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With the goal of producing a workable performance-type energy 
conservation code for buildings, the Division of Building Research, 
National Research Council of Canada, is trying to devise a suitable, 
practicable means of verifying compliance with an energy budget. 
Two methods are under consideration: measuring the annual fuel 
consumption of a building in use or by an energy analysis. 
To check the suitability of compliance by energy analysis, 
22 consultants were commissioned to carry out analyses of a 
hypothetical test building. The results of these analyses, 
together with a discussion on the large variation in results that 
were obtained, are included in this report. 

Because of the great current interest in this topic, it was 
decided to publish the work as. an internal report and in an 
unedited form. 
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I n t r o d u c t i o n  

The D i v i s i o n  o f  B u i l d i n g  R e s e a r c h  o f  t h e  N a t i o n a l  

R e s e a r c h  C o u n c i l  o f  C a n a d a  i s  c u r r e n t l y  g a t h e r i n g  i n f o r m a t i o n  

t o  d e v e l o p  a  p e r f o r m a n c e - t y p e  e n e r g y  c o n s e r v a t i o n  s t a n d a r d  

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

u n d e r s t o o d  i s  t h a t  a  b u i l d i n g  o f  g i v e n  t y p e  a n d  l o c a t i o n  i s  

a l l o c a t e d  a n  a n n u a l  e n e r g y  a l l o w a n c e  o r  e n e r g y  b u d g e t .  

U n l i k e  a  p r e s c r i p t i v e  s t a n d a r d ,  s u c h  a s  M e a s u r e s  f o r  

E n e r g y  C o n s e r v a t i o n  i n  New ~ u i l d i n ~ s " ) ,  a  p e r f o r m a n c e  

s t a n d a r d  d i c t a t e s  t h e  e n e r g y  a l l o w a n c e ,  n o t  t h e  means  o f  

a c h i e v i n g  i t .  

( 2 )  
W h i l s t  a  m e t h o d  f o r  g e n e r a t i n g  e n e r g y  b u d g e t s  h a s  

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

I I  c o m p l i a n c e "  a r e  v i e w e d  t o  b e  t h e  m a j o r  o b s t a c l e  t o  t h e  

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

I I t i o n  c o d e .  By c o m p l i a n c e "  we mean t h e  m e t h o d  b y  w h i c h  t h e  

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

o r  h a s  me t  t h e  s p e c i f i e d  e n e r g y  b u d g e t .  

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

a  p o s s i b l e  means  o f  e n s u r i n g  c o m p l i a n c e ;  

( a )  t h r o u g h  t h e  a p p r o v a l  o f  a n  e n e r g y  a n a l y s i s  

f o r  t h e  b u i l d i n g  o r  

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

The two m e t h o d s ,  w h i l s t  e a c h  o f f e r i n g  some d e s i r a b l e  

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

l i m i t a t i o n s .  

S i n c e  i t  i s  n e c e s s a r y  t o  b e  a b l e  t o  p r e d i c t  t h e  e n e r g y  

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



c o n s i d e r e d  i m p o r t a n t  t o  a s s e s s  t h e  s t a t e  o f  t h e  a r t  o f  e n e r g y  

a n a l y s i s  ( p r e d i c t i o n )  a n d  f u r t h e r  t o  i n v e s t i g a t e  t h e  p r a c t i c a l -  

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

s t u d y  d e s c r i b e d  i n  t h i s  p a p e r  i s  p a r t  o f  s u c h  a  p r o j e c t ;  

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

d e g r k e  o f  c o n s i s t e n c y  o f  e n e r g y  a n a l y s e s  c a r r i e d  o u t  b y  

p r a c t i s i n g  c o n s u l t i n g  e n g i n e e r s  when a s k e d  t o  a n a l y z e  a  t e s t  

b u i l d i n g  u t i l i z i n g  t h e  M e r i w e t h e r  ESA s e r i e s .  

2 .  The  E n e r g y  A n a l y s e s :  

Twen ty  -two c o n s u l t a n t s  who h a d  p r e v i o u s l y  

a c c e s s e d  t h e  M e r i w e t h e r  ESA p a c k a g e  i m m e d i a t e l y  p r i o r  t o  t h i s  

e x e r c i s e ,  were a s k e d  t o  p a r t i c i p a t e  i n  t h e  s t u d y .  

A s p e c i f i c a t i o n  ( A p p e n d i x  3 )  f o r  t h e  t e s t  b u i l d i n g  was  

w r i t t e n  b a s e d  o n  t h e  b u i l d i n g  s p e c i f i c a t i o n  IEA-2 u s e d  i n  t h e  

( 3 )  
I n t e r n a t i o n a l  E n e r g y  A g e n c y ' s  c o m p a r i s o n  o f  c o m p u t e r  p r o g r a m s  . 
H o w e v e r ,  t h e  " f  l a v o u r l '  o f  t h e  s p e c i f i c a t i o n  w a s  c h a n g e d  t o  

I I t e s t "  t h e  u s e r  n o t  t h e  p r o g r a m  a n d  was  w r i t t e n  i n  s u c h  a  way 

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

t h e y  m i g h t  e n c o u n t e r  i n  p r a c t i c e .  I n  g e n e r a l  t h i s  w a s  a c h i e v e d  

b y  : 

( 1 )  S p e c i f y i n g  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  

o f  t h e  b u i l d i n g  a n d  t h e  HVAC s y s t e m  w h i l s t ;  

( 2 )  L e a v i n g  t o  t h e  d i s c r e t i o n  o f  t h e  a n a l y s t  a l l  

i t e m s  w h e r e  e n g i n e e r i n g  j u d g m e n t  o r  c a l c u l a t i o n  

was  i n v o l v e d .  

The  u n d e r l y i n g  p r i n c i p l e  t h a t  t h e  c o n s u l t a n t s  w e r e  

a s k e d  t o  w o r k  b y  w a s  t h a t  t h e y  make w h a t e v e r  a s s u m p t i o n s  a n d  



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

a r r i v e  a t  a  r e a s o n a b l e  p r e d i c t i o n  of  t h e  b u i l d i n g ' s  e n e r g y  

c o n s u m p t i o n .  

I n  o r d e r  t o  m i n i m i z e  t h e  e f f e c t  o f  d i f f e r i n g  i n t e r -  

p r e t a t i o n s  o f  t h e  s p e c i f i c a t i o n  a n d  c o r r e c t  a n y  a m b i g u i t i e s  

t h e  e s , r ~ i . s e  was  s t a g e d .  I n  s t a g e  I c o n s u l t a n t s  w e r e  a s k e d  t o  

p r e p a r e  a l l  n e c e s s a r y  i n p u t  a n d  r e f e r  a n y  q u e r i e s  r e l a t i n g  

t o  t h e  s p e c i f i c a t i o n  t o  D B R .  - A l l  t h e  c o n s u l t a n t s  w e r e  i n f o r m e d  

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

o r  when a n y  c l a r i f i c a t i o n  was  n e e d e d .  S t a g e  I1 

was  n o t  a u t h o r i z e d  u n t i l  a l l  c o n s u l t a n t s  h a d  c o m p l e t e d  t h e i r  

i n p u t  a n d  h a d  n o  f u r t h e r  q u e s t i o n s .  S t a g e  11, t h e  a n a l y s i s ,  

F o l l o w i n g  t h e i r  a n a l y s e s ,  t h e  c o n s u l t a n t s  w e r e  r e q u i r e d  

t o  p r o v i d e  D . B . R .  w i t h  c o m p l e t e d  p r i n t - o u t s ,  summary s h e e t s ,  

"me thod  o f  a n a l y s e s  q u e s t i o n n a i r e s "  b r e a k d o w n  o f  c o s t s  a n d  

comment s .  Mos t  o f  t h i s  i n f o r m a t i o n  i s  p r e s e n t e d ,  s o m e t i m e s  i n  

c o n d e n s e d  f o r m ,  i n  t h e  f o l l o w i n g  s e c t i o n s .  

3 .  C a l c u l a t e d  A n n u a l  C o n s u m p t i o n s  

F i g .  3 . 1  & 3 . 2  show t h e  a n n u a l  h e a t i n g  a n d  e l e c t r i c i t y  

c o n s u m p t i o n s  f o r  t h e  t e s t  b u i l d i n g  a s  c a l c u l a t e d  b y  t h e  2 2  

c o n s u l t a n t s  p l u s  a n  a d d i t i o n a l  3  a n a l y s e s  c a r r i e d  o u t  i n  two 

F e d e r a l  G o v e r n m e n t  d e p a r t m e n t s .  

C l e a r l y  c o n s i s t e n c y  o f  r e s u l t s  i s  n o t  a c h i e v e d ;  b a s e d  

o n  m e d i a n  v a l u e s  ( w h i c h  s h o u l d  n o t  n e c e s s a r i l y  b e  c o n s t r u e d  

a s  t h e  " c o r r e c t  v a l u e " )  t h e r e  i s  a  r a n g e  + 1 0 6 %  a n d  - 4 6 %  o n  

h e a t i n g  c o n s u m p t i o n  a n d  '30% o n  e l e c t r i c i t y  c o n s u m p t i o n .  

Of t h e  2 5  a n a l y s e s ,  1 6  d i d  n o t  come w i t h i n  + 1 0 %  o f  t h e  m e d i a n  



A n a l y s t  
F i g . 3 . 1  B u i l d i n g  H e a t i n g  C o n s u m p t i o n s  a s  C a l c u l a t e d  

b y  t h e  V a r i o u s  A n a l y s t s  - . . . . . . . . . . . . . . . . . . . . . .  .... 
u..h.c~ . . . . . . . . , M E D I A N  VALUE 2 1 0 %  . . .  ..... - 

I 

2  4  6 8 l O E 1 4 1 6 B B 2 2 4  
A n a l y s t  

F i g . 3 . 2  B u i l d i n g  E l e c t r i c i t y  C o n s u m p t i o n s  a s  C a l c u l a t e d  
b y  t h e  V a r i o u s  A n a l y s t s  



h e a t i n g  c o n s u m p t i o n ,  a n d  7 d i d  n o t  come w i t h i n  '10% o f  t h e  

e l e c t r i c i t y  c o n s u m p t i o n .  

4 .  P o s s i b l e  R e a s o n s  f o r  V a r i a t i o n  i n  R e s u l t s  

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

c o n s i d e r e d  a s  r e s u l t i n g  f r o m  " E r r o r s "  o r  "Method o f  A n a l y s i s 1 ' .  

" E r r o r s "  a r e  c o n s i d e r e d  t o  b e  a r i t h m e t i c  e r r o r s ,  

m i s u s e  of  t h e  p r o g r a m ,  p o o r  e n g i n e e r i n g  j u d g m e n t  a n d ,  i n  t h i s  

e x e r c i s e , f a i l u r e  t o  f o l l o w  a l l  t h e  s p e c i f i c a t i o n  c l a u s e s .  

S e v e r a l  e r r o r s w e r e  n o t e d  i n  t h e  a n a l y s e s .  I n  some i n s t a n c e s  

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

a t t r i b u t e d  t o  e r r o r s .  S u c h  e r r o r s  c a n  s o m e t i m e s  b e  s p o t t e d  

i n  t h e  p r o g r a m  i n p u t ,  f o r  e x a m p l e  a n a l y s t  /I20 a p p e a r e d  t o  

i n c l u d e  t h e  f a n  kW l o a d  t w i c e ,  o n c e  i n  t h e  ~ ~ P a n d  a g a i n  

t h e  E E @ , r e s u l t i n g  i n  a n  e l e c t r i c a l  c o n s u m p t i o n  some 6 3 0  MW.HRS 

h i g h e r  t h a n  i t  s h o u l d  h a v e  b e e n ;  o t h e r s  c a n  o n l y  b e  i d e n t i f i e d  

w i t h  r e f e r e n c e  t o  o t h e r  s i m i l a r l y  c a l c u l a t e d  v a l u e s ,  e . g . ,  

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

c o n t r i b u t e s  t o  l o w  h e a t i n g  c o n s u m p t i o n  p r e d i c t e d  by  a n a l y s t  1 8 .  

"Method o f  A n a l y s i s "  i n c l u d e s  a l l  t h o s e  a s p e c t s  o f  

t h e  a n a l y s i s  w h e r e  e n g i n e e r i n g  j u d g m e n t  i s  r e q u i r e d ,  e . g . ,  

how many t h e r m a l  b l o c k s  a r e  n e c e s s a r y ?  Is  i t  n e c e s s a r y  t o  

t a k e  a c c o u n t  o f  t h e  o p e r a t i o n  o f  window b l i n d s  e t c ?  A p o o r  

c h o i c e  i n  a n y  o f  t h e s e  a s p e c t s  c a n  b e  c o n s i d e r e d  a n  e r r o r .  

V e r y  o f t e n ,  h o w e v e r ,  i n f o r m a t i o n  n e c e s s a r y  f o r  t h e  m a k i n g  o f  

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

d e b a t a b l e .  

*ERE - E n e r g y  R e q u i r e m e n t s  E s t i m a t e s  P r o g r a m  a n d  
EEC - E q u i p m e n t  E n e r g y  C o n s u m p t i o n  P r o g r a m  o f  t h e  

M e r i w e t h e r  E.S.A.  s e r i e s .  S e e  R e f e r e n c e  4 



5 .  C o m p a r i s o n  o f  Key I n p u t  D a t a  6 M e t h o d s  o f  A n a l y s i s  

I n  o r d e r  t o  i d e n t i f y  t h o s e  a r e a s  t h a t  may c o n t r i b u t e  

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

c o n s u m p t i o n ,  a  c o m p a r i s o n  o f  "Key I n p u t  D a t a "  a n d  "Method 

o f  A n a l y s i s t '  was  m a d e ,  

T a b l e  5.lt l i s t s  "key1 '  i n p u t  v a l u e s  t o  t h e  *ERE a n d  

*EEC p r o g r a m s  a s  u s e d  b y  t h e  v a r i o u s  a n a l y s t s .  T a b l e  5 . 2 t  

s u m m a r i z e s  some a s p e c t s  o f  t h e  a n a l y s e s .  

F i g u r e s  5 . 1  t o  5 . 9  i l l u s t r a t e  t h e  d i f f e r e n c e s  i n  

t h e  ERE i n p u t  d a t a  a n d  h i g h l i g h t  t h e  g e n e r a l  w i d e  v a r i a t i o n  

i n :  

( i )  P e a k  i n f i l t r a t i o n  r a t e  

( i i )  R e f e r e n c e  s o l a r  g a i n  

( i i i )  R e c e p t a c l e  l o a d  

( i v )  P e r c e n t a g e  l i g h t i n g  h e a t  g a i n  p a s s i n g  t o  

r e t u r n  a i r  s t r e a m  

( v )  S u p p l y  a i r  v o l u m e  

T h e  r e m a i n i n g  ERE i n p u t  i s  g e n e r a l l y  c o n s i s t e n t  w i t h  

t h e  e x c e p t i o n  o f  t h e  o c c a s i o n a l  d a t a  p o i n t .  T h e  s i g n i f i c a n c e  

o f  e a c h  o f  t h e  a b o v e  i t e m s ,  m e t h o d  o f  a n a l y s i s  a n d  o t h e r  

i s o l a t e d  f a c t o r s  i s  e x p l o r e d  i n  s e c t i o n  6 b y  means  o f  

p a r a m e t r i c  a n a l y s i s .  

+ A l l  t a b l e s  i n  A p p e n d i x  1. 
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F i g . 5 . 1  P e a k  I n f i l t r a t i o n  s a s  u s e d  b y  t h e  
v a r i o u s  a n a l y s t s .  M e d i a n  v a l u e  2 1 0 %  
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A n a l y s t  

F i g . 5 . 2  D e s i g n  T r a n s m i s s i o n  L o s s e s  a s  u s e d  b y  the 
v a r i o u s  a n a l y s t s .  
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A n a l y s t  

~ i ~ .  5 . 3  P e a k  O c c u p a n c y  L o a d s  a s  u s e d  by  t h e  v a r i o u s  
a n a l y s t s .  a S e n s i b l e  FJ L a t e n t  G a i n s  

A n a l y s t  

F ig -  5 . 4  P e a k  L i g h t i n g  L o a d s  a s  u s e d  b y  t h e  v a r i o u s  
a n a l y s t s .  Room L o a d  [:ij R e t u r n  A i r  Load  - 
?.?.En M e d i a n  V a l u e  + l o %  - 
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Fig. 5.6 Peak Equipment (Receptacle) Loads as Used 

by the Various Analysts 
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Fig. 5.8 Fan KW. Connected Loads as Used by the 

Various Analysts 
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Fig. 5.9 Ventilation Rates as Used by the Various 
Analysts 



V a r i a t i o n  i n  t h e  EEC i n p u t  d a t a  i s  e s s e n t i a l l y  

d e p e n d e n t  o n  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  ERE a n a l y s i s  a n d  

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

t h e  v a l u e s  e v e n  t h o u g h  i t  i s  a c k n o w l e d g e d  t h a t  t h e y  may h a v e  

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

h o w e v e r ,  g e n e r a l l y  more  s t r a i g h t f o r w a r d  t h a n  t h e  E R E  w i t h  

much l e s s  room f o r  v a r i a n c e  r e s u l t i n g  f r o m  e n g i n e e r i n g  j u d g m e n t  

o r  m e t h o d  o f  a p p r o a c h .  T h i s  was  p a r t i c u l a r l y  s o  i n  t h i s  

e x e r c i s e  w h e r e  t h e  b u i l d i n g  h a s  a  v e r y  s i m p l e  HVAC p l a n t .  

6 .  P a r a m e t r i c  A n a l y s e s  

S e c t i o n  5  i d e n t i f i e s  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

i n p u t s  a n d  m e t h o d  o f  a n a l y s e s  b u t  i t  i s  n o t  a p p a r e n t  how 

t h e s e  d i f f e r e n c e s  a f f e c t  t h e  o v e r a l l  r e s u l t s .  To e x p l o r e  

t h i s  a s p e c t  s e v e r a l  p a r a m e t r i c  r u n s  w e r e  made b y  t h e  a u t h o r  

b a s e d  o n  a  " R e f e r e n c e  Mode l "  a n d  u t i l i z i n g  w i t h  e a c h  p a r a m e t r i c  

r u n ,  k e y  i n p u t  d a t a  a n d  m e t h o d  o f  a n a l y s i s  p h i l o s o p h y  o f  

t h e  o t h e r  a n a l y s t s .  The v a l u e s  u s e d  i n  t h e  p a r a m e t r i c  r u n s  

w e r e  e x t r e m e  v a l u e s  s e l e c t e d  f r o m  t h e  a n a l y s t s '  s u b m i s s i o n s .  

The r e s u l t s  o f  t h e s e  p a r a m e t r i c  r u n s  a r e  shown  i n  T a b l e  6 . 1  

a n d  i l l u s t r a t e d  i n  F i g .  6 . 1 ,  6 . 2  & 6 . 3 .  A d i s c u s s i o n  o f  e a c h  

a s p e c t  o f  t h e s e  r u n s  f o l l o w s .  

6 . 1  " R e f e r e n c e  Model" :  I n  o r d e r  t o  make t h e  t a s k  m a n a g e a b l e  

t h e  r e f e r e n c e  m o d e l  was  k e p t  e x t r e m e l y  s i m p l e ,  t h i s  e n t a i l e d  

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

i d e n t i f i e d  a s  # 2 5  i n  F i g s .  3 . 1 ,  3 . 2 ,  5 . 1  t o  5 . 9  a n d  i n  T a b l e s  

3 . 1  t o  3 . 3  a n d  5 . 1 .  It s h o u l d  b e  n o t e d  t h a t  t h e  f o l l o w i n g  



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

d i f f e r e n c e s  f o r  t h e  r e f e r e n c e  m o d e l  - t h e y  s h o u l d  NOT b e  

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

NOR s h o u l d  t h e y  b e  c o n s t r u e d  a s  n e c e s s a r i l y  p r e d i c t i n g  

a c t u a l  b u i l d i n g  p e r f o r m a n c e .  

6 . 2  I n f i i t r a t i o n  P a r a m e t r i c  Runs  

I n  o r d e r  t o  e n s u r e  t h a t  t h e  p a r a m e t r i c  r u n s  c o v e r e d  

b o t h  t h e  " h i g h "  a n d  " low"  i n f i l t r a t i o n  s i m u l a t i o n s  t h e  

"me thod  o f  i n f i l t r a t i o n "  ( e . g . ,  s t a c k  e f f e c t ,  c o n s t a n t  

i n f i l t r a t i o n ,  e t c . )  a s  w e l l  a s  t h e  p e a k  i n f i l t r a t i o n  r a t e  

w e r e  c o n s i d e r e d .  T h i s  i n v o l v e d  f i v e  r u n s ,  v i z .  Run 1 

3 4 , 5 5 5  c f m  a n d  k e y  8 ,  Run 2  3 3 , 2 0 0  c f m  a n d  k e y  3 ,  Run 3  

2 4 , 7 7 0  c fm a n d  k e y  2 ,  Run 4  3 , 8 9 6  c fm a n d  k e y  2 ,  Run 5  

7000  c f m  a n d  k e y  3 .  

( T h e  " R e f e r e n c e  Mode l "  u s e d  Key 2 ,  s t a c k  e f f e c t ,  

t o  s i m u l a t e  t h e  i n f i l t r a t i o n ,  t h e  p e a k  w a s  c a l c u l a t e d  
( 5 )  

a t  9 8 2 5  c f m  o r  a p p r o x i m a t e l y  0 . 2  A c l h r ) .  

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

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

b e t w e e n  +28% a n d  -6% o f  t h e  r e f e r e n c e  m o d e l  v a l u e ;  p e a k  

i n f i l t r a t i o n  r a t e s  v a r y  i n  t h e  r a t i o  o f  1 t o  9 .  

S i n c e  t h e  w a l l  l e a k a g e  r a t e  w o u l d  n o t  

n o r m a l l y  b e  known ( a  w a l l  l e a k a g e  c o e f f i c i e n t  was  s p e c i f i e d  

f o r  t h e  t e s t  b u i l d i n g )  i t  i s  l i k e l y  t h a t  a n  e v e n  g r e a t e r  

d i s p a r i t y  

* S e e  T a b l e  5 . 1  f o r  d e f i n i t i o n  o f  k e y s  
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Sto rage1- [  t a c l e  
M u l ~  Z o n e  I I -  

R e f e r e n c e  F a c t o r  L o a d  Mode 1 
M o d e l  

S t o r e d  ~ o l a d  Key  V e n t i l a t i o n  

F i g . 6 . 2  C a l c u l a t e d  a n n u a l  c o o l i n g  c o n s u m p t i o n  f o r  t h e  
a i r  s i d e  s y s t e m s  (E.R.E. o u t p u t )  f o r  t h e  b a s i c  
m o d e l  a n d  p a r a m e t r i c  r u n s .  1 i n d i c a t e s  ? l o %  
o f  t h e  b a s i c  m o d e l  v a l u e .  



- 1 6  - 
b e t w e e n  e s t i m a t e d  i n f i l t r a t i o n  a n d  a c t u a l  i n f i l t r a t i o n  w o u l d  

o c c u r  i n  p r a c t i c e .  

An a d d i t i o n a l  r u n  w a s  made s u b s t i t u t i n g  a  c o n s t a n t  

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

p r e v i o u s l y  u s e d .  A v e r a g e  i n f i l t r a t i o n  w a s  c a l c u l a t e d  b a s e d  

o n  t h e  a v e r a g e  a n n u a l  t e m p e r a t u r e  f o r  t h e  l o c a t i o n ( - 5 0 ~ ~ )  

u s i n g  t h e  same m e t h o d s  a s  t h a t  u s e d  f o r  t h e  " R e f e r e n c e  Mode l " .  

The  r e s u l t s  a r e  shown u n d e r  INFILTRATION 6 i n  T a b l e  6 . 1  a n d  

a r e  e s s e n t i a l l y  t h e  same a s  t h o s e  f o r  t h e  " R e f e r e n c e  Mode l "  ( l e s s  

t h a n  1% d i f f e r e n c e ) .  

6 . 3  S o l a r  P a r a m e t r i c  Runs  

S e v e n  p a r a m e t r i c  r u n s  w e r e  made a s  f o l l o w s :  

RUN 1. Window b l i n d s  up a l l  t h e  y e a r  ( b l i n d s  down i n  R e f e r e n c e  

M o d e l ) .  

RUN 2 .  W i t h  t h e  window b l i n d s  UJ t h e  s o l a r  g a i n s  w e r e  l a g g e d  

t h r o u g h  t h e  u s e  of  t h e  SL2* p r o g r a m  ( g a i n s  a p p e a r  a s  i n s t a n t a n e o u s  

c o o l i n g  l o a d s  i n  t h e  R e f e r e n c e  M o d e l ) .  

RUN 3.  A s  2  w i t h  window b l i n d s  down,  

RUN 4 .  W i t h  t h e  window b l i n d s  UJ., t r a n s m i s s i o n  o f  a b s o r b e d  

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

r o o f  was  a d d e d  t h r o u g h  u s e  o f  t h e  *SLM p r o g r a m .  

R U N  5 .  A s  4  w i t h  window b l i n d s  down. 

RUN 6 .  U t i l i z i n g  t h e  h i g h e s t  r e f e r e n c e  s o l a r  g a i n  o f  3 2 4 3  

MBH, A n a l y s t  # 1 9  ( R e f e r e n c e  Mode l  s o l a r  g a i n  = 2 0 9 3  MBH) - l o a d s  

l a g g e d .  

R U N  7 .  U t i l i z i n g  t h e  l o w e s t  r e f e r e n c e  s o l a r  g a i n  o f  1 2 3 0  MBH 

* SL2 - S o l a r  T a b l e  G e n e r a t i n g  P r o g r a m  6 

Z M  - S o l a r  T a b l e  M e r g i n g  P r o g r a m  o f  t h e  M e r i w e t h e r  ESA s e r i e s  



A n a l y s t  # 6  l o a d s  n o t  l a g g e d .  

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

f r o m  r u n s  6  & 7  w h i c h  p r o d u c e d  d i f f e r e n c e s  o f :  

+ 1 4 %  & -28% o n  h e a t i n g  c o n s u m p t i o n ,  

+ 32% & -18% on c o o l i n g  c o n s u m p t i o n  & 

+ 1 6 %  & -7% on f a n  c o n s u m p t i o n .  The r e a s o n  f o r  t h e  

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

Of t h e  o t h e r  p a r a m e t r i c  r u n s  i t  i s  o b s e r v e d  t h a t  t h e  

m o s t  i m p o r t a n t  a s p e c t  i s  t h e  u s e  o f  b l i n d s ;  t h e  d i f f e r e n c e  i n  

c o n s u m p t i o n s  b e t w e e n  b l i n d s  up a n d  b l i n d s  down ( a s  a  p e r c e n t a g e  

o f  t h e  b l i n d s  down v a l u e )  i s :  

( i )  b a s e d  o n  t h e  R e f e r e n c e  Model  ( s o l a r  l o a d s  n o t  

l a g g e d ) :  - 9 %  o n  h e a t i n g  +15% o n  c o o l i n g  

( i i )  b a s e d  on  m o d e l s  w i t h  t h e  s o l a r  l o a d s  l a g g e d  

- 1 2 %  o n  h e a t i n g ,  +20% o n  c o o l i n g .  

6 . 4  L i g h t i n g  P a r a m e t r i c  Runs :  

A l t h o u g h  p e a k  l i g h t i n g  l o a d s  w e r e  o n e  o f  the more  c o n s i s t e n t  

i n p u t  v a r i a b l e s  t h e  v a r i o u s  p r o f i l e s  o f  u s e  a d o p t e d  b y  t h e  

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

B a s e d  o n  l i g h t i n g  e l e c t r i c i t y  c o n s u m p t i o n ,  o b t a i n e d  f r o m  E R E  

o u t p u t s ,  a n a l y s i s  2 1  was  i d e n t i f i e d  a s  h a v i n g  t h e  h i g h e s t  

l i g h t i n g  c o n s u m p t i o n  w h i l s t  a n a l y s i s  24 t h e  l o w e s t .  T h e s e  two 

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

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

e n e r g y  c o n s u m p t i o n  - t h e  r e s u l t s  a r e  shown a s  LIGHTING 1 & 2  i n  T a b l e  6 . 1  

A d d i t i o n a l  r u n s  w e r e  made t o  show t h e  e f f e c t s  o f :  

* ( a )  l a g g i n g  t h e  l i g h t i n g  h e a t  g a i n  

* R e f e r e n c e  Model  a s s u m e d  l i g h t i n g  h e a t  g a i n s  a p p e a r e d  i n s t a n t a n e o u s l y  
a s  c o o l i n g  l o a d  a n d  t h a t  6 0 %  o f  t h e  l i g h t  h e a t  g a i n  p a s s e d  t o  
t h e  r e t u r n  a i r .  



* ( b )  l i g h t i n g  g a i n  p a s s i n g  i n t o  r e t u r n  a i r  v a r y i n g  

t h e  p e r c e n t a g e  b e t w e e n  1 5 %  a n d  7 5 % .  



The r e s u l t s  o f  t h e s e  r u n s  a r e  shown i n  T a b l e  6 . 1  u n d e r  

LIGHTING 3 ,  4  & 5  r e s p e c t i v e l y .  

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

r e s u l t s  f r o m  r u n s  1 & 2 ,  w i t h  a  + 1 1 / - 1 0 %  c h a n g e  i n  h e a t i n g ,  

+ l o % / - 4 %  c h a n g e  i n  c o o l i n g  a n d  a  + I S % / - 1 6 %  c h a n g e  i n  b a s e  

e l e c t r i c i t y .  I n  p r a c t i c e  we c a n  e x p e c t  e v e n  g r e a t e r  d i f f e r e n c e s  

s i n c e  t h e  p r o f i l e  o f  u s e  a n d  d i v e r s i t y  o f  demand w i l l  b e  

g e n e r a l l y  somewha t  l e s s  d e f i n e d  t h a n  i n  t h i s  e x e r c i s e .  

6 . 5  ' % e a t  S t o r a g e  F a c t o r * " -  P a r a m e t r i c  Runs 

The r a n g e  o f  h e a t  s t o r a g e  f a c t o r s  u s e d  by  t h e  a n a l y s t s  

r a n g e  f r o m  a  l o w  o f  4 . 0  t o  a  h i g h  o f  2 8  B t u / F  s q . f t .  T h e s e  

two v a l u e s  w e r e  u s e d  i n  t h e  R e f e r e n c e  Model .  T h e  r e s u l t s  g i v e n  

u n d e r  BUILDING WEIGHT 1 & 2  i n  T a b l e  6 . 1 ,  show a  v a r i a t i o n  

o f  - 2 7 % / + 1 5 %  i n  t h e  h e a t i n g  c o n s u m p t i o n .  C h a n g e s  i n  e l e c t r i c i t y  

and  c o o l i n g  a r e  n o t  s i g n i f i c a n t .  F o r  t h e  R e f e r e n c e  Model  a  h e a t  

s t o r a g e  f a c t o r  o f  1 4 . 1  B ~ u / F  s q .  f t .  was  u s e d .  

6 . 6   IS+^^^^ jOoad ~ e 3 '  p a r a m e t r i c  Runs  

" S t o r e d  Load Keys"  o f  0 ,  1 & 2  w e r e  u s e d  b y  t h e  

v a r i o u s  a n a l y s t s  r e p r e s e n t i n g  3 ,  5 & 7  h o u r s  d i s t r i b u t i o n  

a n d  d u r a t i o n  o f  t h e  p i c k - u p  p e r i o d  f o r  s t o r e d  l o a d s .  The 

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

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

R e f e r e n c e  m o d e l  ( k e y  0 )  by  6 & 1 2 %  f o r  k e y s  1 & 2 r e s p e c t i v e l y .  

6 . 7  R e c e p t a c l e  L o a d s  P a r a m e t r i c  Runs 

Two r u n s  w e r e  made w i t h  0  r e c e p t a c l e  l o a d  a n d  w i t h  t h e  

maximum r e c e p t a c l e  l o a d  a s  u s e d  b y  t h e  a n a l y s t s  ( A n a l y s t  # I ) .  

T h e r e  was  no  s i g n i f i c a n t  c h a n g e  i n  t h e  e l e c t r i c a l  u s a g e  

a l t h o u g h  h e a t i n g  c o n s u m p t i o n  v a r i e d  b y  +3% a n d  -9% a n d  c o o l i n g  - 
S e e  R e f e r e n c e  4  f o r  d e f i n i t i o n s  



-3% a n d  + 1 4 % .  

6 . 8  V e n t i l a t i o n  R a t e s  P a r a m e t r i c  Run 

V e n t i l a t i o n  r a t e s  v a r i e d  f r o m  9 , 4 4 2  c f m  t o  1 6 , 9 3 1  c f m  

i n  t h e  v a r i o u s  a n a l y s e s .  U s i n g  t h e s e  v a l u e s  i n  t h e  R e f e r e n c e  

M o d e l  p r o d u c e d  n o  s i g n i f i c a n t  d i f f e r e n c e s  ( < I % )  i n  t h e  r e s u l t s .  

6 . 9  C o i l  C a p a c i t y  P a r a m e t r i c  Runs  

A l t h o u g h  t h e  s p e c i f i c a t i o n  c a l l e d  f o r  ' u n l i m i t e d '  

c o i l  c a p a c i t i e s ,  s e v e r a l  a n a l y s t s  s p e c i f i e d  c o i l  s i z e s  w h i c h  

h a d  t h e  e f f e c t  o f  p r o l o n g i n g  p i c k - u p  p e r i o d s  a n d  i n  some c a s e s  

c a u s i n g  a s i g n i f i c a n t  n u m b e r  o f  h o u r s  w h e n ,  a c c o r d i n g  t o  

p r o g r a m  o u t p u t ,  d e s i g n  c o n d i t i o n  w o u l d  n o t  b e  m e t .  To see  

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

c o o l i n g  c o n s u m p t i o n s  s e v e r a l  r u n s  w e r e  made  w i t h  p r o g r e s s i v e l y  

s m a l l e r  c o i l s .  The  1 0 0 %  c o i l  s i z e s  were a s s u m e d  t o  b e  e q u a l  

t o  t h e  p e a k  h o u r l y  d e m a n d s  a s  t a k e n  f r o m  t h e  E . R . E .  o u t p u t  

o f  t h e  r e f e r e n c e  m o d e l  ( i t  i s  m o s t  u n l i k e l y  t h a t  s u c h  l a r g e  

c a p a c i t y  c o i l s  w o u l d  b e  u s e d  i n  p r a c t i c e ) .  

The  r e s u l t s  o f  t h i s  e x e r c i s e  a r e  s h o w n  i n  F i g s .  6 . 9 . 1  

a n d  6 . 9 . 2  w h i c h  s h o w  l a r g e  r e d u c t i o n s  i n  h e a t i n g  a n d  c o o l i n g  

c o n s u m p t i o n s  w h i l s t  a c c o r d i n g  t o  p r o g r a m  o u t p u t  m a i n t a i n i n g  

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

F o r  t h e  a n a l y s e s ,  t h e  e x t r e m e s  o f  ' h o u r s  o f  l o a d  n o t  

m e t ' *  a r e  7 1 2  h o u r s  f o r  h e a t i n g ,  a n a l y s i s  2 3 ,  a n d  8 1 2  h o u r s  

* 
f o r  c o o l i n g ,  a n a l y s i s  1. ( F o r  m u l t i - z o n e  a n a l y s e s  t h e  ' h o u r s  

o f  l o a d  n o t  m e t '  w e r e  d e r i v e d  f r o m  t h e  h o u r s  o f  l o a d  n o t  

m e t  f o r  t h e  i n d i v i d u a l  z o n e s  a n d  i t s  c o n t r i b u t i o n  t o  t h e  

t o t a l  h e a t i n g  o r  c o o l i n g  l o a d . )  E x t r a p o l a t i n g  f o r  t h e s e  

h o u r s  f r o m  t h e  g r a p h s  shown  i n  F i g s .  6 . 9 . 1  a n d  6 . 9 . 2  i n d i c a t e  



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

s i m u l a t i o n  o f  some 2 4 %  f o r  h e a t i n g  ( 7 1 2  h o u r s )  a n d  72% c o o l i n g  

( 8 1 2  h o u r s ) .  W h i l s t  i t  may n o t  b e  r i g o r o u s l y  c o r r e c t  t o  

e x t r a p o l a t e  i n  s u c h  a  w a y ,  i t  d o e s  g i v e  a n  i n d i c a t i o n  o f  

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

c a p a c i t y .  

6 . 1 0  A i r  Volume P a r a m e t r i c  Runs  

A n o t h e r  p o s s i b l e  c a u s e  f o r  c r e a t i n g  a  number  o f  h o u r s  

o f  " l o a d  n o t  m e t l ' i s  i n  t h e  l i m i t a t i o n  o f  a i r  v o l u m e s  w h i c h  

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

d i s c u s s e d  a b o v e  - s e e  F i g .  6 . 1 0  ( i t  w o u l d  h a v e  n o  e f f e c t  o n  

t h e  h e a t i n g  u n l e s s  a i r  v o l u m e s  were g r e a t l y  l o w e r e d  a n d / o r  

t h e  maximum s u p p l y  a i r  t e m p e r a t u r e  l i m i t e d ) .  

6 . 1 1  " M u l t i z o n e  Mode l "  

A s  a  f i n a l  e x e r c i s e  a n  a n a l y s i s  w a s  made u t i l i z i n g  

a  m o d e l  a s  s o p h i s t i c a t e d  a s  t h e  M e r i w e t h e r  p r o g r a m  w o u l d  

r e a s o n a b l y  a l l o w  i n  p r a c t i c e ;  c o m p r i s i n g :  

(A) A M u l t i z o n e  Mode l  w i t h  27 d i f f e r e n t  z o n e s  d e f i n e d  b y :  

( i )  u s e ,  i . e . ,  o f f i c e ,  c i r c u l a t i o n ,  l o b b y  

( i i )  p o s i t i o n ,  i . e . ,  i n t e r n a l ,  e x t e r n a l ,  o r i e n t a t i o n  

a n d  h e i g h t  ( t o  a c c o u n t  f o r  t h e  v a r i a t i o n  o f  

i n f i l t r a t i o n  w i t h  h e i g h t ) .  
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P e r c e n t a g e  o f  C o i l  C a p a c i t y  

F i g .  6 . 9 . 1  A n n u a l  h e a t i n g  c o n s u m p t i o n  
a n d  " H o u r s  o f  L o a d  N o t  Met"  a s  a  
f u n c t i o n  o f  c o i l  c a p a c i t y  (min imum 
t e m p e r a t u r e  d u r i n g  n o r m a l  o p e r a t i o n  
6 9 . B ° F ) .  

P e r c e n t a g e  o f  C o i l  C a p a c i t y  

F i g . 9 . 6 . 2  A n n u a l  c o o l i n g  c o n s u m p t i o n  a n d  
" H o u r s  o f  L o a d  N o t  M e t "  a s  a  f u n c t i o n  o f  
c o i l  c a p a c i t y  (maximum t e m p e r a t u r e  a n d  h u m i d i t y  
r a t i o  d u r i n g  n o r m a l  o p e r a t i o n  7 3 . g ° F  w i t h  
9 5 . 3 4  G R ,  a n d  7 3 . 1 2 ' ~  w i t h  9 9 . 2 3  GR) .  
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( B )  The  i n c l u s i o n  o f  t h e  t r a n s m i s s i o n  o f  a b s o r b e d  s o l a r  r a d i a t i o n  

t h r o u g h  w a l l s  a n d  r o o f  - t h i s  i n v o l v e d  t h e  u s e  o f  t h e  

SLM p r o g r a m .  

(C) L a g g i n g  a l l  s e n s i b l e  g a i n s ,  w i t h  t h e  e x c e p t i o n  o f  

w a l l  c o n d u c t i o n .  F o r  s o l a r  g a i n s  t h e  c o o l i n g  l o a d s  

(7) 
w e r e  f i r s t  c a l c u l a t e d  u s i n g  t h e  T r a n s f e r  F u n c t i o n  M e t h o d ;  

t h e  b e s t  a p p r o x i m a t i o n s  o f  t h e  SL2 l a g g i n g  o p t i o n s  w e r e  

t h e n  u s e d  i n  t h e  a n a l y s i s .  P r o f i l e s  f o r  c o o l i n g  l o a d s  

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

w e r e  d e r i v e d  u s i n g  " c o e f f i c i e n t s  o f  room t r a n s f e r  

(6 
f u n c t i o n "  - d i f f e r e n t  p r o f i l e s  w e r e  u s e d  f o r  S a t u r d a y ,  

S u n d a y ,  Monday a n d  T u e s d a y  t h r o u g h  F r i d a y .  

( D )  R e d u c i n g  c o o l i n g  l o a d s  by  a  s u i t a b l e  p e r c e n t a g e  t o  

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

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

The  r e s u l t s  o f  t h e  ERE/TcR show t h e  f o l l o w i n g  p e r c e n t a g e  

v a r i a t i o n  f r o m  t h e  R e f e r e n c e  Model  v a l u e :  

h e a t i n g  +11%, c o o l i n g  - 1 9 % ,  F a n s  -8%, B a s e  e l e c t r i c  - 2 % .  

B e c a u s e  i n t e r m e d i a t e  s t e p s  b e t w e e n  t h e  s i m p l e  a n d  t h e  

c o m p l e x  a n a l y s i s  w e r e  n o t  t a k e n ,  i t  i s  n o t  p o s s i b l e  t o  s a y  

w h i c h  f a c t o r s  h a d  t h e  m a j o r  i n f l u e n c e  on  t h e  v a r i a t i o n  i n  t h e  

o v e r a l l  r e s u l t s .  



7 .  Comments  

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

u s e  i s  v e r y  l a r g e .  

F u r t h e r  i t  c a n  b e  a s s u m e d  t h a t  t h e  v a r i a t i o n  i n  r e s u l t s  

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

d i f f e r e n t  p r e d i c t i o n  m e t h o d s  ( c o m p u t e r  p r o g r a m s ) ;  r e c e n t  

w o r k  c a r r i e d  o u t  w i t h  t h e  I n t e r n a t i o n a l  E n e r g y  A g e n c i e s '  

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  & C o m m u n i t y  S y s t e m s  g r o u p  

h a s  s h o w n  w i d e  v a r i a t i o n s  i n  e n e r g y  p r e d i c t i o n s  b e t w e e n  

s e v e r a l  c o m p u t e r  p r o g r a m s .  

How t h e n ,  i t  m i g h t  b e  a s k e d ,  c a n  a p e r f o r m a n c e  o r  e n e r g y  

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

p r e s e n t e d  i n  t h i s  r e p o r t  r e p r e s e n t  r e a l i s t i c  a t t e m p t s  a t  

p r e d i c t i n g  e n e r g y  c o n s u m p t i o n ?  

To a p p r o a c h  a n  a n s w e r  o r  a n s w e r s  t o  t h i s  q u e s t i o n  i t  

i s  n e c e s s a r y  t o  c o n s i d e r  t k p r e c i s e  a p p l i c a t i o n  o f  t h e  e n e r g y  

a n a l y s i s ,  i .e  ., w i l l  i t  b e  u s e d :  

( a )  a s  a d e s i g n  t o o l  t o  p r e d i c t  e n e r g y  c o n s u m p t i o n ,  o r  

( b )  a s  a b a s i s  f o r  t h e  g r a n t i n g  o f  b u i l d i n g  p e r m i t s .  

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

c o n s u m p t i o n  r e c o r d s  a r e  t o  b e  u s e d  a s  t h e  m e a n s  o f  v e r i f y i n g  

c o m p l i a n c e  w i t h  a n  e n e r g y  b u d g e t ,  t h e n  t h e  p r e d i c t e d  e n e r g y  

c o n s u m p t i o n  c o u l d  b e  c o n s i d e r e d  o f  l i t t l e  o r  n o  i n t e r e s t  t o  

t h e  b u d g e t  ( c o d e )  i m p l e m e n t i n g  a u t h o r i t y .  T h e  r e s p o n s i b i l i t y  

f o r  p r e d i c t i n g  t h e  e n e r g y  u s e  o f  a p r o p o s e d  d e s i g n  i n  o r d e r  

t o  c h e c k  t h a t  t h e  b u i l d i n g  w h e n  b u i l t  a n d  o p e r a t i n g  w i l l  m e e t  

w i t h  t h e  r e q u i r e d  e n e r g y  b u d g e t  w i l l  l i e  s o l e l y  w i t h  t h e  d e v e l o p e r .  



H o w e v e r ,  t h e  d r a f t i n g  o f  a n y  c o d e  s h o u l d  b e  made 

c o g n i z a n t  o f  t h e  a b i l i t y  o f  t h e  i n d u s t r y  t o  w o r k  b y  t h a t  

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

b e  made t h e n  i t  w o u l d  s e e m  q u e s t i o n a b l e  t o  a d o p t  e n e r g y  

b u d g e t s  e n f o r c e a b l e  b y  c o n s u m p t i o n  m o n i t o r i n g .  

I f ,  h o w e v e r ,  e n e r g y  a n a l y s e s  a r e  t o  b e  u s e d  a s  t h e  

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

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

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

e i t h e r :  

( a )  a n  a c c u r a t e  p r e d j a i o n  o f  t h e  a c t u a l  e n e r g y  t h e  b u i l d i n g  

w o u l d  c o n s u m e  o r  - 

( b )  a n  a c c u r a t e  p r e d i c t i o n  o f  t h e  d e s i g n  e n e r g y  u s e .  

T h i s  d e s i g n  e n e r g y  u s e  c o u l d  b e  c a l c u l a t e d  b a s e d  o n  some 

s t a n d a r d i z a t i o n  o f  i n p u t  a n d  s i m p l i f i c a t i o n  o f  o p e r a t i o n  s o  

a s  t o  a v o i d  t h e  v a g a r i e s  o f  a c t u a l  b u i l d i n g  p e r f o r m a n c e .  ( I t  

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

f a c t o r  i n  t h e  p r o b l e m ;  e v e n  h a d  a l l  t h e  c o n s u l t a n t s  a r r i v e d  

a t  t h e  s ame  a n s w e r  i t  w o u l d  n o t  n e c e s s a r i l y  b e  t h e  s ame  a s  

t h e  c o n s u m p t i o n  o f  t h e  t e s t  b u i l d i n g  i f  i t  w e r e  b u i l t . )  W h i l s t  

i t  w o u l d  b e  m o s t  d e s i r a b l e  t o  r e c e i v e  a c c u r a t e l y  p r e d i c t e d  

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

b e  c o n s i d e r e d ,  w o u l d  b e  t o  a c c e p t  some f o r m  o f  d e s i g n  

c o n s u m p t i o n .  F u r t h e r ,  

t h i s  e x e r c i s e  h i g h l i g h t s  t h e  f a c t  t h a t  a n  e n e r g y  a n a l y s i s  c a n n o t  

b e  t a k e n  a t  f a c e  v a l u e  - s h o u l d  i t  b e  a d o p t e d  a s  a  means  o f  

c h e c k i n g  c o m p l i a n c e  w i t h  a n  e n e r g y  b u d g e t ,  some  f o r m  o f  c h e c k  

m u s t  b e  c o n s i d e r e d  n e c e s s a r y .  
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2 .  E n e r g y  B u d g e t s  f o r  New C o n s t r u c t i o n ,  L .  J o n e s ,  I n  p r e s s .  

3 .  S t a n d a r d  T e s t  B u i l d i n g  S p e c i f i c a t i o n s  f o r  I n t e r n a t i o n a l  
E n e r g y  A g e n c y  C o m p a r i s o n  o f  B u i l d i n g  E n e r g y  A n a l y s i s  
C o m p u t e r  P r o g r a m s .  P r e p a r e d  f o r  t h e  U n i t e d  S t a t e s  
E n e r g y  R e s e a r c h  & D e v e l o p m e n t  A d m i n i s t r a t i o n  b y  
J . M .  A y r e s  - A y r e s  A s s o c i a t e s ,  J u l y  2 2 ,  1 9 7 7 .  

4 .  R e f e r e n c e  M a n u a l  f o r  E n e r g y  S y s t e m s  A n a l y s i s  S e r i e s .  
P u b l i c  Works  C a n a d a ,  J u l y  1 9 7 8 .  

5 .  F o r t r a n  I V  P r o g r a m  t o  C a l c u l a t e  A i r  I n f i l t r a t i o n  i n  
B u i l d i n g s ,  D . M .  S a n d e r .  D B R  C o m p u t e r  P r o g r a m  No. 3 7 ,  
May 1 9 7 4 .  

6 .  ASHRAE H a n d b o o k  o f  F u n d a m e n t a l s ,  1 9 7 7 .  

7 .  F o r t r a n  I V  P r o g r a m  t o  C a l c u l a t e  Z T r a n s f e r  F u n c t i o n s  
f o r  t h e  C a l c u l a t i o n  o f  T r a n s i e n t  H e a t  T r a n s f e r  t h r o u g h  
Walls  & R o o f s ,  G . P .  M i t a l a s  a n d  J . G .  A r s e n e a u l t .  D B R  
C o m p u t e r  P r o g r a m  No.  3 3 ,  N R C  CP 3 3 ,  J u n e  1 9 7 2 .  
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T a b l e  3 . 1  CALCULATED ANNUAL CONSUMPTIONS 
FOR THE TEST BUILDING 

1. T h i s  a n a l y s i s  w a s  o r i g i n a l l y  s ~ h m i t t e d  a s  e l e c t r i c i t y  
2 6 0 7 3  MWh a n d  h e a t i n g  1 0 2 8 5 x 1 0  BTU. 

A n a l y s t  # 

1 

2  

3  

4  

5  

6 

7  

8  

9  

1 0  

11 

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20  

2 1  

22  

2 3  

2 4  

2 5  

2 .  M e d i a n  v a l u e s .  

3 .  F i g u r e s  i n c l u d e  h e a t  u s e d  f o r  D . H . W .  

4 .  F i g u r e  o b t a i n e d  f r o m  c o m p u t e r  p r i n t o u t ,  e q u i v a l e n t  
T o t a l  *Stm C o n s u m p t i o n  ( * S t e a m  c o n s u m p t i o n )  w a s  r e p o r t e d  b y  t h e  a n a l y s t  

' 

A n n u a l  
E l e c t r i c i t y  
C o n s u m p t i o n  

MWh 

3 1 5 3  

3 6 5 1  

3  7  1 7  

3 4 3 4  

4 6 4 5  

3 6 0 4  

3 5 9 6  

3 7 0 0  

3 4 8 3  

3 7 0 7 " ~  

3 8 7 5  

3 0 0 9  

4 1 6 9  

3 7 3 4  

3 8 6 8  

3 8 5 5  

3 9 4 3  

3 6 7 6  

3 8 2 8  

4 8 2 3  

3 9 2 3  

3 9 5 7  

2 9 9 6  

2 6 0 0  

3 3  9 0  

A n n u a l  
H e a t i n g  

C o n s u m p t i o n  
B T U X ~ O ~  

5 4 8 6  

1 7 2 3 2  3 9 4  

8 3 7 2 3 9  

8 3 7 0  

8 5 8 6 4  

8 0 4 6  

1 1 3 1 7 ~  

1 2 8 3 5 ~  

7562  

1 0 6 1 2  

1 0 9 8 4  

7 7 2 7  

1 6 2 5 3  

6 2 3 0  

1 1 9 9 1  

1 2 6 9 7  

7219  

4 5 1 0  

7  3 1 4  

1 0 1 9 7  

7 6 8 0  

1 0 1 1 2  

7 4 7 1  

9 1 4 4  

8 0 8  5  
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T A B L E  3.2 C O M P A R I S O N  O F  O U T P U T  F O R  T H E  SECONDARY ( A I R  S I D E )  

S Y S T E M  S I M U L A T I O N S  ( E R E  OR T C R  O U T P U T )  

?Median Values 

4-l 
m 
h 
rl 
a 
d 
4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2 3 

24 

25 
s 

C O N S U M P T I O N  

blhD 
G 0 
-4 4 
u X 
rd 3 
al H 
x c9 

4430 

9323 

5452 

6574 

5200 

6122 

6830 

8061 

5197 

7160 

7027 

5660 

10256 

4736 

7935 

7845 

5098 

3093 

5313 

6604 

4802 

7180 

5236 

5 7 8 7 ~  

5466 

baa 
G 0 
d rl 
rl X 
0 P 
0 H 
U cs 

2704t 

5115 

2262 

2732 

2967 

2170 

2434 

2779 

2061 

2319 

2894 

2458 

2010 

3228 

3109 

3938 

2045 

3977 

3055 

2738 

2710 

2600 

2399 

1511 

2579 

DEMAND 

rl 
0 
rl 

M X 
G d 
d X 
u \  
a P 
al H 
x cs 

4554 

31082 

11607 

22935 

10383 

6690 

23133 

18956 

6164 

9125 

15700 

5083 

33374 

5181 

23525 

21604 

7000 

4580 

8752 

12719 

6202 

10530 

6129 

13115 

26846 

rl 
0 
rl 

M X 
G d 
d X  
rl\ 
0 P 
0 H 
U cs 

7 4 75 

6772 

6684 

9566 

7796 

6124 

802 

9280 

6732 

8080 

10644 

7834 

6522 

10382 

937 

15787 

6900 

6451 

7188 

8002 

7404 

10795 

7463 

5661 

10591 



TABLE 3 . 3  COMPARISON OF OUTPUTS FOR THE CENTRAL PLANT 
SYSTEM SIMULATIONS (EEC OUTPUT) 

L 

u 
m 
h 
4 

C 
4 

1 

2  

3  

4  

5  

6  

7  

8  

H . V . A . C .  
E l e c t r i c a l  

6 
M 0 
c -4 
.4 U 
u a s  
C ti3 
M 5 C  
-4 V) 

+I c 
o 
U 

2117 

2767 

2524 

2138 

2 4 6 1  

2432  

- 3 

- 3 

C o n s u m p t i o n  

M  
c 
.d 
4 m 
a s  
C Q L  
cd u 
ZV) 
h 

t-l m 
.4 
4 

410 

1 0 6 7  

537 

7 5 1  

5 7 0  

374 

778 

506 

2193  

- 3 

2 2 1 1  

- 3 

2232 

2629 

2458 

- 3 

1 9 6 3  

2108  

2 3 4 1  

2025 

2798  

2330  

2048  

1 5 1 9  

2319 

9  

1 0  

11 

1 2  

1 3  

1 4  

1 5  

16 

1 7  

1 8  

1 9  

20 

21  

22 

2 3  

24 

25 

E q u i p m e n t  

01 
#-I 
aJ 
4 
4 
-4 
C 
u 

1 9 4  

429 

1 6 1  

1 9 3  

209 

1 8 6  

1 8 6  

1 9 6  

1 4 6  

1 6 2  

408  

1 7 2  

1 4 4  

226 

219 

302 

1 4 2  

270 

377 

1 9 3  

189  

1 8 5  

1 6 8  

1 1 0  

1 9 0  

579  

6 9 1  

6 8 1  

4 9 1  

1 0 9 0  

6 2 3  

7 0 1  

5 9 5  

1027  

812  

5 4 7  

6 3 1  

626  

773  

3 9 1  

326 

420 

M W h  
u 
aJ 
4 
-4 01 
0 aJ 

FQ -4 
u 

a 0 
v1 

#-I 01 
aJ aJ 
4 L) 
rl u 
-4 4 
C 
u 

6 2  

3 5 3  

339 

2 3 3  

1 7 8  

316 

209 

308 

1 5 4  

220 

257 

6 1  

1 7 4  

1 1 5  

386 

275 

257 

1 0 5  

1 7 3  

1 5 0 2  

9 1  

1 4 4  

9 3  

- 

1 2 0  

C e n t r a l  

4 
cd 
6 
0 h 
(I) u 
cd C 
Q) a~ 
m -4 

C) 

t-l -4 
a~ w 
4 w 
.rl W 
o 
!a 

8 1  

54 

65 

78 

60  

76 

60 

6 3  

d 

C 
0 

4 -4 
cd 0 
c 
0 4 
CJY 5  
(b a 
a10 
m X 

3 c 
4 a 
3 k 

0 . 7 1  

0 . 7 5  

0 . 6 8  

0 . 7 2  

0 . 4 3  

0 . 6 5  

0 . 7 1  

0 . 5 6  

P l a n t  
P e r f o r m a n c e  

PI 

93 
u V) 

u 
4 Q) 
cd 4 
c 4 
o -4 
01 C 
a u 
0) 
v, 

0 . 8 6  

1 . 0 0  

0 . 8 5  

0 . 8 5  

0 . 8 4  

1 . 0 3  

0 . 9 2  

0 . 8 5  

69 

67 

64  

7 3  

6 3  

76 

66 

62  

7 1  

69 

6 8  

65  

62  

7 1  

70  

6 3  

68  

0 . 6 9  

0 . 7 6  

0 . 4 7  

0 . 5 4  

0 . 8 5  

0 . 6 0  

0 . 4 6  

0 . 4 7  

0 . 8 9  

0 . 9 9  

0 . 5 3  

0 . 6 2  

0 . 7 4  

0 . 4 8  

0 . 6 1  

0 . 7 5  

0 . 4 7  

0 . 8 5  

0 . 8 4  

1 . 6 8  

0 . 8 4  

0 . 8 6  

0 . 8 4  

0 . 8 5  

0 . 8 8  

0 . 8 3  

0 . 7 9  

1 . 4 8  

0 . 8 3  

0 . 8 2  

0 . 8 5  

0 . 8 4  

0 . 8 4  

0 . 8 8  

c 
0 
-4 

3 
a s  

X E 3  
- 3 C  

n V) 
C 
0 
U 

0  

1 0 1 2  

9 2 2  

6  2  

9 8 3  

80 

38' 

6  5  

c 
0 

t-l 
0 U 
u a  

4 6 
w 0 2 g  U I 

0  

6  1 

5  9  

6  2  

1 0 6  

- 3 

70 

8  7  

1 0 4  

7  6  

8  2 

1 5  

- 3 

1 4 8  

5  0  

- 3 

- 3 

- 3 

7  3  

0  

1 1 0 2  

8 0  

1 1 2  

- 3 

82  

1 0 5  

5  9 

1 3 2  

59 

- 3 

3  3  

8 0  

8  2  

7 8  

2 1 1  

1 5 7  

218 

1 1 0  

6  1 

9  1 

0  

6  2  



1. ' V A V  S e a s o n a l  F a n  M o d u l a t i o n 1  d e f i n e d  a s :  

A n n u a l  F a n  E l e c t r i c a l  C o n s u m p t i o n  KW.HR. 
F a n  K W .  x s c h e d u l e d  number  o f  h o u r s  o p e r a t i o n  p e r  annum 

2 .  A n a l y s t  s i m u l a t e d  DHW a s  a n  " i n d i r e c t  p r o c e s s  l o a d "  - t h e  
f i g u r e s  r e p o r t e d  h e r e  a r e  t h e  e q u i v a l e n t  KW.hrs c o n s u m p t i o n  
( p r o c e s s  l o a d  t 3 . 4 1 3 ) .  

3 .  t t - l l  i n d i c a t e s  f i g u r e s  n o t  a v a i l a b l e  f r o m  o u t p u t .  

4 .  S e a s o n a l  C.O.P.  i s  d e f i n e d  a s :  

A n n u a l  c h i l l e r  e l e c t r i c a l  c o n s u m p t i o n  K W . H r s .  
A n n u a l  c o o l i n g  p r o d u c e d  t o n . h r s  

E l e c t r i c a l  c o n s u m p t i o n  d o e s  - n o t  i n c l u d e  a n y  c h i l l e r  a u x i l a r i e s .  



TABLE 5 . 1  COMPAKISON OF KEY INPUT DATA 

7 4 W A 

d m  
E-r 4 0 
m d 

d X 
O N  

2  ) 2 0 4 . 3  

( I 3  1 2 2 7 . 1  
4  i 2 0 9 . 8  

5  2 0 9 . 0  

6  2 1 6 . 4  

1 7  2 1 0 . 5  
8 1 2 1 0 . 5  
i I 

1 9  2 1 1 . 1  

110 ' 2 3 6 . 9  
i 

jll 2 1 1 . 0  
I 

1 4  1 2 1 8 . 4  
I 
! 1 5  1 2 1 9 . 8  
i 
1 6  1 2 3 0 . 7  
I 

119 
2 1 0 . 5  

120 2 1 9 . 0  
I 

1 2 1  2 2 1 . 7  

2 2  2 0 5 . 4  

2 3  / 2 0 9 . 3  

2 2 6 . 2  

2 2 6 . 6  
- . - -- 

X W  
PI GI 
H U 
3 4 5  
O'H ..% 
W  PI 

W  
M U 
4 W  
W  d 
PI- 

--- -. - -- 

Z 
0 
H A 
mm 
m 0 
H rl 
x X 

d 
z x 
4 \  
! = 4 5 A  
H E - r k l  

m 0 
z-u\ 
C3 d 
H m 
m m 0 
W O H  
n d -  

-- .- 

4 5 4 8  

4 5 9 5  

4 5 3 0  

4 6 1 5  

4 3 4 0  

4 6 8 1  

4 4 2 1  

4 2 7 2  

4 0 1 4  

3 1 1 7  

4 5  8 0  

4 2 2 8  

5 9 3 9  

4 1 3 5  

4 3 9 7  

4 1 1 4  

4 6 4 2  

2 6 3 7  

4 3 1 7  

4 5 5 1  

4 0 3 0  

4 4 5 3  

4 0 6 0  

4 3 2 8  

1 4 2 0 3  
. . 

* K e p o r t e d  a t  7 8 O F ,  c o n v e r t e d  t o  g a i n  C 8 7 O ~  b y  r a t i o  o f  i n s i d e - c u t s i d e  A t '  

il D e f a u l t  v a l u e  a s s u m e d  
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TABLE 5.1 cont'd. 

0 = constant infiltration 
1 = infiltration only when fans off 

*INFILTRATION KEY: 2 = proportional to ambient, always on 
3 = proportional to ambient, on when fans off 
8 = profile - infiltration v ambient dry bulb 

m 
M 
U 
0 
d 

k El 
o 

l-l 
Pi 4 
W T: 
Pg Pi 
C W  
3 x 
z E-c 

6 

1 

3 

6 

6 

1 

9 

I 

W 
El 
H r: 
Vl k 
E-c U 
5- 
0 
s 

C 0 
3 GI 
X k 
H 
Z Pi 
H H 
C 4 

17035 

10215 

11375 

9920 

10500 

10000 

9884 

13440 

9891 

16931 

9865 

12530 

12660 

10030 

10360 

9500 

9770 

9900 

11326 

10120 

10730 

9853 

9700 

9442 

10198 

f3 
C n  
F 
l-l 
4 
z 
4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

2 2 

23 

24 

25 

19 1 19 

20 

6 

6 

5 

6 

19 

6 

1 1 

6 

12 

6 

9 

11 

3 

43 

1 
b 

W 
l-l 
PC 
I & -  
5 s m  
m 0  0 

d d 
l-lk X 
4 C 
H & k  
0 H U 
f 3 4 -  

256.7 

275.0 

296.7 

320.0 

481.5 

216.4 

400.0 

472.7 

308.0 

364.4 

525.0 

330.8 

348.8 

349.0 

482.7 

499.0 

325.0 

353.9 

357.5 

400.0 

307.6 

409.2 

286.0 

234.6 

350.7 

AIR HANDLING 

z 
z 2 4 
4 4 k4 ~ k4 
n n f 3 n  

w 3 2 s t2-I s 
l-l 4: Pi 4: 3 4: 
P4- 3- 4 - 
PC f3 X 
5 W l4 

Z 
0 
H 
E-c- 
4 m  
& 0 
E-c d 
d % 
H C 
k k4 
Z U 
H- 

M Frl 
4 f3 
W 4 
P4 Pi 

4720 

13346 

8000 

9820 

13110 

33200 

7038 

16628 

14770 

34555 

24740 

10870 

22100 

14612 

15580 

16800 

7000 

3846 

5436 

10450 

18835 

4749 

.8500 

5505 

9825 

5 
W 
M 

Z 
0 
H 
f3 
4 
& 
f3 
l-l 
H 
k4 
Z 
H 

2 

1 

2 

3 

3 

3 

2 

263 

2 

8 

2 

2&8 

2 

2 

3&2 

2 

3 

2&0 

2 

2 

8 

2 

2 

2,8&0 

2 

Crl 

2 

7 

2 

2 

3 

2 

2 

2 

20 

4 

2 

2 

3 

2 

2 

2 

0 

2 

2 

2 

2 

3 

3 

2 

2 

UY Pi 

154 

275 

218 

265 

354 

156 

293 

I 

68 

275 

8 7 

136 

155 

66 

130 

247 I 225 

--386-- 

388 

243 

343 

255 

17 2 

107 

152 

142 

--580-- 

365 122 

300 1 140 

--488-- 

262 

265 

226 

427 

170 

116 

257 

131 

119 

100 

186 

76 

5 1 

86 



TABLE 5.1 cont'd. 

!3 
V] * 
l-l 
C 
Z 
C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2 3 

2 4 

25 

HEATING SYSTEM 

C3 
Z  
H 
!3 
4 
14 
D 
U 
PG 
H 
U n 

3 
C3 A 
2 -  
+I 
!3 PI 
C C 

W D  x Pl 

9 

37 

18 

4 

19 

30 

31 

25 

10 

7 

20 

6 

37 

8 

5 0 

33 

10 

8 

20 

19 

6 

19 

6 

15 

36 

ACCESSORIES 

n 

C2 Y: 
3 

I- 1 U 
D Z 

!-I g 2  !3 1 
PG Z 

w u  ; l-l D 
H4. I 
0 d 
m a  I 

1.6 

10 

0.8 

i 
1 I 

1.6 

1.6 
I 

1 I 
1.1 

I 

I 
1.1 , 

I 

1.1 , 
1 

0.8 
I 
1 

0.8 1 

2 1 
1.6 1 
0.8 1 
1.2 I 
2 

I 
0.8 1 
1.1 

1 

1 

1 

1 

. 8  

, 

> 

CHILLERS 

PG 
W 
l-l 
l-l 
H 
x 
U 
\ 

!3 n 
D vJ 
Pl z 
H 0 
D !3 
0- 

n 
w 
!3 
4. 
PG 

748 

564 

724 

960 

650 

600 

960 

9 30 

670 

810 

1064 

786 

652 

1020 

1124 

1600 

690 

650 

720 

832 

746 

900 

374 

283 

530 

COOLING SYSTEM 
BOILERS 

p: 
W 
l-l 
H 
0 
Sl n 
\CCI 
!3 0 
D 4 
Pl X 
!3 PG 
D X 
O\ 
D 

n H 
f.4 m 
!3 - 
C 
PG 

5466 

31082 

14244 

2760 

9792 

8000 

27760 

22748 

7400 

10610 

18840 

6120 

27600 

6302 

28230 

26000 

8400 

5500 

10502 

9000 

7450 

12636 

3678 

7870 

16108 

n 
3 
A 

w -  

!3 !3 
D D 
Pl Pl 
z !3 
D 
0 

+-' 
a n 
PG w 
W !3 
z 4 
W p: 

583 

440 

564 

748 

507 

570 

750 

726 

524 

632 

830 

614 

508 

7 9 6 

876 

1448 

538 

506 

560 

649 

582 

702 

292 

221 

413 

n 
3 
r: =- 

!3 !3 
D D 
Pl Pl 
z 
0 

+-' 
a n  
PG w 
W !3 
z C 
W PG 

6148 

37000 

17806 

3450 

12240 

10000 

34700 

28434 

9250 

13263 

23550 

7650 

34400 

7876 

35288 

32500 

10500 

6876 

13128 

11250 

9312 

15796 

4598 

9838 

20135 

PG 
W 
3 
0 
!3 

n 

!-I zr: - 
l-l 
0 z 
0 C 
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TABLE 5 . 2  Me thod  o f  A n a l y s i s  Summary 

7 A n a l y s t s  s i m u l a t e d  t h e  t r a n s m i s s i o n  o f  a b s o r b e d  
s o l a r  t h r o u g h  t h e  r o o f  w i t h o u t  l a g g i n g  e f f e c t s ,  

5 s i m u l a t e d  i t  w i t h  l a g g i n g  e f f e c t s  

1 A n a l y s t  s i m u l a t e d  t h e  t r a n s m i s s i o n  o f  a b s o r b e d  
s o l a r  t h r o u g h  t h e  w a l l s  w i t h o u t  l a g g i n g  e f f e c t s ,  

3 s i m u l a t e d  i t  w i t h  l a g g i n g  e f f e c t s .  

2 A n a l y s t s l a g g e d  t h e  l o a d s  r e s u l t i n g  f r o m  s o l a r  
g a i n s  ( t h r o u g h  g l a z i n g ) ,  l i g h t i n g  & o c c u p a n c y ;  

4 A n a l y s 6  l a g g e d  t h e  l o a d s  r e s u l t i n g  f r o m  s o l a r  
a n d  l i g h t i n g  g a i n s  o n l y  

6 A n a l y s t s l a g g e d  t h e  l o a d s  r e s u l t i n g  f r o m  s o l a r  o n l y  

4 A n a l y s t s  l a g g e d  t h e  l o a d s  r e s u l t i n g  f r o m  l i g h t i n g  o n l y .  

6 A n a l y s t s  c a l c u l a t e d  p e a k  i n f i l t r a t i o n  b a s e d  o n  
c o n s i d e r a t i o n s  o f  c o m b i n e d  w i n d  a n d  s t a c k  a c t i o n  
a n d  p e d e s t r i a n  t r a f f i c .  

5 b a s e d  c a l c u l a t i o n  o n  c o m b i n e d  w i n d  a n d  s t a c k  
a c t i o n  

7 s o l e l y  o n  s t a c k  e f f e c t  

4 s o l e l y  o n  w i n d  e f f e c t  

l o n  s t a c k  e f f e c t  a n d  p e d e s t r i a n  ' t r a f f i c  

2 c a l c u l a t e d  i n f i l t r a t i o n  by  t h e  ' ' a i r  c h a n g e  m e t h o d " .  

1 9  A n a l y s t s  s i m u l a t e  i n f i l t r a t i o n  a s  a  f u n c t i o n  o f  
o u t s i d e  d r y  b u l b  ( s t a c k  e f f e c t )  

5 s i m u l a t e d  s t a c k  e f f e c t  o n l y  when  t h e  b u i l d i n g  H V A C  
f a n s  w e r e  o f f  - o t h e r w i s e  i t  w a s  c o n s i d e r e d  t o  b e  z e r o .  

1 A n a l y s t  u s e d  z e r o  i n f i l t r a t i o n  when  t h e  H V A C  f a n s  
w e r e  O N ,  w i t h  c o n s t a n t  i n f i l t r a t i o n  when t h e  f a n s  
w e r e  OFF .  



TABLE 5 . 2  M e t h o d  o f  A n a l y s i s  Summary ( C o n t ' d )  

20 A n a l y s t s c o n s i d e r e d  a l l  t h e  w indow b l i n d s  t o  
b e  down c o n t i n u o u s l y  a n d  c l o s e d  t o  e x c l u d e  
d i r e c t  s u n l i g h t .  

1 A n a l y s t  c o n s i d e r e d  t h e m  t o  b e  up a l l  y e a r .  

4 c o n s i d e r e d  p a r t i a l  o p e r a t i o n .  
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TABLE 6 . 2  RESULTS OF PARAMETRIC RUNS 

B a s i c  Model  

H e a t i n g  - 2 6 , 8 4 6  MBH 
C o o l i n g  - 8 8 2 . 6  T o n s )  

9 0 %  A i r  Volume 

( 1 )  F i g u r e s  i n  b r a c k e t s  e x c l u d e  t h o s e  h o u r s  when t h e  pick-up l o a d  i s  b e i n g  n e t .  

( 2 )  S e e  R e f e r e n c e  4  f o r  e x p l a n a t i o n  o f  t e r m s .  . 



TABLE 6 . 3  Summary o f  R e s u l t s  o f  p a r a m e t r i c  r u n s  
e x p r e s s e d  a s  p e r c e n t a g e  d i f f e r e n c e s  o f  
R e f e r e n c e  ~ o d e l  V a l u e s  

P e r c e n t a g e  D i f f e r e n c e s  
f r o m  R e f e r e n c e  M o d e l ,  f o r  
P a r a m e t r i c  Runs  

H e a t i n g  C o o l i n g  B a s e  
e l e c t r i c  

I n f i l t r a t i o n  p a r a m e t r i c  r u n s  

- Maximum i n f i l t r a t i o n .  ( , I n f i l t r a t i o n  1) +28  - 2  < 1  

- Minimum i n f i l t r a t i o n .  (1nf  i l t r a t i o n  4) -6 < 1  <1 

- U s i n g  a  c o n s t a n t  i n f i l t r a t i o n  r a t e .  
( ~ n f i l t r a t i o n  6 ) .  <1 <1 <1 

S o l a r  n a r a m e t r i c  r u n s  

- H i g h e s t  s o l a r  g a i n .  ( s o l a r  6) 

- L o w e s t  s o l a r  g a i n .  ( s o l a r  7) +14  -18  <1 

- Window b l i n d s  up  a l l  y e a r .  ( s o l a r  1) -9 +15  <1 

- Window b l i n d s  up b u t  s o l a r  l o a d s  
l a g g e d .  ( s o l a r  2) 

- A s  a b o v e  w i t h  window b l i n d s  down. 
( s o l a r  3) 

- T r a n s m i s s i o n  o f  a b s o r b e d  s o l a r  
r a d i a t i o n  b y  o p a q u e  p a r t s  o f  e n v e l o p e  - 3  + 3  <1 
i s  a d d e d .  ( s o l a r  5) 

L i g h t i n g  p a r a m e t r i c  r u n s  

- H i g h e s t  l i g h t i n g  u s e .  ( L i g h t i n g  1) -10 . +10  +15  

- L o w e s t  l i g h t i n g  u s e .  ( L i g h t i n g  2 )  + 1 1  -4  -16 

- L i g h t i n g  h e a t  g a i n  l a g g e d .  
( ~ i g h t i n g  3) 

< 1 -10 < 1  

- L o w e s t  p e r c e n t a g e  o f  l i g h t i n g  g a i n  t o  
r e t u r n  a i r  - 1 5 % .  ( L i g h t i n g  4) 

-7 + 1 4  <1 

- H i g h e s t  p e r c e n t a g e  o f  l i g h t i n g  g a i n  t o  
r e t u r n  a i r  - 7 5 % .  ( L i g h t i n g  5 )  

+2 -4 <1 



TABLE 6 . 3  ( C o n t ' d )  

P e r r c n t n g c  1) I f I V i ~ r ( h ~ ~ ( . r s  
f r o m  R e f e r e n c e  M o d e l ,  f o r  
P a r a m e t r i c  R u n s  

B a s e  
H e a t i n g  C o o l i n g  

e l e c t r i c  

H e a t  s t o r a g e  f a c t o r  p a r a m e t r i c  r u n s  

- H i g h e s t  v a l u e  u s e d .   e eat s t o r a g e  
F a c t o r  1) 

- L o w e s t  v a l u e  u s e d .   eat s t o r a g e  
F a c t o r  2) 

S t o r e d  l o a d  k e y  p a r a m e t r i c  r u n s  

- 7 - h o u r  p i c k  up f o r  s t o r e d  l o a d s .  
   eat S t o r a g e  Key 2) 

R e c e p t a c l e  ( s m a l l  p o w e r )  p a r a m e t r i c  r u n s  

- H i g h e s t  u s a g e .  ( ~ e c e ~ t a c l e  1) - 9  + 1 4  +6 

- L o w e s t  u s a g e .  ( ~ e c e p t a c l e  2) + 3  - 3  - 4  

H e a t i n g  a n d  c o o l i n g  c o i l  - e f f e c t  o f  

l i m i t e d  c a p a c i t y  - ( T a b l e  6 . 2 )  

- L o w e s t  h e a t i n g  c o i l  c a p a c i t i e s  

- L o w e s t  c o o l i n g  c o i l  c a p a c i t i e s  

V e n t i l a t i o n  r a t e  p a r a m e t r i c  r u n s  

- H i g h e s t  r a t e .  ( v e n t i l a t i o n  2) 

- L o w e s t  r a t e .  ( v e n t i l a t i o n  1) 

C o m p l e x  m u l t i - z o n e  m o d e l  

- 27  z o n e  m o d e l ,  ( ~ u l t i - z o n e  m o d e l ) .  +11% - 1 9 %  -2% 

N o t e s :  The  s t a t e m e n t s  i n  p a r e n t h e s i s  i d e n t i f y  t h e  r u n s  a s  i d e n t i c a l  t o  
t h e  r u n s  p r e s e n t e d  i n  T a b l e  6 . 1 .  
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SECTION 1 

INTRODUCTION 

The  i n t e n t  o f  t h i s  s p e c i f i c a t i o n  i s  t o  d e f i n e  t h e  

p h y s i c a l  c h a r a c t e r i s t i c s  o f  a  b u i l d i n g  a n d  i t s  H V A C  s y s t e m .  

The  o b j e c t  o f  t h e  e x e r c i s e  i s  t o  d e t e r m i n e  t h e  d e g r e e  

o f  c o n s i s t e n c y  o b t a i n e d  when s e v e r a l  a n a l y s t s  u s e  t h e  s ame  

p r o g r a m  t o  p r e d i c t  t h e  e n e r g y  c o n s u m p t i o n  o f  t h e  s ame  b u i l d i n g .  

T h e  b u i l d i n g  d e s c r i b e d  i s  b a s i c a l l y  t h e  s ame  b u i l d i n g  a s  t h a t  

c u r r e n t l y  u s e d  i n  t h e  I n t e r n a t i o n a l  E n e r g y  Agency  c o m p a r i s o n  

o f  L o a d  & E n e r g y  A n a l y s i s  c o m p u t e r  p r o g r a m s .  

Where p o s s i b l e  t h e  s p e c i f i c a t i o n  i s  w r i t t e n  i n  s u c h  a  

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

p r o b l e m s  h e  m i g h t  e n c o u n t e r  i n  p r a c t i c e .  I n  g e n e r a l  t h i s  i s  

a c h i e v e d  b y :  

(1) S p e c i f y i n g  a l l  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

t h e  b u l l d i n g  a n d  t h e  HVAC s y s t e m  w h i l s t ,  

( 2 )  O m i t t i n g  i t e m s  w h e r e  e n g i n e e r i n g  j u d g m e n t  o r  

c a l c u l a t i o n  i s  i n v o l v e d .  

I n  i n s t a n c e s ,  i n  o r d e r  t o  h a v e  a  common b a s i s  f o r  

c o m p a r i s o n ,  i t e m s  a s  u n d e r  ( 2 )  a b o v e ,  h a v e  b e e n  s p e c i f i e d .  

I n  n o  i n s t a n c e ,  s h o u l d  i t  b e  n e c e s s a r y  t o  a s s u m e  p h y s i c a l  

c h a r a c t e r i s t i c s  o f  t h e  b u i l d i n g  o r  HVAC g g s t e m  t h a t  w o u l d  

n o r m a l l y  b e  known i n  p r a c t i c e .  I f  s u c h  a n  a s s u m p t i o n  i s  

f o u n d  n e c e s s a r y  t h e  i t e m  s h o u l d  b e  r e f e r r e d  t o  D.B.R. f o r  

c l a r i f i c a t i o n / c o m m e n t  b e f o r e  p r o c e e d i n g .  T h i s  d o e s  n o t  

p r e c l u d e ,  h o w e v e r ,  a s s u m p t i o n s  o f  t h e  " e n g i n e e r i n g  j u d g m e n t "  

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



how t o  d i v i d e  t h e  b u i l d i n g  i n t o  t h e r m a l  b l o c k s .  THE PRINCIPLE 

TO BE ADOPTED FOR THE ANALYSIS SHOULD BE TO MAKE THOSE 

ASSUMPTIONS A N D  SIMPLIFICATIONS THAT YOU'CONSIDER NECESSARY 

I N  ORDER TO ARRIVE AT A REASONABLE PREDICTION OF THE BUILDING'S 

E N E R G Y  CONSUMPTION. 

S i m i l a r  s t u d i e s  t o  t h e  o n e  c o n s i d e r e d  h e r e ,  h a v e  

shown t h a t  i t  i s  e x t r e m e l y  d i f f i c u l t  t o  w r i t e  a  f u l l y  

c o m p r e h e n s i v e  s p e c i f i c a t i o n ;  f o r  t h i s  r e a s o n ,  t o  e n s u r e  t h a t  

a l l  a n a l y s t s  a r e  m o d e l l i n g  e s s e n t i a l l y  t h e  same b u i l d i n g ,  t h e  

e x e r c i s e  i s  t o  b e  b r o k e n  i n t o  2 s e c t i o n s .  

S t a g e  I .  The  a n a l y s t  i s  r e q u e s t e d  t o  p r e p a r e  a l l  

n e c e s s a r y  i n p u t .  S h o u l d  h e  h a v e  a n y q u e r i e s  r e f e r r i n g  t o  t h e  

s p e c i f i c a t i o n  t h e s e  s h o u l d  b e  r e f e r r e d  t o  N R C / D B R .  ESA r u n s  

s h o u l d  n o t  b e  made u n t i l  s t a g e  X I .  A n a l y s t s  w i l l  b e  a d v i s e d  

o f  a n y  o m i s s i o n s  o r  i t e m s  c o n s i d e r e d  t o  n e e d  c l a r i f i c a t i o n ,  

a s  r a i s e d  i n  t h i s  f i r s t  s t a g e .  

S t a ~ e  11. E.S .A.  r u n s  w i l l  b e  a u t h o r i z e d  a f t e r  a l l  

a n a l y s t s  h a v e  c o m p l e t e d  t h e i r  i n p u t  p r e p a r a t i o n .  A n a l y s t s  

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

t h e i r  r u n s  a n d  t o  f i l l  o u t  t h e  summary f o r m s  i n c l u d e d  i n  

P a r t  5 o f  t h i s  s p e c i f i c a t i o n .  An a d d i t i o n a l  q u e s t i o n n a i r e  

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

h a v e  b e e n  s u b m i t t e d .  



SECTION 2  

ARCHITECTURE 

2 . 1  The  a r c h i t e c t u r e  i s  shown i n  F i g u r e  2 ,  3 ,  4 ,  5  a n d  

6  a s  s p e c i f i e d  h e r e i n .  T h e  h e a t i n g ,  v e n t i l a t i n g  a n d  a i r  

c o n d i t i o n i n g  (HVAC) c r i t e r i a  a n d  s y s t e m s  p l u s  l o a d  c u r v e s  

a r e  s p e c i f i e d  i n  S e c t i o n s  3  a n d  4 .  

2 . 2  

2 . 2 . 1  S h a p e :  R e c t a n g u l a r  w i t h  n o r t h  f a c a d e  f a c i n g  

30' w e s t  o f  t r u e  n o r t h .  

2 . 2 . 2  H e i g h t :  1 3  s t o r i e s  r e s t i n g  o n  r a i s e d  c o l u m n s ;  

1 2  o c c u p i e d  t y p i c a l  f l o o r s  a n d  

p e n t h o u s e .  

B u i l d i n g  t o t a l  o f  2 3 0 ,  702  s q .  f t .  a n d  

1 2  t y p i c a l  f l o o r s  a t  1 8 , 7 9 2  s q .  f t .  e a c h .  

S t e e l  f r a m e  w i t h  4  i n c h  c o n c r e t e  f l o o r  

s l h b s .  Lobby e l e v a t o r  s h a f t  a n d  e s c a p e  

2 . 2 . 3  G r o s s  A r e a s :  

2 . 2 . 4  S t r u c t u r e :  

2 . 2 . 4  P e n t h o u s e :  

2 . 2 . 6  E n t r y  Lobby :  

s t a i r c a s e  8" c a s t  - i n - s i t u  c o n c r e t e .  

No i n s u l a t i o n  on e x p o s e d  c o n c r e t e .  

1 5 0  f t .  l o n g  a n d  6 5  f t .  w i d e  c e n t e r e d  

on r o o f .  C o n t a i n s  a l l  m e c h a n i c a l ,  

e l e c t r i c a l  e q u i p m e n t  a n d  e l e v a t o r  

m a c h i n e r y .  

S i t u a t e d  a t  g r a d e  l e v e l ,  c o n t a i n i n g  

t h e  s i x  e l e v a t o r  h o i s t w a y s ,  l o b b y  

a n d  s t a i r c a s e .  S e e  F i g u r e  3  f o r  

l a y o u t .  



G r a d e  L e v e l  P l a z a : S l a b \ \ o n - g r a d e  w i t h  o p e n  l a n d s c a p e d  

a r e a .  1 8  f t .  f l o o r - t o - f l o o r  w i t h  

1 4  f t .  s u s p e n d e d  c e i l i n g ,  i n c l u d i n g  

t h e  E n t r y  L o b b y .  

T y p i c a l  F l o o r :  2 6 1  f t .  l o n g  a n d  72  f t .  w i d e ,  1 3 . 5  

f t .  f l o o r - t o - f l o o r  a n d  8 . 5  f t .  

c e i l i n g  h e i g h t s .  

D a r k  c o l o u r e d  g l a s s  f a c e  c u r t a i n  w a l l  

w i t h  1 i n c h  i n s u l a t i o n  o n  a l l  w a l l s  

e x c l u d i n g  e a s t  a n d  w e s t  w a l l s  o f  

E n t r y  L o b b y  w h i c h  a r e  f i n i s h e d  c o n c r e t e .  

2 . 2 . 1 0  I n t e r i o r  P a r t i t i o n s :  Gypsum b o a r d  o n  e a c h  s i d e  o f  

s l a b - t o - s l a b  m e t a l  s t u d s  

2 . 2 . 1 1  F l o o r s  : C a r p e t  o n  4  i n c h  c o n c r e t e  s l a b  

W a l l s  : 

2 . 2 . 1 2  C e i l i n g s :  S u s p e n d e d  a c o u s t i c a l  t i l e  w i t h  l a y - i n  

f l u o r e s c e n t  l i g h t  f i x t u r e s  o n  t y p i c a l  

f l o o r s .  S u s p e n d e d  m e t a l  l a t h  a n d  

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

s l a b  

2 . 2 . 1 3  R o o f :  I n s u l a t e d  b u i l t - u p  r o o f  o n  4  i n c h  

c o n c r e t e  s l a b  

2 . 2 . 1 4  Window G l a s s :  53% o f  t y p i c a l  f l o o r  f a c a d e ,  1 / 4  i n c h  

S o l a r g r e y  ( h e a t  a b s o r b i n g )  s i n g l e :  g l a z e  

m o u n t e d  f l u s h  t o  o u t s i d e  w a l l  f a c e .  

I n t e r i o r  l i g h t  c o l o r  v e n e t i . a n  b l i n d s .  
7 ---- 
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2 . 2 . 1 4  Lobby D o o r s :  

2 . 2 . 1 6  E s c a p e  S t a i r  

D o o r s  : 

1 / 4  i n c h  S o l a r g r e y  s i n g l e  g l a z e d  

s i d e  p a n e l s  a t  n o r t h  a n d  s o u t h  e n d s  

o f  E n t r y  Lobby ( n o  b l i n d s  i n  l o b b y ) .  

The windows  a r e  n o n - o p e n a b l e .  

S i n g l e  b a n k  g l a s s ,  1 1 2  i n c h  S o l a r g r e y  

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

o f  E n t r y  L o b b y .  D o o r s  e a t h  3 ' - 6 "  

w i d e  a n d  1 1 ' - 6 "  h i g h .  

1%" s o l i d  h a r d w o o d  d o o r s ,  o n e  p e r  

s t a i r c a s e ,  e a c h  6 ' - 6 " x 3 ' - 6 " .  
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T a b l e  2 - 1  

2 . 3  CONSTRUCTION CHARACTERISTICS - THERMAL PROPERTIES 

E x t e r n a l  Wa l l s :  k D - SH . 
i n c h  c e r a m i c  c o a t e d  g l a s s  0  - 5 9 0  1 1 2  0 . 2 0  

1 i n c h  i n s u l a t i o n  
4  i n c h  a i r  s p a c e  
3 1 4  i n c h  g y p s u m  b o a r d  

I n t e r i o r  P a r t i t i o n s :  -- 
3 1 4  i n c h  g y p s u m  b o a r d  
4  i n c h  a i r  s p a c e  
3 1 4  i n c h  g y p s u m  b o a r d  

L o b b y  F l o o r - :  
1 1 4  i n c h  c a r p e t  - - - 2 . 0 8  
4  i n c h  c o n c r e t e  s l a b - o n - g r a d e  1 . 0  1 4 0  0 . 2 0  - 

( u n i n s u l a t e d )  

T y p i c a l  F l o o r :  
1 1 4  i n c h  c a r p e t  
4  i n c h  c o n c r e t e  1 . O  
R e t u r n  a i r  p l e n u m  s p a c e  -- 
3 1 4  i n c h  a c o u s t i c  t i l e  c e i l i n g  0 . 0 3 3  

S e c o n d  F l o o r :  
1 1 4  i n c h  c a r p e t  - 
4  i n c h  c o n c r e t e  s l a b  1 . 0  
D e a d  a i r  s p a c e  - 
3 1 4  i n c h  m e t a l  l a t h  & p l a s t e r  0 . 4 2 0  

c e i l i n g  

R o o f :  
B u i l t - u p  r o o f i n g  f 3 1 8 " )  0 . 6 6 5  7 0  0 . 3 3  
3  i n c h  i n s u l a t i o n  0 . 0 2 5  2 . 0  0 . 2 0  
4  i n c h  c o n c r e t e  s l a b  1 . 0  1 4 0  0 . 2 0  

L e g e n d :  

k = T h e r m a l  c o n d u c t i v i t y ,  B t u / h r f t / O ~  SlI = S p e c i f i c  h e a t ,  B h u / l b I 0 ~  
a = S o l a r  A b s o r p t i v i t y  R  = T h e r m a l  r e s i s t a n c e ,  h r . f t 2 ~ ~ / ~ t u  
D = D e n s i t y .  l b / f t 3  



CONSTRUCTION CHARACTERISTICS -- - AIR LEAKAGE DATA --- . , . - 
E x t e r n a l  W a l l s :  L a b o r a t o r y  mock u p  o f  t h e  f i n i s h e d  

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

w a l l  s e c t i o n  ( w a l l  p a n e l  a n d  w indow 

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

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

A i r  l e a k a g e  r a t e :  0 . 3  c f m / s q . f t .  a t  0 . 3 "  
w a t e r  

F low  C o e f f i c i e n t  ( c )  : 0 . 6 6  c f m / s  . f t  . ( i n .  
w a t e r ) % - 6 5  

I t  i s  t o  b e  u n d e r s t o o d  t h a t  t h i s  

s t a n d a r d  c a n  b e  m a i n t a i n e d  o n  s i t e .  

E x t e r i o r  D o o r s :  1 / 8 "  c r a c k  a r o u n d  a l l  e x t e r n a l  

d o o r s .  ( T h e  e s c a p e  s t a i r c a s e  d o o r s  

a r e  n o r m a l l y  k e p t  c l o s e d )  . 



TABLE 2-2 

GLASS CHARACTERISTICS 

S i n g l e  G l a z i n g  

1 / 4  i n c h  SOLARGREY ( H e a t  A b s o r b i n g )  G l a s s  b y  PPG. 

G l a s s  C o e f f i c i e n t s :  

j A B S O R P T A N C E  A j  

0  - 0 . 0 4 7 4 6 7 4 0 3  

1 1 . 5 4 7 8 8 3 0 0 0  

2  - 1 . 2 7 0 6 6 6 1 0 0  

3  - 1 . 0 3 0 1 9 8 1 0 0  

4  2 . 2 9 2 2 5 6 4 0 0  

5  - 1 . 0 0 2 2 6 0 2 0 0  

TRANSMITTANCE T j  

0 . 1 5 4 8 2 8 2 5  

1 . 7 5 1 3 2 9 4 0  

- 2 . 1 8 1 3 4 8 8 0  

- 1 . 4 2 0 0 9 7 4 0  

4 . 1 9 5 0 9 1 2 0  

- 2 . 0 4 7 7 9 1 5 0  

N B  A l l  o f f i c e  w i n d o w s  p r o v i d e d  w i t h  l i g h t  c o l o u r e d  - 
i n t e r n a l  v e n e t i a n  b l i n d .  



TABLE 2-2 ( c o n t i n u e d )  

GLASS CHARACTERISTICS 

D o o r  G l a s s  

1 / 2  i n c h  SOLARGREY b y  PPG. 

G l a s s  C o e f f i c i e n t s :  

j ABSORPTANCE A j  

0  0 . 1 3 8 8 8 5 6 8  

1 2 . 7 5 1 3 7 0 4 0  

2  - 3 . 1 7 8 0 9 3 0 0  

3  - 2 . 1 6 2 8 4 6 6 0  

4  6 . 0 7 2 2 9 2 3 0  

5  - 2 . 9 1 9 2 2 4 7 0  

TRANSMITTANCE T  j 

- 0 . 0 2 2 5 4 7 7 4 8  

0 . 6 5 7 1 4 1 2 7 0  

- 0 . 6 2 2 7 9 9 1 0 0  

- 0 . 0 2 5 0 1 9 8 1 3  

0 . 5 1 7 3 6 2 0 0 0  

- 0 . 2 5 7 1 2 5 8 5 0  



2 . 5  S p e c i a l  Requirements  To a l l o w  comparison o f  computed 

l o a d s  i t  i s  r e q u i r e d  t h a t :  

( a )  "REFEREBCE SOLAR LOAD" be  

c a l c u l a t e d  a t  June 21  a t  noon.  

(b) "DESIGN TRANSMISSION LOSS" i s  

c a l c u l a t e d  a t  an outdoor  ambient  

0 
temperature  o f  15 F .  

( c )  "DESIGN T R A N S M I S S I O N  G A I N "  is 

c a l c u l a t e d  a t  an outdoor  ambient  

o f  8 7 ' ~ .  
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SECTION 3  

HVAC CRITERIA & SYSTEMS 

3 . 1  D e s i g n  C r i t e r i a  

3 . 1 . 1  L o c a t i o n  V a n c o u v e r ,  B . C .  

3 . 1 . 2  W e a t h e r  V a n c o u v e r  ' T e s t  R e f e r e n c e  Y e a r '  (RY) 

3 . 1 . 3  S u r r o u n d i n g s  L o c a t e d  i n  s u b u r b a n  t e r r a i n  w i t h  no  

o t h e r  t a l l  b u i l d i n g  i n  t h e  a r e a .  The 

b u i l d i n g  i s  i m m e d i a t e l y  s u r r o u n d e d  by 

a b i t u m i n o u s  s u r f a c e d  p a r k i n g  l o t  a n d  

f u r t h e r  away by l o w  r i s e  c o m m e r c i a l  

b u i l d i n g s .  

3 . 1 . 4  L i g h t i n g  R e c e s s e d  f l u o r e s c e n t  f i x t u r e s  w i t h  

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

3 . 5  w a t t s / s q . f t .  i n  t h e  o f f i c e s ,  1 . 0  

w a t t / s q . f t .  i n  t h e  l o b b y ,  t o i l e t s  and  

c o r r i d o r s .  

S w i t c h i n g  a r r a n g e m e n t s  f o r  t h e  

l i g h t i n g  i s  a s  shown o n  F i g u r e  8 . 
Emergency l i g h t i n g  c o n s t i t u t e s  5% o f  

t h e  t o t a l  l i g h t i n g  c o n n e c t e d  l o a d .  

3 . 1 . 5  O f f i c e  Equ ipment  n o r m a l l y  a s s o c i a t e d  w i t h  
E q u i p m e n t  

g e n e r a l  o f f i c e  t y p e  a c t i v i t i e s  i s  t o  

b e  as sumed  t h r o u g h o u t  t h e  b u i l d i n g .  

3 .1 .6  Occupancy  

Assume no m a j o r  l o a d s .  

Occupancy d e n s i t y  o f  1 0 0  

s q . f t . / p e r s o n ,  i n  t h e  o f f i c e  a r e a s .  



3 . 1 . 7  V e n t i l a t i o n  5c fm p e r  p e r s o n  minimum, i n  a l l  o f f i c e  a r e a s .  

2  c f m l  1 0 0  s q . f t .  i n  a l l  c i r c u l a t i o n  s p a c e s .  S e e  ~ i g .  8 .  

3 . 1 . 8  I n s i d e  t e m p e r a t u r e  7 0 ' ~ .  H u m i d i f i c a t i o n  i s  n o t  p r o v i d e d .  

3 . 2  HVAC S y s t e m  D e s c r i p t i o n  

3 . 2 . 1  V a r i a b l e  a i r  v o l u m e  (VAV) s y s t e m s  

w i t h  i n s u l a t e d  s h e e t  m e t a l  d u c t s  

e x t e n d  t o  e a c h  f l o o r  f o r  a b o v e  c e i l i n g  

d i s t r i b u t i o n  ( b y  d u c t )  t o  c e i l i n g  

o u t l e t s .  VAV b o x e s  h a v e  25% minimum 

s t o p s  w i t h  f i x e d  c o l d  d e c k  t e m p e r a t u r e  

a n d  r e h e a t  c o i l s  w h e r e  n e c e s s a r y .  

A l l -  s y s t e m s  t a k e  r e t u r n  a i r  f r o m  common 

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

t h e  d u c t  s h a f t  t o  t h e  p e n t h o u s e .  A l l  

s y s t e m s  h a v e  e n t h a l p y  c o n t r o l l e d  

c y c l e s ,  f a n  i n l e t  g u i d e  v a n e s  f o r  

p r e s s u r e  c o n t r o l .  A i r  i s  s u p p l i e d  t o  
a r e a s  e x c e p t  t o i l e t s ,  s t a i r c a s e s  a n d  

SUPPLY & RETURN 
FAN PERFORMANCE CHARACTERISTICS 

S u p p l y  a n d  r e t u r n  a i r  r a t e s  a r e  b a l a n c e d  ( e q u a l )  e x c e p t  

P e r c e n t  o f  R a t e d  C a p a c i t y  

1 0 0  

f o r  t h e  p l m t ( s )  s u p p l y i n g  t h e  t o i l e t  a r e a  w h e r e  t h e  r e t u r n  a i r  

P e r c e d h  o f  R a t e d  I n p u t  

1 0 0  

v o l u m e  e q u a l s  t h e  s u p p l y  a i r  v o l u m e  l e s s  t h e  e x h a u s t  r a t e  

( s e e  i t e m  4 . 2 . 2 ) .  S e p a r a t e  p l a n t s  a r e  t o  b e  p r o v i d e d  f o r  t h o s e  

a l l  
p l a n t  

r O O m 6 .  

a r e a s  o f  t h e  b u i l d i n g  w i t h  S i g n i f i c a n t l y  d i f f e r e n t  t h e r m a l  l o a d s *  



The  s e c o n d a r y  ( a i r )  s y s t e m  h e a t i n g  a n d  c o o l i n g  c o i l s  

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

3 . 2 . 2  T o i l e t  E x h a u s t :  600 cfm p e r  f l o o r  a t  1k i n c h  o f  w a t e r  

s t a t i c  p r e s s u r e  w i t h  c o n s t a n t  65% 

o v e r a l l  e f f i c i e n c y *  Fan  o p e r a t e s  o n l y  

when s u p p l y  f a n  i s  o n .  

0 
3 . 2 . 3  S u p p l y  A i r :  C o n s t a n t  ( p r i m a r y )  s u p p l y  a i r  5 5  F. 

Draw t h r o u g h  s u p p l y  f a n s  s e l e c t e d  a t  

8 0 % ' e f f i c i e n c y  a n d  44 i n c h  t o t a l  

p r e s s u r e  ( 4  i n c h  s t a t i c  p l u s  5 i n c h  

v e l o c i t y  p r e s s u r e ) .  90% e f f i c i e n t  

m o t o r g * l o c a t e d  o u t s i d e  o f  a i r  s t r e a m .  

S e e  S e c t i o n  5  f o r  f a n  p e r f o r m a n c e  c u r v e .  

3 . 2 . 4  R e t u r n  A i r :  F a n s  s e l e c t e d  a t  8 0 %  e f f i c i e n c y  a n d  

2  i n c h  t o t a l  p r e s s u r e  (1% i n c h  s t a t i c  

a n d  5 v e l o c i t y  p r e s s u r e ) .  9 0 %  e f f i c i e n t  

** 
m o t o r s  l o c a t e d  o u t s i d e  o f  a i r  s t r e a m .  

3 . 2 . 5  C h i l l e r s :  Two e l e c t r i c  d r i v e  c e n t r i f u g a l  c h i l l e r s  

c o n n e c t e d  i n  p a r a l l e l ,  l o a d e d  s e q u e n t i a l l y ,  

a n d  e a c h  s i z e d  f o r  60% o f  t h e  p e a k  c o o l i n g  

l o a d * * * w i t h  4 5 ' ~  d e l i v e r y  t e m p e r a t u r e .  

* O v e r a l l  e f f i c i e n c y  i s  d e f i n e d  t o  i n c l u d e  f a n  ( o r  pump) ,  
m e c h a n i c a l  a n d  e l e c t r i c a l  l o s s e s .  

** I n c l u d e s  m e c h a n i c a l  d r i v e  l o s s e s .  
*** F o r  t h e  p u r p o s e s  o f  s i z i n g  t h e  c h i l l e r s  a n d  b o i l e r s  t h e  p e a k  

l o a d  i s  t o  b e  t a k e n  a s  t h e  a n n u a l  p e a k  c o - i n c i d e n t  l o a d s  a s  
o b t a i n e d  f r o m  t h e  p r o g r a m  o u t p u t .  



F u l l  l o a d  c h i l l e r  p e r f o r m a n c e :  

0 . 7 8  k W h r / t o n  c o o l i n g  

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

3 .2 .6  C h i l l e d  W a t e r  One,  s i z e d  a t  60 f t .  o f  h e a d  a n d  75% 
Pump : 

o v e r a l l  e f f i c i e n c y  (pump a n d  m o t o r ) .  

% ~ ' o a d  

% M a x .  F u e l  I n p u t  

C h i l l e d  w a t e r  A t  = 1 0 ' ~ .  

1 0  20 30 4 0  50 60 70 8 0  90 1 0 0  

24 30 37 44 52 60 69 78 8 8  1 0 0  

3 .2 .7  C o n d e n s e r  One, s i z e d  a t  60 f t .  of  h e a d  and  75% 
W a t e r  Pump: 

o v e r a l l  e f f i c i e n c y  (pump a n d  m o t o r ) .  

C o n d e n s e r  w a t e r  A t  = 1 0 ' ~ .  

3 .2 .8  C o o l i n g  Tower: I n d u c e d  d r a f t  w i t h  6 5  HP, 8 9 %  e f f i c i e n t  

m o t o r .  The c o o l i n g  t o w e r  i s  s i z e d  a n d  

c o n t r o l l e d  t o  m a i n t a i n  c o n s t a n t  c o n d e n s e r  

c o o l i n g  w a t e r  t emperc tu re .  

The c o o l i n g  t o w e r  f a n  o n l y  o p e r a t e s  

when t h e  d e s i r e d  c o n d e n s e r  c o o l i n g  w a t e r  

t e m p e r a t u r e  c a n n o t  b e  o b t a i n e d  by n a t u r a l  

d r a u g h t '  t h r o u g h  t h e  t o w e r .  The t o w e r  

p e r f o r m a n c e  i s  r e p r e s e n t e d  by  t h e  f o l l o w i n g :  

Ambient  
Wet B u l b  

T e m p e r a t u r e  
(OF) 

72 

7  5  

7  8  

80 

I 1 

% C a p a c i t y  of  Tower w i t h  

f a n  o p e r a t i n g  

1 5 1  

1 2 7  

1 0 0  

8 1  

f a n  o f f  

23 

1 9  

1 5  

1 2  



3 . 2 . 9  B o i l e r s :  Two g a s  f i r e d  h o t  w a t e r  b o i l e r s  

c o n n e c t e d  i n  s e r i e s  l o a d e d  s e q u e n t i a l l y ,  

a n d  e a c h  s i z e d  f o r , 6 0 %  o f  t h e  p e a k  

*** 
h e a t i n g  l o a d .  

1 

E a c h  b o i l e r  

p r o v i d e d  w i t h  3 / 4  HP i n d u c e d  d r a f t  f a n ,  

w i t h  m o t o r  e f f i c i e n c y  o f  7 2 % .  

3 . 2 . 1 0  H e a t i n g  H o t  One ,  s i z e d  a t  8 0  f t .  o f  h e a d  a n d  7 5 2  
W a t e r  Pump: 

o v e r a l l  e f f i c i e n c y *  h e a t i n g  c i r c u i t  

BOILER PART-LOAD CHARACTERISTICS 

* O v e r a l l  e f f i c i e n c y  i s  d e f i n e d  t o  i n c l u d e  f a n  ( o r  p o m p ) ,  
m e c h a n i c a l  a n d  e l e c t r i c a l  l o s s e s .  

** I n c l u d e s  m e c h a n i c a l  d r i v e  l o s s e s .  
*** F o r  t h e  p u r p o s e s  o f  s i z i n g  t h e  c h i l l e r s  a n d  b o i l e r s  t h e  

p e a k  l o a d  i s  t o  b e  t a k e n  as  t h e  a n n u a l  p e a k  c o - i n c i d e n t  
l o a d s  as  o b t a i n e d  f r o m  t h e  p r o g r a m  o u t p u t .  

P e r c e n t  
L o a d  

1 0 0  
9 0  
8 0  
7 0  
6 0  
5 0  
4 0  
8 0  
20  
1 0  

B o i l e r  
E f f i c i e n c y  

8 0 . 0  
7 9 . 5  , . 
7 8 . 8  
7 8 . 0  
7 6 . 8  
7 4 . 5  
7 0 . 9  
6 5 . 0  
5 6 . 0  
4 2 . 0  

P e r c e n t  o f  
Maximum E n e r g y  I n p u t  

1 0 0 . 0  
9 0 . 5 6  
8 1 . 2 2  
7 1 . 7 6  
6 2 . 5 0  
5 3 . 6 9  
4 5 . 1 4  
3 6 . 9 2  
2 8 . 5 7  
1 9 . 0 5  



3 . 3  H V A C  S y s t e m  C o n t r o l s  

3 . 3 . 1  S y s t e m  t o  o p e r a t e  f i v e  d a y s  p e r  week  w i t h  no  h o l i d a y s  

a n d  b e  t u r n e d  o n  a t  7 : 0 0  a . m .  

a n d  s h u t  o f f  a t  5 : 0 0  p.m. N i g h t t i m e  a n d  week-end s e t b a c k  

0 
minimum t e m p e r a t u r e  i s  5 0  F  i n  w i n t e r ,  a n d  no  maximum 

r e q u i r e d  i n  summer.  S u p p l y ,  r e t u r n  a n d  t o i l e t  e x h a a s t  

f a n s  a r e  e l e c t r i c a l l y  i n t e r l o c k e d .  S h o u l d  t h e  i n t e r n a l  

t e m p e r a t u r e  d r o p  b e l o w  t h e  minimum o f  5 0 ' ~  d u r i n g  

' s i l e n t  h o u r s '  t h e  HVAC s y s t e m  w i l l  a u t o m a t i c a l l y  t u r n  

o n  t o  p r o v i d e  t h e  n e c e s s a r y  h e a t i n g .  On r e a c h i n g  5 0 ' ~  

a g a i n  t h e  s y s t e m  w i l l  s h u t  o f f .  

3 . 3 . 2  H e a t i n g  S y s t e m  The  h e a t i n g  s y s t e m  o p e r a t e s  c o n t i n u o u s l y  
O p e r a t i o n :  

t h r o u g h o u t  t h e  w h o l e  y e a r  ( i . e . ,  h e a t i n g  

i s  a v a i l a b l e  t o  meet a h e a t i n g  

r e q u i r e m e n t  a t  a l l  t i m e s ) .  

3 . 3 . 3  C o o l i n g  S y s t e m  The c o o l i n g  s y s t e m .  o p e r a t e s  o n l y  b e t w e e n ,  
O p e r a t i o n :  

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

S e p t e m b e r  a n d  i n  t h o s e  m o n t h s  o n l y  

b e t w e e n  t h e  h o u r s  a s  s c h e d u l e d  i n  

i t e m  3 . 3 . 1 .  

3 . 4  Base E l e c t r i c  L o a d s  

E l e v a t o r e :  1 7 5  KW ( f u l l  b i a d )  

3 . 5  B u i l d i n g  S e r v i c e  W a t e r  

An e l e c t r i c  a u t o m a t i c  s t o r a g e  t y p e  s e r v i c e  w a t e r  h e a t e r  

i s  i n s t a l l e d  t o  p r o v i d e  1 0 5 ~ ~  h o t  w a t e r  t o  t h e  w a s h r o o m s .  

S e r v i c e  H o t  Water Pump: 2 . 5  KW ( f u l l  l o a d )  

S e r v i c e  C o l d  Water Pump: 3 7 . 5  KW ( f u l l  l o a d )  



3 . 6  L o c a t i o n  o f  Equipment 

A l l  m e c h a n i c a l  equipment ,  i n c l u d i n g  e l e v a t o r s , a r e  

l o c a t e d  i n  t h e  p e n t h o u s e  equipment  room. 

Hot and c o l d  w a t e r  pumps f o r  s e r v i c e  w a t e r  h e a t i n g  

a r e  ON a s  p e r  HVAC s y s t e m ,  i . e . ,  a s  p e r  3 . 3 . 1  a b o v e .  



-- 

I 
I 
I 

I 
I 
I 

Return Fan 

O u t s i d e  

Exhaust  

A i r  

A i r  

F I G .  7 HVAC ARRANGEMENT 



...... ..... . . . . . .  ..... ...... a ..... C i r c u l a t i o n  (Supply 6 Extract) ,  V e n t i l a t i o n  2 cfm/100 s q . f t .  ..... ..... ..... 

O f f i c e  Space $ u p p l y &  Extrac t )  5 cfm/person 100 s q . f t . / p e r s o n  

:.:.:::::: 
T o i l e t  Extract  (Extrac t  Only) 600 cfm t o t a l  .'.'.'.. :. ......... 

No Supply o r  Extract  

FIG. 8 TYPICAL FLOOR PLAN SBOWTNG EXTENT OF HVAC SYSTEM 
AND LIGHTING SWITCHING ARRANGEMENT 
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SECTION 4  

USE & OCCUPANCY 

4 . 1  OCCUPANCY PATTERN Norma l  o f f i c e  h o u r s  a r e  9 am t o  

5  pm w i t h  1 h o u r  f o r  l u n c h  b e t w e e n  n o o n  a n d  o n e .  The  c l i e n t  

h a s  a d v i s e d  t h a t  o v e r t i m e  i s  n o r m a l l y  n o t  w o r k e d  a n d  a t  a n y  

o n e  t i m e  some 9 5 %  of  t h e  t o t a l  s t a f f  c a n  b e  e x p e c t e d  t o  b e  

w o r k i n g  ( e x c l u d i n g  l u n c h  h o u r ) .  T h e r e  w i l l  b e  v e r y  f e w  

v i s i t o r s  t o  t h e  b u i l d i n g .  No l u n c h  f a c i l i t i e s  a r e  p r o v i d e d  

i n  t h e  b u i l d i n g .  

C l e a n i n g  o f  t h e  b u i l d i n g  i s  c a r r i e d  o u t  e v e r y  e v e n i n g  

b e t w e e n  t h e  h o u r s  o f  5  pm a n d  9  pm by 6 g a n g s  o f  4  c l e a n e r s ,  

e a c h  g a n g  c l e a n s  o n e  f l o o r  e v e r y  t w o - h o u r s .  

4 . 2  LIGHTING USE 

A l l  c i r c u l a t i o n  l i g h t i n g  ( c o r r i d o r s ,  l o b b y ,  t o i l e t s ,  e t c . )  

i s  t u r n e d  on a t  7 pm by t h e  c o m m i s s i o n a i r e .  O f f i c e  l i g h t i n g  

w i l l  b e  t u r n e d  on by t h e  o f f i c e  s t a f f  a s  t h e y  a r r i v e  a t  

t h e i r  w o r k p l a c e .  I n  t h e  e v e n i n g  t h e  c l e a n i n g  s t a f f  a r e  

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

c l e a n i n g  a  f l o o r .  A l l  c i r c u l a t i o n  l i g h t i n g ,  e x c e p t  e m e r g e n c y /  

s e c u r i t y  l i g h t i n g ,  i s  t u r n e d  o f f  by  t h e  c o m m i s s i o n n a i r e  on  

l e a v i n g  t h e  b u i l d i n g  a t  10:OO p.m. 

Emergency  l i g h t i n g  o p e r a t e s  c o n t i n u o u s l y .  
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. . . . . . . . . . . . . . . . . . . . . . . . .  S O L A R  D A T A  K E Y . . . . . . . . . . . . .  - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F A N  K E Y  ( C A R D  2  C O L  80)  -. 

A I R  C O N D I T I O N E D  F L O O R  A R E A . . .  . . . . . . . . . . . . . . . . . . . . . . .  - s q .  f t .  

R E F E R E N C E  S O L A R  L O A D  ( U S E  J U N E  2 1  N O O N ) .  . . . . . . . . . . . .  MBH 

O C C U P A i J C Y  P E A K  S E N S I B L E  L O A D  MBH % L A T E N T  - 
P E A K  L I G H T I N G  L O A D  KW % T O  R E T U R N  A I R  --- 

. . . . . . . . . . . . . . . . . . . .  P E A K  E Q U I P M E N T  ( R E C E P T A C L E  L O A D )  - KW 

D E S I G N  T R A N S M I S S I O N  L O S S  ( T O  1 5 O F )  . . . . . . . . . . . . . . . . . .  --- MBH 

D E S I G N  T R A N S M I S S I O N  G A I N  ( T O  8 7 O ~ )  . . . . . . . . . . . . . . . . . .  MBH 

H E A T  S T O R A G E  * F A C T O R  ( C A R D  4 ,  C O L S  7 6 - 7 9 )  

H E A T  S T O R A G E  *KEY ( C A R D  4 C O L  80)  

* I F  MORE THAN O N E  U S E D  E N T E R  V A L U E  U S E D  F O R  T Y P I C A L  O F F I C E  S P A C E  
AXD E N T E R  N U M B E R  O F  F A C T O R S  U S E D  

T O T A L  S U P P L Y  A I R  F L O W . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  -- C F M  

A I R  H A N D L I N G  U N I T  S U P P L Y  F A N .  . . . . . . . . . . . . . . . . . . . . . . .  KW 
11 I 1  I 1  . . . . . . . . . . . . . . . . . . . . . . . .  R E T U R N  F A N  - KW 
11 I I 11 E X H A U S T  F A N . . . . . . . .  . . . . . . . . . . . . . . .  KW 

. . . .  MAXIMUM O U T S I D E  A I R F L O W . . . . . . . . . . . . . . . . . . . . . . . . .  -- C F M  

M I N I M U M  O U T S I D E  A I R F L O W . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - C F M  

P E A K  I N F I L T R A T I O N  R A T E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -.- C F M  

I N F I L T R A T I O N  K E Y  ( C A R D  5 A  C O L  8 0 )  . . . . . . . . . . . . . . . . . . .  
P E R C E N T A G E  V A R I A T I O N  P R O F I L E S  : 

Use  a t t a c h e d  b l a n k  p r o f i l e  s h e e t  t o  show a l l  v a r i a t i o n s  

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

T H E R M A L  B L O C K S  : 

U s e  a t t a c h e d  b l a n k  f l o o r  p l a n  t o  s h o w  how t h e  b u i l d i n g  

was  d i v i d e d  i n t o  t h e r m a l  b l o c k s  f o r  p u r p o s e s  o f  t h e  a n a l y s i s .  
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PERCENTAGE V A R I A T I O N  P R O F I L E S  

SHEET . . . . . . . . .  OF . . . . . . .  SHEETS 

. . . . . . . . . . . . . . . . . . . . .  P R O F I L E #  . . . . . .  REFERENCE..  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D E S C R I B I N G  

s o  1 : I  1 : ' I . '  ' I :  / I . . ' .  8 , 
. . . ~ ~ ~ l , ~ , , . : i : . . :  i .  ! ' ; I . . .  I 

8 ' I  / I .  , , . .  I 1 '  ' . :  I ! : - I  - L-L-. , , - I , ; .  -!-. . , --(---,---I- 
; . I ~ I  ! . . .  . . .  , :  : . .  j . ; . . , , ! . : 

. . . . . . . .  60 1 . i  I i . , I  I : I  i . i  . !  : . . . . .  , , . I : 1 .  ! ! i 1 

. . . . . . . . . . . . . . . . . . . . .  P R O F I L E #  . . . . . .  REFERENCE.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D E S C R I B I N G . . .  

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

P R O F I L E # .  . . . . .  REFERENCE. . . . . . . . . . . . . . . . . . . . . . .  
D E S C R I B I N G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  

. , , 
L-- 

, . 

. . .  . .  . . .  

. ,  . .  

. . . . .  , . , ! i  

' , , ' 

j ,  I j 1 1 . I / I , , / , \ 3 , ~ . , . ,  
, , 



D E S C R I P T I O N  OF THERMAL ZONES 

- T O  BE COMPLETED BY A N A L Y S T  

SHOW LAYOUT O F  THERMAL BLOCKS FOR T Y P I C A L  FLOOR 
ON THE ABOVE FLOOR P L A N .  D E S C R I B E  ANY A D D I T I O N A L  
D I V I S I O N  I N  THERMAL BLOCKS BELOW. 





C H I L L E R  RATED O U T P U T . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  - TONS 

ENERGY I N P U T  AT RATED O U T P U T . . . . .  . . . . . . . . . . . . . . . . . .  KW 

B O I L E R  RATED O U T P U T . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  MBH 

. . . . .  ENERGY I N P U T  AT RATED O U T P U T . . . . . . . . . . . . . . . . . .  . -. MBH 

COOLING SYSTEM A C C E S S O R I E S  

CONDENSER COOLING WATER P U M P . . . . .  . . . . . . . . . . . . . . .  KW 

I I  C H I L L E D  WATER P U M P . . . . . . . . .  . . . . . . . . . . .  KW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  COOLING TOWER FAN. - .  KW 

HEATING SYSTEM A C C E S S O R I E S  

HEATING C I R C U L A T I N G  P U M P . . . . . . . . . . . . . . . . . . . . . .  . . .  KW 

B O I L E R  INDUCED DRAUGHT FANS . . . . . . . . . . . . . . . . . . . . .  KW 





COMMENTS: 



D.B.R. COMPARISON 

OF ENERGY ANALYSES 

METHOD OF ANALYSIS QUESTIONNAIRE 



METHOD OF ANALYSIS QUESTIONNAIRE: 

A n s w e r  t h e  f o l l o w i n g  q u e s t i o n s  a n d  a d d  a n y  f u r t h e r  

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

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

1. D i d  y o u  m a k e  a n y  a l l o w a n c e  f o r  t h e  T r a n s m i s s i o n  o f  R a d i a n t  

H e a t  ( S o l a r )  a b s o r b e d  b y  

( a )  Roof  YES/NO 

( b )  W a l l  YESIN0 

I f  s o  d e t a i l  how:  

- -- --  - 

2 .  D i d  y o u  m a k e  a n y  a l l o w a n c e s  f o r  t h e  t i m e  l a g  b e t w e e n  h e a t  

g a i n s  a n d  c o d l i n g  l o a d  f o r :  

( a )  S o l a r  G a i n s  YES/NO 

( b )  O c c u p a n c y  G a i n s  YES/NO 

( c )  L i g h t i n g  G a i n s  YES/NO 

I f  s o  d e t a i l  h o w :  



3 .  W h i c h  m e t h o d  d i d  y o u  u s e  t o  d e t e r m i n e  a i r  i n f i l t r a t i o n  

r a t e  - t i c k  m e t h o d ( s )  u s e d .  

( 1 )  S t a c k  E f f e c t  

( 2 )  Wind  E f f e c t  

( 3 )  A i r  C h a n g e  M e t h o d  

Was t h e  e f f e c t  o f  p e d e s t r i a n  t r a f f i c  i n t o  a n d  o u t  o f  t h e  

b u i l d i n g  c o n s i d e r e d  YES/NO. 

Do y o u  a s s u m e  c o n s t a n t  o r  v a r i a b l e  i n f i l t r a t i o n  r a t e  

CONSTANTIVARIABLE 

I f  v a r i a b l e  how d o  y o u  m o d e l  t h e  v a r i a t i o n :  

4 .  Do y o u  a s s u m e  t h e  i n t e r n a l  v e n e t i a n  b l i n d s  a r e :  

1. DOWN & ADJUSTED TO EXCLUDE ALL DIRECT SUNLIGHT 

2 .  UP O R  OPEN PART OF THE TIME 

I f  2  How i f  a n y  w a s  a l l o w a n c e  made  o n  s o l a r  e n t e r i n g  b u i l d i n g  
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CORRECTIONS/CLARIFICATIONS TO TEST B U I L D I N G  SPECIFICATION 

FOR D B R  COMPARISON OF ENERGY ANALYSES 

S h e e t  #1 2 1  M a r c h  1 9 7 8  

1. P a g e  3 ,  P a r a . 2 . 2 . 4  C o r r e c t i o n ,  P e n t h o u s e  s i z e  3 2 '  x 1 1 2 '  
n o t  a s  s t a t e d .  

2 .  P a g e  4 ,  P a r a .  4 . 2  C o r r e c t i o n ,  C i r c u l a t i o n  l i g h t i n g  i s  
t u r n e d  o n  a t  7  AM n o t  7  PM a s  s t a t e d .  

3 .  P a g e  9 ,  P a r a . 3 . 2 . 1  C o r r e c t i o n ,  t h e  w o r d  ECONOMISER i s  
m i s s i n g  f r o m  t h e  s e n t e n c e  p r e c e e d i n g  
t h e  t a b l e .  The  c o m p l e t e  s e n t e n c e  t o  
r e a d  ' A l l  s y s t e m s  h a v e  e n t h a l p y  
c o n t r o l l e d  ECONOMISER c y c l e s  a n d  f a n  
i n l e t  g u i d e  v a n e s  f o r  p r e s s u r e  c o n t r o l ' .  
i . e . ,  s y s t e m s  make  u s e  o f  " f r e e  c o o l i n g "  

. P a g e  1 3 ,  P a r a . 3 . 3 . 3  C l a r i f i c a t i o n ,  T h i s  c l a u s e  i s  i n t e n d e d  
t o  mean  t h a t  t h e  MECHANICAL COOLING 
EQUIPMENT i s  t u r n e d  o f f  a t  t h e  e n d  o f  
S e p t e m b e r  a n d  t u r n e d  o n  a g a i n  a t  t h e  
b e g i n n i n g  o f  A p r i l  - d u r i n g  t h e  o t h e r  
m o n t h s  ' f r e e  c o o l i n g '  w o u l d  b e  a v a i l a b l e .  

S i m i l a r l y  t h a t  t h e  MECHANICAL COOLING 
EQUIPMENT i s  t u r n e d  o f f  i n  t h e  s c h e d u l e d  
o f f  p e r i o d  a s  p e r  i t e m  3 . 3 . 1  - d u r i n g  
t h i s  t i m e ,  h o w e v e r ,  a l l  t h e  H V A C  p l a n t  
w o u l d  b e  o f f .  

MECHANICAL COOLING EQUIPMENT i s  d e e m e d  
t o  i n c l u d e  c h i l l e r ,  c o n d e n s e r  c o o l i n g  
a n d  c h i l l e d  w a t e r  p u m p s ,  a n d  c o o l i n g  
t o w e r  f a n .  

5 .  P a g e  6 ,  P a r a . 2 . 4 . 1  C l a r i f i c a t i o n ,  F o r  e x p l a n a t i o n  o f  t h e  
t e r m  " F l o w  C o e f f i c i e n t "  s e e  ASHRAE 1 9 7 7  
H A N D B O O K  OF FUNDAMENTALS, C h a p t e r  2 1 .  



CORRECTION/CLARIFICATION SHEET 2  4 APRIL 1 9 7 8  

( 1 )  F i g u r e  1 S i t e  P l a n  - CORRECTION - A c o r r e c t e d  s i t e  
p l a n  i s  a t t a c h e d  ( o r i g i n a l  showed  
b u i l d i n g  f a c i n g  d u e  ~ o r t h ) .  
C l a u s e  2 . 2 . 1  i s  c o r r e c t ,  s i t e  
p l a n  now c o r r e s p o n d s  w i t h  t h i s  
c l a u s e ,  i . e . , I I N o r t h  F a c a d e  f a c e s  
30°  w e s t  o f  t r u e  N o r t h " .  

( 2 )  F i g u r e  1 & C l a u s e  3 . 1 . 3  - CLARIFICATION - I t  c a n  b e  
a s s u m e d  t h a t  t h e  s u r r o u n d i n g  
b u i l d i n g s  c a s t  n o  s i g n i f i c a n t  
s h a d o w  o n  t h e  o f f i c e .  

( 3 )  F i g u r e  5 & 6 - CLARIFICATION - The N o r t h  a n d  s o u t h  
e l e v a t i o n s  a r e  s i m i l a r ,  a s  a r e  t h e  
e a s t  a n d  w e s t .  

( 4 )  T a b l e  2-1 - CLARIFICATION - A p p r o p r i a t e  r e s i s t a n c e s  f o r  
t h e  a i r  s p a c e s  f o r  t h e  w a l l s  a n d  
r o o f  s h o u l d  b e  s e l e c t e d  b y  t h e  
c o n s u l t a n t .  I t  i s  not i n t e n d e d  
t h a t  t h e s e  r e s i s t a n c e s  a r e  z e r o  
as  m i g h t  b e  c o n s t r u e d  f r o m  t h i s  
T a b l e .  

( 5 )  C l a u s e s  3 .2 .3 ,  3 . 2 . 4  & F i g u r e  7  - CLARIFICATION - I t  c a n  
b e  a s s u m e d  t h a t  t h e  s t a t i c  p r e s s u r e  
c o n t r o l l e r ,  u s e d  t o  w a r y  f a n  v o l u m e ,  
i s  c a p a b l e  o f  m a i n t a i n i n g  c o n s t a n t  
s t a t i c  p r e s s u r e s  i n  b o t h  t h e  s u p p l y  
a n d  r e t u r n  d u c t w o r k .  I n  s u c h  a n  
i n s t a n c e  t h e  o u t s i d e  a i r ,  a t  t h e  
minimum o u t s i d e  a i r  d a m p e r  s e t t i n g ,  
c a n  b e  a s s u m e d  not t o  v a r y  w i t h  f a n  
v o l u m e .  





CORRECTION/CLARIFICATION SHEET #3 20 April 1978. 

The following is a list of corrections and clarifications 
as per our telephone conversation earlier this week. 

2. Appendix B 
Summary of Work 

4. Clause 3.2.8 

CLARIFICATION It is intended that 
there be no mechanical environmental 
control of the equipment penthouse. 

CLARIFICATIOh' This form does - not 
preclude the use of the SL2 program. 
For those consultants who intend to 
use SL2 it would be useful to add to 
the summary form the time spent on 
same. 

CLARIFICATION - All areas as defined 
in the specification should be 
conditioned by VAV systems with 
terminal re-heat where necessary 
( e . g . ,  perimeter zones, lobby). Do 
not consider "supplementary heating" 
systems. 

CORRECTION Reduce "ambient wet-bulb 
temperatures" in table for cooling 
tower performance by 10°F, i.e., 

5. Clause 3.1.2 

Ambient Wet 
Bulb Temperature 

(OF) 

62'~ 

65'~ 

68'~ 

70°F 

CLARIFICATION The RY for Vancouver 
is 1959, January 1st is thus a Thursday 

% Capacity of Tower 
* 

Fan Operating 

15i 

127 

100 

81 

Fan Off 

23 

19 

15 

12 
i 



6. Figs. 2, 3 & 4 

7. Clause 3.2.1 

8. Clause 3.2.2 

9. Clause 3.3.1 

10. Clause 3.2.5 

11. Table 2.1 

12. Table 2.2 

CAUTION DO NOT SCALE FROM THESE 
DRAWINGS AS THEY ARE NOT TO SCALE. 
All dimensions are given in the 
specification. It should not be 
necessary to scale anything from the 
drawings. USE ONLY GIVEN DIMENSIOKS. 

CLARIFICATION The intent of the last 
paragraph is that the total air supplied 
to all the spaces is equal to the 
total air extracted from them. 

The bracketed statement (see item 
4.2.2) has no meaning and it should be 
deleted. 

CLARIFICATION It is intended that 
the toilet exhaust fan operates as 
per the schedule in 3.3.1, i.e., on 
5 days per week from 7:00 a.m. to 
5:00 p.m. 

CLARIFICATION There are - no holidays 
throughout the year. 

CLARIFICATION It is intended that 
the chillers share the load equally 
after the first machine has reached 
its rated capacity. 

CLARIFICATION Note thermal conductivity 
values are expressed in Btu/hr.ft/OF 
and not in terms of per inch thickness 
as is commonly used. 

CORRECTION Note the absorptance and 
transmittance values are under the 
incorrect column. 

For absorptance read transmittance and 
for transmittance read absorptance 

The values are 



1 3 .  C l a u s e  2 . 2 . 1 4  

1 4 .  I n p u t  D a t a  C h e c k  S h e e t  

1 5 .  C l a u s e  3 . 6  

TRANSNITTANCE ABSORPTANCE 

- 0 . 0 4 7 4 6 7 4 0 3  0 . 1 5 4 8 2 3 5  
1 . 5 4 7 8 8 3 0 0 0  1 . 7 5 1 3 2 9 4 0  

- 1 . 2 7 0 6 6 6 1 0 0  - 2 . 1 8 1 3 4 8 8 0  
- 1 . 0 3 0 1 9 8 1 0 0  - 1 . 4 2 0 0 9 7 4 0  

2 . 2 9 2 2 5 6 4 0 0  4 . 1 9 5 0 9 1 2 0  
- l . G O 2 2 6 0 2 0 0  - 2 . 0 4 7 7 9 1 5 0  

CLARIFICATION Assume t h a t  t h e  . 
" A d j u s t m e n t  F a c t o r "  ( a s  p e r  ASHRAE 
d e f i n i t i o n )  f o r  w i n d o w  s a s h e s  i s  1 . 0 ,  
i . e . ,  U v a l u e  f o r  t h e  w i n d o w  ( g l a s s  
a n d  f r a m e )  i s  e q u a l  t o  t h e  U v a l u e s  
a s  c a l c u l a t e d  f o r  t h e  g l a s s  a l o n e .  

CORRECTION F o r  ' b c c u p a n c y  P e a k  
S e n s i b l e  L o a d "  r e a d  O c c u p a n c y  P e a k  
L o a d  ( i . e . ,  S e n s i b l e  + L a t e n t ) .  

CLARIFICATION I t  i s  t h e  i n t e n t  o f  
t h i s  c l a u s e  t h a t  t h e  h o t  a n d  c o l d  
w a t e r  p u m p s  o p e r a t e  o n  t h e  s c h e d u l e  
o f  3 . 3 . 1  ( 7 : 0 0  a . m .  t o  5 : 0 0  p .m.  
5  d a y s / w e e k ) .  



CORRECTION/CLARIFICATION S H E E T  # 4  25 APRIL 1 9 7 8  

1. i t e m  5  CORRECTION F o r  c l a r i f i c a t i o n  o f  
c o r r e c t i o n / c l a r i f i c a t i o n  t h e  t e r m  "Flow C o e f f i c i e n t "  w e  
s h e e t  81 r e f e r e n c e d  ASHRAE 1 9  7 7  Handbook  

o f  F u n d a m e n t a l s ,  C h a p t e r  2 1 .  
T h e r e  i s  a  p r i n t i n g  e r r o r  i n  
t h i s  c h a p t e r ,  n a m e l y  E q .  ( 6 )  p a g e  
2 1 . 5  s h o u l d  r e a d  a s  f o l l o w s :  

The  s q u a r e  b r a c k e t s  were o m i t t e d  
i n  t h e  t e x t .  

2 .  S e c t i o n  5  " I n p u t  D a t a  
C h e c k  S h e e t "  

CLARIFICATION We r e q u i r e  t h a t  
t h i s  s h e e t  c o n t a i n  t h e  i n f o r m a t i o n  
f o r  t h e  w h o l e  b u i l d i n g ,  i . e . ,  o n e  
s h e e t  a n d  - n o t  i n d i v i d u a l  s h e e t s  
f o r  e a c h  t h e r m a l  b l o c k .  

CLARIFICATION A i r  s u p p l y  r a t e s  
s h o u l d  b e  d e t e r m i n e d  f r o m  d e s i g n  
d a y  c o o l i n g  l o a d  c a l c u l a t i o n s  f o r  
t h e  i n d i v i d u a l  t h e r m a l  b l o c k s .  
T h e  d e s i g n  d a y  v a l u e s  f o r  
V a n c o u v e r  c a n  b e  a s s u m e d  t o  b e  
78OF d r y  b u l b ,  66OF w e t  b u l b .  

CORRECTION B e c a u s e  t h e r e  i s  some 
d i s p u t e  o v e r  t h e  s u i t a b i l i t y  o f  
c e r t a i n  " f a n  o p e r a t i n g  k e y s "  w e  
r e q u i r e  t h a t  y o u  u s e  t h e  f o l l o w i n g  
i n p u t :  

c a r d  5A c o l  40 k e y  3  
c a r d  5A c o l  73  k e y  3  




