i n s t a n c e s  e . g . ,  where h e a t  r ecovery  t e c h n i q u e s  a r e  
u t i l i z e d ;  eve ry  c a s e  should  b e  a s s e s s e d  on m e r i t .  In  t h i s  r e s p e c t ,  i t  
shou ld  b e  remembered t h a t  based on t h e  amount o f  pr imary energy needed t o  
produce  a  u n i t  o f  e l e c t r i c i t y ,  a  kW-hr o f  e l e c t r i c i t y  i s  worth  more t h a n  
an e q u i v a l e n t  kW-hr o f  h e a t i n g .  

On t h e  b a s i s  o f  t h i s  u s e f u l  s a v i n g  a l l  o t h e r  a n a l y s e s  a r e  based on 
t h e  low i l luminance  model. 

3. INVESTIGATION INTO l l i E  IMPLICATIONS OF A N  ENERGY BUDGET FIGURE 
INDEPENDENT OF FLOOR AREA 

T h i s  s e c t i o n  e x p l o r e s  t h e  p o s s i b i l i t y  o f  a d o p t i n g  a n  ene rgy  budget  
independent  o f  f l o o r  a r e a .  T h i s  t y p e  of s t a n d a r d ,  i f  it be  r e a l i s t i c  t o  
adop t  such,  cou ld  b e  c o n s i d e r e d  a d m i n i s t r a t i v e l y  d e s i r a b l e  because  
s i m i l a r  b u d g e t s  cou ld  b e  used  f o r  a l l  b u i l d i n g  s i z e s ;  c o m p l i c a t i o n s  such 
a s  might be encoun te red  i n  phased c o n s t r u c t i o n  f o r  example, cou ld  be  
avo ided .  

F u r t h e r ,  because  g r e a t e r  r e s t r a i n t s  would b e  r e q u i r e d  t o  make 
sma 1 l e r  b u i l d i n g s  meet t h e  s t a n d a r d ,  t h e  i n h e r e n t  h i g h  ene rgy  consumption 
o f  smal l  b u i l d i n g s  cou ld  be reduced.  How much it i s  p r a c t i c a l  t o  r educe  
consumption is c o n s i d e r e d .  

T h i s  t y p e  o f  r eason ing  c o u l d  be extended t o  a r g u e  t h e  c a s e  f o r  a 
s i n g l e  budget  f i g u r e  f o r  a l l  l o c a t i o n s  ( c l i m a t i c  a r e a s )  th roughou t  
Canada. (The e f f e c t  o f  c l i m a t e  on ene rgy  consumption i s  d i s c u s s e d  l a t e r ) .  

Rather  t h a n  s e e k i n g  a  s o l u t i o n  t o  what is  e s s e n t i a l l y  a n  open ended 
problem, two examples a r e  c o n s i d e r e d  t o  i l l u s t r a t e  t h e  i m p l i c a t i o n s  o f  a n  
a r e a  independen t  b u d g e t .  

P rev ious  ESA r u n s  f o r  Ottawa (Based on Primary School Low I 1  luminance 
Model 1974 Weather - S e c t i o n  B2) gave  "schoolday and  even ing  use" n e t  
h e a t i n g  consumptions o f  8 . 6 7  kW*hr/sq f t  ( f l o o r )  annum f o r  a  60,000-sq f t  
s c h o o l a n d 2 2 . 2 6  kW*hr/sq f t  ( f l o o r )  annum f o r  a  5 ,000-sq  f t  s c h o o l .  



The f i r s t  p o s s i b i l i t y  is f o r  a n  energy budget based on t h e  average  
o f  t h e  consumptions of t h e  two schools  a t  extreme ends o f  t h e  primary 
a r e a  s c a l e  ( i . e . ,  5,000 and 60,000 sq f t  a s  above) .  In  t h i s  c a s e  t h e  
a l lowable  n e t  hea t i ng  consumption would be 15.47 kW*hr/sq f t  annum 
equiva len t  t o  23.04 g r o s s  consumption. 

A s  can  be seen from Figure  B3 a s i g n i f i c a n t  number of  e x i s t i n g  
schools ,  p a r t i c u l a r l y  t h e  l a r g e r  ones ,  a l r e a d y  s a t i s f y  t h i s  requirement  
and t h e r e f o r e  t o  adopt  such a l e v e l  could be  cons idered  a r e t r o g r a d e  
s t e p .  

The second p o s s i b i l i t y  i s  f o r  a budget based on t he  consumption of 
t h e  l a r g e r  school ,  i . e . ,  8.67 kW*hr/sq f t  annum. Consider t h e  problem: 

The h e a t  l o s s  a t  de s ign  A t  f o r  t h e  60,000-sq f t  school is: 

F a b r i c  10.48 Btu/sq f t  f l o o r  a r e a  
(Equivalent  t o  0.1178 Btu/sq f t  OF) 

I n f i l t r a t i o n  3.39 Btu/sq f t  f l o o r  a r e a  
(Equivalent  t o  35.22 cfm/1000 sq f t  f l o o r  a r e a )  

A s i m i l a r  "per f l o o r  a rea"  hea t  l o s s  o f :  

F a b r i c  10.51 Btu/sq f t ,  and 

I n f i l t r a t i o n  3.39 Btu/sq f t  

could be  achieved i n  t h e  5,000-sq f t  school  by implementing - a l l  t he  
fol lowing changes: 

(1) reducing t h e  U va lue s  o f  t h e  wa l l s  and roof  by one h a l f ,  t o  
0 .05 and 0 .03  r e s p e c t i v e l y  

(2)  providing t r i p l e  g lazed  windows or  reducing t h e  g l az ing  per -  
cen tage  t o  14 .5  per  c e n t  of  i n t e r n a l  wal l  a r e a  and u s ing  double  
g l az ing  

(3)  adopt ing  a s i n g l e  square  shape f l o o r  p l an  with  t h e  "ha l l "  a s  an 
i n t e r n a l  zone, of s i m i l a r  he igh t  t o  t h e  classrooms 

(4 )  reducing t h e  p r ev ious ly  used wal l  i n f i l t r a t i o n  r a t e  o f  0 . 3  
cfm/sq f t  t o  0.1992 cfm/sq f t ,  and 

(5) r e p l ac ing  per imete r  s l a b  i n s u l a t i o n  R6 with R8. 

Based on t h e  r e s u l t s  o f  t h e  ana ly se s  f$ee Table  B3) and t h e  
r e s t r i c t i o n s  t h a t  would be  necessary t o  achieve such uniform consumption 
f i g u r e s ,  i t  i s  f e l t  t h a t  t o  adopt  an area- independent  budget based on 
t h e  60,000 sq f t  f i g u r e  would be  imprac t i c ab l e .  



ESTIXATED GROSS HEATING AND DOMESTIC HOT WATER 

CONSUMPTION FOR PRIMARY SCHOOLS : 

C o m p a r i s o n  o f  P o s s i b l e  A r e a  I n d e p e n d e n t  B u d g e t  w i t h  
F u e l  C o n s u m p t i o n  R e c o r d s  

CONSUMPTIONS 

P O S S .  1: AVERAGE OF 

FLOOR AREA 
INDEPENDENT 

i 
! 

A & B  

BUDGET 

FLOOR AREA ( 1 0 0 0  SQ. F T . )  



TABLE B3 

NET ANNUAL CONSUMPTIONS 

Annual Heat ing E l e c t r i c i t y  Consumption 
Consumption (Fans and L i g h t s  only)  

5000 sq  f t  pr imary 
School ( o r i g i n a l  low 
i 11 uminance mode 1) 

5000-sq f t  '!per f l o o r  
a r e a "  h e a t  l o s s  a s  
60,000-sq f t  school  
-25% t r i p l e  g lazed 
-14.5% double g l a z e d  

5000-sq f t  "per f l o o r  
a r e a t 1  f a b r i c  l o s s  a s  
60,000 sq  f t  b u t  wa l l  
i n f i l t r a t i o n  a s  
o r i g i n a l  model 
-25% t r i p l e  g lazed 10.61 
-14.5% double  g l a z e d  10 .61  

60,000-sq f t  Primary 
School ( o r i g i n a l  low 8.67 
i l luminance  model) 



F u r t h e r  t o  choose any h igher  budget  f i g u r e  would nega te  t h e  
advantages t o  be  gained from having a p r a c t i c a b l e  lower budget  f o r  
l a r g e r  b u i l d i n g s  . 

In  conc lus ion  a budget f i g u r e  based on f l o o r  a r e a ,  o r  a f l o o r  a r e a  
r e l a t e d  parameter such a s  occupancy, i s  recommended. 

There i s ,  however, some j u s t i f i c a t i o n  f o r  reducing t h e  a p p a r e n t l y  
h i g h e r  consumption o f  smal le r  b u i l d i n g s .  Energy budpets  cou ld  be  
c a l c u l a t e d ~ s ~ n g  models inwhish t h e  thermal  performance i s  r e l a t e d  t o  
t h e  s i z e  o f  b u i l d i n g .  

4 .  VARIATION IN CALCULATED ENERGY CONSUMPTION FOR VARIOUS LOCATIONS 
IN CLIMATIC AREA 6 (MONTREAL AREA) 

This  s e c t i o n  i n v e s t i g a t e s  t h e  e f f e c t  o f  d i f f e r i n g  l o c a t i o n  and 
weather on t h e  c a l c u l a t e d  energy consumption o f  a 20,000 sq  f t  primary 
school ,  i n  v a r i o u s  l o c a t i o n s  i n  c l i m a t i c  zone 6 .  (F igure  B4.1). 

ESA runs  were madeto  c a l c u l a t e  t h e  energy consumption o f  a 
20,000 s q  f t  primary school  being used i n  t h e  evening.  Inpu t  f o r  t h e  
runs  was based on a model wi th  pa ramete rs  a s  d e f i n e d  i n  t h e  main s e c t i o n  
o f  t h i s  document. I n  p a r t i c u l a r  f o r  t h e  "Lower I l luminance Model" 
( s e e  S e c t i o n  B2). 

Three s p e c i f i c  models were used: 

1. Montreal Design w i t h  U v a l u e s  s e l e c t e d  on t h e  b a s i s  o f  Montreal 
average degree  d a y s t  ( s e e  S e c t i o n  2 of Model D e f i n i t i o n )  i . e . ,  
based  on a 8208 Degree Days below 6S°F. 

U r o o f  0 .06  Btu/hr f t 2  O F  

R s l a b  6 . 3  Btu/hr  f t 2  O F  

2. Ottawa Design wi th  U v a l u e s  s e l e c t e d  on t h e  b a s i s  o f  Ottawa average 
degree  days  T i . e . ,  based on 8693 Degree Days below 65°F. 

U walls/windows 0.225 Btu/hr  f t 2  O F  

U r o o f  0 .06  Btu/hr f t 2  O F  

R s l a b  6 .6  O F  h r  f t 2 / ~ t u  

3 .  Quebec Design wi th  U v a l u e s  s e l e c t e d  on t h e  b a s i s  o f  Quebec average  
degree  daysf i . e . ,  based on 8937 Degree Days below 65°F 

U walls/windows 0.219 Btu/hr  f t 2  O F  

U r o o f  0.06 Btu/hr  f t 2  OF 

R s l a b  6.8 OF h r  f t 2 / ~ t u  

t Average degree  days a r e  t aken  from "Cl imat ic  In format ion  f o r  Bui lding 
Design i n  Canada 1975 - Supplement No. 1 t o  t h e  Nat ional  Bui lding Code 
o f  Canada ." 





The r e s u l t s  o f  Meriwether ESA r u n s  u s i n g  t h e s e  t h r e e  models and 
v a r i o u s  weather  d a t a  a r e  shown i n  T a b l e  B4 and g r a p h i c a l l y  i n  

F i g u r e  B4.2. 

I f  t h e  Montreal  model w i t h  'Refe rence  Year '  wea the r  d a t a  i s  t o  be 
used a s  t h e  b a s i s  f o r  t h e  energy budget  i n  t h e  c l i m a t i c  zone 6 
( s e e  F i g .  B4.1 ) ,  t h e n  t h e  budget  f i g u r e s  would be :  

n e t  h e a t i n g  1 3 . 6  kWgh/sq f t  annum 

e l e c t r i c i t y  ( f a n s  and  l i g h t s )  4 . 9 5  kW*h/sq f t  annum 

I f  a school  were des igned  t o  meet t h i s  budget  based on a n  a n a l y s i s  
u s i n g  t h e  zone r e f e r e n c e  weather  d a t a  ( i . e . ,  Montrea l  RY), and shou ld  
t h i s  school  b e  b u i l t  a t  any  l o c a t i o n  o t h e r  t h a n  Montrea l ,  t h e n  t h e  a c t u a l  
consumption o f  t h e  school  would be  s i g n i f i c a n t l y  h i g h e r  o v e r  most o f  t h e  
zone. 

A s  can be  seen from F igure  84.2, t h e  h i g h e s t  h e a t i n g  consumption o f  
t h e  zone would be  o f  t h e  o r d e r  of  17 .1  kWah/sq f t  annum f o r  a n  a v e r a g e  
w i n t e r .  Th i s  i s  a r a n e e  of 3 . 6  o v e r  t h e  zone o r  + 26.5  Der c e n t  o f  t h e  ., 
c a l c u l a t e d  budget  f i g u r e .  

T h i s  r ange  i s  wide enough t o  f o r c e  u s  t o  f o r m a l i z e  our  t h i n k i n g  on 
p o s s i b l e  a l lowances  f o r  l o c a t i o n  o r ,  a l t e r n a t i v e l y ,  t o  c o n s i d e r  t h e  
i m p l i c a t i o n s  o f  a d o p t i n g  a s i n g l e  budget  f i g u r e  t h a t  must be met 
th roughou t  t h e  zone.  Should it b e  dec ided  t o  a d o p t  a s t a n d a r d  incorpo-  
r a t i n g  a l l o w a n c e s  f o r  l o c a t i o n ,  t h e n  t h e s e  a l lowances ,  o r  a method o f  
o b t a i n i n g  such. would need t o  be  s p e c i f i e d  i n  t h e  c o d e / s t a n d a r d  document. 

A l t e r n a t i v e l y ,  i f  a s i n g l e  budget  i s  t o  a p p l y  th roughou t  t h e  zone 
t h e n  we must be  c o n f i d e n t  t h a t  i t  i s  p r a c t i c a b l e  f o r  b u i l d i n g s  a t  t h e  
weather ext remes  o f  t h e  zone t o  meet t h i s  budge t .  F u r t h e r  i t  i s  
d e s i r a b l e  t h a t  b u d g e t s  f o r  a d j a c e n t  zones  n o t  be s i g n i f i c a n t l y  d i f f e r e n t .  
The problem i s  c o n s i d e r e d  on a b r o a d e r  base  i n  S e c t i o n  BS where 
c a l c u l a t e d  consumptions f o r  t h e  n i n e  c l i m a t i c  zones  a r e  r e p o r t e d .  

Annual V a r i a t i o n  i n  Consumption a t  any  g i v e n  Loca t ion  

Any yea r  t h a t  wea the r  c o n d i t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from 
t h e  t e s t  r e f e r e n c e  y e a r ,  one c a n  expec t  d i f f e r e n t  consumptions.  For  
example, c a l c u l a t i o n s  based on t h e  Ottawa School Model u s i n g  wea the r  
d a t a  from 1972 t o  1975 show h e a t i n g  consumptions v a r y i n g  from 1 2 . 8 3  
kW*h/sq f t  i n  1973 (Dd = 9128) t o  14.98 i n  1972 (Dd = 8064) ,  a v a r i a t i o n  
of 1 5 . 3  p e r  c e n t  based  on t h e  consumption of a n  a v e r a g e  y e a r  (Dd = 8693) 

C l e a r l y  some method o f  c o r r e c t i n g  budget  f i g u r e s  t o  a l low f o r  annua l  
weather  c o n d i t i o n s  w i l l  need t o  be  fo rmula ted ;  - t h i s  q u e s t i o n  i s  pursued 
l a t e r  i n  S e c t i o n s  B5 and 8 .  



TABLE B4 

CALCULATED NET fIEATING AND ELECTRICAL (FANS AND LIGIITS) 
ANNUAL CONSUMPTIONS FOR A 20,000 SQ FT PRIMARY SCt100L 

I Weather 
Bu i ld ing  

Model 
Degree 

I C i t y  1 Year 1 Days 

Montreal Montreal  
L)es i gn 

Montreal 

Ottawa 

Ottawa 

Ottawa 

Ottawa 

Quebec 

Quebec 

Quebec 

Ottawa Ottawa 
Design 

Ottawa 

Ottawa 

Ottawa 

C a l c u l a t e d  Consumption I 

Quebec 

Hea t ing  I E l e c t r i c i t y  

(kW*h/sq f t  annum) 

Quebec 6 5 9 768 
Design 

( Quebec 1 70 9586 





5 .  VARIATION IN CALCULATED ENERGY CONSUMPTION FOR VARIOUS 
CLIMATIC AREAS ACROSS CANADA 

C a l c u l a t e d  energy consumptions f o r  s c h o o l s  i n  v a r i o u s  l o c a t i o n s  
throughout  Canada a r e  r e p o r t e d  i n  t h i s  S e c t i o n .  

For each of t h e  n i n e  r e f e r e n c e  c i t i e s ,  school  models were d e f i n e d  
a s  i n  t h e  method o u t l i n e d  i n  Model D e f i n i t i o n s  ( S e c t i o n  A), s p e c i f i c a l l y  
3 20,000 s q  f t  pr imary schoo l ,  "Lower I l luminance  Model" wi th  evening 
u s e .  U v a l u e s  f o r  t h e  enc1osure :were  s e l e c t e d  i n  accordance w i t h  
ASMRAE 90-75 and based on t h e  Design Degree Days f o r  t h e  c i t i e s .  
Reference y e a r  wea the r  d a t a  were used.  The r e s u l t s  a r e  shown i n  
Table  B5 and g r a p h i c a l l y  a s  a  f u n c t i o n  o f  Degree Days i n  F i g u r e  B5.1. 

TABLE B5 

CALCULATED NET ANNUAL CONSUMPTIONS 

E l e c t r i c t i y  
*Design T e s t  Re ?Degree 

Heat ing 
(Fans and 

Degree Reference  Day 
Area C i t y  

L igh t s )  
Days Year (RY) (RY) kW0h/sq f t  kW.h/s f t  

Vancouver 

Le thbr idge  

S a s  katoon 

Winnipeg 

Toronto  

Montrea 1 

F r e d e r i c t o n  

Shearwat e r  

S t .  Johns  

* Obta ined  from C l i m a t i c  In fo rmat ion  f o r  Bu i ld ing  Design i n  Canada 1975 
(NRC 13986) 

t Degree Days f o r  a c t u a l  RY weather  computed us ing  t h e  formula  

d = 365 
I 1 

D65 
= 1 6 5 - t  

d f o r  t < 65°F 
d = l  

where 
I 

td  = average  d a i l y  t empera tu re  



5000 6000 70 00 8 000 9000 1 0 000 11 000 
degree days be low 6 5 ° F  

D I F F E R E N C E  B E T W E E N  A V E R A G E  A N D  R E F E R E N C E  Y E A R  D E G R E E  D A Y S  
FOR R E F E R E N C E  C l T l E  S  



V a r i a t i o n  .- i n  Heat ing Consumption 

As can be  seen  from Figure  B5.1, t h e  h e a t i n g  consumption b e a r s  a  
reasonably  c o n s i s t a n t  r e l a t i o n s h i p  w i t h  annual  degree  d a y s .  F igures  
B5.2 and B5.3 show t h e  v a r i a t i o n  between t h e  r e f e r e n c e  c i t y  average  
degree  days  and t h e  r e f e r e n c e  y e a r  (RY) degree  days .  Because r e f e r e n c e  
c- i ty  d e s i g n s  a r e  b a s e d  on average  degree  days ,  c a l c u l a t i o n s  b a s e d  on RY 

wcather  d a t a  s i g n i f i c a n t l y  d i f f e r e n t  from average  can b e  expected t o  
show p r o p o r t i o n a t e l y  d i f f e r i n g  consumptions.  

For example, Toronto d e s i g n  is based  on a v e r a g e  degree  days  o f  6827 
w i t h  U v a l u e s  o f  wa l l  and r o o f  o f  0.26 and 0 .069 r e s p e c t i v e l y .  RY 
weather has  7782 degree  days ,  which would demand U v a l u e s  o f  0.24 and 
0 .06 .  I f  t h e s e  v a l u e s  were used  it  c a n  be  a p p r e c i a t e d  t h a t  t h e  Toronto 
p o i n t  would be  c l o s e r  t o  t h e  a v e r a g e  l i n e ,  i . e . ,  lower consumption.  
Consequent ly ,  it  c a n  b e  a n t i c i - p a t e d  t h a t  i f  weather  d a t a  n e a r e r  t o  
average  degree  days were used,  t h e n  t h e  s l o p e  and p o s s i b l y  f i t  o f  t h e  
l i n e  could v a r y ,  a l b e i t  a  marg ina l  amount. 

I f  t h e  RY d a t a  i s  t o  be used t o  produce energy budge t s  wi thout  any 
f u r t h e r  c o r r e c t i o n ,  t h e n  t o  be  c o n s i s t e n t  it  shou ld  be c l o s e  t o  t h e  
a v e r a g e  f o r  t h e  r e f e r e n c e  c i t y  o r  a v e r a g e  f o r  t h e  c l i m a t i c  a r e a .  Unless  
t h i s  is  observed anornolies can  occur  such a s  between Le thbr idge  and 
F r e d e r i c t o n  where F r e d e r i c t o n  wi th  lower average  degree  days than  
Le thbr idge  has  a  h i g h e r  c a l c u l a t e d  h e a t i n g  consumption.  I t  i s  p o s s i b l e  
t h a t  t h i s  anomoly cou ld  be  a l lowed  f o r  by some form o f  c o r r e c t i o n  f a c t o r  
a s  d i s c u s s e d  b r i e f l y  i n  S e c t i o n  4 .  

I f ,  a s  i t  has  been sugges ted ,  a l l  b u i l d i n g s  be moni tored a f t e r  
c o n s t r u c t i o n  and t h o s e  wi th  h i g h e r  than  budget consumption f i g u r e s  be 
i n v e s t i g a t e d ,  t h e n  b u i l d i n g s  i n  a r e a s  wi th  budge t s  based on h i g h e r  than  
average  d e g r e e  day weather  w i l l  have a  bonus a l lowance  t o  t h o s e  whose RY 
i s  c l o s e  t o  o r  lower t h a n  t h e  a v e r a g e .  

Because it seems l o g i c a l  t o  have a l l  budgets  based on  a s i m i l a r  
c o n s i s t e n t  c r i t e r i a ,  i t  i s  wor th  whi le  t o  r e c o n s i d e r  t h e  concept  on 
c l i m a t i c  zones and r e f e r e n c e  c i t y  c a l c u l a t i o n s  based on s e l e c t e d  
r e f e r e n c e  y e a r s .  

F i g u r e  B5 4 shows t h e  range o f  ave rage  degree  days  f o r  each o f  t h e  
c l i m a t i c  zones and t h e  p o s i t i o n  i n  t h e  r a n g e  of  t h e  r e f e r e n c e  c i t y .  
F igure  B5.5 shows n e t  h e a t i n g  f o r  a c t u a l  d e g r e e  days  o f  r e f e r e n c e  y e a r .  
I t  i s  obvious  from t h i s  graph t h a t  t h e  v a r i a t i o n  i n  degree  days  i n  some 
zones i s  c o n s i d e r a b l y  more than  t h e  v a r i a t i o n  between zones .  Indeed zone 
7 degree  days  a r e  comple te ly  e n c l o s e d  by zone 6, l i k e w i s e  2  by Y and 4 by 3 .  

A t  t h i s  p o i n t  i t  i s  worth r e c o n s i d e r i n g  t h e  q u e s t i o n  r a i s e d  i n  
S e c t i o n  R4 concerning a l lowance  t o  l o c a t i o n  w i t h i n  c l i m a t i c  zones .  

F i g u r e  B5.6 shows t h e  l o c a t i o n  o f  t h e  c l i m a t i c  zones and t h e  
c a l c u l a t e d  budget f i g u r e s  f o r  a  20,000 s q  f t  school  based on t h e  
recommended r e f e r e n c e  y e a r  weather d a t a .  



FIG. 

CLlhlATIC 
. ZONE 

FIG. 

FIG. 

5b00 6000 7000 8000 3000 10000 11000 
AVERAGE DEGREE DAYS BELOW 65°F 

5000 6000 7000 8000 9000 10000 11000 
AVERAGE DEGREE DAYS BELOW 65 OF 

5000 6000 70 00 8000 9000 10000 11000 

DEGREE DAYS 

5000 6000 7000 8000 9000 10000 11000 

A C T U A L  DEGREE DAYS O F  REFERENCE YEAR 



FIG. B5.6 

REFERENGE CITY LOCATIONS AND CLIMATIC A R E A S  

SHOWING T A L C U L A T E O  ENERGY C O N S U M P T I O N  FOR 2 0  0 0 0  SO FT P R I M A R Y  

SCHOOL AT REFERENCE C I T I E S  AND BASED ON REFERENCE Y E A R  W E A T H E R  D A T A  

H : H E A T I N G  D I N S U M P T I O N  - KWHR / SQ.FT 
E: ELECTR I C A L  CUNSUMPT I O N  I FANS LIGHTS)-KWHR / SQ.FT. 



I f  we c o n s i d e r  t h e  second a l t e r n a t i v e  proposed i n  S e c t  ion 04 i . c . ,  
f o r  a  c a l c u l a t e d  budget t o  a p p l y  over  t h e  whole zone, t h e n  i t  becomes 
obvious  t h a t  t h e  c a l c u l a t e d  consumptions a t  t h e  s e l e c t e d  r e f e r e n c e  c i t i e s  
a r e  n o t  s u i t a b l e  s i n c e  t h e y  a r e  n o t  r e p r e s e n t a t i v e  o f  t h e  average  
consumption expec ted  i n  t h e  a r e a .  

A s  an a l t e r n a t i v e ,  budget  f i g u r e s  based on t h e  consumption on a n  
average  o r  nea r  a v e r a g e  d e g r e e  day l o c a t i o n  i n  t h e  zone could  be used.  
The r e s u l t s  would b e  s i m i l a r  t o  t h o s e  d e t a i l e d  on F i g u r e  B5.7. 

While t h i s  might be r e p r e s e n t a t i v e  o f  t h e  average  h e a t i n g  i n  t h e  
zone, a  problem may a r i s e  f o r  a i r  c o n d i t i o n e d  b u i l d i n g s  i f  t h i s  l o c a t i o n  
i s  n o t  in  a n  average  coo l ing  a r e a .  

A d d i t i o n a l  problems a r e  i n h e r e n t  w i t h  t h e  'budget f o r  zone approach '  
such a s :  

(1) The l a r g e  v a r i a t i o n  i n  b u i l d i n g  i n s u l a t i o n  s t a n d a r d  a c r o s s  t h e  
zone n e c e s s a r y  f o r  t h e  ext reme a r e a s  t o  m a i n t a i n  'budget  f i g u r e  consump- 
t i o n ' .  Th i s  c o u l d  be  minimized by choos ing  s m a l l e r  zones;  

(2)  D i s c o n t i n u i t y  a t  zone boundar ies ,  i f  g r e a t e r  t h a n  a  nominal 
amount, c r e a t e  an  i n c o n s i s t e n t  s e t  of  r u l e s ;  and 

( 3 )  Energy a n a l y s i s  a t  d e s i g n  s t a g e  t o  check compliance cannot  b e  
achieved s o l e l y  by computat ions  based  on a  s i n g l e  RY weather d a t a  u n l e s s  
t h e  proposed b u i l d i n g  i s  a c t u a l l y  a t  o r  nea r  t h e  r e f e r e n c e  c i t y .  

The a l t e r n a t i v e  s o l u t i o n  sugges ted  i n  S e c t i o n  B4, i . e . ,  t o  make 
a l lowances  f o r  l o c a t i o n  a v o i d s  t h e  problems r a i s e d  p r e v i o u s l y .  I t  
becomes necessa ry ,  however, t o  d e v i s e  a  method of  c o r r e c t i n g  f o r  l o c a t i o n  
w i t h i n  a  c l i m a t i c  zone. Because t h e  v a r i a t i o n  i n  consumption a c r o s s  a  
zone, a t  l e a s t  f o r  h e a t i n g ,  i s  g r e a t e r  t h a n  t h a t  between some zones, it 
seems i n c o n s i s t e n t  t o  make complex computer a n a l y s i s  f o r  s e v e r a l  
r e f e r e n c e  c i t y  l o c a t i o n s  wi th  s i m i l a r  consumptions t h e n  make a  c o r r e c t i o n  
f a c t o r  i n  t h e  zone f o r  t h o s e  l o c a t i o n s  wi th  d i f f e r e n t  wea the r .  E i t h e r  
t h e  zones shou ld  b e  r e - d e f i n e d  t o  s m a l l e r  a r e a s  wi th  l e s s  v a r i a t i o n  o r  a n  
a l t e r n a t i v e  s o l u t i o n  sough t .  

F u r t h e r ,  t h e  d e s i r a b i l i t y  o f  t h e  des ign  a n a l y s i s  based  on weather  
d a t a  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  a c t u a l  o p e r a t i n g  c o n d i t i o n s  must bc 
q u e s t i o n e d .  For i n s t a n c e  whether t o  a n a l y s e  a  b u i l d i n g  t o  be  b u i l t  i n  
Quebec c i t y  us ing  Montreal  weather i s  s a t i s f a c t o r y  o r  n o t  i s  open t o  
q u e s t i o n .  I f  it i s  n o t  t h e  a n a l y s i s  may have t o  be made twice ,  once f o r  
des ign  purposes ,  t h e  o t h e r  t o  comply wi th  t h e  c o d e / s t a n d a r d .  

A t h i r d  a l t e r n a t i v e  would be  t o  a v o i d  c l i m a t i c  zones and b a s e  energy 
budgets  on  l o c a l  c l i m a t i c  f a c t o r s .  Based on  t h e  r e s u l t s  i n  t h i s  S e c t i o n  
and S e c t i o n  B4 it a p p e a r s  t h a t  a  h e a t i n g  budget ,  based on degree  days  i s  
q u i t e  f e a s i b l e .  





V a r i a t i o n  i n  E l e c t r i c a l  Consumption 

E l e c t r i c a l  equipment can  b e  cons idered  a s  f a l l i n g  i n t o  one of t h e  
fo l lowing  two c a t e g o r i e s :  

A - Equipment s e l e c t e d  wi th  c o n s i d e r a t i o n  o f ,  and in f luenced  by, 
c l i m a t e ;  and 

B - A l l  o t h e r  equipment 

Category A can b e  cons idered  a s  t h e  h e a t i n g  and a i r - c o n d i t i o n i n g  
(HAC) system and is g e n e r a l l y  under  t h e  c o n t r o l  o f  t h e  Heating,  
V e n t i l a t i n g  and A i r  Condi t ion ing  (HVAC) e n g i n e e r .  

Category B can  be  s p l i t  i n t o  t h r e e  subsec t ions :  

(i) Ligh t ing  ( i n t e r i o r )  ; 

( i i )  Mechanical equipment o t h e r  t h a n  t h a t  inc luded  i n  A ,  e . g . ,  
non HAC equipment; and 

( i i i )  A l l  o t h e r  misce l l aneous  equipment.  

The groups,  a s  d e f i n e d  above, might t y p i c a l l y  inc lude  t h e  fo l lowing  
equipment: 

Category A Heating p e r i p h e r a l s ,  i n c l u d i n g  burner ,  o i l  h e a t i n g ,  o i l  
c i r c u l a t i n g  pumps, h e a t i n g  c i r c u l a t i n g  pumps. Cool ing 
equipment, i n c l u d i n g  r e f r i g e r a t i o n  compressor, c h i l l e d  and 
condenser c o o l i n g  water  pumps, c o o l i n g  tower f a n s  HVAC 
( supp ly  and r e t u r n  a i r )  f a n s .  

Category B ( i )  I n t e r i o r  l i g h t i n g  equipment 

( i i )  Other  mechanical  equipment (non HAC) inc lud ing  sump 
pumps, t o i l e t  exhaust  f ans ,  s p e c i a l  exhaus t  f a n s  
( e  .g . ,  fume hoods) ,  domestic h o t  wa te r  c i r c u l a t i n g  
pumps and compressors .  

( i i i )  Teaching equipment t h a t  might be  found, f o r  example, 
i n  a r t  rooms, l a b o r a t o r i e s ,  workshops o r  domestic 
s c i e n c e  rooms. Such equipment might i n c l u d e  p o t t e r y  
k i l n s ,  metal  working machines, s t o v e s  and d i s h -  
washers.  School s e r v i c e s  equipment such a s  c a f e t e r i a  
equipment, j a n i t o r i a l  equipment and c a r  p l u g - i n s .  
There may a l s o  b e  s p e c i a l  f a c i l i t i e s  provided such a s  
swimming p o o l s .  

Up t i l l  now t h e  a n a l y s i s  h a s  inc luded  c o n s i d e r a t i o n s  o f  e l e c t r i c i t y  
consumption by l i g h t s ,  f a n s  and r e f r i g e r a t i o n  compressor; o n l y  c a l c u l a t e d  
consumptions by l i g h t s  and f a n s  a r e  c o n s i d e r e d  i n  t h i s  S e c t i o n .  A 
s e p a r a t e  s tudy  o f  t h e  v a r i a t i o n  o f  c o o l i n g  wi th  l o c a t i o n  ( c l i m a t e )  i s  
presen ted  i n  S e c t i o n  B 8 .  



The fo l lowing  c o n c l u s i o n s  can  be drawn from t h e  r e s u l t s  c a l c u l a t e d  
i n  t h i s  a n a l y s i s .  

I, i g h t i n g  -- 

Cons ide r ing  t h e  assumpt ions  made, l i g h t i n g  consumption can be 
cons ide red  independent o f  c l i m a t e  and school  s i z e ,  bu t  is  v e r y  dependent 
upon u s e .  

Fans ( s e e  a l s o  Figure  B5.8) 

I n  t h e  c a s e  o f  h e a t i n g  on ly ,  assuming c o n s t a n t  volume, f a n  s i z e  and 
consequen t ly  f a n  consumption can  be c o n s i d e r e d  a s  a  f u n c t i o n  o f  t h e  
d e s i g n  h e a t i n g  requ i rement  and hours  o f  u s e .  For s c h o o l s  of  s i m i l a r  
type ,  s i z e ,  c o n s t r u c t i o n  and s e r v i c i n g ,  o p e r a t i n g  f o r  t h e  same number of  
hours ,  f a n  consumption c a n  b e  cons ide red  t o  be a  f u n c t i o n  of t h e  o u t s i d e  
w i n t e r  d e s i g n  t empera tu re .  See F i g u r e  B 5 6 .  

Heat ing P e r i p h e r a l  s  (pumps, b u r n e r s ,  o i  1 h e a t i n g )  

Es t ima tes  of  consumption and t h e  v a r i a t i o n  o f  consumption wi th  
c l i m a t e  could  b e  made us ing  a n  equipment s i m u l a t i o n  program such a s  
Meriwether (EEC). No a t t e m p t  t o  make t h e s e  c a l c u l a t i o n s  has  been made 
a t  t h i s  d a t e .  

Consumption b y  t h e  p e r i p h e r a l s  can b e  c o n s i d e r e d  a s  a  f u n c t i o n  o f  
both  t h e  d e s i g n  h e a t i n g  load ,  s e a s o n a l  c l i m a t i c  v a r i a t i o n ,  and hours  
of u s e .  A s  such it is p r o b a b l e  t h a t ,  f o r  a  g i v e n  p e r i o d  of  use ,  consump- 
t i o n  would v a r y  somewhat l i n e a r l y  w i t h  h e a t i n g  degree  days .  

Meriwether EEC r u n s  cou ld  b e  used t o  d e r i v e  t h e  consumption f i g u r e s  
necessa ry  t o  de te rmine  v a r i a t i o n  w i t h  c l i m a t e .  

Miscel laneous  and Non HAC Mechanical Equipment Consumption 

With t h e  p o s s i b l e  e x c e p t i o n  of  t o i l e t  and washroom e x t r a c t  systems,  
t h e  e x t e n t  and t y p e  of such equipment may v a r y  enormously between s c h o o l s  
A s  e x p l a i n e d  i n  S e c t i o n  1 t h e r e  a p p e a r s  t o  be l i t t l e  in fo rmat ion  a v a i l -  
a b l e  wi th  which t o  make a  r e a l i s t i c  e s t i m a t e  on such i t ems ,  o r  even if  
consumption by such equipment i s  s i g n i f i c a n t  t o  t h e  o v e r - a l l  ene rgy  
consumption o f  t h e  s c h o o l .  G r e a t e r  knowledge is r e q u i r e d  on t h i s  a s p e c t  
b e f o r e  energy  budge t s  can be  s e t  w i t h  conf idence;  t h i s  is  p a r t i c u l a r l y  
important  i f  compliance w i t h  t h e  energy budge t s  s t a n d a r d  i s  t o  b e  main- 
t a i n e d  by p o s t  c o n s t r u c t i o n  moni tor ing of  consumption. 





6 .  A COMPARISON OF SCHOOL MODEL AND ENERGY CALCULATIONS WInI DATA 
FROM "AN IMPACT ASSESSMENT OF ASHRAE 90-75" (1) 

Comvarison o f  Bui lding Model Parameters 

P r o t o t y p i c a l  ASHRAE 90-75 
School Modified School Energy Budget Model 

4 0 , 0 0 0 s q f t  4 0 , 0 0 0 s q f t  Var i a b  1 e S i z e  

Shape 

Dimensions 

l le ight  

V a r i a b l e  

26 f t  t l a l l  and Gym 
12.5  f t  c lassroom 

No. Levels Var iab le  
Two l e v e l s  above 20,000 
sq  f t  f l o o r  a r e a  

Occupancy 80/100 s q  f t  
p e r  s t u d e n t  

80/100 sq  f t  
pe r  s t u d e n t  

133 s q  f t / s t u d e n t  
primary 
70 s q  f t / s t u d e n t  
secondary 

Light ing 2.36 W/sq f t  primary 
2.24 W/sq f t  secondary 
(Low I 1  luminance Mode 1) 

Glazing 20% 
s i n g l e  glazed 

16% 
s i n g l e  g l a z e d  

25% i n s i d e  w a l l  a r e a  
(18% t o t a l  wa l l  a r e a )  
i n  c lassroom block 
and 0% i n  H a l l  and Gym 

V e n t i l a t i o n  0 .1  cfm/sq f t  primary 
0 .06 cfm/sq f t  
secondary over -a1  1 

I n f i l t r a t i o n  Var iab le :  Funct ion o f  
wa l l  a r e a  e q u i v a l e n t  t o  
0.187 Ac/hr pr imary and 
0.18 Ac/hr secondary.  
For 40,000 s q  f t  school  
a t  wind speed o f  10 mph 

Hot Water 
Demand 

2 .5  Btu/hr s q  f t  
primary 
1 . 2 5  Btu/hr s q  f t  
secondary 



Comnarison o f  Bu i ld ing  Model Parameters  ( c o n t l d l  

P r o t o t y p i c a  1 ASMRAE 90-75 
School Modified School 

Ll Values  0.306 w a l l  
0.14 roof  

Indoor 7S°F and 
Ilesign 50% Max RH 
C o n d i t i o n s  
Summer 

1iVAC Systems Uni t  V e n t i l a t o r s  
- 4 P ipe  System 
(Hot and C h i l l e d  
Water) No 
H u m i d i f i c a t i o n ,  
no  n i g h t  set back 
Economiser c y c l e  

Based on d e g r e e  
days  and 
ASHRAE 90-75 

78OF and 60% 
Max RH 

Energy Budget Model 

Based on d e g r e e  
d a y s  and 
ASkIRAE 90-75 

6S°F Gymnasium 
68OF M u l t i - u s e  
Rooms 
72OF Classrooms 
min humid i ty  30% 
max humid i ty  60% 
( i n  secondary 
s c h o o l s  on ly )  

Terminal  p e r i m e t e r  
p r e - h e a t  w i t h  
scheduled supp ly  
a i r  t empera tu re  i n  
c l a s s rooms  demand 
sys tem Hall/Gym 
( secondary  s c h o o l s  
v a r i a b l e  a i r  volume) 
h u m i d i f i c a t i o n  and 
e n t h a  lpy  economiser 
c y c l e .  
Night  s e t  back 



Comparisons o f  Energy Consumption F i g u r e s  

A s  Taken From A s  C a l c u l a t e d  Using 
"An Impact Assessment o f  ESA Anayls i s  Based 
ASHRAE Standard  90-75"(1) on School Model a s  

Defined 
(See Addendum 1 )  

Location Omaha Ottawa 

Degree Days 661 2 8615 (1976) 

School S i z e  40,000 sq f t  40,000 s q  f t  

Type n o t  s p e c i f i e d  Pr imar y 

Comparison o f  Typica l  P r o t o t y p i c a l  School Average o f  measured 
o r  Average consump- consumption Car l  e ton  
t i o n  Based on: Board o f  Education 

E l e c t r i c i t y  

Domestic Hot 
Water 

Inc ludes  2.28 f o r  Genera l ly  n o t  a i r -  
c h i l l e r  cond i t ioned  (average 

consumption 
secondary s c h o o l s  
10.4)  

Not a v a i l a b l e  
s e p a r a t e l y  ( inc luded  
i n  "Meat ing") 

Cor rec ted  by 
degree  days 

( i )  30.51(2) 
( i i )  32.6(3)  



Comparison of E f f e c t s  of 
Energy Standard Based on: ASHRAE 90-75 

E l e c t r i c i t y  9.99 

i n c l u d e s  1.14 
f o r  c h i l l e r  

Domestic Hot Water 

I-leat ing 11.4  
Cor rec ted  by 
degree  days 

( i )  13.9(2)  
( i i )  1 4 . 8 ~ ( ~ )  

Energy Budget Derived 
f o r  Ottawa Based on a 

"Model School" 

Basic use:  6.59 
Evening use:  8 . 0 5  
Evening, weekend and 
h o l i d a y  use:  11.89 
no c h i l l e r  

Basic u s e :  0.75 
Evening use:  0 .93  
Evening, weekend and 
h o l i d a y  use:  1 .55  

Basic  use:  12 .41  
Evening use:  12.80 
Evening, weekend and 
h o l i d a y  use :  13.98 

NOTES : 

1. A l l  u n i t s  i n  kW*h/sq f t  f l o o r  areaaannum 

2. Consumption c o r r e c t e d  us ing  t h e  r a t i o  o f  degree  days b u t  based 
on t h e  r e l a t i o n s h i p  d e r i v e d  f o r  20,000 s q  f t  school  by ESA 
a n a l y s i s  a t  v a r i o u s  l o c a t i o n s  throughout  Canada (See addendum 5) 
(Th is  i s  s t r i c t l y  t r u e  f o r  a 20,000 s q  f t  school only)  
Cor rec ted  consumption = 1.2193 x consumption @ 6612 degree  days .  

3 .  Consumption c o r r e c t e d  u s i n g  r a t i o  of degree  days  8615/6612 
Cor rec ted  Consumption = 1.3029 x consumption O 6612 degree  days .  

References  

(1) An Impact Assessment of  ASHRAE Standard 90-75, Energy 
Conserva t ion  i n  New Bui lding Design, Ar thur  D .  L i t t l e  I n c . ,  
Report To: Federa l  Energy Admin is t ra t ion ,  December 1975. 



7 .  COMPARI SON OF CALCULATED ENERGY CONSUMPTI ON AND ACTUAL 
RECORDED VALUES FOR SAMPLE WINNIPEG AREA SCHOOLS 

C a l c u l a t i o n s  o f  annual  energy consumptions f o r  s i x  s c h o o l s  o f  
v a r i o u s  s i z e s  were made us ing  t h e  Meriwether ESA/ERE program. 
Consumptions a r e  c a l c u l a t e d  f o r  schoo lday  and evening usage o n l y  and a r e  
based on t h e  "Low Il luminance" model. 

Ac tua l  1973 Winnipeg weather d a t a  i s  used  f o r  comparison wi th  
e x i s t i n g  f u e l  consumption r e c o r d s  o f  some 37 s c h o o l s  i n  t h e  Winnipeg 
a r e a .  

Gross consumption f i g u r e s  a r e  e s t i m a t e d  a s  i n  method used  i n  
S e c t i o n  B 1 .  (The r e s u l t s  f o r  t h e  s i x  s c h o o l s  a r e  shown i n  Table  B7 .) 

Figures  87.1 ,  .2 and .3 i l l u s t r a t e  c e r t a i n  energy  consumptions.  

TABLE 87 

ESTIMATED NET AND GROSS CONSUMPTION FIGURES 

School Type 
and Area 

Primary 

5,000 

20,000 

Secondary 

62,790 

(Fans and 
L i g h t s )  

Net Consumptions 
(kW*h/sq f t  ave rage)  

Cool ing  

Gross  Consumptions 1 
(kW* h / s q  f t  average)  ~ 

Ilea t i ng I and 
DHW E l e c t r i c i t y  









8 .  THE DETERMINATION OF A SUITABLE CLIMATIC FACTOR 
ON WHICH TO BASE COOLING BUDGETS 

To i n v e s t i g a t e  t h e  v a r i a t i o n  o f  cool ing with c l ima te  and loca t ion ,  
Meriwether ERE runs were made f o r  70,000 sq f t  secondary schools  i n  each 
of t h e  r e f e r ence  l oca t ions .  "Reference Year" weather da t a  was used. 

The r e s u l t s  of t he  runs a r e  t abu la t ed  i n  Table B8(1) 

TABLE B8(1) 

+ The c a l c u l a t i o n s  a r e  based on summer 
use  of  t he  school.  The "Low 
Illuminance" school model i s  used. 

Reference 
Ci ty  

Vancouver 

Lethbr idge 

Saskatoon 

Winnipeg 

Toronto 

Montrea 1 

Freder ic ton  

Ha 1 i f a x  

S t .  Johns 

Figures  B8.1, .2 and .3 show t h e  r e l a t i o n s h i p  between these  
r e s u l t s  and r e a d i l y  a v a i l a b l e  c l i m a t i c  information?, i . e . ,  

t Cooling 
ton  h r / sq  ft/annum 

0.47 

0.74 

0.72 

0.92 

0 .95  

0.95 

0.76 

0.62 

0.32 

i )  Heating Degree Days; 

i i )  Summer Design Dry Bulb Temperature; and 

i i i )  Summer Design Wet Bulb Temperature. 

t Supplement #1 t o  t h e  National Building Code of  Canada 
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As can be seen from these  graphs it cannot be considered appropriate  
t o  spec i fy  cooling budgets based on any of t h e  foregoing parameters. 

A s  an a l t e r n a t i v e  s ince the  " readi ly  ava i l ab le  c l ima t i c  fac tors"  do 
not seem appropr ia te ,  cooling degree days a r e  considered. For 
convenience and t o  be cons i s t en t  with the  heat ing case a  base of  65°F i s  
considered.  

Based on the  d e f i n i t i o n  of heat ing degree days, cooling degree days, 
above a  base of 6s°F, a r e  ca lcula ted  f o r  each of  the "Reference Years", 
i . e . ,  

d=365 
Dtb  = 6S°F c ( t '  - t b )  1 d=l  

I cooling 

where 

t ' = d a i l y  mean temperature 

t b  = base temperature = 65°F 

The r e s u l t s  a r e  tabula ted  i n  Table B8(2). Figure B8.4 shows the  
r e l a t i o n s h i p  between cooling and cooling degree days a s  ca l cu la t ed .  

TABLE B8 (2) 

Reference Year 
Weather f o r  

Vancouver 
Lethbridge 
Saskatoon 
Winnipeg 
Toronto 
Mon t r e a  1 
Fredericton 
Hal i f a x  
S t .  Johns 

Cooling Degree 
Days > 6S°F 

51 
154 
14 7 
39 1 
28 5 
4 09 
143 

5 7 
2 6 





Figure  B8.4 does n o t  e x h i b i t  a  good l i n e a r  t r e n d  a s  might be 
expec ted .  

I f  t h e  way i n  which degree  days a r e  c a l c u l a t e d  i s  c o n s i d e r e d , f o u r  
t y p i c a l  r e l a t i o n s h i p s  between tempera tu re  v a r i a t i o n ,  mean tempera tu re  
and base  t empera tu re  can be expected through t h e  y e a r .  

These a r e  i l l u s t r a t e d  i n  F igure  B8.5 and a r e :  

i 1 t b  > tmax 

i i )  t m a x > t b > t t  

i i i )  t m i n <  t b  < t '  

i v )  t b  < tmin 

where 

t b  = b a s e  t empera tu re  

tmax = maximum d a i l y  t empera tu re  

tmin = minimum d a i l y  t empera tu re  

t ' = mean d a i l y  t empera tu re  

The shaded a r e a s  i n  t h e  F i g u r e s  can be cons idered  t o  i l l u s t r a t e  a  
h e a t i n g  requ i rement .  As can b e  seen from c a s e s  ( i i )  and ( i i i )  b o t h  
h e a t i n g  and c o o l i n g  requirements  a r e  sugges ted .  

The c a l c u l a t i o n  of  h e a t i n g  and c o o l i n g  degree  days i s  mutua l ly  
e x c l u s i v e  a s  p r e v i o u s l y  c a l c u l a t e d ,  i . e . ,  t o  say  f o r  c a s e  ( i i )  t b  > t '  
only  a  h e a t i n g  requirement  is c a l c u l a t e d  and f o r  c a s e  ( i i i )  t b  < t '  o n l y  
a  coo l ing  requirement  i s  c a l c u l a t e d .  This  may b e  cons idered  i n a p p r o p r i a t e  
f o r  e s t i m a t i n g  h e a t i n g  and c o o l i n g  requ i rements  f o r  r e a l  b u i l d i n g s ,  
e s p e c i a l l y  t h o s e  of  l i g h t  c o n s t r u c t i o n .  

E r r o r s  in t roduced  i n t o  t h e  r e s u l t s  c a n  be  cons idered  t o  be  
s i g n i f i c a n t  o n l y  i f  t h e  predominant d a i l y  t empera tu re  p r o f i l e s  throughout  
t h e  year  fo l low t h e  p a t t e r n s  shown i n  F i g u r e s  B8.5 ( i i )  and ( i i i ) .  
Hence f o r  h e a t i n g  degree  days below 6S°F where many d e g r e e  days a r e  
c o l l e c t e d  wi th  t b  > tmax t h e  e r r o r  c a n  be  cons idered  n e g l i g i b l e .  For 
coo l ing  however, t h e r e  w i l l  b e  few i n s t a n c e s  where t b  < tmin a t  
t b  = 6S°F, hence t h e  r e s u l t s  shou ld  be  cons idered  q u e s t i o n a b l e .  

The o b j e c t i o n s  j u s t  r a i s e d  cou ld  be e l i m i n a t e d  i f  hour by hour 
v a r i a t i o n s  above t h e  base  t empera tu re  were cons idered ,  i . e . ,  f o r  each 

day 
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where 

t i  = temperature  a t  hour i 

f o r  ti > t b  

Ddtb = 65OF 

Table  B8(3) compares degree  days c a l c u l a t e d  i n  t h i s  manner wi th  t h e  
previous1 y  c a l c u l a t e d  va lue s .  

i=24 
- - C t i  - t b  

i=l 

coo 1 ing 

TABLE B8 (3)  

RY Weather f o r  

Vancouver 

Lethbr idge 

Saskatoon 

Winnipeg 

Toronto 

Montrea 1 

Frede r i c ton  

Hal i fax  

S t .  Johns 

I Cooling Degree Days I 

Figure  Be. 6 shows coo l ing  requirement a s  a  f unc t i on  o f  t h e s e  new 
"Degree Days". A s  can  be  seen t h e  f i t  i s  improved. I t  i s ,  however, 
worth cons ide r i ng  one f u r t h e r  a s p e c t .  

Using 
Dai ly  Means 

A base of 65°F f o r  hea t i ng  degree days was chosen on t h e  assumption 
t h a t  t h e  amount o f  f u e l  o r  energy r e q u i r e d  t o  keep t h e  i n t e r i o r  of a  
small bu i l d ing  a t  about  70°F when t h e  o u t s i d e  temperature  is below 65°F 
i s  roughly p ropo r t i ona l  t o  t h e  d i f f e r e n c e  between 6 5 ' ~  and t h e  o u t s i d e  
t empera ture .  I t  i s  assumed t h a t  no hea t  is r e q u i r e d  when t h e  mean o u t -  
sicle tenlljerature f o r  t h e  day i s  6S01: o r  h i g h e r .  

Using Hourly 
Hour Va r i a t i ons  





The 65°F can be  considered a s  a  ba lance  po in t  of t h e  bu i l d ing .  
However, bu i l d ings  o f  d i f f e r e n t  types ,usage and s i z e ,  may wel l  have 
d i f f e r e n t  i n t e r n a l  hea t  g a i n s  and consequent ly  a  base  temperature  some- 
what lower t han  6 5 " ~  might be a p p r o p r i a t e  f o r  e s t ima t i ng  consumption. 

For example Table B8(4) g i v e s  some guidance i n  t h i s  r e s p e c t .  

TABLE B8 (4)t 

C l a s s  o f  
Bui lding 

Bui lding S t r u c t u r e  

Bui lding with  l a r g e  a r e a  of e x t e r n a l  
g l az ing ,  much i n t e r n a l  heat-producing 
equipment* and dense ly  populated 

Bui ldings  wi th  one o r  two of  t h e  
above f a c t o r s  

' T r a d i t i o n a l '  bu i l d ings  with normal 
g l az ing ,  equipment and occupancy 

Sparse ly  occupied bu i l d ings  with 
l i t t l e  o r  no heat-producing 
equipment and smal l  g lazed  a r e a  

5  Dwellings 1 i t 0 8  1 
Notes: I 
*Unless s e p a r a t e l y  a l lowed f o r  i n  t h e  des ign  h e a t  l o s s .  Add 

1°C f o r  s i n g l e  s t o r e y  b u i l d i n g s .  

tTaken from IHVE Guide Book B, U . K .  1970. 

d  = t h e  average temperature  r i s e  which can  be  mainta ined by t h e  
miscel laneous g a i n s  a l one ,  and 

t b = t - d  

where 

t b  = base  temperature  

t = design temperature  

d  f o r  " t r a d i t i o n a l  bu i l d ings "  i n  t h e  U . K .  i s  given as 38 ( 4 " ~ )  o r  
5 . 48  ( 7 2 ° F )  (Base Temperature U . K .  15.5OC o r  60°F).  d  i s  dependent on 
t h e  amount o f  energy r e l ea sed  and t h e  r a t e  of h e a t  l o s s  from t h e  b u i l d i n g .  
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For l a r g e  secondary  s c h o o l s ,  one would expec t  d  t o  be  somewhat 
g r e a t e r  t h a n  5°F. The v a l u e  o f  d, however, i s  somewhat d i f f i c u l t  t o  
de te rmine  s i n c e  it i s  e s s e n t i a l l y  a n  annual  a v e r a g e  o f  t h e  d a i l y  and  
s e a s o n a l  v a r i a t i o n  o f  occupancy l i g h t i n g  and s o l a r  g a i n s .  By way o f  
i l l u s t r a t i o n ,  u s i n g  v a l u e s  t a k e n  from t h e  schoo l  model, t h e  d a i l y  ave rage  
i n t e r n a l  h e a t  i n p u t  from l i g h t s  and occupan t s  i n  t h e  c lassroom b lock  o f  a  
70,000 s q  f t  s choo l  i s  c a l c u l a t e d  t o  be 2.74 Btu/h s q  f t  f l o o r .  The h e a t  
l o s s  compris ing f a b r i c ,  i n f i l t r a t i o n  and v e n t i l a t i o n  ( f a b r i c  based on U 
v a l u e s  s e l e c t e d  a t  Le thbr idge)  i s  c a l c u l a t e d  t o  be  0 .17  Btu/h s q  f t  OF. 

2.74 
d  - n e g l e c t i n g  s o l a r  ( f o r  t h i s  t y p i c a l  day o n l y )  = - 

0.17 

F i g u r e s  B 8 . 7  t o  .10 show t h e  c a l c u l a t e d  c o o l i n g  requ i rement  a g a i n s t  
degree  days  a t  v a r i o u s  b a s e s  (degree  days  c a l c u l a t e d  on t h e  hour by hour 
t empera tu re  d i f f e r e n c e  above t h e  b a s e  t e m p e r a t u r e ) .  

The r e s u l t s  a r e  t a b u l a t e d  i n  Tab le  B8(5) .  

TABLE B8 (5) 

The d e g r e e  o f  c o r r e l a t i o n  based  on l i n e a r  f i t s  t o  t h e  d a t a  i s  g iven  
i n  t h e  f o r e g o i n g  t a b l e .  

Reference  Year 
Weather f o r  

Vancouver 

Toron to  

H a l i f a x  

Montreal  

Le thbr idge  

F r e d e r i c t o n  

S t .  Johns  

Winnipeg 

Saskatoon 

C o r r e l a t i o n  ( r 2 )  

Degree days  a t  v a r i o u s  b a s e s  

6S°F 

1 24 

452 

145 

535 

399 

375 

68 

550 

37 1 

0.899 

60" F  

3  64 

899 

413 

9  5  2  

7  13 

69 8  

189 

930 

68 1 

0.967 

55°F 

8  25 

141 2  

882 

1514 

1180 

1175 

4  22 

1421 

1123 

0 .973 

50°F 

1564 

21 34 

1535 

2216 

1819 

1803 

830 

2018 

1691 

0.907 



FIG.  B8.7 FIG. B8.8 

- 
0 200 4 0 0  6 0 0  800 V) 0 200  400 600  800 1000 1200 

a 
BASE= 65O F f 

I 
BASE: 60° F 

FIG; B8.9 
I FIG. 68.10 

0 4 0 0  8 0 0  1200 la00 0 400  8 0 0  1200 1600 2000  240 0 

BASE= 5 5  OF BASE = 50° F 

F7". 71-10 COOLING LOAD VS COOLING EGREE-DAYS ABOVE VARIOUS BASE TEMPERATURES 

(dotted lim indicates f I0 % about f i t trd line ; R ~ =  correlation coefficient .) 



While it appears  t h a t  t h e  b e s t  f i t  i s  around t h e  base  of 55°F it 
should be  a p p r e c i a t e d  t h a t  t h i s  i s  n o t  n e c e s s a r i l y  t h e  b e s t  f i t  f o r  o t h e r  
s i z e s  o f  b u i l d i n g s  o r  o t h e r  p a t t e r n s  of  occupancy. I t  may, however, 
prove a  s a t i s f a c t o r y  b a s i s  f o r  s p e c i f y i n g  c o o l i n g  budge t s  f o r  s c h o o l s .  

To pursue t h e  m a t t e r  f u r t h e r ,  two more s e r i e s  of ERE r u n s  were made. 
The r e s u l t s  a r e  r e p o r t e d  i n  F igures  B 8 r l l  and .12 and i n  Tab les  B8(6) 
and ( 7 ) .  Figure B8.11 shows t h e  c a l c u l a t e d  c o o l i n g  consumption f o r  t h e  
t h r e e  d e f i n e d  p e r i o d s  o f  use ,  and F igure  B8.12, shows t h e  c a l c u l a t e d  
coo l ing  consumptions f o r  two d i f f e r e n t  s i z e s  o f  s c h o o l s .  

TABLE B8(6) 

CALCULATED COOLING REQUIREMENTS - VARIATION WITH USE 

t f o r  d e f i n i t i o n  of uses  s e e  Model D e f i n i t i o n  

Reference C i t y  

Montreal 

S t .  Johns  

Saskatoon 

B a s i c a l l y  Use 1 - School u s e  

Use 2  - Used evening o r  school days  

Cool ing (70,000 sq  f t  secondary 
t o n  h r / s q  f t  annum) 

Use 3  - Used evening o r  school days  and 
d a i l y  through v a c a t i o n  

Use I t  

0.28 

0.06 

0.22 

TABLE B8(7) 

ESTIMATED COOLING REQUIREMENT - VARIATION WITH SCHOOL SIZE 

Use 2  

0.34 

0.07 

0.25 

* C a l c u l a t i o n s  f o r  Use 3  

Use 3  

0 .95 

0.32 

0.72 

Reference C i t y  

Montreal  

S t .  Johns  

Saskatoon 

Cooling ton h r / s q  f t  annum* 

250,000 s q  f t  
Secondary School 

0.87 

0.31 

0.68 

70,000 sq  f t  
Secondary Schoo 1 

0.95 

0.32 

0.72 
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I t  would appear  s a t i s f a c t o r y  t o  s e t  c o o l i n g  budgets  based on c o o l i n g  
degree  days above 5 5 " ~ .  Degree days  should  b e  c a l c u l a t e d  from t h e  hour 
by hour v a r i a t i o n  above t h e  b a s e  t e m p e r a t u r e .  F u r t h e r  c o o l i n g  budge t s  
should  v a r y  w i t h  t h e  s i z e  o f  t h e  school  and i t s  hours  o f  u s e .  

Fan Consumption 

For h e a t e d  and coo led  b u i l d i n g s  it i s  most p robab le  t h a t  t h e  f a n  
c a p a c i t y  w i l l  be determined by t h e  c o o l i n g  load .  Thus f o r  c o n s t a n t  
volume systems the .  f a n  consumption can  b e  cons ide red  a s  a  f u n c t i o n  o f  t h e  
des ign  peak c o o l i n g  l o a d s  and t h e  hours  o f  o p e r a t i o n  o f  t h e  system. For 
a  v a r i a b l e  a i r  volume (V.A.V.) system, however, t h e  annual  f a n  consump- 
t i o n  w i l l  b e  modif ied  by t h e  s e a s o n a l  v a r i a t i o n  i n  c l i m a t e .  

For g iven  s i z e s  o f  s c h o o l s  o f  s i m i l a r  type ,  c o n s t r u c t i o n  and 
s e r v i c i n g ,  o p e r a t i n g  f o r  s i m i l a r  hours  o f  use ,  f a n  consumption can b e  
cons ide red  t o  bea r  t h e  fo l lowing  r e l a t i o n s h i p s .  For c o n s t a n t  volume 
systems,  consumption w i l l  b e  some f u n c t i o n  of summer d e s i g n  d r y  bulb ,  
wet bu lb  and a  s o l a r  f a c t o r .  

For V . A  . V .  systems a  f u r t h e r  f a c t o r ,  t o  account  f o r  c l i m a t i c  
v a r i a t i o n ,  should  be c o n s i d e r e d .  Because t h e  modula t ion o f  t h e  f a n  
should  occur  through t h e  c o o l i n g  season  wi th  minimum f low dur ing  t h e  
h e a t i n g  season,  t h i s  a d d i t i o n a l  f a c t o r  might ve ry  we l l  be c o o l i n g  degree  
d a y s .  

F igures  B8,13 and ,14 show t h e  f a n  consumption, f o r  t h e  c l a s s -  
room block on ly ,  p l o t t e d  as f u n c t i o n s  of summer d e s i g n  d r y  bu lb  and 
c o o l i n g  degree  days .  Two v a l u e s  o f  f a n  consumption a r e  shown; consump- 
t i o n  o f  t h e  V . A . V .  f a n s  a s  o b t a i n e d  from t h e  Meriwether o u t p u t  and a  
manual c a l c u l a t i o n  o f  consumption if t h e s e  f a n s  were c o n s t a n t  volume. 
( T h i s  c a l c u l a t i o n  i s  s imply t h e  p roduc t  o f  t h e  number o f  hours  o f  
o p e r a t i o n  and t h e  V . A  . V .  f a n  f u l l  volume consumption).  

While b o t h  F i g u r e s  B8,13 and ,14 show f a n  consumption t o  be  weak 
f u n c t i o n s  o f  c l i m a t e  and t h a t  a  s i n g l e  v a l u e  of f a n  consumption would 
invo lve  l i t t l e  e r r o r ,  it i s  worthwhi le  c o n s i d e r i n g  t h e  f o l l o w i n g  p o i n t s .  

(1 )  The school  model used t o  produce t h e  r e s u l t s  r e p r e s e n t s  a  
70,000 s q  f t  two l e v e l  school  t h a t  i s  r e l a t i v e l y  i n s e n s i t i v e  
t o  c l i m a t e .  If t h e  a n a l y s i s  had been c a r r i e d  o u t  on a  s m a l l e r  
b u i l d i n g ,  a  s t r o n g e r  e f f e c t  might have been a p p a r e n t .  T h i s  i s  
i l l u s t r a t e d  by t h e  f a n  consumption f o r  a  h e a t e d  20,000 s q  f t  
p r imary  school  (F igure  B5.6) . 

( 2 )  I n  l a r g e  deep p l a n  b u i l d i n g s  w i t h  a  predominance of  i n t e r n a l  
zones t h e  f a n  volume may wel l  be  l i m i t e d  by t h e  minimum a i r  
movement c o n s i d e r e d  a p p r o p r i a t e .  I n  t h e  b u i l d i n g  model used  
t h e  i n t e r n a l  zones a r e  such t h a t  a i r  volumes, below t h e  
assumed minimum o f  0.5 cfm/sq f t ,  would have been a p p r o p r i a t e  
t o  meet t h e  l o a d s .  Consequently,  lower a i r  volumes and s m a l l e r  
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f a n s  could have been used i n  t he se  a r e a s .  Fur ther ,  f o r  V . A . V .  

systems, cons iderab le  savings i n  consump~ion should b e  r e a l i z e d  
i f  t h e  system i s  no t  r e s t r i c t e d  t o  supply t h i s  minimum a i r  
movement. 

Because t he se  minimum a i r  movement f i g u r e s  c r e a t e  an a r t i f i c i a l  
HVAC f a n  s i z i n g  ( f o r  i n s t ance  t h e  Department of Publ ic  Works 
minimum i s  0.75  cfm/sq f t )  it would seem a p p r o p r i a t e  t o  examine 
t h e  neces s i t y  f o r  such va lues .  

(3) The r e s u l t s  show a s i g n i f i c a n t  saving i n  f a n  consumption f o r  
t h e  V . A . V .  system. I t  may be,  however, t h a t  s e t t i n g  energy 
budgets based on a  model incorpora t ing  a  V . A . V .  system may pu t  
undue r e s t r i c t i o n s  on f a n  consumption f o r  a l l  cons t an t  volume 
systems. This  may, however, no t  be  considered too  s i g n i f i c a n t  
i n  t h e  ove r - a l l  energy allowance of t h e  bu i l d ing .  

(4) Should it  be considered prudent  t o  s e t  f an  allowances by 
cons ide ra t i on  of c l imate ,  a  more s u i t a b l e  f a c t o r  might be 
sought than t hose  suggested i n  F igures  B8r13 and .14. This  
would b e s t  be  done by cons ider ing  a  smal le r  bu i l d ing  model. 

E l e c t r i c i t y  Consumption by Re f r i ge ra t i on  Machine 
and Cooling Pe r iphe ra l s  -- 

Est imates  of consumption and t h e  v a r i a t i o n  of consumption wi th  
c l ima te  could b e  made using an equipment s imula t ion  program such a s  
Meriwether (EEC), b u t  no a t tempt  t o  make t h e s e  c a l c u l a t i o n s  has y e t  been 
made. 

9 .  WEATHER DATA REQUIRED FOR SETTING BUDGETS, PRE-CONSTRUCTION 
ANALYSIS AND POST-CONSTRUCTION MONITORING 

The fol lowing comments pre-suppose t h a t  hea t i ng  o r  coo l ing  budge ts  
w i l l  be  p a r t l y  o r  wholly s p e c i f i e d  by hea t i ng  and coo l ing  degree days .  

Weather Data f o r  S e t t i n g  Budgets 

Tes t  Reference Year (RY)* weather d a t a  has been used throughout 
t h i s  a n a l y s i s ,  however, it may be more app rop r i a t e  t o  u se  Typical Year 
(TY)* weather d a t a .  

U va lues  f o r  t h e  school models have been s e l e c t e d  on t h e  b a s i s  of 
average degree days of  t h e  r e f e r ence  c i t y ,  where RY weather has a  

* see  p .  131 f o r  d e f i n i t i o n s  



s i . gn i f i can t ly  d i f f e r e n t  degree day va lue  than  t h e  average an 
inconsis tency i n  t h e  r e s u l t s  is  c rea ted .  This  is  i l l u s t r a t e d  i n  
Figure B9 and explained i n  f u r t h e r  d e t a i l  i n  Sec t ion  B5, p.  95.  

(This e f f e c t  could be o f f s e t  by s e l e c t i n g  U values  f o r  t h e  model 
based on the  a c t u a l  degree days of  weather used and not t h e  average) .  

I f  TY weather da ta  is  t o  be used it i s  d e s i r a b l e  t h a t  t h e  weather 
t apes  be produced i n  t he  same manner used by crow1 which avoids  abrupt  
changes i n  weather da ta  a t  month ends.  

Weather Data f o r  Pre-Construction Analysis 

Weather da t a  w i l l  be requi red  by the  bu i ld ing  a n a l y s t  t o  enable him 
t o  c a r r y  ou t  h i s  energy a n a l y s i s .  The weather he has t o  use could be 
e i t h e r  spec i f i ed ,  o r  l e f t  up t o  him t o  choose. For c o n s i s t e n t  r epo r t i ng  
of  r e s u l t s  it would be d e s i r a b l e  t o  s p e c i f y  the  weather.  I f  t h i s  i s  t o  
be adopted weather da ta  should be made a v a i l a b l e  f o r  a l l  major loca t ions ;  
i . t  i s  not considered appropr ia te ,  f o r  ins tance ,  t o  c a r r y  ou t  an energy 
a n a l y s i s  f o r  a  bu i ld ing  i n  Quebec C i ty  using Montreal weather ( see  
Sec t ion  B5, p .  95) . 

I f  the  a n a l y s t  i s  l e f t  t o  choose h i s  own weather, then guidance 
should be given on t h e  method of s e l ec t i on ;  f o r  reasons  a s  previousl  y  
descr ibed  t h e  weather used should have near  average degree days.  Fur ther  
the  method i n  which the  degree days'  hea t ing  and cool ing a r e  t o  be 
ca l cu l a t ed  should a l s o  be spec i f i ed .  

Weather Data f o r  Post-Construct ion Monitoring 

I f  a  check on t h e  b u i l d i n g ' s  consumption is t o  be made by monitoring 
i t s  energy use  a f t e r  cons t ruc t ion ,  some means must be s p e c i f i e d  t o  a l low 
f o r  t h e  annual v a r i a t i o n  i n  weather.  

I t  seems reasonable  t o  do t h i s  by checking t h e  r e l evan t  energy 
budget based on the  recorded heat ing and cool ing degree days f o r  t h e  
p a r t i c u l a r  l oca t ion  and year ;  t h e  measured consumptions should be l e s s  
than t h i s  ad jus t ed  budget f i g u r e .  This  method would be  sub jec t  t o  t h e  
1 imi t a t i ons  mentioned previousl  y and il l u s t r a t e d  i n  Figure B9. 
However, t h e  a d d i t i o n a l  complication of producing d i f f e r e n t  hea t ing /  
cool ing vs  degree day r e l a t i o n s h i p s ,  based on cons tan t  U values ,  i s  not  
warranted by t h e  nominal inaccuracy of t h i s  proposed method. 

Such post  cons t ruc t ion  monitoring w i l l  r e q u i r e  t h e  annual r epo r t i ng  
of hea t ing  and cool ing  degree days f o r  a l l  major l oca t ions .  A s  suggested 
i n  Sec t ion  8 ,  cool ing degree days computed from t h e  hour ly  v a r i a t i o n s  
above a  base a r e  des i r ed .  This  may n e c e s s i t a t e  a d d i t i o n a l  f a c i l i t i e s  a t  
those  s t a t i o n s  t h a t  a t  p r e sen t  record only d a i l y  minimum and maximum 
temperatures .  



FIG. B9 

7000 0OOO 9000 lo& 

HEATING DEGREE DAYS BELOW 65' F 

0 

9 
Montreal seasonal degree days 1941-74 

+FROM SUPPLEA4ENTN-O / Ti, NATIONAL BUfLDfNG CmE OF CANADA 



DEFINITIONS 

Reference Year (RY) 

A ca lendar  yea r  s e l e c t e d  from 20 o r  more weather y e a r s  based on an  
e l imina t ion  process  involving monthly mean temperatures .  This i s  a 
process  recommended by ASHRAE T.C. 4 . 2  and s e l e c t s  a  weather year  
app rop r i a t e  f o r  comparing computed energy requirements of  d i f f e r e n t  
bu i ld ings  i n  t he  same munic ipa l i ty .  

Typical Year (TY) 

A t y p i c a l  year  comprising 12 months of weather made up by s e l e c t i n g  
each month from averages over a  number of years .  While f a i r l y  
r e p r e s e n t a t i v e  of average weather condi t ions ,  e r r o r  i n  energy c a l c u l a -  
t i o n s  may occur a s  a  r e s u l t  of l a r g e  s t e p  changes a t  month ends. This  
however can be avoided by ca re fu l  p repara t ion  of t y p i c a l  year weather 
tapes1 .  
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