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SUMMARY 

Because weather has a s u b s t a n t i a l  e f f e c t  on energy use, i t  i s  
i m p o r t a n t  t o  develop and apply  methods t h a t  a d j u s t  f o r  (normal ize)  
v a r i a t i o n s  i n  weather, b o t h  across space and t ime. The P r i n c e t o n  
Scorekeeping Method (PRISM) i s  perhaps t h e  bes t  known and most w ide ly  
used method t o  a d j u s t  r e s i d e n t i a l  energy use da ta  f o r  d i f f e r e n c e s  i n  
w i n t e r  s e v e r i t y .  Never the less,  quest ions remain about t h e  accuracy o f  
i t s  r e s u l t s  , e s p e c i a l l y  about i t s  abi.1 i t y  t o  a c c u r a t e l y  decompose t o t a l  
r e s i d e n t i a l  energy use i n t o  i t s  space heat ing  and nonspace heat ing  com- 
ponent s. 

The purpose o f  t h i s  r e p o r t  i s  t o  compare PRISM r e s u l t s  w i t h  sub- 
metered data ob ta ined from homes i n  Hood R i v e r ,  Oregon. The da ta  used 
f o r  t h i s  a n a l y s i s  a r e  be ing 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 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 .  HRCP da ta  i n c l u d e  whole-house and space-heat ing e l e c t r i c i t y  
uses, recorded a t  15-minute i n t e r v a l  s. Weather da ta  a re  a1 so recorded 
a t  15-minute i n t e r v a l s ,  a t  t h e  Hood R i v e r  Experiment S t a t i o n .  The usual 
NOAA weather da ta  were a l s o  a v a i l a b l e  f o r  t h i s  s t a t i o n ;  NOAA d a t a  on 
d a i l y  temperatures were used i n  t h i s  p r o j e c t .  F i n a l l y ,  r e s u l t s  o f  a 
d e t a i  1 ed on-si  t e  home i n t e r v i e w  w i t h  these households a r e  a1 so avai  1 ab1 e 
f o r  ana lys i  s. 

We compared P R I S M  es t imates  of t o t a l  annual e l e c t r i c i t y  use and o f  
space heat ing  e l e c t r i c i t y  use w i t h  annual aggregates o f  t h e  l o a d  data. 
These comparisons were conducted w i t h  two se ts  o f  t h e  Hood R i v e r  sub- 
metered homes. The f i r s t  s e t  c o n s i s t e d  o f  185 homes t h a t  used more than 
2000 kWh f o r  space heat ing  d u r i n g  t h e  1984/85 year .  The second set ,  a 
subset o f  t h e  f i r s t ,  inc luded 7 1  homes t h a t  used more than 4000 kWh/year 
f o r  space heat ing ,  d i d  n o t  have p o r t a b l e  e l e c t r i c  heaters ,  and d i d  no t  
e x t e n s i v e l y  use t h e i r  a i r  c o n d i t i o n e r s .  

Our f i r s t  comparisons were conducted us ing P R I S M  model s est imated 
w i t h  monthly t o t a l s  o f  t h e  l o a d  data,  r a t h e r  than w i t h  monthly e l e c t r i -  
c i t y  b i l l s .  These comparisons were made f o r  t h e  71-home subset and t h e  
l a r g e r  s e t  o f  185 homes. 
a c t u a l  monthly u t i l i t y  b i l l s  w i t h  l o a d  data. F i n a l l y ,  we est imated 
P R I S M  models us ing 12 weeks o f  data, r a t h e r  than t h e  usual 12 months, 
w i t h  s t a r t i n g  dates i n  September 1984, November 1984, February 1985, and 
March 1985. Both t h e  month ly  and weekly models were est imated w i t h  12 
observa t ions ;  t h e  former s e t  i n c l u d e d  365 days w h i l e  t h e  l a t t e r  inc luded 
84 days. The purpose o f  these l a t t e r  comparisons was t o  see whether 
P R I S M  es t imates  ob ta ined w i t h  o n l y  t h r e e  months o f  da ta  were accurate.  

Then we compared P R I S M  r e s u l t s  ob ta ined w i t h  

These analyses and comparisons suggest t h e  f o l  low ing  conclus ions:  

1. PRISM es t imates  o f  t o t a l  e l e c t r i c i t y  use (normal ized  annual consump- 
t i o n ,  NAC) a r e  i n  almost p e r f e c t  agreement w i t h  t h e  annual t o t a l s  o f  
t h e  whole-house load channel ( T o t a l ) .  
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2. PRISM est imates  o f  space heat ing  e l e c t r i c i t y  use (Heat)  are,  on 
average, h i g h e r  than t h e  annual t o t a l s  o f  t h e  space-heat ing load 
channel (Space). For t h e  71-home subset, f o r  which e l e c t r i c i t y  i s  a 
ma jor  heat ing  f u e l ,  PRISM overest imated Space by an average o f  600 
kWh/year (6%).  For t h e  e n t i r e  sample o f  185 homes, t h e  overes t imate  
averaged 1,600 kWh (29%).  Use o f  wood f o r  space heat ing ,  PRISM 
est imates  o f  reference temperature and t h e  s tandard e r r o r  o f  Heat, 
a c t u a l  space heat ing  e l e c t r i c i t y  use, and use o f  a i r  c o n d i t i o n i n g  
equipment a r e  a1 1 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  t h e  
d i s c r e p a n c i e s  between Heat and Space. These d isc repanc ies  i n c r e a s e  
w i t h  wood use and re fe rence temperature,  and decrease w i t h  a i r -  
c o n d i t i o n e r  use, Space, and t h e  standard e r r o r .  

3.  Two types o f  d isc repanc ies  between t h e  month ly  u t i l i t y  b i l l s  and 
month ly  aggregates o f  t h e  who1 e-house channel were uncovered. 
S i n g l e  o u t l i e r s  a r e  d i f f e r e n c e s  i n  these month ly  t o t a l s  o f  10% o r  
more o f  t h e  l o a d  data; such o u t l i e r s  occurred w i t h  almost 10% o f  t h e  
month ly  b i l l s .  Adjacent o u t l i e r s  a r e  two s i n g l e  o u t l i e r s  of oppo- 
s i t e  s ign,  t e m p o r a l l y  ad jacent ,  and rough ly  equal i n  magnitude. 
About 1% o f  t h e  monthly b i l l s  were ad jacent  o u t l i e r s .  

4. E r r o r s  i n  t h e  b i l l i n g  da ta  ( b o t h  s i n g l e  and ad jacent  o u t l i e r s )  
a f f e c t  t h e  accuracy o f  PRISM est imates.  F o r t u n a t e l y ,  t h e r e  were 
o n l y  f o u r  household-years o f  b i l l i n g  da ta  w i t h  s u b s t a n t i a l  e r r o r s .  
D e l e t i o n  o f  these f o u r  cases b r i n g s  t h e  PRISM est imates  back i n t o  
l i n e  w i t h  those ob ta ined w i t h  load data ( p o i n t s  1 and 2 above). 

5. The accuracy o f  PRISM r e s u l t s  es t imated  w i t h  12 weeks o f  da ta  
depends s t r o n g l y  on t h e  t i m e  p e r i o d  chosen f o r  es t imat ion .  Use o f  
w i n t e r  da ta  (November 1984 th rough February 1985 i n  t h i s  case) l e d  
t o  poor r e s u l t s .  On t h e  o t h e r  hand, use o f  F a l l  o r  Spr ing per iods  
gave reasonably good est imates o f  NAC, when averaged over a l l  house- 
holds.  

The comparisons and analyses conducted here suggest t h a t  , under cer -  
t a i n  c i rcumstances, PRISM y i e l d s  re1 i a b l e  es t imates  o f  weather-adjusted 
t o t a l  and space heat ing  e l e c t r i c i t y  uses. Est imates o f  NAC a r e  almost 
always q u i t e  accurate;  es t imates  o f  space heat ing  use are  l e s s  so. 

PRISM est imates  o f  space heat ing  use are  more accura te  f o r  homes 
t h a t  r e l y  p r i m a r i l y  o r  e x c u s i v e l y  on e l e c t r i c i t y  f o r  space h e a t i n g  and 
t h a t  do n o t  use much e l e c t r i c i t y  i n  summer f o r  a i r  c o n d i t i o n i n g .  On t h e  
o t h e r  hand, PRISM est imates  o f  space heat ing  e l e c t r i c i t y  use are re1 a t 1  - 
v e l y  i n a c c u r a t e  f o r  homes t h a t  r e l y  p r i m a r i l y  on wood f o r  space h e a t i n g  
and t h a t  show l a r y e  seasonal v a r i a t i o n s  i n  baseload uses. Regression 
models est imated here can be used t o  a d j u s t  PRISM r e s u l t s  t o  y i e l d  
improved es t imates  o f  a c t u a l  space heat ing  e l e c t r i c i t y  use. 

Because month ly  u t i l i t y  b i l l s  a r e  t h e  raw m a t e r i a l  f o r  PRISM est ima- 
t e s ,  e r r o r s  i n  t h e  b i l l i n g  da ta  can l e a d  t o  e r r o r s  i n  PRISM est imates.  
Therefore,  i t  i s  impor tan t  t o  examine b i l l i n g  da ta  b e f o r e  e s t i m a t i n g  
PRISM models. F o r t u n a t e l y ,  i t  i s  u s u a l l y  p o s s i b l e  t o  i d e n t i f y  and e i t h e r  
c o r r e c t  o r  d e l e t e  these out1 i e r s .  
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1. INTRODUCTION 

The amount of  energy used i n  a home f o r  space heat ing ,  water heat ing ,  

l i g h t i n g ,  o p e r a t i o n  of  appl iances,  and miscel laneous purposes i s  a com- 

p l i c a t e d  f u n c t i o n  o f  many f a c t o r s .  These f a c t o r s  can be separated i n t o  

two groups: t h e  d w e l l i n g  u n i t  and i t s  energy-using equipment ( c a p i t a l  

s tock)  , and t h e  ways i n  which these energy-using systems are  operated. 

Both se ts  of f a c t o r s  a r e  themselves f u n c t i o n s  o f  o t h e r  v a r i a b l e s  such as 

present  and past  fuel  p r i c e s ,  household income, number and ages o f  

household members, c l i m a t e  and weather, age and type o f  d w e l l i n g  u n i t ,  

des ign  e f f i c i e n c y  o f  appl iances and heat ing  equipment, and so on. 

Understanding t h e  i n f l u e n c e  o f  these v a r i o u s  determinants  o f  r e s i -  

d e n t i a l  energy use i s  impor tan t  f o r  severa l  purposes. I n  p a r t i c u l a r ,  

t h e  des ign and imp1 ementat ion o f  successfu l  r e s i d e n t i a l  energy conser- 

v a t i o n  programs depend on adequate understanding o f  how and why house- 

ho lds  use energy. I n  a d d i t i o n ,  a n a l y s i s  o f  changes i n  energy use (e.g., 

due t o  a p a r t i c u l a r  conserva t ion  program) r e q u i r e s  i d e n t i f i c a t i o n  and 

q u a n t i f i c a t i o n  o f  t h e  var ious  f a c t o r s  t h a t  account f o r  changes i n  energy 

use over  t ime.  At a more aggregate l e v e l  (e.g., u t i l i t y  s e r v i c e  areas),  

weather-adjustment i s  needed t o  p r o p e r l y  compare e l e c t r i c i t y  sa les  

t r e n d s  from y e a r  t o  year  (Cambridge Systemat ics,  Inc.  1983). 

Weather ( e s p e c i a l  l y  outdoor  temperature) i s  t h e  major  shor t - te rm 

determinant  of r e s i d e n t i a l  energy use ( F e l s  1986). Depending on t h e  

c l i m a t e ,  weather a f f e c t s  space heat ing ,  a i r  c o n d i t i o n i n g ,  o r  both. 

example, e l e c t r i c a l  l y  heated homes i n  Oregon t y p i c a l l y  use f o u r  t imes as 

much e l e c t r i c i t y  per week i n  mid-w in te r  than they  do i n  summer (F ig .  1). 

Adequately a d j u s t i n g  r e s i d e n t i a l  energy use da ta  f o r  temporal changes i n  

For 
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Mean whole-house and space-heating e l e c t r i c i t y  uses (kWh/week) 
f rom J u l y  1984 th rough June 1985 f o r  185 homes i n  Hood R i v e r ,  
Oregon. 
h e a t i  ng. 

F ig .  1. 

These homes a l l  used more than 2000 kWh/year f o r  space 

weather (e.g., from month t o  month o r  from y e a r  t o  year )  i s  a c r i t i c a l  

i n i t i a l  s tep  i n  i d e n t i f i c a t i o n  o f  t h e  importance o f  o t h e r  de terminants  

o f  energy use. 

The P r i n c e t o n  Scorekeeping Method (PRISM) i s  perhaps t h e  bes t  known 

and most w i d e l y  used method t o  a d j u s t  r e s i d e n t i a l  energy use da ta  f o r  

d i f f e r e n c e s  i n  w i n t e r  s e v e r i t y  ( F e l  s 1986; Wayne 1985) .* A1 though P R I S M  

has been used by many o r g a n i z a t i o n s ,  ques t ions  remain about t h e  accuracy 

o f  i t s  r e s u l t s ,  e s p e c i a l l y  about i t s  a b i l  i t y  t o  a c c u r a t e l y  decompose 

A fo r thcoming issue o f  t h e  j o u r n a l  Energy and B u i l d i n g s  (Volume 9, 
Numbers 1 and 2 )  w i l l  be devoted e x c l u s i v e l y  t o  PRISM. 

* 
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t o t a l  r e s i d e n t i a l  energy use i n t o  i t s  space heat ing  and nonspace heat ing  

components ( F e l s  e t  a l .  1983 and 1985; F e l s ,  Rachl i n ,  and Socolow 1986; 

B u r n e t t  and Lesser 1985). 

The purpose o f  t h i s  r e p o r t  i s  t o  compare P R I S M  r e s u l t s  w i t h  sub- 

metered da ta  ob ta ined from 185 homes i n  Hood R i v e r ,  Oregon. The da ta  

used f o r  t h i s  a n a l y s i s  a r e  be ing 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 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 .  HRCP's c o l l e c t i o n  of comprehensive da ta  from these homes pro- 

v i d e s  a r a r e  o p p o r t u n i t y  t o  examine t h e  d e t a i l e d  performance o f  P R I S M  

and t o  i d e n t i f y  reasons f o r  d i f f e r e n c e s  between P R I S M  es t imates  and sub- 

metered e l e c t r i c  l o a d  data. BPA i s  i n t e r e s t e d  i n  t h e  performance o f  

P R I S M  because P R I S M  i s  f r e q u e n t l y  employed i n  e v a l u a t i o n s  o f  BPA r e s i -  

d e n t i a l  conserva t ion  programs. 

Discrepancies between P R I S M  es t imates  and load data can occur f o r  

v a r i o u s  reasons ( T a b l e  1 ) .  The l o a d  data themselves may be measuring 

t h e  wrong loads o r  may i n c l u d e  miss ing  values and e r r o r s .  For example, 

t h e  space heat ing  and water  heat ing  loads were combined i n  a t  l e a s t  one 

Hood R i v e r  moni tored home. I n  another, t h e  range and c l o t h e s  d r y e r  

l o a d s  were inc luded i n  t h e  space heat channel. 

The month ly  e l e c t r i c i t y  b i l l i n g  data may a l s o  i n c l u d e  e r r o r s  t h a t  

compl ica te  comparisons between P R I S M  r e s u l t s  and l o a d  data. 

occur  i n  t h e  f i e l d  d u r i n g  meter reading o r  i n  t h e  c e n t r a l - o f f i c e  pro- 

cess ing o f  these data.  

E r r o r s  can 

F i n a l l y ,  t h e  P R I S M  model i s  based on assumptions about how house- 

ho lds  use t h e i r  space heat ing  f u e l  and t h e  constancy of baseload uses 

(Chapter 2) .  For example, P R I S M  assumes t h a t  e l e c t r i c i t y  use f o r  space 
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hea t ing  v a r i e s  l i n e a r l y  w i t h  ou tdoor  temperature (Tou t ) ;  however, heat  

pump performance v a r i e s  w i t h  Tout l e a d i n g  t o  a n o n l i n e a r  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 Tout. 

Table 1. Fac tors  l e a d i n g  t o  d i sc repanc ies  between PRISM es t ima tes  and 
ac tua l  e l e c t r i c i t y  use 

LOAD DATA 

E l e c t r i c a l  space heat  loads  no t  recorded p r o p e r l y  
P o r t a b l e  e l e c t r i c  space heaters  
I n c o r r e c t  loads  on space heat  channel 
Use o f  e l e c t r i c  stoves f o r  space hea t ing  

E r r o r s  
M i  s s i  ng Val ues 
E r r o r s  i n  sensing, reco rd ing ,  o r  cod ing  equipment 

MONTHLY ELECTRICITY BILLING DATA 

I n c o r r e c t  read ings  o f  meter (kWh va lue)  o r  da te  

Coding , keypunching , and process ing e r r o r s  

Vacant d w e l l i n g  

P R I S M  

M i  s i n t e r p r e t a t i o n  o f  base1 oad use 
A i r  c o n d i t i o n i n g ,  i r r i g a t i o n  pump, e t c .  

Seasona l i t y  o f  nonspace hea t ing  e l e c t r i c i t y  uses , b o t h  tempera ture  
dependent and season dependent 

Nonl i n e a r  re1 a t i o n s h i p  between e l e c t r i c i t y  use and outdoor  temperature 
Wood use , thermal  capaci tance o f  house , i nso l  a t i  on , changes i n  

i n d o o r  temperatures,  heat  pump 

M i c r o c l i m a t i c  e f f e c t s  due t o  d i f f e r e n c e s  i n  ou tdoor  temperature between 
d w e l l  i n g  u n i t  and weather s t a t i o n  
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Because of  p o t e n t i a l  problems w i t h  t h e  l o a d  da ta  and b i l l i n g  da ta  

themselves, t h e  comparisons discussed here proceed from t h e  "pure" t o  

t h e  ac tua l .  Our i n i t i a l  comparison i s  l i m i t e d  t o  homes t h a t  used more 

t h a n  4000 kWh f o r  space h e a t i n g  d u r i n g  t h e  1984/85 h e a t i n g  season, t h a t  

have no por tab  e e l e c t r i c  heaters ,  and t h a t  use l i t t l e  o r  no e l e c t r i c i t y  

f o r  a i r  c o n d i t  oning. I n  a d d i t i o n ,  t h e  P R I S M  model i s  est imated us ing  

month ly  t o t a l s  o f  t h e  l o a d  da ta  r a t h e r  than t h e  month ly  e l e c t r i c i t y  

b i l l s .  The second comparison expands t h e  sample t o  i n c l u d e  a l l  homes 

t h a t  use more than a minimal amount o f  e l e c t r i c i t y  f o r  heat ing  (2000 

kWh). Our toughest  comparison uses a c t u a l  month ly  e l e c t r i c i t y  b i l l s  t o  

e s t i m a t e  t h e  P R I S M  model. 

The nex t  chapter  d iscusses t h e  t h e o r e t i c a l  determinants  o f  res iden-  

t i a l  energy use. Chapter 3 descr ibes  t h e  HRCP d a t a  used i n  t h i s  pro- 

j e c t .  Chapters 4 and 5 compare PRISM r e s u l t s  w i t h  l o a d  data,  under 

i n c r e a s i n g l y  severe c o n d i t i o n s .  Chapter 6 uses 12 weeks ( r a t h e r  than 12 

months) o f  l o a d  da ta  t o  es t imate  P R I S M  models and compares these r e s u l t s  

w i t h  annual t o t a l s  o f  l o a d  data.  These comparisons a r e  made us ing d i f -  

f e r e n t  t i m e  per iods  ( F a l l ,  Winter, Spr ing)  t o  see whether da ta  from a 

s h o r t  p e r i o d  can y i e l d  accurate es t imates  o f  annual use. 

months o f  da ta  a r e  s u f f i c i e n t  t o  a c c u r a t e l y  es t imate  annual e l e c t r i c i t y  

use, then f u t u r e  e v a l u a t i o n s  o f  conserva t ion  programs w i l l  t a k e  l e s s  

t i m e  t o  complete. 

I f  t h r e e  
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2. THEORY OF HOUSEHOLD ENERGY USE 

O f  t h e  many f a c t o r s  t h a t  a f f e c t  household energy use, outdoor  tem- 

p e r a t u r e  s u r e l y  has t h e  g r e a t e s t  shor t - te rm i n f l u e n c e  (F ig .  1 ) .  That 

i s ,  changes i n  temperature f rom day t o  day a f f e c t  energy use f o r  space 

h e a t i n g  and/or a i r  c o n d i t i o n i n g .  Changes i n  f u e l  p r i c e s ,  household 

income, t h e  number and ages o f  household members, and o t h e r  such f a c t o r s  

a f f e c t  energy use o n l y  i n  t h e  longer  term (over  severa l  months o r  y e a r s ) .  

Because o f  t h e  s t r o n g  temporal i n f l u e n c e  o f  outdoor  temperature on 

e l e c t r i c i t y  use, our  analyses o f  r e s i d e n t i a l  e l e c t r i c i t y  use a r e  t y p i -  

c a l l y  conducted i n  two stages (H i  r s t  and Goe l tz  1985; H i r s t  e t  a1 . 
1985). 

changes i n  outdoor  temperature d u r i n g  a heat ing  season, us ing  t h e  

P r i n c e t o n  Scorekeeping Method (PRISM) developed by Fel s (1986).  The 

The f i r s t  s tage o f  our  approach a d j u s t s  e l e c t r i c i t y  use f o r  

second stage ( n o t  discussed i n  t h i s  r e p o r t )  uses P R I S M  r e s u l t s  as t h e  

dependent v a r i a b l e  i n  c r o s s - s e c t i o n  r e g r e s s i o n  model s .  The exp lanatory  

v a r i a b l e s  i n  these models a r e  demographic and d w e l l i n g  u n i t  charac- 

t e r i s t i c s ,  used t o  e x p l a i n  v a r i a t i o n s  i n  annual e l e c t r i c i t y  use across 

households. 

Household energy use i s  t h e  sum o f  energy use f o r  t h e  var ious  end- 

uses (e.g . , space h e a t i  ng , water  h e a t i  ng , a i  r c o n d i t i o n i n g )  : 

J 

where E i s  e l e c t r i c i t y  use f o r  household i, j i s  an index of e l e c t r i c i t y  

uses (e.g., space heat ing ,  dishwasher, c l o t h e s  washer, c o l o r  TV), D i s  a 

s e t  o f  b i n a r y  (0 /1)  v a r i a b l e s  t h a t  i n d i c a t e  presence o f  each ( j )  t y p e  o f  
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e l e c t r i c i t y - u s i n g  equipment, and U i s  e l e c t r i c i t y  consumption f o r  end- 

use j by household i (Bohi  and Zimmerman 1984). Thus, t h e  v e c t o r  D cap- 

t u r e s  t h e  c a p i t a l  s tock a v a i l a b l e  t o  a p a r t i c u l a r  household and t h e  

v e c t o r  U r e f l e c t s  t h e  ways i n  which t h i s  s tock  i s  operated by t h e  house- 

ho ld.  

Our focus i n  t h i s  p r o j e c t  i s  on houses t h a t  use e l e c t r i c i t y  f o r  some 

o r  a l l  o f  t h e i r  space heat ing.  Because space heat ing  i s  g e n e r a l l y  t h e  

major  energy end-user (account ing  f o r  almost 50% o f  t o t a l  e l e c t r i c i t y  

use f o r  t h e  households i n  t h i s  a n a l y s i s )  and because space h e a t i n g  

energy use i s  s t r o n g l y  temperature-dependent, we w r i t e  a s imp ler  model 

o f  e l e c t r i c i t y  use: 

E i t  = a i  .t b i H D D i t ( T r e f i )  , ( 2  

where t h e  u n i t  o f  a n a l y s i s  i s  one year  o f  b i l l  ng data f o r  one house- 

ho ld ,  c a l l e d  a household-year. I n  t h i s  model, j i s  i m p l i c i t l y  s e t  equa 

t o  2: j = 1 r e f e r s  t o  space h e a t i n g  and j = 2 i n c l u d e s  a l l  o t h e r  

e l e c t r i c i t y  uses. 01 and D2 a r e  b o t h  equal t o  1. 

I n  eqn. 2, E i s  energy use f o r  household i d u r i n g  month ly  b i l l i n g  
* c y c l e  t. The c o e f f i c i e n t  a i  r e f l e c t s  household use o f  energy f o r  

nonspace heat ing  purposes and t h e  c o e f f i c i e n t  b i  r e f l e c t s  use o f  energy 

f o r  space heat ing  (more a c c u r a t e l y  nonweather- and w e a t h e r - s e n s i t i v e  

consumption, r e s p e c t i v e l y ) .  

E l e c t r i c i t y  b i l l i n g  and HDD d a t a  a r e  normal ized by t h e  number o f  * 
days i n  each b i l l i n g  c y c l e  t o  c o r r e c t  f o r  d i f f e r e n c e s  across households 
i n  t h e  number o f  days per cyc le .  
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HDD i s  t h e  number o f  h e a t i n g  degree days t o  re fe rence temperature 

T r e f ,  f o r  t h e  same t i m e  p e r i o d  as t h e  u t i l i t y  b i l l ,  f o r  a weather s ta -  

t i o n  near t h a t  household. D a i l y  HDD i s  def ined as maximum (0, T r e f  - 

average d a i l y  temperature) ;  d a i l y  HDD va lues  are  summed t o  o b t a i n  

month ly  o r  annual values. 

Nat iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n  (e.g., NOAA 1984). 

D a i l y  temperature da ta  a r e  g e n e r a l l y  f rom t h e  

The reference temperature ( T r e f )  i s  d e f i n e d  as t h a t  temperature 

which y i e l d s  t h e  h i g h e s t  exp lanatory  power (R2)  i n  t h e  above model ; we 

r e s t r i c t e d  T r e f  t o  i n t e g e r s  i n  t h e  range 10 - 90OF. P h y s i c a l l y ,  T r e f  i s  

t h e  outdoor  temperature below which t h e  heat ing  system must operate t o  

m a i n t a i n  t h e  d e s i r e d  indoor  a i r  temperature;  i.e., no h e a t i n g  i s  

r e q u i r e d  a t  temperatures h i g h e r  than Tre f .  

The phys ica l  b a s i s  f o r  eqn. 2 assumes t h a t  t h e  e l e c t r i c i t y  r e q u i r e d  

f o r  space heat ing  i s  l i n e a r l y  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 

T r e f  and Tout. The expected r e l a t i o n s h i p  between d a i l y  space heat ing  

e l e c t r i c i t y  use and Tout i s  shown i n  F ig .  2. The HRCP l o a d  da ta  can be 

used t o  es t imate  t h e  f o l l o w i n g  model : 

Space i t  (kWh/day) = C i  + di*TOUtt , ( 3 )  
* where Space i s  d a i l y  e l e c t r i c i t y  use recorded by t h e  space heat channel, 

and c and d are c o e f f i c i e n t s  est imated w i t h  t h e  model. The r e f e r e n c e  

temperature ( i n t e r c e p t  i n  F i g .  2 )  i s  computed as - C i / d i  f o r  each house- 

h o l d  i. I f  t h e  R2 f o r  t h i s  model i s  low (e.g., below 0.4), then t h e  

We excluded days w i t h  l e s s  than 5 kWh f o r  space heat use i n  e s t i -  

P R I S M  uses 

* 
mat ion  o f  eqn. 3, c o n s i s t e n t  w i t h  p r i o r  work i n  t h e  P a c i f i c  Northwest 
( D i c k i n s o n  e t  a l .  1982). Equat ion 3 i s  - n o t  p a r t  o f  PRISM. 
who1 e-house da ta  whi 1 e eqn. 3 uses space-heat i  ng end-use data. 
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Fig .  2. D a i l y  space h e a t i n g  e l e c t r i c i t y  use as a f u n c t i o n  o f  outdoor  
temperature f o r  a home i n  Hood R iver .  
eqn. 3, i s  58°F and t h e  model R2 i s  0.84. 

T r e f ,  computed from 

u n d e r l y i n g  PRISM assumption o f  1 i n e a r i t y  between space h e a t i n g  e l e c t r i -  

c i t y  use and outdoor temperature ( F i g .  2 )  i s  probably  i n c o r r e c t .  

The parameters from eqn. 2 ( a i ,  b i ,  T r e f i )  a r e  es t imated  f o r  each 

household us ing a year  o f  e l e c t r i c i t y  b i l l i n g  da ta  ( F i g .  3 ) .  The parame- 

t e r s  a r e  used t o  d e f i n e  Normal ized Annual Consumption (NAC) f o r  house- 

h o l d  i and year  j: 
- 

N A C i j  = 365*a i j  + b i j H D D ( T r e f i j )  , ( 4 )  
- 

where HDD i s  t h e  long-run* normal HDD a t  base T r e f  f o r  household i. A 

NOAA d e f i n e s  long-run as t h e  30-year average (e.g. , NOAA 1982). * 
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OF MONTHLY - 
BILLING DATA 

DAILY 
TEMPERATURES 

LONG -R UN 
H E AT1 N G L 

y e a r  i s  d e f i n e d  i n  t h i s  p r o j e c t  as t h e  12 months from J u l y  1984 th rough 

June 1985; t h e  long-run HDD used here i s  s e t  equal t o  t h e  a c t u a l  HDD f o r  

t h e  1984/85 p e r i o d  t o  p e r m i t  comparisons between PRISM es t imates  and 

a c t u a l  l o a d  data. 

year - to -year  changes i n  w i n t e r  s e v e r i t y  and f o r  temporal misa l ignment  

* The NAC fo rmula  " c o r r e c t s "  household energy use f o r  

NORMALIZED 

CONSUMPTION 
(k W h/yea r) 

- ANNUAL 

L 

b PRISM + 
I 

OTHER 

(a, b, Tref) 
- PARAMETERS 

across households i n  f u e l  b i l l s  (e.g., some records begin on J u l y  1 and 

o t h e r s  on J u l y  23; some h i s t o r i e s  a r e  f o r  320 days and o t h e r s  f o r  375 days 

days) .  

ORNL-DWG 86C-8231 

Fig.  3. Schematic diagram showing i n p u t s  t o ,  and ou tpu ts  from, PRISM. 

To ta l  HDD (65°F base) f o r  1984/85 was 5900 based on d a i l y  tem- * 
p e r a t u r e s  a t  t h e  Hood R i v e r  Experiment S t a t i o n .  Long-run HDD i s  5570. 
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The method descr ibed above does n o t  deal w i t h  e l e c t r i c  a i r  con- 

d i t i o n i n g  because su i  t a b l e  a n a l y t i c a l  techniques t o  normal ize  a i r -  

c o n d i t i o n i n g  e l e c t r i c i t y  use have n o t  y e t  been f u l l y  developed,* a i r  

c o n d i t i o n i n g  loads a r e  q u i t e  small  i n  Oregon, and o n l y  about o n e - f i f t h  

o f  t h e  homes i n  Hood R i v e r  have a i r  c o n d i t i o n e r s .  

The second term i n  eqn. 4 i s  g e n e r a l l y  r e f e r r e d  t o  as space heat ing  

e l e c t r i c i t y  use. However, t h i s  term i n c l u d e s  a l l  e l e c t r i c i t y  uses t h a t  

depend on o u t s i d e  temperature ( F e l s  e t  a l .  1985) and/or t h a t  v a r y  sea- 

s o n a l l y  ( B u r n e t t  and Lesser 1985). 

c i t y  use i s  g e n e r a l l y  h i g h e r  i n  t h e  w i n t e r  than i n  t h e  summer, b o t h  

because households use more ho t  water i n  t h e  w i n t e r  and because ground 

water  temperatures a r e  lower  i n  t h e  w i n t e r  ( F i g .  4 ) .  

h e a t i n g  e l e c t r i c i t y  use depends bo th  on o u t s i d e  temperatures and on t h e  

season. 

For example, water h e a t i n g  e l e c t r i -  

Thus, water  

L i g h t i n g ,  on t h e  o t h e r  hand, depends on t h e  season b u t  no t  on ou t -  

door temperatures.  That i s ,  household use o f  e l e c t r i c i t y  f o r  l i g h t i n g  

i s  s u r e l y  a s t r o n g  f u n c t i o n  o f  t h e  number o f  hours o f  d a y l i g h t ,  which 

l e a d s  t o  more l i g h t i n g  use i n  w i n t e r  than i n  summer ( r e g a r d l e s s  o f  ou t -  

door temperatures) . 

E l e c t r i c i t y  use f o r  a i r  c o n d i t i o n i n g  depends on bo th  d r y  and wet * 
b u l  b temperatures ( i .e. , h u m i d i t y  i s  an impor tan t  determinant  o f  a i  r 
c o n d i t i o n e r  use).  
more v a r i a b l e  than i s  o p e r a t i o n  o f  space heat ing  equipment. Both fac-  
t o r s  make it more d i f f i c u l t  t o  analyze and normal ize a i r  c o n d i t i o n i n g  
energy use than space heat ing  energy use. 

A1 so, household o p e r a t i o n  o f  a i r  c o n d i t i o n e r s  i s  much 
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F i g .  4. Mean water h e a t i n g  e l e c t r i c i t y  use (kWh/week) f o r  144 homes i n  
Hood R i v e r ,  Oregon. 

E l e c t r i c i t y  use f o r  r e f r i g e r a t o r s  i s  r e l a t e d  t o  k i t c h e n  temperatures.  

Even i n  homes w i t h  a i  r c o n d i t i o n i n g  , k i t c h e n  temperatures a r e  general  l y  

warmer i n  summer than i n  w i n t e r .  Thus, r e f r i g e r a t o r  e l e c t r i c i t y  use i s  

h igher  i n  summer, d i s p l a y i n g  a seasonal p a t t e r n  oppos i te  t h a t  o f  water 

heaters .  

Th is  d i s c u s s i o n  i l l u s t r a t e s  two p o t e n t i a l  problems w i t h  PRISM. 

F i r s t ,  i t s  es t imates  o f  space heat ing  e l e c t r i c i t y  use (Heat = b*HDD) may 

i n c l u d e  some p o r t i o n  o f  baseload uses. Fel s e t  a1 . (1985) show t h a t ,  on 

average, b*HDD overes t imates  space heat ing  energy use 

e x t e n t  t h a t  some o f  t h e  baseload use captured i n  t h i s  term i s  no t  depen- 

dent  on outdoor  temperatures , a d j  ustment f o r  changes n w i n t e r  s e v e r i t y  

Second, t o  t h e  
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from y e a r  t o  year  w i l l  o v e r c o r r e c t  NAC va lues  ( B u r n e t t  and Lesser 1985).  

The e x t e n t  t o  which P R I S M  over-  o r  under-est imates space h e a t i n g  

e l e c t r i c i t y  use i s  examined i n  Chapters 4 th rough 6. 

We assume, i n  our two-stage a n a l y s i s  approach, t h a t  t h e  f i r s t - s t a g e  

NAC e s t i m a t i o n  removes t h e  e f f e c t s  o f  changing weather (and more 

g e n e r a l l y  o f  a1 1 shor t - run  t i m e  dependence) f rom household annual 

e l e c t r i c i t y  use. 

o f  c r o s s - s e c t i o n a l  ( i  .e., i n d i v i d u a l  household) f a c t o r s .  I n  essence, 

P R I S M  conver ts  t h e  raw e l e c t r i c i t y  b i l l i n g  da ta  i n t o  a form s u i t a b l e  f o r  

f u r t h e r  anal y s i  s . 

V a r i a t i o n s  i n  NAC a r e  assumed t o  be a f u n c t i o n  s o l e l y  

I n  stage two o f  our approach, we analyze NAC as a f u n c t i o n  o f  these 

c r o s s - s e c t i o n a l  f a c t o r s :  

N A C i j  = eo + ekZ ik  , ( 5 )  

where Z i k  i s  a v e c t o r  o f  k demographic and d w e l l i n g  u n i t  c h a r a c t e r i s t i c s  

(e.g., income, number o f  household members, f l o o r  area o f  home, age o f  

d w e l l i n g  u n i t ,  p a r t i c i p a t i o n  i n  a conserva t ion  program). The ek c o e f -  

f i c i e n t s  show how weather-adjusted annual e l e c t r i c i t y  use depends on 

these c r o s s - s e c t i o n  f a c t o r s  ( i  .e., v a r i e s  from household t o  household).  

The focus o f  t h i s  r e p o r t  i s  on t h e  f i r s t  stage o f  our approach, use 

o f  P R I S M  t o  a d j u s t  month ly  b i l l i n g  da ta  f o r  temporal v a r i a t i o n s  i n  out -  

door  temperature.  See H i r s t  and Goe l tz  (1985) ,  H i r s t  e t  a1 . (1985),  and 

Goel tz ,  H i r s t  and Trumble (1986) f o r  d i s c u s s i o n s  o f  t h e  second stage. 
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3. DATA FROM THE HOOD R I V E R  CONSERVATION PROJECT 

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 1  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  par-  

t i c i p a t i n g  households i s  n o t  a b a r r i e r  Land 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  convent iona l y  i n s t a l l e d  (PP&L 

1983) 

DATA RESOURCES 

Because HRCP i s  an expensive and compl icated p r o j e c t ,  t h e  d a t a  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  e x t e n s i v e  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 - on t h e  use o f  

t h i s  demonstrat ion t o  i d e n t i f y  and q u a n t i f y  severa l  impor tan t  i ssues  - 
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  da ta  (Tab le  2) .  

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  being ob ta ined from 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 heat ing  

e l e c t r i c i t y  use 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-minute 

i n t e r v a l s  i n  these homes. Wood heat sensors a r e  used i n  p lace  o f  t h e  

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

a1 ., 1984). These da ta  a r e  being c o l l e c t e d  f o r  a p e r i o d  of a t  l e a s t  two 

years,  beg inn ing  i n  Spr ing  1984. 

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

and a t  l e a s t  one year  o f  p o s t r e t r o f i t  da ta  w i l l  be 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) t o  compare PRISM r e s u l t s  w i t h  a c t u a l  l o a d  

data.  

Because these 319 homes were a l l  

The present  p r o j e c t  uses d a i l y  t o t a l s  o f  t h e  f i r s t  year  o f  da ta  
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Table 2. Data used i n  e v a l u a t i o n  o f  HRCP 

Data Source For whom 

P r e t e s t  (1983) 
m a i l  survey 

Household monthly 
e l  e c t r i  c i  t y  b i  1 1 s 
and r a t e  schedules 

D e t a i l e d  and d a i l y  
weat her  da ta  

End-use l o a d  data 

On-si t e  home 
i n t e r v i e w  

Load mon i to rs  
on one feeder  l i n e  

P r o j e c t  data 

Oregon S t a t e  
U n i v e r s i t y  

PP&L and 
Hood R i v e r  
Elec.  Coop. 

NOAA, Univ. 
o f  Oregon 

PP&L 

Bards ley & 
Hasl acher 

PP&L 

PP&L 

Random samples o f  households 
i n  Hood R i v e r ,  Grants Pass, 
Pendleton, and PNW r e g i o n  

Households i n  Hood R i v e r ,  
Grants Pass, and Pendleton 

NOAA weather s t a t i o n s  i n  
3 communit ies, 3 d e t a i l e d  
weather s t a t i o n s  i n  Hood R i v e r  

319 homes i n  Hood R i v e r ;  15- 
minu te  da ta  on t o t a l ,  space, 
and water  heat  e l e c t r i c i t y  use, 
and i n d o o r  temperatures;  wood heat 
sensors rep lace  water heater  l o a d  
i n  100 homes 

319 1 oad-metered homes, conducted 
i n  J u l y  1984 

Households t h a t  p a r t i c i p a t e  i n  HRCP 
Marke t ing  q u e s t i o n n a i r e  
Demographics and appl i a n c e  da ta  
Eneryy a u d i t  
B a r r i e r s  t o  r e t r o f i t  measures 
C o s t - e f f e c t i v e n e s s  r e s u l t s  
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  

N o n p a r t i c i p a n t  Bards ley & Telephone survey i n  la te-1985 
survey Hasl acher 

Wood heat survey Survey i n  Spr ing  1986 t o  determine 
ownershi p o f  wood burn ing  equi pment 
and amount o f  wood used f o r  space 
h e a t i n g  

P o s t t e s t  (1986) Oregon S t a t e  Random samples o f  households i n  
m a i l  survey U n i v e r s i t y  Hood R i v e r ,  Grants Pass, Pendleton, 

and PNW r e g i o n  
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Data 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 R iver .  

weather s t a t i o n  i s  a t  t h e  same l o c a t i o n  as t h e  NOAA Hood R i v e r  

Experiment S t a t i o n .  We used d a i l y  temperature da ta  from NOAA (e.g., 

NOAA 1984) i n  t h e  present  p r o j e c t .  

The pr imary  

The P r o j e c t  c o l l e c t s  i n f o r m a t i o n  on household demographics and 

appl iance h o l d i n g s  a t  t h e  t i m e  o f  t h e  i n i t i a l  energy a u d i t .  The a u d i t  

y i e l d s  es t imates  o f  t h e  appl i c a b l e  r e t r o f i t  measures, t h e i r  1 i k e l y  

energy savings and expected costs .  

( e s p e c i a l l y  p o r t a b l e  e l e c t r i c  heaters )  a r e  used i n  t h e  present  analyses. 

I n f o r m a t i o n  on appl iance h o l d i n g s  

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. Th is  i n t e r v i e w ,  which used t h e  same quest ion-  

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 

1984) , i n c l  uded d e t a i  1 ed quest 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  of t h e i r  d w e l l i n g  u n i t s  and 

appl  iances, p r imary  and supplemental heat ing  f u e l  s , and o t h e r  energy- 

r e l a t e d  a t t r i b u t e s .  Much o f  t h i s  da ta  i s  used here t o  e x p l a i n  d i f f e r e n -  

ces between P R I S M  es t imates  and ac tua l  l o a d  data. 

DATA QUALITY 

Al though 319 homes were nomina l l y  l o a d  metered, d a t a  on o n l y  268 

were a v a i l a b l e  f o r  t h i s  p r o j e c t  (Tab le  3 ) .  

o n - s i t e  home i n t e r v i e w ,  month ly  e l e c t r i c i t y  b i l l s  were u n a v a i l a b l e  f o r  

two households, e i g h t  households had problems w i t h  one o r  more l o a d  

channel s (e.g . , i n c o r r e c t  1 oads recorded on channel s )  , 41 households had 

more than 35 days o f  m i s s i n g  e l e c t r i c i t y  use f o r  t h e  whole-house o r  

space heat channels, s i x  households had more than f i v e  days o f  zero 

Seven households lacked t h e  
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e l e c t r i c i t y  consumption on t h e i r  t o t a l  channel , and two households 

shared e l e c t r i c  meters w i t h  another  household (master-metered) . 

Table 3. D i s p o s i t i o n  o f  HRCP load-metered da ta  

No. o f  homes 

T o t a l  319 

A v a i l a b l e  f o r  present  a n a l y s i s  
w i t h  usable data:  surveys, b i l l s ,  
nonmissing/nonzero l o a d  data,  no 
master-meter dupl i c a t i o n s  

Wi th space heat ing  e l e c t r i c i t y  
use > 2000 kWh/year 

268 

185 

Wi th t o t a l  e l e c t r i c i t y  use 
> 8000 kWh/year, space heat use 
> 4000 kWh/year, Space/Total > 0.25, 
no p o r t a b l e  e l e c t r i c  heaters ,  zero o r  
modest use o f  a i r  c o n d i t i o n i n g ,  
R* f o r  T r e f  from eqn. 3 > 0.4 71 

The f o l l o w i n g  procedure was used t o  impute va lues f o r  whole-house 

( T o t a l )  o r  space heat ing  (Space) l o a d  when e i t h e r  was miss ing.  If  data  

were miss ing  f o r  more than 35 days, t h e  household was dropped. 

Otherwise, t h e  d a i l y  t o t a l  f o r  t h e  a p p r o p r i a t e  channel from a week 

e a r l i e r  was used t o  impute t h e  m i s s i n g  value. I f  t h e  pr ior -week va lue  

was a l s o  miss ing,  then t h e  p r i o r  day was used. F i n a l l y ,  i f  n e i t h e r  pro- 

cedure y i e l d e d  a nonmissing value, then t h e  d a i l y  v a l u e  averaged over 

a l l  nonmissing days was used t o  impute a value. Imputed va lues were n o t  

a l lowed t o  propagate themselves; i .e., imputed values were never used t o  

p r o v i d e  d a t a  f o r  o t h e r  miss ing  days. 

A t o t a l  o f  n i n e  households had one o r  more days o f  zero t o t a l  

e l e c t r i c i t y  use. O f  these, t h r e e  had fewer than s i x  days m i s s i n g  and 
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were r e t a i n e d  f o r  f u r t h e r  a n a l y s i s .  The remaining s i x  cases had zero 

consumption f o r  an u n i n t e r r u p t e d  p e r i o d  o f  more than f i v e  days; t h e y  

were dropped under t h e  assumption t h a t  t h e  zero days r e f l e c t e d  a change 

i n  occupancy w i t h  a vacancy some t i m e  d u r i n g  t h e  one-year per iod .  

A1 though a1 1 268 homes had permanently i n s t a l  l e d  e l e c t r i c  space 

h e a t i n g  equipment ( t h e  pr imary  requirement f o r  p a r t i c i p a t i o n  i n  HRCP), 

many households used l i t t l e  o r  no e l e c t r i c i t y  f o r  heat ing.  About 15% o f  

these homes used l e s s  than 1000 kWh/year f o r  heat ing  (10% used l e s s  than 

than 300 kWh) . By comparison, space heat ing  e l e c t r i c i t y  use averaged 

10,000 kWh among t h e  74 homes t h a t  repor ted  e l e c t r i c i t y  as t h e i r  s o l e  

h e a t i n g  f u e l  i n  t h e  1984 survey. Because P R I S M  i s  designed t o  weather- 

a d j u s t  energy use f o r  t h e  pr imary space heat ing  f u e l ,  we dropped house- 

h o l d s  t h a t  used l e s s  than 2000 kWh/year f o r  space heat ing;  t h e  remain ing 

185 households form t h e  bas i  s f o r  our analyses. 

Many o f  these remain ing 185 households used wood as e i t h e r  t h e i r  

p r imary  o r  supplemental heat ing  f u e l .  We t h e r e f o r e  d e f i n e d  a subset o f  

these households, those f o r  which e l e c t r i c i t y  i s  p robab ly  t h e  pr imary  

h e a t i n g  f u e l .  Th is  subset o f  71 households met t h e  c r i t e r i a  shown i n  

t h e  bottom p o r t i o n  o f  Table 3. 

The f i r s t  t h r e e  c r i t e r i a  ensure t h a t  t h e  household uses a substan- 

t i a l  amount o f  e l e c t r i c i t y  f o r  space heat ing  and f o r  o t h e r  purposes, and 

t h a t  space h e a t i n g  e l e c t r i c i t y  use accounts f o r  a t  l e a s t  25% o f  t o t a l  

use. The r e s t r i c t i o n  concern ing p o r t a b l e  heaters  i s  imposed because 

such u n i t s  a r e  n o t  i n c l u d e d  i n  t h e  space h e a t i n g  l o a d  channel and would 

t h e r e f o r e  y i e l d  mis lead ing  comparisons between PRISM r e s u l t s  and t h e  

l o a d  data. Considerable use o f  a i r  c o n d i t i o n i n g  equipment a f f e c t s  
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summer (basel  oad) e l e c t r i c i t y  use. P R I S M ' S  es t imates  o f  basel oad use 

( t h e  c o e f f i c i e n t  a) would be t o o  h i g h  i n  these cases, l e a d i n g  t o  

underest imates o f  space heat ing  e e c t r i c i t y  use. The R2 r e s t r i c t i o n  

a p p l i e s  t o  models we est imated us ng d a i l y  space heat ing  e l e c t r i c i t y  

l o a d  data, eqn. 3. 

t h e n  t h e  u n d e r l y i n g  P R I S M  assumption o f  1 i n e a r i  t y  between space h e a t i n g  

e l e c t r i c i t y  use and outdoor  temperature ( F i g .  2 )  i s  p robab ly  i n c o r r e c t  .* 

I f  t h e  R2 f o r  t h i s  model i s  low (e.g., below 0.4), 

Thus, t h e  subset o f  71  households d e f i n e d  above represents  those 

homes whose use o f  e l e c t r i c i t y  f o r  space heat ing  c l o s e l y  conforms t o  t h e  

assumptions embodied i n  t h e  P R I S M  model. 

between da ta  and P R I S M  should be p a r t i c u l a r l y  c l o s e  f o r  these homes. 

I n  o t h e r  words, t h e  agreement 

One- th i rd  o f  t h e  185 households had T r e f  models es t imated  w i t h  * 
d a i l y  space-heat end-use da ta  w i t h  R2 l e s s  than 0.4. 
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4. P R I S M  RESULTS OBTAINED WITH LOAD DATA 

HOMES THAT USE ELECTRICITY AS A MAJOR HEATING FUEL 

We begin comparison o f  P R I S M  r e s u l t s  w i t h  ac tua l  e l e c t r i c i t y  load  

d a t a  us ing t h e  subset o f  7 1  homes ( T a b l e  3 ) ;  month ly  b i l l i n g  da ta  a re  

n o t  i n c l u d e d  i n  these comparisons. Because these homes use a substan- 

t i a l  amount o f  e l e c t r i c i t y  f o r  space heat ing  ( a t  l e a s t  4000 kWh/year), 

P R I S M  i s  l i k e l y  t o  per form w e l l  w i t h  these data. 

P R I S M ' S  e s t i m a t e  o f  normal i zed annual consumption (NAC) and ac tua l  

t o t a l  annual e l e c t r i c i t y  use ( T o t a l )  a r e  i n  almost p e r f e c t  agreement f o r  

these homes ( T a b l e  4 ) ,  as expected (Hurv ich  1986). 

pancy between NAC and T o t a l  i s  l e s s  than 1% o f  T o t a l .  

The maximum d i s c r e -  

On average, PRISM's e s t i m a t e  o f  space heat ing  e l e c t r i c i t y  use i s  6% 

h i g h e r  than t h e  annual t o t a l  obta ined from t h e  space heat channel; P R I S M  

underest imates base1 oad use by an average o f  3% (Table 4 and F i g .  5 ) .  

d iscussed i n  Chapter 2, we expect P R I S M  es t imates  o f  space h e a t i n g  e l e c t r i  

c i t y  use t o  be h i g h e r  than ac tua l  use because some baseload e l e c t r i c i t y  

uses a r e  e i t h e r  temperature- o r  season-dependent. For these homes, t h e  

d iscrepancy i s  smal l  and, on average, i n  t h e  expected d i r e c t i o n .  

As 

The agreement between t h e  two est imates o f  re fe rence temperature i s  

n o t  n e a r l y  so good as a r e  t h e  agreements f o r  t o t a l  and space heat ing  

e l e c t r i c i t y  uses. On average, PRISM's e s t i m a t e  o f  r e f e r e n c e  temperature 

i s  5°F lower  than t h e  es t imate  d e r i v e d  from a regress ion  model o f  d a i l y  

space heat e l e c t r i c i t y  use vs Tout (eqn. 3 ) .  

c o e f f i c i e n t s  between t h e  l o a d  da ta  and P R I S M  f o r  t o t a l  e l e c t r i c i t y  use 

and space heat ing  use are  q u i t e  h i g h  ( r  = 1.00 and 0.89, r e s p e c t i v e l y ) ,  

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  f o r  re fe rence temperature i s  o n l y  0.68. 

Whi le t h e  c o r r e l a t i o n  
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Table 4. Comparison o f  P R I S M  es t imates  w i t h  l o a d  da ta  f o r  7 1  homes t h a t  
use more than 4000 kWh/year f o r  space h e a t i n g  

Med i an Mean Standard 
dev i a t  i on 

T o t a l  e l e c t r i c i t y  use (kWh/yr) 
Load data 22,500 
P R I S M  22,500 
R a t i o  (PRISM/Load) 1.00 

Space heat ing  use (kWh/yr) 
Load data 11,600 
P R I S M  10,900 
D i f f e r e n c e  (PRISM-Load) 600 
R a t i o  (PRISM/Load) 1.05 

Base use 
R a t i o  (PRISM/Load) 0.94 

Reference temperature ( O F )  

Load da ta  62.1 
P R I S M  56.0 
D i f f e r e n c e  (PRISM-Load) -4.4 

Model performance (R2)  
Load data (eqn. 3) 
P R I S M  (eqn. 2 )  

0.75 
0.97 

23,300 
23,300 

1.00 

12,000 
12,500 

500 
1.06 

0.97 

61.9 
57.0 
-5.0 

0.74 
0.96 

6900 
6900 

0.00 

5100 
5600 
2500 

0.22 

0.25 

4.0 
6.1 
4.5 

0.09 
0.04 

These r e s u l t s  show t h a t  P R I S M  es t imates  o f  t o t a l  annual e l e c t r i c i t y  

use are  ext remely accura te  and t h a t  P R I S M  es t imates  o f  space heat  use 

a r e  s l i g h t l y  h igh.  

r e g r e s s i o n  models t h a t  can be used t o  a d j u s t  PRISM es t imates  o f  space 

h e a t i n g  e l e c t r i c i t y  use. 

These HRCP d a t a  were n e x t  used t o  e s t i m a t e  

Two models were es t imated  (Table 5 ) .  One used t h e  d i f f e r e n c e  be t -  

ween space heat ing  est imates as t h e  dependent v a r i a b l e  (PRISM - Load) 

and the  second used t h e  r a t i o  o f  these two va lues (PRISM/Load) . 
f o u r  exp lanatory  v a r i a b l e s  used i n  these models i n c l u d e :  

The 

dummy v a r i a b l e  
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6000 

L 
(0 
9) \r 4000- 

f 
5 2000- 

Y 

n 
n a 
3 

. 
* *  . * .  

t r  . * *  * *  * ** e * *  

2 . .  0 . . 
~ ~~~ 

~ 

Table 5. Regression models o f  P R I S M  space heat es t imates  vs l o a d  da ta  
f o r  71 homes t h a t  use more than 4000 kWh/year f o r  heat ing  

v) 
3 c 
E 

v, 
a 
= -2000- 

a 

-4000 - 

Dependent v a r i  ab1 e 

. 
* e  

. *  0 

* e .  

* *  . 
I 1 I I I 

PRISM-Load PRISM/Load 

I n t e r c e p t  -10 , l l 0 C  
Wood used f o r  h e a t i n g  941b 
Actual  space heat 

P R I S M  es t imate  o f :  
S td  e r r o r  o f  

h e a t i  ng (MWh/yr) 1 3 l C  
Ref. temperature (OF) 205c 

Model R2 0.53 

use (MWh/yr) -144' 

0. 360a 
0.112c 

-0.0185c 

0. 0096c 
0 .O15Oc 

0.41 

a S i g n i f i c a n t  a t  t h e  10% l e v e l .  

b s i g n i f i c a n t  a t  t h e  5% l e v e l .  

C S i g n i f i c a n t  a t  t h e  1% l e v e l .  
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f o r  use o f  wood f o r  space heat ing  (household r e p o r t s  o f  wood as t h e  p r i -  

mary o r  supplemental heat ing  f u e l ) ,  t h e  annual t o t a l  o f  t h e  space heat 

l o a d  channel, t h e  s tandard e r r o r  o f  t h e  P R I S M  space heat est imate,  and 

t h e  P R I S M  e s t i m a t e  o f  re fe rence temperature.  The f i r s t  v a r i a b l e  i s  from 

t h e  o n - s i t e  home i n t e r v i e w ,  t h e  second i s  from t h e  l o a d  data,  and t h e  

l a s t  two are P R I S M  ou tpu ts .  * 

Use o f  wood f o r  space heat ing  w i l l  emphasize t h e  importance o f  t h e  

seasonal component o f  baseload and increase t h e  d i f f e r e n c e  between P R I S M  

and load data.  On t h e  o t h e r  hand, t h e  importance o f  seasonal baseload 

decreases as a c t u a l  space heat ing  e l e c t r i c i t y  use increases.  The l a r g e r  

t h e  standard e r r o r ,  t h e  l a r g e r  t h e  expected d i f f e r e n c e  between t h e  two 

values. 

i n c r e a s i n g  t h e  d i f f e r e n c e  between Heat and pace. 

** 

Higher P R I S M  es t imates  o f  T r e f  imp y h i g h e r  va lues o f  Heat, 

The o v e r a l l  performance o f  these models i s  q u i t e  good, w i t h  about 

h a l f  t h e  v a r i a t i o n  i n  t h e  dependent v a r i a b l e s  exp la ined by o n l y  f o u r  

e x p l a n a t o r y  fac to rs .+  A l l  t h e  c o e f f i c i e n t s  have t h e  expected signs. 

For  exampl e, P R I S M '  s overes t imate  o f  a c t u a l  space h e a t i n g  e l  e c t r i  c i  t y  

We a l s o  t e s t e d  o t h e r  exp lanatory  v a r i a b l e s .  I n  p a r t i c u l a r ,  we * 
t e s t e d  a p a i r  o f  dummy v a r i a b l e s  f o r  use o f  wood as t h e  pr imary  o r  
supplemental heat ing  f u e l ,  r a t h e r  than t h e  s i n g l e  dummy v a r i a b l e .  The 
s i n g l e  dummy v a r i a b l e  performed b e t t e r  i n  a l l  models. 

More than h a l f  t h e  homes i n  t h i s  subset were a l l - e l e c t r i c  ( i .e.,  
used no wood f o r  h e a t i n g ) .  
p r i m a r y  h e a t i n g  f u e l  and wood as t h e i r  supplemental heat ing  f u e l .  

+Examinat ion o f  t h e  r e s i d u a l s  from these models showed no heteroske-  
d a s t i c i t y  problems. Also, t h e  c o r r e l a t i o n s  ( r )  among exp lanatory  
v a r i a b l e s  were s u f f i c i e n t l y  smal l  t o  suggest no problems w i t h  mu1 t i c o l  i- 
n e a r i t y ;  t h e  h i g h e s t  r among these v a r i a b l e s  was t h a t  between T r e f  and 
s tandard e r r o r ,  equal t o  0.49. 

** 
The remainder r e p o r t e d  e l e c t r i c i t y  as t h e i r  
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use i s  increased by 940 kWh if wood i s  a heat ing  fue l .  

inc rease i n  ac tua l  space heat ing  e l e c t r i c i t y  use reduces t h e  d iscrepancy 

between P R I S M  and a c t u a l  use by 140 kWh. An increase i n  t h e  s tandard 

e r r o r  o f  1000 kWh increases  t h e  d iscrepancy by 130 kWh. 

i n c r e a s e  i n  T r e f  inc reases  t h e  d iscrepancy by almost 210 kWh. 

v a r i a b l e s  i n  bo th  models were s t a t i s t i c a l l y  s i g n i f i c a n t ,  g e n e r a l l y  a t  

t h e  1% l e v e l .  

A 1000 kWh/year 

Each 1°F 

A l l  

ALL HOMES 

We cont inue our comparison of  P R I S M  r e s u l t s  w i t h  a c t u a l  e l e c t r i c i t y  

l o a d  da ta  w i t h  a l l  t h e  185 homes t h a t  used more than 2000 kWh/year f o r  

space heat ing.  T h i s  l a r g e r  s e t  o f  homes prov ides  a tougher t e s t  o f  

P R I S M ' s  performance because about 20% o f  these homes do no t  use e l e c t r i -  

c i t y  as t h e i  r pr imary  h e a t i n g  f u e l  . 
P R I S M ' s  es t imate  o f  normal i z e d  annual consumption (NAC) and a c t u a l  

t o t a l  annual e l e c t r i c i t y  use ( T o t a l )  a r e  again 

agreement f o r  these homes (Tab1 e 6) .  

On average, P R I S M ' s  es t imate  o f  space heat 

h i g h e r  than t h e  f i g u r e  ob ta ined from t h e  space 

i n  almost p e r f e c t  

ng e l e c t r i c i t y  use s 29% 

heat  channel (Table 6 and 

F i g .  6 ) ,  much h i g h e r  than t h e  6% average o v e r p r e d i c t i o n  f o r  t h e  7 1  homes 

d iscussed above. The P R I S M  o v e r p r e d i c t i o n  averages 1600kWh/year, com- 

pared w i t h  an average o v e r p r e d i c t i o n  o f  o n l y  600 kWh f o r  t h e  subset o f  

7 1  homes. 

The r e l a t i o n s h i p  between t h e  P R I S M  e s t i m a t e  and a c t u a l  space h e a t i n g  

e l e c t r i c i t y  use depends s t r o n g l y  on whether e l e c t r i c i t y  i s  used as t h e  

pr imary  heat ing  f u e l  (Tab le  6 ) .  The P R I S M  e s t i m a t e  exceeds a c t u a l  space 
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h e a t i n g  e l e c t r i c i t y  use by an average o f  14% f o r  a l l - e l e c t r i c  homes,* by 

35% f o r  homes t h a t  use wood as a supplemental heat ing  f u e l ,  and by 46% 

f o r  homes t h a t  use wood as t h e  pr imary  h e a t i n g  f u e l .  

Comparison between PRISM and l o a d  da ta  es t imates  o f  r e f e r e n c e  tem- 

p e r a t u r e  i s  meaningful  o n l y  f o r  t h e  a l l - e l e c t r i c  homes. The performance 

Table 6. Comparison (means) o f  P R I S M  es t imates  w i t h  l o a d  da ta  f o r  185 
homes t h a t  use more than 2000 kWh/year f o r  space h e a t i n g  

By h e a t i n g  f u e l ( s )  

A1 1 A l l  E lec pr imary,  Wood pr im 
e l e c t r i c  wood supp e l e c  supp 

T o t a l  e l e c t r i c i t y  use (kWh/yr) 
Load da ta  22,400 
P R I S M  22,500 
R a t i o  (PRISM/Load) 1.00 

Space heat ing  use (kWh/yr) 
Load da ta  9 , 100 
P R I S M  10,800 
D i f f e r e n c e  (PRISM-Load) 1,600 
R a t i o  (PRISM/Load) 1.29 

Base use 
R a t i o  (PRISM/Load) 0.91 

Model performance (R2)  
Load da ta  (eqn. 3)  0.53 
P R I S M  (eqn. 2) 0.87 

No. o f  househol dsa 185 

21,600 
21,600 

1.00 

10,300 
11,300 

1,000 
1.14 

0.93 

0.71 
0.94 

68 

24,400 
24,400 

1.00 

10,000 
11,900 

1,900 
1.35 

0.89 

0.52 
0.87 

76 

20,600 
20 , 600 

1.00 

5,800 
8,000 
2,200 

1.46 

0.89 

0.25 
0.72 

40 

aOne household r e p o r t e d  use o f  no e l e c t r i c i t y  f o r  space heat ing ;  i t s  
space heat channel recorded 2900 kWh d u r i n g  1984/85. 

A n a l y s i s  o f  a l l - e l e c t r i c  homes i n  Colorado showed an average P R I S M  * 
overes t imate  o f  11%, v e r y  s i m i l a r  t o  t h e  14% observed i n  Hood R i v e r  
( F e l s ,  Rachl i n  and Socolow 1986). 
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o f  t h e  regress ion  model (eqn. 

w i t h  t h e  l o a d  da ta  i s  general  

heat ing ;  i .e., R2 averages on 

y poor f o r  homes t h a t  use wood f o r  

y 0.42 f o r  these homes, compared w 

f o r  t h e  a l l - e l e c t r i c  homes. For t h e  a l l - e l e c t r i c  homes, P R I S M ' S  

mate o f  re fe rence temperature i s  5°F lower  than t h e  es t imate  der  

3 )  used t o  d e r i v e  re fe rence temperature 

some 

t h  0.72 

e s t  i - 
v ed 

f rom a regress ion  model o f  d a i l y  space heat e l e c t r i c i t y  use vs outdoor  

temperature.  

r e f e r e n c e  temperature i s  t h e  same as f o r  t h e  subset o f  7 1  homes, 

The average d iscrepancy between these two est imates o f  
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The c o r r e l a t i o n  c o e f f i c i e n t  between t h e  l o a d  da ta  and PRISM f o r  

t o t a l  e l e c t r i c i t y  use i s  again very  h i g h  ( r  = 1.00). However, t h e  

c o r r e l a t i o n  c o e f f  c i e n t  f o r  space heat ing  (0.80) i s  lower  than t h e  0.89 

f o r  t h e  subset o f  71 homes. The c o r r e l a t i o n  c o e f f i c i e n t  f o r  r e f e r e n c e  

temperature i s  on y 0.54 f o r  those cases where R2 i s  g r e a t e r  than 0.4 

f o r  eqn. 3. 

F i n a l l y ,  t h e  o v e r a l l  p r e d i c t i v e  power o f  t h e  PRISM model i s  q u i t e  

good f o r  these households. As wood use increases,  t h e  PRISM model R2 

decreases, from an average o f  0.93 f o r  a l l - e l e c t r i c  homes t o  0.72 f o r  

homes t h a t  use wood as t h e  pr imary h e a t i n g  f u e l  and e l e c t r i c i t y  as a 

supplemental f u e l .  

As w i t h  our  a n a l y s i s  o f  t h e  71-home subset, these r e s u l t s  show t h a t  

PRISM est imates  o f  T o t a l  a re  ext remely accura te  and t h a t  PRISM est imates  

o f  Space a r e  g e n e r a l l y  t o o  high. 

These HRCP d a t a  were n e x t  used t o  e s t i m a t e  r e g r e s s i o n  models t h a t  

a d j u s t  PRISM est imates  o f  space heat ing  e l e c t r i c i t y  use. 

t h e  exp lanatory  v a r i a b l e s  used i n  t h e  e a r l i e r  models ( T a b l e  5 ) ,  we 

i n c l u d e  dummy v a r i a b l e s  f o r  homes t h a t  have p o r t a b l e  e l e c t r i c  heaters  o r  

t h a t  use t h e i r  a i r  c o n d i t i o n e r s  a "moderate amount" o r  " a l l  o f  t h e  

c o o l i n g  season'' (Tab le  7 ) .  Use o f  p o r t a b l e  e l e c t r i c  heaters  should 

i n c r e a s e  t h e  PRISM e s t i m a t e  o f  space h e a t i n g  use r e l a t i v e  t o  t h a t  

recorded on t h e  space heat  channel. 

d i t i o n i n g  w i l l  i nc rease PRISM'S e s t i m a t e  o f  baseload and cor respond ing ly  

reduce t h e  PRISM e s t i m a t e  o f  space h e a t i n g  use. 

I n  a d d i t i o n  t o  

Use o f  e l e c t r i c i t y  f o r  a i r  con- 
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Table 7. Regression models o f  P R I S M  space heat es t imates  vs load da ta  
f o r  185 homes t h a t  use more than 2000 kWh/year f o r  heat ing  

Dependent v a r i a b l e  

PRISM-Load PRISM/  Load 

I n t e r c e p t  
Wood used f o r  heat ing  
Actual  space heat 

use (MWhlyr) 
PRISM es t imate  o f :  

S td  e r r o r  o f  
h e a t i n g  (MWh/yr) 

Ref. temperature ( O F )  

P o r t a b l e  e l e c t r i c  heater  
A i r  c o n d i t i o n e r  used a l o t  

Model R2 

-490 1 
99 

-146b 

128b 
124b 
394 

-1706b 

0.45 

0.1443 
0.0924 

-0.0397 

0.007ga 
0.0247b 

-0 0556 
-0. 2387a 

0.35 

a s i g n i f i c a n t  a t  t h e  10% l e v e l .  

b s i g n i f i c a n t  a t  t h e  1% l e v e l .  

The o v e r a l l  performance of these models i s  almost as good as t h a t  o f  

t h e  models es t imated  w i t h  t h e  71-home subset (compare Tables 5 and 7 )  .* 
Al though t h e  R2 va lues  a r e  almost as h i g h  w i t h  t h e  f u l l  da ta  se t ,  some 

o f  t h e  exp lanatory  v a r i a b l e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

S u r p r i s i n g l y ,  t h e  dummy v a r i a b l e s  for  wood use and f o r  use o f  a p o r t a b l e  

e l e c t r i c  heater  a re  n o t  s i g n i f i c a n t  i n  e i t h e r  model. Perhaps p o r t a b l e  

e l e c t r i c  heaters  a r e  used o n l y  r a r e l y .  The e f f e c t s  o f  wood use might  be 

p i c k e d  up by o t h e r  v a r i a b l e s  i n  t h e  model, a l though t h e  c o r r e l a t i o n s  

among t h e  exp lanatory  v a r i a b l e s  a r e  q u i t e  low. 

Once again, n e i t h e r  h e t e r o s k e d a s t i c i t y  nor  mu1 t i c o l  i n e a r i t y  were * 
problems w i t h  these model s .  
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These models can be used t o  a d j u s t  P R I S M  es t imates  o f  space h e a t i n g  

e l e c t r i c i t y  use i n  cases where submetered da ta  a r e  n o t  a v a i l a b l e .  These 

adjustments w i l l  n o t  be he1 p f u l  f o r  i n d i v i d u a l  homes, b u t  should improve 

t h e  accuracy o f  es t imates  f o r  groups o f  homes. 

i n f e r  va lues o f  Space, us ing  t h e  c o e f f i c i e n t s  i n  Table 7 f o r  t h e  a l l -  

e l e c t r i c  and supplemental wood heat groups o f  t h e  71-home subset and f o r  

v a r i o u s  groups o f  t h e  185-home t o t a l .  

e a s i e r  t o  use than t h e  r a t i o  model* and y i e l d s  more accura te  es t imates  

o f  Space. The d i f f e r e n c e  model (Tab le  7 )  can be t ransformed so t h a t  

Space appears o n l y  as t h e  dependent v a r i a b l e :  

We used these models t o  

The d i f f e r e n c e  model i s  much 

Heat - Space = -5476 + . . . -0.150*Space + . . . 
( 1  - 0.15)*Space = Heat + 5476 + . . 
Space = 1.176*[Heat + 5476 + . . . 1 

D i  f ference-model es t imates  o f  Space were g e n e r a l l y  w i t h i n  a few hundred 

kWh o f  t h e  ac tua l  values. 

Use o f  t h e  r a t i o  model t o  es t imate  Space r e q u i r e s  s o l u t i o n  o f  a * 
q u a d r a t i c  equat ion.  
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5. P R I S M  RESULTS OBTAINED WITH MONTHLY BILLING DATA 

The analyses presented i n  t h e  preceding chapter  i n v o l v e d  e s t i m a t i o n  

o f  PRISM models us ing  month ly  t o t a l s  o f  t h e  15-minute l o a d  data. I n  

t y p i c a l  appl i c a t i o n s  o f  PRISM,  t h e  models a r e  est imated us ing  month ly  

u t i 1  i t y  b i l l s .  

b i l l i n g  data w i t h  t h e  l o a d  da ta  ( b o t h  whole-house and space heat 

channel s )  . 

Th is  chapter  compares P R I S M  es t imates  based on month ly  

We f i r s t  compared month ly  e l e c t r i c i t y  b i l l s  w i t h  month ly  aggregates 

o f  t h e  whole-house channel. 

v i d e  d a i l y  (24-hour)  t o t a l s .  

y i e l d  whole-house e l e c t r i c i t y  use f o r  each household 's  b i l l i n g  cyc le .  

For  example, i f  a household 's  b i l l  was f o r  t h e  p e r i o d  J u l y  27 th rough 

August 30, then t h e  t o t a l  l o a d  channel was summed f o r  t h i s  per iod .  

The 15-minute l o a d  da ta  were summed t o  pro- 

These d a i l y  va lues  were then summed t o  

Discrepancies between t h e  b i l l i n g  and l o a d  da ta  were then iden-  

t i f i e d .  

w i t h  a r e l a t i v e  e r r o r  o f  10% o r  more o f  t h e  l o a d  data. These l i m i t s  

were chosen so t h a t  e r r o r s  i n  t h e  meter-read dates o f  one o r  two days 

would n o t  l e a d  t o  i d e n t i f i c a t i o n  o f  an o u t l i e r .  Almost 10% o f  t h e  

month ly  observa t ions  were c l a s s i f i e d  as s i n g l e  o u t l i e r s .  

S i n g l e  o u t l  i e r s  were d e f i n e d  as d i f f e r e n c e s  i n  month ly  t o t a l s  

Adjacent o u t l  i e r s  were d e f i n e d  as two s i n g l e  o u t l  i e r s  o f  oppos i te  

s i g n  t h a t  were t e m p o r a l l y  ad jacent  and s i m i l a r  i n  magnitude. I f  a meter 

i s  read i n c o r r e c t l y  one month and c o r r e c t l y  t h e  f o l l o w i n g  month, t h e r e  

w i l l  be two e r r o r s  o f  oppos i te  and rough ly  equal magnitude. Adjacent 

o u t l  i e r s  occurred much l e s s  f r e q u e n t l y  than d i d  s i n g l e  o u t l  i e r s ;  about 

1% o f  t h e  month ly  observa t ions  were c l a s s i f i e d  as ad jacent  o u t l i e r s .  
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O v e r a l l  , o n l y  one- th i  r d  of t h e  household-years o f  

b i l l i n g  da ta  had no o u t l i e r s  (Tab le  8 ) .  Almost 20% o 

e l  e c t  r i  c i  t y  

t h e  f i l e s  had one 

o r  two p a i r s  o f  ad jacent  o u t l i e r s  and 60% had one o r  more s i n g l e  

o u t l  i e r s .  

Table 8. Discrepancies between month ly  
e l e c t r i c i t y  b i l l s  and whole-house 
l o a d  da ta  f o r  185 Hood R i v e r  homes 

Percentage o f  homes w i t h :  

No. o f  No. o f  ad jacent  o u t l i e r s  
s i n g l e  
o u t l  i e r s  0 1 o r  2 

0 
1 
2 
3+ 

33 
38 

6 
5 

To examine t h e  r e l a t i o n s h i p  between NAC and T o t a l  , we d e f i n e d  

v a r i a b l e s  t h a t  i n d i c a t e  t h e  presence and magnitude of s i n g l e  and adja- 

c e n t  o u t l  i e r s :  

S in  = l o a d t  - b i l l t  

S inp = S i n  i f  S i n  > 0 and no t  Adj o therw ise  0, 

S inn = S i n  i f  Sin < 0 and n o t  Adj o therw ise  0, 

Adj = I S i n t  I t 1 S i n t - 1  I if both  S i n t  and S i n t - 1  > 10% o f  

who1 e-house channel month ly  t o t a l  

and -1.2 < ( S i n t / S  n t - 1 )  < -0.8 o therw ise  0. 

Values o f  Sinp, Sinn, and Adj a re  summed across t h e  t w e l v e  months o f  

b i l l i n g  data f o r  each househo d-year.  Thus, these v a r i a b l e s  i n d i c a t e  
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t h e  e x t e n t  o f  e r r o r s  i n  t h e  b i l l i n g  da ta  f o r  an e n t i r e  year .  

n i t i o n  o f  Sinp and S inn  p e r m i t  us t o  analyze t h e  e f f e c t s  o f  p o s i t i v e  and 

Our d e f i -  

n e g a t i v e  o u t l  i e r s  separa te ly .  

We used these measures o f  t h e  d isc repanc ies  between month ly  b i l l s  

and whole-house l o a d  da ta  as exp lanatory  v a r i a b l e s  i n  models o f  DTotal  

and RTotal , analogous t o  t h e  models o f  space heat ing  e l e c t r i c i t y  use 

developed i n  Chapter 4. 

s e t ,  had very  h i g h  exp lanatory  power, w i t h  R2 va lues  o f  about 0.8. 

P R I S M  es t imates  o f  NAC d i f f e r e d  by more than 5,000 kWh from Tota l  f o r  

f o u r  o f  these 71 households. 

These models, es t imated  w i t h  t h e  71-home sub- 

P R I S M  es t imates  o f  NAC a r e  t o o  low when t h e r e  a r e  p o s i t i v e  s i n g l e  

o u t l i e r s  ( S i n p ) ;  i.e., when t h e  month ly  b i l l  i s  lower  than t h e  ac tua l  

whole-house load,  NAC i s  lower  than T o t a l .  The reverse occurs w i t h  

n e g a t i v e  s i n g l e  o u t l  i e r s  (S inn) .  

t i v e  t o  T o t a l .  

P R I S M  es t imates  o f  NAC a r e  very  accura te  un less t h e  b i l l i n g  da ta  c o n t a i n  

Adjacent o u t l  i e r s  inc rease NAC r e l a -  

The remarkably h i g h  model R2 shows, once again, t h a t  

e r r o r s .  

Because o f  t h e  enormous i n f l u e n c e  o f  e r r o r s  i n  t h e  b i l l i n g  h i s t o r i e s  

f o r  a few homes, we d e l e t e d  t h e  f o u r  anomalous cases b e f o r e  c o n t i n u i n g  

our  comparison o f  PRISM and l o a d  data.  

P R I S M ' S  es t imate  o f  NAC and t o t a l  a re  i n  almost p e r f e c t  agreement, on 

t h e  average ( T a b l e  9 ) .  

* For  t h e  remaining 67 homes, 

The maximum disagreement i s  10% o f  T o t a l .  Our 

Two o f  these f o u r  cases had s i n g l e  o u t l i e r s  f o r  each o f  t h e  twe lve  
months, which suggests an e r r o r  i n  t h e  meter m u l t i p l i e r  used t o  conver t  
meter  readings i n t o  kWh values. 
o u t l i e r s ,  p robab ly  because o f  e r r o r s  i n  coding o r  keypunching meter 
read ing  dates. 

* 

The o t h e r  two cases had adjacent  
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e a r l i e r  comparison o f  NAC and T o t a l  , based on P R I S M  model s est imated 

w i t h  t h e  l o a d  data, showed a 1% maximum discrepancy. Thus, e r r o r s  i n  

t h e  b i l l i n g  da ta  l e a d  t o  some e r r o r s  i n  NAC est imates.  

To q u a n t i f y  t h e  e f f e c t s  o f  e r r o r s  i n  t h e  b i l l i n g  data,  we es t imated 

r e g r e s s i o n  models o f  DTotal  and RTotal (Tab le  l o ) ,  s i m i l a r  t o  those men- 

t i o n e d  e a r l i e r  i n  t h i s  sec t ion .  Model performance i s  q u i t e  good, w i t h  

R 2  va lues o f  a lmost 0.9. 

removed, t h r e e  v a r i a b l e s  r e l a t e d  t o  e r r o r s  i n  t h e  b i l l i n g  da ta  e x p l a i n  

almost a l l  o f  t h e  d iscrepancy between NAC and T o t a l .  Again, b o t h  s i n g l e  

Thus, even a f t e r  t h e  l a r g e s t  o u t l i e r s  a r e  

and adjacent  out1 i e r s  c o n t r i b u t e  t o  d isc repanc ies  between NAC and T o t a l .  

Table 9. Comparison o f  P R I S M  es t imates  w i t h  l o a d  da ta  f o r  67 homes t h a t  
use more than 4000 kWh/year f o r  space heat ing ,  us ing  month ly  
b i l l i n g  da ta  t o  es t imate  P R I S M  models 

Median Mean Standard 
dev i a t  i on 

T o t a l  e l e c t r i c i t y  use (kWh/yr) 
Load da ta  
P R I S M  
R a t i o  (PRISM/Load) 

Space heat ing  use (kWh/yr) 
Load da ta  
P R I S M  
D i f f e r e n c e  (PRISM-Load) 
R a t i o  (PRISM/Load) 

Base use 
R a t i o  (PRISM/Load) 

Reference temperature ( O F )  

Load data 
PRISM 
D i f f e r e n c e  ( PRISM-Load) 

Model performance ( R 2 )  
Load da ta  (eqn. 3)  
P R I S M  (eqn. 2 )  

22,500 
23,200 

0.99 

11,600 
11,400 

800 
1.06 

0.91 

62.1 
55.9 
-4.8 

0.75 
0.98 

23,200 
23,100 

1.00 

12,000 
12,500 

500 
1.07 

0.96 

61.8 
55.8 
-6.0 

0.74 
0.96 

6900 
6800 

0.02 

5100 
5200 

2000 
0.22 

0.22 

3.9 
7 .O 
6.5 

0.09 
0.04 
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Table 10. Regression models o f  P R I S M  t o t a l  e l e c t r i c i t y  use es t imates  vs 
whole-house l o a d  da ta  f o r  67 homes t h a t  use more than 4000 
kWh/year f o r  space h e a t i n g  

Dependent v a r i  ab1 e 

PRISM-Load PR I S M /  Load 

I n t e r c e p t  
S i n g l e  e r r o r  

pos i  t i v e a  
negat ivea  

Adjacent e r r o r a  

Model R2 

-6Zb ' 

-975c 
-866' 

2 7 l C  

0.88 

0.9965c 

-0 -0374' 
-0 .O42Oc 

0.0109c 

0.87 

aThe c o e f f i c i e n t s  a r e  mu1 t i p 1  i e d  by 1000 t o  improve r e a d a b i l i t y .  

b s i g n i f i c a n t  a t  t h e  10% l e v e l .  

C S i g n i f i c a n t  a t  t h e  1% l e v e l .  

On average, t h e  P R I S M  e s t i m a t e  o f  space heat ing  e l e c t r i c i t y  use i s  

7% h i g h e r  than t h e  annual t o t a l  from t h e  space heat channel f o r  these 67 

homes. The agreement between PRISM and l o a d  da ta  i s  as good as i t  was 

f o r  PRISM models est imated w i t h  l o a d  da ta  (compare Tables 4 and 9 ) .  

genera l ,  t h e  two se ts  o f  P R I S M  r e s u l t s  - those ob ta ined w i t h  month ly  

b i l l i n g  da ta  and those ob ta ined w i t h  month ly  t o t a l s  o f  t h e  whole-house 

channel - a r e  i n  very  c l o s e  agreement. 

I n  

As before,  we es t imated models t o  e x p l a i n  v a r i a t i o n s  i n  DSpace and 

RSpace. I n  a d d i t i o n  t o  t h e  v a r i a b l e s  t e s t e d  e a r l i e r  (Tab le  5 ) ,  we 

i n c l  uded v a r i  ab1 es re1 a ted  t o  d i  screpanci  es between t h e  b i  11 i ng data  and 

whole-house l o a d  channel (Tab le  11). The v a r i a b l e s  r e l a t e d  t o  e r r o r s  i n  

t h e  b i l l i n g  da ta  a r e  l e s s  impor tan t  than t h e  o t h e r  v a r i a b l e s  i n  

e x p l a i n i n g  space heat  d isc repanc ies .  I n  p a r t i c u l a r ,  use o f  wood f o r  
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space h e a t i  ng , r e f e r e n c e  temperature,  and t h e  a c t u a l  amount o f  e l  e c t r i  - 
c i t y  used f o r  space heat ing  are  a l l  i m p o r t a n t  determinants  o f  t h e  d i f -  

fe rence between t h e  P R I S M  es t imate  and ac tua l  space heat ing  e l e c t r i c i t y  

use. The c o e f f i c i e n t s  i n  Tables 5 and 11 a l l  have t h e  same s i g n  and a r e  

genera l  l y  s imi  1 a r  i n  magnitude. 

Table 11. Regression models o f  P R I S M  space heat es t imates  vs l o a d  dataa 
f o r  67 homes t h a t  use more than 4000 kWh/year f o r  h e a t i n g  

Dependent v a r i a b l e  

PRISM-Load PRISM/Load 

I n t e r c e p t  
Wood used f o r  

h e a t i n g  
Actual  space heat 

use (MWh/yr) 
P R I S M  e s t i m a t e  o f :  

Std e r r o r  o f  
h e a t i n g  (MWh/yr) 

Ref. temperature ( O F )  

S i n g l e  e r r o r  
pos i  t i v e a  
neg a t  i vea 

Adjacent e r r o r a  

Model R2 

-11683' 

1336c 

-146' 

-172 
233c 

59 

700b 
-1827' 

0.48 

-0 0641 

0. 1726c 

-0 .0207c 

-0.0419 
0. O23Zc 

0.0023 

0.084gb 

0.42 

-0 2095' 

aThese c o e f f i c i e n t s  a r e  m u l t i p l i e d  by 1000 t o  improve r e a d a b i l i t y .  

b S i g n i f i c a n t  a t  t h e  5% l e v e l .  

C S i g n i f i c a n t  a t  t h e  1% l e v e l .  

The models o f  DSpace and RSpace w e l o p e d  here ( T a b l e  11) a r e  n o t  

s u i t a b l e  f o r  adjustment of P R I S M  es t imates  o f  Heat because l o a d  da ta  a r e  

g e n e r a l l y  n o t  a v a i l a b l e .  The purpose o f  develop ing t h e  present  models i s  

t o  examine t h e  i n f l u e n c e  of e r r o r s  i n  t h e  b i l l i n g  da ta  on P R I S M  es t imates .  
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The models discussed e a r l i e r  (Tab le  7 )  can be used t o  a d j u s t  PRISM r e s u l t s  

t o  o b t a i n  b e t t e r  es t imates  o f  a c t u a l  space heat ing  e l e c t r i c i t y  use. 

The comparisons performed i n  t h i s  chapter  show t h a t  d isc repanc ies  

between month ly  b i l l i n g  da ta  and load da ta  can have s u b s t a n t i a l  e f f e c t s  

on PRISM est imates.  F o r t u n a t e l y ,  l a r g e  e r r o r s  i n  t h e  b i l l i n g  data occur 

f o r  o n l y  a small  f r a c t i o n  o f  t h e  households considered; i.e., about 5% 

o f  t h e  household-years o f  b i l l i n g  da ta  were dropped from f u r t h e r  analy-  

s i s .  

and White 1984). 

and l o a d  data l e a d  t o  small  e r r o r s  i n  PRISM est imates  o f  bo th  NAC and 

Heat. 

Also, such e r r o r s  a r e  g e n e r a l l y  easy t o  i d e n t i f y  ( H i r s t ,  Goel tz ,  

However, even minor  d i f f e r e n c e s  between b i l l i n g  da ta  

I n  genera l ,  however, comparison o f  PRISM est imates  o f  Heat w i t h  

Space y i e l d s  r e s u l t s  very  s i m i l a r  t o  those ob ta ined w i t h  PRISM models 

es t imated  w i t h  l o a d  da ta  (Chapter 4 ) .  The f a c t o r s  t h a t  l e a d  t o  d i f -  

ferences i n  space h e a t i n g  e l e c t r i c i t y  use es t imates  a r e  unchanged. 

Because t h e  e f f e c t s  o f  b i l l i n g  da ta  on r e s u l t s  - a f t e r  d e l e t i o n  o f  l a r g e  

o u t l i e r s  - a r e  smal l ,  t h e r e  i s  l i t t l e  t o  be gained i n  ana lyz ing  t h e  

f u l l  s e t  o f  185 households us ing month ly  b i l l i n g  data. 
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6. PRISM RESULTS OBTAINED WITH WEEKLY LOAD DATA 

A p e r s i s t e n t  problem i n  e v a l u a t i o n  of energy conserva t ion  programs 

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

energy savings due t o  a program g e n e r a l l y  i n v o l v e s  c o l l e c t i o n  o f  a f u l l  

y e a r  o f  p r e p a r t i c i p a t i o n  energy b i l l i n g  da ta  p l u s  a f u l l  y e a r  o f  post -  

p a r t i c i p a t i o n  data. Thus, e v a l u a t i o n  r e s u l t s  a r e  o f t e n  n o t  a v a i l a b l e  

u n t i l  11/2 t o  2 y e a r s  a f t e r  t h e  t i m e  o f  e v a l u a t i o n  a t t e n t i o n  because o f  

t h e  need f o r  p o s t r e t r o f i t  da ta  and t h e  t i m e  needed f o r  da ta  management 

and a n a l y s i  s.  

Some have suggested use o f  energy consumption da ta  f o r  s h o r t e r  

per iods .  For example, Nadel and Sherman (1985) used run- t ime meters on 

gas and o i l  furnaces t o  record  space h e a t i n g  ( fu rnace)  f u e l  consumption. 

These meters were read weekly f o r  f o u r  weeks p r i o r  t o  r e t r o f i t  and f o r  

four  weeks a f t e r  r e t r o f i t .  Fuel consumption per  heat ing  degree day was 

computed separa te ly  f o r  each t i m e  per iod.  The change i n  t h i s  r a t i o  was 

used as a measure o f  program e f f e c t i v e n e s s .  U n f o r t u n a t e l y ,  t h e r e  i s  

1 i t t l e  evidence t h a t  c o l l e c t i o n  and a n a l y s i s  o f  energy consumption da ta  

over  a four-week p e r i o d  i s  s u f f i c i e n t  t o  determine normal ized annual 

f u e l  use. 

* 

Weekly measurements o f  energy use can be ob ta ined by ask ing house- 

h o l d s  t o  record  meter readings. Th is  i s  inexpens ive  bu t  s u b j e c t  t o  bo th  

A s i m i l a r  p r o j e c t  i s  underway a t  ORNL, us ing  n a t u r a l  gas da ta  * 
obta ined from low-income homes i n  Wisconsin. Both t h e  Nadel and Sherman 
and ORNL p r o j e c t s  i n v o l v e  measurement o f  space heat f u e l  use, n o t  j u s t  
who1 e-house data.  
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e r r o r s  and incomplete r e p o r t s .  

s t a f f  member read meters on a weekly bas is ,  which i s  much more c o s t l y .  

An a l t e r n a t i v e  i s  t o  have a p r o j e c t  

The HRCP l o a d  da ta  p e r m i t  e s t i m a t i o n  o f  P R I S M  models us ing  e l e c t r i -  

c i t y  consumption da ta  f o r  l e s s  than t h e  usual month ly  b i l l i n g  cyc le .  I n  

t h e  exper iment r e p o r t e d  here, we used weekly summaries o f  t h e  whole- 

house channel as t h e  i n p u t  da ta  t o  PRISM. S p e c i f i c a l l y ,  we es t imated 

P R I S M  models f o r  each o f  t h e  71  households i n  our  subset us ing  12 weeks 

o f  data,  beginn ing on September 1, 1984, November 1, 1984, February 1, 

1985, o r  March 1, 1985. Thus, we have P R I S M  es t imates  ob ta ined w i t h  

b i l l i n g  da ta  f o r  t h e  F a l l ,  Winter,  and Spr ing  months. The Winter  p e r i o d  

chosen has no nonheat ing per iods ,  w h i l e  t h e  F a l l  and Spr ing  p e r i o d s  

i n c l u d e  weeks w i t h  modest o r  zero space h e a t i n g  e l e c t r i c i t y  use ( T a b l e  

12).  

s i t ’ i v i t y  o f  r e s u l t s  t o  small  s h i f t s  i n  t i m e  per iods.  

* 

We est imated P R I S M  models w i t h  two Spr ing  per iods  t o  examine sen- 

Table 12. Heat ing degree days (60°F base) f o r  t h e  Hood R i v e r  
Exper iment S t a t i o n ,  1984 t o  1985 

Month ly  HDD by s t a r t  da te  

9/1/84 11/1/84 2/1/85 3/1/85 

Month 1 
Month 2 
Month 3 

T o t a l  

107 582 694 550 
375 83 0 550 252 
582 885 252 149 

1064 2297 1496 951 

* We used 12 weeks o f  da ta  so t h a t  t h e  same number o f  observa t ions  
would be used i n  these models as was used i n  t h e  models es t imated  w i t h  
month ly  data. 
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Comparison o f  P R I S M  r e s u l t s  ob ta ined w i t h  12 weeks o f  da ta  w i t h  

a c t u a l  l o a d  da ta  (Tab le  13) shows t h a t  agreement between a n a l y s i s  and 

d a t a  depends s t r o n g l y  on t h e  t i m e  p e r i o d  chosen. 

w i t h  w i n t e r  da ta  perform very poor ly .  Lack o f  t i m e  per iods  w i t h  modest 

o r  zero space-heat ing e l e c t r i c i t y  use prevents  e s t i m a t i o n  o f  reasonable 

c o e f f i c i e n t s  ( F i g .  2 ) .  Thus, t h e  t i m e  per iods  chosen f o r  e s t i m a t i o n  o f  

P R I S M  models should i n c l u d e  some shoulder and baseload per iods  

(Dunsworth and Hewett 1985). 

P R I S M  model s est imated 

The t h r e e  se ts  o f  models est imated w i t h  F a l l  o r  Spr ing da ta  p r o v i d e  

reasonably good agreement w i t h  l o a d  data. 

fe rence between NAC and Tota l  f o r  t h e  models est imated w i t h  September - 
November 1984 da ta  i s  o n l y  400 kWh/year, t h e  mean r a t i o  o f  NAC t o  T o t a l  

For example, t h e  mean d i f -  

Table 13. Comparison o f  P R I S M  es t imates  ob ta ined w i t h  weekly da ta  w i t h  
l o a d  data f o r  7 1  homes t h a t  use more than 4000 kWh/year f o r  
space h e a t i  nga 

PRISM e s t i m a t i o n  p e r i o d  beginning on: 

9/1/84 11/1/84 2/1/85 3/1/85b 
~ 

T o t a l  e l e c t r i c i t y  use (kWh/yr) 
D i f f e r e n c e  (PRISM-Load) 440 8000 760 1210 
R a t i o  (PRISM/Load) 1.02 1.34 1.03 1.05 

Space h e a t i n g  use (kWh/yr) 
D i f f e r e n c e  (PRISM-Load) 150 -7520 -1820 1180 
R a t i o  (PRISM/Load) 1.05 0.41 0.89 1.13 

P R I S M  model R2 0.86 0.60 0.92 0.81 
~~ 

aTo ta l  and space heat ing  e l e c t r i c i t y  use f o r  these homes averaged 
23,300 and 12,000 kWh/year, r e s p e c t i v e l y ,  based on t h e  l o a d  da ta  (Tab le  4 ) .  

b D e l e t i o n  o f  one o u t l i e r  (see t e x t )  changes these values t o  730 kWh, 
1.02, 700 kWh, 1.08, and 0.81. 
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i s  1.02, and t h e  s tandard d e v i a t i o n  o f  NAC-Total i s  about 2700 kWh. On 

average, these models est imated w i t h  12 weeks o f  da ta  per form almost as 

w e l l  as models est imated w i t h  12 months o f  da ta  i n  terms o f  p r e d i c t i n g  

t o t a l  e l e c t r i c i t y  use. 

Not s u r p r i s i n g l y ,  t h e  agreement between es t imates  o f  space h e a t i n g  

e l e c t r i c i t y  use are n o t  as good as t h e  agreement between es t imates  o f  

t o t a l  e l e c t r i c i t y  use. Consider ing t h e  models es t imated  w i t h  weekly 

d a t a  beg inn ing  i n  September 1984 again,  t h e  mean d i f f e r e n c e  between 

P R I S M  es t imates  and l o a d  data i s  150 kWh, t h e  s tandard d e v i a t i o n  i s  3200 

kWh, and t h e  mean r a t i o  of Heat/Space i s  1.05. Th is  agreement i s  o n l y  

s l i g h t l y  worse than t h a t  ob ta ined w i t h  12-month P R I S M  models (compare 

Tables 4 and 13) .  Note, however, t h a t  t h e  models es t imated  w i t h  da ta  

beg inn ing  i n  February o r  March 1985 d i d  n o t  per form as w e l l  as t h e  

September model s (Tab1 e 13) .  

The February and March r e s u l t s  show d i s t u r b i n g  d i f f e r e n c e s .  These 

d i f f e r e n c e s ,  however, a r e  due e n t i r e l y  t o  one household. For t h a t  house- 

ho ld ,  t h e  P R I S M  es t imates  of NAC and Heat a r e  t o o  h i g h  by about 36,000 kWh. 

Dropping t h i s  s i n g l e  observa t ion  b r i n g s  t h e  mean va lues o f  DTotal  and 

RTotal f o r  February and March i n t o  almost p e r f e c t  agreement; t h e  d i f f e r -  

ences i n  DSpace and RSpace a r e  s u b s t a n t i a l l y  reduced bu t  n o t  e l i m i n a t e d .  

As a f i n a l  t e s t  o f  t h e  accuracy o f  PRISM models es t imated  w i t h  

weekly data,  we computed t h e  d i f f e r e n c e s  i n  NAC and HEAT between t h e  

" F a l l "  and "Spr ing"  models. I n  p r i n c i p l e ,  these d i f f e r e n c e s  should 

equal zero. The purpose o f  t h i s  t e s t  i s  t o  s i m u l a t e  t h e  accuracy o f  

such P R I S M  models i n  e s t i m a t i o n  o f  energy savings due t o  i n s t a l l a t i o n  o f  

c o n s e r v a t i o n  measures d u r i n g  t h e  i n t e r v e n i n g  t i m e  per iod.  
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The mean d i f f e r e n c e  i n  NAC (320 kWh) between t h e  November and 

February model s was n o t  s t a t i s t i c a l  l y  s i g n i f i c a n t .  

d i f f e r e n c e  i n  Heat (1970 kWh) was s i g n i f i c a n t  a t  t h e  1% l e v e l .  

d i f f e r e n c e s  i n  NAC and Heat between t h e  November and March models were 

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

i s  reassur ing ;  i t  suggests t h a t  P R I S M  models est imated w i t h  12 weeks o f  

d a t a  might  y i e l d  r e s u l t s  p r e c i s e  enough t o  measure annual energy 

savings. 

However, t h e  mean 

The mean 

U n f o r t u n a t e l y ,  t h e  s tandard d e v i a t i o n  o f  t h e  d i f f e r e n c e  i n  NAC was 

Roughly q u i t e  l a r g e ,  3800 kWh f o r  t h e  November - February comparison. 

20% o f  t h e  cases had a d i f f e r e n c e  i n  NAC o f  4000 kWh o r  more. These 

l a r g e  changes i n  NAC, ob ta ined w i t h  d i f f e r e n t  t i m e  per iods,  suggests 

t h a t  i n d i v i d u a l - h o u s e h o l d  P R I S M  r e s u l t s  a r e  s e n s i t i v e  t o  t h e  t i m e  p e r i o d  

chosen f o r  es t imat ion .  
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7. D I S C U S S I O N  

c o l  

d i t  

R e s i d e n t i a l  energy use i s  very  s e n s i t i v e  t o  weather c o n d i t i o n s  

( p r i m a r i l y  f o r  space heat ing  and a i r  c o n d i t i o n i n g ) .  

t i o n  f o r  temporal and l o c a t i o n a l  d i f f e r e n c e s  i n  weather i s  c r u c i a l  i n  

a n a l y s i  s o f  household energy use. 

Therefore,  c o r r e c -  

Such c o r r e c t i o n s  can be accomplished w i t h  end-use (submetered) da ta  

e c t i o n  p r o j e c t s ,  which record  space heat ing  (and/or  a i r  con- 

on ing)  energy use o f  i n d i v i d u a l  households. However, such d e t a i l e d  

m o n i t o r i n g  i s  q u i t e  expensive. An inexpensive a l t e r n a t i v e  i s  t o  use 

who1 e-house month ly  energy b i  11 i ng data  and an a p p r o p r i a t e  a n a l y t i c a l  

technique t o  i d e n t i f y  t h e  weather-sensi tve component( s )  o f  energy use. 

The P r i n c e t o n  Scorekeeping Method (PRISM) i s  probably  t h e  most 

w i d e l y  used method t o  d isaggregate household energy use i n t o  i t s  

weather- and nonweather-sensi t v e  components; P R I S M  a1 so a d j u s t s  energy 

w i n t e r  s e v e r i t y  and t h e  

P R I S M  performs t h r e e  func t ions .  F i r s t  , 
l i n g  da ta  f o r  d f f e r e n c e s  i n  w i n t e r  

days).  Second, i t  prov ides  i n f o r m a t i o n  

on t h e  space heat ing  and nonspace heat ing  components o f  energy use. 

F i n a l l y ,  i t  t e m p o r a l l y  a l i g n s  household b i l l i n g  da ta  so t h a t  r e s u l t s  can 

be compared f o r  a predetermined t i m e  p e r i o d  ( g e n e r a l l y  one y e a r ) .  

The seasonal i t y  and temperature dependence o f  some base1 oad energy 

uses compl icates i n t e r p r e t a t i o n  o f  P R I S M  r e s u l t s .  

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  r e l i e s  h e a v i l y  on PRISM i n  t h e i r  analy-  

ses o f  r e s i d e n t i a l  e l e c t r i c i t y  use and i n  t h e i r  e v a l u a t i o n s  o f  t h e  BPA 

Because t h e  

use t o  account f o r  d i f f e r e n c e s  

1 ong-run average. E s s e n t i a l l y  

i t  a d j u s t s  household energy b i  

s e v e r i t y  ( u s i n g  heat ing  degree 

between c u r r e n t  
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r e s i d e n t i a l  conserva t ion  programs , i t  i s  i m p o r t a n t  t o  compare P R I S M  

es t imates  w i t h  a c t u a l  end-use da ta  from homes i n  t h e  P a c i f i c  Northwest.  

F o r t u n a t e l y ,  t h e  Hood R i v e r  Conservat ion P r o j e c t  p rov ides  t h a t  oppor- 

t u n i t y .  

t h a n  2000 kWh f o r  space heat ing  d u r i n g  t h e  1984/85 year ;  these homes 

form t h e  da ta  s e t  used here t o  compare P R I S M  es t imates  o f  t o t a l  and 

space heat ing  e l e c t r i c i t y  use w i t h  annual aggregates o f  t h e  end-use l o a d  

channel s. 

O f  t h e  Hood R i v e r  homes be ing  end-use monitored, 185 used more 

Resu l ts  show t h a t  P R I S M  es t imates  o f  whole-house e l e c t r i c i t y  use a r e  

ex t remely  accurate.  

c o n t a i n  e r r o r s .  On average, P R I S M  es t imates  o f  space-heat ing e l e c t r i -  

c i t y  use a r e  h i g h e r  than t h e  space-heat channel outputs .  PRISM's 

o v e r p r e d i c t i o n  averaged 14% f o r  a l l - e l e c t r i c  homes and 35% f o r  homes 

t h a t  use e l e c t r i c i t y  as t h e  pr imary  h e a t i n g  f u e l  and wood as a supple- 

mental  heat ing  f u e l .  The e x t e n t  o f  PRISM's o v e r p r e d i c t i o n  i s  a f u n c t i o n  

o f  whether wood i s  used f o r  heat ing,  a c t u a l  space heat ing  e l e c t r i c i t y  

use, P R I S M  es t imates  o f  re fe rence temperature and t h e  s tandard e r r o r  o f  

h e a t i n g  use, and e x t e n s i v e  use o f  a i r  c o n d i t i o n e r s .  

E r r o r s  occur o n l y  when t h e  month ly  b i l l i n g  da ta  

We a l s o  examined t h e  accuracy o f  P R I S M  parameters f o r  P R I S M  models 

es t imated  w i t h  l e s s  than 12 months o f  data.  P r i o r  research suggests 

t h a t  a f u l l  year  o f  da ta  i s  op t ima l  and t h a t  a minimum o f  n i n e  months i s  

necessary. We t e s t e d  models est imated w i t h  12 weeks o f  da ta  ( t h u s  main- 

t a i n i n g  t h e  same number o f  observat ions,  w h i l e  c u t t i n g  t h e  t i m e  p e r i o d  

by 75%). Resu l ts  ob ta ined w i t h  12 weeks o f  d a t a  beg inn ing  i n  October, 

February,  o r  March were reasonably accurate.  Resu l ts  ob ta ined w i t h  mid- 

w i n t e r  da ta  were very  poor. These comparisons suggest t h a t  i t  may be 
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p o s s i b l e  t o  es t imate  annual whole-house and space-heat e l e c t r i c i t y  uses 

w i t h  l e s s  than a f u l l  y e a r  o f  data;  however, a d d i t i o n a l  work i s  needed 

t o  c o n f i r m  t h i s .  

E r r o r s  i n  t h e  b i l l i n g  da ta  a f f e c t  P R I S M  est imates.  Therefore,  

methods a r e  needed t o  i d e n t i f y  such e r r o r s .  

r e g r e s s i o n  method cou ld  be used t o  es t imate  t h e  P R I S M  parameters; such a 

method ( u s i n g  something o t h e r  than o r d i n a r y  l e a s t  squares, OLS) would be 

much l e s s  s e n s i t i v e  t o  one o r  two o u t l i e r s  than i s  OLS. 

I n  a d d i t i o n ,  a ' ' robust"  

A d d i t i o n a l  work i s  needed (and i s  underway a t  P r i n c e t o n )  t o  develop 

a method f o r  a d j u s t i n g  household e l e c t r i c i t y  use f o r  summer a i r  con- 

d i t i o n i n g  use. 

Northwest, b u t  i s  q u i t e  impor tan t  i n  o t h e r  p a r t s  o f  t h e  country .  

Th is  i s  g e n e r a l l y  n o t  a problem i n  t h e  P a c i f i c  

F i n a l l y ,  we p lan  t o  update t h i s  a n a l y s i s  l a t e r  t h i s  year,  when 

p o s t r e t r o f i t  data (1985/86) a r e  a v a i l a b l e  f o r  t h e  households examined 

here. 

e l e c t r i c i t y  savings, by comparing year- to-year  changes i n  t h e  P R I S M  

parameters w i t h  comparable changes i n  t h e  end-use l o a d  data. 

This  update w i l l  examine t h e  accuracy o f  P R I S M  es t imates  o f  
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