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SUMMARY 

The Hood R i v e r  Conservat ion P r o j e c t  (HRCP) i s  a major  r e s i d e n t i a l  
r e t r o f i t  demonstrat ion p r o j e c t .  HRCP i s  funded by t h e  B o n n e v i l l e  Power 
A d m i n i s t r a t i o n  and run by P a c i f i c  Power 81 L i g h t  i n  coopera t ion  w i t h  t h e  
Hood R i v e r  E l e c t r i c  Cooperat ive.  The P r o j e c t  was conducted i n  t h e  com- 
m u n i t y  o f  Hood R iver ,  Oregon, w i l l  c o s t  $21 m i l l i o n ,  and l a s t  f o r  t h r e e  
years  (mid-1983 th rough 1986). 
measures was completed by t h e  end of 1985; d a t a  c o l l e c t i o n  and a n a l y s i s  
w i l l  c o n t i n u e  through 1986. The p r o j e c t  sought t o  i n s t a l l  as many cos t -  
e f f e c t i v e  r e t r o f i t  measures i n  as many e l e c t r i c a l  l y -heated  homes i n  Hood 
R i v e r  as poss ib le .  HRCP p lann ing ,  implementat ion,  and a n a l y s i s  are 
gu ided by a Research Advisory Group, whose members represent  t h e  major 
p a r t i c i p a n t s  i n  t h e  p r o j e c t .  

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

HRCP o f f e r e d  a package of "super" r e t r o f i t  measures. The P r o j e c t  
p a i d  f o r  i n s t a l l a t i o n  o f  these measures up t o  a c o s t - e f f e c t i v e n e s s  l i m i t  
o f  $ l . l 5 / f i r s t - y e a r  est imated kWh saved, rough ly  f o u r  t imes t h e  l i m i t  i n  
o t h e r  r e s i d e n t i a l  r e t r o f i t  programs. Thus, HRCP w i l l  i d e n t i f y  l e v e l s  o f  
i n s t a l l a t i o n  when c o s t  t o  t h e  household and p r i o r  r e t r o f i t  a c t i v i t i e s  
a r e  l a r g e l y  e l i m i n a t e d  as b a r r i e r s .  T h i s  w i l l  h e l p  d e f i n e  t h e  maximum 
reasonable market p e n e t r a t i o n  of r e s i d e n t i a l  r e t r o f i t  as an energy 
resource i n  t h e  P a c i f i c  Northwest. 

T h i s  r e p o r t  documents t h e  e x t e n t  t o  which measures inc luded i n  t h e  
P r o j e c t  were recommended and i n s t a l l e d  i n  p a r t i c i p a n t  homes. 
a l s o  examines t h e  reasons f o r  n o n i n s t a l  l a t i o n  of measures, t h e  b a r r i e r s  
between p o t e n t i a l  and p r a c t i c e .  These analyses are  based on da ta  f rom 
t h e  3249 homes t h a t  had some contac t  w i t h  HRCP ( o f  which 3189 r e c e i v e d  
home energy a u d i t s ) .  
e l e c t r i c a l l y - h e a t e d  homes i n  Hood R i v e r .  

The r e p o r t  

T h i s  represents  more than 90% o f  t h e  e l i g i b l e  

The major f i n d i n g s  from t h i s  s tudy are: 

1. Conservat ion p o t e n t i a l  can be d e f i n e d  i n  severa l  ways. For example, 
t h e  p o t e n t i a l  cou ld  h y p o t h e t i c a l l y  assume t h a t  every r e t r o f i t  
measure can be i n s t a l l e d  i n  every home. 
t i a l  c o u l d  i n c l u d e  o n l y  those measures recommended d u r i n g  an energy 
a u d i t  as compat ib le  w i t h  t h e  s t r u c t u r e  and i t s  heat ing  system, phy- 
s i c a l l y  f e a s i b l e ,  and c o s t - e f f e c t i v e .  

A l t e r n a t i v e l y ,  t h e  poten- 

Consider t h e  f i r s t  d e f i n i t i o n  o f  p o t e n t i a l .  Averaged over a l l  t h e  
measures and homes i n  t h i s  a n a l y s i s ,  46% o f  t h e  15 measures theore-  
t i c a l l y  a v a i l a b l e  i n  t h e  HRCP package were i n s t a l l e d  by HRCP, 45% o f  
t h e  measures were n e i t h e r  recommended nor  i n s t a l l e d ,  and 9% were 
recommended b u t  no t  i n s t a l l e d  (F ig .  S-1). 

The second d e f i n i t i o n  p a i n t s  a d i f f e r e n t  p i c t u r e .  E i g h t y - t h r e e  per-  
cen t  o f  t h e  measures recommended i n  t h e  energy a u d i t s  were i n s t a l l e d  
by HRCP. These i n s t a l l e d  measures y i e l d e d  an est imated sav ing o f  
6140 kWh/year (93% o f  t h e  es t imated  sav ing  f o r  a l l  t h e  recommended 
measures). A l though 17% o f  t h e  recommended measures were no t  
i n s t a l  1 ed, o n l y  7% o f  t h e  est imated e l e c t r i c i t y  savings were not  
r e a l  i zed. 

V 
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Fig.  S-1. D i s t r i b u t i o n  o f  HRCP measures (15 measures t imes 3249 homes), 
by recommendation and i n s t a l l a t i o n .  

2. Only 8% o f  t h e  homes had no major  measures i n s t a l l e d  by t h e  P r o j e c t ,  
which e x p l a i n s  some o f  t h e  d i f f e r e n c e  i n  p o t e n t i a l  r e a l i z e d ,  noted 
above. 
homes) was l a c k  o f  c o s t - e f f e c t i v e n e s s .  T h i s  suggests t h a t  these 
homes had i n s t a l  1 ed appl i cab1 e r e t r o f i t  measures p r i  o r  t o  HRCP , 
e i t h e r  on t h e i r  own o r  through p a r t i c i p a t i o n  i n  e a r l i e r  conserva t ion  
programs. For example, 25% o f  these homes had p a r t i c i p a t e d  i n  p r i o r  
u t i l i t y  r e t r o f i t  programs; o n l y  8% o f  t h e  o t h e r  HRCP p a r t i c i p a n t s  
had p a r t i c i p a t e d  i n  these programs. 

The b a r r i e r  i d e n t i f i e d  most f r e q u e n t l y  ( i n  56% o f  these 261 

3. The c o s t - e f f e c t i v e n e s s  l i m i t  f o r  HRCP i n s t a l l a t i o n  o f  r e t r o f i t  
measures was $ 1 . 1 5 / f i r s t - y e a r  es t imated  kWh saving. 
t o t a l  HRCP c o s t ,  averaged across t h e  completed homes t h a t  had a t  
l e a s t  one major r e t r o f i t  measure i n s t a l l e d ,  was o n l y  69$/kWh, which 
suggests t h a t  most o f  t h e  savings were achieved a t  much l e s s  than 
t h e  maximum a l lowab le  cost .  

However, t h e  

4. The average cos t  o f  HRCP-instal led r e t r o f i t  measures was $3760, o f  
which HRCP p a i d  99%. Only 10% o f  t h e  households p a i d  any th ing  f o r  
HRCP-instal led measures; t h e i r  average payment was $430. 

v i  



5. 

6. 

7. 

8. 

9. 

S i  n g l  e - f  ami l y  homes accounted f o r  60% o f  t h e  HRCP p a r t i c i p a n t s .  
Because these d w e l l i n g  u n i t s  a re  s u b s t a n t i a l l y  l a r g e r  than m u l t i -  
fami ly u n i t s  and mob i le  homes, t h e i r  est imated energy savings and 
r e t r o f i t  cos ts  were much h igher .  The est imated savings per  u n i t  
f l o o r  area were much h i g h e r  f o r  s i n g l e -  and m u l t i - f a m i l y  u n i t s  than 
f o r  mob i le  homes; apparent ly ,  o n l y  l i m i t e d  o p p o r t u n i t i e s  e x i s t  t o  
r e t r o f i t  mobi 1 e homes. 

HRCP r e t r o f i t  cos ts  and est imated savings increased w i t h  house age. 
For  example, t h e  savings and r e t r o f i t  costs  were roughly  t h r e e  t imes 
h i g h e r  f o r  homes cons t ruc ted  b e f o r e  1945 than f o r  homes b u i l t  d u r i n g  
t h e  1980s. Improvements i n  c o n s t r u c t i o n  p r a c t i c e s ,  s t i m u l a t e d  by 
h i g h e r  f u e l  p r i c e s  and by new c o n s t r u c t i o n  standards,  reduced t h e  
p o t e n t i a l  f o r  r e t r o f i t s  i n  newer homes. 

There was s u b s t a n t i a l  v a r i a t i o n  across measures i n  t h e  frequency o f  
recommendation and i n s t a l l a t i o n .  C e i l i n g  i n s u l a t i o n ,  storm windows, 
c a u l k i n g ,  door weathers t r ipp ing ,  and o u t l e t  gaskets were i n s t a l  l e d  
i n  more than t w o - t h i r d s  o f  t h e  homes. On t h e  o t h e r  hand, duct  insu-  
l a t i o n  and thermal doors were i n s t a l l e d  i n  l e s s  than 15% o f  t h e  
homes. 

The f o u r  i n s u l a t i o n  measures ( c e i l i n g ,  w a l l ,  f l o o r ,  heat ing  duc ts )  
accounted f o r  57% o f  t h e  t o t a l  est imated savings and 48% o f  t h e  t o t a l  
r e t r o f i t  cost .  Thus, these measures dominated energy savings and 
were r e l a t i v e l y  c o s t - e f f e c t i v e .  The t h r e e  window and door measures, 
however, were r e l a t i v e l y  expensive, account ing f o r  on ly  27% o f  t h e  
es t imated  savings b u t  47% o f  t h e  cost .  The e i g h t  i n f i l t r a t i o n  reduc- 
t i o n ,  water heat ing ,  and c l o c k  thermosta t  measures were bo th  inexpen- 
s i v e  and smal l  energy savers. 

The reasons t h a t  HRCP measures were not  i n s t a l l e d  were grouped i n t o  
a few c a t e g o r i e s  ( F i g .  S-2). 
prevented i n s t a l l a t i o n  arose because t h e  measure was a l ready  par- 
t i a l l y  o r  f u l l y  i n  place, which rendered f u r t h e r  i n s t a l l a t i o n  cos t -  
i n e f f e c t i v e .  Phys ica l  b a r r i e r s  accounted f o r  31% o f  t h e  
n o n i n s t a l l a t i o n s ,  noncompat ib le c o n d i t i o n s  f o r  191, customer con- 
cerns f o r  4%, and o t h e r  b a r r i e r s  f o r  t h e  remaining 2%. 

Almost h a l f  (45%) o f  t h e  b a r r i e r s  t h a t  

10. The vas t  m a j o r i t y  (81%) o f  t h e  b a r r i e r s  were i d e n t i f i e d  d u r i n g  t h e  
energy aud i t .  Small f r a c t i o n s  were uncovered l a t e r ,  d u r i n g  t h e  
c o n t r a c t o r  b i d ,  i n s t a l l a t i o n ,  o r  i n s p e c t i o n  phases o f  t h e  P r o j e c t .  
Thus, t h e  energy a u d i t o r s  d i d  a c a r e f u l  j o b  o f  i d e n t i f y i n g  b a r r i e r s  
t o  i n s t a l l a t i o n  o f  r e t r o f i t  measures. 

v i  i 
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F ig .  S-2. D i s t r i b u t i o n  of b a r r i e r s  f o r  HRCP measures no t  i n s t a l l e d ,  by 
t y p e  o f  b a r r i e r .  (NCE i s  not  c o s t  e f f e c t i v e . )  

v i i i  
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1. INTRODUCTION 

The u 

t i o n  o f  e 

t i m a t e  success of a conserva t i on  program depends on t h e  f r a c -  

i g i b l e  customers who p a r t i c i p a t e  i n  t h e  program, t h e  f r a c t i o n  

o f  recommended conserva t i on  a c t i o n s  adopted by these p a r t i c i p a n t s ,  and 

t h e  ac tua l  energy savings achieved by t h e  adopted measures and prac- 

t i c e s .  Because program e f fec t i veness  i s  a m u l t i p l i c a t i v e  ( r a t h e r  than 

a d d i t i v e )  f u n c t i o n  of these t h r e e  fac to rs ,  t h e  ac tua l  performance o f  

government and u t i l i t y  conse rva t i on  programs i s  g e n e r a l l y  very much less  

t h a n  t h e i r  p o t e n t i a l .  

A success fu l  program, f o r  example, m i g h t  reach 50% o f  i t s  p o t e n t i a l  

market and induce these p a r t i c i p a n t s  t o  adopt 50% o f  t h e  recommended 

ac t i ons ,  

eng inee r ing  p r e d i c t i o n s ,  t hen  t h e  o v e r a l l  program sav i  ngs are on ly  14% 

(0.50 x 0.50 x 0.75) o f  i t s  es t imated  p o t e n t i a l .  

I f  these a c t i o n s  y i e l d  energy savings t h a t  average 75% o f  t h e  

I n  p r a c t i c e ,  many e l i g i b l e  customers choose not  t o  p a r t i c i p a t e  i n  a 

p a r t i c u l a r  program: they  may not  know about t h e  program, they  may lack  

funds t o  pay f o r  t h e  recommended ac t i ons ,  they may b e l i e v e  t h a t  t h e i r  

b u i l d i n g  i s  a l ready  e n e r g y - e f f i c i e n t ,  they  may p l a n  t o  move soon, they 

may n o t  own t h e i r  home, o r  they  may be t o o  busy t o  t a k e  t ime f o r  c o m e r -  

v a t  i on a c t i o n s  . 
Several reasons cause customers who p a r t i c i p a t e  i n  a program not  t o  

adopt recommended a c t i o n s :  

measures o f fe red  by t h e  program, some measures may not  be a p p l i c a b l e  t o  

t h e  p a r t i c u l a r  home, t h e  c o s t  o f  some measures may be t o o  high, t h e  

customer may b e l i e v e  t h a t  es t imated  savings w i l l  not  be achieved, o r  t h e  

customer may n o t  l i k e  t h e  measures. 

t h e  b u i l d i n g  may a l ready  c o n t a i n  some o f  t h e  
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The ac tua l  energy savings r e a l  i zed a f t e r  adopt i o n  o f  recommended 

a c t i o n s  migh t  be l e s s  than a n t i c i p a t e d  f o r  severa l  reasons: poor 

q u a l i t y  o f  measures, poor workmanship d u r i n g  i n s t a l  l a t i o n ,  i n t e r a c t i o n s  

among va r ious  conserva t i on  measures, and opera t i ona l  changes t h a t  o f f s e t  

some o f  t h e  energy savings (e.g., reduced use o f  wood f o r  space hea t ing  

o r  increased indoor  temperatures i n  w i n t e r  a f t e r  r e t r o f i t ) .  

The Hood R i v e r  Conservat ion P r o j e c t  (HRCP) a f f o r d s  a unique oppor- 

t u n i t y  t o  examine t h e  d i f f e r e n c e s  between p o t e n t i a l  and p r a c t i c e  f o r  

each o f  these t h r e e  f a c t o r s .  HRCP i s  an exper imenta l  r e s i d e n t i a l  r e t r o -  

f i t  p r o j e c t ,  operated by P a c i f i c  Power & L i g h t  Company (PP&L) and funded 

by t h e  B o n n e v i l l e  Power A d m i n i s t r a t i o n  (BPA). 

i n s t a l l  as many c o s t - e f f e c t i v e  r e t r o f i t s  as p o s s i b l e  i n  a l l  e l e c t r i c a l l y  

heated homes i n  t h e  community o f  Hood R ive r ,  Oregon. 

The p r o j e c t  sought t o  

The program o f fe red  a comprehensive package o f  15 r e t r o f i t  measures 

a t  very  h i g h  l e v e l s  o f  i n s t a l l a t i o n  [e.g., R-49 c e i l i n g  i n s u l a t i o n  r a t h e r  

t h a n  t h e  R-38 t h a t  i s  recommended i n  BPA's R e s i d e n t i a l  Weather iza t ion  

Program (RWP)]. HRCP p a i d  f o r  i n s t a l l a t i o n  o f  these measures up t o  a 

c o s t - e f f e c t i v e n e s s  l i m i t  ($1 .15 / f i  r s t - y e a r  es t imated  kWh saving; PP&L 

1982) t h a t  i s  almost f o u r  t imes t h e  l i m i t  i n  BPA's RWP. The f r e e  

i n s t a l l a t i o n  and h i g h  l e v e l  of r e t r o f i t  measures p rov ide  t h e  o p p o r t u n i t y  

t o  examine l e v e l s  o f  implementat ion when cos t  t o  t h e  household and 

e x i s t i n g  l e v e l s  of conserva t ion  measures a re  l a r g e l y  removed as obs tac les .  

Thus, HRCP w i l l  he lp  determine t h e  maximum reasonable market p e n e t r a t i o n  

of  r e s i d e n t i a l  w e a t h e r i z a t i o n  as an energy conserva t i on  resource i n  t h e  

Paci f i c  Northwest . 
The purpose of t h i s  r e p o r t  i s  t o  document t h e  ex ten t  t o  which 

measures i n c l u d e d  i n  t h e  P r o j e c t  were recommended and i n s t a l l e d  i n  par-  
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t i c i p a n t  homes. I n  a d d i t i o n ,  we examine t h e  reasons f o r  n o n i n s t a l l a t i o n  

o f  measures, t h e  b a r r i e r s  between p o t e n t i a l  and p r a c t i c e .  

know, HRCP i s  t h e  f i r s t  p r o j e c t  t o  c o l l e c t  da ta  on t h e  reasons t h a t  

measures are no t  recommended and no t  i n s t a l l e d .  

As f a r  as we 

I t  i s  impor tan t  t o  recognize t h a t  many d e f i n i t i o n s  o f  " p o t e n t i a l "  and 

" b a r r i e r "  are poss ib le .  The most i n c l u s i v e  d e f i n i t i o n  o f  p o t e n t i a l  

would r e f e r  t o  i n s t a l l a t i o n  o f  t h e  maximum amount o f  every measure i n  

every house. T h i s  u n r e a l i s t i c  d e f i n i t i o n  assumes t h a t  e x i s t i n g  homes 

p r e s e n t l y  have no energy-conserving devices i n  them. B a r r i e r s  then 

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

(and u n r e a l i s t i c )  p o t e n t i a l .  

An a l t e r n a t i v e  d e f i n i t i o n  i n c l u d e s  on ly  those measures t h a t  can be 

i n s t a l  led,  where "can" means phys ica l  l y  poss ib le .  

exc ludes cases where t h e  measure i s  a l ready  f u l l y  i n s t a l l e d  and cases 

where i n s t a l l a t i o n  i s  no t  f e a s i b l e  (e.g., a t t i c  i n s u l a t i o n  i n  a 

c a t h e d r a l  c e i l i n g ,  heat ing  duct  i n s u l a t i o n  i n  a house w i t h  room e l e c t r i c  

space heaters ) .  I n  t h i s  d e f i n i t i o n ,  b a r r i e r s  e x p l a i n  why these f e a s i b l e  

( i n  an eng ineer ing  sense) measures are no t  i n s t a l l e d .  

Th is  d e f i n i t i o n  

The p o t e n t i a l  cou ld  a l s o  be d e f i n e d  i n  terms o f  measures whose 

i ' n s t a l  l a t i o n  i s  bo th  t e c h n i c a l l y  f e a s i b l e  and economical. Th is  d e f i n i -  

t i o n  would reduce t h e  p o t e n t i a l  f u r t h e r  by exc lud ing  from c o n s i d e r a t i o n  

t h o s e  measures whose h i g h  i n s t a l l a t i o n  cos t  and/or low expected energy 

sav ing  make them not  c o s t - e f f e c t i v e  (NCE).  

I n  a d d i t i o n  t o  t h e  phys ica l  and economic b a r r i e r s  discussed above, 

o t h e r  reasons cause measures no t  t o  be i n s t a l l e d .  A t h i r d  major c l a s s  

of b a r r i e r s  r e l a t e s  t o  t h e  household and inc ludes  aes the t ics ,  incon- 
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venience, perce ived i n e f f e c t i v e n e s s  o f  measures, and o t h e r  customer con- 

cerns t h a t  prevent  i n s t a l l a t i o n  o f  recommended measures. 

be d e f i n e d  i n  terms o f  a t a r g e t  l e v e l  

e, a goal of  X kWh/ftZ-HDD c o u l d  be s e t  

F i n a l l y ,  t h e  p o t e n t i a l  c o u l d  

o f  energy e f f i c i e n c y .  For examp 

f o r  each home. 

These comments suggest t h a t  he d e f i n i t i o n  of " p o t e n t i a l "  i s  not  s i m -  

p l e .  One can examine d i f f e r e n c e s  between p o t e n t i a l  and a c t u a l  i n s t a l l a t i o n s  

i n  many ways, depending on t h e  d e f i n i t i o n  chosen and p e r s p e c t i v e  adopted. 

The HKCP d a t a  permi t  a n a l y s i s  f rom v a r i o u s  v iewpoints .  

The f o l l o w i n g  chapter  b r i e f l y  descr ibes HRCP and t h e  da ta  a v a i l a b l e  

f o r  e v a l u a t i o n  purposes, w i t h  p a r t i c u l a r  a t t e n t i o n  t o  t h e  da ta  used i n  

t h i s  p o r t i o n  o f  t h e  HRCP eva lua t ion .  Chapters 3 and 4 p resent  r e s u l t s  

on t h e  recommended and i n s t a l l e d  r e t r o f i t  measures, and on r e l a t e d  

energy savings and r e t r o f i t  costs.  Chapter 3 d iscusses aggregate savings 

i d e n t i f i e d  d u r i n g  t h e  energy a u d i t s  and r e f l e c t e d  i n  t h e  measures 

a c t u a l l y  i n s t a l  l e d  by t h e  P r o j e c t .  Chapter 4 examines recommendations, 

i n s t a l l a t i o n s ,  and t h e  reasons f o r  n o n i n s t a l l a t i o n  on a measure-by- 

measure bas is .  The f i n a l  chapter  discusses r e s u l t s .  

ORNL's r e s p o n s i b i l i t y  f o r  e v a l u a t i o n  o f  HRCP i n c l u d e s  answering 

severa l  quest ions:  

- What are t h e  ac tua l  e l e c t r i c i t y  savings (kWh) t h a t  can be 
a t t r i b u t e d  t o  t h e  HRCP-instal led measures and t o  HRCP i t s e l f ?  

- What are t h e  ac tua l  e l e c t r i c i t y  savings f o r  i n d i v i d u a l  

- To what e x t e n t  do e l i g i b l e  households p a r t i c i p a t e  i n  t h e  Pro- 

- To what e x t e n t  are i n d i v i d u a l  measures recommended and/or 

measures? How do ac tua l  and est imated ( a u d i t )  sav ings compare? 

j e c t ?  

i n s t a l l e d  by t h e  P r o j e c t  ( p e n e t r a t i o n  o f  measures)? 
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- What a r e  t h e  p h y s i c a l ,  b e h a v i o r a l ,  and economic b a r r i e r s  t o  
implementat ion o f  these r e t r o f i t  measures? 

- What a re  t h e  c a p a c i t y  (kW) e f f e c t s  due t o  implementat ion o f  t h e  
P r o j e c t  ? 

We p l a n  t o  p u b l i s h  f i v e  r e p o r t s  t h i s  year,  o f  which t h i s  i s  t h e  

f i r s t .  

f a c t o r s  discussed on page 1) w i l l  be completed i n  mid-1986. 

A r e p o r t  examining program p a r t i c i p a t i o n  ( t h e  f i r s t  o f  t h e  t h r e e  

Reports on 

a c t u a l  e l e c t r i c i t y  savings and on load reduc t ions  (kWh and kW e f f e c t s ,  

r e s p e c t i v e l y ;  t h e  t h i r d  f a c t o r )  w i l l  be pub l i shed i n  F a l l  1986. 

F i n a l l y ,  we w i l l  p repare a comprehensive r e p o r t  summarizing a1 1 ORNL and 

o t h e r  HRCP research p r o j e c t s  ( O l i v e r  e t  a l .  1986). 





7 

2. THE HOOD R I V E R  CONSERVATION PROJECT AND RELATED DATA 

THE PROJECT 

HRCP i s  a major  demonstrat ion program designed t o  determine and 

document t h e  e x t e n t  t o  which "conserva t ion  energy resources" can be 

ob ta ined  from r e t r o f i t s  o f  e x i s t i n g  homes. HRCP i s  in tended t o  d e f i n e  

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

one i n  which cos t  t o  t h e  household i s  no t  a b a r r i e r  and i n  which t h e  

number and l e v e l  o f  r e t r o f i t  measures i n s t a l l e d  are  beyond t h a t  u s u a l l y  

i n c l u d e d  i n  such programs (PP&L 1983). 

The th ree-year  s tudy i s  an ou tgrowth  of t h e  P a c i f i c  Northwest 

E l e c t r i c  Power P lann ing  and Conservat ion Act  (U.S. Congress 1980). Th i s  

l e g i s l a t i o n  e s t a b l i s h e d  t h e  Northwest Power P lann ing  Counci l  (Counc i l )  

t o  develop a 20-year p l a n  f o r  t h e  P a c i f i c  Northwest r e g i o n ' s  e l e c t r i c i t y  

demand and supply. Conservat ion was es tab l i shed ,  w i t h i n  t h e  Act, as a 

corners tone o f  t h i s  plan. I n  p a r t i c u l a r ,  conse rva t i on  resources were 

g i ven  a 10% "bonus" i n  assessing t h e  r e l a t i v e  b e n e f i t s  and cos ts  o f  con- 

s e r v a t i o n  resources, t r a d i t i o n a l  supply  resources, and unconventional 

supp ly  resources. Un fo r tuna te l y ,  much of t h e  i n f o r m a t i o n  needed t o  

d e f i n e  t h e  a p p r o p r i a t e  types and l e v e l s  of conserva t ion  programs w i t h i n  

t h e  reg ion  were no t  a v a i l a b l e .  HRCP was designed, i n  p a r t ,  t o  f i l l  t h i s  

i n f o r m a t i o n  gap. 

The p r o j e c t  has o t h e r  h i s t o r i c a l  r o o t s  as w e l l  as t h e  1980 law. I n  

p a r t i c u l a r ,  t h e  Na tu ra l  Resources Defense Counci l  (NRDC) had debated 

w i t h  t h e  r e g i o n ' s  u t i l i t i e s  ( i n c l u d i n g  BPA) t h e  r e l a t i v e  advantages and 

disadvantages o f  aggress ive u t i l i t y  conse rva t i on  programs. NRDC saw 

such programs as v i a b l e  and a t t r a c t i v e  a l t e r n a t i v e s  t o  c o n s t r u c t i o n  o f  



convent iona l  coal  and nuc lear  power p l a n t s .  The u t i l i t i e s ,  on t h e  o t h e r  

hand, were unsure about t h e  cos ts  o f  purchasing conserva t ion  resources 

and t h e  amount o f  these resources they  cou ld  ob ta in .  That i s ,  t h e  

u t i l i t i e s  f e l t  t h a t  s t u d i e s  showing t h e  enormous t e c h n i c a l  p o t e n t i a l  f o r  

improved energy e f f i c i e n c y  f a i l e d  t o  cons ider  t h e  d i f f i c u l t i e s  and cos ts  

assoc ia ted  w i t h  r e a l i z i n g  t h a t  p o t e n t i a l .  HRCP was in tended t o  f i n d  ou t  

how much conserva t ion  c o u l d  be purchased, a t  what cost ,  and how q u i c k l y .  

Several  r e s i d e n t i a l  r e t r o f i t  programs have operated i n  t h e  P a c i f i c  

Northwest d u r i n g  t h e  pas t  few years. A l though e v a l u a t i o n s  o f  these 

programs p r o v i d e  u s e f u l  i n f o r m a t i o n  ( B u r n e t t  1982; Hannigan and K ing  

1982; H i  r s t  e t  a l .  1985; McCutcheon 1983; and Weiss 1982), they  g i v e  

l i t t l e  i n s i g h t  concern ing t h e  maximum l i m i t s  o f  such programs. 

HRCP i s  funded by BPA and implemented by PP&L i n  coopera t ion  w i t h  

t h e  Hood R i v e r  E l e c t r i c  Cooperat ive (HREC). Several adv isory  groups 

helped des ign t h e  p r o j e c t  and cont inued t o  p r o v i d e  guidance as t h e  

p r o j e c t  was implemented. These groups i n c l u d e  r e p r e s e n t a t i v e s  from t h e  

1 oca1 community , NRDC, t h e  Counci 1 , t h e  r e y i  on 's  e l e c t r i c  u t i  1 i t  i es 

( r e p r e s e n t e d  by t h e  P a c i f i c  Northwest U t i l i t i e s  Conference Committee and 

t h e  Northwest P u b l i c  Power A s s o c i a t i o n ) ,  BPA, PP&L, HREC, and others.  

A comprehensive s e t  of measures was i n c l u d e d  i n  HRCP (Tab le  1 )  t o  

t e s t  t h e  reasonable l i m i t s  o f  a r e s i d e n t i a l  r e t r o f i t  program. The c o s t -  

e f f e c t i v e n e s s  l i m i t  f o r  HRCP i s  based on an assumed 35-year l i f e  f o r  

t h e  measures and t h e  marg ina l  c o s t  o f  a new c o a l - f i r e d  power p l a n t  (see 

Table 2 of H i r s t  and Goe l tz  1985). A l though t h e  method o f  c a l c u l a t i n g  

t h e  r e t r o f i t  measure cos t -e f fec t i veness  l i m i t  was d i f f e r e n t  f rom t h a t  

used by t h e  Counci l  (1983), t h e  r e s u l t  i s  e s s e n t i a l l y  t h e  same 

($1.15/kWh vs $l.lZ/kWh i n  t h e  r e g i o n a l  p l a n ) .  
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Table 1. HRCP conserva t ion  measures 

Measure Tarye t  l e v e l  

Home energy a u d i t  

C e i l i n g  i n s u l a t i o n  and 
a p p r o p r i a t e  vent il a t  i o n  

F l o o r  i n s u l a t i o n b  

Wall  i n s u l a t i o n  

Cold and hot  water p i p e  
i n s u l  a t i o n  t o  water heaterc  

Dehumid i f ie rs  and a i r - t o - a i r  
heat  exc h an ye r s d  

Clock thermostats  

Duct i n s u l a t i o n  

Storm windows and thermal 
replacement sash and g l a z i n g  

Thermal doors and double- 
g l  azed sl i d i  ng doors 

Caul k i n g  and w e a t h e r s t r i p p i n g  

O u t l e t  and a w i t c h p l a t e  gasketsc 

Heat pump convers ion o f  
e x i s t i n g  furnace systemd 

E l e c t r i c  water  heater  wrapsC 

Low-flow showerheads and o t h e r  
h o t  water  f l o w  r e y u l a t o r s c  

A1 1 e l e c t r i c a l l y  heated homesa 

R-49 

R- 38 

R - 1 1  t o  R-19 

R-3 

As r e q u i r e d  

Where appl i cab l  e 

Crawl space R-11, a t t i c  R-30, 
where a p p l i c a b l e  

T r i p l e - g l a z i n g  

Where a p p l i c a b l e  

Where a p p l i c a b l e  

Where appl i cab l  e 

Where a p p r o p r i a t e  convent ional  
measures cannot be i n s t a l  l e d  

R - 1 1  

As r e q u i r e d  

aAud i ts  were prov ided t o  homes heated w i t h  n o n e l e c t r i c  f u e l s ,  

b Inc ludes  i n s u l a t i o n  o f  hot  and c o l d  water p ipes,  i f  under t h e  f l o o r .  

p r i m a r i l y  t o  m a i n t a i n  good r e l a t i o n s  w i t h  t h e  community. 

CThese f o u r  low-cost measures are  i n s t a l l e d  by t h e  a u d i t o r ,  a t  t h e  

dThese measures a r e  i n s t a l  l e d  o n l y  i n  speci a1 c i  rcumstances. 

t i m e  o f  t h e  energy a u d i t  o r  soon t h e r e a f t e r .  

Source: Peach e t  a l .  (1984). 
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The town and county o f  Hood R ive r ,  Oregon ( p l u s  t h e  town o f  Mosier 

i n  Wasco County) were se lec ted  as t h e  l o c a t i o n  f o r  t h i s  experiment 

because t h e  area i s  geograph ica l l y  de l im i ted ;  i t  inc ludes  a d i v e r s i f i e d  

economy, popu la t ion ,  and housing stock; t h e  area i s  served by bo th  

p u b l i c  (HREC) and p r i v a t e  (PP&L) u t i l i t i e s ;  and it encompasses c l i m a t e  

zones r e p r e s e n t a t i v e  o f  t h e  P a c i f i c  Northwest. Hood R i v e r  County has a 

p o p u l a t i o n  o f  about 15,000. Roughly t w o - t h i r d s  o f  t h e  6,200 residences 

a re  served by PP&L and t h e  remainder by HREC. Hood R i v e r  l i e s  along t h e  

n o r t h e r n  edge o f  Oregon almost 50 m i l e s  eas t  o f  P o r t l a n d  and i s  bounded 

on t h e  n o r t h  by t h e  Columbia R i v e r  (F ig .  1 ) .  Add i t i ona l  i n f o r m a t i o n  on 

Hood R i v e r  and t h e  reasons f o r  i t s  s e l e c t i o n  a re  i n  Appendix A of PP&L 

(1983) and French e t  a l .  (1985). 

The c o n t r a c t  between BPA and PP&L t o  i n i t i a t e  t h i s  $21 m i l l i o n  

demonstrat ion was signed i n  May 1983. Energy a u d i t s  were s t a r t e d  i n  

F a l l  1983, and i n s t a l l a t i o n  o f  r e t r o f i t  measures began i n  January 1984 

(F ig .  2 ) .  A l l  households i n  t h e  area were e l i g i b l e  f o r  energy aud i ts .  

However, t h e  p r o j e c t  pays f o r  r e t r o f i t  measures on ly  i n  homes w i t h  per-  

manently i n s t a l l e d  (be fo re  March 1983) e l e c t r i c  space heat ing  equipment. 

Th i s  e l i g i b i l i t y  requirement i s  based on t h e  n o t i o n  t h a t  t h e  program i s  

in tended t o  purchase "conserva t ion  e l e c t r i c i t y  resources." Between 

October 1983 and December 1985 (when t h e  f i e l d  work was completed), 3249 

e l i g i b l e  households contacted HRCP, o f  whom 3189 rece ived  energy a u d i t s  

and 2988 had major measures i n s t a l l e d  i n  t h e i r  homes ( H i r s t  and Goe l tz  

1986). [See P h i l i p s  e t  a l .  (1986), French and Peach (1986), and Qu inn  

and O l i v e r  (1985) f o r  d iscuss ion  of implementat ion issues,] Roughly 250 

a d d i t i o n a l  e l i g i b l e  homes d i d  not p a r t i c i p a t e  i n  HRCP. 
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O A N L - D W G  8 5 C - 9 1 7 4  

I 

Fig.  1. Map o f  t h e  P a c i f i c  Northwest rey ion  showing the l o c a t i o n  o f  
Hood R ive r  and the  two comparison communities (Pendleton and 
Grants Pass). Data f rom t h e  comparison communities w i l l  be 
used i n  t h e  ana lys i s  o f  HRCP-induced e l e c t r i c i t y  savings. 

I 1 I I I 1 

ORNL-  D W G  8 5 C - 1 5 8 7 1  

PRE -TEST 
SURVEY - SURVEY OF 320 

METERED HOMES - POST-TE ST 
SURVEY 

w 

HRCP energy  audits and  retrof i ts  

End-use l o a d  meter ing,  320 homes 

Monthly electricity bi l l ing d a t a  from PPBL a n d  HREC 

Fig, 2 ,  T imel lne  of the  Hood R i v e r  Conservat ion P ro jec t .  
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HRCP EVALUATION DATA BASE 

Because HRCP i s  a major and complex p r o j e c t ,  t h e  da ta  assoc ia ted  

w i t h  t h e  p r o j e c t  are cor respond ing ly  ex tens ive  and d e t a i l e d .  More 

impor tan t ,  t h e  p r o j e c t ' s  focus on research r e q u i r e d  c o l l e c t i o n  o f  exten- 

s i v e  da ta  (see Table 3 i n  H i r s t  and G o e l t z  1985; O l i v e r ,  Peach and 

Modera 1984; and PP&L 1982). 

The da ta  a v a i l a b l e  f rom HRCP i n c l u d e  pre-  and post-program mai l  surveys 

conducted among random samples o f  households i n  Hood R i v e r  and t h e  two com- 

p a r i s o n  communit ies [ i n  e a r l y  1983 (Berg and Bodenroeder 1983) and Spr ing  

1986, r e s p e c t i v e l y ] ,  month ly  e l e c t r i c i t y  b i l l i n g  da ta  f rom 1980 th rough 

mid-1986 f o r  a l l  households i n  t h e  t h r e e  communities, d e t a i l e d  end-use 

l o a d  and weather da ta  (15-minute i n t e r v a l s )  and o n s i t e  home i n t e r v i e w s  f o r  

about 300 HRCP p a r t i c i p a n t  homes, a wood use survey conducted i n  Spr ing  

1986 among HKCP p a r t i c i p a n t s ,  and a n o n p a r t i c i p a n t  survey conducted i n  

l a t e  1985 among t h e  few e l i g i b l e  households t h a t  d i d  n o t  p a r t i c i p a t e .  

The f i e l d - o f f i c e  da ta  base prov ides  t h e  r i c h e s t  i n f o r m a t i o n  on par-  

t i c i p a n t s .  These da ta  i n c l u d e  household demographics and app l iance 

h o l d i n g s  a t  t h e  t i m e  o f  t h e  energy a u d i t .  The a u d i t  analyzed t h e  a p p l i -  

c a b l e  r e t r o f i t  measures and t h e i r  l i k e l y  energy savings. The a u d i t o r s  

i n s t a l l e d  severa l  low-cost  water-heating-conservation and i n f i l t r a t i o n -  

r e d u c t i o n  measures a t  t h e  t i m e  of t h e  a u d i t  ( o r  soon t h e r e a f t e r ) ,  and 

these a c t i o n s  were a l s o  recorded.* 

The a u d i t  procedure d i d  not  e s t i m a t e  e l e c t r i c i t y  savings f o r  t h e  * 
f o u r  a u d i t o r - i n s t a l l e d  measures. Our est imates o f  t h e  savings f o r  these 
measures, based on conversat ions w i t h  s t a f f  a t  PP&L, BPA, and o t h e r  
research o r g a n i z a t i o n s  (Meier  1985 and Biemer, Auberg, and Ek 1985) are:  
350 kWh/year f o r  water heater  wrap, 350 kWh/year f o r  low- f low 
showerheads, 400 kWh/year f o r  a s e t  o f  o u t l e t  gaskets, and 30 kWh/year 
f o r  hot  water p i p e  wrap. Anderson (1986) es t imated  t h e  energy p e n a l t y  
o f  t h e  a i r - t o - a i r  heat exchanger a t  510 kWh/year f o r  each u n i t .  
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B a r r i e r s  t h a t  prevented recommendation o r  i n s t a l  l a t i o n  o f  r e t r o f i t  

A " b a r r i e r s "  form (Fig.  3) was completed a t  measures were i d e n t i f i e d .  

every stage i n  t h e  p r o j e c t  process ( d u r i n g  t h e  energy aud i t ,  between 

a u d i t  and c o n t r a c t o r  b i d ,  d u r i n g  c o n t r a c t o r  b id ,  d u r i  ng r e t r o f i t  

i n s t a l l a t i o n ,  and d u r i n g  p o s t i n s t a l l a t i o n  i n s p e c t i o n )  t o  capture  a l l  t h e  

reasons f o r  p a r t i a l  i n t a l l a t i o n  o r  n o n i n s t a l l a t i o n  of measures. The 

f i e l d - o f f i c e  da ta  base, e s p e c i a l l y  t h e  b a r r i e r s  form, p rov ides  t h e  raw 

m a t e r i  a1 f o r  t h e  analyses presented here. 
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HRCP #lo4 customer Name: 
Rev. 3/84 Customer Acct. #: 

Measures 

Ce i l ing  I n s u l a t i o n / A t t i c  Vent . . .  1. 
Floor Insulation/Gr. Cover/Pipe Wrap 2. 
Wall Insulat ion/Kneeual ls . . . . .  3. 
Duct Insu la t ion  . . . . . . . . . .  4. 
Windows . . . . . . . . . . . . . .  5. 
Sl id ing  Glass Doors . . . . . . . .  6. 
Insulated Doors . . . . . . . . . .  7. 
Window & Door Frame Caulking . . . .  8. 
Weatherstrip Windows/Sl i d i n g  Doors. 9. 
Weatherstrip Doors. . . . . . . . .  10. 
Clock Thermostat. . . . . . . . . .  11. 
A i r  to A i r  Heat Exchanger . . . . .  12. 
Water Heater Wrap . . . . . . . . .  13. 
Water Heater Pipe Wrap. . . . . . .  14. 
Lou Flow Shower Heads . . . . . . .  15. 
I n f i l t r a t i o n  Gaskets . . . . . . .  16. 
Dehumidifier. . . . . . . . . . . .  17. 
Heat Pump Conversion . . . . . . .  18. 
Point  o f  B a r r i e r  Occurrence (check one) 

BARR1 ERS 

B a r r i e r  # Other Bar r ie rs  

Refused 
c] P r i o r  t o  EA 

0 During EA o r  

0 Between EA and B id  

D Audit  
B a r r i e r  # 

0 Weatherization 
B a r r i e r  R 

While Contractor Bidding Job 

c] A f t e r  Customer Agreement 

0 During I n s t a l  l a t i o n  
Prepared by Date 

0 During Inspect ion 

BARRIER NUMBERS 

Customer Bar r ie rs  
1 - Degrade Appearance 
2 - Make House Too T ight  
3 - Refuses Contact w i t h  U t i l i t y  
4 - Non-Electric Space Heat 
5 - House Already Weatherized 
6 - Measure Already I n s t a l l e d  
7 - Customer W i l l  Pay I n  Long Run 
8 - Refuses Handouts 
9 - D is l i kes  Grade o f  Mater ia ls  

10 - Violates Privacy 
11 - Contractors Not Acceptable 
12 - House Vacant 
13 - h e r  Unavailable 
14 - No Reason Given 
15 - I n t e r f e r e  With Use O f  Area/Appliance 
16 - Not Cost E f f e c t i v e  

Other Barr iers  
PS - utner  (provide d e t a i l )  

Audi tor  ID# 

Reason For Supplemental Payment 
40 - txceeds Product o r  I n s t a l l a t i o n  Standards 
41 - Exceeds Cost E f f e c t i v e  L i m i t  
42 - Exceeds Program Level 
43  - Exception f o r  Monitored Home 
Physical Bar r ie rs  
$0 - Limited Physical Access 
61 - Unable t o  Vent 
62 - Ce i l ing  w i l l  not  Support Load 
63 - Ex is t ing  I n s u l a t i o n / I n s t a l l a t i o n  
64 - Ground Water Problem 
65 - Rodent/Animal Problem 
66 - Non Compatible St ructure (e.g. Slab) 
67 - Ex is t ing  Dry R o t / T e n i t e  
68 - Structura l  L i m i t a t i o n  
69 - Non Compatible With Heating Equipment 
70 - Water Heater no t  E l e c t r i c  
71 - Audi t  Contract Res t r i c t ion  

F i g .  3. HRCP form used t o  reco rd  b a r r i e r s  t o  recommendation o r  
i n s t a l l a t i o n  o f  r e t r o f i t  measures. 
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3. SUMMARY STATIST ICS ON PARTICIPANT HOMES 

HOMES WITH NO MAJOR MEASURES INSTALLED 

Almost a l l  (92%) o f  t h e  households t h a t  contacted HRCP had a t  l e a s t  

one major measure i n s t a l l e d  i n  t h e i r  homes by t h e  Pro jec t . *  Only 8% 

(261 o f  3249) had no major r e t r o f i t  measures i n s t a l l e d .  A few o f  t h e  

f o u r  low-cost measures i n s t a l  l e d  by t h e  a u d i t o r s  ( o u t l e t  gaskets, water 

h e a t e r  wrap, ho t  water p i p e  wrap, and low- f low showerhead) were 

i n s t a l l e d  i n  these homes. On average, 1.9 measures/home were i n s t a l l e d  

i n  these homes, compared w i t h  7.4 measures i n  t h e  o t h e r  92% of  t h e  homes. 

The homes w i t h  no major  measures i n s t a l  l e d  d i f f e r e d  s u b s t a n t i a l l y  

f rom t h e  o t h e r  homes (Table 2 ) .  The homes w i t h  no major measures are 

c h a r a c t e r i z e d  by households w i t h  h i g h e r  incomes, more educat ion,  t h a t  

have l i v e d  i n  t h e i r  homes f o r  fewer years.  I n  a d d i t i o n ,  these house- 

ho lds  are  more l i k e l y  t o  own t h e i r  homes, t o  l i v e  i n  s i n g l e - f a m i l y  homes 

t h a t  are newer and l a r g e r ,  and t o  have inore e l e c t r i c i t y - u s i n g  equipment 

than t h e  o t h e r  households. (These d i f f e r e n c e s  are  g e n e r a l l y  s i g n i f i c a n t  

a t  t h e  1% l e v e l  o r  b e t t e r . )  

Many of t h e  households i n  homes w i t h  no major measures i n s t a l l e d  had 

i n s t a l l e d  r e t r o f i t  measures e a r l i e r ,  e i t h e r  on t h e i r  own o r  w i t h  

a s s i s t a n c e  from p r i o r  PP&L o r  HREC conserva t ion  programs. For  example, 

25% o f  these 261 households had p a r t i c i p a t e d  i n  a p r i o r  conservat ion 

program, compared w i t h  8% o f  t h e  o t h e r  households. Thus, p a r t i c i p a t i o n  

Major  r e t r o f i t s  i n c l u d e  t h e  f o u r  i n s u l a t i o n ,  t h r e e  window and 
door, t h r e e  i n f i l t r a t i o n  reduc t ion ,  and c l o c k  thermostat  measures 
(measures 1 - 11, Fig.  3 ) .  

* 
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i n  a p r i o r  program i s  s t r o n g l y  r e l a t e d  t o  t h e  p o t e n t i a l  f o r  energy 

sav ings i n  HRCP. * 

Table 2. Comparison o f  HRCP homes w i t h  major measures i n s t a l l e d  vs 
those w i t h  no major measures i n s t a l l e d a  

HRCP p a r t i c i p a n t s ,  w i t h  o r  w i t h o u t  
major  measures i n s t a l  l e d  

Wi thout  
measures 

With 
meas u res  

Househol d income ($ )  24,600 
Years i n  present  homeb 6.4 
Number o f  household members 2.7 
Educat ion o f  household 

head (years )  13 .O 
Tenure ( %  t h a t  own home)b 78 

Year house b u i l t b  
House f l o o r  area ( f t z )  
S i  ng l  e - f  ami l y  ( %  o f  homes) 
Presence o f  e l  e c t  r i  c equipment ( % )  

A i  r condi t i oner ( s ) 
C1 othes washerb 
D i  s hwas her 
E l  e c t  r i  c c l o t h e s  dryerb  
Food f r e e z e r  

1968 
1340 

75 

26 
88 
64 
86 
60 

Number o f  households 261a 

21,000 
8.4 
2.7 

12.7 
66 

1958 
1260 

61  

20 
76 
58 
74 
57 

2988 

aData were a v a i l a b l e  f o r  on ly  201 of these homes; energy a u d i t s  

bThese d i f f e r e n c e s  are s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  1% l e v e l .  

were no t  conducted i n  t h e  o t h e r  60 homes. 

* P a r t i c i p a n t s  i n  prev ious programs general l y  had fewer HRCP- 
i n s t a l l e d  r e t r o f i t s  than those who d i d  no t  p a r t i c i p a t e  i n  p r i o r  
programs. The mean c o s t  o f  HRCP r e t r o f i t s  was $3400 f o r  p a r t i c i p a n t s  i n  
p r i o r  programs, compared w i t h  $3900 f o r  t h e  o t h e r  HRCP p a r t  i c i  pants. 
Comparison o f  r e t r o f i t  costs  i s  obscured by l a r g e  d i f fe rences  i n  housing 
t y p e  between those who d i d  and d i d  no t  p a r t i c i p a t e  i n  p r i o r  programs. 
Almost 95% o f  t h e  prev ious p a r t i c i p a n t s  l i v e  i n  s i n g l e - f a m i l y  homes, 
compared w i t h  58% o f  the  remaining HRCP p a r t i c i p a n t s .  Consider ing 
s i n g l e - f a m i l y  homes only ,  t h e  mean c o s t  o f  HRCP r e t r o f i t s  was $3500 f o r  
p r i o r  p a r t i c i p a n t s ,  compared w i t h  $5500 f o r  t h e  o t h e r  HRCP p a r t i c i p a n t s .  
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B a r r i e r s  t o  i n s t a l l a t i o n  o f  a l l  major measures arose f o r  var ious  

reasons. O v e r a l l ,  l a c k  o f  c o s t - e f f e c t i v e n e s s  ( f a i l u r e  t o  meet t h e  

$l.lS/kWh c r i t e r i o n )  was t h e  most f requent  b a r r i e r  (Table 3 ) .  Th is  

s i n g l e  b a r r i e r ,  g e n e r a l l y  i d e n t i f i e d  by t h e  HRCP o f f i c e  s t a f f  a f t e r  

r e c e i p t  o f  t h e  c o n t r a c t o r  b i d ,  accounted f o r  56% o f  these 261 homes. 

I n  23% o f  these cases, t h e  a u d i t  cou ld  no t  be conducted because t h e  

r e s i d e n t s  re fused t o  a l l o w  t h e  a u d i t o r  t o  e n t e r  t h e  house, t h e  house was 

vacant,  o r  t h e  occupants were unava i lab le .  F i n a l l y ,  21% o f  these house- 

ho lds  d e c l i n e d  t o  p a r t i c i p a t e  i n  HRCP a f t e r  t h e  energy a u d i t  was con- 

ducted. Thus, r e s i d e n t s  changed t h e i r  minds about p a r t i c i p a t i o n  i n  HRCP 

some t i m e  a f t e r  t h e i r  i n i t i a l  con tac t  w i t h  t h e  P r o j e c t  i n  almost h a l f  

(44%) o f  these cases. 

* 

Table 3. Reasons f o r  n o n i n s t a l l a t i o n  o f  any major  r e t r o f i t  measures 

Percentage o f  homes w i t h  
no major  measures i n s t a l  l e d a  

No energy a u d i t  conducted 
Var ious customer b a r r i e r s  

A u d i t  conducted, 
no major  measures i n s t a l  ledb  

Not c o s t - e f f e c t i v e  
Other  

23 

56 
21 

aBased on 261 homes. 

bMost (72%) o f  these b a r r i e r s  were i d e n t i f i e d  by t h e  HRCP o f f i c e  
s t a f f  d u r i n g  t h e i r  c a l c u l a t i o n s  o f  measure c o s t - e f f e c t i v e n e s s ;  23% were 
i d e n t i f i e d  between t h e  a u d i t  and b id .  

Lack o f  c o s t - e f f e c t i v e n e s s  was c i t e d  f o r  almost 90% o f  t h e  66 * 
homes t h a t  had p a r t i c i p a t e d  i n  a p r i o r  program. 
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AGGREGATE POTENTIAL 

The present  a n a l y s i s  i nc ludes  15 measures (1 - 11 and 13 - 16 i n  
* F ig .  3 ) .  The h y p o t h e t i c a l  p o t e n t i a l  e x i s t e d  t o  i n s t a l l  48,735 ineasures 

(15 measures i n  3249 homes). ** S l i g h t l y  l e s s  than h a l f  were a c t u a l l y  

i n s t a l l e d  by t h e  program (Table 4 ) ,  and measures were n e i t h e r  recom- 

mended nor  i n s t a l l e d  i n  n e a r l y  h a l f  t h e  cases. Thus most n o n i n s t a l l a -  

t i o n s  occur red  because t h e  measure was no t  recommended. 

Assume f o r  t h e  moment t h a t  a l l  measures cou ld  be i n s t a l l e d  i n  a l l  

homes ( a  maximum d e f i n i t i o n  o f  p o t e n t f a l  sav ings) .  I f  t h e  average e s t i -  

mated sav ings f o r  each measure were equal t o  t h e  average savings f o r  t h e  

homes i n  which t h e  measure was a c t u a l l y  i n s t a l l e d ,  t h e  p o t e n t i a l  sav ings 

would be 12,500 kWh/house.+ The es t ima te  o f  savings produced by 

measures a c t u a l l y  i n s t a l l e d  i s ,  of course, much less.  The est imated 

sav ings  f o r  t h e  a u d i t o r - i n s t a l l e d  measures i n  t h e  homes w i t h  no major 

measures i n s t a l l e d  average 610 kWh/house. The es t imated sav ings,  

averaged over  a l l  15 measures, f o r  measures i n s t a l l e d  i n  t h e  remain ing 

homes i s  6,140 kWh. Thus, t h e  average es t imated sav ings per e l i g i b l e  

Heat pumps, dehumid i f i e rs ,  and AAHXs are  exc luded f rom t h i s  analy-  
s i s .  The f i r s t  two measures were almost never i n s t a l l e d  by HRCP. AAHXs 
a re  no t  in tended t o  save energy; t hey  were i n s t a l l e d  o n l y  i f  indoor  a i r  
p o l l u t a n t s  were a problem (BPA 1984). An average o f  1.1 AAHX were 
i n s t a l l e d  i n  801 homes a t  an average cos t  of $1270, and had an es t imated 
energy pena l t y  o f  560 kWh/year (which i nc ludes  t h e  e l e c t r i c i t y  t o  
ope ra te  t h e  b lower  and t h e  e l e c t r i c i t y  r e q u i r e d  t o  compensate f o r  t h e  
energy conten t  o f  t h e  exhaust a i r ) .  

One c o u l d  de f i ne  t h e  p o t e n t i a l  even more expans ive ly  t o  i n c l u d e  
measures no t  i n s t a l l e d  i n  t h e  rough ly  250 e l i g i b l e  homes t h a t  had no 
c o n t a c t  w i t h  HRCP. 

* 

** 

tThese are  eng ineer ing  est imates.  Re1 i a b l e  da ta  on ac tua l  e l e c t r i c -  
i t y  sav ings w i l l  no t  he a v a i l a b l e  u n t i l  mid-1986 ( a f t e r  a f u l l  p o s t r e t r o -  
f i t  h e a t i n g  yea r ,  1985/86.) 
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Tab le  4. O i s t r i b u t i o n  of HRCP measures by recommendation and 
i n s t a l  l a t i o n a  

Percent of t o t a l  measures 

Homes w i t h  no ma o r  measures 
i n s t a l l e d  (8%) 6 

Rernai n i  ng homes (92%) 

n o t  i n s t a l  l e d  

Not i n s t a l  l e d  
I n s t a l  l e d  

Measures no t  recommended , 
Measures recommended 

8 

38 

9 
45 

~ ~- ~ 

aBased on 48,735 measures (3249 homes and 15 measures). 

bBecause a few measures were i n s t a l l e d  by t h e  a u d i t o r  i n  these 
homes, t h e  8% c o u l d  be reduced t o  7% and t h e  45% (recommended/ 
i n s t a l l e d )  c o u l d  be increased t o  46%. 

house f o r  ineasures a c t u a l l y  i n s t a l l e d  i s  5,700 kWh, almost h a l f  t h e  

t h e o r e t i c a l  p o t e n t i a l  ( t o p  p a r t  o f  Table 5).  

The preceding d i scuss ion  i s  based on an a r t i f i c i a l  and u n r e a l i s t i c  

d e f i n i t i o n  o f  p o t e n t i a l  ( i n s t a l  l a t i o n  o f  every measure i n  every home). 

I f  one assumes t h a t  proyram planners have accu ra te  i n f o r m a t i o n  on t h e  

c u r r e n t  c o n d i t i o n  o f  homes i n  t h e i r  s e r v i c e  area, t hen  t h e  p o t e n t i a l  can 

be d e f i n e d  t o  i n c l u d e  o n l y  those  measures a p p l i c a b l e  t o  t h e  housing 

s tock  i n  t h a t  area. T h i s  de f i nes  p o t e n t i a l  on t h e  bas i s  of t h e  measures 

recommended du r ing  t h e  energy aud i t .  O f  t h e  26,354 measures recommended 

d u r i n g  energy a u d i t s  o f  t h e  2988 homes t h a t  had major measures i n s t a l l e d ,  

83% were a c t u a l l y  i n s t a l l e d .  However, these i n s t a l l e d  measures accounted 

f o r  93% o f  t h e  p o t e n t i a l  e l e c t r i c i t y  savings f o r  t h e  measures recommended 

d u r i n g  t h e  a u d i t s  (bot tom p a r t  o f  Table 5 ) .  

Thus, t h e  f r a c i t o n  o f  p o t e n t i a l  sav ing achieved by a proyram depends 

on how p o t e n t i a l  i s  def ined.  Based on a h y p o t h e t i c a l  i d e a l  o f  i n s t a l l i n g  
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a l l  measures i n  a l l  homes, HRCP achieved 46% o f  i t s  p o t e n t i a l .  Based 

on t h e  a u d i t o r  recommendations, HRCP achieved 93% o f  i t s  p o t e n t i a l .  

Table 5. Comparison o f  maximum p o t e n t i a l  e l e c t r i c i t y  savings w i t h  
est imates o f  savings due t o  measures i n s t a l l e d  by HRCPa 

Aud i t  es t ima te  o f  
savings per house 

(kWh/year) 

A1 1 homes 

Homes w i t h  no major measures i n s t a l l e d  
0.08*610 kWh/house 

Remai n i ng homes 
0.92*6140 kWh/house 

50 

5,650 

Tot  a1 

T o t a l  p o t e n t i a l  savings, i f  a l l  
measures i n s t a l  l e d  i n  a1 1 homes 

5,700 

12,500 

Homes w i t h  major measures i n s t a l l e d  

Measures i n s t a l l e d  i n  homes w i t h  
ma j o r  meas u res  

T o t a l  p o t e n t i a l  savings, i f  a l l  
a u d i t  recommendations i n s t a l l e d  

6,140 

6,590 

aBased on 3249 homes and 15 measures. 

ESTIMATED SAVINGS AND COSTS FOR RETROFIT HOMES 

The remainder o f  t h i s  s e c t i o n  i nvo l ves  on ly  t h e  2988 homes i n  which 

a t  l e a s t  one major r e t r o f i t  measure was i n s t a l l e d .  The HRCP r e t r o f i t  

measures (F ig .  3) were grouped i n t o  f i v e  ca tegor ies :  

I n s u l a t i o n  - c e i l i n g ,  wa l l s ,  f l o o r ,  heat ing ducts;  

Windows and doors - storm windows, s l i d i n g  g lass doors, thermal 
doors ; 
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I n f i l t r a t i o n  - c a u l k i n g ,  window w e a t h e r s t r i p p i n y ,  door 
weathers t r ipp ing ,  o u t l e t  gaskets; 

Water h e a t i n g  - water heater  wrap, hot water p i p e  wrap, low- 
f l o w  showerheads; 

Other - c l o c k  thermostat ,  d e h u m i d i f i e r ,  a i r - t o - a i r  heat 
exchanger, heat pump. 

The energy a u d i t s  i d e n t i f i e d  an average p o t e n t i a l  e l e c t r i c i t y  savings 

The est imated savings f o r  measures i n s t a l l e d  o f  6590 kWh/year (Table 6 ) .  

by HRCP averaged 6140 kWh. Even though 17% o f  t h e  recommended measures 

were no t  i n s t a l l e d ,  o n l y  7% of  t h e  est imated p o t e n t i a l  savings was not 

achieved. 

Table 6. R e t r o f i t  measures recommended and i n s t a l l e d  by HRCP 

Mean value, per house 

Est imated savings (kWh)b Actual  
Measure typea i n s t a l l e d  cos t  

A u d i t  I n s t a l  l e d  ( $ 1  
I n s u l a t i o n  3930 348 0 1790 
Windows and doors 1550 1640 1760 
I n f  i 1 t r a t  i on 550 480 150 

C 1  ock thermostat  80 60 40 

Tot  a1 6590 6140 3760 

Water heat i ny 480 48 0 20 

a I n s u l  a t  i on measures i n c l  ude c e i  1 i ng , w a l l  , f l o o r  , and heat ing  
duc t  i nsul  a t  i on. W i  ndow and door measures i n c l  ude storm w i  ndows , 
thermal  doors, and s l i d i n g  g lass  doors. I n f i l t r a t i o n  measures i n c l u d e  
cau lk ing ,  window w e a t h e r s t r i p p i  ng , door w e a t h e r s t r i p p i  ng , and out1 e t  
gaskets. Water h e a t i n g  measures i n c l u d e  water heater  i n s u l a t i o n ,  water 
heater  p i p e  i nsul  a t  i on , and 1 ow-f 1 ow showerheads. 

a u d i t .  The second column i s  t h e  savings est imated by t h e  a u d i t o r  a f t e r  
c o n t r a c t o r  i n s t a l l a t i o n  o f  measures. More or  l e s s  o f  t h e  measure was 
o f t e n  i n s t a l l e d  t h a n  was recommended i n  t h e  i n i t i a l  audi t .  

bThe f i r s t  column i s  t h e  savings est imated a t  t h e  t ime o f  t h e  energy 
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The averaye cos t  o f  i n s t a l l e d  measures was $3760 (Tab le  6 and Fig.  

Only 10% o f  t h e  p a r t i c i p a n t s  pa id  any th ing  f o r  t h e  HRCP r e t r o f i t  4) .  

measures i n s t a l l e d  i n  t h e i r  homes. These households p a i d  f o r  measures 

t h a t  exceeded HRCP l e v e l s  (e.g., a t t i c  i n s u l a t i o n  beyond R-49) ,  exceeded 

t h e  HRCP cos t -e f fec t i veness  l i m i t  ( i .e.,  c o s t  more than $1.15/kWh-saved) 

o r  exceeded HRCP standards (e.g., storm windows t h a t  cos t  more than 

those c a l l e d  f o r  by HRCP s p e c i f i c a t i o n s ) .  These households pa id  an 

average o f  $430. 

o f  t h e  t o t a l  r e t r o f i t  cost .  

Averaged over a l l  these homes, households pa id  on ly  1% 

ESTIMATED SAVING (6140 kWh) 
ORNL-DWG 86-11426 

RETROFIT COST ($3760) 

vZ;t INSULATION 
6sJ WINDOWS & DOORS 

INFILTRATION 
WH & T'STAT 

Fig.  4. Est imated e l e c t r i c i t y  savings and r e t r o f i t  cos ts  f o r  
HRCP-instal led measures. (WH & T'STAT r e f e r s  t o  water heat ing  
measures and c lock  thermostats.) 
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The HRCP payment f o r  r e t r o f i t  measures, averaged over  these homes, was 

69$/kWh-saved, f a r  below t h e  c o s t - e f f e c t i v e n e s s  l i m i t  (F ig .  5 ) .  * 

The i n s u l a t i o n  measures as a group dominate t h e  est imated energy 

sav ings f o r  t h e  i n s t a l l e d  measures (Table 6 and F ig .  4 ) ,  account ing 

f o r  57% o f  t h e  t o t a l  savings and 48% of  t h e  t o t a l  cost .  The d i f f e r e n c e  

i n  percentages o f  savings and c o s t  suggest t h a t  these measures are  r e l a -  

t i v e l y  c o s t - e f f e c t i v e .  The window and door measures, on t h e  o t h e r  hand, 

a r e  expensive, account ing f o r  o n l y  27% o f  t h e  est imated e l e c t r i c i t y  

sav ings b u t  47% o f  t h e  t o t a l  r e t r o f i t  cost .  The i n f i l t r a t i o n  reduc t ion ,  

water  heat ing,  and c l o c k  thermostat  measures account f o r  small  f r a c t i o n s  

o f  b o t h  c o s t  and savings. 

OWL-OWG 86-11431 

20 

tZl HRCP COST 

16 

10 

6 

0 

RETROFIT COST (S/kWh) 
Fig.  5. D i s t r i b u t i o n  across homes o f  HRCP payments and t o t a l  cos ts  f o r  

r e t r o f i t  measures ($ /es t imated  f i r s t - y e a r  kWh-saved). 

These t o t a l s  i n c l u d e  AAHX i n s t a l l a t i o n s .  Exc lud ing  t h e  c o s t  and * 
energy p e n a l t y  o f  AAHX reduces t h e  t o t a l  c o s t  o f  HRCP r e t r o f i t  measures 
t o  61$/kWh. 
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The re1 a t  i ons h i  p between t o t a l  r e t r o f i t  cos t  and p r e r e t  r o f  i t 

(1982/83) weather-normal i z e d  annual e l e c t r i c i t y  use i s  s u r p r i s i n g l y  

weak; t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  between these two v a r i a b l e s  i s  

o n l y  0.30 (F ig .  6 ) .  

s t r o n g  p r e d i c t o r  o f  t h e  need f o r  r e t r o f i t  measures and t h e r e f o r e  o f  

ac tua l  r e t r o f i t  cost .  

We had expected p r e r e t r o f i t  e l e c t r i c i t y  use t o  be a 

ORNL-DWG 86-11434 
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Fig.  6. Actual  r e t r o f i t  cos t  as a f u n c t i o n  of  1982/83 weather-adjusted 
e l e c t r i c i t y  use f o r  homes t h a t  p a r t i c i p a t e d  i n  HRCP and 
rece ived  a t  l e a s t  one major  r e t r o f i t  measure. 
c l a r i t y ,  t h e  f i g u r e  shows data  f o r  o n l y  a 1/10 random sample o f  
t hese  homes. ) 

(To improve 
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SAVINGS AND COSTS BY HOUSE TYPE AND AGE 

The preceding d i s c u s s i o n  presented summary s t a t i s t i c s  f o r  t h e  2988 

homes r e t r o f i t  by HRCP. Here we examine these s t a t i s t i c s  by housing 

t y p e  (Table 7) and by age o f  housing u n i t  (Table 8 ) .  

S i n g l e - f a m i l y  homes account f o r  t h e  m a j o r i t y  (60%) of HRCP par-  

t i c i p a n t s .  Because these d w e l l i n g  u n i t s  are, on average, s u b s t a n t i a l l y  

l a r g e r  than m u l t i f a m i l y  u n i t s  and mob i le  homes, t h e  energy savings asso- 

c i a t e d  w i t h  recommended and i n s t a l l e d  measures and t h e  r e t r o f i t  cos ts  a re  

much h i g h e r  f o r  s i n g l e - f a m i l y  homes. The r a t i o s  o f  est imated energy 

sav ings ( i n s t a l  led/recommended measures) a r e  much h i g h e r  f o r  s i n g l e -  and 

Tab le  7. Est imated e l e c t r i c i t y  savings and r e t r o f i t  cos ts  f o r  measures 
recommended and i n s t a l  1 ed by HRCP, by housing t y p e  

Mean values , by housing typea 
S i  n q l  e- M u l t i -  Mobi le  
f a m i l y  f a m i l y  home 

Est imated savings (kWh/yr) 
Recommended measures 
I n s t a l  l e d  measures 

I n s t a l  l e d  savings, as percent  
o f  recommended savings (%)  

R e t r o f i t  c o s t  ( 8 )  
Cost p e r  f i r s t - y e a r  est imated 

sav ings ( f/kWh) 

Year house b u i l t  
House f l o o r  area ( f t 2 )  
Number o f  household members 

Number o f  homes 

8150 
7680 

94 

5380 

79 

1952 
1530 

2.9 

1811 

3780 
3760 

104 

2180 

60 

1962 
780 

1.9 

513 

4160 
3230 

78 

2370 

78 

1973 
1060 

2.6 

534 

a M u l t i f a m i l y  inc ludes  a l l  s t r u c t u r e s  w i t h  two o r  more d w e l l i n g  
u n i t s .  Mob i le  homes i n c l u d e  t r a i l e r s .  O f  t h e  2988 homes, 140 cabins 
a r e  n o t  shown i n  t h i s  t a b l e .  

bThese represent  t h e  mean values o f  t h e  r a t i o s ,  n o t  t h e  r a t i o s  o f  
t h e  mean values. 
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Table 8. Est imated e l e c t r i c i t y  savings and r e t r o f i t  cos ts  f o r  measures 
recommended and i n s t a l l e d  by HRCP, by year  house was b u i l t  

Mean values, by year  house b u i l t  
1946- 1960- 1970- 1975- 1980+ - <1945 1959 1969 1974 1979 

Est imated savings (kWh/yr) 
Recommended measures 9720 7900 5800 4900 4370 3620 
I n s t a l  l e d  measures 9130 7460 5490 4540 3860 3210 

I n s t a l l e d  saving, as percent  
o f  recommended sav i  ng (%) 96 97 94 92 88 96 

R e t r o f i t  cos t  ($ )  5500 5180 4310 3330 2990 2110 
Cost per  f i  r s t - y e a r  est imated 

sav ing  (P/kWh) 66 75 85 73 72 60 

Number o f  homesa 782 341 454 600 598 209 

aYear b u i l t  was miss ing  f o r  f o u r  o f  t h e  2988 homes. 

m u l t i - f a m i l y  u n i t s  than f o r  mob i le  homes. 

s i n g l e - f a m i l y ,  m u l t i f a m i l y ,  and mob i le  home u n i t s ,  r e s p e c t i v e l y ,  had no 

major  measures i n s t a l  led.  

About 8%, 1%, and 6% o f  t h e  

F i n a l l y ,  t h e  est imated e l e c t r i c i t y  savings per  u n i t  f l o o r  area are  

about 50% h i g h e r  f o r  s i n g l e -  and m u l t i - f a m i l y  u n i t s  than for  mobi le  homes. 

Apparent ly ,  t h e  o p p o r t u n i t i e s  t o  r e t r o f i t  mob i le  homes are l i m i t e d .  

There are  a l s o  s u b s t a n t i a l  d i f f e r e n c e s  i n  est imated savings and 

cos ts  as a f u n c t i o n  o f  house age (Tab le  8 ) .  As expected, t h e  savings 

and r e t r o f i t  cos ts  inc rease w i t h  house age. Th is  i s  r e f l e c t e d  i n  t h e  

i nc idence  o f  cases w i t h  no major measures i n s t a l l e d :  

homes cons t ruc ted  be fo re  1960 had no major  measures i n s t a l l e d ,  compared 

w i t h  7% f o r  homes cons t ruc ted  du r ing  t h e  1970s and 17% f o r  homes 

cons t ruc ted  d u r i n g  t h e  1980s. However, t h e  c o s t - e f f e c t i v e n e s s  o f  r e t r o -  

f i t  i s  l a r g e l y  independent of house age. 

on l y  3% o f  t h e  
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4. INDIVIDUAL RETROFIT MEASURES: INSTALLATION AND BARRIERS 

The preceding s e c t i o n  reviewed HRCP's o v e r a l l  success i n  i n s t a l  l i n g  

r e t r o f i t  measures i n  p a r t i c i p a n t  homes. This  s e c t i o n  focuses on i n d i v i -  

dual  measures recommended and i n s t a l l e d  i n  t h e  2988 homes t h a t  had a t  

l e a s t  one major r e t r o f i t  measure i n s t a l l e d .  

RECOMMENDATION AND INSTALLATION 

Several measures were recommended i n  t h e  vas t  m a j o r i t y  o f  homes 

c e i l i n g  i n s u l a t i o n ,  f l o o r  i n s u l a t i o n ,  storm windows, (Tab le  9)  : 

cau lk ing ,  and door w e a t h e r s t r i p p i n g  (Figs.  7 - 10). Heat ing duct 

i n s u l a t i o n ,  i n s u l a t e d  doors, and window w e a t h e r s t r i p p i n g  were i n s t a l l e d  

i n  very  few homes. Homes w i t h  baseboard h e a t i n g  have no hea t ing  ducts, 

i n s u l a t e d  doors are r a r e l y  c o s t - e f f e c t i v e ,  and t h e  need f o r  window 

w e a t h e r s t r i p p i n g  was u s u a l l y  obv ia ted  by i n s t a l l a t i o n  o f  storm windows. 

The measures a l s o  d i f f e r  s u b s t a n t i a l l y  i n  r e t r o f i t  cos t  and i n  e s t i -  

mated energy savings. Storm windows and f l o o r  i n s u l a t i o n  are t h e  most 

expensive measures; t h e  f o u r  measures i n s t a l l e d  a t  t h e  t ime  o f  t he  a u d i t  

a r e  t h e  l e a s t  expensive. Est imated energy savings are l a r g e s t  f o r  w a l l  

i n s u l a t i o n ,  which had a r e l a t i v e l y  low r e t r o f i t  cost .  C e i l i n g  and f l o o r  

i n s u l a t i o n  and storm windows are a l s o  l a r g e  energy savers. 

BARRIERS FOR MEASURES NOT INSTALLED 

The obs tac les  t o  recommendation and/or n s t  a1 1 a t  i on of r e t  r o f  i t 

measures no ted  i n  t h e  HRCP b a r r i e r s  form (F g. 3)  do not c o n s t i t u t e  an 

exhaus t i ve  and m u t u a l l y  e x c l u s i v e  s e t  of choices. For example, t h e  

presence o f  R-30 i n s u l a t i o n  i n  t h e  a t t i c  of a home cou ld  lead t o  any one 

o f  t h r e e  b a r r i e r s :  
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Measure A1 ready I n s t a l  led ,  
Not Cost E f f e c t i v e ,  
E x i s t i n g  I n s u l  a t i o n / I n s t a l  l a t  ion. 

The f i r s t  b a r r i e r  occurred i f  t h e  r e s i d e n t  knew how much i n s u l a t i o n  was 

i n  t h e  a t t i c  and d i d  not  a l l ow  t h e  a u d i t o r  t o  i nspec t  t h e  a t t i c .  The 

second occurred i f  t h e  a u d i t o r  computed t h e  est imated e l e c t r i c i t y  

sav ings f o r  a d d i t i o n  o f  R-19 t o  b r i n g  t h e  c e i l i n g  t o  t h e  HRCP l e v e l  o f  

Table 9. R e t r o f i t  measures recommended and i n s t a l l e d  by HRCPa 

Measure 

Rat io  of 

estimated Cost Savings ngsC 

I n s t a l  l e d  cost t o  
Percentage of homes 

i n  which measure 
I n s t a l  l e d  

($1 (kWh/yr)b ($/kWh) I n s t a l l e d  as % o f  
mended recommended 

Insu la t i on  
C e i l i n g  
F1 oor  
Wall 
Duct 

Windows and doors 
Storm windows 
S l i d i n g  glass doors 
Insulated doors 

I n f i l t r a t i o n  
Caulking 
W i ndow w '  s t  r i  p 
Door w '  s t  r i  p 
Out1 e t  gaskets 

Clock thermostat 

Water heater 
I n s u l a t i o n  
Pipe i n s u l a t i o n  
Low-f 1 ow showerheads 

88 
87 
49 
19 

99 
40 
12 

89 
17 
90 
d 

32 

d 
d 
d 

67 
63 
39 
12 

89 
29 
3 

78 
0 
69 
85 

26 

51 
63 
62 

76 
72 
80 
63 

90 
73 
25 

88 
0 
77 
100 

81 

100 
100 
100 

960 
1350 
7 20 
27 0 

1730 
7 20 
430 

110 

80 
10 

150 

- 

20 
10 
10 

1690 57 
2080 65 
2460 29 
720 37 

1670 104 
500 143 
210 208 

140 82 

50 180 
400 3 

- - 

250 59 

360 6 
30 18 
450 2 

aBased on 2988 homes. 

bThese are engineering estimates o f  expected e l e c t r i c i t y  savings f o r  the measures 
i n s t a l l e d  by HRCP. 

CThese numbers are the r a t i o s  o f  the mean cost t o  mean estimated annual savings 
f o r  each measure. 

d Ins ta l  l a t i o n s  equal recommendations f o r  these four  aud i to r - i ns ta l l ed  measures. 



29 

1oc 

8C 

' 60 z 
0 
I 
L L  

40 s 

20 

0 

ORNL-DWG 86-11428 

RECOMMENDED = INSTALLED 

CEILING FLOOR WALL DUCT 
Fig .  7. Percentage o f  HRCP homes i n  which i n s u l a t i o n  measures were 

recommended and i n s t a l l e d .  
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Fig.  8. Percentage o f  HRCP homes i n  which window and door measures were 
recommended and i n s t  a1 1 ed . 
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ORNL-DUG 86-11430 
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Fig.  9. Percentage o f  HRCP homes i n  which i n f i l t r a t i o n  measures were 
recommended and i n s t a l  led .  Window wea the rs t r i pp ing  was r a r e l y  
i n s t a l l e d  because i n s t a l  l a t i o n  o f  new windows and frames 
obv ia tes  t h e  need f o r  weathers t r ipp ing .  O u t l e t  gaskets were 
i n s t a l l e d  a t  t h e  t ime  o f  t h e  energy a u d i t  so recommendations 
equal i n s t a l l a t i o n s .  

ORNL-DUG 86-11432 

Fig .  10. Percentage o f  homes i n  which water hea t ing  measures were 
i n s t a l l e d  ( i d e n t i c a l  t o  percentages i n  which measures were 
recommended). 
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R-49; s t a f f  i n  t h e  HRCP o f f i c e  then determined, a f t e r  t h e  c o n t r a c t o r  

prepared a b i d ,  t h a t  t h e  i n s t a l l a t i o n  c o s t  was t o o  h i g h  t o  pay f o r  t h e  

es t imated  savings, g i v e n  t h e  $1.15 l i m i t .  The t h i r d  choice occurred 

d u r i n g  t h e  a u d i t  i f  t h e  a u d i t o r  recognized t h a t  t h e  a t t i c  a l ready  con- 

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

We aggregated t h e  i n d i v i d u a l  b a r r i e r s  i n t o  f i v e  groups: 

Not compat ib le  (66, 69, 70*) - r e f e r s  t o  measures t h a t  are not  
a p p l i c a b l e  t o  t h e  p a r t i c u l a r  house, such as duct  i n s u l a t i o n  i n  
a house t h a t  has no ducts  o r  f l o o r  i n s u l a t i o n  f o r  a house on a 
concre te  s lab.  

Phys ica l  (60-62, 64, 65, 67, 68, 71) - r e f e r s  t o  c o n d i t i o n s  i n  
t h e  house t h a t  p revent  i n s t a l l a t i o n  of a measure, such as spaces 
t o o  smal l  t o  i n s t a l l  a d d i t i o n a l  i n s u l a t i o n  o r  water heaters  
w i t h o u t  pressure re1 i e f  Val ves. 

E x i s t i n g  i n s t a l l a t i o n  (16, 63) - r e f e r s  t o  s i t u a t i o n s  i n  which 
some o r  a l l  o f  t h e  recommended measure i s  a l ready  i n  p lace;  
i n s t a l l a t i o n  o f  more o f  t h e  measure would no t  be c o s t - j u s t i f i e d .  

Customer (1-15) - r e f e r s  t o  cases i n  which t h e  r e s i d e n t  decides 
t h a t  t h e  measure w i l l  no t  be i n s t a l l e d .  

Other/none (40-43, 45, 99) - r e f e r s  t o  o t h e r  b a r r i e r s  t h a t  are 
i n f r e q u e n t l y  c i t e d  o r  t o  measures not  i n s t a l l e d  f o r  which no 
b a r r i e r  was recorded. 

Noncompatible c o n d i t i o n s  were c i t e d  f o r  19% o f  t h e  n o n i n s t a l l e d  
** measures (Tab le  10 and F ig.  11) .  An a d d i t i o n a l  31% o f  t h e  measures 

were no t  i n s t a l  l e d  because o f  phys ica l  c o n d i t i o n s  t h a t  prevented 

i n s t a l l a t i o n .  Thus, h a l f  o f  t h e  measures c o u l d  no t  be i n s t a l l e d ,  

regard less  o f  p o t e n t i a l  energy savings o r  measure costs.  

These numbers r e f e r  t o  t h e  b a r r i e r s  i n  t h e  form shown i n  F ig .  3. * 

#ore than one b a r r i e r  was sometimes i d e n t i f i e d  f o r  i n d i v i d u a l  ** 
measures. On average, t h e r e  were 1.2 b a r r i e r s  per  n o n i n s t a l l e d  
measure. I n  a d d i t i o n ,  b a r r i e r s  were n o t  recorded f o r  3% of  t h e  
n o n i n s t a l l e d  measures. The d iscuss ion,  Tables 10 and 11, and F igs.  11 
and 12 i g n o r e  these smal l  anomalies. 
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Table 10. B a r r i e r  t ype  f o r  measures no t  i n s t a l l e d  by HRCPa 

No. o f  
measures 

Percentage o f  b a r r i e r s  by b a r r i e r  t y p e b  

Ex i  s t i ng Not n o t  
I n s t a l  l a t i o n  Compat ib le  Customer i ns t a l  1 ed 

Measure 

I n s u l  a t  i o n  
C e i l i n g  32 
F1 o o r  35 
Wal l  74 
Duct  14 

2 
5 
3 

68 

1919 
2058 
2455 
2951 

62 
55 
20 
17 

Windows and doors  
Storm windows 84 
S l i d i n g  g l a s s  doors 18 
I n s u l a t e d  doors  93 

3 
43 

2 

0 
35 
0 

7 
3 
1 

350 
2256 
3170 

I n f  i 1 t r a t i o n  
C a u l k i n g  61 

74 
Window w ' s t r i  p 94 
Door w '  s t  r i  p 
Out1 e t  gaskets  12 

4 
1 
3 

13 

815 
3163 
1010 
470 

32 
4 

20 
68 

94 2 2254 Clock  t h e r m o s t a t  1 1 

Water h e a t e r  
I n s u l  a t  i on 24 

Low-f  1 ow showerheads 16 
P i p e  i n s u l a t i o n  11 

59 
75 
71 

15 
11 
8 

1926 
1354 
1313 

Averages 45 31 19 4 27,464 

a0ased on 2988 homes and 15 measures. 

bpercentages  do n o t  add t o  100% because o t h e r  b a r r i e r s  o c c a s i o n a l  ly  
o c c u r r e d ,  a c c o u n t i n g  f o r  2% o f  t h e  t o t a l .  

The presence o f  p a r t i a l  measures o r  lack  o f  cos t -e f fec t i veness  (NCE) 

I n  these cases, t h e  prevented i n s t a l l a t i o n  i n  another 45% o f  t h e  cases. 

homes a1 ready had s u f f i c i e n t  q u a n t i t i e s  o f  a measure (e.g., double-pane 

windows) so  a d d i t i o n s  t o  b r i n g  t h e  measure up t o  t h e  p r o j e c t  l e v e l  

(e.g. , t r i p l e - p a n e )  cou ld  not be j u s t i f i e d .  

Customer concerns prevented i n s t a l l a t i o n  o f  on l y  4% o f  t h e  measures. 

Lack of customer b a r r i e r s  i s  s u r e l y  caused l a r g e l y  by t h e  f a c t  t h a t  

almost a l l  measures were i n s t a l l e d  a t  no cos t  t o  t h e  household. 

F i n a l l y ,  o t h e r  b a r r i e r s  were c i t e d  f o r  l e s s  than 2% o f  t h e  measures. 
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Fig.  11. D i s t r i b u t i o n  o f  b a r r i e r s  f o r  measures no t  i n s t a l l e d ,  by t ype  
o f  b a r r i e r .  (NCE i s  no t  c o s t - e f f e c t i v e . )  

The vas t  m a j o r i t y  o f  b a r r i e r s  (81%) were i d e n t i f i e d  du r ing  t h e  energy 

a u d i t  (Tab le  11 and F ig .  12 ) .  

f l o o r  i n s u l a t i o n  and c a u l k i n g  ( f o r  which some b a r r i e r s  sur faced du r ing  

t h e  c o n t r a c t o r  b i d )  and s torm windows ( f o r  which more b a r r i e r s  appeared 

d u r i n g  t h e  b i d  process than d u r i n g  t h e  a u d i t ) .  

The o n l y  except ions were c e i l i n g  and 

Th is  r e s u l t  suggests 

t h a t  t h e  a u d i t o r s  g e n e r a l l y  d i d  a good j o b  examining t h e  s u i t a b i  

each measure f o r  each house. 

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

t o  i n c o m p a t i b i l i t y  w i t h  t h e  hea t ing  system o r  s t r u c t u r e  and phys 

i t y  o f  

re1 a ted  

c a l  

l i m i t a t i o n s .  B a r r i e r s  r e l a t e d  t o  c o s t - e f f e c t i v e n e s s  and customer con- 

cerns were f r e q u e n t l y  i d e n t i f i e d  d u r i n g  t h e  c o n t r a c t o r  b i d  phase (which 

i n c l u d e d  c a l c u l a t i o n s  o f  c o s t - e f f e c t i v e n e s s  by t h e  HRCP o f f i c e  s t a f f ) .  
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Table 11. P o i n t  o f  b a r r i e r  occurrence f o r  measures no t  i n s t a l l e d a  

Percentage o f  b a r r i e r s  by p o i n t  o f  b a r r i e r  

Measure A f t e r  b i d  Between Dur ing 
Audit a u d i t / b i d  b i d  

I n s u l a t i o n  
Cei 1 i ng 
F1 oor  
Wall  
Duct 

70 
65 
84 
88 

21 
24 
9 
7 

Windows and doors 
Storm windows 
S l i d i n g  g lass  doors 
I n s u l a t e d  doors 

10 
80 
91  

17 
3 
1 

62 
14 

5 

10 
3 
4 

I n f  i 1 t r a t  i o n  
Cau lk ing  
Window w ' s t r i p  
Door w ' s t r i p  
O u t l e t  gaskets 

40 
90 
30 
95 

38 
5 

36 
0 

15 
3 

28 
2 

Clock thermosta t  91  0 3 5 

Water heater  
I n s u l  a t  i o n  
Pipe i n s u l a t i o n  
Low f l o w  showerheads 

94 
92 
93 

4 
5 
4 

0 
0 
0 

2 
2 
2 

Averages 81 3 11 5 

aBased on 2988 homes. 

Only a few o f  t h e  32 b a r r i e r s  i n c l u d e d  i n  t h e  HRCP form (F ig.  3) 

were f r e q u e n t l y  c i t e d  (Table 12).  S t r u c t u r a l  l i m i t a t i o n  was t h e  predomi- 

nant  b a r r i e r  f o r  severa l  measures: c e i l i n g  and f l o o r  i n s u l a t i o n ,  

s l i d i n g  g lass  doors, and low- f low showerheads. 

E x i s t i n g  i n s t a l  l a t i o n  (presence o f  t h e  measure), t h e  most f r e q u e n t l y  

c i t e d  b a r r i e r ,  was c i t e d  f o r  t h e  m a j o r i t y  of homes i n  which w a l l  i n s u l a -  

t i o n  and w e a t h e r s t r i p p i n g  were not  i n s t a l l e d .  E x i s t i n g  i n s t a l l a t i o n  

was a l s o  a major  b a r r i e r  f o r  cau lk ing .  
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Fig.  12. D i s t r i b u t i o n  o f  b a r r i e r s  by t i m e  of i d e n t i f i c a t i o n .  

Table 12. Most f r e q u e n t l y  c i t e d  i n d i v i d u a l  b a r r i e r s a  
Percentage o f  b a r r i e r s  

Noncoinpatible R e s t r i c t  i o n  
S t r u c t u r a l  E x i s t i n g  s t r u c t u r e  o r  Not c o s t -  L i m i t e d  i n  a u d i t o r  
l i m i t a t i o n  i n s t a l l a t i o n  h e a t i n g  equip. e f f e c t i v e  access c o n t r a c t b  

I n s u l a t i o n  
C e i l i n g  
F l o o r  
Wall  
Duct 

34 
30 

66 

Windows and doors 
Storm windows 
S l i d i n g  g lass  doors 43 
I n s u l a t e d  doors 20 

I n f i l t r a t i o n  
Caul k i n g  32 38 
W i  ndow w ' s t r i p  50 
Door w ' s t r i  p 20 50 
O u t l e t  gaskets  

68 

35 

21 26 
26 21 

81 

75 - 

24 
44 
24 - 

60 

Clock the rmos ta t  94 

Water h e a t e r  
I n s u l a t i o n  24 24 20 
Pipe i n s u l a t i o n  30 27 
Low-f \ow showerheads 44 21 

T o t a l  19 23 15 22 6 5 

"he percentages a re  based on a l l  t h e  b a r r i e r s  i d e n t i f i e d  f o r  measures not i n s t a l l e d  i n  t h e  
2988 HRCP homes. Only those t h a t  accounted f o r  20% o r  more o f  t h e  t o t a l  b a r r i e r s  f o r  each 
measure a r e  shown. 

bThese c o n t r a c t  r e s t r i c t i o n s  r e f e r  t o  t h e  fou r  a u d i t o r - i n s t a l  l e d  measures and were g e n e r a l l y  
c i t e d  f o r  water  hea te r  wraps. Thus, t h e  227 o u t l e t  gaskets not  i n s t a l l e d  because o f  t h i s  b a r r i e r  
were a c t u a l l y  no t  i n s t a l l e d  because t h e  absence o f  a pressure r e l i e f  va l ve  on t h e  water  hea te r  
prevented i n s t a l l a t i o n  o f  370 wa te r  hea te r  wraps. 

f o r  t h e  o t h e r  10%. 
CThese s i x  b a r r i e r s  accounted f o r  90% of  a l l  those c i t e d ;  t h e  remain ing 26 b a r r i e r s  accounted 
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A noncompat ib le s t r u c t u r e  o r  heat ing  system f r e q u e n t l y  prevented 

recommendation and/or i n s t a l l a t i o n  o f  h e a t i n g  duct  i n s u l a t i o n  and c l o c k  

thermostats .  Houses w i t h  i n d i v i d u a l  room e l e c t r i c  heaters  (68% o f  t h e  

t o t a l )  cannot have duct  i n s u l a t i o n  o r  c lock  thermostats  i n s t a l  led .  

I n s u l a t e d  doors were f r e q u e n t l y  i d e n t i f i e d  as not  c o s t - e f f e c t i v e  

d u r i n g  t h e  energy aud i t .  HRCP p o l i c y  d e f i n e d  thermal doors as inappro-  

p r i a t e  un less t h e  e x i s t i n g  door was i n  poor c o n d i t i o n .  

why t h i s  measure was recommended and i n s t a l l e d  l e s s  f r e q u e n t l y  than any 

o t h e r  measure. Storm windows were o f t e n  i d e n t i f i e d  as not  cos t -  

e f f e c t i v e  d u r i n g  t h e  c o n t r a c t o r  b i d  phase. 

This  e x p l a i n s  

O u t l e t  gaskets,  water heater  i n s u l a t i o n ,  water heater  p i p e  wrap, and 

l o w - f l o w  showerheads were no t  i n s t a l  l e d  under c e r t a i n  c i rcumstances, 

s p e l l e d  ou t  i n  t h e  c o n t r a c t  between HRCP and t h e  a u d i t o r s .  For example, 

water  h e a t e r  wraps were o f t e n  no t  i n s t a l l e d  because t h e  water heater  d i d  

n o t  have a pressure r e l i e f  valve.  U n t i l  t h e i r  i n s t r u c t i o n s  were 

c l a r i f i e d ,  a u d i t o r s  i n s t a l l e d  none o f  t h e  f o u r  low-cost  measures i f  t h e  

water  h e a t e r  d i d  no t  have a pressure r e l i e f  valve.  

h i g h  percentages f o r  c o n t r a c t  r e s t r i c t i o n  (Table 12) f o r  these measures. 

Th is  exp la ins  t h e  

NONINSTALLED MEASURES: RECOMMENDED VS NOT RECOMMENDED 

About 51% o f  t h e  measures were no t  i n s t a l l e d  i n  t h e  2988 homes 

considered here. 

mended d u r i n g  t h e  energy a u d i t s ,  w h i l e  t h e  remain ing 80% were n e i t h e r  

recommended nor  i n s t a l l e d .  

b a r r i e r s  between these two s e t s  of n o n i n s t a l  l e d  measures. 

Roughly 20% o f  these n o n i n s t a l l e d  measures were recom- 

Here we examine d i f f e r e n c e s  i n  t h e  types o f  

For  t h e  measures recommended b u t  not  i n s t a l l e d ,  e x i s t i n g  i n s t a l l a -  

t i o n  accounted f o r  more than h a l f  t h e  t o t a l  (F ig .  13) .  I n  many o f  these 
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cases , t h e  b a r r i e r  noted was no t  c o s t - e f f e c t i v e  (NCE),  i d e n t i f i e d  du r ing  

t h e  c o n t r a c t o r  b id .  C e i l i n g  and f l o o r  i n s u l a t i o n  were t h e  two measures 

most f r e q u e n t l y  recommended b u t  no t  i n s t a l l e d ;  t hese  two measures 

accounted f o r  more than 40% o f  a l l  t h e  NCE measures. I n  many o the r  

cases, phys i ca l  l i m i t a t i o n s  were uncovered by t h e  c o n t r a c t o r  t h a t  pre- 

vented i n s t a l l a t i o n  o f  t h e  recommended measure, account ing f o r  36% o f  

t h e  measures recommended bu t  no t  i n s t a l  led.  

Measures were f r e q u e n t l y  no t  recommended a t  a1 1 because o f  phys ica l  

l i m i t a t i o n s  (30%) o r  because t h e  measure would no t  be compat ib le  w i t h  

t h e  s t r u c t u r e  o r  hea t ing  system (25%) .  

ORNL-DWG 86-11433 
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NOT REC'D (80%) 

Fig.  13. D i s t r i b u t i o n  o f  b a r r i e r s  f o r  n o n i n s t a l l e d  measures, recom- 
mended vs nonrecommended measures. 



38 

RECOMMENDED MEASURES: INSTALLED VS NONINSTALLED 

As noted e a r l i e r ,  17% o f  t h e  measures recommended du r ing  t h e  energy 

Examination o f  t h e  e s t i -  a u d i t  were - not  i n s t a l l e d  by HRCP (Tab le  4). 

mated energy savings f o r  these measures provides some exp lana t ion  o f  why 

they  were no t  i n s t a l l e d .  For a l l  t h e  i n s u l a t i o n  and g lass  measures, t h e  

r a t i o  o f  es t imated  energy saving t o  cos t  was r e l a t i v e l y  low. For 

measures t h a t  were i n s t a l l e d ,  t h e  r a t i o  was much higher.  I n  o the r  

words, r e j e c t e d  measures, on average, were expected t o  save l e s s  energy 

than i n s t a l l e d  measures; almost 60% o f  these measures were r e j e c t e d  

because they  d i d  not meet t h e  P r o j e c t ' s  c o s t - e f f e c t i v e n e s s  l i m i t  (NCE; 

Fig.  13). Th i s  d i f f e r e n c e  was most dramat ic f o r  t h e  i n s u l a t i o n  

measures; measures t h a t  were not i n s t a l l e d  t y p i c a l l y  would have saved 

o n l y  h a l f  as much e l e c t r i c i t y  as t h e  measures t h a t  were i n s t a l l e d .  
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5. DISCUSSION 

P r e s e n t a t i o n  and a n a l y s i s  o f  da ta  on r e t r o f i t  measures i n s t a l l e d  by 

HRCP demonstrate t h e  enormous r i chness  and va ue of t h e  HRCP da ta  base. 

C l e a r l y ,  HRCP and i t s  ex tens i ve  and competent da ta  c o l l e c t i o n  y i e l d  

va luab le  and unique i n f o r m a t i o n  on r e s i d e n t i a  r e t r o f i t  i n  t h e  P a c i f i c  

Northwest. These da ta  form t h e  bas i s  f o r  a v a r i e t y  o f  analyses t h a t  

w i l l  p r o v i d e  impor tan t  new i n s i g h t s  concern ing t h e  design, opera t ion ,  

and success o f  r e s i d e n t  i a1 r e t r o f i t  programs. Th is  and subsequent 

r e p o r t s  w i l l  use t h e  HRCP da ta  t o  analyze p a r t i c i p a t i o n  i n  t h e  P r o j e c t ,  

i n s t a l l a t i o n  of r e t r o f i t  measures, and ac tua l  energy and load  reduc- 

t i o n s .  The HRCP da ta  a re  a l s o  be ing  used f o r  a n a l y s i s  o f  r e s i d e n t i a l  

wood use, p o s t r e t r o f i t  changes i n  indoor  temperatures, ac tua l  e l e c t r i c -  

i t y  sav ings produced by i n s t a l l a t i o n  o f  water  hea t ing  conserva t ion  

measures, and comparison o f  ac tua l  sav i  ngs w i t h  a u d i t  p r e d i c t i o n s .  

The h i g h  l e v e l  o f  HRCP r e t r o f i t s  and t h e  s u b s t a n t i a l  f i n a n c i a l  

c o n t r i b u t i o n  min imize  t h e  importance o f  e x i s t i n g  l e v e l s  o f  s t r u c t u r e  

thermal  performance and c a p i t a l  cos t ,  two major  obs tac les  t o  r e t r o f i t  i n  

most conse rva t i on  programs. Removal o f  these b a r r i e r s ,  coupled w i t h  t h e  

d e t a i l s  p rov ided on types and t imes o f  b a r r i e r s ,  g r e a t l y  increases our  

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

terms o f  b o t h  p a r t i c i p a t i o n  i n  such programs and adopt ion of recommended 

measures. 

HRCP was remarkably successfu l  i n  g e t t i n g  recommended measures 

i n s t a l l e d .  O f  t h e  measures recommended by t h e  HRCP energy aud i to rs ,  83% 

were subsequent ly  i n s t a l l e d  by t h e  P r o j e c t .  

accounted f o r  93% o f  t h e  es t imated  e l e c t r i c i t y  savings. These r e s u l t s  

These i n s t a l l e d  measures 
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demonstrate t h e  f e a s i b i l i t y  o f  i n s t a l l i n g  most o f  t h e  recommended 

measures i n  a program t h a t  i s  w e l l  run and t h a t  pays f o r  v i r t u a l l y  a l l  

o f  t h e  r e t r o f i t  cost .  

The conserva t ion  p o t e n t i a l  i n  e x i s t i n g  homes i s  d i f f i c u l t  t o  d e f i n e  

and t o  determine. D i f f e r e n t  d e f i n i t i o n s  a r e  p o s s i b l e  depending on how 

one considers measures t h a t  a re  n o t  a p p l i c a b l e ,  t h a t  cannot be i n s t a l l e d  

because o f  phys ica l  l i m i t a t i o n s ,  t h a t  a r e  a l ready  p a r t i a l l y  o r  f u l l y  i n  

p lace,  o r  t h a t  r e s i d e n t s  do not  want i n s t a l l e d .  

Accurate d e t e r m i n a t i o n  o f  conserva t ion  p o t e n t i a l s  r e q u i r e s  d e t a i l e d  

d a t a  on t h e  c u r r e n t  c o n d i t i o n  o f  t h e  r e g i o n ' s  housing stock.  

i n c l u d e s  i n f o r m a t i o n  on e x i s t i n g  l e v e l s  of conserva t ion  measures, types 

o f  s t r u c t u r e  and heat ing  equipment, phys ica l  b a r r i e r s  t h a t  prevent  

i n s t a l l a t i o n  o f  o therw ise  needed measures, and i n s t a l l a t i o n  cost.  HRCP 

da ta  show t h e  importance o f  these fac to rs ;  a lmost h a l f  t h e  measures 

h y p o t h e t i c a l  l y  a p p l i c a b l e  were no t  recommended because o f  these f a c t o r s  

(and t h e r e f o r e  not  i n s t a l  l e d ) .  

T h i s  

HRCP succeeded i n  g a i n i n g  p a r t i c i p a t i o n  from more than 90% o f  t h e  

e l i g i b l e  households (3249 o f  3500 s igned up f o r  t h e  P r o j e c t ) .  

a l s o  sucessfu l  i n  i n s t a l l i n g  more than 80% o f  t h e  r e t r o f i t  measures 

recommended. However, it i s  t o o  soon t o  know whether t h e  P r o j e c t  i s  

a c t u a l l y  sav ing energy and reducing e l e c t r i c a l  loads as a n t i c i p a t e d .  

I n f o r m a t i o n  on ac tua l  kWh and kW reduc t ions  must w a i t  u n t i l  s u f f i c i e n t  

p o s t r e t r o f i t  e l e c t r i c i t y  b i l l i n g  and l o a d  metered da ta  a re  a v a i l a b l e ,  i n  

F a l l  1986. 

HRCP was 
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ABSTRACT 

Because 85% of t h e  homes i n  t h e  P a c i f i c  Northwest have e l e c t r i c  
water  heaters ,  water  h e a t i n g  i s  t h e  second most impor tan t  r e s i d e n t i a l  
e l e c t r i c i t y  end-use i n  t h e  r e g i o n  (second t o  space heat ing) .  T h i s  paper 
analyzes t h e  determinants  of  water-heat ing e l e c t r i c i t y  use, us ing  end- 
use l o a d  da ta  and responses t o  a d e t a i l e d  home i n t e r v i e w .  These da ta  
a r e  a v a i l a b l e  f o r  142 homes i n  Hood R iver ,  Oregon. 

On average, these homes used 5000 kWh/year f o r  water  heat ing.  
Almost 60% of  t h e  household-to-household v a r i a t i o n  i n  e l e c t r i c i t y  use 
was exp la ined w i t h  e i g h t  v a r i a b l e s  i n  a s imple regress ion  model. The 
number and ayes o f  household members a r e  t h e  s t r o n g e s t  determinants  o f  
e l e c t r i c i t y  use: use increases by rough ly  1000 kWh/year w i t h  each a d d i -  
t i o n a l  household merrber. Other s t a t i s t i c a l l y  s i g n i f i c a n t  determinants  
o f  water-heat ing e l e c t r i c i t y  use a r e  hot -water  temperature,  water-heater  
l o c a t i o n ,  number o f  showers i n  t h e  home, and house type. 

E l e c t r i c i t y  use v a r i e s  cons iderab ly  throuyhout  t h e  y e a r  (as w e l l  as 
across households). 
summer. About h a l f  o f  t h i s  temporal  v a r i a t i o n  i s  due t o  changes i n  o u t -  
door temperatures and h a l f  i s  due t o  seasonal changes i n  behav io r  (i.e., 
inc reased use o f  h o t  water  i n  w i n t e r ) .  

Weekly usage was 50% h i g h e r  i n  mid-w in te r  than i n  

Research sponsored b y  t h e  Of f i ce  of  Conservat ion,  B o n n e v i l l e  Power 
A d m i n i s t r a t i o n ,  U.S. Department o f  Energy, under c o n t r a c t  No. 
DE-AC05-840R21400 w i t h  M a r t i n  M a r i e t t a  Energy Systems, Inc.  

* 



1. INTRODUCTION 

Water heat iny  i s  t h e  second l a r g e s t  user  of  energy i n  t h e  res iden-  

t i a l  sector ,  account ing f o r  a lmost  20% of t o t a l  U.S. r e s i d e n t i a l  end-use 

energy consumption (EIA 1985). 

about ha1 f t h e  t o t a l ,  consumes more energy. 

Only space heat ing,  which accounts f o r  

N a t i o n a l l y ,  water  heat ing  i s  impor tan t  t o  e l e c t r i c  u t i l i t i e s  f o r  

severa l  reasons. 

mers use e l e c t r i c i t y  f o r  water  heat ing  than use e l e c t r i c i t y  f o r  space 

h e a t i n g  (32% vs 16% i n  1982; E I A  1984). Second, severa l  low-cost 

measures a r e  a v a i l a b l e  t o  reduce e l e c t r i c i t y  use f o r  water  heat ing.  

Thi rd ,  because o f  t h e i r  l a r g e  s to rage capac i ty ,  r e s i d e n t i a l  water  

h e a t e r s  a r e  f r e q u e n t l y  t h e  focus of u t i l i t y  l o a d  management programs. 

F i  r s t ,  a much l a r g e r  percentage o f  r e s i d e n t i a l  custo-  

E l e c t r i c  water  h e a t i n g  i s  p a r t i c u l a r l y  impor tan t  i n  t h e  P a c i f i c  

Northwest, where about 85% o f  t h e  homes use e l e c t r i c i t y  f o r  water  

heat ing ;  45% use e l e c t r i c i t y  as t h e  pr imary  heat ing  f u e l  (BPA 1984). 

Analyses conducted b y  t h e  Northwest Power Planning Counci l  (NPPC 1983) 

suggest t h a t  water  heat ing  accounted f o r  26% of t o t a l  r e s i d e n t i a l  

e l e c t r i c i t y  use i n  t h e  P a c i f i c  Northwest d u r i n g  1981, compared w i t h  31% 

f o r  space heat ing.  The Counci l  es t imated  t h e  c o s t - e f f e c t i v e  p o t e n t i a l  

t o  reduce e l e c t r i c i t y  use f o r  water  heat ing  a t  514 MW; these savings 

represent  b e t t e r - i  nsu la ted  water-heater  tanks,  p i p e  wraps ( i  n s u l a t i o n  

on t h e  h o t  and c o l d  water  p i p e s  connected t o  t h e  water  h e a t e r ) ,  and more 

e f f i c i e n t  hot -water-us ing app l iances  (NPPC 1986) . The ach ievab le  por -  

t i o n  o f  t h i s  i s  377 MW, 18% o f  p r o j e c t e d  water-heat ing e l e c t r i c i t y  use 

i n 2005. 

This  paper presents  r e s u l t s  f rom t h e  f i rst  o f  a two-phase p r o j e c t .  

The purpose o f  t h e  p r o j e c t  i s  t o  analyze t h e  l e v e l  and determinants  o f  
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annual r e s i  dent i a1 water-heat i ng 

e l e c t r  c i t y  savings due t o  i n s t a  

measures . 

e l e c t r i c i t y  use and t h e  determinants o f  

l a t i o n  of water-heat ing conserva t ion  

The da ta  used here  a r e  from t h e  Hood R i v e r  Conservation P r o j e c t  

(HRCP), a major r e s i d e n t i a l  r e t r o f i t  demonstrat ion p r o j e c t ,  sponsored b y  

t h e  B o n n e v i l l e  Power A d m i n i s t r a t i o n  (BPA) and admin is te red  b y  P a c i f i c  

Power & L i g h t  Company (PP&L). The f i r s t  phase uses data c o l l e c t e d  from 

142 homes i n  Hood R i v e r  du r ing  t h e  J u l y  1984 - June 1985 per iod,  be fo re  

r e t r o f i t s  were i n s t a l l e d  i n  these homes. 

zes base1 i n e  p a t t e r n s  and determinants of e l e c t r i c i t y  use. The second 

phase, which w i l l  use da ta  from b o t h  pre-and p o s t - r e t r o f i t  pe r iods  (July 

1984 th rough June 1986), w i l l  analyze e l e c t r i c i t y  savings due t o  

i n s t a l  l a t i o n  of water-heat ing conserva t ion  measures and ana lyze  t h e  fac -  

t o r s  t h a t  e x p l a i n  v a r i a t i o n s  across households i n  these savings. 

Thus, t h e  present paper analy-  

The f o l l o w i n g  s e c t i o n  b r i e f l y  reviews p r i o r  s tud ies  o f  r e s i d e n t i a l  

Sec t ion  3 discusses t h e  determinants o f  energy use f o r  water heat ing.  

r e s i d e n t i a l  e l e c t r i c i t y  use f o r  water  heat ing  f rom a t h e o r e t i c a l  

perspec t ive .  Sec t ion  4 descr ibes  t h e  d a t a  a v a i l a b l e  f rom HRCP f o r  t h i s  

p r o j e c t ,  and Sect ion  5 uses these da ta  t o  develop e m p i r i c a l  r e s u l t s  con- 

cern ing  c ross -sec t i ona l  v a r i a t i o n  i n  water-heat ing e l e c t r i c i t y  use. 

Sec t i on  6 demonstrates t h e  temporal v a r i a t i o n  i n  e l e c t r i c i t y  use f o r  

water heat ing  and develops a s imp le  model t o  e x p l a i n  t h i s  v a r i a t i o n  as a 

f u n c t i o n  o f  outdoor temperature and season. The f i n a l  Sec t ion  sum- 

marizes our  f i n d i n g s  and discusses t h e  forthcoming second phase o f  t h e  

p r o j e c t .  
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2. P R I O R  STUDIES 

Several e m p i r i c a l  and a n a l y t i c a l  s t u d i e s  o f  energy use f o r  water 

h e a t i n g  have been conducted d u r i n g  t h e  p a s t  decade. Early s t u d i e s  (A.D. 

L i t t l e  1977, H i r s t  and Hoskins 1977) focused on t h e o r e t i c a l  es t imates  o f  

t i k e l y  energy savings due t o  more e f f i c i e n t  water  h e a t e r  designs. Other 

s t u d i e s  (A.D. L i t t l e  1977; P a l l a  1979; Ek 1982; Biemer, Auburg and Ek 

1985) i n c l u d e d  exper iments t o  measure energy savings i n  a l a b o r a t o r y  

environment. Some recent  s t u d i e s  (summarized i n  U s i b e l l i  1984) i n c l u d e  

f i e l d - t e s t  da ta  on water-heater  energy use. 

reviewed analyzed t h e  f a c t o r s  t h a t  i n f l u e n c e  energy savings due t o  these 

c o n s e r v a t i o n  measures (e.g., l o c a t i o n  o f  t h e  water  heater ,  number of 

people i n  t h e  household). 

None o f  t h e  s t u d i e s  we 

Many u t i l i t i e s  have measured e l e c t r i c i t y  use f o r  water  h e a t i n g  b y  

t i m e  o f  day ( u s u a l l y  a t  15-minute i n t e r v a l s ) .  

j e c t  conducted b y  G i l b e r t  Associates (1985) f o r  t h e  E l e c t r i c  Power 

Research I n s t i t u t e ,  c o l l e c t e d  l o a d  research da ta  on water  heaters  i n  110 

homes f rom 11 u t i l i t i e s  i n  10 s t a t e s  throughout  t h e  U.S. 

p r o j e c t  i n c l u d e d  d e t a i l e d  da ta  on water  consumption as w e l l  as e l e c t r i -  

c i t y  use, p l u s  i n f o r m a t i o n  on household demographics and t h e  charac- 

t e r i s t i c s  o f  t h e  moni tored water  heaters.  Most l o a d  research p r o j e c t s ,  

however, a r e  c h a r a c t e r i z e d  b y  v e r y  smal l  sample s i z e s  (which a r e  t h e r e -  

f o r e  n o t  r e p r e s e n t a t i v e  o f  any l a r g e r  p o p u l a t i o n )  and very  l i m i t e d  

i n f o r m a t i o n  on household demoyraphic and economic c h a r a c t e r i s t i c s  (e.y., 

TVA 1982). 

For  example, a ma jor  p ro-  

The t i i l b e r t  

The performance o f  a l t e r n a t i v e  water-heat ing techno log ies  such as 

s o l a r  systems, heat  pump water  heaters ,  and waste heat  recovery u n i t s  

has been measured and analyzed i n  severa l  p r o j e c t s .  Al though r e s u l t s  
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vary s u b s t a n t i a l l y  across these p r o j e c t s ,  heat  pump and s o l a r  water 

h e a t e r s  g e n e r a l l y  consume o n l y  h a l f  as much e l e c t r i c i t y  as do conven- 

t i o n a l  water  heaters  ( F l o r i d a  S o l a r  Energy Center 1983, TVA 1984, 

Hanford e t  a l .  1985). 

A yroup a t  Mich igan S t a t e  U n i v e r s i t y  i s  m o n i t o r i n g  t h e  water-use 

p a t t e r n s  i n  s i x  homes (Kempton 1984; Weihl and Kempton 1985). T h e i r  

s t u d i e s  combine d e t a i l e d  eng ineer ing  da ta  c o l l e c t i o n  on water-heat ing 

e l e c t r i c i t y  use and h o t  water  consumption b y  p o i n t  o f  use w i t h  o n s i t e  

home i n t e r v i e w s  t o  understand household p a t t e r n s  o f  hot -water  use. 

F i  na l  l y ,  economists have analyzed whole-house energy use (genera l  l y  

w i t h  monthly energy b i l l s )  t o  s t a t i s t i c a l l y  d isagyregate  energy use b y  

end-use. 

eneryy use f o r  i n d i v i d u a l  end uses i f  t h e r e  i s  s u f f i c i e n t  v a r i a t i o n  

across households i n  t h e i r  app l iance ho ld ings ;  i n  some cases, c o l i -  

n e a r i t y  among exp lanatory  v a r i a b l e s  makes i t  d i f f i c u l t  t o  i n t e r p r e t  t h e  

c o e f f i c i e n t s  es t imated  w i t h  CDA models ( L a t t a  1983). Lawrence and P a r t i  

(1984),  i n  t h e i r  rev iew o f  severa l  CDA s tud ies ,  noted t h a t  t h e  number o f  

household members, household income, and f u e l  p r i c e  were t h e  major  f a c -  

t o r s  used t o  e x p l a i n  house-to-house v a r i a t i o n s  i n  energy use. 

Th is  c o n d i t i o n a l  demand approach ( C D A )  can b e  used t o  e s t i m a t e  

3.  DETERMINANTS OF WATER-HEATING ELECTRICITY USE 

E l e c t r i c i t y  i s  used f o r  water  heat ing  i n  two ways: t o  heat  water  

f r o m  i t s  i n l e t  temperature t o  t h e  d e s i r e d  hot -water  temperature f o r  con- 

sumption ( recovery )  and t o  m a i n t a i n  t h e  hot -water  temperature a t  t h e  

d e s i r e d  l e v e l  i n  t h e  water-heater  tank  (standby losses) ,  A.D. L i t t l e  

(1977) es t imated  t h a t  about 17% o f  t h e  annual e l e c t r i c i t y  use f o r  r e s i -  

d e n t i a l  water  h e a t i n g  was t o  compensate f o r  standby losses,  imp ly iny  an 
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o v e r a l l  e n e r g y - e f f i c i e n c y  of 83%. H i  r s t  and Hoskins (1977) accounted 

f o r  standby losses  th rough d i s t r i b u t i o n  p ipes  and es t imated an e f f i -  

c i ency  of  81% (14% l o s t  th rough t h e  j a c k e t  p l u s  5% th rough t h e  p ipes ) .  

U s i b e l l i  (1984) notes t h a t  t h e  average e f f i c i e n c y  o f  new e l e c t r i c  water  

hea te rs  remained n e a r l y  cons tan t  ( a t  about 80%) between 1972 and 1980. 

E l e c t r i c i t y  use f o r  ho t -water  consumption depends on t h e  household 's  

app l i ance  ho ld ings  ( c l o t h e s  washer, dishwasher, and number o f  ba ths  and 

showers), use o f  these appl iances,  and t h e  d i f f e r e n c e  between i n l e t  and 

o u t l e t  water  temperatures. Appl iance use (e.g., number o f  loads o f  

l aundry  washed p e r  week) depends on season and on household charac- 

t e r i s t i c s ,  e s p e c i a l l y  t h e  number and ages o f  occupants. Appl iance 

h o l d i n g s  a r e  i n f l u e n c e d  b y  household demographics i n c l u d i n g  income and 

number o f  occupants. The des ign  o f  app l iances  can a l s o  a f f e c t  t h e i r  

ho t -water  consumption (e.g., water-saver  c y c l e s  on washing machines, 

1 ow-f 1 ow showerheads). 

mar i  l y  on c l ima te ,  w h i l e  o u t l e t  temperatures a r e  determined b y  t h e  

household ( th rough  s e l e c t i o n  o f  t h e  h o t  water  thermosta t  s e t t i n g ) .  

F i  na l  l y  , i n l e t  water  temperatures depend p r i  - 

Standby losses  depend on t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  water  

hea te r  and i t s  l o c a t i o n .  The l a r g e r  t h e  tank,  t h e  l a r g e r  w i l l  b e  t h e  

standby loss ;  t h e  g r e a t e r  t h e  amount o f  i n s u l a t i o n  on t h e  tank  and on 

t h e  i n l e t  and o u t l e t  p ipes,  t h e  l e s s  w i l l  b e  t h e  standby loss .  Standby 

loss  i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  between tank-water  temperature 

and t h e  ambient temperature around t h e  water  hea te r  (which i s  a f u n c t i o n  

o f  t h e  water  h e a t e r ' s  l o c a t i o n ) .  Thus, tanks  l o c a t e d  i n  unheated base- 

ments, crawl  spaces, o r  garages a r e  l i k e l y  t o  have g r e a t e r  standby 

losses  than tanks  l o c a t e d  i n  cond i t i oned  spaces i n s i d e  t h e  house. 
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4. HRCP DATA USED I N  T H I S  PROJECT 

The data used here  t o  analyze e l e c t r i c i t y  use f o r  r e s i d e n t i a l  water  

h e a t i n g  a r e  from t h e  Hood R i v e r  Conservat ion P r o j e c t .  HRCP i s  a $21 

m i l l i o n ,  th ree-year  r e s i d e n t i a l  r e t r o f i t  demonstrat ion p r o j e c t .  The 

P r o j e c t  i s  in tended t o  d e f i n e  t h e  maximum l i m i t s  o f  a u t i l i t y - o p e r a t e d  

r e s i d e n t i a l  r e t r o f i t  program, one i n  which c o s t  t o  p a r t i c i p a t i n g  house- 

ho lds  i s  n o t  a b a r r i e r  and i n  which t h e  l e v e l  o f  r e t r o f i t  measures 

i n s t a l  l e d  i s  beyond t h a t  c o n v e n t i o n a l l y  i n s t a l  l e d  (PP&L 1983) . 
Because HRCP i s  an ambi t ious  and compl icated p r o j e c t ,  t h e  da ta  asso- 

c i a t e d  w i t h  t h e  p r o j e c t  a r e  cor respond ing ly  ex tens ive  and d e t a i l e d .  

Perhaps more impor tan t ,  t h e  p r o j e c t ' s  focus on research r e q u i r e s  c o l  l e c -  

t i o n  of e x t e n s i v e  data. 

D e t a i l e d  e l e c t r i c i t y  end-use da ta  a r e  be ing  ob ta ined f rom 319 homes 

i n  Hood River .  I n f o r m a t i o n  on t o t a l ,  space heat ing,  and water  h e a t i n g  

e l e c t r i c i t y  uses as w e l l  as i n d o o r  temperatures i s  c o l l e c t e d  a t  15- 

m i n u t e  i n t e r v a l s  i n  these homes. Wood heat  sensors a r e  used i n  p l a c e  of 

t h e  water-heat ing e l e c t r i c i t y - u s e  mon i to rs  i n  100 o f  these homes ( O l i v e r  

e t  al. ,  1984). These da ta  a r e  b e i n g  c o l l e c t e d  f o r  a p e r i o d  o f  a t  l e a s t  

two years,  beg inn ing  i n  Spr ing 1984. Because these 319 homes were a l l  

r e t r o f i t  i n  mid-1985 (May th rough J u l y ) ,  a f u l l  y e a r  o f  p r e r e t r o f i t  dat-a 

and a t  l e a s t  one y e a r  o f  p o s t r e t r o f i t  da ta  w i l l  b e  a v a i l a b l e  f o r  analy-  

s i s .  

( J u l y  1984 th rough June 1985) f rom t h e  water  h e a t e r  channel. 

The present  p r o j e c t  uses d a i l y  t o t a l s  of t h e  f i r s t  y e a r  o f  data 

D a t a  a t  a comparable l e v e l  o f  temporal d e t a i l  (15-minute i n t e r v a l s )  

a r e  c o l l e c t e d  a t  t h r e e  weather s t a t i o n s  i n  Hood River .  The pr imary  
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weather s t a t i o n  i s  a t  t h e  same l o c a t i o n  a s  t h e  Nat iona l  Oceanic and 

Atmospheric A d m i n i s t r a t i o n  (NOAA) Hood R i v e r  Experiment S ta t ion .  We 

used d a i l y  outdoor  temperature (Tout )  da ta  f rom NOAA (e.g., NOAA 1984) 

i n  t h e  present  ana lys is .  

The P r o j e c t  c o l l e c t e d  i n f o r m a t i o n  on household demographics and 

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

es t imates  of t h e  a p p l i c a b l e  r e t r o f i t  measures, t h e i r  l i k e l y  energy 

sav ings and expected costs .  These data on t h e  t h r e e  water-heat ing 

measures (water  heater  wrap, p i p e  wrap, 1 ow-f 1 ow showerheads) w i  11 b e  

analyzed i n  t h e  second phase o f  t h i s  p r o j e c t .  

A d e t a i l e d  o n s i t e  home i n t e r v i e w  was conducted i n  J u l y  1984 among 

t h e  load-metered homes. 

n a i r e  used i n  t h e  1983 P a c i f i c  Northwest R e s i d e n t i a l  Energy Survey (BPA 

This  i n t e r v i e w ,  which used t h e  same ques t ion-  

1984), i n c l u d e d  d e t a i l e d  ques t ions  on t h e  demographic c h a r a c t e r i s t i c s  o f  

these households, t h e  c h a r a c t e r i s t i c s  o f  t h e i r  d w e l l i n g  u n i t s  and 

appl iances,  heat ing  f u e l s ,  and o t h e r  energy- re la ted  a t t r i b u t e s .  Th is  

d a t a  i s  used here  t o  e x p l a i n  d i f f e r e n c e s  across households i n  annual 

e l e c t r i c i t y  use f o r  water  heat ing.  

A l though 210 homes were l o a d  metered w i t h  a water-heater  channel, da ta  

on o n l y  142 were used i n  t h i s  ana lys is .  

t h a n  35 days o f  miss ing  water-heater  channel data, 

Twenty-two households had more 
* reducing t h e  t o t a l  

t o  188. Other cases were d e l e t e d  from t h e  sample f o r  v a r i o u s  reasons: 

more than n i n e  days o f  water-heater  channel da ta  were zero, 
miss ing  o r  zero da ta  f o r  t h e  whole-house channel, 
t h e  household survey was miss ing,  
t h e  water  heater  was i n  a m u l t i f a m i l y  b u i l d i n g  w i t h  f i v e  o r  more 

t h e  home used an a d d i t i o n a l  f u e l  f o r  water  heat ing  ( y e n e r a l l y  wood). 
d w e l l i n g  u n i t s ,  o r  

See H i r s t  and Goe l tz  (1986) f o r  an e x p l a n a t i o n  o f  t h e  method used * 
t o  impute va lues f o r  d a i l y  l o a d  when missing, 
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5. ANALYSIS OF ANNUAL ELECTRICITY USE FOR WATER HEATING 

SUMMARY STATIST ICS 

Averaged over  t h e  142 homes i n  t h i s  da ta  se t ,  e l e c t r i c i t y  use f o r  

water  h e a t i n g  was 5040 kWh/year ( J u l y  1984 through June 1985). 

ranged f rom a low of 1400 kWh t o  a h i g h  o f  15,800 kWh. 

used more t h a n  10,000 kWh/year and e i g h t  used l e s s  than 2000 kWh f o r  

water  heat ing  (F ig .  1). 

Use 

S i x  households 

Using annual energy use da ta  f rom t h e  1980 R e s i d e n t i a l  Energy 

Consumption Survey, conducted b y  t h e  Energy I n f o r m a t i o n  A d m i n i s t r a t i o n ,  

L a t t a  (1983) s t a t i s t i c a l l y  es t imated  average e l e c t r i c i t y  use f o r  water  

h e a t i n g  a t  3500 kWh/year. 

4900 kWh, w h i l e  t h e  average usage among t h e  110 homes i n  t h e  G i l b e r t  

Associates (1985) l o a d  research p r o j e c t  was 6000 kWh. Thus, t h e  Hood 

U s i b e l l i ' s  (1984) da ta  suggests an average of 

R i v e r  average i s  w i t h i n  t h e  range o f  o t h e r  s tud ies .  

12000 
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Fig. 1. Water heat ing  e l e c t r i c i t y  use (kWh/yr) as a f u n c t i o n  o f  t o t a l  
use i n  142 Hood R i v e r  homes. S i x  homes used more than 10,000 
kWh f o r  water  h e a t i n g  and t h r e e  used more than 40,000 kWh 
t o t a l ;  these n i n e  homes a r e  n o t  shown i n  t h e  f i g u r e .  
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On average, water-heat i  ng e l e c t r  c i t y  use accounted f o r  24% o f  t o t a  

e l e c t r i c i t y  use i n  these homes, very  c l o s e  t o  t h e  25% found by G i l b e r t  

Associates (1985) . 
R i v e r  homes, from 7% up t o  51% (Fig.  1). 

The percentage v a r i e d  s u b s t a n t i a l l y  across t h e  Hood 

This  l a r g e  range i s  a con- 

sequence of b o t h  t h e  v a r i a t i o n  i n  e l e c t r i c i t y  use f o r  water  heat ing  and 

t h e  v a r i a t i o n  i n  e l e c t r i c i t y  use f o r  space heat ing  (e.g., many homes i n  

Hood R i v e r  use wood f o r  some o f  t h e i r  space heat ing) .  

As d iscussed above, e l e c t r i c i t y  use f o r  water  heat ing  depends 

s t r o n g l y  on t h e  number of people i n  t h e  household (Table 1). 

E l e c t r i c i t y  use i ncreases nonl  i n e a r l y  w i t h  number o f  occupants - i n 

genera l ,  each a d d i t i o n a l  household member has a s m a l l e r  incrementa l  

e f f e c t  on e l e c t r i c i t y  use. 

Table 1. Water heat ing  e l e c t r i c i t y  use as a f u n c t i o n  o f  
household s i z e  i n  Hood R i v e r  

Number o f  E l e c t r i c i t y  use (kWhlyear) 
household Number o f  
members homes Mean Std. dev. 

~~~~ 

1 19 
2 56 
3 22 
4 31  
5 8 
6 o r  more 6 

Average 

2600 
4290 
5460 
6190 
7400 
9270 

5040 

880 
1560 
1260 
1920 
2430 
3720 

2320 

E l e c t r i c i t y  use a l s o  depends on t h e  l o c a t i o n  o f  t h e  water  heater  

(Tab le  2). 

t h a n  u n i t s  i n  uncond i t ioned spaces. Water heaters  i n  mob i le  homes use 

U n i t s  l o c a t e d  i n  a heated area use about 500 kWh/year l e s s  
* 

Standby losses f rom water  heaters  l o c a t e d  i n  c o n d i t i o n e d  spaces 
reduce energy use f o r  space heat ing  (Corum 1986). Assessments o f  impro- 
vements i n  water  heat ing  e f f i c i e n c y  should c o n s i d e r  t h e  e f f e c t s  on space 
h e a t i n g  and a i r  c o n d i t i o n i n g  a lso.  

* 
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a lmost  400 kWhlyear less ,  on average, than do water  heaters  i n  s i n g l e -  

f a m i l y  homes; t h i s  may b e  due, i n  p a r t ,  t o  t h e  f a c t  t h a t  t h e  number of 

occupants i s  lower  i n  mob i le  homes. (Hot water  tanks  may a l s o  b e  

s m a l l e r  i n  mob i le  homes; we have no da ta  on tank size.)  

. The HRCP da ta  show no r e l a t i o n s h i p  between e l e c t r i c i t y  use and pre-  
* sence of a water-heater  i n s u l a t i o n  b l a n k e t  o r  low- f low showerheads. 

This  l a c k  of  (expected) energy savings may b e  due t o  c o r r e l a t i o n s  b e t -  

ween presence o f  these conserva t ion  measures and o t h e r  f a c t o r s  t h a t  

a f f e c t  e l e c t r i c i t y  use. For  example, homes w i t h  low-f low showerheads 

t e n d  t o  have more occupants. S i m i l a r l y ,  hot -water  o u t l e t  temperature 

and presence o f  these two conserva t ion  measures i s  c o r r e l a t e d .  

c i p l e ,  i t  should b e  much e a s i e r  t o  s t a t i s t i c a l l y  i d e n t i f y  t h e  e l e c t r i -  

c i t y  savings due t o  these conserva t ion  measures w i t h  t h e  pre-  vs 

p o s t - t e s t  l o a d  da ta  (phase 2 o f  t h i s  s tudy)  than w i t h  t h e  present  c ross-  

s e c t i o n a l  da ta  across households. 

I n  p r i n -  

Table 2. Water heat ing  e l e c t r i c i t y  use i n  Hood R i v e r  

E l  e c t  r i  c i  t y  
use (kWh/year) 

~~~ ~ 

Water h e a t e r  l o c a t i o n  
Heated area 
Unheated area 

Housing t y p e  
S i  ng 1 e - f  ami 1 y 
Mob i 1 e home 

4780 
5310 

5130 
4740 

There i s ,  however, cons iderab le  e m p i r i c a l  evidence t h a t  these 

The savings f o r  water-heater  

* 
measures reduce water-heat ing e l e c t r i c i t y  use (e.g., U s i b e l l i  1984; 
Biemer, Auburg and Ek 1985; P a l l a  1979). 
wraps a r e  about 500 kWh/year, f o r  low- f low showerheads about 400 kWh, 
and f o r  p i p e  wrap about 60 kWh. 
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I n t e r v i e w e r s  measured h o t  water  temperatures d u r i n g  t h e  1984 o n s i t e  

home i n t e r v i e w s .  

o f  131'F. As expected, t h e r e  i s  a s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  

between e l e c t r i c i t y  use and water  temperature (r  = 0.38). 

Temperatures ranged from l l O ° F  t o  185OF, w i t h  a mean 

CROSS-SECTIONAL ANALYSIS OF ELECTRICITY USE 

The preceding s e c t i o n  summarized t h e  data a v a i l a b l e  on water-heat ing 

e l e c t r i c i t y  use and i t s  determinants.  Here, we analyze t h e  da ta  us ing  

c r o s s - s e c t i o n a l  m u l t i v a r i a t e  models of annual e l e c t r i c i t y  use. 

Based on t h e  d i s c u s s i o n  i n  Sec t ion  4, we t e s t e d  severa l  exp lanatory  

Dummy v a r i a b l e s ,  some of which were s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

v a r i a b l e s  f o r  ownership o f  c l o t h e s  washer o r  dishwasher had no e f f e c t  on 

e l e c t r i c i t y  use; perhaps t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  water  consumption 

between hand and machine washing. Income, educat ion o f  household 

head, i n s u l a t i o n  on t h e  water  heater ,  and low- f low showerheads were a l l  

i n s i g n i f i c a n t .  These v a r i a b l e s  were dropped f rom t h e  f i n a l  model. 

The f i n a l  model (Table 3) i n c l u d e d  e i g h t  exp lanatory  f a c t o r s :  t h e  

number o f  occupants b y  age group (smal l  c h i l d r e n ,  school-age c h i l d r e n ,  

a d u l t s ,  and e l d e r l y ) ,  hot -water  temperature,  number o f  showers i n  t h e  

home, and b i n a r y  v a r i a b l e s  f o r  water-heater  l o c a t i o n  (unheated vs con- 

d i t i o n e d  space) and housing t y p e  (mob i le  home v s  s i n g l e - f a m i l y ) .  A l l  o f  

these v a r i a b l e s ,  except f o r  t h e  number o f  smal l  c h i l d r e n ,  were s i g n i f i -  

c a n t  a t  t h e  5% l e v e l  o r  b e t t e r .  * 

* Examinat ion o f  t h e  r e s i d u a l s  (i.e., a p l o t  o f  r e s i d u a l s  v s  p re-  
d i c t e d  e l e c t r i c i t y  use) showed no p a t t e r n s ,  suggest ing t h a t  heteroske- 
d a s t i c i t y  i s  n o t  a problem w i t h  t h i s  model. 
c o e f f i c i e n t s  among t h e  exp lanatory  v a r i a b l e s  were low, suggest ing t h a t  
m u l t i c o l i n e a r i t y  was a l s o  n o t  a problem. The o n l y  n o n t r i v i a l  c o r r e l a -  
t i o n  was between t h e  number of occupants o l d e r  t h a n  65 and t h e  number 
between 18 and 65 years  ( r  = -0.63). 

S i m i l a r l y ,  t h e  c o r r e l a t i o n  
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Table 3. Regression r e s u l t s  from model of annual e l e c t r i c i t y  
use f o r  water  h e a t i n g  

Explanatory  
v a r i a b l e  

Mode 1 t 
c o e f f i c i e n t  s t a t i s t i c  

I n t e r c e p t  
Number o f  household 

m e h e r s ,  b y  age (years )  
< 6  

6 - 18 
18 - 65 

> 65 
Hot water  temp ( O F )  

Number of showers i n  home 
B inary  v a r i a b l e s  f o r :  

Water h e a t e r  i n  heated area 
Mob i 1 e home 

-2808 

339 
894 

1073 
705 
35.0 
686 

-535 
-741 

1.5 

0.9 
5.7 
7 .O 
2.5 
2.4 
3.2 

2.0 
2.3 

aBased on 142 observat ions;  model R2 = 0.57. 

Model r e s u l t s  show t h a t  t h e  number of  household menbers has a 

s u b s t a n t i a l  and p o s i t i v e  e f f e c t  on e l e c t r i c i t y  use. 

i n f l u e n c e  of a d u l t s  (18 - 65 years  o l d )  i s  g r e a t e r  t h a n  t h a t  o f  any 

o t h e r  age group; t h e  number of  c h i l d r e n  l e s s  than 6 years  o l d  has no 

s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on e l e c t r i c i t y  use. 

I n t e r e s t i n g l y ,  t h e  

The hot -water  temperature c o e f f i c i e n t  suggests t h a t  e l e c t r i c i t y  use 

decreases b y  35 kWh/year f o r  every l 0 F  decrease i n  h o t  water  temperature. 

Thus, reducing t h e  thermosta t  s e t t i n g  from 140' t o  120' should c u t  

e l e c t r i c i t y  use b y  700 kWh, i n  c l o s e  agreement w i t h  l a b o r a t o r y  t e s t s  

( P a l l a  1979) and c a l c u l a t i o n s  (A.D. L i t t l e  1977; H i r s t  and Hoskins 1977). 

The number o f  showers i n  t h e  home i s  p o s i t i v e l y  r e l a t e d  t o  e l e c t r i -  

c i t y  use. 

t o r s  t h a t  i n f l u e n c e  e l e c t r i c i t y  use f o r  water  heat ing.  

number o f  showers i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  presence o f  a d i s h -  

washer, house s ize ,  number o f  a d u l t s ,  and household income. 

Th is  v a r i a b l e  i s  probably  c a p t u r i n g  t h e  e f f e c t s  o f  o t h e r  fac-  

For  example, t h e  

Water heaters  l o c a t e d  i n  c o n d i t i o n e d  spaces use, a l l  e l s e  equal, 540 

kWh/year l e s s  than u n i t s  i n  unheated areas. Thus, t h e  standby loss 
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(about  20% o f  

h e a t e r  i n s i d e  

5000 kWh) can b e  rough ly  c u t  i n  h a l f  by  p l a c i n g  t h e  water 

t h e  heated p o r t i o n  of t h e  house. F i n a l l y ,  water heaters 

i n  mob i le  homes consume 740 kWh/year l ess ,  on average, than  do u n i t s  i n  

s i n g l e - f a m i l y  homes. Mob i le  home occupants g e n e r a l l y  have lower incomes 

and a r e  l e s s  l i k e l y  t o  have a dishwasher, b o t h  of which c o n t r i b u t e  t o  

t h e  nega t i ve  c o e f f i c i e n t  f o r  t h i s  v a r i a b l e .  

We t e s t e d  a model t h a t  i nc luded  b o t h  l i n e a r  and squared terms f o r  

t h e  number of  occupants. The a d d i t i o n a l  (squared) terms were s t a t i s t i -  

c a l l y  i n s i g n i f i c a n t ;  an F - t e s t  showed t h a t  they  d i d  n o t  improve model 

performance. 

shows t h a t  e l e c t r i c i t y  use inc reases  l e s s  than  l i n e a r l y  w i th  number o f  

household members, we a r e  n o t  a b l e  t o  s t a t i s t i c a l l y  i d e n t i f y  t h i s  p a t -  

t e r n ,  a t  l e a s t  n o t  f o r  separa te  age groups. 

Thus, a i t hough  ou r  p r i o r  d i scuss ion  (as w e l l  as i n t u i t i o n )  

6. TEMPORAL V A R I A T I O N  I N  WATER-HEATING ELECTRICITY USE 

E l e c t r i c i t y  use f o r  water hea t ing  v a r i e s  cons ide rab ly  d u r i n g  a t y p i -  

Mean weekly e l e c t r i c i t y  use i n  t h e  w i n t e r  i s  rough ly  c a l  yea r  (F ig .  2 ) .  

50% h i g h e r  than  i n  t h e  summer. 

households use more h o t  water i n  w i n t e r  t han  i n  summer and because 

ground water temperatures a r e  lower  i n  w in te r .  

water -heater  e l e c t r i c i t y  use depend on b o t h  seasonal behav io r  and 

weather . 

This  temporal v a r i a t i o n  occurs because 

Thus, t h e  dynamics o f  

The da ta  c o l l e c t e d  b y  G i l b e r t  Associates (1985) f rom 11 u t i l i t i e s  

showed average d a i l y  h o t  water consumption p e r  household o f  70 g a l l o n s  

i n  January, compared w i t h  5 7  i n  Ju l y .  * I n  a d d i t i o n ,  e l e c t r i c i t y  use p e r  

D a t a  f rom t h e  Tennessee V a l l e y  A u t h o r i t y  show t h a t  h o t  water use i s  * 
about 20% h i g h e r  i n  w i n t e r  t han  i n  summer (Sanders 1986), c o n s i s t e n t  
w i t h  t h e  G i l b e r t  f i n d i n g s .  



14 

P r J 

JUN JUL AUG SEP OCT NOV OEC JAN FEB MAR APR MAY JUN JUL 
1984 1986 

Fig. 2. Mean e l e c t r i c i t y  use (kWh/week) f o r  water heat ing  among 142 
homes i n  Hood River ,  Oregon. 

g a l l o n  of ho t  water consumed was almost 50% h ighe r  i n  January than i n  

Ju l y .  I n l e t  water temperatures (averaged across t h e  11 u t i l i t i e s )  

reached t h e i r  minima i n  February (51OF) and t h e i r  maxima i n  August 

( 7 l o F ) ,  lagg ing  changes i n  a i r  temperatures by  roughly  one month. 

Understanding t h e  dynamics o f  e l e c t r i c i t y  use and t h e  f a c t o r s  t h a t  

a f f e c t  these temporal changes i s  impor tant .  For example, e f f o r t s  t o  

weather-normal ize household e l e c t r i c i t y  use i m p l i c i t l y  assume t h a t  ou t -  

door  temperatures a r e  t h e  major determinants of shor t - run  changes i n  

e l e c t r i c i t y  use (Burne t t  and Lesser 1985; H i r s t  and Goel tz  1986; Fe ls  

1986). 

weather, then weather-normal i z a t i o n  methods w i  11 overcompensate. 

I f  some o f  these changes i n  e l e c t r i c i t y  use a r e  independent o f  
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To analyze t h e  dynamics o f  water-heat ing e l e c t r i c i t y  use, we es t  

mated a non l i nea r  regress ion  model* o f  weekly e l e c t r i c i t y  use. 

model used t h e  mean va lue of e l e c t r i c i t y  use over a l l  142 homes as t 

dependent va r i  ab 1 e: 

The 

WH (kWh/week) = a + b*Tout + c*S in [ ( t  - d )  n / 2 6 J  , 
where Tout i s  ambient (outdoor)  temperature, ** obta ined f rom NOAA; t 

e 

(1) 

i s  

t i m e  i n  weeks, w i t h  t = 1 r e f e r r i n g  t o  t h e  f i r s t  week i n  July;  and a, b, 

c, and d a r e  c o e f f i c i e n t s  est imated by t h e  model. 

Phys i ca l l y ,  a + b * m  i s  t h e  mean va lue  (averaged over  t h e  e n t i r e  

The term, b*Tout r e f l e c t s  t h e  yea r )  of  water-heat ing e l e c t r i c i t y  use. 

temperature- (weather-)  dependence o f  e l e c t r i c i t y  use. The l a s t  term i n  

t h e  equat ion captures t h e  seasonal v a r i a t i o n  i n  ho t  water  usage. 

Es t ima t ion  o f  t h i s  model [us ing Proc N L I N  i n  SAS (1985)J  y i e l d s :  

WH (kWh/week) = 115 - 0.374*Tout + 8,77*Sin[(t - 21.9) n/261 , 
w i t h  52 weekly observat ions;  R2 = 0.96. 

o f  97 kWh/week, imp ly ing  an annual usage of 5040 kWh ( i n  p e r f e c t  

agreement w i t h  t h e  ac tua l  mean va lue noted i n  Sec t ion  5).  

t i c a l  maximum weekly use, a t  t h e  t ime o f  minimum outdoor temperature 

(24') and t h e  35 th  week a f t e r  J u l y  1 ( e a r l y  March), i s  145 kWh and t h e  

h y p o t h e t i c a l  minimum, a t  t h e  t ime  o f  maximum outdoor temperature (71') 

and 9 t h  week ( e a r l y  September) i s  79 kWh. 

These r e s u l t s  show a mean va lue  

The hypothe- 

Pa lm i te r  (1986) suggested t h a t  a m u l t i p l i c a t i v e ,  r a t h e r  than add i -  * 
t i v e ,  model might  b e t t e r  e x p l a i n  t h e  temporal v a r i a t i o n  i n  e l e c t r i c i t y  
use. He a l s o  po in ted  ou t  t h a t  eqn. 1 can be  made l i n e a r  by  usiny b o t h  
Sine and Cosine terms. 

We p l a n  t o  t e s t  s o i l  temperatures (as  an a l t e r n a t i v e  t o  Tout) 
dur ing  phase 2 o f  t h i s  p ro jec t .  S o i l  temperat9res (which vary l e s s  
throughout t h e  year  and l a g  outdoor temperatures) may b e  more c l o s e l y  
c o r r e l a t e d  w i t h  i n l e t  w a t e r  temperatures, e s p e c i a l l y  f o r  homes t h a t  draw 
water from we l ls .  

** 



R e w r i t i n g  t h e  model t o  normal ize  t h e  outdoor  temperature te rm ( s o  

t h a t  i t  v a r i e s  f rom t1 t o  -1) y i e l d s :  

WH (kWh/week) = 97 - 8.8[(Tout - 50)/24] t 8.8*Sin[- 0 )  , 
where 5OoF i s  t h e  mean outdoor  temperature over  t h i s  52-week per iod.  

Normal iz ing t h e  outdoor  temperature te rm i n  t h i s  f a s h i o n  shows t h a t  

v a r i a t i o n s  i n  e l e c t r i c i t y  use a r e  due e q u a l l y  t o  changes i n  outdoor  tem- 

p e r a t u r e  and seasonal b e h a v i o r  ( i  .e., t h e  two c o e f f i c i e n t s  a r e  equal ) .  

One problem w i t h  t h i s  model i s  t h e  c l o s e  c o r r e l a t i o n  between t h e  two 

exp lanatory  v a r i a b l e s ;  t h e  temperature and s i n e  terms have a c o r r e l a t i o n  

c o e f f i c i e n t  of  r = -0.82. Thus, t h e  model s u f f e r s  f rom m u l t i c o l i -  

n e a r i t y ,  a problem t h a t  can b e  reso lved o n l y  b y  us ing  da ta  f r o m  severa l  

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

Because of t h e  c o r r e l a t i o n  among exp lanatory  v a r i a b l e s ,  we es t imated 

a s i m p l e r  model : 

WH (kWh/week) = a t b*Tout . ( 2 )  

The R2 f o r  t h i s  model was lower  t h a n  f o r  t h e  o r i g i n a l  model (0.85 vs 

0.96), w i t h  a = 134 and b = -0.76. R e w r i t i n g  t h e  model y i e l d s :  

WH (kWh/week) = 96 - 18*[(Tout - 50)/24] . 
Note t h a t  b o t h  t h e  mean va lue  and t ime-vary ing  terms a r e  v i r t u a l l y  iden-  

t i c a l  f o r  t h e  two models. The s i m i l a r i t y  i n  r e s u l t s  i n d i r e c t l y  con f i rms 

t h e  c o l i n e a r i t y  problem noted above. 

We nex t  es t imated  eqns. 1 and 2 f o r  each of t h e  142 households i n d i -  
* v i d u a l l y .  On average, model performance was t e r r i b l e .  For example, t h e  

mean va lue o f  R2 over  t h e  142 models assoc ia ted  w i t h  eqn. 2 was o n l y  0.25. 

Almost 10% o f  these household- level  models had b c o e f f i c i e n t s  w i t h  a 

p o s i t i v e  s l o p e  (suggest ing l e s s  e l e c t r i c i t y  use i n  w i n t e r  than i n  summer). 

We c o u l d  have es t imated a pooled t i m e - s e r i e s / c r o s s - s e c t i o n  model * 
w i t h  7384 observa t ions  (142 households x 52 weeks), b u t  t h e r e  i s  no 
temporal v a r i a t i o n  i n  t h e  demographic and d w e l l i n g - u n i t  data. 
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Fo r  examp 

perhaps whi 1 e 

( n o t  necessa r 

pernaps whi 1 e 

To b e t t e r  understand t h e  dynamics of water-heat ing e l e c t r i c i t y  use 

f o r  i n d i v i d u a l  households, we examined p l o t s  of weekly e l e c t r i c i t y  use 

f o r  each of t h e  142 homes i n  t h e  HRCP da ta  base. Although many o f  t h e  

homes e x h i b i t  p a t t e r n s  s i m i l a r  t o  t h a t  o f  t h e  average (Fig. 2) ,  many 

homes show very d j f f e r e n t  pa t te rns .  

e, some homes show mult iweek pe r iods  o f  near-zero use, 

t h e  family i s  on vacation. 

l y  contemporaneous) w i t h  ver!! h i g h  e l e c t r i c i t y  use, 

f r i e n d s  o r  r e l a t i v e s  a r e  v i s i t i n g .  

Some homes show a few weeks 

Some homes show ve ry  

v a r i a t i o n ,  perhaps because t h e i r  water i s  ob ta ined from 

t h e r e f o r e  has n e a r l y  cons tan t  temperature year-round. 

1 i t t  

deep 

e seasona 

w e l l s  and 

7 . 0 I SCUSS ION 

We used da ta  f rom 142 homes i n  Hood River,  Oregon t o  examine 

e l e c t r i c i t y  use f o r  water heating. 

i n c l u d e d  d a i l y  summaries of 15-minute water-heater e l e c t r i c i t y  loads  

from J u l y  1984 through June 1985. Resu l ts  of a d e t a i l e d  home i n t e r v i e w  

w i t h  each o f  these households were a l s o  a v a i l a b l e  f o r  ana lys i s .  

F i n a l l y ,  d a i l y  averages o f  outdoor temperature were a v a i l a b l e  f rom t h e  

NOAA weather s t a t i o n  i n  Hood River.  These da ta  were c o l l e c t e d  as p a r t  

o f  t h e  Hood R i v e r  Conservat ion P ro jec t ,  a ma jor  r e s i d e n t i a l  r e t r o f i t  

program i n  t h e  P a c i f i c  Northwest. 

The da ta  a v a i l a b l e  f o r  t h i s  study 

Ana lys is  o f  annual aggregates of t h e  e l e c t r i c i t y  use data, w i t h  a 

c ross -sec t i ona l  m u l t i v a r i a t e  regress ion  model, showed t h a t  t h e  number 

and ages o f  household members a r e  t h e  s t ronges t  determinants o f  ho t -  

water  e l e c t r i c i t y  use. On average, e l e c t r i c i t y  use inc reases  by about 
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1000 kWh/year w i t h  each a d d i t i o n a l  household member. Adu l ts  (18 - 65 

years  o l d )  have more i n f l uence  on e l e c t r i c i t y  use than do o l d e r  r e s i -  

dents  o r  ch i l d ren .  . 

Hot water temperatures (as measured by  i n t e r v i e w e r s  dur ing  t h e  on- 

s i t e  home i n t e r v i e w s )  a l s o  a f f e c t  e l e c t r i c i t y  use. 

temperature y i e l d s  a 35 kWhlyear decrease i n  e l e c t r i c i t y  use. 

Each 1°F decrease i n  

F i n a l l y ,  t h e  model showed t h a t  e l e c t r i c i t y  use increases w i t h  t h e  

number o f  showers i n  t h e  home, and i s  a f fec ted  by  water-heater l o c a t i o n  

and house type. 

E l e c t r i c i t y  use f o r  water heat ing  v a r i e s  cons iderab ly  throughout  t h e  

year ;  weekly usage was about 50% h ighe r  i n  mid-w in te r  than i n  summer. 

P re l im ina ry  a n a l y s i s  o f  t h i s  temporal v a r i a t i o n  suggests t h a t  about h a l f  

i s  due t o  changes i n  outdoor temperatures (which a f f e c t  i n l e t  water  tem- 

pera tures  and t h e  temperature o f  t h e  ambient a i r  surrounding t h e  water  

hea te r )  and h a l f  i s  due t o  seasonal changes i n  behav io r  ( h i g h e r  consump- 

t i o n  of h o t  water  i n w i n t e r  than i n  summer). Th is  a n a l y s i s  i s  con- 

s ide red  p r e l i m i n a r y  because t h e  seasonal and outdoor- temperature e f f e c t s  

a r e  h i  y h 1 y cor re la ted .  

A second phase o f  t h i s  p r o j e c t  i s  planned f o r  l a t e  1986. A t  t h a t  

t ime,  an a d d i t i o n a l  yea r  o f  water-heater channel data w i l l  be  ava i l ab le .  

Th is  p o s t r e t r o f i t  data ( J u l y  1985 through June 1986) w i l l  permi t  e x p l i -  

c i t  a n a l y s i s  o f  t h e  energy-saving e f fec ts  of t h e  water  heat ing  conser- 

v a t i o n  measures i n s t a l l e d  i n  these homes du r ing  mid-1985. 

a d d i t i o n a l  year  o f  data, p l u s  use of outdoor and s o i l  temperatures from 

t h e  th ree  HKCP weather s t a t i o n s  might  permi t  c l e a r e r  decomposit ion o f  

t h e  seasonal and temperature dependence of water-heat ing e l e c t r i c i t y  use. 

The 
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