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R e s i d e n t i a l  energy  consumption i s  n e a r l y  a s  much a  f u n c t i o n  o f  occupant  " a c t i o n "  
a s  it i s  o f  c o n s t r u c t i o n  o r  h e a t i n g  and c o o l i n g  syotems.  The p r e s e n t  s t u d y  was 
under taken  t o  p rov ide  Aus t in  a r e a  r e s i d e n t s  i n fo rma t ion  on c o n s e r v a t i o n  oppor- 
t u n i t i e s  t o  encourage  more e n e r g y - e f f i c i e n t  o p e r a t i o n  of  t h e i r  homes. S i n c e  
energy  c o s t s  i n  Aus t in  have i n c r e a s e d  d r a m a t i c a l l y  i n  t h e  p a s t  two y e a r s ,  con- 
sumers have c o n s i d e r a b l e  i n t e r e s t  i n  c o n s e r v a t i o n .  However, much o f  t h e  pub- 
l i s h e d  r e s i d e n t i a l  c o n s e r v a t i o n  i n f o r m a t i o n  a v a i l a b l e  i s  n o t  p a r t i c u l a r l y  a n p l i -  
c a b l e  t o  t h e  Texas c l i m a t e .  T h e r e f o r e ,  more s p e c i f i c  i n fo rma t ion  was needed.  

A c o m p ~ t e r - b a s e d  model was chosen a s  a means o f  i s o l a t i n g  t h e  e f f e c t s  o f  v a r i -  
ous  f a c t o r s .  I n  a  computer s i m u l a t i o n ,  one d e s i g n  o r  equipment f e a t u r e  can be  
v a r i e d  a t  a  time, h o l d i n g  a l l  o t h e r  i n f l u e n c i n g  f a c t o r s  c o n s t a n t .  T h i s  canno t  
be  accomplished i n  a c t u a l  exper iments  due t o  t h e  v a r i a b i l i t y  o f  c l i m a t i c  and 
human f a c t o r s .  I t  is ,  however, a l s o  n e c e s s a r y  t o  a s s u r e  t h a t  t h e  model used 
i s  r e a l i s t i c .  The re fo re ,  t h e  computer model was used t o  s i m u l a t e  t h e  energy  
needs  o f  f o u r  e x i s t i n g  homes. C o n s t r u c t i o n  p l a n s ,  s p e c i f i c a t i o n s ,  and equip-  
ment and a p p l i a n c e  u se  d a t a  were o b t a i n e d  and used  a s  t h e  b a s i s  o f  t h e  energy  
c a l c u l a t i o n s .  The s i m u l a t i o n  r e s u l t s  were t h e n  compared w i t h  u t i l i t y  b i l l i n g  
d a t a  f o r  f o u r  o r  more y e a r s  f o r  each  home. Although n o t  a  p r e c i s e  approach  t o  
v e r i f i c a t i o n  o f  t h e  computer model, it d i d  p r o v i d e  a  c o n s i d e r a b l e  amount o f  
p e r t i n e n t  i n f o r m a t i o n .  Also,  t h e  computer model i s  b a s i c a l l y  t h e  N a t i o n a l  
Bureau o f  S t a n d a r d s  Load Determina t ion  (NBSLD) program, which h a s  been v a l i d -  
a t e d  i n  a number o f  o t h e r  s t u d i e s .  U t i l i t y  d a t a  f o r  a  l a r g e r  sample o f  2 0 0  
homes were a l s o  examined t o  a t t e m p t  t o  i d e n t i f y  t h e  range  o f  v a r i a t i o n  i n "  
energy  use  which might  occu r  due t o  d i f f e r e n c e s  i n  l i f e - s t y l e  and/or  equipment 
t ypes .  

The r e s u l t s  o b t a i n e d  i n  t h i s  s t u d  w i l l  be  summarized and p r e s e n t e d  i n  terms S of  a  s i n g l e  t y p i c a l  s i z e  (1630 f t  ) home. The i n f l u e n c e  o f  v a r i a t i o n s  i n  
i n s u l a t i o n ,  i n f i l t r a t i o n  of  o u t s i d e  a i r ,  t h e r m o s t a t  s e t t i n g ,  g l a s s  t y p e ,  a t t i c  
v e n t i l a t i o n ,  l i g h t i n g  and a p p l i a n c e  l o a d s ,  e x t e r i o r  shad ing ,  equipment e f f i -  
c i e n c y ,  and occupant  a c t i o n  w i l l  b e  p r e s e n t e d .  

MODEL DESCRIPTION 

The computer a n a l y s i s  program, NBSLD, i s  d e s c r i b e d  i n  d e t a i l  e l s ewhere  1 , 2  . 
I t  i s  a  dynamic program which c a l c u l a t e s  hour-by-hour h e a t i n g  and c o o l i n g  
loads .  These c a l c u l a t i o n s  a r e  based  on hour ly  v a r i a t i o n s  o f  c l i m a t i c  f a c t o r s ,  
occupancy, and l i g h t i n g  and a p p l i a n c e  u se .  The program accoun t s  f o r  t h e  

*This  s t u d y  was sponsored  by t h e  C i t y  of  Aus t in  th rough t h e  E l e c t r i c  U t i l i t y  
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t he rma l  c a p a c i t a n c e  o f  t h e  s t r u c t u r e ,  t h e  i n t e r a c t i o n  of  t h e  v a r i o u s  l oad  
components, and v a . r i a t i o n 8  i n  s p a c e  temperat.ure.  The NBSLD program was mcdi- 
f i e d  somewhat f o r  t h e  p r e o e n t  s t u d y ,  b u t  nont of t h e  changes were o n l y  t o  
f a c i l i t a t e  runn ing  t h e  program on a  CDC 6600/6400 system and t o  p rov ide  a d d i t -  
i o n a l  i n p u t / o u t p u t  o p t i o n s .  

The f l o o r  p l a n  f o r  t h e  home used a s  an example i n  t h i s  pape r  i s  shown i r i  F i g .  1. 
A summary o f  t h e  monthly l i g h t i n g  and a p p l i a n c e  energy  u s e  assumed f o r  t h e  model 
i s  g i v e n  i n  Tab le  1, and hour ly  u s e  and occupancy p r o f i l e s  a r e  g iven  i n  F i g .  2 .  
The e x t e r i o r  w a l l a  o f  t h e  sample home were 55% l i g h t - c o l o r e d  b r i c k ,  28% l i g h t -  
c o l o r c d  wood, and 17% g l a s s .  The major  a x i s  o f  t h e  home r u n s  no r th - sou th ,  s o  
t h e  major  p o r t i o n  o f  t h e  windows have a n  e a s t  o r  west exposure .  The home i s  
occupied  by two a d u l t s  and t h r e e  c h i l d r e n .  The m a t e r i a l s  and q u a l i t y  o f  con- 
s t r u c t i o n  are t y p i c a l  o f  t r a c t  homes b u i l t  i n  t h e  Aus t in  a r e a  d u r i n g  t h e  p a s t  
t e n  y e a r s .  

A "base  c a s e n  c a l c u l a t i o n  was run  f o r  a " tes t  wea the r  yea r . "  The r e s u l t  i s  
compared t o  b i l l e d  u t i l i t i e s  f o r  t h e  p a s t  f o u r  y e a r s  i n  F ig .  3 and 4 .  T h i s  
p a r t i c u l a r  home i s  equipped  w i t h  e lec t r ic  a i r  c o n d i t i o n i n g ,  and n a t u r a l  ga s  i s  
used f o r  h e a t i n g ,  w a t e r  h e a t i n g ,  and cooking. A s p e c i f i c  comparison between 
t h e  s i m u l a t i o n  and b i l l e d  d a t a  is  n o t  p o s s i b l e  because  l o c a l  hou r ly  weather  d a t a  
a r e  n o t  a v a i l a b l e  f o r  cor responding  y e a r s .  However, t h e  comparisons of  F ig .  3 
i n d i c a t e  t h a t  t h e  model p rov ides  a  r e a s o n a b l e  s i m u l a t i o n  o f  t h e  energy  use .  . 

The p e r c e n t a g e  o f  energy  used f o r  v a r i o u s  f u n c t i o n s  i s  shown i n  Table  2 .  Table  
2 a l s o  p r e s e n t s  s i m i l a r  d a t a  from Ref. 3 f o r  t h e  Washington/Baltimore a r e a .  I t  
shou ld  be  no t ed  t h a t  t h e  t o t a l s  and d i s t r i b u t i o n  a r e  q u i t e  d i f f e r e n t  f o r  t h e  
two a r e a s .  I n  t h e  Aus t in  a r e a ,  t h e  t o t a l  r e s i d e n t i a l  consumption i s  somewhat 
lower o v e r a l l ,  and,  a s  would be  expec t ed ,  t h e r e  i s  a  c o n s i d e r a b l y  d i f f e r e n t  
s p l i t  between h e a t i n g  and coo l ing .  Although t h e  annual  c o o l i n g  load  (Btu /year )  
i s  a lmos t  t h r e e  times t h e  annual  h e a t i n g  l o a d ,  t h e  energy  consumption f o r  hea t -  
i n g  s t i l l  exceeds  t h a t  f o r  c o o l i n g  because  of  d i f f e r e n c e s  i n  equipment e f f i c -  
i ency .  When t h e s e  e f f i c i e n c i e s  a r e  a c c o u i ~ t e d  f o r ,  h e a t i n g  r e q u i r e s  31% of t h e  
energy  used i n  t h e  home, and c o o l i n g  22%. Water h e a t i n g  i s  t h e  l a r g e s t  s i n g l e  
consumer among t h e  a p p l i a n c e s  and shou ld  be  g iven  adequate  a t t e n t i o n  i n  any con- 
s e r v a t i o n  program. (These same d a t a ,  a d j u s t e d  f o r  energy  p roduc t ion  e f f i c i e n c -  
i e s , ' w i l l  be  d i s c u s s e d  f u r t h e r  i n  a l a t e r  s e c t i o n  of  t h i s  p a p e r . )  

RESULTS AND DISCUSSION 

I n  p r e s e n t i n g  t h e  r e s u l t s  o f  t h i s  s t u d y ,  t h r e e  s p e c i f i c  a r e a s  o f  concern w i l l  be 
d i s c u s s e d :  t h o s e  f a c t o r s  which r e l a t e  t o  t h e  n a t u r e  of  t h e  e n c l o s u r e ,  t h o s e  re -  
l a t e d  t o  o p e r a t i o n ,  and t h o s e  r e l a t e d  t o  equipment e f f i c i e n c y .  

Enc losure  

Energy t r a n s f e r  th rough a  r e s i d e n c e  e n c l o s u r e  i s  a  f u n c t i o n  of  t h e  t ype  and 
q u a n t i t y  o f  m a t e r i a l s  used ,  t h e  q u a l i t y  o f  c o n s t r u c t i o n ,  and c e r t a i n  d e s i g n  
f e a t u r e s .  The f a c t o r s  of  importance a r e :  

l I n s u l a t i o n  
2  I n f i l t r a t i o n  
3 Glass  
4 O r i e n t a t i o n  and e x t e r n a l  shading  
S Thermal mass 

The home used a s  t h e  base  model i n  t h i s  ' s tudy i s  a  r e l a t i v e l y  w e l l - i n s u l a t e d  
b r i c k  venee r  home. The amount and t y p e  of g l a s s  and t h e  q u a l i t y  of c o n s t r u c t i o n  
a r e  t y p i c a l ,  T h e r e f o r e ,  it i s  o f  i n t e r e s t  t o  n o t e  some of  t h e  thermal  c h a r a c t e r -  
is t ics  o f  t h e  home. Table  3 g i v e s  t h e  d i s t r i b u t i o n  of  energy  f l u x  th rough 
v a r i o u s  components of  t h e  e n c l o s u r e  o f  t h e  home f o r  a  100 F summer day and f o r  
a  c o l d  28 F and r e l a t i v e l y  c l e a r  w i n t e r  day.  Both peak hour  and d a i l y  v a l u e s  
a r e  shown. I f  t h e  model had been u n i n s u l a t e d  t h e s e  d i s t r i b u t i o n s  would have 
s h i f t e d  a s  shown i n  Tab le  4 .  These d a t a  i n d i c a t e  t h e  r e l a t i v e  impact  o f  energy  
f l u x  th rough  w a l l s ,  c e i l i n g ,  and g l a s s  and by i n f i l t r a t i o n  on h e a t i n g  and cool -  
i n g  r equ i r emen t s .  



1. I n s u l a t i o n  Three l e v e l s  o f  i n s u l a t i o n  were considered:  a )  R19* i n  t h e  c e i l -  
ing  and R11** i n  t h e  w a l l s ,  b)  R11 i n  t h e  c e i l i n g  and no i n s u l a t i o n  i n  t h e  w a l l s ,  
and c) no i n s u l a t i o n  i n  e i t h e r  c e i l i n g  or  wa l l s .  The r e s u l t s  of  t h e s e  v a r i a t i o n s  
a r e  shown by t h e  d a t a  i n  Table 5 i n d i c a t i n g  peak hour ,  des ign day,  and s e a s o n a l  
v a r i a t i o n  and t h e  amount of  change o f  t o t a l  annual  energy consumption f o r  each 
case .  Ae i n d i c a t e d ,  i n s u l a t i o n  t o  t h e  l e v e l s  shown makes a  s i g n i f i c a n t  d i f f e r -  
ence. The sav ings  i n  t h e  h e a t i n g  seasons  are g r e a t e r  than i n  t h e  coo l ing  season 
due t o  a  l a r g e r  average temperature d i f f e r e n c e .  I n  f a c t ,  t h e  i n s u l a t e d  c a s e  I 

r equ i red  more energy f o r  coo l ing  i n  A p r i l  and October than t h e  un insu la ted  case .  
Th i s  h igher  load  could ,  however, be  o f f s e t  by us ing  o u t s i d e  a i r  f o r  coo l ing  dur- 
i n g  t h e s e  pe r iods .  I t  was a l s o  determined t h a t  i n s u l a t i o n  i n  excess  of t h e  R19 
c e i l i n g  and R11 w a l l s  would provide very  l i t t l e  a d d i t i o n a l  savings  i n  t h e  Austin 
area .  

2 .  I n f i l t r a t i o n  I n f i l t r a t i o n  i s  t h e  h a r d e s t  f a c t o r  t o  q u a n t i f y .  The consider-  
a b l e  amount of  r e s e a r c h  on t h i s  problem conducted i n  t h e  p a s t  two y e a r s  i s  d i f f i -  
c u l t  t o  apply t o  t h e  p r e s e n t  s tudy.  The NBSLD program t a k e s  i n t o  account v a r i a -  
t i o n s  i n  wind speed and temperature d i f f e r e n t i a l .  However, t h e  equat ion  used 
has  a  f i x e d  c o e f f i c i e n t  and i s  i n s e n s i t i v e  t o  some of t h e  f a c t o r s  which i n f l u e n c e  
i n f i l t r a t i o n .  An e f f o r t  was made t o  g i v e  some weight  t o  t h e  hour ly  and seasona l  
v a r i a t i o n s  which would be expected t o  occur by adding an i n f i l t r a t i o n  term which 
could be scheduled. Three cases  were again  cons idered--" t ight ,"  "average ,"  and 
" loosen  cons t ruc t ion- - to  a t tempt  t o  look a t  a  reasonable  range of v a r i a t i o n .  
More s tudy  i s  needed i n  t h i s  a rea .  The r e s u l t s  ob ta ined  a r e  presented  i n  Table 
6. A s  i n d i c a t e d  i n  Tables  3  and 4 t h e  i n f i l t r a t i o n  load i s  s i g n i f i c a n t ,  and 
theeda ta  of  Table 6 show t h a t  s u b s t a n t i a l  sav ings  could be achieved by reducing 
it. 

3. Glass Both t h e  amount and type  of g l a s s  used w i l l  i n f l u e n c e  t h e  energy f l u x  
through a  b u i l d i n g  enclosure .  For t h e  model home t h e  w a l l s  inc luded 17% s i n g l e  
g laz ing.  The e f f e c t s  of  reducing t h e  percentage  t o  10%,  i n c r e a s i n g  it t o  25%, 
o r  double-glezing t h e  17% were eva lua ted  and a r e  t a b u l a t e d  i n  Table 7. I t  i s  
d i f f i c u l t  t o  d i s c u s s  t h e  mer i t s  of more o r  l e s s  g l a s s  independently of a e s t h e t i c  
cons ide ra t ions  and p o s s i b l e  i n t e r a c t i o n s  wi th  l i g h t i n g  requirements.  However, 
t h e s e  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  excess ive  amounts of g l a s s  should be avoided. 
Double g l a z i n g  provided t h e  l a r g e s t  saving i n  t h e  w i n t e r ,  b u t  t h e  reduced per-  
centage was b e s t  f o r  t h e  summer and on an annual  b a s i s .  The double g laz ing  
provided a  12% o v e r a l l  energy saving even f o r  t h e  mild c l i m a t i c  cond i t ions  of 
t h i s  s tudy.  However, s i n c e  double g laz ing  i n c r e a s e s  i n i t i a l  c o s t s  s i g n i f i c a n t -  
l y ,  it would be j u s t i f i a b l e  only f o r  r e l a t i v e l y  l a r g e  g l a s s  a r e a s .  

4 .  O r i e n t a t i o n  and Ex te rna l  Shading A s  noted  p rev ious ly ,  t h e  ma jo r i ty  of  t h e  
windows i n  t h e  base case  home had e a s t  o r  west exposure and were assumed t o  be 
unshaded. A 90° r o t a t i o n  of t h e  home s u b s t a n t i a l l y  reduced the  peak coo l ing  
load a s  i n d i c a t e d  i n  Table 8. However, it had a r e l a t i v e l y  smal l  i n f l u e n c e  ( 3 % )  
on t h e  seasona l  energy consumption. Ex te rna l  shading of t h e  e a s t  and west win- 
dows, on t h e  o t h e r  hand, had a  g r e a t e r  impact on both  t h e  peak cool ing  load and 
on t h e  seasona l  energy requirement. I t  should a l s o  be noted t h a t  shading and 
o r i e n t a t i o n  may i n t e r a c t .  For i n s t a n c e ,  i n  Aust in ,  a t  30° n o r t h  l a t i t u d e ,  
south  windows and w a l l s  can be s u b s t a n t i a l l y  shaded f o r  t h e  e n t i r e  coo l ing  sea-  
son by a  modest roof overhang. Such a  des ign would s t i l l  al low some s o l a r  heat -  
ing  of  t h e  south  exposure during t h e  w i n t e r  months. Shading of  e a s t  and west  
exposures,  however, i s  no t  a s  e a s i l y  achieved.  Energy conse rva t ive  des igns  
must g ive  c a r e f u l  cons ide ra t ion  t o  both f a c t o r s .  I t  a l s o  should be po in ted  o u t  
t h a t  shading of e x t e r i o r  s u r f a c e s  i s  more e f f e c t i v e  than us ing  drapes  o r  b l i n d s  
on t h e  i n s i d e .  

5. Thermal mass R e s i d e n t i a l  frame c o n s t r u c t i o n  has  r e l a t i v e l y  l i t t l e  thermal 
mass. Ca lcu la t ions  i n d i c a t e d  t h a t  whether t h e  e x t e r i o r  was wood o r  b r i c k  veneer 
made l i t t l e  d i f f e r e n c e .  The c a l c u l a t e d  peak coo l ing  load f o r  a b r i c k  home was 

* Approximately s i x  i n .  of  f i b e r g l a s s .  
**Approximately 3 1/2 i n .  of f i b e r g l a s s .  



s l i g h t l y  lower, b u t  t h e r e  was v i r t u a l l y  no  d i f f e r e n c e  i n  e n e r g y  r equ i r emen t s  
o v e r  t h e  s e a s l ~ n .  The l a c k  o f  d i f f e r e n c e  between t h e  b r i c k  venee r  and frame con- 
s t r u c t i o n  i s  b e s t  e x p l a i n e d  by t h e  d a t a  i n  T a b l e  3. For  a  w e l l - i n s u l a t e d  home 
o n l y  abou t  10% o f  t h e  energy  f l u x  i s  th rough  the w a l l s .  Thus, any v a r i a t i o n  i n  
t h e  t he rma l  mass o f  t h i s  one component w i l l  have r e l a t i v e l y  l i t t l e  e f f e c t  on t h e  
o v e r a l l  h e a t  g a i n  o r  l o s s .  

Ope ra t i on  

The f a c t o r s  which i n f l u e n c e  energy  u s e  and which may be c a t e g o r i z e d  a s , o p e r a t i o n -  
a 1  a r e :  t h e r m o s t a t  s e t  p o i n t ,  a p p l i a n c e  u s e ,  and a t t i c  v e n t i l a t i o n .  The f i r s t  
two can have a  s i g n i f i c a n t  i n f l u e n c e  on r e s i d e n t i a l  energy  r equ i r emen t s .  

1. Thermosta t  S e t  P o i n t  Two t y p e s  o f  v a r i a t i o n  i n  c o n t r o l  were c o n s i d e r e d :  a  
c o n s t a n t  s e a s o n a l  s e t  p o i n t  and a r e s e t t i n g  d u r i n g  unoccupied hour s  o r  a t  n i g h t .  
Table  9 summarizes t h e  e f f e c t s  o f  v a r i o u s  s e a s o n a l  s e t  p o i n t s .  The d a t a  c l e a r -  
l y  show t h e  advantage  o f  t h i s  c o n s e r v a t i o n  o p t i o n  i n d i c a t i n g  a  28% annua l  re- 
d u c t i o n  i n  h e a t i n g  and c o o l i n g  energy.  

S e t t i n g  t h e  t h e r m o s t a t  up t o  95 F  f o r  8 h r  a  day ,  f i v e  days  a  week, d u r i n g  t h e  
c o o l i n g  season  dec reased  t h e  a i r - c o n d i t i o n i n g  energy  consumption by a lmos t  a  
t h i r d  b u t  i n c r e a s e d  t h e  peak l o a d  by abou t  10%.  The i n c r e a s e d  peak may have an 
adve r se  e f f e c t  on u t i l i t y  sys tem demand and may, i n  some c a s e s ,  r e q u i r e  a d d i t -  
i o n a l  c o o l i n g  sys tem c a p a c i t y .  

Hea t ing  season  n i g h t  s e t b a c k  i n c r e a s e s  t h e  peak h e a t i n g  l o a d  by on ly  5%.  The 
o v e r a l l  h e a t i n g  energy  s a v i n g s  c a l c u l a t e d  f o r  t h e  h e a t i n g  s ea son  amounted t o  
approximate ly  35%. No a d d i t i o n a l  c a p a c i t y  would be  r e q u i r e d  i n  t h i s  c a s e  a s  
h e a t i n g  sys tems  i n  t h e  Aus t in  a r e a  are i n v a r i a b l y  o v e r s i z e d .  

2. Appl iance  Use The main impact  o f  i n c r e a s e d  l i g h t i n g  and a p p l i a n c e  u se  i n  
a  r e s i d e n c e  is  on t h e  d i r e c t  energy  consumption r a t h e r  t h a n  on t h e  c o o l i n g  o r  
h e a t i n g  load .  However, t h e r e  is  some i n t e r a c t i o n  w i t h  t h e  c o o l i n g  l o a d .  The 
e f f e c t s  o f  a  50% i n c r e a s e  i n  l i g h t i n g  use  and a  25% i n c r e a s e  i n  a p p l i a n c e  energy  
a r e  r e f l e c t e d  i n  a  4 %  i n c r e a s e  i n  c o o l i n g  energy  and a  30% i n c r e a s e  i n  a p p l i a n c e  
energy  a s  shown i n  Table  10. 

3. A t t i c  V e n t i l a t i o n  A t t i c  v e n t i l a t i o n  i s  meant t o  imply c i r c u l a t i o n  o f  ou t -  
s i d e  a i r  through t h e  a t t i c  space  a lone .  I t  does  n o t  i n c l u d e  a d d i t i o n a l  c i r c u -  
l a t i o n  o f  o u t s i d e  a i r  th rough t h e  c o n d i t i o n e d  space .  When d e f i n e d  i n  t h i s  way, 
a t t i c  v e n t i l a t i o n  was found t o  r educe  a t t i c  t empera tu re s  s i g n i f i c a n t l y  b u t  t o  
have n e g l i g i b l e  e f f e c t  on t h e  t o t a l  c o o l i n g  l o a d .  The energy  f l u x  th rough a  
w e l l - i n s u l a t e d  c e i l i n g  r e p r e s e n t s  l e s s  t han  10% o f  t h e  d a i l y  l o a d  f o r  t h e  sum- 
mer d e s i g n  day.  Thus, even a  r e l a t i v e l y  l a r g e  r e d u c t i o n  i n  a t t i c  t empera tu re  
w i l l  have l i t t l e  e f f e c t  on t h e  t o t a l  l oad .  

Equipment E f f i c i e n c y  and Type 

I t  was d i f f i c u l t  t o  f i n d  s p e c i f i c  i n f o r m a t i o n  on t h e  energy  e f f i c i e n c y  of  t h e  
u s u a l  household a p p l i a n c e s .  However, t h e  i n f o r m a t i o n  a v a i l a b l e ,  4,s i n d i c a t e s  
t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t  v a r i a t i o n s  between v a r i o u s  b rands  and models 
and i s  reviewed i n  Appendix A. Table  11 i n d i c a t e s  t h e  p o s s i b l e  v a r i a t i o n s  f o r  
l i g h t i n g  and a p p l i a n c e  c h o i c e s  and use  p a t t e r n s  f o r  t h e  model home used i n  t h i s  
s t u d y  a s  observed  from t h e  u t i l i t y  b i l l s  o f  a  sample o f  f o r t y  s i m i l a r l y  equipped 
homes i n  Aus t in .  

The e f f i c i e n c y  of t h e  h e a t i n  and a i r - c o n d i t i o n i n g  equipment w i l l  have a  s i  n i f -  
i c a n t  e f f e c t  on t h e  amount o? energy  r e q u i r e d  f o r  h e a t i n g  and c o o l i n g .  (Tabye 2 ) .  
A t  p r e s e n t  some a i r  c o n d i t i o n e r s  have an energy  e f f i c i e n c y  r a t i o  ( E E R )  of  l e s s  
t han  f o u r ,  w h i l e  some of  t h e  new h i g h - e f f i c i e n c y  u n i t s  have EER v a l u e s  a s  h igh  
a s  n ine .  S i m i l a r l y ,  p rope r  d e s i g n  and maintenance o f  gas-warmed a i r  f u r n a c e s  
can p rov ide  meaningful  s a v i n g s .  Table  12 compares t h e  energy  requi rement  f o r  
a  s t a n d a r d  u n i t  t o  t h a t  f o r  a  u n i t  w i t h  improved e f f i c i e n c y .  P o s s i b l e  v a r i a -  
t i o n  i n  h e a t  pump energy  r equ i r emen t s  a r e  a l s o  i n d i c a t e d .  



The ene rgy  s o u r c e  u t i l i z e d  f o r  h e a t i n g ,  w a t e r  h e a t i n g ,  and c o o l i n g  a f f e c t s  n o t  
o n l y  equipment  e f f i c i e n c y  b u t  a l s o  pr ime ene rgy  c o s t s ,  i n c l u d i n g  p r o d u c t i o n  and 
d i s t r i b u t i o n  e f f i c i e n c i e s .  Although t h i s  was n o t  t h e  major  focus  o f  t h i s  s t u d y ,  
t h e  r e s u l t s  shown i n  Tab le  1 3  were deve loped  th rough  t h e  u se  o f  t h e  model. 
Tab le  14  a lso  g i v e s  comparable d a t a  g a t h e r e d  f o r  approximate ly  2 0 0  homes by t h e  
l o c a l  u t i l i t i e s  o v e r  a one-year  p e r i o d .  The d a t a  a r e  p r e s e n t e d  i n  terms o f  
thousand ~ t u / f t ~ / ~ e a r .  S i m i l a r  d a t a  werg a l s o  g a t h e r e d  f o r  t h e  p a s t  y e a r  and 
t h e  consumption was un i formly  lower ( 8 % ) .  On t h e  b a s i s  o f  s q u a r e  f e e t ,  t h e  
s m a l l e r  homes consumed more energy  t h a n  t h e  l a r g e r  homes i n  t h e  sample.  How- 
e v e r ,  t h e  computer a n a l y s i s  i n d i c a t e d  t h a t  t h i s  d i f f e r e n c e  i s  p r i m a r i l y  due t o  
a p p l i a n c e  u s e  and n o t  t o  any d i f f e r e n c e  i n  h e a t i n g  and c o o l i n g  r equ i r emen t s .  

The "averagen  a p p l i a n c e  u se  d a t a  o f  Tab le  15  were i n p u t  t o  t h e  comparisons o f  
Tab le s  1 3  and 14. There were no  d a t a  a v a i l a b l e  f o r  l o c a l  ga s  d i s t r i b u t i o n  l o s s -  
es,  s o  a  2% f i g u r e  was assumed. Most o f  t h e  g a s  a i r - c o n d i t i o n e d  homes i n  t h e  
a r e a  a l s o  have a t  l e a s t  one g a s  ya rd  l i g h t ,  and o f t e n  a  gas  g r i l l ,  s o  a d d i t -  
i o n a l  g a s  consumption f o r  t h e s e  two items was i n c l u d e d  f o r  t h a t  c a s e .  Again,  i t  
it shou ld  be  no t ed  t h a t  t h e  energy  use  o f  i n d i v i d u a l  homes i n  t h e  sample v a r i e d  
c o n s i d e r a b l y .  

A d i r e c t  comparison between t h e  model and t h e  sample d a t a  cannot  be made be- 
cause  t h e  wea the r  d a t a  i n p u t  t o  t h e  model does  n o t  cor respond t o  t h a t  f o r  e i t h e r  
o f  t h e  two y e a r s  d u r i n g  which t h e  sample d a t a  were o b t a i n e d .  The purpose  o f  
Tab le  15  is  t o  i n d i c a t e  t h e  r e l a t i v e  s u c c e s s  o f  t h e  model i n  p r e d i c t i n g  r e s i d -  
e n t i a l  ene rgy  r e l p i r e m e n t s  f o r  homes e#?,uipped w i t h  v a r i o u s  h e a t i n g  and c o o l i n g  
sys tems .  The model most c l o s e l y  estimates t h e  ene rgy  consumption o f  t h e  gas-  
h e a t / e l e c t r i c - a i r  home. I t  o v e r p r e d i c t s  t h e  ene rgy  r equ i r emen t  o f  t h e  a l l -  
e lect r ic  homes r e l a t i v e  t o  t h e  observed  d a t a .  A p o s s i b l e  e x p l a n a t i o n  o f  t h i s  
i s  t h a t  a l l - e l e c t r i c  homes have t r a d i t i o n a l l y  been t i g h t e r  and b e t t e r  i n s u l a t e d  
t han  homes h e a t e d  w i t h  gas .  The model, however, assumed t h e  same l e v e l  o f  i n -  
s u l a t i o n  i n  b o t h  and i n c r e a s e d  t h e  i n f i l t r a t i o n  i n  t h e  gas-hea ted  home o n l y  
enough t o  supp ly  t h e  n e c e s s a r y  a i r  f o r  combustion and s t a c k  g a s  d i l u t i o n  i n  
t h e  fu rnace .  I f  t h e  h e a t i n g  and c o o l i n g  l o a d s  on t h e  a l l - e l e c t r i c  homes had 
been reduced t o  accoun t  f o r  such  p o s s i b l e  d i f f e r e n c e s ,  a  b e t t e r  r e s u l t  would 
have been o b t a i n e d .  A s  no t ed  i n  Tab le s  5 and 6 ,  b o t h  i n s u l a t i o n  and i n f i l -  
t r a t i o n  have a  s i g n i f i c a n t  i n f l u e n c e  on t h e s e  l o a d s .  

The model i s  p a r t i c u l a r l y  low r e l a t i v e  t o  observed  d a t a  i n  i t s  p r e d i c t i o n  o f  
t h e  energy  consumption o f  t h e  g a s  hea t ing /gas  a i r - c o n d i t i o n i n g  homes. An exam- 
i n a t i o n  o f  t h e  monthly b i l l i n g  r e c o r d s  o f  t h e s e  homes i n d i c a t e s  t h a t  t h e  
assumpt ions  made w i t h  r e g a r d  t o  b o t h  t h e  g a s  and e lec t r ic  consumption of  t h e  
g a s  a i r - c o n d i t i o n i n g  seem t o  be  low. The energy  r equ i r emen t  assumpt ions  were 
based  on a  m a n u f a c t u r e r ' s  r a t i n g  f o r  a  s i n g l e  model. 

CONCLUSIONS 

S e v e r a l  c o n c l u s i o n s  can be  drawn from t h e  r e s u l t s  o f  t h i s  s t u d y .  F i r s t ,  a l -  
though t h e  form o f  energy  ( f u e l )  used h a s  an i m p o r t a n t  e f f e c t  on t h e  q u a n t i t i e s  
of  energy  r e q u i r e d  f o r  a r e s i d e n c e ,  t h e  major  o p p o r t u n i t i e s  f o r  c o n s e r v a t i o n  
a r e  r e l a t e d  t o  t h e  q u a l i t y  of c o n s t r u c t i o n  and t h e  o p e r a t i o n  o f  a p p l i a n c e s  and 
equipment.  A s  Tab le s  14 and 15  i n d i c a t e ,  t h e  g a s / c l e c t r i c  combinat ion of  
a p p l i a n c e s  and t h e  a l l - e l e c t r i c  h e a t  pump consume s i g n i f i c a n t l y  l e s s  energy  
t h a n  t h e  a l l - e l e c t r i c / r e s i s t a n c e  h e a t i n g  and t h e  g a s  hea t /gas  a i r - c o n d i t i o n i n g  
combina t ions .  

Second, and most i m p o r t a n t ,  t h e  s t u d y  shows t h a t  t h e r e  a r e  s i g n i f i c a n t  oppor t -  
u n i t i e s  f o r  c o n s e r v a t i o n  i n  Aus t in  r e s i d e n c e s .  T h i s  is perhaps  b e s t  i l l u s t r a t -  
e d  by combining t h e  v a r i o u s  f a c t o r s  cons ide red  i n  t h i s  a n a l y s i s  i n t o  two sam- 
p l e  homes. The f i r s t  i s  n o t  t h e  w o r s t  p o s s i b l e  c a s e ,  a s  it presumes a t  l e a s t  
R 1 1  i n s u l a t i o n  i n  t h e  c e i l i n g  and some i n t e r n a l  shad ing  of  t h e  windows, b u t  it 
r e p r e s e n t s  a  " t y p i c a l n  w a s t e f u l  r e s i d e n c e .  The s e a r c h  would r e p r e s e n t  an 
energy  " c o n s e r v a t i v e "  home where a  r e a s o n a b l e  e f f o r t  h a s  been made i n  d e s i g n ,  
c o n s t r u c t i o n ,  and o p e r a t i o n  t o  reduce  energy  consumption. Most of  t h e  con- 
s e r v a t i o n  f e a t u r e s  have been i n c l u d e d ,  w i t h  t h e  e x c e p t i o n  of  double  g l a z i n g  
and a  v a r i a t i o n  i n  t h e  dayt ime i n s i d e  t empera tu re  d u r i n g  t h e  c o o l i n g  season .  



The c o n t r a s t  between t h e  two types  of  homes i s  r a t h e r  s t a r t l i n g ,  as i l l u s t r a t e d  
by Table  16. There i s  a 56% decrease  i n  annual  energy consumption wi th  con- 
s e r v a t i o n .  When t h i s  d i f f e r e n c e  i n  energy i s  t r a n s l a t e d  i n t o  d o l l a r s  and c e n t s  
a t  c u r r e n t  u t i l i t y  rates,  t h e  f i n a n c i a l  sav ings  a r e  a l s o  s i g n i f i c a n t .  Thus, 
conservat ion  pays d iv idends  both i n  terms of p rese rv ing  n a t u r a l  (energy) re-  
sources and reducing t h e  c o s t  of  u t i l i t y  s e r v i c e s .  

APPENDIX 

Summary of  Appliance Energy Data 

E l e c t r i c  5 Kwh/Mo 10 Btu Comments 

R e f r i g e r a t o r  140 15.3 F r o s t - f r e e  may vary  from 100 t o  150 kwh/mo de- 
pending on s ize  and model. Manual w i l l  run 80 
t o  100 kwh/mo i f  d e f r o s t e d  f r e q u e n t l y  enough t o  
prevent  e x t e n s i v e  bui ldup on coo l ing  c o i l s .  

TV 4 0 4 . 4  Color TV runs  roughly twice t h e  power consump- 
t i o n  of  b lack  and white.  S o l i d - s t a t e  i s  approx- 
imate ly  one-half tube type  f o r  both c o l o r  and 
b lack and whi te .  Thus, a  s o l i d - s t a t e  c o l o r  
would use  about  t h e  same power a s  a  b lack and 
whi te  tube  type.  

Miscel laneous 5 0 5.4 Th i s  inc ludes  smal l  app l i ances  such a s :  
kwh/mo 

hand i r o n  12 
c o f f e e  maker 10 
e l e c t r i c  s k i l l e t  12 
vacuum c l e a n e r  4 
h a i r  d r y e r  3 
s t e r e o / r a d i o  3 
t o a s t e r  3 
d i s p o s a l  2 

Freezer  120 13.1  Approximately 25% of t h e  r e s idences  i n  Texas 
have a home food f r e e z e r .  

Dishwasher 3 0 3.3 E l e c t r i c  energy,  e x c l u s i v e  of h o t  water .  The 
dishwasher w i l l  use approximately 0.4 kwh/load 
f o r  pumps, c o n t r o l s ,  e t c . ,  and 0.35 kwh/load f o r  
drying.  Various models range from 0.5 t o  1.0 
kwh/load. 

Clothes  washer 10 10.9 Exclus ive  of h o t  water .  E l e c t r i c  energy use 
w i l l  range from 0.2 t o  0.3 kwh/load f o r  va r ious  
models. With a h o t  wash/cold r i n s e  c y c l e ,  ho t  
water  consumption w i l l  be approximately 25 g a l /  
load ,  whi le  f o r  warm wash, c o l d  r i n s e  it w i l l  be 
approximately 12 gal / load.  

Light ing  250 272  Depending on t h e  wat tage  bulbs  used and t h e  num- 
b e r  of  hours p e r  month t h e  l i g h t s  a r e  used, t h i s  
could range from a low of 150 kwh/mo t o  a high 
of 350 kwh/mo. 

Elec t r ic /Gas  Kwh/Mo 105Btu Cf/Mo 105Btu Comments 

Range/oven 100 10.9 690 6.9 Based on approximately 6 hrs/wk 
oven baking,  1 / 2  hrs/wk b r o i l -  
i n g  and 5 hrs/wk opera t ion  of 
two s u r f a c e  elements on t h e  
range 

Dryer 100 10.9 470 5.5 E l e c t r i c  approximately 3 kwh/ 
+7 kwh load.  Gas 14.5 cu f t / l o a d  p lus  
e l e c t r i c  0.2 kwh/load e l e c t r i c  



SUmar'Y of A p p l i a n c e  Energy Data, (Cont . )  

Yard l i g h t  1 8  19.6 1520 1 5  Gas y a r d  l i g h t s  b u r n  c o n t i n u o u s -  
l y ,  u s i n g  f rom 46 t o  54 c u  f t  
o f  g a s  p e r  day .  The e l e c t r i c  
y a r d  l i g h t  i s  60 w a t t s  and  i s  
assumed t o  b u r n  1 0  h r s / d a y  365 
d a y s  p e r  y e a r  

Water Heater 5 0 5 550 

690 752 3400 340 100 g a l / d a y  a t  150°F. C o n s i d e r -  
a b l e  s a v i n g s  c o u l d  b e  a c h i e v e d  
by r e d u c i n g  t h e  h o t  water temp- 
e r a t u r e  t o  135OF. F o r  70 g a l /  
d a y  u s e  t h i s  would r e d u c e  t h e  
consumption t o  415 kwh/mo 
e lec t r ic  o r  2100 c u  f t /mo g a s .  

* The e n e r g y  r e q u i r e m e n t  f i g u r e  f o r  t h e  g a s  a p p l i a n c e s  l i s t e d  h e r e  d o e s  n o t  
i n c l u d e  t h e  i n d i r e c t  e n e r g y  u s e  due  t o  t h e  i n c r e a s e d  c o o l i n g  l o a d  which re- 
s u l t s  f rom i n c r e a s e d  o n - s i t e  e n e r g y  u s e  and  i n f i l t r a t i o n  o f  combus t ion  a i r .  
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TABLE l 

Summary o f  M o n t h l y  L l g h t i n g  a n d  A p p l i a n c e  Energy  Use 

Appl lance Energy Requl rement 

E l e c t r i c  Gas - 
Refrigerator 140 Kwh/Mo 

Dishwasher 30 KwhIMo 
TV (color, s o l l d  s ta te )  50 Kwh/Mo 

Clothes Washer 10 KwhIMo 

Miscel laneous 60 KwhIMo 

Basic E l e c t r i c  Consumption 290 KwhIMo 

Food Freezer 

Dryer 
Range and Oven 
Coffee Maker 

(The t yp i ca l  t o t a l  appllance energy use i s  390 kwhlmo.) 

L i  gh t lng  Energy Requirement 

100-watt bulbs 
60-watt bulbs 

E l e c t r i c  @ 150 F 
@ 135 F 

Gas @ 150 F 

@ 135 F 

L ibera l  Use Conservative Use 

350 Kk';l/Mo 240 Kwh/Mo 
220 KwhIMo l 5 0  KwhIMo 

Water Heating Energy Requi r e m n t  



C e i l i n g  

Wall 

Aust in, Texas 

TABLE 2 

R e s i d e n t i  a 1  E n e r g y  Use P r o f i l e s  

On-Si t e  Enerqv 

2 
Annual Energy Consumption 90 Thousavd Btu /F t  /Year * 

Heating 

A i r  Condi t ion ing 

Appliances and L i g h t i n g  

Hot Water Heating 

Washington-Bal t i m r e  Area 

Annual Energy Consumption 130 Thousand ~ t u / ~ t ~ / ~ e a r  

Heating 65% 

A i r  Condi t ion ing 

Appliances 

Hot Water Heating 

*A combination o f  gas and e l e c t r i c  appliances have been assumed. 
This f i g u r e  has no t  been adjusted f o r  generat ing and transmission 
losses. 

TABLE 3 

H e a t  G a i n  Loss  D l s t r l b u t i o n  f o r  W e l l - I n s u l a t e d  
R e s i d e n c e  (Thousand  B t u )  

Hea t i ng Cool i ng 
Peak Hr Day Peak Hr Day 

2.8 (12%) 53.9 (14%) 1.6 (7%) 22.9 (8%) 

2.8 (12%) 68.6 (17%) 1.1 (5%) 14.9 (6%) 

Glass 

Conduction & Convectlon 9.3 (40%) 130.0 (33%) 2.1 (9%) 29.2 (10%) 

Radiat lon - - 14.9 (60%) 117.6 (41%) 

I n f i l  t r a t l o n  8.4 (36%) 144.7 (36%) 5.0 (19%) 101.3 (35%) 

To ta l  Load 23.3 397.2 24.7 286.0 



TABLE 4 

H e a t  G a I n l L o s s  01s t r l b u t l o n  f o r  U n l n s u l  a t e d  
R e s l  dence (Thousand B t u )  

Ce l l lng  

Wall 

Glass 

Condluctlon 6 Convect Ion 

Radlatlon 

I n f l l  t iration 

Total  Load 

Heatlng Cool ing 
Peak Hr MY PeakHr  Day 

18.4 (42%) 338.8 (43%) 5 .5  (18%) 84.0 (22%) 

7.0 (16%) 177 (22%) 2.9 (10%) 44.0 (12%) 

T A B L E  5 
Ins ul ati on 

I I w m 1  R t s l s k n c c  Heating Btu Cool lng  Btu Annual Btu 

C e l l l n p  Wall Peak Hr Day - Season Peak Hr Day Season 

R1 9 R1 1 21,300 310,000 16.4 X 106 32,100 382,000 45.7 x 106 62.1 X 106 

Dcsign Condltlons: Cooling: 100 F maximum dry bulb w l t h  a 20 F d a i l y  t e v e r a t u r e  range 

Heating: 28 F minimum dry bulb, 12 Mph wind ve loc i t y  

T A B L E  6 

Infiltration 

I n f l l t r a t l o n  Rate, k a t l n p  Btu Coollns Btu Annual Btu 
A1 r Change/He Peak Hr Day Season Peak Hr Day _ Season , 

T ight  ( . l  t o  .4) 18,200 248,900 12.7 x 106 29,500 320,000 40.9 X 10' 53.6 x 106 

Average (.2 t o  .6) 21,300 310,000 16.4 x 106 32,100 382,000 45.7 X 10' 62.1 X 106 

Loose (.S to -9)  24,400 368,000 19.4 X 106 34,100 430,000 49.9 X 10' 69.5 X 106 

*The Achenbach-Coblentz F o w l a  

I = r + bV + c  AT^ 
was used I n  the ca lcu la t ion  o f  I n f i l t r a t l o n  rates. 



TABLE 7 
Glass 

6 1 u i n p  Heating Btu Cooling Btu Annual Btu 
P e r k H r  W Season Peak H r  Day Season 

NOTE: Both the s l n g l e  and double g laz lng used 118" double-strength sheet glass. 

TABLE 8 
O r i e n t a t i o n  a n d  S h a d i n g  

Major  Exposure 

East and West 

North and South 

Shading 

East and West 

.- Cool ing Btu 

Peak Hr  Day Season 

32,100 381,000 45.7 X 106 

TABLE 9 
T h e r m o s t a t  S e t  P o i n t  

Set  Po in t  Heating 

Peak Hr Season Peak Hr 

78" -m-  32,100 

80" 30,500 

Unoccupied Hrs 95" - - m  35,100 

N ight  Setback 65" 22,400 12.0 x 106 

Annual Btu 

Cool i ng 
Day Day Season 



TABLE 13 

V a r i a t i o n  o f  Energy  Use W i t h  Equ ipment  Type 

Energy Input  f o r  Appliance and L igh t ing  

Appliances E l e c t r i c  105 BtuIYr Ga S - l o 5  Btu/Yr 

Ref r igera tor  140 Kwh/Mo 15.3 

Dishwasher 30 KwWMo 3 . 3  

TV 50 KwhIMo 5.4 

Clothes Washer 10 KwhIMo 1 .l 

M i  scel l aneous 60 KwhIMo 6.5 

Dryer 100 KwhIMo 10.9 .5 McfIMo 5.0 

Hot Water 600 KwhIMo 65.4 3.  McfIMo 30.0 

L igh t i ng  

Typical Tota l  Energy Use fo r  Home 
Jwi th  E l e c t r i c  and Gas Appliances): 

550 KwhIMo 59.9 4,s M c f l k  45.0 

Typical  Tota l  Energy Use f o r  Home 
(wl t h  A l l  -E lec t r i c  Appl iancesl_: 



TABLE 14  ( C o n t . )  

A l l  - E l e c t r i c  (Heat Pump) 

Kwh/Y r 

Appl iances 5800 

Water Heating 7200 

L igh ts  3000 

Heating (75 F) 1900 

Cool i ng (78 F) - 8300 

26200 

Average B i l l e d  f o r  60 Homes 24300 

* This value assumes a seasonal heat pump COP o f  2.5. 

Gas HeatingIGas A i r  Condi t ion ing 

Appl iances 

Water Heating 

L igh ts  3000 18* 

Heating (75 F) 150 36 

Coolfng (78 F) - 160a** 122 - 
Total  s 8250 228 

Average B i l l e d  f o r  17 Homes 12200 281 

* Gas yard l i g h t .  

** E l e c t r i c  inpu t  t o  run condenser and evaporator fans, e tc .  

Condensing u n i t  875 watts 
A i r  c i r c u l a t i o n  - 375 wat ts  

1250 wat ts  



TABLE 15 

P r l m a r y  E n e r g y  Use  C o m p a r i s o n  

HVAC Equipment B1 l 1  ed Average Model 
2  Thousand ~ t u l ~ t ~ / ~  Thousand B t u l F t  /Yx 

Gas Hea t IE lec t r l c  A l r  153 151 

E l e c t r l c  (Heat Punp) 157 168 

E l e c t r i c  (Resls tance Heat) 165 188 

Gas HeatIGas A i r  247 192 

Natura l  Gas E l e c t r l c  Generation 

Heat Content 980 Btu/Cu F t  Heat Rate 10t440 Btu/Kwh 

Local D l s t r l b u t l o n  Loss 2% (assumed) Local D l s t r l b u t l o n  Loss 4.2% 

TABLE 16 
E n e r g y  C o n s u m p t l o n  I n  Two Homes ( 1 6 0 0  F t 2 )  

Appl lances 

L i gh t s  

Water Heat ing 

Space Heating 

A l r  Condi t lon lng 

To ta l  

Annual Consumptlon 
adjusted f o r  gen- 
e r a t l o n  and t rans-  
mlss lon e f f l c l e n c y  

Wasteful 
Kwh/Y r k f / Y  r 

7200 18 

252 Thousand 
B t u / F t 2 / ~ r  

Conserva t l  ve 
b h / Y  r MC f / Y  r 

4200 

110 Thousand 
B ~ u / F ~ ~ / Y  r 

*Based on a  ca lcu la ted  annual hea t lng  l oad  o f  37.5 X 106 Btu and a  
seasonal hea t lng  e f f l c l ency  o f  50%. 

*Based on a  ca lcu la ted  annual coo l i ng  load  o f  65.3 X 106 Btu and an 
EER equal t o  5. 

+Based on a  ca l cu la ted  annual hea t lng  l oad  of 12.6 X 106 B tu  and a  
seasonal e f f f c i e n c y  o f  65%. 

6  ++Based on a  ca l cu la ted  annual coo l i ng  load  o f  37.9 X 10 Btu and an 
EER equal t o  8. 



P i g .  1  F l o o r  p l a n  o f  m o d e l  r e s i d e n c e  

Month o f  Yrrr 

F i g .  3 

B l e c t r f  c e n e r g y  c o n s u m p t f  o n  o f  
m o d e l  r e s f  d e n c e  

F i g .  2 H o u r l y  s c h e d u l e  
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g .  4 Gas energy  use o f  m o d e l  r e s i d e n c e  



RALPH C. STEELE, Vice P r e s i d e n t ,  Heyem lissoc.,  I nc . ,  Bloomfield H i l l s ,  M I :  Was 
f r e e  c o o l i n g  cons ide red?  I f  so ,  what were t h e  r e s u l t s ?  I f  n o t ,  why was it n o t  
i nc luded?  

JONES: By " f r e e  c o o l i n g n  I assume you mean t h e  u s e  of  a n  a t t i c  f a n  which draws 
o u t s i d e  a i r  th rough t h e  house and o u t  th rough t h e  a t t i c .  Unfo r tuna te ly  we d i d  
n o t  have a mechanism b u i l t  i n t o  o u r  computer model t o  account  f o r  t h i s  o p t i o n .  
The re fo re  it was n o t  cons idered .  However one of t h e  f o u r  homes we s t u d i e d  i n  
d e t a i l  had an a t t i c  f a n  and i t s  u s e  d u r i n g  p e r i o d s  when t h e  o u t s i d e  a i r  tempera- 
t u r e  and r e l a t i v e  humidi ty were s u i t a b l e  reduced c o o l i n g  season  e l e c t r i c a l  r e -  
qu i r emen t s  by approximate ly  15  t o  50% 


