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ABSTRACT 

The e f f e c t i v e n e s s  of a  number of energy 
conse rva t ion  measures f o r  homes l o c a t e d  i n  h o t ,  
humid c l i m a t e s  was analyzed us ing the  DOE-2.1R 
b u i l d i n g  s i m u l a t i o n  model. Measures having t h e  
g r e a t e s t  b e n e f i t s  t o  t he  homeowner a r e  p red ic t ed  
t o  be the  a d d i t i o n  of c e i l i n g  i n s u l a t i o n  on ly  i f  
t h e  house i s  not a l r e a d y  i n s u l a t e d ,  weather i -  
z a t i o n ,  and r educ t ion  of t he  wa l l  o u t e r  s u r f a c e  
s o l a r  abso rp t ance .  The w e a t h e r i z a t i o n  and s o l a r  
abso rp t ance  r educ t ion  measures should  be 
do - i t -your se l f  i n s t a l l a t i o n s  t o  be cos t -ef  i e c t i v e  

Replacement of an a i r - c o n d i t i o n i n g  u n i t  wi th  
a  new h i g h - e f f i c i e n c y  un i t  was very e f f e c t i v e  i n  
reducing peak demand and annual  c o o l i n g  energy.  
Unless the  energy e f f i c i e n c y  r a t i o  of t h e  e x i s t i n g  
u n i t  i s  low ( < 6 ) ,  replacement i s  g e n e r a l l y  not  
c o s t - e f f e c t i v e .  

The measures were p r e d i c t e d  t o  r e s u l t  i n  
s l i g h t l y  i nc reased  indoor h u m i d i t i e s ,  but t h e i r  
e f f e c t  on human comfort was p red ic t ed  to  be sma l l .  
However, t h i s  conc lus ion  should  be cons ide red  
p re l imina ry  s i n c e  the  s imu la t ion  models used f o r  
t hese  p r e d i c t  ions  have l i m i t a t  i o n s .  The amount of 
energy t h a t  can be saved by t h e s e  measures i s  very  
dependent on t h e  o c c u p a n t ' s  l i f e s t y l e ,  such a s  t h e  
degree  to which t h e  occupants  w i l l  a l t e r  c l o t h i n g  
t o  ach ieve  comfor t .  

INTRODUCTION 

The purpose  of t h i s  s t u d y  was t o  examine and 
e v a l u a t e  t he  most c o s t - e f f e c t i v e  c o n s e r v a t i o n  
measures and t h e i r  r e l a t e d  energy sav ings  f o r  
e x i s t i n g  s ing le - f ami ly  dwe l l i ngs  l o c a t e d  i n  h o t  
humid c l i m a t e s .  The e f f e c t i v e n e s s  of r e t r o f i t  
measures i n  such c l i m a t e s  i s  not wel l  unders tood 
and may not be a c c u r a t e l y  p r e d i c t e d  by p re sen t  
energy a u d i t  p rocedures ,  such a s  t h e  R e s i d e n t i a l  
Conservat ion  S e r v i c e s  (RCS) p rocedures  ( 1 ) .  Th i s  
is because o t h e r  s o u r c e s ,  i n  a d d i t  ion t o  t he  a i r  
t empera tu re  d i f f e r e n c e ,  c o n t r i b u t e  t o  t h e  a i r  
c o n d i t i o n i n g  l o a d ,  a s  i l l u s t r a t e d  i n  F i g .  1 .  S o l a r  
r a d i a t i o n  and moi s tu re  removal requirements  a r e  
l a r g e  p a r t s  of t h e  c o o l i n g  load .  Adding i n s u l a t i o n  
t o  t he  b u i l d i n g  s h e l l  reduces  t he  coo l ing  load ,  but 
does l i t t l e  t o  reduce  the  l a t e n t  h e a t  p o r t i o n  o f  
t h e  load.  

The scope of t h i s  s tudy  was t o  i d e n t i f y  
b u i l d i n g  and equipment measures and t o  a n a l y t i c a l l y  
e v a l u a t e  them, i n d i v i d u a l l y  and i n  combinat i ons .  
They were examined wi th  r e s p e c t  t o  t h e i r  c o s t s ,  
expected  energy sav ings ,  e f f e c t  on a i r  c o n d i t i o n i n g  
performance,  humidity c o n t r o l ,  and human comfor t .  
S p e c i f i c  measures analyzed a r e  summarized i n  Tab le  
1, and they  inc lude  b u i l d i n g  s h e l l  r e t r o f i t  
measures ,  r e d u c t i o n  of i n t e r n a l  l oads ,  and 
replacement  of e x i s t i n g  a i r  c o n d i t i o n i n g  u n i t s .  

l eOOOo U Temperature dl l farence 

1 b O O O O  I B Solar 

Fig .  1. P r e d i c t e d  c o o l i n g  l o a d  components f o r  a  
f rame r anch  house l o c a t e d  i n  Or lando.  FL, on  a  warm 
summer day: ( a )  R-11 c e i l i n g  i n s u l a t i o n ,  no w a l l  
i n s u l a t i o n ,  s i n g l e  pane windows, (b )  R-19 c e i l i n g  
i n s u l a t i o n .  R-11 w a l l  i n s u l a t i o n ,  doub le  pane 
windows. 

Table  1 .  R e t r o f i t  energy conservat ion  measures i n v e s t i g a t e d .  

A. S h e l l  conservat ion  measures 

1. Added i n s u l a t i o n  ( i n c l u d i n g  d o u b l e p a n e  windows) 
2 .  Weatherization (reduced i n f i l t r a t i o n )  
3 .  Reduced s o l a r  absorptance 
4 .  Window shading 
5 .  Drape c l o s i n g  

B. Internal  load measures 
1 .  Ref r igera  tor  rep1 acement 

C. Equipment measures 

1 .  Air  condi t ioner  replacement 
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I n  a d d i t i o n  t o  the  energy s a v i n g s ,  t he  e f f e c t  
of t h e  measures on t h e  peak h o u r l y  ave rage  c o o l i n g  
loads  was i n v e s t i g a t e d .  Although t h i s  may not 
a f f e c t  t he  homeowner d i r e c t l y ,  i t  could  a f f e c t  t h e  
owner i n d i r e c t l y  by cha rges  f o r  t h e  u t i l i t y  
c a p a c i t y  and p o s s i b l e  time-of-day r a t e s .  

METHODOLOGY 

The approach used was t o  d e f i n e  a  p ro to type  
ranch house and p r e d i c t  i t s  c o o l i n g  energy use  and 
h o u r l y  i n t e r i o r  t empera tu re s  and humidi ty  r a t i o s  
u s ing  t h e  DOE-2.1B b u i l d i n g  s i m u l a t i o n  model ( 2 ) .  
Human comfort  was then e v a l u a t e d  from t h e s e  
p red ic t ed  c o n d i t i o n s  u s ing  t h e  I n t e r n a t i o n a l  
Organ iza t ion  f o r  S t a n d a r d s  P r e d i c t e d  Mean Vote  
(PMv) r e l a t i o n  ( 3 ) .  I n i t i a l  c o s t s  of t h e  measures 
were e s t ima ted  p r i m a r i l y  from t h e  RCS r e s i d e n t i a l  
r e t r o f i t  d a t a  base  ( 4 ) .  The a n a l y s i s  c o n c e n t r a t e d  
on the  house being loca t ed  i n  Or lando,  FL,  with 
supplementa l  c a l c u l a t i o n s  f o r  t h e  house be ing  
loca t ed  i n  Miami, FL, and Houston, TX. Typ ica l  
Me teo ro log ica l  Year (TMY) weather  d a t a  were used 
f o r  t h e s e  c a l c u l a t i o n s .  

PROTOTYPE HOUSE 

The p ro to type  house s e l e c t e d  f o r  t h i s  s t u d y  
was a  28-ft  by 56-f t  ranch house b u i l t  on a  
c o n c r e t e  s l a b ,  which is t y p i c a l  of one-s tory  houses  
c u r r e n t l y  b u i l t  i n  s o u t h e a s t e r n  Un i t ed  S t a t e s .  
Both frame and masonry c o n s t r u c t i o n  were cons ide red  
s i n c e  many houses  i n  t h a t  r e g i o n  a r e  c o n s t r u c t e d  o f  
c o n c r e t e  b lock.  The house has a  gab le  roof  with 
2 - f t  overhangs.  It has  178  f t 2  g l a z i n g ,  which is 
about  11% of t h e  f l o o r  a r e a .  Th i s  i s  s l i g h t l y  
g r e a t e r  t han  t h e  8-10% n a t i o n a l  average  (51,  and 
r e f l e c t s  t he  i n c l u s i o n  of a  s l i d i n g  g l a s s  door on 
t h e  r e a r  wal l  and windows on t h e  end wa l l s .  

A family  o f  fou r  was assumed t o  occupy t h e  
house .  The i n t e r n a l  load gene ra t ed  by t h i s  fami ly  
was about  76,300 Btufdav,  of which 25,100 Btu/day 
i s  l a t e n t .  Th i s  i s  a  s l i g h t  m o d i f i c a t i o n  of t h e  
i n t e r n a l  load p r o f i l e  developed by t h e  F l o r i d a  
S o l a r  Energy Center  ( 6 ) ,  bu t  t h e  h o u r l y  load 
d i s t r i b u t i o n  was assumed t o  be e s s e n t i a l l y  t h a t  
developed by t h e  C e n t e r .  

Cool ing and h e a t i n g  of t h e  house *re  done by 
a  c e n t r a l  a i r  c o n d i t i o n i n g  u n i t  and e l e c t r i c  
r e s i s t a n c e  h e a t e r s ,  which i s  common i n  hot  humid 
c l i m a t e s .  Only a i r  c o n d i t i o n i n g  u n i t s  c u r r e n t l y  on 
t h e  market were cons ide red  i n  t h i s  s tudy .  
C a p a c i t i e s  of t h e s e  u n i t s  v a r i e d  from 23,400 Btu/h  
t o  42,000 Btu/h ,  and t h e  energy e f f i c i e n c y  r a t i o s  
(EERS)  of t he  u n i t s  va r i ed  from 6  t o  11.8. Data 
t h a t  were ob ta ined  from t h e  manufac tu re r s  were used 
t o  d e s c r i h e  t h e  performance of t h e s e  u n i t s .  I t  was 
assumed t h a t  t h e s e  u n i t s  had a  d e g r a d a t i o n  
c o e f f i c i e n t  of 0.2 t o  account  f o r  t h e  c y c l i n g  
l o s s e s .  

DOE-2.1B PROGRAM 

The DOE-2.1B program i s  a  p u b l i c  domain 
computer a s s i s t e d  model t h a t  d e s c r i b e s  t h e  f low o f  
h e a t  i n  a  b u i l d i n g  and the  a s s o c i a t e d  
space -cond i t i on ing  equipment on an h o u r l y  b a s i s  
( 2 ) .  The program u s e s  d e t a i l e d  d a t a  of t h e  
h u i l d i n g  geometry and c o n s t r u c t i o n ,  t h e  

space -cond i t i on ing  equipment ,  and t h e  weather to 
p r e d i c t  t h e  ene rgy  flow. I n t e r n a l  l oads  i n  t h e  
form of peop le ,  l i g h t s ,  and equipment,  a s  wel l  as 
any i n f i l t r a t i o n  and v e n t i l a t i o n  a i r ,  a r e  
i n c o r p o r a t e d  i n  t h e  energy f low d e s c r i p t i o n .  Heat 
Flow through a l l  i n t e r n a l  and e x t e r n a l  b u i l d i n g  
s u r f a c e s  i s  assumed t o  he one-dimensional .  

The program uses  a  s e q u e n t i a l  approach t o  
c a l c u l a t e  t h e  ene rgy  consumed by t h e  h e a t i n g  and 
a i r - c o n d i t i o n i n g  equipment.  T t  f i r s t  de t e rmines  
t h e  h e a t i n g  o r  c o o l i n g  loads  i n  each zone of t h e  
b u i l d i n g ,  assuming t h a t  t h e  i n t e r i o r  t empera tu re  i~ 
each zone i s  f i xed .  These Fixed t empera tu re  l oads  
a r e  t hen  passed on t o  t h e  next  p a r t  of t h e  program 
where the  a c t u a l  zone t empera tu re s  and t h e  amount 
of h e a t  added o r  e x t r a c t e d  by t h e  h e a t i n g  and 
c o o l i n g  equipment a r e  c a l c u l a t e d .  

Mois ture  removal is an impor t an t  a s p e c t  of a i  
c o n d i t i o n i n g  i n  ho t  humid c l i m a t e s .  For  
r e s i d e n t i a l  c o o l i n g  sys tems,  t h e  program assumes 
t h a t  t he  a i r - c o n d i t i o n i n g  u n i t  i s  t empera tu re  
c o n t r o l l e d .  I t  f i r s t  c a l c u l a t e s  t he  s e n s i b l e  h e a t  
e x t r a c t e d  by t h e  u n i t  each hour  and t h e  f r a c t i o n  o  
t h e  hour t h a t  t h e  u n i t  i s  o p e r a t i n g .  For each hou 
t h a t  t h e  u n i t  does  o p e r a t e ,  a  s t e a d y  s t a t e  m i s t u r ( -  
h a l a n c e  i s  performed f o r  each zone and a c r o s s  t h e  
u n i t ' s  c o o l i n g  c o i l .  I f  t h e  dewpoint of t h e  a i r  
l e a v i n g  t h e  c o o l i n g  c o i l  is  above t h e  c o i l ' s  
s u r f a c e  t empera tu re ,  t h e  exces s  i m i s t u r e  i s  assumed 
t o  condense on t h e  c o i l .  

There a r e  two major assumpt ions  i n  t h i s  
m o i s t u r e  removal p rocedure .  The f i r s t  is t h a t  t h e  
mo i s tu re  ba l ance  i s  t h e  average  fo r  t he  hour and 
does no t  accoun t  f o r  changes i n  t h e  humid i ty  a s  t h e  
a i r  c o n d i t i o n e r  c y c l e s  w i t h i n  t h e  h o u r .  Thus,  t h e  
impact of c y c l i n g  i n  t he  humid i ty  change d u r i n g  t h e  
hour  cannot  be a s c e r t a i n e d .  The second is t h a t  t h e  
e f f e c t  of m o i s t u r e  absorbed and desorbed i n  t h e  
b u i l d i n g  s u r f a c e s  and f u r n i t u r e  on t h e  c o o l i n g  
energy use i s  n e g l e c t e d .  Recent work by F a i r e y  e t  
a l . ,  i n d i c a t e s  t h a t  t h i s  may be an impor t an t  
pa rame te r ,  p a r t i c u l a r l y  when windows a r e  opened 
d a i l y  t o  conserve  energy ( 7 ) .  Some c a u t i o n ,  
t h e r e  f o r e ,  must be used i n  i n t e r p r e t i n g  t h e  r e s u l t s  
p r e d i c t e d  by t h i s  program. 

During t h e  hour s  when a i r  c o n d i t i o n i n g  i s  
not  r e q u i r e d ,  it was assumed t h a t  t h e  i n t e r i o r  a i r  
humidi ty  r a t i o  equa led  t h e  ou tdoor  a i r  humid i ty  
r a t i o .  T h i s  i s  r e a s o n a b l e ,  a l t hough  it may be  
h i g h e r  than t h i s  a t  t imes  because  of t h e  i n t e r n a l  
m o i s t u r e  load.  

P W  COMFORT INDEX 

The DOE-2.18 p r e d i c t e d  i n t e r i o r  c o n d i t i o n s  
were conve r t ed  i n t o  t h e  PMV comfor t  i ndex  u s i n g  
t h e  r e l a t i o n  pub l i shed  i n  I n t e r n a t i o n a l  S t anda rd  
IS0 7730 ( 3 ) .  T h i s  r e l a t i o n ,  developed by Fanger  
(81 ,  i s  b a s i c a l l y  an energy ba l ance  on t h e  body. 
It assumes t h a t  a  pe r son ' s  s k i n  t empera tu re  and 
sweat r a t e  a t  comfort  a r e  l i n e a r l y  r e l a t e d  t o  t h a t  
p e r s o n ' s  m e t a b o l i c  r a t e .  

The PMV r e l a t i o n  c o n t a i n s  a  te rm c o n v e r t i n g  
t h e  energy ba l ance  t o  a  comfort  i ndex .  Th i s  i ndex  
r anges  from -3 f o r  a  person f e e l i n g  v e r y  c o l d ,  t o  
0 f o r  a  person f e e l i n g  minimum the rma l  d i s c o m f o r t ,  
and t o  3  For a  person f e e l i n g  v e r y  h o t .  G e n e r a l l y ,  
i t  i s  d e s i r a b l e  t o  m a i n t a i n  t h e  PMV index between 
-0.5 and 0.5 ( 3 ) .  
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RESULTS 

Both the  homeowner and the  u t i l i t y  can b e n e f i t  
from t h e  i n s t a l l a t i o n  of t h e  c o n s e r v a t i o n  measures .  
The homeowner can r e a l i z e  energy c o s t  s av ings  and 
the  u t i l i t y  can have a  lower d e l i v e r e d  power l e v e l .  
A s i m p l i f i e d  e v a l u a t i o n  us ing  t h e  p r e d i c t e d  energy 
and peak power s av ings  and t y p i c a l  r e t r o f i t  measure 
c o s t s  was done i n  t h i s  s tudy .  I t s  purpose was t o  
i n d i c a t e  which measures a r e  most promis ing.  
Measure i n s t a l l a t  ion  and e l e c t r i c a l  energy c o s t s  
va ry ,  and the  r e s u l t s  p re sen ted  must be i n t e r p r e t e d  
wi th  t h i s  i n  mind. 

I t  was p r e d i c t e d  t h a t  t h e  energy 
conse rva t ion  measures would not r e s u l t  i n  human 
d i scomfor t  f o r  any oE t h e  measures.  There were 
some i n c r e a s e s  i n  t h e  PMV i n d i c e s ,  but  t hey  were 
not s u f f i c i e n t l y  l a r g e  t o  r e s u l t  i n  d i scomfor t  
(PMV > 0 .5 ) .  The energy s a v i n g s  p re sen ted  i n  t h i s  
paper a r e  approximate  v a l u e s  p r e d i c t e d  i n  t h e  
s tudy .  D e t a i l s  of t h e  p r e d i c t e d  energy consumption 
and sav ings  f o r  t he  d iEEerent  measures w i l l  be 
p re sen ted  i n  t h e  r e p o r t  f o r  t h i s  s t u d y  ( 9 ) .  

TEHPERATURE SETPOINTS 

The p ro to type  house the rmos ta t  s e t p o i n t s  were 
70°F f o r  h e a t i n g  and 78°F f o r  c o o l i n g .  T y p i c a l l y ,  
a i r  c o n d i t i o n e r  t h e r m o s t a t s  i n  h o t  humid r e g i o n s  
a r e  s e t  a t  about  78°F t o  80°F ( 1 0 ) .  An ave rage  
person a t  normal a c t i v i t y  l e v e l  w i l l  have t o  l i m i t  
h i s  o r  h e r  c l o t h i n g  t o  a  t r o p i c a l  ensemble ( l i g h t ,  
open-neck s h i r t  with s h o r t  s l e e v e s ,  s h o r t s ,  and 
s a n d a l s )  a t  t imes  t o  ma in t a in  comfort  a t  t h e s e  
t empera tu re s .  

The s e t p o i n t s  have a  g r e a t  i n f l u e n c e  on energy 
consumption, as  i l l u s t r a t e d  i n  F i g .  2a.  For a 
frame p ro to type  house i n  Or lando having on ly  R-11 
c e i l i n g  i n s u l a t i o n ,  t h e  c o o l i n g  energy r equ i r emen t  
i s  i nc reased  19% by lower ing t h e  coo l ing  
tempera ture  s e t t i n g  from 78°F t o  76°F. 

Inc reased  c o o l i n g  t empera tu re  s e t t i n g s  could  
r e s u l t  i n  thermal  d i scomfor t  t o  t he  occupan t s .  I f  
t h e  occupants  a r e  wearing l i g h t  summer ensembles 
( s h o r t - s l e e v e  s h i r t ,  l ong ,  l i g h t w e i g h t  t r o u s e r s ,  
l i g h t  socks and s h o e s ) ,  they may s u f f e r  d i scomfor t  
a t  t imes  when t h c  s e t p o i n t  i s  78°F. Th i s  i s  
i l l u s t r a t e d  i n  F i g .  2h ,  where t h e r e  a r e  a  few ( 1 5 )  
hours  where t h e  PMV index exceeds  0 .5 .  Changing 
t h e  t r o p i c a l  ensembles ,  t h e  occupants  can be 
comfor table  a t  78"F, bu t  w i l l  beg in  t o  be  
uncomfortable a t  8O0F ( F i g .  2 c ) .  Th i s  shows the  
importance of l i f e s t y l e ,  such a s  the  amount o f  
c l o t h i n g  worn, on c o o l i n g  energy consumption. 

ROUSE ENVELOPE UEASURES 

Typ ica l  energy sav ings  and s imple  payback 
t imes f o r  t he  conse rva t ion  measures app l i ed  t o  t h e  
p ro to type  house a r e  l i s t e d  i n  Table  2. Values a r e  
p re sen ted  f o r  bo th  on ly  t h e  c o o l i n g  season and f o r  
t h e  combined c o o l i n g  and h e a t i n g  seasons .  I n  
Orlando and Houston, t he  h e a t i n g  season  energy 
sav ings  exceed t h e  coo l ing  season  energy sav ings .  
The o p p o s i t e  i s  t r u e  f o r  Miami. 

I f  t he  house has  no i n s u l a t i o n ,  i n s t a l l i n g  
c e i l i n g  i n s u l a t i o n  is a t t r a c t i v e  a t  a l l  l o c a t i o n s  
with payback t imes  ranging from 2 t o  4  y e a r s .  Once 
the  house has  some c e i l i n g  i n s u l a t i o n ,  R-11 t o  

R-19, f u r t h e r  a d d i t i o n  of i n s u l a t i o n  i s  not  c o s t  
e f f e c t i v e  t o  t h e  homeowner. The a d d i t i o n  of w a l l  
i n s u l a t i o n  i s  somewhat a t t r a c t i v e  f o r  frame houses  
i n  Orlando and Houston, but  not  i n  Miami. It i s  
not  a t t r a c t i v e  f o r  masonry houses  i n  a l l  t h r e e  
c i t i e s  because  oE the  expense of adding i n s u l a t i o n  
and cove r ing  i t  with s t u c c o  o r  b r i c k .  

llouses i n  h o t  humid c l i m a t e  r e g i o n s  
g e n e r a l l y  have s ing le -g l azed  windows. Energy 
sav ings  can be r e a l i z e d  by add ing  s torm windows, 
h u t  t hey  a r e  r e l a t i v e l y  expens ive ,  having s imp le  
payback t imes  oE 14 y e a r s  o r  g r e a t e r .  

Wea the r i za t ion  ( r e d u c i n g  a i r  i n f i l t r a t i o n )  i s  
a t t r a c t i v e  i f  i t  is a  homeowner do - i t -your se l f  
p r o j e c t ,  because  m a t e r i a l  c o s t s  a r e  r e l a t i v e l y  
i nexpens ive .  Th i s  measure i s  l a b o r - i n t e n s i v e ,  so  
payback t imes  f o r  c o n t r a c t o r  i n s t a l l a t  i on  a r e  
h i g h e r .  I n  Orlando and Houston,  most of t h e  
s a v i n g s  i s  f o r  h e a t i n g  ene rgy ,  whi le  i n  Miami, most 
of t h e  s av ings  i s  f o r  c o o l i n g  ene rgy .  T h i s  measure 
i s  more a t t r a c t i v e  f o r  houses l o c a t e d  i n  c o o l e r  
c l i m a t e s .  For t h e  p ro to type  house l o c a t e d  i n  
Houston, f o r  example, even c o n t r a c t o r  weather i -  
z a t i o n  i s  a t t r a c t i v e  ( abou t  5 y e a r s  s i m p l e  
payback) .  

P a i n t i n g  t h e  w a l l s  of t h e  house  wi th  a  l i g h t  
c o l o r  (wh i t e  o r  l i g h t  g r e e n )  is an a t t r a c t i v e  
energy sav ing  o p t i o n  i f  i t  i s  a  homeowner 
do - i t -your se l f  p r o j e c t .  Th i s  measure is a l s o  l a b o r  
i n t e n s i v e ,  t h u s ,  having a  c o n t r a c t o r  t o  p a i n t  t h e  
w a l l s  i s  expens ive .  E x t e r i o r  wa l l  s u r f a c e s  a r e  
g e n e r a l l y  pa in t ed  p e r i o d i c a l l y ,  even i f  a 
c o n t r a c t o r  i s  employed. S e l e c t i n g  a  l i g h t  c o l o r  
p a i n t  a t  t h e  t ime of p a i n t i n g  w i l l  r e s u l t  i n  lower 
energy c o s t s  with very  l i t t l e ,  i f  any, a d d i t i o n a l  
c o s t  t o  t h e  homeowner. L i g h t  c o l o r  p a i n t s  have  
lower s o l a r  a b s o r p t a n c e s ,  which means lower h e a t  
g a i n s  through the  w a l l s .  Th i s  measure i s  then most 
a t t r a c t i v e  i n  r eg ions  where c o o l i n g  energy use  is  
r e l a t i v e l y  l a r g e .  For c o o l e r  r e g i o n s ,  however, 
t h e r e  i s  l i t t l e  o r  no advantage  i n  u s ing  l i g h t  
c o l o r  p a i n t s ,  s i n c e  t h i s  w i l l  a l s o  r e s u l t  i n  
i nc reased  h e a t i n g  energy c o s t .  

A d d i t i o n a l  c o o l i n g  energy s a v i n g s  can be 
o b t a i n e d  by u s i n g  r o o f s  wi th  low s o l a r  abso rp t ance .  
Roofing i s  g e n e r a l l y  i n s t a l l e d  by c o n t r a c t o r s ,  
which makes t h i s  measure u n a t t r a c t i v e  f o r  energy 
sav ings  a lone .  Roofing has  t o  be r e p l a c e d  
p e r i o d i c a l l y ,  and,  a t  t h a t  t ime ,  c o n s i d e r a t i o n  
should he g iven t o  u s ing  l i g h t  c o l o r  m a t e r i a l  i n  
h o t  humid c l i m a t e s .  

E i t h e r  i n t e r i o r  o r  e x t e r i o r  shad ing  of windows 
a g a i n s t  d i r e c t  s o l a r  r a d i a t i o n  w i l l  reduce  t h e  
c o o l i n g  energy r equ i r emen t s .  Simply c l o s i n g  t h e  
d r a p e s  a t  t h e s e  t imes  is, of c o u r s e ,  a  c o s t -  
e f E e c t i v e  way of reducing c o o l i n g  energy c o s t s .  
A d d i t i o n a l  s a v i n g s  can be r e a l i z e d  by us ing  l i g h t  
c o l o r ,  c l o s e  weave d r a p e s ,  b u t  window d rape  
replacement  i s  expensive  r e l a t i v e  t o  t h e  c o s t  o f  
saved energy.  However, d r a p e r y  l i n e r s  a r e  
a v a i l a b l e  a t  a  r ea sonab le  c o s t  t h a t  can  be hung 
from t h e  same hardware a s  t he  d r a p e s .  Simple 
payback t imes  f o r  t hese  l i n e r s  a r e  about  5 t o  6  
y e a r s  f o r  t h e  p ro to type  house l o c a t e d  i n  t h e  t h r e e  
c i t i e s  i n v e s t i g a t e d .  

Awnings can be used t o  reduce  c o o l i n g  energy 
use ,  bu t  t hey  a r e  expens ive  r e l a t i v e  t o  t h e  c o s t  
o f  t he  saved energy.  Unless  t h e r e  a r e  o t h e r  
r ea sons  f o r  i n s t a l l i n g  awnings,  such a s  r a i n  
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Fig. 2 .  Effect  of cool ing temperature se tpo int  and c lo th ing  on cool ing energy use and comfort f o r  a frame 
prototype house in  Orlando, FL: (a) cool ing energy use ,  (b) comfort indices  for  l i g h t  summer ensemble 
minimum clothing,  ( c )  comfort indices  f o r  tropical  ensemble minimum c loth ing .  
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T a b l e  2 .  Some t y p i c a l  energy  c o s t  s a v i n g s  and s i m p l e  payhacks  f o r  
p r o t o t y p e  house e n v e l o p e  r e t r o f i t  mensnres  ( e l e c t r i c i t y  c o s t  6LIkWh). 

Approximate Cos t  of Simp1 e Payback 
Annual Sav i n g s  Measure. $ Time, y e a r s  

Measure and Loca t i o n  kW h $ C o n t r a c t o r  Do-I t -Yourse l f  C o n t r a c t o r  Do-It-Yoursel  f  

1. Added c e i l i n a  i n s u l a t i o n  

R-0 t o  R-11, Cool ing  
Or lando and M i a m i  

R-0 t o  R-11, Cool ing  and  n e a t i n g  
Or1 m d o  
M i a m i  

R-0 t o  R-19, Cool ing 
Or1 ando and Miami 

U-0 t o  R-19, Cool ing  and H e a t i n g  
Or1 ando 
Miami 

R-19 t o  R-3 8. Cool i n g  
Or1 ando 
Houston 

R 1 9  t o  R-38, Cool i n 8  and B e a t i n g  
Or1 ando 
Houston 

2.  Added w a l l  i n s u l a t i o n  

R-0 t o  R-11, Cool ing  
Or1 ando 
Houston 

R-0 t o  R-11, Cool ing  and H e a t i n g  
Or1 ando 
Houston 

3 .  Storm windows 

1 t o  2 Panes ,  Cool i n g  
Or lando 
Houston 

1 t o  2 Panes,  Cool ing  and B e a t i n g  
Or1 ando 
Houston 

4. W e a t b e r i x a t i o n  

1 t o  0 -57 AIP, a Cool ing  
Or1 ando 
Miami 
Hous t  on 

1 t o  0.57 AIP,' Cool ing  and H e a t i n g  
Or1 ando 
Miami 
Houston 

1.43 t o  0.57 AIF.' Cool ing  
Or1 ando 
Miami 
Houston 

1 .43  t o  0.57 AIF,' Cool ing  and H e a t i  
Or1 ando 
M i a m i  
nous t  on 

5. Reduced w a l l  s o l a r  a b s o r v t a n o e  

0.7 t o  0 . 3  Ahsorptance ,  C o o l i n g  
Or1 ando 
M i a m i  
Houston 

0.7 t o  0.3 Ahsorptance ,  C o o l i n g  and  H e a t i n g  
Or1 ando 
Miami 
Bouat on 

6 .  Shading  

Drape Rep1 acement,  Cool ing 
Or1 ando 
M i a m i  
Eons t  on 

Awnings, Cool ing  
Or1 ando 
M i a m i  
Eous t  on 

'AIF i s  a i r  i n f i l t r a t i o n  f a c t o r  d e f i n e d  a s :  

ACJl = AIF 10.252 + 0.0218 V + 0.0084 AT I ,  

where ACE = a i r  chsnges  p e r  hour ,  V = wind speed ,  mph, and 
T = t e m p e r a t u r e  d i f f e r e n c e ,  OF. T y p i c a l l y ,  annual  average  AQI = 0 . 6  f o r  
AIP = 1 .O. 

4 8 
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p r o t e c t i o n ,  they do not appear  t o  be c o s t  
e f f e c t i v e .  

REPLACEMENT REFRIGERATORS 

Ai r - cond i t i on ing  energy use  i s  very  dependent 
on t h e  magnitude of  t he  i n t e r n a l  load.  A l a r g e  
p o r t i o n  o f  t h i s  load is due t o  t h e  h e a t  and 
moi s tu re  gene ra t ed  by the  occupan t s ,  themselves .  
Assuming t h a t  t h e  number of occupan t s  remain t h e  
same, t h e  r e f r i g e r a t o r  g e n e r a t e s  an a p p r e c i a b l e  
pa r t  of t h e  remaining s e n s i b l e  hea t  l oad .  

The e f f i c i e n c y  of American-made r e f r i g e r a t o r s  
has  been improving du r ing  the  r e c e n t  y e a r s ,  
a l though t h e r e  has been l i t t l e  improvement d u r i n g  
t h e  l a s t  2 t o  3  y e a r s .  Depending on t h e  age of t h e  
e x i s t i n g  r e f r i g e r a t o r ,  up t o  800 kWh per year  
d i r e c t  s a v i n g s  and up t o  200 kWh per  year  combined 
h e a t i n g  and coo l ing  energy sav ings  could be 
r e a l i z e d  by purchase of a  new ave rage  e f f i c i e n c y  
r e f r i g e r a t o r .  Thus, t h e  homeowner could  save  up t o  
$60 per yea r  energy c o s t  ( 6 4  per kwh). T y p i c a l  
i n i t i a l  c o s t s  of new r e f r i g e r a t o r s  a r e  about $650 
t o  $850 ( 1 1 ) .  These a r e  no t  s u f f i c i e n t l y  low t o  
warrant replacement .  

I f  t h e  r e f r i g e r a t o r  does  need major  r e p a i r  o r  
replacement ,  purchase  of a  h i g h - e f f i c i e n c y  u n i t  i s  
a  good inves tment .  A h i g h - e f f i c i e n c y  r e f r i g e r a t o r  
c o s t s  about  $60 t o  $100 more and uses  about  200 kWh 
l e s s  energy than an average  u n i t  c u r r e n t l y  being 
marketed ( 1 1 ) .  In  h o t  humid c l i m a t e s ,  t h e  h igh-  
e f f i c i e n c y  u n i t  will r e s u l t  i n  smal l  (20 kwh t o  8 0  
kwh) combined h e a t i n g  and c o o l i n g  energy s a v i n g s .  
For  6 c e n t s  per  kwh e l e c t r i c i t y  c o s t ,  t h i s  
t r a n s l a t e s  t o  a  t y p i c a l  annual c o s t  s a v i n g s  
s l i g h t l y  g r e a t e r  than $18 pe r  y e a r ,  which imp l i e s  
s imple  payback t imes  o f  2 .3  t o  6 y e a r s .  These  
sav ings  a r e  i n  a d d i t i o n  t o  t hose  ob ta ined  by 
r e p l a c i n g  an o ld  u n i t .  

REPLACEMENT AIR CONDITIONERS 

Very s i g n i f i c a n t  coo l ing  energy sav ings  can  
be  r e a l i z e d  by r e p l a c i n g  an  e x i s t i n g  

a i r - c o n d i t i o n i n g  u n i t  with a  h i g h e r  e f f i c i e n c y  urti t  
(Table  3 ) .  I f  t h e  e x i s t i n g  u n i t  ha s  an EER o f  
about  6 ,  about one - th i rd  of t h e  c o o l i n g  energy 
r equ i r emen t s  can be saved by r e p l a c i n g  i t  with a  
u n i t  having an  EER of about  8 .  I f  it was r e p l a c e d  
wi th  a  u n i t  having an EER o f  about  1 1 . 5 ,  about 
one-half  of t h e  c o o l i n g  energy r equ i r emen t s  cou ld  
be  saved.  For t h e  p ro to type  house ,  t h e s e  
pe rcen tages  t r a n s l a t e  t o  be  2000 kWh t o  4000 kWh 
annua l  s a v i n g s  f o r  Or l ando  and Houston,  and 2500 
kWh t o  5000 kwh f o r  Miami. 

O v e r s i z i n g  t h e  a i r - c o n d i t i o n i n g  u n i t  w i l l  
r e s u l t  i n  some p e n a l t y  i n  t h e  annual  ene rgy  u s e ,  
but  t h e  e f f e c t  i s  r e l a t i v e l y  sma l l .  For  example, a  
p r o t o t y p e  house  i n  Or lando r e q u i r e s  8 6  kwh more 
e l e c t r i c i t y  per  yea r  i f  it has  a  28,200 Btu/h 
c a p a c i t y ,  9.17 EER a i r  c o n d i t i o n e r  i n s t e a d  of a  
23,800 Btu/h c a p a c i t y ,  9.12 EER a i r  c o n d i t i o n e r .  
The r e s u l t s  demons t r a t e  t h a t  u n l e s s  t h e  u n i t  i s  
g r a a t l y  o v e r s i z e d ,  t h e  EER i s  much more impor t an t  
t han  t h e  u n i t ' s  c a p a c i t y  f o r  t h e  c o o l i n g  ene rgy  
use .  

Although t h e r e  a r e  s u b s t a n t i a l  c o o l i n g  energy 
s a v i n g s ,  a i r  c o n d i t i o n e r  replacement  i s  n o t  
a t t r a c t i v e  t o  t h e  homeowner because  of t he  i n i t i a l  
c o s t  of t h e  new u n i t  ( T a b l e  3 ) .  For  t h e  p r o t o t y p e  
house ,  annual  energy c o s t  s a v i n g s  of $100 t o  $200 
per  y e a r  can be r e a d i l y  o b t a i n e d ,  but t h e  s imp le  
payback t imes  a r e  g e n e r a l l y  g r e a t e r  t han  10 y e a r s .  
Much depends on t h e  c a p a c i t y  of t h e  i n s t a l l e d  
u n i t s ,  s i n c e  t h e  i n i t i a l  c o s t  i n c r e a s e s  r a p i d l y  
wi th  t h e  c a p a c i t y  of t h e  u n i t .  Because of t h i s ,  
t h e r e  i s  a  s e r i o u s  c o s t  p e n a l t y  f o r  o v e r s i z i n g .  

I f  t h e  e x i s t i n g  a i r - c o n d i t i o n i n g  u n i t  needs  
o r  i s  c l o s e  t o  needing r ep l acemen t ,  t hen  t h e  
homeowner should  i n v e s t i g a t e  pu rchas ing  a  h igh-  
e f f i c i e n c y  u n i t .  Typ ica l  c e n t r a l  a i r - cond i t i on -  
i ng  u n i t s  be ing  purchased today have r a t e d  EERs o f  
about  8  ( 1 1 ) .  Pu rchase  of s t i l l  h i g h e r  e f f i c i e n c y  
u n i t s  i s  warranted  because  of t h e  r e l a t i v e l y  sma l l  
a d d i t i o n a l  c o s t s  f o r  t h e  h i g h e r  e f f i c i e n c y  u n i t s .  
For  t h e  c a s e s  i n v e s t i g a t e d  i n  t h i s  s t u d y ,  s imp le  
payback t imes  of 2  t o  4 y e a r s  were p r e d i c t e d  f o r  4 
homeowner i n s t a l l i n g  a  u n i t  hav ing  a n  EER o f  11 .8  
i n s t e a d  of one hav ing  an EER o f  8  (Tab le  3 ) .  

Table  3 .  Some t y p i c a l  energy c o s t  s a v i n g s  and s i m p l e  paybacks 
f o r  p r o t o t y p e  house rep lacement  a i r  c o n d i t i o n e r s .  

EER 6 to  8  
Or1 ando 
Miami 
Houston 

EER 6 t o  9 
Or1 ando 
Miami 

EER 6 t o  1 1 . 8  
Or1 ando 
Mi an1 i 
~ O U S  t  on 

EER 8  t o  1 1 . 8  
Or1 ando 2500  150  - 
Miami 3100  190  - 
Houston 1700  1 0 0  - 

Simp1 e  
Dif  f e r e o t i a l  Payback 

C o s t ,  $ Time, y e a r s  
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PEAK POWER SAVINGS 

The r e t r o f i t  energy conse rva t ion  measures 
t h a t  would r e s u l t  i n  t he  g r e a t e s t  peak power 
s av ings  a r e  l i s t e d  i n  Tab le  4.  Reduction of peak 
power demand i s  of i n t e r e s t  t o  t h e  u t i l i t y ,  s i n c e  
t h e  a d d i t i o n  of g e n e r a t i n g  c a p a c i t y  is  expensive .  
The i n i t i a l  c o s t  of a  g e n e r a t i n g  u n i t  depends on 
i t s  type and s i z e .  Typ ica l  c o s t s  of u n i t s  s t a r t i n g  
o p e r a t i o n  a t  t h e  p r e s e n t  t ime a r e  $400 per kW 
c a p a c i t y  f o r  gas -o i l  t u r b i n e s  (121,  $1200 p e r  kW 
c a p a c i t y  f o r  c o a l - f i r e d  p l a n t s  ( 1 3 ) ,  and 
$1500 p e r  kW c a p a c i t y  f o r  n u c l e a r  p l a n t s  (14 ) .  
(Although gas-oi l  t u r b i n e  u n i t s  a r e  l e s s  expen- 
s i v e ,  t he  c o s t  of e l e c t r i c a l  energy gene ra t ed  by 
t h e s e  u n i t s  is high because  of h igh  f u e l  c o s t s . )  

During t h e  c o o l i n g  season ,  t h e  measure 
r e s u l t i n g  i n  t he  g r e a t e s t  peak power s av ings  i s  
replacement of t h e  a i r - c o n d i t i o n i n g  u n i t .  A s  
s t a t e d  p r e v i o u s l y ,  replacement  of e x i s t i n g  u n i t s  
t h a t  a r e  i n  good o p e r a t i n g  c o n d i t i o n  i s  not 
n e c e s s a r i l y  c o s t  e f f e c t i v e  t o  t he  homeowner. When 
t h e  u n i t s  do need replacement ,  however, t h e  e x t r a  
c o s t  f o r  h i g h - e f f i c i e n c y  u n i t s  appears  t o  be  
warranted  (Table  3 ) .  The homeowner could  be 
encouraged t o  purchase  t h e  h i g h e r  e f f i c i e n c y  
replacement u n i t  by some i n i t i a l  monetary 

a s s i s t a n c e  from the  u t i l i t y ,  s i n c e  t h e  u t i l i t y  
would r e a l i z e  a  peak load r e d u c t i o n .  

The envelope  energy c o n s e r v a t i o n  measures have 
r e l a t i v e l y  smal l  impact on t h e  peak power du r ing  
t h e  c o o l i n g  season.  Th i s  is because  t h e  peak power 
demands i n  a  home u s u a l l y  occur  du r ing  l a t e  
a f t e r n o o n .  At t h a t  t ime, t h e  d a i l y  peak h e a t  
energy has  p e n e t r a t e d  through t h e  wa l l s  and c e i l i n g  
t o  t he  i n t e r i o r ,  and the  i n t e r n a l  l oads  i n c r e a s e  
due t o  r e t u r n i n g  occupants  and meal p r e p a r a t i o n .  
These measures do r e s u l t  i n  some r e d u c t i o n  i n  t h e  
peak power, however, which would a l l o w  t h e  use of 
s m a l l e r  a i r - c o n d i t i o n i n g  u n i t s .  S ince  the  i n i t i a l  
c a p i t a l  c o s t  of t h e  u n i t s  is  q u i t e  s e n s i t i v e  t o  t he  
r a t e  c a p a c i t y ,  t h e  envelope  measures w i l l  r educe  
t h e  payback t imes f o r  t he  replacement  a i r  
c o n d i t i o n e r s  t o  t h e  homeowner. 

During the  h e a t i n g  season ,  t h e  peak power 
s av ings  a r e  r e a l i z e d  ~ r i m a r i l y  through t h e  enve- 
l o p e  c o n s e r v a t i o n  measures .  Houses i n  ho t  humid 
c l i m a t e s  o f t e n  have ve ry  l i t t l e  i n s u l a t i o n  and 
r e l a t i v e l y  high a i r  i n f i l t r a t i o n  r a t e s .  I f  t he  
house has  no i n s u l a t i o n ,  it i s  ve ry  b e n e f i c i a l  t o  
add c e i l i n g  and wal l  i n s u l a t i o n ,  even i n  Miami. 
For t he  p ro to type  house ,  peak power s av ings  o f  
about  2.5 kW and 1 . 3  kW cou ld  be o b t a i n e d  by adding 
c e i l i n g  and wal l  i n s u l a t i o n ,  r e s p e c t i v e l y .  Adding 

Table  4. R e t r o f i t  measures having s i g n i f  ioan t  peak power savings. 

Cooling Heating 
Typical Qpica l  

Location Measure 
Savings 

kW Measure 
Savings 

kW 

O r 1  ando 

Miami 

Houston 

Repl acement Air 
EER 6  t o  8  
EER 6  t o  11.8 
EER 8  t o  11.8 

Repl acement Air  
EER 6 t o  8 
EW 6  t o  11.8 
EER 8  t o  11.8 

Repl acement A i r  
EER 6  t o  8  
EER 6  t o  11.8 
EER 8  t o  11.8 

Conditioner 

Conditioner 

Conditioner 

Added Ce i l ing  I n s u l a t i o n  
&O to  R-19 
R-11 t o  R-19 
R-19 t o  R-38 

Added Wall I n s u l a t i o n  
R-0 t o  R-11 

Storm Windows 
Weather izat ion 

1 t o  0.57 AIFa 
1.43 t o  0.57 AIFa 

Added Ce i l ing  I n s u l a t i o n  
R-0 t o  R-19 
R-11 t o  R-19 

Weather izat ion 
1 t o  0.57 AIFa 
1.43 t o  0.57 AIFa 

Added Ce i l ing  I n s u l a t i o n  
R-0 t o  R-19 
R-19 t o  R-38 

Added Wall I n s u l a t i o n  
R-0 t o  R11 

Storm Windows 
Weather izat ion 

1 t o  0.57 A I F ~  
1.43 t o  0.57 AIF' 

'AIF i s  a i r  i n f i l t r a t i o n  f a c t o r  def ined as: 

ACT1 = AIF t0.252 + 0.0218 V + 0.0084 AT I ,  

where ACE = a i r  changes per  hour, V = wind speed, mph, and 
T  = temperature d i f fe rence ,  OF. Typical ly ,  annual average ACH = 0.6 f o r  
AIF = 1 .0 .  
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more i n s u l a t i o n  t o  houses i n  hot  humid r eg ions  t h a t  
a l r e a d y  have w a l l  and c e i l i n g  i n s u l a t i o n  r e s u l t s  i n  
on ly  l i m i t e d  peak power s av ings .  

Weather iz ing ( r educ ing  a i r  i n f i l t r a t i o n )  t h e  
house w i l l  reduce  t h e  peak power demand d u r i n g  t h e  
h e a t i n g  season .  For  t h e  p ro to type  houses  i n  
Orlando and Miami, peak power s av ings  o f  0 .7  kW t o  
1.5 kW, depending on the  i n i t i a l  a i r  i n f i l t r a t i o n  
r a t e ,  were c a l c u l a t e d .  G r e a t e r  s a v i n g s  were 
c a l c u l a t e d  f o r  Houston. 

It should  be noted  t h a t  t h e  peak power v a l u e s ,  
a s  c a l c u l a t e d  by t h e  WE-2.18 program, a r e  t h o s e  
averaged over  each hour .  A s  such ,  t h e  p r e d i c t e d  
peak power v a l u e s  a r e  independent  of t he  h e a t i n g  
and c o o l i n g  equipment c a p a c i t i e s .  A t  any i n s t a n t ,  
t he  peak power r a t e  f o r  each i n d i v i d u a l  home i s  
r e a l l y  a  f u n c t i o n  of t h e  equipment c a p a c i t y .  
However, a s  averaged over  many homes, t h e  WE-2.1B 
v a l u e s  a r e  m r e  r e p r e s e n t a t i v e .  

CONCLUSIONS 

The most impor t an t  parameter  a f  Eec t ing  t h e  
energy r equ i r ed  t o  a i r  c o n d i t i o n  s i n g l e - f a m i l y  
r e s i d e n c e s  i n  h o t ,  humid c l i m a t e s  i s  t h e  t he rmos ta t  
s e t p o i n t .  T y p i c a l l y ,  a i r - c o n d i t i o n e r  t h e r m o s t a t s  
i n  t h i s  r eg ion  a r e  s e t  a t  about 78°F t o  8 0 ' ~ .  An 
average  person a t  normal a c t i v i t y  l e v e l  w i l l  h ave  
t o  l i m i t  h i s  o r  h e r  c l o t h i n g  a t  t imes  t o  a  t rop -  
i c a l  ensemble t o  m a i n t a i n  comfort  a t  t h e s e  
t empera tu re s .  Otherwise ,  t h e  s e t p o i n t  w i l l  have t o  
be s e t  lower t o  ma in t a in  comfor t .  The amount o f  
energy t o  coo l  a  house would i n c r e a s e  about 10% f o r  
eve ry  deg ree  d e c r e a s e  i n  t h e  s e t p o i n t .  

I t  was p red ic t ed  t h a t  i n s t a l l i n g  the  r e t r o f i t  
energy c o n s e r v a t i o n  measures  i n  a  house  would cause  
t h e  occupants  t o  f e e l  s l i g h t l y  warmer, bu t  not t o  
t h e  e x t e n t  where they would be  uncomfor table .  

During t h e  c o o l i n g  season ,  t he  measure 
g e n e r a l l y  producing t h e  g r e a t e s t  energy sav ings  is 
t h e  replacement  of t he  a i r  c o n d i t i o n e r .  However, 
t h i s  measure is not  c o s t  e f f e c t i v e  t o  t he  homeowner 
un le sa  t he  e x i s t i n g  u n i t  needs major r e p a i r  o r  
replacement .  A t  t h a t  t ime,  purchase  of a  h igh-  
e f f i c i e n c y  u n i t  was p r e d i c t e d  t o  be a  wise 
inves tment .  Peak power demand i s  a l s o  reduced by 
i n s t a l l i n g  a  h i g h - e f f i c i e n c y  a i r  c o n d i t i o n e r ,  and 
t h e r e  may be  some i n c e n t i v e  f o r  t h e  u t i l i t y  t o  a i d  
t h e  homeowner i n  purchas ing t h e  h i g h - e f f i c i e n c y  
u n i t .  

Cool ing energy demand a l s o  can be reduced by 
reducing t h e  i n t e r n a l  load such a s  r e p l a c i n g  t h e  
e x i s t i n g  r e f r i g e r a t o r  with a  h i g h - e f f i c i e n c y  u n i t .  
Again, t h i s  i s  not  c o s t  e f f e c t i v e  u n l e s s  t h e  
r e f r i g e r a t o r  needs  major  r e p a i r  o r  replacement .  A t  
t h a t  t ime ,  purchase  of a  h i g h - e f f i c i e n c y  
r e f r i g e r a t o r  was p r e d i c t e d  t o  be a  v i a b l e  o p t i o n .  

S h e l l  conse rva t ion  measures g e n e r a l l y  r e s u l t  
i n  bo th  coo l ing  and h e a t i n g  energy s a v i n g s  i n  ho t  
humid c l i m a t e s .  They u s u a l l y  a r e  l i m i t e d  i n  
r educ ing  t h e  peak c o o l i n g  ene rgy  demand, bu t  they 
a r e  e f f e c t i v e  i n  reducing t h e  peak h e a t i n g  energy 
demand. 

I f  t he  house does not have i n s u l a t i o n ,  
i n s u l a t i n g  t h e  c e i l i n g  i s  ve ry  c o s t  e f f e c t i v e .  
However, i f  t he  house  a l r e a d y  h a s  c e i l i n g  
i n s u l a t i o n  ( a s  low a s  E l l ) ,  adding more i n s u l a t i o n  
was p r e d i c t e d  t o  r e s u l t  i n  on ly  l i m i t e d  monetary 
s a v i n g s .  R e t r o f i t t i n g  a  house  wi th  wa l l  i n s u l a t i o n  

i s  g e n e r a l l y  expens ive ,  and thus  u s u a l l y  no t  
e f f e c t i v e  i n  h o t  humid c l i m a t e s .  

W e a t h e r i z a t i o n  and p a i n t i n g  t o  reduce  
e x t e r i o r  w a l l  s o l a r  abso rp t ance  a r e  c o s t - e f f  
measures  i f  they a r e  do - i t -your se l f  i n s t a l l a  
Both a r e  l a b o r  i n t e n s i v e  measures  having low 
m a t e r i a l  c o s t s .  G r e a t e r  ene rgy  s a v i n g s  can 
r e a l i z e d  by w e a t h e r i z a t i o n  i n  c o o l e r  c l i m a t e  
t h e  o p p o s i t e  i s  t r u e  Eor r educ ing  t h e  wal l  e 
abso rp t ance .  

Reducing c o o l i n g  ene rgy  use by c l o s i n g  
d r a p e r i e s  a g a i n s t  d i r e c t  s u n l i g h t  i s  e f f e c t i  
G r e a t e r  s a v i n g s  can be o b t a i n e d  by us ing  l i g  
c o l o r ,  c l o s e  weave d r a p e s ,  but  d rape ry  r e p l a  
i s  g e n e r a l l y  expens ive .  There  a r e  d r a p e r y  1 
on t h e  market which a r e  c o s t  e f f e c t i v e  and c  
hung from t h e  same hardware  a s  t h e  e x i s t i n g  
Awnings a l s o  can be used t o  reduce  d i r e c t  s u  
b u t  t hey  do not  appea r  t o  be c o s t  e f f e c t i v e  
of t h e i r  i n i t i a l  expense .  

The above c o n c l u s i o n s  must be c o n s i d e r e  
p r e l i m i n a r y  because  of t h e  l i m i t a t i o n s  i n  t h  
WE-2.1B model and t h e  PMV r e l a t i o n  used i n  
s t u d y .  The WE-2.1B program c a l c u l a t e s  e n e r  
consumption on an h o u r l y  ave rage  b a s i s ,  and 
i t  does not c o n s i d e r  d i f f e r e n t  c y c l i n g  r a t e s  w i t h i n  
t h e  h o u r .  Thus,  swings i n  t h e  i n t e r i o r  t empera tu re  
and humid i ty  w i t h i n  an hour cannot  be p r e d i c t e d ,  
which can be impor tant  i n  h o t  humid r e g i o n s .  The 
program i g n o r e s  any e f f e c t  due t o  m o i s t u r e  
a b s o r p t  i on -deso rp t ion  on t h e  i n t e r i o r  s u r f a c e s .  
T h i s  e f f e c t  i s  n o t  comple t e ly  unde r s tood ,  and 
because  of t h i s ,  i n v e s t i g a t i o n  of p o t e n t i a l  energy1 
s a v i n g s  by opening windows was no t  done. The I 
program uses  a  r e l a t i v e l y  s i m p l i s t i c  procedure  t o  I 
c a l c u l a t e  m o i s t u r e  removal by t h e  a i r  c o n d i t i o n e r s .  
Th i s  i s  r e a l l y  a  complex p r o c e s s ,  and t h e  procedure  
may be somewhat l i m i t e d .  

The PMV r e l a t i o n  i s  based on the  o b s e r v a t i o n s  
t h a t  t h e  s k i n  t empera tu re  and t h e  e v a p o r a t i v e  
sweat r a t e  correspond l i n e a r l y  t o  t h e  c o n d i t i o n  of 
t he rma l  comfor t .  T h i s  r e l a t i o n  appea r s  t o  b e  
r e a s o n a b l y  a c c u r a t e  a t  n e u t r a l  comfort  c o n d i t i o n s ,  
bu t  seems t o  d e v i a t e  somewhat from t h i s  accu racy  
i n  h o t  and c o l d  s t r e s s  c o n d i t i o n s  ( 1 5 ) .  There  a r e  
o t h e r  models t h a t  de t e rmine  human comfort  i n  te rms 
of a  p e r s o n ' s  sweat r a t e ,  s k i n  and body c o r e  
t e m p e r a t u r e s ,  and s k i n  wetness ,  and they  should  be  
i n v e s t i g a t e d .  
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