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mean load  over a pe r iod  of t i m e  

Bonnevi l le  Power Admin i s t r a t ion  

the  r e c i p r o c a l  of the d i v e r s i t y  f a c t o r  

o c c u r r i n g  a t  the same time 

t h e  demand of a s u b d i v i s i o n ,  a t  t h e  tiae of OCCUK- 

r e n w  of the  maximum system demand, d iv ided  by the  
maximum sys tem demand 

average  load of a l a r d e  number of customers  a t  a 
g iven  point i n  t i m e  

r a t i o  of the  sun of the i n d i v i d u a l  maxiiilum demands 
of var ious  system s u b d i v i s i o n s  t o  t h e  inaxirnum 
demand of the whole system, always >1.0 

E l e c t r i c  Power Research I n s t i t u t e  

Kood River Conserva t ion  Project 

h e a t i n g ,  v e n t i l a t i n g ,  and a i r  c o n d i t i o n i n g  

Lawrence Berke ley  Labora to ry  

average  load  d iv ided  by peak load 

o c c u r r i n g  a t  d i f f e r e n t  times 

h i g h e s t ,  o r  maximum, load du r ing  a pe r iod  oE rime 

P a c i f i c  Power & Ligh t  

Squared multiple c o r r e l a t i o n  coe i f  i c i e n t  
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EXECUT TVE SUMMARY 

I n t r o d u c t i o n  

As t h e  c o s t s  of energy and energy-producing f a c i l i t i e s  have r i s e n  

d u r i n g  t h e  l a s t  15 years ,  many people  have sugges ted  t h a t  inves tments  i n  

c o n s e r v a t i o a  would show g r e a t e r  economic b e n e f i t s  than similar i n v e s t -  

ments i n  power p l a n t s .  The  Hood R i v e r  Conservat ion P r o j e c t  (HKCP) w a s  

des igned  to  determine whether such a concept  was f e a s i b l e  i n  t h e  North- 

West. 
This  r e p o r t  e v a l u a t e s  t h e  HKCP l o a d ,  or c a p a c i t y ,  s a v i n g s ,  as 

opposed t o  ove ra l l  energy sav ings .  The d a t a  f r u i n  314 monitored homes 

form t h e  c o r n e r s t o n e  for  t h i s  a n a l y s i s .  A three-phase f e e d e r  Line w a s  

also monitored t o  a s s e s s  the c a p a c i t y  s a v i n g s  on a p r i m a r i l y  r e s i d e n t i a l  

f e e d e r .  

A t  the  monitored homes, t o t a l  e l e c t r i c a l  l o a d ,  space h e a t i n g  load,  

water h e a t i n g  load ( i n  about 200 homes), wood s t o v e  hea t  ou tput  ( i n  about  

100 huiues), and indoor  tempera ture  were monitored on a 15-min b a s i s .  To 

a l low an  i n v e s t i g a t i o n  of r e s i d e n t i a l  load shapes and magnitudes b e f o r e  

and a f t e r  c o n s e r v a t i o n ,  d a t a  were c o l l e c t e d  f o r  one f u l l  year  before  and 

one f u l l  year  a f  ttx the homes were r e t r o f i t  wi th  c o n s e r v a t i o n  measures. 

Weather n o r m a l i z a t i o n  w a s  crucial  t o  t h e  load  a n a l y s i s  because no 

l oca l  c o n t r o l  group was a v a i l a b l e  f o r  comparison. Such n o r m a l i z a t i o n s  on 

a 15-min b a s i s  are nut  commonly found, bu t  two methods were adapted t o  

our  requi rements :  a regression-based modeling technique and a technique  

based on choosing p a i r s  of days w i t h  comparable weather.  Both methods of 

weather n o r m a l i z a t i o n  were used t o  e v a l u a t e  t h e  s e a s o n a l  w i n t e r  load  

s a v i n g s  and showed c l o s e  agreement. 

The fo l lowing  are t h e  major f i n d i n g s :  

Load Savings on t h e  Monitored Feeder 

R e l a t i o n s h i p s  between f e e d e r  s a v i n g s  and r e s i d e n t i a l  end-use s a v i n g s  

could n o t  be d e f i n e d  because of t h e  unmeasured commercial l o a d s  and t h e  

t iming  of t h e  r e s i d e n t i a l  r e t r o f i t s .  
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Peak-Day Load Savings 

The d i v e r s i f i e d  load  p r o f i l e s  f o r  November 25, a system peak day ,  

are shown i n  Fig.  S. l .  The weather-normalized pus t conse rva t ion  peak load  

was lowered by 0.56 kW/kousehold on the Hood River  area peak day and by 

0.52 kW/household on t h e  Pac i f i c  Power and Light  peak day. The  time of 

t h e  peak appea r s  t o  advance by 15 t o  30 min as wcll. 

MIDNIGHT O A M  NOON Q PM 
TIME OF BAY 

Fig. S . l .  D i v e r s i f i e d  t o t a l  r e s i d e n t i a l  l o a d  on Hood River  a rea  
peak d a y ,  Nov. 25, 1985, weather-normalized us ing  r e g r e s s i o n  model. 

Load D i s t r i b u t i o n  Shows Savings - --- -I-.- 

A d i s t r i b u t i o n  of the  win ter  d i v e r s i f i e d  load is shown in Fig. S.2. 

During the  f i r s t  season ,  t he  load was >5.4 kW/household f o r  224 15-nuin 

per iods .  During the  second season ,  the  load exceeded t h i s  l e v e l  f o r  o n l y  

144 15-rain per iods .  D i v e r s i f i e d  loads  up to 6.8 kW/bousehold were mea- 

s u r e d  t.he first season; the second season s h o ~ ~ d  l.oads only  up t o  6 . 4  l~\$/ 

hou seho 1 d . 
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S i n g l e  Family Elec t r ica1I .y  Heated Homes Show Larges t  Savings 

Table  S. 1 sumaarizes  t h e  load s a v i n g s  f o r  the  t o t a l  monitored s a m p l e  

and shows t h a t  s i n g l e - f a m i l y  e l e c t r i c a l l y  heated homes had much g r e a t e r  

s a v i n g s  than o t h e r  homes. F igure  S . 3  sliows the average w i n t e r  weekday 

toad  p r o f i l e  b e f o r e  and a f t e r  r e t r o f i t  of t h e  t o t a l  monitored sample. 

T h i s  t o t a l  load,  both before and a f t e r  t h e  c o n s e r v a t i o n  r e t r o f i t s ,  i s  

lower than w i n t e r  weekday load  p r o f i l e s  measured i n  o t h e r  c o n s e r v a t i o n  

programs i n  t h e  N0rthwest. l  

fami ly  homes wi th  a l l -e lec t r ic  h e a t  i n  t h e s e  o t h e r  programs showed a 

p r e c o n s e r v a t i o n  peak load of 6.0 kW/household and a p o s t c o n s e r v a t i o n  peak 

load  05 5.4 kW/household. 

cause  wood-heated and mobile homes were included i n  the  HRCP. The d i v e r -  

s i f i e d  load  f o r  t h e  subse t  of a l l  s ing le- fami ly  homes hea ted  mainly w i t h  

e l e c t r i c i t y  was, t h e r e f o r e ,  examined. Thei r  d i v e r s i f i e d  load  p r o f i l e s  

f o r  two comparable cold weekdays are shown i n  Fig. 5,4.  The magnitude of 

t h e s e  l o a d s  is more comparable t o  those  found i n  t h e  o t h e r  programs, and 

t h e  s a v i n g s  a r e  a l s o  l a r g e r .  Table 5.2 summartzes t h e  measured savings 

f o r  this cold  w i n t e r  weekday. 

The average w i n t e r  load  p r o f i l e  for s i n g l e -  

The Hood Uiver l o a d s  were probably lower be- 
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Table S .  1. E l e c t r i c i t y  demands by seasol1 
i n  Hood R i v e r  

Load 
f a c t o r  

T o t a l  l o a d  
(kW/house) 

Season Pe r iod  _____ .- 
( % >  Average Ma xi mum 

%tat  sample of monitored homes 

____.. ___II_-̂- 
1____- - 

S p r i n g  Before 2.0 ' 4.6 45  
After 1.9 4.1  47 

Summer Before 1.4 2.4 6 1  
A f t e r  1.4 2.2 64 

Before 1.9 4.3 44 
After 1.8 4.1 4 4  

Fa1 1 

\dintera  Before 3.4 6.1 5 5  
A f t e r  3.0 5.3 50 

Single- fmil y el ect~nieal t zj b a t e d  homes 

w i n t e r  Be fo re  4.0 6.2 65 
A f t e r  3.4 5 . 4  61 

___-_-----_- .-. __-...__I 

a U s e  of the r e g r e s s i o n  method gave t h e  same 
ave rage  w i n t e r  l o a d s  b u t  v e r y  d i f f e r e n t  p e a k  l o a d s :  
6.7 and 6 . 2  kW/house. T h u s ,  t h e  r e g r e s s i o n  method 
shows a r e d u c t i o n  i n  peak l o a d  of 0.5 kV/house. 
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Table  S.2. D i v e r s i f i e d  l o a d s  on s e l e c t e d  
similar c o l d  days  

~ ~~- 

T o t a l  l o a d  
Weather -normal iza t ion  (kW/house) 

m e t  hod 
Average Maximum 

~ o t a t  sumpte of monitored homes 

Regress ion  model 
January  15, 1986" 3 . 3  5.2 

6.7 January  15, 1986 -- 2.9 
_I 

Savings  0. l 4  0.5 

S i m i l a r  days  
Janua ry  16, 1985 3.4 5.4 

Savings 0.5 0.7 
4.7 -- 2.9 -- .January 15, 1986 

Sinqh-family electrically heated homes 

S i m i l a r  days  
Janua ry  16, 1985 4.2 6.2 

4.8 
Sav ings  1.0 1.4 

aLoads were e s t i m a t e d  f o r  t h i s  d a y ' s  

- 3 .2  Janua ry  15, 1986 - 

weather  by u s i n g  the p r e c o n s e r v a t i o n  regres- 
s i o n  model. 

ORNL-DWG 87-7469 
_- 

JAN. 16,1385 'S-- - ..- 

MI DN IOHT 6 AM NOON 6 PM MIDNIGHT 
TIME OF DAY 

Fig. S. 4 .  Diversified total load p r o f i l e s  for electrically heated 
single-family homes, Jan. 16, 1985, and Jan. 15, 1986. 
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Load Savings Are Greater During Colder Weather 

Ana lys i s  of t h e s e  load d a t a  sugges t s  t h a t  t h e  load  r educ t ions  

a t t r i b u t a b l e  t o  t h e  HRCP r e t r o f i t s  i n c r e a s e  wi th  dec reas ing  ambient t e m -  

p e r a t u r e .  Thus, t h e  p r o j e c t  reduced the  e l ec t r i c  sys tem's  s e n s i t i v i t y  t o  

ex t remely  co ld  weather  (which i s  p r e c i s e l y  when system demands peak) .  

Load Fac to r  Is Reduced Following Weather iza t ion  R e t r o f i t s  

The win te r  load f a c t o r s  f o r  i n d i v i d u a l  customers  s h i f t e d  from h ighe r  

to lower v a l u e s ,  matching the drop i n  the  load  f aceos  f o r  the d i v e r s i f i e d  

load .  (Th i s  e f f e c t  is  a l s o  noted i n  R e f .  1 f o r  o t h e r  conse rva t ion  pro- 

grams i n  t h e  Northwest.)  This  drop was caused by peak load sav ings  t h a t  

were p r o p o r t i o n a l l y  less than  t h e  average  load  sav ings .  To avoid such 

load  f a c t o r  r e d u c t i o n s ,  a c o n s e r v a t i o n  program may need t o  addres s  hea t -  

i n g  * v e n t i l a t i n g  $ and a i r  c o n d i t i o n i n g  equipment and ayp l i ance  improve- 

ments ,  a long  wi th  t h e  w e a t h e r i z a t i o n  r e t r o f i t s  used i n  HRCP. Such equip-  

ment improvements would be l i k e l y  t o  reduce the  naximum demand per 

household ,  which was r e l a t i v e l y  u n a f f e c t e d  by t h e  HRCP w e a t h e r i z a t i o n  

improvements. 

Mobile Home R e t r o f i t s  Were Less Success fu l  - In  Saving Energy 

The average  demand sav ings  f o r  s ing le - f ami ly  homes ( 0 , 4 8  kW) was 

almost  twice  t h a t  of thc mobile homes (0.26 kW). Single-family homes 

saved an average  of 24% of t h e i r  space heating energy compared w i t h  on ly  

8% f o r  t h e  mobile homes. T h e r e f o r e ,  r e sea rch  i n  new conse rva t ion  methods 

€ o r  mobile homes would a p p e a r  t o  be warranted.  

I n c l u s i o n  of Wood-HeaLed Homes i n  .-I Conserva t ion  .... .- PcogLams Requires  
C1 o se Examination 

The average demand sav ings  f o r  the  wood-heated homes (0.17 kW) i s  

less  than  one- th i rd  of the  sav ings  i n  e l e c t r i c a l l y  hea ted  homcs ( 0 . 6 2  kW). 

However, t hose  customers  who used e l e c t r i c i t y  e x c l u s i v e l y  d id  not dec rease  

t h e i r  average  load any more than  those  customers  who claimed t o  use  e l e c -  

t r i c i t y  as t h e i r  main h e a t i n g  f u e l ,  w i th  o r  wi thou t  supplementary wood 

h e a t i n g  ( 0 . 6 3  vs  0.62 kW). It would, t h e r e f o r e ,  appear  t h a t  c o n s e r v a t i o n  
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programs aimed a t  sav ing  e l ec t r i c  energy i n  t h e  near  terin need not rule 
a u t  a l l  customers  wi th  wood s t o v e s  b u t ,  r a t h e r ,  on ly  those  who use t h e  

wood s tove  as t h e i r  main h e a t i n g  source.  

E l e c t r i c a l l y  hea ted  homes c o n t r i b u t e d  s l i g h t l y  less t h a n  twLce a s  

much to  the  system peak loads  as wood-heated homes. T h i s  would i n d i c a t e  

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

decided t o  swi t ch  back to  e l e c t r i c i t y ,  t h e i r  c o n t r i b u t i o n  t o  peak loads  

could i n c r e a s e  by up t o  100%. However, t he  measured hea t  ou tpu t  of  the  

wood s t o v e s  i n  wood-heated homes decreased  s i g n i f i c a n t l y  (by -28%), 

showing t h a t  t h e s e  homes are conserv ing  energy ,  even i f  not  i n  t h e  form 

of T h e  inelusion of wood-heated homes i n  c o n s e r v a t i o n  

programs may, t h e r e f o r e ,  se rve  as zi form o f  i n su rance  a g a i n s t  sudden 

l a r g e  load  i n c r e a s e s  i n  t h e  f u t u r e .  
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HOOD RIVER CONSERVATION PROJECT 
LOAD ANALYSIS 

T. K. S t o v a l l  

ABSTRACT 

A s  a p a r t  of t h e  Hood River  Conserva t ion  P r o j e c t  (HRCP) ,  
314 homes were monitored t o  measure e l e c t r i c a l  energy  use on a 
15-min b a s i s .  The t o t a l  e l e c t r i c a l  l oad ,  space  h e a t i n g  load ,  
water h e a t i n g  load  ( i n  about 2130 homes), wood-stove h e a t  ou t -  
pu t  ( i n  about 100 homes), and indoor  tempera ture  were m n i -  
t o r e d .  Data were c o l l e c t e d  f o r  one € u l l  year  b e f o r e  and one 
f u l l  year a f t e r  t h e s e  homes were r e t r o f i t  wi th  conse rva t ion  
measures. Weather s t a t i o n s  were used t o  c o l l e c t  d e t a i l e d  
l o c a l  weather  i n f o r m a t i o n ,  a l s o  on a 15-min b a s i s .  

This  d a t a  base  w a s  used t o  e v a l u a t e  t h e  load  s a v i n g s  
a t t r i b u t a b l e  t o  HKCP. Two methods of weather  n o r m a l i z a t i o n  
were used and showed c l o s e  agreement. The weather-normalized 
d i v e r s i f i e d  r e s i d e n t i a l  load sav ings  on t h e  P a c i € i c  Bower & 
Ligh t  s y s t e m  and Hood River  a r e a  peak days were >0.5 kW/ 
household. T h e  average  win te r t ime  load  sav ings  were 0.4 kW/ 
household. Savings were l a r g e r  i n  s ing le - f ami ly  e l e c t r i c a l l y  
hea ted  homes where the average demand r e d u c t i o n  was 0.6 kW/ 
household and t h e  d i v e r s i f i e d  s e a s o n a l  peak was reduced by 0.8 
kW/househoId. The average  s p r i n g ,  summer, and f a l l  s av ings  
were much s m a l l e r ,  <0.1 kW/household. The load f a c t o r  f o r  t h e  
d i v e r s i f i e d  r e s i d e n t i a l  load decreased  fo l lowing  t h e  conserva-  
t i o n  r e t r o f i t  a c t i o n s .  

A three-phase f eede r  w a s  a l s o  monitored t o  measure the  
e f f e c t  of t h e  program. No such e f f e c t  w a s  measured on t h e  
f e e d e r  because of t h e  confounding e f f e c t  of unrneasured com- 
mercial l o a d s  and t h e  t iming  of r e t r o f i t  a p p l i c a t i o n s  f o r  
r e s i d e n t i a l  customers  on t h e  f eede r .  

1. INTRODUCTION 

A s  t h e  c o s t s  of energy  and energy-producing f a c i l i t i e s  have r i s e n  

du r ing  the  l a s t  15 y e a r s ,  many people  have sugges ted  t h a t  inves tments  i n  
c o n s e r v a t i o n  would show economic b e n e f i t s  g r e a t e r  than  those  a t t r i b u t a b l e  

t o  similar inves tments  - i n  power p l a n t s .  To d i s p l a c e  a power-producing 

f a c i l i t y ,  energy c o n s e r v a t i o n  must save  not on ly  energy (k i lowa t t -hour s )  

bu t  a l s o  c a p a c i t y  ( k i l o w a t t s ) ,  e s p e c i a l l y  a t  system peak times. S e v e r a l  
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q u e s t i o n s  must, t h e r e f o r e ,  be answered be fo re  such a sugges t ion  can be 

implemented. What is t h e  conse rva t ion  p o t e n t i a l ?  How much w i l l  t h i s  

c o n s e r v a t i o n  c o s t ?  How qu ick ly  can t h i s  conse rva t ion  be achieved? What 

is t h e  n a t u r e  of t h e  load r e d u c t i o n  and how does i t  a f f e c t  the  t o t a l  

system load? W i l l  t h e  load r educ t ion  be permanent o r  w i l l  customers  t ake  

back some of t he  conse rva t ion  i n  t h e  form of h igher  indoor  t e n p e r a t u r e s ?  

What p ropor t ion  of t he  r e s i d e n t i a l  s e c t o r  will.  be w i l l i n g  t o  p a r t i c i p a t e ?  

W i l l  t h e  r e t r o f i t  r e sources  ( i . e e 3  c o n t r a c t o r s ,  a u d i t o r s ,  and s u p p l i e r s )  

of a l i m i t e d  geographic  area be s u f f i c i e n t ?  

The Wood R i v e r  Conserva t ion  P r o j e c t  (HRCP) w a s  designed t o  answer as 

many of t h e s e  q u e s t i o n s  as p o s s i b l e  f o r  elre Northwest and focused on the  

Hood R ive r ,  Oregon, comuunity. The p r o j e c t  p a r t i c i p a n t s  i .ncluded Bonne- 

v i l l e  Power Admin i s t r a t ion  ( B P A ) ,  P a c i f i c  Power and Li.ghc ( P P & L ) ,  Hood 

River  Electric Coopera t ive ,  the  Northwest Power Planning Counci l ,  t h e  

P a c i f i c  Northwest. U t i l i t i e s  Conference Committee, t h e  Na tu ra l  Resources 

Defense Counci l ,  and the  Northwest Pub l i c  Power Assoc ia t ion .  

The s tudy  i d e n t i f i e d  ach ievab le  market p e n e t r a t i o n  l e v e l s  by v igor -  

ous ly  market ing r e s i d e n t i a l  conse rva t ion  services and measures. These 

measures were provided wi thout  direcL expense t o  a l l  q u a l i f i e d  customers 

(ove r  3000 homes wi th  permanently i n s t a l l e d  e l e c t r i c  h e a t i n g  sys tems)  

w i t h i n  the. s tudy  area. Community pe rcep t ions  and s o c i a l  i s s u e s  were 

addressed  through a series o f  i n ix rv iews  and d i s c u s s i o n  groups.  A spe-  

c i a l  group of 314 homes w a s  s t a t i s t i c a l l y  chosen t o  r e p r e s e n t  a c r o s s  

s e c t i o n  of t he  cornrnunity. These homes were monitored € o r  1 year  b e f o r e  

and 1 year  a f t e r  the  r e t r o f i t  measures were a p p l i e d ,  A f e e d e r  ( a  p a r t  of 

t h e  d i s t r i b u t i o n  system t h a t  provides  power t o  about  500 customers)  was 

a l s o  monitored t o  he lp  provide  a measure of the e f f e c t  of the program O i i  

t he  system load.  Three weather  s t a t i o n s  were used t o  c l o s e l y  t ionitor 

many weather  i n d i c a t o r s  i n  the  s t u d y  a rea .  These weather s t a t c o n s  and 

the  monitored f eede r  area are showil i n  Fig,  1.1. 

The e v a l u a t i o n  of the  ERCP i.e m u l t i f a c e t e d  and i s  aimed a t  answering 

thc.  above q u e s t i o n s  t o  the  maximum extent. p o s s i b l e .  T h i s  r e p o r t  ad- 

d r e s s e s  those  quest_:ions d e a l i n g  wi th  the  load ( k i l o w a t t s ) ,  o r  c a p a c i t y ,  

s a v i n g s ,  as opposed to  o v e r a l l  energy sav ings  (kLlowatt-hours) a The 

energy  sav ings  f rom the  p r o j e c t  are desc r ibed  i n  a companion r e p o r t .  
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The da t a  from 314 monitored homes awl t h e  rnrutriitoted f eede r  loads  

form the co rne r s tone  f o r  t h i s  load  a n a l y s i s .  A t  the monitored homes, 

t o t a l  e l e c t r i c a l  loads, as well as s e v e r a l  end-uat: l.oads, were measured 

011 a 15-min b a s i s  t o  p e r m i t  i n v e s t i g a t i o n  of r e s i d e n t i a l  l oad  shapes and 

magnittides before and a f t e r  conserva t ion .  The magnituc.le of t h e  d a t a  base 

is  s t a g g e r i n g .  The number of d a t a  p o i n t s  i s  equal t o  96 p o i n t s  per day 

times f o u r  measured poiiri ts  per  household ( t o t a l  e l e c t r i c a l  load,  space 

h e a t i n g  e l e c t r i c a l  l o a d ,  water h e a t i n g  e l e c t r i c a l  Load or wood-stove h e a t  

o u t p u t ,  and indoor t empera tu re )  times 314 households  Lines 365 d /yea r  

times 2 years .  Th i s  amounts t o  al.mosk, 90 m i l l i o n  data p o i n t s  and does 

no t  i nc lude  the  wea the r i za t ion  d a t a ,  su rveys ,  and b i l l i n g  d a t a  d e s c r i b i n g  

each household, the d e t a i l e d  15-min weather  da t a ,  os the  ioonitored thrce- 

phase feeder. The d a t a  ana lys i s  inechocis used t o  handle t h i s  enormous 

d a t a  base are desc r ibed  i n  Sect .  2. 

No c o n t r o l  group was used because i t  would have i n t e r f e r e d  with the  

maximum p o s s i b l e  p e n e t r a t i o n  goad of the  p r o j e c t .  The re fo re ,  it was 

necessary t o  weather-normalize the  l.oad d a t a  on a 15-min basis .  This  

p a r t  of t he  a n a l y s i s  i s  d i scussed  i n  Sect .  3 .  The e f f ec t  of the  program 

on the  f e e d e r  i s  d i scussed  i n  Sect .  4 and on the  monitored res ident ia l  

s e c t o r ,  i n  S e c t .  5 .  Measures of load d i v e r s i t y  are  given i n  Sect.  6 ,  an 

i n t r o d u c t i o n  t o  a new approach t o  conserva t  ion-based load re l ief  i n  

Sect .  7 ,  and t h e  a n a l y s i s  summary i n  Sec t .  8. A b ib l iog raphy  of Hood 

River  p u b l i c a t i o n s  i s  a l so  inc luded .  
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2. ANALYSIS METHODOLOGY 

2.1 Data Management 

The d a t a  were rece ived  from PP&L j n  f o u r  s e p a r a t e  sets: (1) custocler 

p u l s e  v a l u e s  cor responding  t o  15-min consumption d a t a ,  ( 2 )  weather  pu l se  

v a l u e s  cor responding  t o  15-min weather  i n fo rma t ion ,  ( 3 )  monthly b i l l i n g  

d a t a ,  and ( 4 )  p r o j e c t  d a t a  f o r  each  customer. The d a t a  s e t  used f o r  t h i s  

a n a l y s i s  conta ined  over 90 m i l l i o n  d a t a  po in t s .  A commercial. s t a t i s t i c a l  

da t a  hand l ing  r y s t e m ,  S M ,  w a s  used f o r  all of t h e  d a t a  management and 

a n a l y s i s  t a s k s  2 

Data q u a l i t y  f l a g s  f o r  each  measured va lue  were checked, and d a t a  

va lues  were set: t o  miss ing  when i n d i c a t e d .  Load d a t a  from a three-phase 

f e e d e r  l i n e  s e r v i n g  about  500 customers  and f o r  a sawmill se rved  by t h a t  

f e e d e r  were t r a n s m i t t e d  wi th  the r e s i d e n t i a l  l oad  d a t a  and were t r e a t e d  

i n  the  Same manner. 

The weather  d a t a  were 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  and in- 

c luded:  s o l a r  azimuth,  s o l a r  a l t i t u d e ,  h o r i z o n t a l  r a d i a t i o n ,  d i r e c t  beam 

r a d i a t i o n ,  d i f f u s e  r a d i a t i o n ,  wind d i r e c t i o n ,  wind speed,  dry-bulb a i r  

t empera tu re ,  r e l a t t v e  humidi ty ,  a b s o l u t e  humidi ty ,  4-in. s o i l  tempera- 

t u r e ,  20-in. s o i l  t empera tu re ,  40-in. s o i l  t empera tu re ,  and ba romet r i c  

p re s su re .  Not a l l  of t h e s e  channels  were recorded a t  each s t a t i o n ,  and 

t h e r e  were l a r g e  b locks  o f  miss ing  d a t a  (some as long  as 2 weeks) because 

of equipment problems. For t h e s e  reasons  and because the a n a l y s e s  used 

d i v e r s i f i e d  l o a d ,  t h e  weather d a t a  f r o m  a l l  t h r e e  s t a t i o n s  were averaged.  

(Other  a n a l y s e s ,  examining sav ings  d i f f e r e n c e s  among cus tomers ,  used t h e  

weather  d a t a  f r o u  each  s t a t i o n  independent ly . )  Also, the  t h r e e  measures 

of s o l a r  r a d i a t i o n  - h o r i z o n t a l ,  d i r e c t  beam, and d i f f u s e  -were averaged  

f o r  use  i n  t h e  no rma l i za t ion  r e g r e s s i o n s  d i scussed  i n  Sec t .  3.1. These 

measures of solar r a d i a t i o n  were examined i n d i v i d u a l l y  i n  the s imi la r -day  

a n a l y s i s  d i s c u s s e d  i n  Sect .  3.2. 



2.2 Data Oua l i tv  

The d a t a  base  i t s e l f  went th rough s e v e r a l  

on a inore complete sc reen ing  and t i g h t e r  error  

r e v i s i o n s ,  each  one based 

checking. Even a f t e r  t h e  

f i n a l  s c r e e n i n g ,  (6% of t h e  d a t a  va lues  f o r  any chaiinel were selc t o  

miss ing  d u r i n g  t h e  w i n t e r  months e 

adoad headr was iix?astired us ing  rad iometers  placed near  t he  wood 

s t o v e s .  These rad iometers  were c a l i b r a t e d  by Lawrence Berkeley Labora- 

t o r y  (LBL) t o  measure the  energy output  of s p e c i f i c  brands and models o f  

wood ~ t o v e s . ~  These convers ion  f a c t o r s  were found by LBL t o  vary wide ly  

between brands  and were s t r o n g l y  a f f e c t e d  by radioineter p o s i t i o n  r e l a t i v e  

i o  the s tove .  The PP&L s t a f f  were c a r e f u l  t o  a s c e r t a i n  t h e  exac t  

p o s i t i o n s  of t h e s e  monitors  arid t o  c o r r e c t  the  convers ion  f a c t o r s  t o  

match the  LBL c o r r e l a t i o n s  before  g e n e r a t i n g  ano the r  r e v i s i o n  oE t h e  d a t a  

base.  Conparing d a i l y  summaries from this las t  r e v i s i o n  t o  t h e  d a t a  se t  

used  f o r  t h i s  a n a l y s i s ,  t he  wood-heat channel  showed d i f f e r e n c e s  i n  -13Z 

of the d a t a  p o i n t s  (the e l e c t r i c a l  load  and indoor  t e u p e r a t u r e  channels  

showed l i t t l e  change).  A d d i t i o n a l l y ,  on ly  abobt one-half of t h e  s t o v e s  

monitored i n  Hood River corresponded t o  Lhe brands  tesr-ed by LBL- Thus ,  

t h e  wood-heat d a t a  used f o r  t h i s  a n a l y s i s  i n c l u d e  e r r o r s  i n t r o d u c 4  by 

rad iometer  placement ( a f f e c t i n g  -13X of t h e  d a t a  p o i n t s ) ,  as well as 

p o t e n t i a l l y  l a r g e  e r r o r s  i n t roduced  by wood-stove model d i f f e r e n c e s .  

The re fo re ,  i n  t h i s  a n a l y s i s ,  t h e  wood-heat d a t a  have been used as a 

p r o p o r t i o n a l  measure of hea t  ou tpu t  but no t  as an a b s o l u t e  measure of t h e  

s t o v e ' s  c o n t r i b u t i o n  i o  home h e a t i n g  needs. 

2.3 Data Analysis  - 

When ana lyz ing  a d a t a  set  t h i s  l a r g e ,  one's f i r s t  i n s t i n c t  i s  t o  

aggrega te  t h e  d a t a  i n  almost any way p o s s i b l e .  Howevec, i t  i s  impor tan t  

n o t  t o  average  away all of t h e  c h a r a c t e r i s t i c s  and a n o m i l i e s  of i n r c r c s t .  

For  t h a t  r eason ,  t h i s  a n a l y s i s  u ses  the  d a t a  a t  s p v e r a l  d i f f e r e n t  l e v e l s  

of  agg rega t ion .  F i r s t ,  thr d i v e r s i f i e d ,  or ave rage ,  l oad  of a l l  314 

c i i s to r~e r s  was c a l c u l a t e d  f o r  each po in t  i n  t i n e ;  t h i s  is  t h e  mean load of  

a l l  customers  f o r  each 15-min p e r i o d ,  and the  r e s u l t i n g  load  p r o f i l e s  are 
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similar to those  used by u t i l i t y  p lanners .  This  d i v e r s i f i e d  load was 
examined on s p e c l f i c  days ( such  as system peak days  or other days chosen 

f o r  comparison) ,  averaged over seasons, and compressed i n t o  numerical  

load measures (maximum l o a d ,  average  load ,  load f ac to r ,  e tc . ) .  

Second, the  average seasona l  load p r o f i l e  (one each f o r  weekdays and 

weekends) f o r  each customer was generated by averaging  each 15-min t i m e  

pe r iod  a c r o s s  t h e  days i n  a season.  These ct is touer  p r o f i l e s  were used to 

examine t h e  load c h a r a c t e r i s t i c s  of va r ious  u s e r  groups by merging them 

wi th  d e s c r i p t i v e  p r o j e c t  da t a .  The d i v e r s i f i e d  load of each user  group 

was then produced. 

T h i r d ,  the complete unaveraged d a t a  set was used t o  produce s e v e r a l  

numerical  measures of load d i v e r s i t y .  This  d a t a  set was used t u  calcu- 

l a r e  the  maximum and mean load f o r  each custoner  f o r  each season. This  

d a t a  set w a s  a l s o  used. t o  examine t h e  reSidC?lRrid loads at t h e  t ine of 

the  system and a r e a  peaks and on s e v e r a l  similar (de f ined  i n  Sect. 3.2) 

days .  



iJeather  no rma l i za t ion  was c r u c i a l  t o  t h e  load a n a l y s i s  be.. pause no 

local c o n t r o l  group was a v a i l a b l e  f o r  cornparison. Meather no rma l i za t ion  

is  commonly performed on some s o r t  of a d e g r e e d a y  b a s i s  t o  e v a l u a t e  

energy  sav ings  a t t r i b u t a b l e  t o  conse rva t ion  programs. However f o r  t h i s  

t a s k ,  load  sav ings  a r e  of in terest  and degree  days are  u s e l e s s  as a nar- 

m a l i z a t i o n  method. 

Weather no rma l i za t ion  on a 15-mi.n b a s i s  is  not comnonly found. How- 

e v e r ,  one no rma l i za t ion  procedure was found f o r  a sing1.e home t h a t  i n -  

c luded a model of the home's h e a t i n g ,  v e n t i l a t i n g ,  and a i r  cond i t ion ing  

(HVAC) system.S Although it was not f e a s i b l e  to apply t h i s  method t o  

eve ry  home i n  the  Hood River t es t ,  the g e n e r a l  approach was of s0ue 

i n t e r e s t .  This  method c o n s i s t e d  o f  us ing  l i n e a r - r e g r e s s i o n  a n a l y s i s  ti:) 

model t he  energy consumption d a t a  as  a Eur ic t ion  o f  var ious  we:nther parame- 

ters. These e s t i m a t e d  parameter  c o e f f i c i e n t s  were then used in  an equa- 

t i o n  t o  model t h e  a n t i c i p a t e d  load under d i f f e r e n t  weather cond i t ions .  

Another e v a l u a t i o n  of the e f f e c t  of r e s i d e n t i a l  r e t r o f i t s  on e1e.c- 

c r i ca l  load i n  t h e  Northwest i.lsed hour ly  wsa ther -normal iza t ion  regres-  

s i o n s  f o r  each house. De ta i l ed  l o c a l  weather  w a s  no t  a v a i l a b l e  f o r  t h i s  

s t u d y ,  so  the  only  explanat-ory v a r i a b l e  used was outdoor  tempera ture  and 

lagged averages  of t h i s  temperature .& A s i m i l a r  approach was used by 

S c i e n t i f i c  Systems, Inc.  , i n  i t s  a n a l y s i s  of r e s i d e n t i a l  end-use load 

shapes f o r  the  E l e c t r i c  Power Research I n s t i t u t e  ( E P R I ) . ' T  Asain$ the  

r e g r e s s i o n  a n a l y s i s  was a p p l i e d  sepa ra t e ly  for each household. This  

s tudy  in t roduced  the  concept  of us ing  F o u r i e r  series ( s i n e  and c o s i n e )  

€ u n c t i o n s  t o  model the  non-weather-related household loads;. 

Another method, morn cominonly used by u t i l i t i e s ,  r e l i e d  on choosing 

s imi la r  days f o r  d i r e c t  comparison. Because the weather knornalization 

w a s  so important. f o r  this a n a l y s i s ,  both methods have been used f o r  t h e  

w in te r t ime  arna1ysi.s. Only  t h e  s imiLar-days  method was used f o r  s p r i n g  

simmer, and f a l l  comparisons because (1) the  t o t a l  load i s  not a s  c l o s e l y  

r e l a t e d  t o  weather  du r ing  these  seasons  f o r  a inoderate climate l i k e  'rlocrtl 

River  and ( 2 )  wiliter i s  t he  per iod  of p r i m  in te res t  fo r  t h i s  a n a l y s i s  



because t h e  r e s i d e n t i a l  a i r  c o n d i t i o n i n g  load  is ve ry  small and t h e  sys- 

t e m  peaks occur  du r ing  t h e  win te r .  

The r e g r e s s i o n  method is  more d i E f i c u l t  t o  deve lop  and apply  bu t  

o f f e r s  t h e  a b i l i t y  t o  p r e d i c t  s a v i n g s  on peak days when no s i m i l a r  wea- 

t h e r  per iod  may be a v a i l a b l e  f o r  comparison. The s imi la r -days  approach 

enab le s  c l o s e r  examinat ion  of small s u b s e t s  of cus tomers ,  f o r  which t h e  

r eg res s ion  method i s  less s u c c e s s f u l .  

3.1 Regression-Based Models €or  Weather Normal iza t ion  

'The p r e v i o u s l y  mentioned r e s i d e n t i a l  end-use load  shape s t u d y 7  es t i -  

m,ited r e g r e s s i o n  models f o r  i n d i v i d u a l  kones and then  used t h e s e  models 

t o  estimate the  aggrega te  load  of a l a r g e  number of  customers .  Because 

load s a v i n g s  f o r  i n d i v i d u a l  hones were not examined i n  t h i s  a n a l y s i s ,  

r e g r e s s i o n  a n a l y s i s  was a p p l i e d  d i r e c t l y  t o  t h e  aggrega te  load of a l l  the 

monitored households .  I f  t h e  r e s u l t s  had f a i l e d  t o  provide  t h e  d e s i r e d  

accu racy ,  i t  would have been necessa ry  t o  resort t o  the house-by-house 

modeling demonst ra ted  i n  t h e s e  p rev ious  s t u d i e s .  

S e v e r a l  s u b s e t s  of customers  w i t h  t h e o r e t i c a l l y  similar c h a r a c t e r -  

i s t ics  were a l s o  e v a l u a t e d  t o  see i f  t h e  models of such subsets would be  

lnore a c c u r a t e  than  the model of t h e  whole group. These s u b s e t s  i nc luded  

a l l - e l e c t r i c - h e a t e d  homes (ice., no wood-heat u s e ) ,  homes grouped accord-  

i n g  to dwel l ing  type  (i.e., s ing le - f ami ly  vs mobile homes o r  mul t i -  

f a m i l y ) ,  and homes grouped accord ing  t o  t h e  r e s u l t s  of a s p e c t r a l  ( o r  

f r equency)  a n a l y s i s .  The resu l t s  of t h i s  madeling w e r e  mixed. The 

sing1.e-family home and t h e  a l l - e l e c t r i c - h e a t  homes produced a c c e p t a b l e  

models, but t h e  o t h e r  groups showed ext remely  poor models. Because t h e  

purpose of t h e  s u b s e t  models was to  permi t  comparison between groups  

( e . g e ,  comparison between s ing le - f ami ly  homes and mobile  homes), t h e s e  

s u b s e t  models were no t  developed f u r t h e r .  

P r e l i m i n a r y  a n a l y s i s  of d a t a  from November 1984 t e s t e d  several d i f -  

f e r e n t  time frames f o r  t h e  r e g r e s s i o n  modeling process. The time f rames  

examined ranged from s e a s o n a l  ( i . e . ,  one model f o r  t h e  whole season)  t o  

d a i l y  (i.e., one model f o r  each  day of the  week) to  hour ly  (one model f o r  
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each hour of the  day).  Zn terms of ba lanc ing  accuracy  and ease o:E a p p l i -  

c a t i o n ,  t h e  most u s e f u l  r e g r e s s i o n  model was based on f o u r  d i f f e r e n t  t i m e  

p e r i o d s  : weekdays, weeknights ,  weekend days,  and weekend n igh t s .  The 

use of t h e s e  f o u r  models accounts  f o r  the  d i f f e r e n c e  i n  energy-use pat-  

t e r n s  f o r  t h e s e  d i f f e r e n t  time pe r iods  y e t  avoids  t h e  complexi ty  of us ing  

hour ly  models t h a t  would a l s o  v a r y  between weekdays and weekend days.  

Hol idays  were always t r e a t e d  as weekends. T r i a l  a p p l i c a t i o n  of November 

models t o  January  weather  showed t h a t  t he  models were not l i k e l y  t o  be 

g e n e r a l l y  a p p l i c a b l e  t o  weather  i n  a d i f f e r e n t  season from “cat of t h e  

model’s a n a l y s i s  per iod .  ‘This p re l imina ry  work a l s o  showed tha t  models 

based on more d a t a ,  f o r  example, November-February, had s i g n i f i c a n t l y  

h i g h e r  squared m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t s  (R2) than 1-month 

models. 

E a r l y  models used the  weather  v a r i a b l e s  t o  model. the space  h e a t i n g  

l o a d .  The r e s u l t i n g  e s t ima ted  space  h e a t i n g  l o a d ,  a long wi th  water hea t -  

i n g  load  and o t h e r  non-space-heating load i n d i c a t o r s  w a s  then w e d  to 

model the t o t a l  l oad ,  Th i s  two-step modeling p rocess  was replacen, how- 

e v e r ,  w i th  a one-step model tha t  e x p l a i n s  d i r e c t l y  the t o t a l  load i n  

terms of the  weaLlier and behav io ra l  v a r i a b l e s .  The squared rwltip1.e co r -  

r e l a t i o n  c o e f f i c i e n t s  f o r  Lhis one-step approach were h i g h e r ,  and i t  w a s  

f e l t  t h a t  dropping an i n t e r m e d i a t e  e s t i m a t i o n  s t e p  would reduc-e t h e  

e r r o r s  a s s o c i a t e d  with the f i n a l  r e s u l t .  Another approach to weather 

no rma l i za t ion  based on hour ly  r e g r e s s i o n s  €or  i n d i v i d u a l  houses a l s o  

found t h a t  weather ad jus tmen t s  t o  t o t a l  load were just. as e f f e c t i v e  a s  

weather  ad jus tmen t s  t o  space  hea t  load.6 

A wide v a r i e t y  of exp lana to ry  v a r i a b l e s  was t e s t e d  i n  t h e s e  mode1.s. 

Some of them, such as outdoor  a i r  tempera ture ,  indoor  a i r  t empera tu re ,  

s o l a r  r a d i a t i o n ,  wind speed,  and water  h e a t e r  l o a d ,  w e ~ e  obvious.  Others  

were less  obvious and were chosen a f t e r  the eesiilts of the first iilode1.s 

were examined. These inc lude  s i n e  and cos ine  terms based on 8 - ,  12--, and 

24-h c y c l e s ;  Inidday i n d i c a t o r s ;  and o t h e r  time-of-day indieahrors (no  on^ 

e q u a t i o n  used a l l  of t hese  time-of-day v a r i a b l e s  t o  avoid c o l i n e a r i t y  

problems).  Other  var - iab les ,  incLuding barometr ic  pressure ,  a b s o l u t e  

humidi ty ,  rrelat-ive humidi ty ,  ground t empera tu res ,  and nealLtiiile ind ica-  

t o r s ,  were a l s o  i n v e s t i g a t e d  but  w i th  less success .  
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Lagged v a r i a b l e s ,  t h e  v a l u e  of a v a r i a b l e  at a previous  time p e r i o d ,  

were a l s o  s i g n i f i c a n t  bu t  no t  t o  t h e  e x t e n t  expected.  Some lagged rela- 

t i o n s h i p s  t h a t  were t e s t e d  i n c l u d e  indoor  tempera ture  , s o l a r  r a d i a t i o n ,  

t o t a l  l o a d ,  and wind speed. These lag r e l a t i o n s h i p s  were t e s t e d  a t  

v a r i o u s  t i m e  i n t e r v a l s ,  such  as t h e  v a l u e  15 rain ago, 1 h b e f o r e ,  o r  2 h 

before .  

T e s t  v a r i a b l e s  were c r e a t e d  t o  look f o r  i n t e r a c t i v e  e f f e c t s ,  such as 

wind !;peed times air temperature .  Other v a r i a b l e s  t e s t e d  i n c l u d e  wind 

speed squared ,  sine and c o s i n e  terms squared, s i n e  times cosl tze,  the 

i n v e r s e  of t h e  s o l a r  r a d i a t i o n ,  t h e  i n v e r s e  of B sum of s o l a r  and l agged  

s o l a r  r a d i a t i o n  v a l u e s ,  atid the  i n v e r s e  wind speed. 

These v a r i a b l e s  were t e s t e d  i n  a wide v a r i e t y  of combinat ions and 

over d i f f e r e n t  p e r i o d s  of time. The f i n a l  weather t iormalizat ion covers  3 
winter- months, December-February, and is  a p p l i e d  t o  t h e  average t o t a l  

l o a d  of t h e  320 load-monitored homes. It i s  n o t  a p p l i c a b l e  t o  i n d i v i d u a l  

homes o r  t o  s u b s e t s  of t h e  t o t a l  sample popula t ion .  

Four separate models w e r e  chosen,  cane each f o r  weekdays, weeknights ,  

weekend days ,  and weekend n i g h t s .  The r e s u l t s  of t h i s  a n a l y s i s  were 

evaluaited by (1) c o n s i d e r i n g  t h e  a d j u s t e d  R2, ( 2 )  c o n s i d e r i n g  t h e  sig- 

n i f i c a n c e  of t h e  chosen e x p l a n a t o r y  v a r i a b l e s  (as i n d i c a t e d  by a t test 

a t  t h e  951 conf idence  l e v e l ) ,  ( 3 )  c o n s i d e r i n g  t h e  magnitude and d i s t r i -  

b u t i o n  of r e s i d u a l s ,  ( 4 )  p l o t t i n g  t h e  r e s i d u a l s  a g a i n s t  t h e  p r e d i c t e d  

v a l u e s ,  and ( 5 )  p l o t t i n g  the r e s i d u a l s  a g a i n s t  d a t e .  T h i s  last  test was 

used t o  be s u r e  t h a t  t h e  a u t o c o r r e l a t e d  n a t u r e  of t h e s e  d a t a  d i d  n o t  

i n t r o d u c e  e r r o r s  t h a t  fol lowed a t rend  as t i m e  progressed.  Tlze Durbin- 

Watson t e s t  was a l s o  used f o r  each model, and no evidence of temporal  

a u t s c o r r e l a t i o n  w a s  d e t e c t e d .  Appendix A c o n t a i n s  t h e  r e s u l t s  of t h e s e  

tests f o r  each of t h e  models used i n  t h i s  a n a l y s i s .  

A f i n a l  test of t h e  combination of t h e  f o u r  models was based on 
apply ing  t h e  model t o  t h e  weather  from which it  was d e r i v e d  and comparing 

t h e  r e s u l t  to  the a c t u a l  load  dur ing  t h a t  per iod.  The matcb w a s  very  

good. The peak load w a s  c o r r e c t  t o  w i t h i n  0.2%, o r  0.01 kW, and t h e  

average load t o  w i t h i n  0.1%. The load f a c t o r s  matched t o  w i t h i n  0.1%. 

The f i r s t  7 d from each month were p l o t t e d  t o  p e r m i t  v i s u a l  comparison 

between t h e  a c t u a l  load  and t h e  a r t i f i c i a l  l o a d  c o n s t r u c t e d  from t h e  
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model (Appendix R). Figure  3.1 shows one of t hese  p l o t s  €o r  December 5,  

1984, f o r  comparison between t h c  a c t u a l  load 2nd the  r econs t ruc t ed  load .  

The r econs t ruc t ed  load i s ,  as expec ted ,  much smcrother than the  

a c t u a l  load .  H O W E V I ' ~ ,  t h e  r e c o n s t r u c t i o n  is v e r y  good at  matching t h e  

peaks,  ave rages ,  and o v e r a l l  contour  of t he  a c t u a l  load. 'The model 

re l ies  on a lagged va lue  Of t he  load. To s t a r t  Lhe ;nodel ,  t h e  a r r i f i c i a l  

cu rve  i s  g iven  an i n i t i a l  va lue  of 3.5 kW, -1.5 kW h i g h e r  than  the  a c t u a l  

load a t  t h a t  t i m e .  Within 2 h ,  or e i g h t  d a t a  p o l n t s ,  t he  inodeled load i s  

v e r y  c l o s e  t o  the a c t u a l  load and remains c lose  throughout- t he  rest of 

t h e  w i n t e r  per iod .  

'The a c t u a l  w a t e r  h e a t i n g  load is  used as aip input  t o  the model. 

Because the  water heater load is riot d i r e c t l y  r e l a t e d  to the  weather 

( a l though  i t  does show seasona l  v a r i a t i o n ) ,  it was not normalized. 

The f i n a l  models chosen a ~ e  shown i n  Eq. ( 1 )  with t he  c o e f f i c i m t s  

given i n  Table 3.1. Note t h a t  while  many v a r i a b l e s  i n  t h i s  equa t ion  

appear t o  be c o r r e l a t e d ,  o n l y  a L'ew appens i n  i t s  a p p l i c a t i o n  Eoc any  one 

t i m e  per iod .  

'i 

Pig .  3.1. Actual load vs load estimated by regression model, Dec, 5, 
1984. 
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TOTAL = A f B*LAGTOTAL + C*DELTEMP + D*WINDAIR + E*WATER 

f F*INDOOR + G*LAGINDOOR + H*kCOSTEFW + I*SINCOS 
+- J"LAG2SOL + K"COSTERM2 + L*COSTERM3 + M*SOLAR 

+ N*SINTERM3 + P*MIDDAY + Q*HOUK I 

where 

TOTAL = t h e  t o t a l  average  load  per  household,  kW; 

LAGTOTAL = t h e  va lue  of TOTAL 15 min p r e v i o u s l y ,  kW; 

I)ELTEM[P 25 t h e  outdoor  minus t h e  average  indoor  t empera tu re ,  *E'; 

WIriDAIR = the wind speed t i m e s  the outdoor  tempera ture ,  'F-m/h; 

WATER 5- t h e  water h e a t i n g  load ,  kW; 

INDOOR = the average  indoor  tempera ture  of a l l  t h e  monitored 

homes, 'I?; 

LAGINDOOR = the va lue  of INDOOR 15 min p rev ious ly ,  O F ;  

COSTERMl = t he  cosine of 2 p i  times the hour of the day d i v i d e d  

by 24 h; 

COSTERM2 = t h e  c o s i n e  of 2 p i  t i m e s  t h e  hour  of t h e  day d iv ided  

by 12 h; 

COSTERN3 = the c o s i n e  of 2 p i  times the hour of the day d i v i d e d  

by 8 h; 

SINTERM3 = the s i n e  of 2 p i  times t h e  hour of t h e  day d i v i d e d  by 

8 11; 

SINCOS = COSTERML times SINTERMl; 

SINTERM1 = the s i n e  of 2 p i  t i m e s  the hour  of the day d i v i d e d  by 

24 h; 

SOLAR = the s o l a r  r a d i a t i o n  (average  of h o r i z o n t a l ,  d i r e c t ,  

and d i f f u s e ) ,  Btu/f  t2 ; 

LAG2SOL = the v a l u e  of SOLAR 30 min p rev ious ly ;  

MIDDAY = a dummy v a r i a b l e  wi th  a v a l u e  of 1 between noon and 

4:OO p.m. and a va lue  of 0 all o t h e r  times; 
HOUR = the hour of the day and ranges from 1 t o  2 4 ,  

Similar models were tes ted  us ing  the f e e d e r  load wi th  much less 

success. 

peak load  was off by a lmost  10%. These poor r e s u l t s  are probably caused 

Even though t h e  a d j u s t e d  R2 of t h e  f o u r  models w a s  >96%, t h e  



14 



by t h e  weaker (as compared wi th  t h e  m n i t o r e d  sample) r e l a t i o n s h i p  

between weather and (1)  t h e  n o n - e l e c t r i c a l l y  hea ted  r e s i d e n t l a l  load  and 

( 2 )  t h e  commercial load.  This  method w a s ,  t h e r e f o r e ,  not  used f o r  t h e  

f e e d e r  a n a l y s i s .  

3.2 S i m i l a r  Days Chosen f o r  Weather Normalizat ion 

S i m i l a r  days were d e f i n e d  as matching t h e  ( 1 )  day of t h e  week, 

( 2 )  average  d a i l y  outdoor  temperature w l t h i n  5'P, and ( 3 )  minimum (win- 

t e r ,  s p r i n g ,  and f a l l )  o r  maximum (summer) d a i l y  outdoor  tempera ture  

w i t h i n  5OF. 

To use as much of t h e  d a t a  as p o s s i b l e ,  groups of s i m i l a r  days, as 

w e l l  a s  a f e w  i n d i v i d u a l  p a i r s ,  were chosen f o r  an a n a l y s i s  of each 

seasonn The seasons were deEined as winter  December-February; spr- lng , 
MarckMay; summer, June-August; and autumn, Septeuber-November. The 

p e r i o d  of A p r i l  1 ,  1985-July 25, 1985, was u n a v a i l a b l e  f o r  a n a l y s i s  

because the  monitored homes were r e t r o f i t  wi th  c a n s e r v a t  i o n  measures 

d u r i n g  t h a t  t i m e .  The weather d u r i n g  l a t e  November 1985 was ex t remely  

c o l d ,  b reaking  s e v e r a l  100-year weather r e c o r d s ,  and was excluded from 

any comparison wi th  p r e c o n s e r v a t i o n  energy use. 

These groups of similar days were chosen t o  r e p r e s e n t  as c l o s e l y  a s  

p o s s i b l e  t h e  d i s t r i b u t i o n  of outdoor  tempera tures  found throughout  e a c h  

season  and t o  have equal. riumbers of each day of t h e  week. Note t h a t  

these1 s e a s o n a l  a n a l y s e s  r e p r e s e n t  t h e  s a v i n g s  d u r i n g  t h e  seasons  e x p e r i -  

enced i n  1 9 8 4 4 9 8 6  and do not r e p r e s e n t  any "average" r e g i o n a l  weather  

p a t t e r n .  F i g u r e  3 . 2  compares t h e  w i n t e r  outdoor  a i r  tempera ture  d i s t r i -  

b u t i o n s  between t h e  e n t i r e  seasons  and t h e  chosen groups of comparison 

days. Table  3.2 l i s t s  t h e  chosen w i n t e r  days and t h e i r  outdoor  tempera- 

t u r e s .  The o t h e r  seasons  are g iven  i n  Appendix C. Other weather  v a r i -  

a b l e s ,  i n c l u d i n g  wind speed ,  s o l a r  r a d i a t i o n ,  and humidi ty ,  were a l s o  

p l o t t e d  t o  see i f  t h e  s e l e c t e d  p e r i o d s  would be t r u l y  comparable. 

Appendix C c o n t a i n s  t h e s e  p l o t s  f o r  a l l  f o u r  seasons ,  Table  3 . 3  summar- 

i z e s  the average  v a l u e s  of these weather v a r i a b l e s  d u r i n g  the comparison 

test per iods .  

The only  weather  v a r i a b l e  t h a t  remains s i g n i f i c a n t l y  d i f f e r e n t  be- 

tween comparison groups i s  the  wind speed. The average  wind speed d u r i n g  
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T a b l e  3.2. W i n t e r  d a y s  c h o s e n  f o r  c o m p a r i s o n  

Average  Minimum 
P e r i o d  D a t e  Day t e m p e r a t u r e  t e m p e r a t u r e  

( O F )  ( O F )  

B e f o r e  
A f t e r  
B e f o r e  

B e f o r e  

B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
R e f o r e  
A f t e r  

A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  

A f t e r  

A f t e r  

&.fore 

A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  

A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
Af t e n  
Before 
Af t r r  
Befo:e 
A f t e r  
B e f o r e  
A f t e r  
BCfOi-I? 
A f t e r  

B e f o r e  

J a n .  27, 1985 
J a n .  26, 1986 
J a n .  13, 1985 
J a n .  5, 1986 
Dec. 9, 1984 
Feb. 16, 1386 
J a n .  20, 1985 
Feb. 2, 1986 
Feb. 11, 1985 
Jan .  20, 1986 
Dec. 10, 1984 
Feb. 10, 1986 
Dec. 17, 1984 
Dec. 9, 1985 
Feb. 25, 1985 
Jan .  6, 1986 
Dec. 11, 1984 
J a n .  7, 1986 
J a n .  29, 1985 
J a n .  21, 1986 
Feb. 5, 1985 
Feb. 11,  1986 
Jan .  22, 1985 
J a n ,  14, 1986 
J a n .  16, 1985a 
J a n ,  15, 1986n 
J a n .  23, 1985 
Jan .  22, 1986 
J a n .  2, 1985 
Dec. 18, 1985 
Feb. 20, 1985 
Feh. 5 ,  1986 
Jan .  3, 1985 
Dec. 26, 1985 
Feb. 14, 1985 
Dec. 5, 1985 
Dec. 13, 1984 
J a n .  23,  1986 
Jan. 24, 1985 
Feb. 13, 1986 
J a n .  l a ,  1985 
Dec. 20, 1985 
Feb.  8, 1985 
Nov. 15, 1985 
Feb. 15, 1985 
Feb. 28, 1986 
J a n .  18, 1985 
Feb. 14, 1986 
Feb. 2 ,  1985 
Dec. 21, 1985 
J a n .  12, 1985 
Jan .  4 ,  1986 
Feb. 16, 1985 
Feb. 8, 1986 
Feb. 23, 1985 
Mar. 1, 1986 

Sunday 
Sunday 
Sunday 
Sunday 
Sunday 
Sunday 
Sunday 
Sunday 
blond a y 
Monday 
Monday 
Monday 
Monday 
Monday 
Monday 
Monday 
TUP s d a y 
T u e s d a y  
Tuesday  
Tuesday  
Tuesday  
T u e s d a y  
Tuesday  
T u e s d a y  
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Wednesday 
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
T h u r s d a y  
F r i d a y  
F r i d a y  
F r i d a y  
F r i d a y  
F r i d a y  
F r i d a y  
F r i d a y  
F r i d a y  
S a t u r d a y  
S a t u r d a y  
S a t  11 rda y 
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  

31 29 
34 33 
28 27 
31 27 
36 35 
37 32 
40 32 
la0 31 
37 31 
39 30 
37 30 
36 31 
28 20 
30 24 
41 30 
42 34 
31 27 
32 26 
31 24 
34 28 
33 28 
33 30 
35 33 
30 29 
31 30 
3 2  29 
33 3 2  
33 31 
24 21 
20 18 
41 37 
40 33 
24 21 
21 LO 
35 26 
34 27 
40 34 
38 32 
33 31 
30 28 
25 2b 
22 21 
31 25 
30 27 
43 33 
45 35 
29 27 
28 28 
23 20 
L2 20 
28 26 
30 27 
34 2h 
33 23 
49 4 4 
49 39 

aDays c h o s e n  f o r  c o l d  day somperisone, 
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TEMPERATURE (F) 

Fig. 3.2. Outdoor air temperature distribution coinparison, winter 
selected days. 

Table 3.3.  Comparison period weather values 

Aver age Solar Wind Relative Minimum 
S e  as on temperature radiation speed humidity temperature 

(OF) (Btu/f t2 ) (mph) ( X  1 ( O F )  

Prewinter 33 3.4 3.0 a6 20 
Postwlnter 33 3.2 2.1 83 18 

Prespr ing 50 13 5.3 74 32 
Postspring 50 11 3.8 73 33 

Pre!;umer 68 20 5 * 4  53 43 
Postsummer 67 16 5.8 56 42 

Preauturnn 52 8.0 2.8 77 32 
Pos tautum 51 8.7 2.9 74 30 
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the first w i n t e r ,  3 mph, w a s  almos'r twice as l a rge  as t h e  average  wiad 

speed d u r i n g  t h e  second winter, 1.8 mph. The same was t r u e  f o r  the 

s p r i n g  comparison p e r i o d s l  The s e l e c t e d  groups of days show t h e  same 

r e l a t i o n s h i p  ( F i g .  3 . 3 ) .  This  may i n t roduce  some error i n t o  the  corn- 

p a r i s o n ,  perhaps ove res t ima t ing  sav ings ,  However, the r e g r e s s i o n  rela- 

t i ons  d i s c u s s e d  i n  Sect .  3.1 showed that wind speed was not s i g n i f i c a n t  

i n  de te rmining  dayt ime loads .  Because a l l  of the  peaks a r e  daytime 

peaks, t h i s  e r r o r  should not  a f f e c t  peak-load sav ings  estimates, and the  

effect on load f a c t o r  changes should  he minimal. (For  a d i f f e rence .  i n  

W i n 6 1  speed of 2 mpb a t  an  indoor-outdoor temperature d i f f e r e n c e  of bO"F, 

t h e  d i f f e r e n c e  i n  n igh t t ime  p r e d i c t e d  t o t a l  load p e r  household i s  on ly  

about  N.05 kW.) 

I n s t a l l a t i o n  of conse rva t ion  r e t r o f i t s  extended i n t o  t h e  summer of 

1985 u n t i l  J u l y  25 ,  when -90% of the  homes were r epor t ed  complete ,  

Because the s e l e c t i o n  of s imi la r  days from t h e  p o s t c c t r o f i t  season  was, 

t h e r e f o r e ,  r e s t r i c t e d  t o  l a t e  J u l y  and August,  t he  day o f  t he  week does 

not  always match f o r  the slimmer comparison. However, weekdays are  a lways  

p a i r e d  with o t h e r  weekdays and weekend days wi th  o t h e r  weekend days.  

.............. ............ ~ l _ l _ l l . l  __ .- 

..... ............... 

F i g .  3 . 3 ,  Winter wind speed compaiisati ,  s e l e c t e d  days. 



A few p a i r s  of c l o s e l y  matching days were chosen t o  enab le  a d i r e c t  

comparison of loads  wi thout  any averaging  e f f e c t s .  These days were 

s e l e c t e d  by choosing days w i t h  very c l o s e l y  matching average  and minimum 

( o r  maximum) t empera tu res .  These sets were then examined t o  f i n d  days 

t h a t  were e x c e p t i o n a l l y  hot or co ld  and t h a t  occur red  dur.t.ng the week 

(i .e., Monday-Friday). Other weather  v a r l a b l e s  , i n c l u d i n g  wfnd speed ,  

s o l a r  r a d i a t l o n ,  and humid i ty ,  were then p l o t t e d  t o  h e l p  select  the most 

c l o s e l y  matching ex t remely  hot  and co ld  days f o r  d i r e c t  comparison. 

These weather variable p l o t s  are inc luded  i n  Appendix C. 
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4 ,  LOAD SAVINGS ON THE MONI'TOKE13 FEEDER 

A three-phase f e e d e r  l i n e  s e r v i n g  mostly r e s i - d e n t i a l  customers was 

moni tored  t o  h e l p  d e t e m i n e  whether the impact of the conse rva t ion  pro- 

gram would be n o t i c e a b l e  on a l a r g e r  p o r t i o n  of t he  system. A r e l a t i o n -  

s h i p  between r e s i d e n t i a l .  end-use sav ings  ( i . e e ,  space o r  water h e a t )  and 

system savi.ngs Tdas a l s o  an t i -c ipa ted ,  and t h e  izeasured f ecder  l oads  were 

expec ted  t o  be u s e f u l  i n  exp lo r ing  t h i s  r e l a t i o n s h i p .  Once d e f i n e d ,  such  

a r e l a t i o n s h i p  could be used t o  predict:  t he  e f f e c t  of s p e c i f i c  r e t r o f i t  

measures ,  s u c h  as those aimed a t  water h e a t e r s ,  o ~ i  the sys t em load. How- 

e v e r ,  s e v e r a l  implementat ion prubl .em prevented any meanillgful a n a l y s i s  

of such r e l a t i o n s h i p s  o r ,  indeed any conc lus ions  regard ing  the e f f e c t  of 

t h e  program on the  f eede r  load.  Appendix D d e s c r i b e s  the customer mix 

se rved  by t h e  feeder ,  t he  peak loads  served  by the  f e e d e r ,  t h e  sav ings  

( o r  lack t h e r e o f )  a t t r i b u t a b l e  t o  the  HRCP, the  f eede r  l o a d s  on system 

peak d a y s ,  and the problems a f f e c t i n g  t h i s  p o r t i o n  of the HKCP evalua- 

tion. 
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5. RESIDENTIAL MAD SAVINGS I N  WE MONITORE[I SAMPLE 

5.1 Monitored Sample Composition 

The msni t o r e d  sample w a s  s t a t i s t i c a l l y  chosen t o  r e p r e s e n t  a c r o s s  

s e c t i o n  of t he  e l e c t r i c a l l y  hea ted  p o r t i o n  of t he  Wood River  community. 

As s w h ,  i t  is  made up of 249 s ing le - f ami ly  dwe l l ings  (79%), 55 n o b i l e  

homes (18%), and 10 m u l t i f a m i l y  o r  duplex  homes (3%). About 25% of t h e  

homes have one o r  inore a i r  c o n d i t l o n e r s ,  and about  26% use  one o r  more 

p o r t a b l e  h e a t e r s ,  Zonal h e a t i n g  systems are i n s t a l l e d  i n  61%, and t h e  

remainder a r e  equipped w i t h  c e n t r a l  h e a t i n g  systems. Seventy-two homes 

(23%) have i r r i g a t i o n  pumps on t h e i r  hamesf meters. Although a l l  o f  

t h e s e  homes are nominal ly  e l e c t r i c a l l y  hea ted ,  39% claim t o  u s e  wood o r  

p r e s t o l o g s  a s  t h e i r  main s o u r c e  of heat.. There are o n l y  82 homes t h a t  

claim t o  use e l e c t r i c i t y  as t h e i r  on ly  s o u r c e  of h e a t  (and because a f e w  

of t h e s e  are equipped wi th  wood-stove [rionitors, even t h i s  number i s  

h igh) .  O f  t h e s e  82 homes, on ly  46 are s ing le - f ami ly  dwel l ings .  

5.2. Seasonal  Comparisons 

Load sav ings  f o r  t h e  monitored sample were es t ima ted  using both  

weather -normal iza t ion  methods f o r  t h e  wLnter season.  Figure 5.1 shows 

the  average  d i v e r s i f i e d  weekday load p r o f i l e  be fo re  and a f t e r  r e t r o f i t  

resul t l n g  from the  r e g r e s s i o n  methodology ( t h e  average  load  p r o f i l e s  f o r  

the groups of s e l e c t e d  similar days are very  similar). A p a i r e d  t- test  

shows t h a t  t h e s e  two cu rves  are s i g n i f i c a n t l y  d i f f e r e n t  a t  a 9 S X  c o n f i -  

dence l e v e l .  The load  s a v i n g s  appear  t o  be s l i g h t l y  g r e a t e r  du r ing  t h e  

morning peak and l a t e  a f t e r n o o n  t rough p e r i o d s  and s l i g h t l y  less d u r i n g  

t h e  e a r l y  morning and l a t e  evening ramp t i m e s ,  F igu re  5.2 shows t h e  

average  space  h e a t i n g  and water  h e a t i n g  load  p r o f i l e s  f o r  weekdays d u r i n g  

t h e  w i n t e r  s imi la r -day  per iod .  Examinat ion of t h i s  f i g u r e  shows t h a t  

most of t h e  s a v i n g s  i s  due t o  space  h e a t i n g  s a v i n g s  wi th  an average  wa te r  

h e a t e r  s a v i n g s  of only 0.08 kW. 

The o v e r a l l  s a v i n g s  estimates from t h e s e  two weather -normal iza t ion  

methods are a l s o  i n  c l o s e  agreement. Table  5.1 g i v e s  a summary compari- 

son  of t h e  sav ings  estimates f o r  t h e  d i v e r s i f i e d  load of t he  monitored 
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Fig. 5.1. D i v e r s i f i e d  winter-weekday t o t a l  l oad  p r o f i l e ,  coupari- 
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F i g .  5.2. D ive r s i f  ‘Led winter-weekday space and water h e a t i n g  load 
profiles, comparison based on s imi la r -days  selection. 
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Table 5.1. Comparison of w i n t e r  s a v i n g s  estimates 

Average Maximum Weather- 
no m a l  i z a t i o n  

roe t hod 

t o t a l  t o t a l  Load 
load load  f a c t o r  Per iod  

( kW/ ho us e ho I d  ) (kM /ho u s  e ho 1. d ) 

S i m i l a r  days Before 3 . 4  6.1 0.55 
AE ter 3.0 5.9 0.50 

Kegression model Before 3 - 4  6.7 0.51 
A f t e r  3.0" b. 2" 0. 4ga  

a ~ h e s e  a t e  t h e  a c t u a l  v a l u e s  r e s u l t i n g  from tlie Deceriiber 85-  
February 86 per iod .  

households,  The two methods g i v e  i d e n t i c a l  resu l t s  o f  0.4-kW average 

load  s a v i n g s  pes household,  cor responding  t o  energy s a v i n g s  of  l l%* The 

s imi la r -days  method shows a peak-load s a v i n g s  of 0,2 kW/household (or  

3%);  the r e g r e s s i o n  model shows a peak-load s a v i n g s  of 0.5 kW/household 

(7%). T h i s  d i f f e r e n c e  is ;  not  surpr i s ing .  because the r e g r e s s i o n  model 

normalizes  t h e  use of the f i r s t  Season t o  t h e  wedther of the second 

season ,  a m ~ c h  more s e v e r e  win ter .  The s imi la r -days  method normalizes  

t h e  use  from both seasons  to  t h e  average weather  of both w i n t e r s  com- 

b i n e d ,  so t h e  extremely cold days of t h e  second season were! not  included.  

A comparison OS t h e  d i v e r s i f i e d  load  d i s t r i b u t i o n s ,  based on t h e  regres- 

s i o n  n o r m a l i z a t i o n ,  is shown i n  Figs,  5.3 and 5,4. The number of 15-min 

p e r i o d s  with a load  l e v e l  >5.8 kW/household dropped from $0 i n  the f i r s t  

season t o  1 2  i n  t h e  second season. A p a r a l l e l  examinat ion of t h e  

s imi la r -days  d i s t r i b u t i o n  a l s o  showed a f a c t o r  of 10 d e c r e a s e  i n  t h e  

d u r a t i o n  of t h e s e  peak loads .  The HRCP, t h e r e f o r e ,  was successEul  a t  

a c h i e v i n g  c a p a c i t y ,  as well as energy,  sav ings .  The c a p a c i t y  s a v i n g s  are  

a l s o  l a r g e r  on c o l d e r  d a y s ,  t h u s  d e c r e a s i n g  the e lec t r ic  systera's s e n s i -  

t i v i t y  t o  ex t remely  co ld  weather  (which is p r e c i s e l y  when system demands 

peak) ,  

The t o t a l  load  both b e f o r e  and a f t e r  t h e  c o n s e r v a t i o n  r e t r o f i t s  was 

-0.5 kW/household lower than w i n t e r  weekday load  p r o f i l e s  measured i n  

o t h e r  c o n s e r v a t i o n  programs in t h e  Northwest.S This  was l i k e l y  due t o  

the i n c l u s i o n  of wood-heated, m u l t i f a m i l y ,  and mobile homes i n  the HRCP 
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Fig. 5.3. Distribution of wi.ntcr diversified res ident ia l  loads  . 



because o t h e r  c o n s e r v a t i o n  programs have t y p i c a l l y  been r e s t r i c t e d  t o  

s ing le - f ami ly  e l e c t r i c a l l y  hea ted  homes. The d i v e r s i f i e d  load  (from t h e  

s imi l a r -day  method) f o r  the subse t  o f  a l l  s ing le - f ami ly  homes heated  

ma in ly  wi th  e l e c t r i c i t y  w a s ,  t h e r e f o r e ,  examined. The d i v e r s i f i e d  load  

01 t h i s  s u b s e t  of homes is compared wi th  t h a t  of t he  t o t a l  monitored 

p o p u l a t i o n  i n  Table 5.2. 60 th  t h e  magnitude of t h e  s ing le - f ami ly  elec- 

t r i c a l l y  hea ted  loads  and the s a v i n g s  are comparable t o  those  found i n  

the o ther  programs, The peak sav ings  of 0.8 kW/household f o r  t h e  Hood 

R i v e r  s ing le- fa inf ly  e l e c t r i c a l l y  hea ted  homes are v e r y  c l o s e  t o  the  

rnclasrired sav ings  of 0.7 kW/household i n  t h e s e  other  progratns. 

The r e s u l t s  from both  normal iza t ior i  models show t h a t  t he  load f a c t o r  

drcressed because peak-load s a v i n g s ,  as a p r o p o r t i o n  of t h e  p r e p r o g r a m  

peak l e v e l s ,  are less than  the average s a v i n g s ,  as a p r o p o r t i o n  of the 

pre-program average l e v c l s ,  SFmilar e f f e c t s  on load  f a c t o r  were noted i n  

a n o t h e r  e v a l u a t i o n  of c o n s e r v a t i o n  programs i n  t h e  Northwest Peak 

l o a d s  are d e f i n e d  by the. HVAC a p p l i a n c e  s t o c k  and t h e  load  d i v e r s i t y  (be- 

cause  f u r n a c e s  con t inue  t o  cycle-on s imul t aneous ly  a t  t h e  coldest :  p e r i o d s  

o f  t h e  yea r ) .  The c o n s e r v a t i o n  r e t r o f i t s  i t a  t he  HRCP d i d  not  i n c l u d e  

m o d i f i c a t i o n s  t o  HVAC systems o r  a p p l i a n c e s ,  The load d i v e r s i t y  w a s  un- 

changed by the eonservatlon r e t r o f i t s  arid i s  d i s c u s s e d  f u r t h e r  i n  Sect, 4. 

A I  t hsugh the reg r e s  s i on-based wea t h e  r-no rmali za t i o n  m e  thod was on1 y 

a p p l i e d  t o  t h e  w i n t e r  months, sets of similar days were s e l e c t e d  from a l l  

f o u r  seasons. Table 5.2 and Fig. 5.5 summarize t h e  sav ings  based on t h e  

diversified load of t h e  monitored customers  du r ing  t h e s e  seasons .  As 

expec ted  f o r  a mild c l i m a t e  such as i n  Hood R i v e r ,  t h e  s p r i n g ,  sumer ,  

and f a l l  s a v i n g s  a r e  much smaller than the  w i n t e r  s a v i n g s ,  ave rag ing  

<0.1 kW (5%) i n  the  s p r i n g  and f a l l  and only  0.05 kW dur ing  the  s u m e r .  

The summer peak was dec reased  by 0.2 kW (8x1, which se rved  t o  increase 

t h e  s e a s o n a l  load  f a c t o r .  However, the win te r  d i v e r s i f i e d  peak i s  much 
h i g h e r  t h a n  t h e  summer peak,  so t h e  annual  load f a c t o r  would not be i r n -  

proved. 

The average  d i v e r s i f i e d  t o t a l  l oad  of t h e  314 monitored customers  

w a s  r e l a t i v e l y  unchanged by the  c o n s e r v a t i o n  program f o r  t h e  s p r i n g ,  

summer, and f a l l  seasons .  F igu res  5.6-5.8 show the  weekday d i v e r s i f i e d  

load p r o f i l e s  f o r  t h e s e  seasons .  The s a v i n g s  p i c t u r e d  are very  small and 
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Fig. 5.5. Seasonal  s av ings  estimates, comparison based on similar- 
days s e l e c t i o n .  
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Fig. 5.6. D i v e r s i f i e d  spring-weekday t o t a l  load p r o f i l e ,  compari- 
son based on s imi la r -days  selection. 
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Fig.  5.7. Diversified summer-weekday total load profile, compari- 
son based on similar-days selection. 

Fig.  5.8. Diversified autumn-weekday total load proEile, compari- 
son based on similar-days selection. 



do nolt change the  shape of the  energy-use p r o f i l e  i n  any of t hese  t h r e e  

S ~ ~ S Q ~ S .  However a paired t-tests showed t h a t  even these  s m a l l  d i f f e r -  

ences are s i g n i f i c a n t  a t  a 95% confidence l e v e l -  

T h e  similar-day a n a l y s i s  was a l s o  used to examine the programmatic 

effect :  on load factor, average t o t a h  load, and maximum t o t a l  load d i s -  

t r i b u t i o n s  among the monitored households. Load f a c t o r s  f o r  i nd iv idua l  

homes are much lower than the  load Eactor for the d i v e r s i f i e d  load be- 

cause the i nd iv idua l  peak loads  a r e  much h igher  than the d i v e r s i f i e d  peak 

loads (compare the peak loads shown i n  Fig. 5.9  with the d i v e r s i f i e d  peak 

load of -6 kW/holasehold shown i n  Table 5.2). The win ter  change i n  load 

€ a c t o r  was the  l a r g e s t  of t he  fou r  seasons ,  dropping from 0.55 t o  0.5 f o r  

the d i v e r s i f i e d  load and s h i f t i n g  no t i ceab ly  from higher  to lower va lues  

f o r  i nd iv idua l  customers (see Fig, 5,lCl).  Also note  t h a t  a l though the  

spr ingt ime load f a c t o r s  f o r  t he  d i v e r s i f i e d  load of a l l  314 homes 

increased  from 0.45 t o  0.47, the  d i s t r i b u t i o n  of load f a c t o r s  f o r  ind i -  

v idua l  homes showed a s l i g h t  s h i f t  toward decreas ing  load f a c t o r s  i n  
Fig .  5.11. During the summer the  s h i f t  toward inc reas ing  load € a c t o r s  

for i n d i v i d u a l  customers matched the  s h i f t  i n  the  load f a c t o r  f o r  t h e  

d i v e r s i f i e d  load. The autumn load f a c t o r  d i s t r i b u t i o n  s h i f t e d  toward 

lower va lues ,  a l though the  load f a c t o r  of the d i v e r s i f i e d  load was 

unchanged a t  0.44. 
The d i s t r i b u t i o n  of household average t o t a l  loads  (shown i n  

Fig.  5.12 f o r  winter  weekdays) w a s  changed s i g n i f i c a n t l y  only during t h e  

win ter  season,  as would be expected from t h e  low savings  noted during the 

o t h e r  t h r e e  seasons.  The d i s t r i b u t i o n  of maximum loads  f o r  each house- 

hold w a s  r e l a t i v e l y  unchanged f o r  a l l  four  seasons (Figs. 5.9 and 5.13 

show the  win ter  and summer maximum load d i s t r i b u t i o n s ) .  The maximum load 

i s  u s u a l l y  def ined  by the  sum of the  hea t ing  or  cool ing equipment capac- 

i t y  and appl iance  r a t i n g s  more than by a house's  need f o r  energy. Because 

t h e  b a s i c  HVAC sys t ems  and appl iances  were unchanged by t h i s  conserva t ion  

program, the  unchanged household maximum loads a r e  not  su rp r i s ing .  
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Fig. 5.9. Distribution of individual-household w i n t e r  m a x i m u m  
loads, comparison based on similar-days selection, weekdays only.  

w 
(3 30 a z w 
0 

!! 20 

10 

0.10 0.18 0.22 0.28 0.34 0.40 0.10 0.16 0.22 0.211 0.34 0.40 - 1 sa4/1sss I---- 1985/1986 --------.1 
D A D  FACTOR 
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factors, comparison based on similar-days seleceion, weekdays only. 
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Fig. 5.11. Distribution of individual-household spring laad 
factors, comparison based on similar-days selection, weekdays only. 
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Fig. 5.12. Distribution o f  individual-household winter  total 
loads, comparison based on similar-days selection, weekdays only. 
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Fig.  5.13. Di .s t r ibut  i on  of i nd iv idua l -househo ld  summer maximum 
l o a d s ,  comparison based on s imi l a r -days  s e l e c t i o n ,  weekdays o a l y .  

5.3 S e l e c t e d  Day Comparisons _I--- 

_1_-1 

Figure  5.14 shows the t o t a l  d i - v e r s i f i e d  load s a v i n g s  between the  

f i r s t  and second seasons f o r  t he  weather  t h a t  occu r red  on Janua ry  15, 

1986 (a cold Wednesday with an ave rage  temperature of 31°F), when the  

f i r s t  season load i s  e s t i m a t e d  us ing  t h e  r e g r e s s i o n  e q u a t i o n s  d i s c u s s e d  

i n  Sect. 3.1. The ave rage  load sav ing  frolu t h i s  coriiparison i s  0.4 kW 

wi th  a peak s a v i n g s  of 0.5 kW. Figure  5.15 shows t h e  s a v i n g s  achieved 

when comparing t h e  load on Janua ry  15, 1986, w i t h  the  actjial d i v e r s i f i e d  

load  of J anua ry  16, 1985, two days chosen because o f  t h e i r  s imi l a r  

weather.  The second season averixge load was lower by 0.5 kW, arid the 

peak w a s  dec reased  by 0.7 kW. Both of these p l o t s  are ve ry  s imilar ,  

showing significant s a v i n g s  throughout  t h e  day. These s a v i n g s  were 

examined i n  some d e t a i l .  The d i f f e r e n c e  between t h e  J a n u a r y  16, 1985, 

l o a d  and t h a t  o f  .January 15, 1386, were c a l c u l a t e d  f o r  each lS-min 

i n t e r v a l  fo r  each custome-r, These s a v i n g s  were then  averaged f o r  each 

t i m e  i n t e r v a l  and t h e  scandard errors  c a l c u l a t e d  f o r  each value.  The 
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Fig. 5.14. D i v e r s i f i e d  t o t a l  load fo r  Jan .  15, 1986, comparison 
based on regression nodel. 
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r e s u l t s  of this examinat ion (Fig.  5,161 show t h a t  t h e  s a v i n g s  are 
s i g n i f i c a n t l y  >O f o r  92 ou t  of: the 95 measured values .  These r e s u l t s  are 

sumia r i zed  i n  Table  5 . 3 .  

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

hea ted  homes. Th i s  s u b s e t  of -150 homes was a l s o  examined on these two 

similar days ,  and the  d i v e r s i f i e d  load i s  shown i n  Fig. 5.17. The sav- 

ings  p o r t r a y e d  i n  Fig. 5.17 were t e s t e d  i n  t h e  same manner as d i s c u s s e d  

above and are shown i n  Pig. 5.18. These s a v i n g s  are greater than those  

f o r  t h e  t o t a l  monitored popu la t ion .  

A comparison of two  simll .ar  hot  summer days (F ig .  5.19) shows some 

l a t x  a f t e r n o o n  s a v i n g s  of 0.1 t o  0.2 kW, small compared wi th  the  win te r -  

t i m e  s a v i n g s ,  

Tab le  5.3. D i v e r s i f i e d  load  s a v i n g s  on se lec ted  similar days 

Maximum Average Average 
t o t a l  l oad  

(kW/ household)  
Wea the r -no rma l i za t ion  t o t a l  d i v e r s i f i e d  s p a c e  h e a t i n g  

method load load  
(kW/ hous eho ld  ) ( kW/ hold s e hn  1 d ) 

Regress ion  model 

J a n u a r y  15, 1986" 3.32 
2.93 Janua ry  15, 1986 
--I_ 

Sav ings  0.39 

S i m i l a r  days 

J a n u a r y  16 ,  1985 3.46 
2.93 Janua ry  15, 1986 

Savings 0.53 
_I-- 

Augusl: 9 ,  1984 
J u l y  26, 1985 

Sav ings  

1.55 
1.44 
0.11 
--...I_ 

5.15 
4.68 
0.47 
__I__ 

5.35 
4.58 
0.67 

2.25 
2.07 
0.18 

Singte-family, etectrCcalty hecatsd hones only 

S i m i l a r  d a y s  

J a n u a r y  16 ,  1985 4 . 2 3  
3.23 

Savings 1.00 
- Janua ry  15, 1986 

6.19 
4.80 
1.39 

1.76 
1.31 
0.45 

2.63 
1.80 
0.83 

aLoad estimated using preconservation madel from Sect. 3.1. 



35 

ORNL-DWG 87-7484 

MIDHlbHT 6 AM NOOM 6 PW MIDNIGHT 
TME OF DAY 

Fig. 5.16. Diversified total load savings with standard error 
bounds for Jan. 15, 1986, and for Jan, 16, 1985, similar cold days. 
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Fig. 5.17. Diversified total loads for single-family electrically 
heated homes on Jan. 16, 1985, and Jan. 15, 1986, two similar cold days. 
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Fig .  5.18. D i v e r s i f i e d  t o t a l  load s a v i n g s  wLth s t a a d a r d  e r r o r  
boutids € o r  s i n g l e - I a m i l y  e l e c t r i c a l l y  hea ted  homes on .Jan. 1.6, 1985, and 
J a n ,  15, 1986, t w o  similar c o l d  days .  

................... 
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Fig.  5.19. D i v e r s i E i e d  t o t a l  l o a d s  f o r  h g .  9,  1984, arid .July 2 6 ,  

TIME O f  DAY 

1985, comparison based on sel .ection of similar days .  
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5.4 Load P r o f i l e s  f o r  Se lec ted  User Groups 

The monitored populat ion was examined t o  i d e n t i f y  groups t h a t  showed 

d i f f e r e n t  energy-use c h a r a c t e r i s t i c s .  The major groups chosen f o r  exami- 

na t ion were 

1. homes t h a t  heat  exc lus ive ly  with e l e c t r i c i t y  vs all. o the r  homes, 

2. liomes t h a t  hea t  mainly with e l e c t r i c i t y  v s  homes heated mainly wi th  

wood, and 

3 ,  manufactured housing vs s ingle-family housing. 

Other groups were a l s o  examined. Although the  energy-use p a t t e r n s  of 

t h e  duplex and mult i family customers were d i f f e r e n t  from t h a t  of s ing le -  

family homes, t h e r e  were so f e w  (3%)  t h a t  meaningful a n a l y s i s  was not  

p o s s i b l e .  Homes tha t  used more than one po r t ab le  hea te r  had s l i g h t l y  

h igher  (-0.2-kW/household) morning peaks than homes with less than t w o  

hea t e r s .  However, the shape of the load and the o v e r a l l  rnagmitude were 
very similar. Homes with a i r  cond i t ione r s  and homes with  i r r i g a t i o n  

pumps had higher  summer daytime loads ,  by -0.1 to 0.3 kW/household, but 

these d i f f e r e n c e s  were much smaller than the d i f f e r e n c e s  ( c lose  t o  1 kW/ 

household) noted i n  the groups chosen. Load p r o f i l e s  f o r  a l l  of t hese  

comparison groups are included i n  Appendix E. 

Table 5.4 compares the program savings  f o r  s ingle-family homes and 

manufactured homes. The average t o t a l  load sav ings  f o r  s ingle-family 

homes (0 .48 kW, 14%) were almost twice those of t he  mobile homes 

(0.26 kW, 8%). These s ingle-family sav ings  are comparable t o  those 

accomplished by the BPA Res iden t i a l  Weather izat ion P i l o t  Program where 

f i r s t - y e a r  savings were -17%.* 

t o  l a r g e r  space hea t ing  savings,  even though the  average space hea t ing  

l o a d  of t h e  mobile homes was l a rge r .  Single-family homes saved an 

average of 24% of t h e i r  space hea t ing  energy compared with only 8% f o r  

the mobile homes, F igures  5.20 and 5.21 compare the  d i v e r s i f i e d  space 

hea t ing  loads on winter  weekdays f o r  s ingle-family homes and mobile homes 

before  and a f t e r  t he  conservation r e t r o f i t s ,  The d i f f i c u l t y  i n  r e t r o f i t -  

t i n g  mobile homes is underscored by the  d i f f e r e n t  investment l e v e l s  

achieved i n  these  homes. The average cos t  of i n s t a l l e d  i n s u l a t i o n  was 

The l a r g e r  s ingle-family sav ings  are due 
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F i g .  5.20. D i v e r s i f i e d  space  hea t ing  load for s i n g l e - f a m i l y  homes 
on w i n t e r  weekdays, comparison based on similar-days s e l e c t i o n .  
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Fig.  5.21. D i v e r s i f i e d  space h e a t i n g  load  f o r  iilobile homes on 
win te r  weekdays comparison based on s imi l a r -days  selection. 



Table  5.4. Average load  sav ings  f o r  s ing le- fami ly  
homes and mobile homes 

Average load  

Home type 
(kW/household) 

S i n g l e  fami ly  Mobile 

W i n t e r  Summer Winter Summer 

T o t a l  b e f o r e  
T o t a l  a f t e r  
T o t a l  sav ing  

3.42 1.48 3.32 1.31 
2.94 1.41 3.06 1.27 
0.48 0.07 0.26 0.04 

Space h e a t  b e f o r e  1.61 

Space h e a t  s a v i n g  0.38 
1.23 
_I 

Space h e a t  a f t e r  
1.77 
1.63 
0.14 

Water heating b e f o r e  0.62 0.49 0.60 0.42 
Water h e a t i n g  a f t e r  0.56 0*44  0.47 0*38  

_I_ 

Water h e a t i n g  saving Q,06 0.05 0.13 0.04 

almost $1500 more i n  s ing le- fami ly  homes than i n  mobile homes. Almost 

$480 more, on t h e  average ,  was s p e n t  on window and door r e t r o f i t s  f o r  

s i n g l e - f a m i l y  homes a s  w e l l .  

Table  5.5 compares t h e  program s a v i n g s  f o r  homes t h a t  c la im t o  h e a t  

wi th  mostly wood or p r e s t o l o g s  with homes t h a t  c l a i m  t o  use mainly,  b u t  

no t  e x c l u s i v e l y ,  e l e c t r i c i t y .  The s a v i n g s  f o r  t h e  wood-heated hones are 

less than one-third of t h e  s a v i n g s  i n  e l e c t r i c a l l y  hea ted  homes. A s  

e x p e c t e d ,  the d i f f e r e n c e  is  a t t r i b u t a b l e  t o  d i f f e r e n c e s  i n  sav ings  i n  

space h e a t i n g  use (F ig .  5 .22) .  Note t h a t  t h e  measured hea t  ou tput  oE t h e  

wood s t o v e s  i n  t h e s e  hones also decreased s i g n i f i c a n t l y  (Fig.  5.231, 

showing t h a t  t h e s e  homes are conserv ing  energy even i f  not  i n  t h e  form o f  

e l e c t r i c i t y .  A more d e t a i l e d  a n a l y s i s  of wood-heat use and s a v i n g s  can 

be found i n  Ref. 9. 

Upon examinat ion ,  Table 5.5 shows t h a t  those customers who heat 

t h e i r  homes e x c l u s i v e l y  wi th  e l e c t r i c i t y  do not  appear  t o  save  any more 

energy than  t h o s e  customers who claim t o  u s e  e l e c t r i c i t y  as t h e i r  ma in  

h e a t i n g  f u e l  w i t h  supplementary n o n - e l e c t r i c a l  h e a t  ( 0 . 6 3  v s  0.62 kW). 

However, t h e  group of customers who use sone wood is  very  d i f f e r e n t  from 
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Fig .  5.22. D i v e r s i f i e d  space heating load f o r  homes hea ted  mainly 
by e l e c t r i c i t y  and homes heated mainly by wood on w i n t e r  weektkiys, com- 
p a r i s o n  based on similar-days s e l e c t i o n .  
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Fig.  5.23. D i v e r s i f i e d  wood heat use f o r  holiles heated aainly by 
wood on w i n t c r  weekdays comparison based on simCIar-days se lec  c ion .  
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Table 5.5. Average load  s a v i n g s  €or  e l e c t r i c a l l y  and 
wood -he a t  ed 110 m e  s 

Fuel  used t o  h e a t  home 
(k/W/household) 

Mainly E x c l u s i v e l y  E l e c t r i c i t y  
wooda e l e c t r i c i t y  and/or  wood 

Mainly 
e l e c t r i c i t y  Average load  a 

b 

Tot  a1 be f o re 
Total. a f t e r  
T o t a l  s a v i n g  

3.98 2.47 3.94 3.20 
2.30 
0.17 

3.31 
0 .63  
__L 

Space hea t  be€care 2.28 0.65 2.48 1.35 
1.78 Space h e a t  a f t e r  

Space h e a t  saving 0.50 
_3. 

0.56 
0.09 

1.93 
0.55 
_I 

1.09 
0.26 
- 

aThis d i v i s i o n  is based on t h e  customer 's  r e sponse  t o  t h e  q u e s t i o n ,  
" ' Indicate  which OW of t h e  f u e l s  l i s t e d  i s  used mast of th? t<m t o  h e a t  
YOUK home. " 

% h i s  d i v t s i o n  i s  based on t h e  same q u e s t i o n  i a  f o o t n o t e  a, supple-  
mented by t h e  customers '  responses  t o  a n o t h e r  q u e s t i o n :  "'Do you use any 
o t h e r  f u e l s  t o  h e a t  your home i n  a d d i t i o n  t o  t h e  f u e l  you use most of 
t h e  tA.me?" 

t h e  group who use mainly wood. Occasional  wood u s e r s  save  almost twice 

as much e l e c t r i c  energy as primary wood users .  It would, t h e r e f o r e ,  

appear  t h a t  c o n s e r v a t i o n  programs aimed a t  s a v i n g  e lec t r ic  energy need 

n o t  rule out  a l l  customers with wood s t o v e s  b u t ,  r a t h e r ,  only those who 

use  t h e  wood s t o v e  as t h e i r  main h e a t i n g  s o u r c e -  

5.5 R e s i d e n t i a l  Loads on System and Area Peak Days 

During t h e  f i r s t  h e a t i n g  season ,  both t h e  Hood River  area and the 

PP&L system peaks occurred  OA t h e  same day, February 4 ,  1985. During t h e  

second h e a t i n g  season ,  the Hood River  area peak occurred  on November 25, 

1985, and the PP&L peak occurred  on December 13, 1985. A s  d i s e u s s e d  i n  

Sect.  4.4,  the weather  f o r  t h e s e  days v a r i e s  from d a i l y  minimum tempera- 

tures. of C)*F on February 4 to 8 and 13'F on November 25 and December 13, 



r e s p e c t i v e l y .  The r eg res s ion -based  weather-normalizat ion uethod de-  

s c r i b e d  i n  Sect .  3 . 1  was, t h e r e f o r e ,  used to estimate the d i v e r s i f i e d  

l o a d  t h a t  would have occur red  b e f o r e  the  c o n s e r v a t i o n  program f o r  t h e  

weather  t h a t  occu r red  on November 25 and December 13, 1985. The l o a d s  

€ o r  t h e s e  days are shown i n  Figs.  5.24 and 5.25. Th i s  weather-normalized 

comparison shows t h e  p o s t c o n s e r v a t i o n  load  t o  be lowered by 0.56 kW/ 

household on the  Hood River  area peak day and by 0.52 k\J/household on the 

PP&L peak day. The t i m e  of t he  peak appears t o  advance by 15 t o  30 min 

as w e l l .  

F i g u r e s  5.26 and 5.27 show t he  d i f f e r e n c e  between s i n g l e - f a m i l y  

holnes and mobile hones on Fcbruary 4 ,  1985, and December 13, 1985, 

r e s p e c t i v e l y .  On bo th  days ,  t h e  mobile home d i v e r s i f i e d  load was h i g h e r  

than t h e  s i n g l e - f a m i l y  home d i v e r s i f  i d  load d u r i n g  the morning peak 

hours ,  by -1.9 kid i n  February arid 1.4 kW i n  December. I n  December t h e  

mobile home evening load  was a l so  h igher  a l t h o u g h  it was about  t he  same 

i n  February.  

The r e l a t i o n s h i p  between homes heated main ly  by el e c t r i s i t y  and 

t h o s e  hea ted  mainly by wood on peak days a l s o  appears unchanged between 

t h c  ~ W Q  s e a s o n s  (F igs .  5.28 and 5.29). On both peak days ,  t h e  e l e c t r i -  

c a l l y  hea ted  home d i v e r s i f i e d  load peaks are >3 kW/househoLd h i g h e r  t han  

t h e  wood-heated home d i v e r s i E i e d  load peaks. 
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Fig. 5.25. Diversified total residential load on PP&L system peak 
day, Dec. 13, 1985, weather-normalized using regression model. 
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Fig .  5.26. D i v e r s i f i e d  t o t a l  residential load o n  Feb, 4 ,  1985, 
(PP&L system and Hood River area peak day)  f o r  single-family and rnobi le  
hoines e 
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Fig. 5.27. Diversified total r e s i d e n t i a l  load on Dec. 13, 1985, 
(PP&L s y s t e m  peak day) f o r  s i n g l e - f a m i l y  and mobi le  homes. 
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Fig. 5.28. Diversified total residential load on F e b .  4 ,  1985, 
(PP&L system and Hood River  area peak day) for wood-heated and 
electrically heated homes. 
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Fig. 5.29, Diversified total residential load on Nov. 25, 1985, 
TIME OF M Y  

(Hood River area peak day) for wood-heated and electrically heated 
homes. 
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6 .  CAPACITY AND D I V E R S I T Y  FACTORS 

Load d i v e r s i t y  occurs when t h e  t o t a l  connected load i s  n o t  o p e r a t e d  

a l l  of t he  t i m e  and customer use  p a t t e r n s  vary.  There are a number of 

common measures of load d i v e r s i t y .  A d i v e r s i t y  f a c t o r  is t h e  r a t i o  of 

t h e  sum o f  t h e  i n d i v i d u a l  maximum demands of v a r i o u s  system s u b d i v i s i o n s  

to  t h e  maximum demand sE t h e  whole syslcm and i s  a lways  e q u a l  t o  O K  

greater t han  one. The c o i n c i d e n c e  f a c t o r  i s  t h e  r e c i p r o c a l  of t h e  d i v e r -  

s i t y  f a c t o r .  The peak c o n t r i b u t i o n  f a c t o r  of a s u b d i v i s i o n  of the system 

is  t h e  demand of t h a t  s u b d i v i s i o n ,  a t  the time of occur rence  of t h e  maxi- 

mum system demand, d i v i d e d  by t h e  maximum system demand. These d e f i n i -  

t i o n s  are i l l u s t r a t e d  i n  F ig .  6.1. The load f a c t o r  is t h e  ave rage  load  

d i v i d e d  by t h e  maximum load  and can be calculated f o r  any system O F  

system s u b d i v i s i o n .  Note t h a t  a l l  of  these d e f i n i t i o n s  produce a s i n g l e  

number t h a t  depends on the r e l a t i v e  maxima of load cu rves .  Th i s  depend- 

ence r e f l e c t s  the requirement   hat adequate r e s o u r c e s  iiiust be a v a i l a b l e  

t o  serve t h e  maximuu demand on the system and any of i t s  s u b d i v i s i o n s . 1 °  

Because all of these f a c t o r s  are peak re la ted ,  they  were c a l c u l a t e d  

f o r  t h e  t h r e e  peak days of i n t e r e s t :  February 4 ,  1985 (preretrofit), 

T* 
VlME 

F i g .  6 . 1 .  Capac i ty  and d i v e r s i t y  f a c t o r  d e f i n i t i o n s .  
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when the t o t a l  PP&L system peaked from 8:OO t o  9:00 a.m. and t h e  Hood 

River  area peaked from 9:OO t o  1O:OO a . m . ;  November 25, 1985 ( p o s t -  

r e t r o f i t ) ,  when t h e  Mood River  area peaked froin 7:OO t o  8 : O O  a .m. ;  and 
December 13, 1985, when t h e  PP&L system peaked from 8:OO t o  9:OO a.m. 

Usjing t h e  u s e r  groups d e f i n e d  l n  Sect.  5.2.3 as load  s u b d i v i s i o n s ,  

Tables  6.1-6.3 summarize t h e s e  f a c t o r s  for  t h e  monitored custoiners.  

Table  6 .1  shows t h e  co inc idence  and d i v e r s i t y  f a c t o r s  f o r  rhe monitored 

customers d i v i d e d  accord ing  t o  dwel l ing  t y p e ,  main h e a t i n g  f u e l ,  and 

homes hea ted  e x c l u s i v e l y  w i t h  e l e c t r t c l t y .  A l l  of t h e s e  f a c t o r s  are very  

c l o s e  to 1.0, ind ica t - ing  t h a t  t h e  d i v e r s i f i e d  load of each subgroup 

(e.g., s ing le- fami ly  and mobile homes) peaks a t  about t h e  same t i m e  

(F ig .  5.27).  The c o n s e r v a t i o n  program a p p a r e n t l y  had no e f f e c t  on t h i s  

Table 6.1. Coincidence and d i v e r s i t y  f a c t o r s  f o r  PP&L 
system and Hood River  a r e a  peak days 

F a c t o r s  
P o s t r e t r o f i t  P r e r e t r a f  i t ,  

4' 1985 Nov. 25, 1985 Dec. 13, 1985 

b 
Dwelling" 
Main h e a t i n g  f u e l  
E l e c t r i c a l l y  hea ede 
I n d i v i d u a l  homes 2 

b 
~w e 11 i nga 
Main h e a t i n g  f u e l  
E l e c t r i c a l l y  hea edc 
I n d i v i d u a l  homes d 

0.97 
0.99 
0.98 
0.56 

0.98 
0.99 
1,QO 
0.51 

Dive P G C ~ Y  factors 
1.Q3 1.Q2 
1,01 1.01 
1.02 1.00 
1.79 1.98 

0.98 
1.00 
0.98 
0.48 

1.02 
1.00 
1.02 
2 - 0 7  

%ompares d i v e r s i f i e d  load  of s i n g l e - f a m i l y  d w e l l i n g s  w i t h  t h e  

'Compares d i v e r s i f i e d  load of homes heated lnastly by e l e c t r i c i t y  

'Compares d i v e r s i f i e d  load  of homes heated e x c l u s i v e l y  by 

'Each customer is t r e a t e d  as a load s u b d i v i s i o n .  

d i v e r s i f i e d  load o f  mobile homes. 

to the d i v e r s i f i e d  load  of homes heated  most ly  by wood. 

e l e c t r i c i t y  with chat  of a l l  o the r  homes. 
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T a b l e  6.2. C o n t r i b u t i o n  fac.t.ors Eoc P P & I ,  sy s t em 
and tiood R i v e r  a r e a  p e a k  d a y s  

Dve 11 i ng t y p e  
and 

main f u e l  

Feb. 4 ,  1985 Feb .  4 ,  lYb5 Nov. 2 5 ,  1985 Dec. 1 1 ,  1985 
9 : O O  a.m. 1O:OO a.m. 8 :00  a.m. 9 : O U  a.!u. 

D w e l l  i n g  t y p e s “  

S i n g l e  f a u i  Ly 0.80 0.8U 0. nu 
Mobi le  homes 0.17 0.16 0.17 

0.7Y 
0.18 

Main h e a t i n g  file1 

E l e c t r i c i t y  0.72 u . 7 2  0.73 0.78 
Wood 0 .27  0.28 IJ. 27  0.30  

Dwe L 1 i ng t y p e s  

S i n g l e  f a m i l y  33 
t l o b i l e  ho~ues 32 

Main  h e a t i  n g / f w l  

E l e c t r i c i t y  39 
Wood 2 3  

33 
31 

39 
23 

3 3  
33 

‘3 3 
35 

39 37 
23 26 

nDwelling t y p e  f a c t o r s  do not  add u p  t o  1.U0 because  of the small  .amount 
of r n r i l  t i  f ami 1 y load  s . 

Table 6.3. Load f a c t o r s  f o r  P P & L  s y s t e m  and 
Hood K i v e r  aced  peak d a y s  

Load g r o u p s  k’eb. 4 ,  1Y85 Nov. 2 5 ,  1985 Der. 13, 1985 

Total .  d i v e r s i f i e d  load u .  02  0. b5 

Dwe 11 i ng t y p e  

S i n g l e  f a m i l y  
M o b i l e  hornes 

Main h e a t i n g  f u e l  

E l e c t i i c i  t y  
Wood 

0.63 0.65 
0.51 0.00 

0.63  0.65 
0.57 0.6J 

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

E l e c t r i c i t y  o n l y  0.65 0.72 
E l e c t r i c i t y  a n d / o r  wood 0. bO 0. b2 

0. b2 

0.62 
0.55 

0.63 
0.59 

0.61; 
0.58 
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high degree of coincidence among the var ious  user groups,  a f a c t  demon- 

s t r a t e d  by comparing Figs. 5.26 and 5.27 and Figs. 5.28 and 5.29. How- 

ever,  t he  d i v e r s i t y  f o r  each customer t r e a t e d  as an ind iv idua l  load 

subdiv is ion  increased between the peak days of the  f i r s t  and second 

seasons,  with the  coincidence f a c t o r  dropping from 0.56 t o  0.51 and 0.48. 

Contr ibut ion  f a c t o r s  (given i n  Table 6.2 f o r  the four peak hours)  

were ca l cu la t ed  t o  ref lect  the  po r t ion  of t h e  monitored r e s i d e n t i a l  load 

a t t r i b u t a b l e  t o  each load subdiv is ion  a t  the t i m e  of the sys t em (o r  a rea )  

peak, Single-family homes are seen t o  c o n t r i b u t e  -80% of the monitored 

r e s id , en t i a l  load; mobile homes account f o r  -17%. However, when the con- 

t r i b u t i o n  f a c t o r s  were divided by the number of households i n  each group, 

mobile and s ingle-family homes were seen t o  be about equal in t h e i r  con- 
t r i b u t i o n  t o  the sys t em peak load. The con t r ibu t ion  f a c t o r s  f o r  dwelling 

type groups were unaf fec ted  by the program. E l e c t r i c a l l y  heated homes as 

a group appeared to con t r ibu te  about t h ree  times as much demand a t  t he  

r im  o f  the  peak load as wood-heated homes. However, on a p e r  home 

b a s i s ,  the  e l e c t r i c a l l y  heated home con t r ibu t ions  were less than twice as 

l a r g e  as those of wood-heated homes. There was a very s l i g h t  s h i f t  i n  

con t r ibu t ion  f a c t o r s  during the second season PP&L peak toward increased 

e l e c t r i c i t y  use  i n  wood-heated homes. This s l i g h t  i nc rease  may r e f l e c t  

t he  higher  e l ec t r i c i ty  savings f o r  the e l e c t r i c a l l y  heated homes. How- 

e v e r ,  t he  change i s  too small t o  reach any d e f i n i t i v e  conclusions.  

Load f a c t o r s  f o r  the th ree  peak days f o r  the t o t a l  d i v e r s i f i e d  load 

and f o r  var ious  user  groups are shown i n  Table 6 . 3 .  A hPgher load f a c t o r  

i n d i c a t e s  a f l a t t e r ,  more-uniform load p r o f i l e .  A lower load f a c t o r  

r e f l e c t s  a load with a high peak but with a lower average load. As ex- 

pected ,  those homes heated exc lus ive ly  with e l e c t r i c i t y  show the  b e s t ,  o r  

h i g h e s t ,  load f a c t o r s .  Mobile homes, with low mass fo r  thermal s t o r a g e ,  

show the lowest: load f a c t o r s .  There appears t o  be a not iceable  improve- 

ment i n  the Inobtle home load f a c t o r s  following the program al though,  

again, the  weather d i f f e r e n c e s  between the. peak dags could account €or  

t h i s  improvement. Homes heated exc lus ive ly  with e lectr ic1 ty also showed 

improvement. Other groups were r e l a t i v e l y  unchanged. 
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7. A POTENTIAL NEW APPROACH TO CONSEKVATION 
AS LOAD R E L I E F  

7 .1  I n t r o d u c t i o n  - 

Conse rva t ion  is promoted as a n  a l t e r n a t i v e  t o  the c o n s t r u c t i o n  of 

n e w  power-producing f a c i l i t i e s .  A s  d i s c u s s e d  el.sewliere i n  t h i s  r e p o r t ,  

one o f  t h e  main f o c u s e s  of WKCP was t:o q u a n t i f y  t h e  load r e l i e f  achicu-  

a b l e  by a v igo rous  c o n s e r v a t i o n  program. The a n a l y s i s  of t h e  load  

s a v i n g s  i n  t h i s  r e p o r t  has fol lowed the  t r a d i t i o n a l  p a t h  of exanlining on 

s y s t e m  peak days t h e  d i v e r s i f i e d  r e s i d e n t i a l  l o a d s  b e f o r e  and a f t e r  con- 

s e r v a t i o n  r e t r o f i t s .  However, t1ai.s approach does not  adequat:eJ.j a d d r e s s  

t h e  n a t u r e  of a c o n s e r v a t i o n  r e source .  

Power-producing f a c i l i t i e s  may be turned on o r  o f f  a t  t he  u t i l i t y ' s  

direct . i .on t o  ineet t h e  needs o r  demands of t h e  ciistoroers composing t h e  

t o t a l  system. Some forms of r e s i d e n t i a l  load r e l i e f  systems are a l s o  

c o n t r o l l e d  by t h e  u t i l i . t y  ( c . g . ,  when a i r  c o n d i t i o n e r s  or water h e a t e r s  

are remotely i n t e r r u p t e d  ak times of s y s t e n  peak h a d s ) .  Conse rva t ion ,  

on t h e  o t h e r  hand, i s  nond i spa tchab le  a d  cannot  be c o n t r o l l e d  by t h e  

u t i l i t y .  It  is  based on t h e  i n d i v i d u a l  responses of a l a rge  number of 

small. u s e r s  who may, o r  may n o t ,  elect t o  use e l e c t r i c i t y  a t  any l e v e l  a t  

any t i m e .  

Using the d i v e r s i f i e d  load of a l a r g e  number of customers  h e l p s  t o  

i r o n  o u t  the v a r i a t i o n s  of i n d i v i d u a l  households.  However, t h e r e  i s  

s t i l l  the p o s s i b i l i t y  t h a t  many customers w i l l  r a i s e  t h = i r  thermostats  on 

the c o l d e s t  day of t h e  year o r  t h a t  homeowners who have b i . i r i ~ d  wood a l l  

s eason  may dec ide  t h a t  t hey  would r a t h e r  not  v e n t u r e  through t h e  b l i z z a r d  

t o  the  wood p i l e  when they  can t u r n  on their baseboard h e a t i n g  systems 

i n s t e a d "  I n  other  words t h i s  a n a l y s i s  i d e n t i E i e s  s a v i n g s  ach ieved  

d u r i n g  the  w i n t e r  O F  1985/86 bu t  cannot  s a y  with what: degree of a s s u r a n c e  

t h i s  behav io r  w i l l  be r epea ted  i n  subsequent  years. 

The rest: of t h i s  s e c t i o n  d e s c r i b e s  a proposed new, and perhaps more 

conv inc ing ,  approach toward e v a l u a t i n g  the impact of c o n s e r v a t i o n  on 

u t i l i t y  load  f o r e c a s t i n g .  It is hoped t h a t  Ehis  p roposa l  will.  genera te  
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d i scuss ion  and f u r t h e r  s tudy of the  p o t e n t i a l  of conserva t ion  t o  provide 

capac i ty ,  as w e l l  as energy, savings.  

7.2 One Proposed Ana lys i s  Method 

One way of co r rec t ing  the load r e l i e f  estimates t o  more accura t e ly  

reflect r e a l i t y  may be to s t r u c t u r e  them i n  a p r o b a b i l i s t i c  fashion.  

Such an approach has been used to  estimate the expected value of outages 

and t h e  consumer i n t e r r u p t i o n  c o s t s  based on the  p r o b a b i l i t y  d i s t r i b u t i o n  

of ou tages . l l  

the p r o b a b i l i t y  d i s t r i b u t i o n s  of load savings as a func t ion  of time-of- 

day,  outdoor temperature ,  and day of the  week. These func t ions  would 

then need t o  be combined with similar func t ions  desc r ib ing  the  probable 

t iming of the  system peak. 

For t h i s  a p p l i c a t i o n ,  t he  method would need t o  cons ider  

An i n i t i a l  a t tempt  t o  demonstrate how t h i s  method could be appl ied 

using the  HRCP d a t a  base 1s shown i n  Figs.  7.1 and 7.2. A d i s t r i b u t i o n  

of peak times f o r  the d i v e r s i f i e d  r e s i d e n t i a l  loads was generated by 

u s i n g  the weather-normalized sets of similar days t o  sc reen  for the  peak 

OWL-DWG 87-7505 

7:OO 1 0 0  9:M) 1O:oO 18:OO ROO 8:OO SO0 1000 la00 

TIME 
t------ 1984/19BS ___1 i------ W ~ S / Y ~ ~ E  ---i 

Fig. 7.1. P r o b a b i l i t y  d i s t r i b u t i o n  of t he  t i m e  of the  d a i l y  peaks 
of the  d i v e r s i f i e d  r e s i d e n t i a l  load. 
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ORNL-DWG 8 7 - 7 5 0 6  

60 I P E G E R I O D  

50 - EVEN INC 

I 

10 1 I 

MORNING 

O1 1 6  2 4  32 40 48 1 6  2 6  37 A0 A8 

F ~ 1984/1985 ~ 1 k 1985,/1986 4 
AIR TEUPERATUKL (F)  

F ig .  7.2. Probability d i s t r i b u t i o n  of t h e  o u t s i d e  dry-bulb tem- 
perature  a t  the t iae  of t h e  d a i l y  peak, sho rn  acco rd iug  to  the  time of 
t h e  peak. 

l o a d  on each day (Fig.  7 .1) .  T h i s  d i s t r i b u t i o n  shows t h a t  most of t h e  

r e s i d e n t i a l  peaks occur a t  about 7:OO a.m. During the  second scason, 

however, the lat-e morning pcC~ks  were more even ly  d i s t r i b u t e d  t h a n  i n  t he  

f i r s t  season. A d i s t r i b u t i o n  r e l a t i n g  t-he time of t h e  peak t o  the  out-  

door t empera tu re  a t  t ha t  t ime is  showii in F i g .  7.2. This d i s t r i b u t i o n ,  

based on a sma l l  f r a c t i o n  of the d a t a  available, may show a trnd::ncy 

toward later morning peaks on c o l d e r  days (perhaps caused by longe r  

f u r n a c e  c y c l e  times ). 

F u r t h e r  work could develop s imi la r  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  t h e  

load  s a v i n g s  f o r  d i f f e r e n t  t imes of day ,  d i f f e r e n t  s e a s o n s ,  etc. ‘The end 

r e s u l t  of such  an appruach would be a wocc r e l i a b l e  esti,maie o f  the  load 

relief a c h i e v a b l e  a t  systeiu peak times through c o n s e r v a t i o n  e f f o r t s .  
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8. CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

The weather-normalized d i v e r s i f i e d  r e s i d e n t i a l  load s a v i n g  on t h e  

PP&Z system and Hood River  area peak days was >0.5 kW/household. 

load  d i s t r i b u t i o n  a l s o  shows a s i g n i f i c a n t  r e d u c t i o n  i n  both peak load  

level:; and i n  t h e  amount of t i m e  s p e n t  a t  h i g h e r  loads .  The average l o a d  

s a v i n g s  was -8.4 kW/household throughout  t h e  w i n t e r  season ,  December- 

February.  The s p r i n g ,  summer, and f a l l  s a v i n g s  were much less, -0.1 kW/ 

household.  Savings f o r  s ing le- fami ly  homes heated mainly wi th  e l e c t r i c i t y  

were h i g h e r ,  averaging  0.6 kW/household i n  t h e  w i n t e r  season,  

The 

The load  f a c t o r  of t h e  d i v e r s i f i e d  r e s i d e n t i a l  load  decreased  f o l -  

lowing t h e  c o n s e r v a t i o n  r e t r o f i t s  because of peak-load s a v i n g s  t h a t  a r e  

p r o p o r t i o n a l l y  less than  t h e  average load savings.  To avoid t h i s  e f f e c t ,  

a c o n s e r v a t i o n  program may need t o  i n c l u d e  HVAC equipment and a p p l i a n c e  

improvements i n  a d d i t i o n  t o  t h e  w e a t h e r i z a t i o n  r e t r o f i t s  used i n  

Such equipment improvements would be l i k e l y  t o  reduce t h e  maximum demand 

p e r  household,  which was r e l a t i v e l y  u n a f f e c t e d  by t h e  HRCP w e a t h e r i z a t i o n  

improvements. 

Examination of t h e s e  load  d a t a  s u g g e s t s  t h a t  load  r e d u c t i o n s  a t t r i b -  

u t a b l e  t o  t h e  HRCP r e t r o f i t s  i n c r e a s e  w i t h  d e c r e a s i n g  ambient tempera- 

t u r e .  Thus, &he p r o j e c t  reduced t h e  e lec t r ic  system's  s e n s i t i v i t y  t o  

co ld  weather.  

S ingle- fami ly  home s a v i n g s  were almost  twice as l a r g e  as those 

achieved i n  mobile homes, a l t h o u g h  t h e  pre-program e lec t r ica l  loads  are 

comparable. S ingle- fami ly  homes saved an average of 24% of t h e i r  space 

h e a t i n g  energy compared w i t h  only  8% f o r  t h e  mobile homes. This  r e f l e c t s  

t h e  i n h e r e n t  d i f f i c u l t y  i n  apply ing  w e a t h e r i z a t i o n  r e t r o f i t s  to mobile 

homes ( a l s o  shown by t h e  lower investment  l e v e l s ) .  Research i n  new 

c o n s e r v a t i o n  methods or b u i l d i n g  s t a n d a r d s  f o r  mobile homes would appear  

t o  be warranted.  

The load  s a v l n g s  f o r  homes heated mainly by wood ( a s  i n d i c a t e d  i n  

homeowner q u e s t i o n n a i r e s )  are less than one- th i rd  of t h e  s a v i n g s  for  

e l e c t r i c a l l y  hea ted  homes. T h e r e f o r e ,  t h e s e  wood-heated homes should  be 
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excluded from any program where t h e  o b j e c t i v e  i s  sav ing  e l e c t r i c i t y .  

However, s a v i n g s  i n  homes where t h e  e l ec t r i c .  h e a t  may be supplemented 

wiLh wood hea t  arc. not s i g n i f i c a n t l y  less than  s a v i n g s  i n  

e x c l u s i v e l y  w i t h  e l e c t r i c i t y  (0 .62  v s  0.6'3 kW), and thesp 

not  be excluded.  Wood-stove hea t  o u t p u t  WJS a l s o  reduced 

so t h a t  improved a i r  q u a l i t y  may be a s i d e  product  o f  Llic 

program a l t h o u g h  a i s  q u a l i t y  was not measured- Al-90 ,  thy  

t r i b u t i o n  of wcod-heated 1lOr17P:; would n e a r l y  double  i f  the 

t o  K ~ ~ U ~ I I  t o  t h e  use of e l e c t r i c  h e a t .  I n c l u s i o n  of such 

home s hen t t t d  

hones shou ld  

by t h P  program 

cons e r v a t i o  il 

peak-load con- 

occupan t s  chosc 

hoiaes i n  con- 

s c r v a t i o n  prograins may, t h e r e f o r e ,  s e r v e  a5 a form of i n s u r a n c e  a g d i n s t  

sudden Parge r e s i d e n t i a l  load i n c r e a s e s  i n  the  f u t u r e .  

Prograinmatic s a v i n g s  measurcments on t he  iaori i t o r e d  f e e d e r  were 

hampered by s e v e r a l  c o n f o u n d i n s  f a c t o r s .  Overa l l ,  the feedfli- loads  de- 

c reased  by a ve ry  small amount d u r i n g  t h e  f a l l  and winter  arid i n c i e a s e d  

d u r i n g  t he  s p r i n g  and summer. R e l a i i o n s h i p s  between d e c r e a s e s  i n  f e e d e r  

l oad  and r e s i d c u t i a l  end-use saviiags could not  be aqcei i - ~ i  ncd bec%use of 

t h c  small s i z e  of t h e  change i n  f e e d e r  load, t he  unmcasured cornlnercial 

l o a d s ,  and the t i ming of t he  r e s i d e n t i a l  r c t r o f  i t s ,  

8.2 Fu tu re  Xesearch Direc!:ions 

The huge amounts of i n f o r m a t i o n  c o l l e c t e d  f o r  t h i s  load stiudg. c o u l d  

be used t o  p rov ide  much more knowledge about  c o n s e r v a t i o n  mechanisms than 

has  been a v a i l a b l e  b e f o r e ,  T h i s  e v a l u a t i o n  focused  on the r e s u l t s  

a c h i e v a b l e  from the  HKCP approach of maximum uiarket p e n e t r a t i o n  t o  e v e r y  

home wi th  i n s t a l l e d  e l ec t r i c  space h e a t i n g  equipment. T h e r e f o r e ,  a l -  

though s o w  d i s a g g r e g a t i o n  acco rd ing  to  housing t y p e  w a s  i nc luded  i n  t h i s  

a n a l y s i s ,  much w ~ c e  is p o s s i b l e  and shoulil be pursued. More s t u d y  of 

e l e c t r i c a l l y  hea ted  s i n g l e - f a m i l y  homes would c e r t a i n l y  be i iseful .  These 

homes are most f r e q i i e n t l y  t a r g e t e d  by c o n s e r v a t i o n  programs because t h e i r  

sav.ings p o t e n t i a l  i s  u s u a l l y  larger t han  t h a t  of other  I-noraes. For  exam- 

p l e ,  the regression-based weather n o r m a l i z a t i o n  could be opt:imized f o r  

t h i s  group of houses, p e r m i t t i n g  a c l o s e r  examinat ion of t h e i r  behav io r  

on system peak days. A more d e t a i l e d  examinat.i.on of "occas iona l i '  wood 

users  could y i e l d  u s e f u l  a p p l i c a t i o n  g u i d e l i n e s  f o r  u t i l i t i e s  t o  u s e  when 
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t a r g e t i n g  programs for maximum c o n s e r v a t i o n  r e s u l t s .  F u r t h e r  disaggrega-  

t i o n  may p e r m i t  estimates of p o t e n t i a l  s a v i n g s  on d i s t r i b u t i o n  t r a n s -  

formers  I 

Commercial l o a d s  and many n o n - e l e c t r i c a l l y  h e a t e d  homes s u p p l i e d  by 

t h e  monitored f e e d e r  were monitored beginning i n  February 1986. A care- 
f u l  combinat ion of t h i s  load  d a t a  (once a f u l l  winter's d a t a  have been 

c o l l e c t e d )  wi th  p a s t  b i l l i n g  h i s t o r i e s  may p e r m i t  f u r t h e r  i n v e s t i g a t i o n  

of t h e  e f f e c t  of HRCP on f e e d e r - l e v e l  loads .  A more d e t a i l e d  examinat ion 

o f  t h e  r e s i d e n t i a l  customers  on t h e  f e e d e r ,  f o r  example, de te rmining  what 

p o r t i o n  o f  them uses s i g n i f i c a n t  amounts of wood h e a t ,  d g h t  a l s o  be 

u s e f u l  i n  e x p l a i n i n g  why t h e  changes between seasons  were so small. 

B p o s s i b l e  new approach has been in t roduced  t o  help  q u a n t i f y  con- 

servat ion-based load  relief f o r  u t i l i t y  load  p lanners .  T h i s  t r e a t m e n t  

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

them i n  a r ea l i s t i c  manner t h a t  may improve t h e  r e l i a b i l i t y  and accept- 

a b i l i t y  of f o r e c a s t s  based on t h e  use o f  c o n s e r v a t i o n  f o r  l o a d  r e l i e f .  

This  concept  has  been  a n l y  s k e t c h i l y  in t roduced  i n  t h i s  a n a l y s i s  and i s  

worthy of f u r t h e r  development. The Hood River  d a t a  base is l a r g e  enough 

t o  provide a b a s i s  f o r  t h i s  development. 

The water h e a t e r  da ta  should be examined t o  de te rmine  which of t h e  

two water h e a t e r  s a v i n g s  measures,  t h e  water h e a t e r  wrap or  t h e  low-flow 

shower heads ,  is t h e  most e f f e c t i v e .  This  could be done by examining the 

t i m e  d i s t r i b u t i o n  of t h e  water h e a t e r  s a v i n g s  ( i .e.> comparing t h e  sav- 

i ngs  d u r i n g  and immediately fo l lowing  t h e  high-use p e r i o d s  t o  t h e  s a v i n g s  

t h a t  are more c o n s t a n t  throughout t h e  day). 
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Appendix A 

WEATHER NORMALIZATION, KEGRESSION TEST KESULTS 

Four models, a l l  based on t h e  r e s u l t s  of m u l t i v a r i a t e  l h e a r  

r e g r e s s i o n s  and d i s c u s s e d  i n  Sect .  3 * l ,  were developed f o r  weather- 

n o r m a l i z a t i o n  purposes .  A l l  four  models were t e s t e d  for a u t a c o r r e l a t t o n  

by us lng  the Ourbin-Watson tes t ,  and no evidence  o f  a u t o c o r r e l a t i o n  was 

d e t e c t e d .  

The model f o r  weekday n i g h t s  had an a d j u s t e d  R2 of 0.985.. 

trhe independent  v a r i a b l e s  were s i g n i f i c a n t  above the 99.9% l e v e l  as 

judged by t h e  t test. 

0.971, and a l l  of t h e  v a r i a b l e s  were s i g n i f i c a n t  above t h e  99.9% l e v e l  

except. for the 30-min lagged solar v a r l a b l e ,  which was s i g n i f i c a n t  a t  the 

98.2% l e v e l .  

and all of t h e  v a r i a b l e s  were s i g n i f i c a n t  above the 99.9% level. The 

model f o r  weekend days had an a d j u s t e d  R2 of 0.962, and a l l  Q E  t h e  v a r i -  

a b l e s  were s i g n i f i c a n t  at  the 99.9% l e v e l  except f a r  t h e  dummy midday 

v a r i a b l e  a t  99.5% arid t h e  SIN3 term a t  85%. 

A l l  o f  

The model f o r  weekday days had an a d j u s t e d  R2 of 

The model. f o r  weekend n i g h t s  had an a d j u s t e d  R2 of 0.978, 

The residuals are p l o t t e d  a g a i n s t  the p r e d i c t e d  v a l u e s  f o r  t h e s e  

f o u r  models i n  Figs .  A.14.4. They are p l o t r e d  a g a i n s t  date- t ime i n  

F igs .  A. 5-A. 8 .  
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Fig. A.4. Model 29 ,  weekend days,  res iduals  vs  predicted values.  



66 

............. 
----T-- - --r-------.------ 

-0.8 -I-...-_ 

. 0.4 

3 
I 3 0.0 - I  fi !w 

. .  -0.4 

. . 
* *  

........ 
9- -0.8 4, ----r-------.---. 

DEC 1.84 JAN 1, BCI FEB Ir 85 M?SR1,&91 

F i g .  A.5. Model 19 ,  weekday n i g h t s ,  r e s i d u a l s  vs date-time, 

........ ._I .--- _ -._ “I- 



67 

DRNL-DWG 87-7477 

+ 
b 

* *  

* *  * 
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Appendix B 

W EATHEE: NORMALIZAT 10N REGRESSION-PLOT EXAMPLES 

Figures  B,1--11.7 cornpare 1 week ( t h e  first week i.ii F e b r u a r y  1985) of 

t h e  diversified load generated by us ing  the regress ion  model t o  the 

ac tua l  d i v e r s i f i e d  load  f o r  t h a t  period. 

OWL-DWG a1-74m 

... _ _  .. -- ................ .- 

UlDNlGHT 6 A U  NOON 6pLl MIDNIGHT 
TIME OF DAY 

Fig. B.1. Actual load vs load est imated by regression model, 
F r iday ,  Feb. 1, 1985. 
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Fig. B.2. Actual load vs load est imated by regression model, 
Sat:urday, Feb. 2 ,  1985. 
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Fig. B . 3 .  Actual load vs  load estimated by r e g r e s s i o n  model, 
Sunday, Peb. 3, 1985. 
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Fig. B . 4 .  Actual load 8 s  load estimated by regression model, 
Monday, Feb. 4 ,  1985. 
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Fig. B.5. Actual. load vs load estimated by regression model, 
Tuesday, Feb. 5, 1985. 
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Fig .  B.6 .  Actual load vs load estimated by regression model, 
Wednesday, Feb. 6, 1985. 
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Fig .  B . 7 .  Actual load vs load estlimated by regression model, 
Thursday, Feb. 7 ,  1985. 
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Appendix C 

WEATHER NORMALIZATION, SIMILAR-DAYS COMPARISONS 

The s imi l a r -day  s e l e c t i o n  p r o c e s s  w a s  d e s c r i b e d  i n  Sect .  3.2. T h i s  

appendix i n c l u d e s  p l o t s  f o r  weather  v a r i a b l e s  c o n s i d e r e d  when choos ing  

these groups of similar days. The similar days chosen t o  r e p r e s e n t  t h e  

s p r i n g ,  summer, and autumn seasons  a r e  l i s t e d  i n  Tab les  C.l-G.3. F i g u r e s  

C .  1-C.7 show a l l  weather v a r i a b l e s  t e s t e d  f o r  t h e  w i n t e r  s imi l a r -day  

groups.  F igures  C.8-6,15 show t h i s  same i n f o r m a t i o n  for  the  s p r i n g  

s imi l a r -day  g roups ,  Figs .  Ce16-C,23 f o r  f a l l ,  arid Figs .  C . 2 4 4 . 3 1  f o r  

summer. 

Two similar c o l d  days ,  J anua ry  16, 1985, and Janua ry  15, 1986, and 

two similar hot days ,  August 9 ,  1984, and J u l y  26,  1985, were a l s o  chosen 

for comparison. Pl(3ts f o r  t h e s e  days are a l s o  inc luded  ( F i g s ,  C.32-C.44). 

F i g u r e s  C. 4 5 C ,  47 compare t h e  ou tdoor  air t empera tu re  d i s t r i b u t i o n s  

f o r  thie  s e l e c t e d  days w i t h  t h o s e  of t h e  whole p e r i o d s  f o r  autumn, s p r i n g ,  

and summer. 

T a b l e  C.1. S p r i n g  days chosen f o r  cornparison 

Pe r iod  Date 
Average Minimum 

Day t empera tu re  t empera tu re  
( O F )  ( " P I  

Be fo re  May 6 ,  1984 Sunday 48 38 
A f t e r  Mar. 2 ,  1986 Sunday 48 33 

Before Mar. 12, 1985 Tuesday 42 32 
A f t e r  Mar. 25, 1986 Tuesday 44 35 
Before  May 1, 1984 Tuesday 49 4 3  
A f t e r  Mar. 18, 1986 Tuesday 49 44 

A f t e r  Mar. 12,  1986 Wednesday 45 38 

A f t e r  Mar. 30, 1986 Thursday 51 37 
Before May 11, 1984 F r i d a y  55 47 
A f t e r  Mar. 28, 1986 F r i d a y  55 44 
Before  May 19, 1984 Sa tu rday  5s 47 
A f t e r  Mar. 29,  1986 Sa tu rday  56 4 3  

Before  May 21, 1984 Monday 49 36 
A f t e r  Mar. 10, 1986 Monday 48 42 

Before May 2, 1984 Wednesday 47 41 

Before May 31, 1984 Thursday 51 40 

- 
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T a b l e  C.2. Summer d a y s  chosen  f o r  compar ison  

Average FlinxlK&lm 

(OF) (OF) 
P e r i o d  Date  Day t e m p e r a t u r e  t e m p e r a t u r e  

B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
Af t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  

J u l y  15, 1984 
J u l y  28, 1985 
June  25 ,  1984 
J u l y  29, 1985 
J u l y  2 ,  1984 
Aug. 5, 1985 
J u n e  26, 1984 
J u l y  30, 1985 
Aug. 28, 1984 
Aug. 27, 1985 
J u l y  4 ,  1984 
Aug. 14 ,  
J u n e  13 ,  
Aug. 21, 
J u n e  14 ,  
Aug. 29, 
J u n e  28 ,  
J u l y  31, 
J u l y  20 ,  
Aug. 2 ,  
J ~ l y  27, 
Aug. 1 ,  
J u l y  14 ,  
Aug. 1 7 ,  
J u n e  30, 
Aug. 31, 

J u l y  26, 
h s .  9. 

1985 
1984 
1985 
1984 
1985 
1984 
1985 
1984 
985 
1984 
985 
1984 
1985 
1984 
1985 
981ba 
1985a 

Sunday 
Sunday 
Monday 
Monday 
Moiiday 

Tuesday 
Tuesday 
Tuesday 
Tuesday  
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Thursday  
Thursday  
Thursday  
Uednesday 
F r i d a y  
F r i d a y  
F r i d a y  
Thursday  
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  
Thursday  
F r i d a y  

Monday 

76 
7 7  
71 
76 
67 
67 
64 
62 
62 
64 
73 
69 
60 
59 
65 
62 
68 
63  
64 
66 
6 8  
63  
70 
71 
60 
60 
76 
78 

100 
IO0 
86 
84 
78 
79 
69 
66 
7b 
74 

89 
72 
70 
79 
78 
78 
79 
76 
1 3  
76 
72 
94 
90 
74 
75 
91 
94 

8 7  

+hew d a y s  c h o s e n  for a hot-day compar ison .  

Table C.3. Autumn d a y s  chosen  €o r  compar ison  

P e r i o d  Date 
Average Mintmum 

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

B e f o r e  
A f t e r  
6ef  o r e  
After 
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  

A f t e r  
B e f o r e  
A f t e r  
B e f o r e  
A f t e r  

B e f o r e  

Oct .  21 ,  1984 
Nay. 1 7 ,  1985 

S e p t .  30, 1985 
Nov. 12 ,  1984 
Nov. 4 ,  1985 
S e p t .  11 ,  1984 
S e p t .  10, 1985 

S e p t .  25, 1985 
Oct.  3, 1984 
S e p t .  11, 1985 
Oct. 4. 1984 
Oct. 24,  1985 
S e p t .  14 ,  1984 
S e p t .  27,  1985 
Nov. 10, 1984 
O c t .  26, 1985 
S e p t .  1 ,  1984 
Sept .  2 1 ,  1985 

SeQt. 24,  1984 

S e p t .  5, 1984 

Sunday 
Sunday 
Monday 
Monday 
Monday 
Hianday 
Tuesday 
Tuesday  
Wednesday 
Wednesday 
Wednesday 
Wednesday 
Thursday  
Thursday  
F r i d a y  
F r i d a y  
S a t u r d a y  
S a t u r d a y  
S a t u r d a y  
S a t  i i  rday  

37 32 
36 33 
48 32 
49 30 
46 42 
46 40 
55 47 
52 47 
59 49 
59 44 
58 41 
54 44 
57 169 
53 49 
58 40 
59 42 
39 34 
4 3 35 
60 49 
60 50 

I____ -I._-̂  
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Fig. C . l .  Winter comparison of similar-day periods, absolute 
humidity . 
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F i g .  C.2. Winter comparison of similar-day periods, relative 
humid€ ty . 
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?!ME OF DAY 

Fig. C.3. Winter comparison a€ similar-day periods, horizontal 
solar radiation. 

Fig. C . 4 .  Winter comparison o f  similar-day periods, diffuse solar 
radiation. 
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Fig. C.5. Winter comparlson of similar-day periods, direct solar 
radiation. 
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Fig. C.6. Winter comparison of similar-day periods, average of 
horizontal, diffuse, and direct solar radiation. 
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Fig. C.7. Winter comparison of similar-day per iods ,  a i r  tempera- 
ture. 
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Fig. C.8, Spring comparison of sbmilar-day periods, absolute 
humidity. 
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Fig. C.10. Spring comparison of similar-day p e r i o d s ,  hor l zonfa l  
s olalr radiation. 
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Fig. C. 11. S p r i n g  comparison o€ similar-day periods d i f f u s e  solar  
radiation. 

Fig. C. 12. Spring comparison a€ similar-day periods d i r e c t  scalar 
radiation. 
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ORNL-DWG 87-741 5 

TIME OF DAY 

Fig. C.13. Spring comparison of similar-day periods,  average of 
horizontal ,  diffuse, and direct solar  radiation.  

OWL-DWG 87-74! 6 

T I 

MIDNIGHT 6 AM NOON 6 Phi MlDNlGHY 
TIUE OF DAY 

Fig. C . 1 4 .  Spring comparison of similar-day periods,  a ir  tempera- 
ture .  
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6 AU 

Fig. C.15. Spring comparison of similar-day periods, wind speed. 

6 AM ~~~~ 6 PM ~~Q~~~~~ 

Fig. C.14. Autumn comparison sf similar-day periods, a b s o l u t e  
humidity . 
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Fig. C. 17. Autumn comparison of similar-day periods, relative 
hum i .di  t y . 
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Fig. C. 18. Autumn comparison of similar-day p e r i o d s ,  horizontal 
solar radiation. 
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TIME OF DAY TIME OF DAY 

F i g .  C. 19. Autumn comparison of similar-day periods  ~ d i f f u s e  solar 
radFation. 

Fig. C.20. Autumn comparison of similar-day p e r i o d s ,  d i r e c t  solar  
radiation. 
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Pig. C.21. Autumn comparison of similar-day periods ,  average of 
horizontal, diffuse, and direct solar radiation. 
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F i g .  (3.22. Autumn comparison of similar-day periods, air tempera- 
ture. 
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Autumn comparison of  similar-day periods, wind speed,  Fig. C.23, 

.. ... . .. 
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0.005 d 

Fig. C.24. Summer comparison of similar-day periods, absolute 
humidity . 
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Fig. C.25. Summer comparison of similar-day periods, relative 
humidity. 

rl MIDNIGHT 

Fig .  C.26. Summer comparison of similar-day p e r i o d s ,  horizontal 
solar radiation. 
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TIME OF DAY 

Fig. C.27. Summer cornpasison of similar-day periods, d i f f u s e  solar 
rad t a t  ion .  

Fig. C.28. Summer comparison of sbunLlar-day periods  d irect  so la r  
radiation. 
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Fig.  C.30.  Summer compar ison  of similar-day per iods ,  a i r  tempera- 

w 

ture. 



Fig. C.31. Summer comparison of similar-day pertods, wind speed.  

Fig,. C.32.  Comparison of t w o  similar cold d a y s ,  absolute humidity. 
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Fig. C.33. Comparison of two similar cold days, relative humidity. 

ORNL-DWO 87-7436 

Fig. C.34. Comparison of  two similar cold days, average of hori- 
z o n t a l ,  d i f f u s e ,  and direct solar radiation. 
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Fig. C.35.  Comparison of t w o  similar cold  days ,  a i r  teiuperature. 

MIDNIGHT 
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Fig. C.36, Comparison of two similar cold days, wind speed.  
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Fig .  C.37. Comparison of two similar hot days, absolute humidity. 
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Fig. C.38. Comparison of two similar hot days, relative humidity. 
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Fig. C.39. Comparison of two similar hot  days, h o r i z o n t a l  s o l a r  
r a d i a t i o n .  

UiDNlGMT 6AM Q PM ~~~~~~~? 

Fig .  C.40. Comparison of two similar hot d a y s ,  d i f f u s e  so l a r  raclia- 
tion. 
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ORNL-DWO 077-1443 

Fig. C.41. Comparison of two similar h o t  days ,  d i r e c t  solar r a d i a -  
t i o n .  

UlDNlGHT NOON C PM 
TIM OF DAY 

Fig. c.42. Comparison of two similar h o t  days ,  average of hor i -  
z o n t a l ,  d i f f u s e ,  and d i r e c t  s o l a r  r a d i a t i o n .  



Fig.  C . 4 3 .  Comparison of two similar ho t  d a y s ,  a i r  t empera tu re .  

Pig. C.44. Comparison of two similar hot days, w i d  speed.  
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Fig .  C.45. Outdoor a i r  t empera tu re  d i s t r i b u t i o n  cornparison, autumn 
s e l e c t e d  days. 
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Pig. (2.46. Outdoor air  t empera tu re  d i s t r i b u t i o n  comparison, s p r i n g  
selected days. 



Fig .  C. 47. Outdoor air temperature d i s t t i b u t i - a n  comparison, summer: 
selected days, 
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Appendix D 

AN EXAMINATION OF THE MONITORED FEEDER 

The monitored feeder  suppl ies  -42 snall commercial ciistoraers and -40 

i r r i g a t i o n  pumps, along with -400 r e s i d e n t i a l  customers. A sawmill w a s  

monitored sepa ra t e ly  beginning i n  Movelnher 1984, and i t s  load has been 

subt rac ted  from the  t o t a l  feeder  load wherever possible .  Other small 

commercial loads ,  including churches,  schools ,  and a rad io  s t a t i o n ,  haw- 

eve r ,  remain wi th in  the measured loads.  Examination of monthly b i l l i n g  

d a t a  f o r  commercial customers shows t h e i r  loads t o  be r e l a t i v e l y  cons tan t  

from month t o  month wi th  l i t t l e  seasonal  va r i a t ion .  Figure D e l  shows the  

relative magnitude of the monthly commercial energy use ( inc luding  Lhe 

pump loads)  t o  the  monthly r e s i d e n t i a l  energy use. 
u s e  represented -15% of the t o t a l  feeder  energy use during the summer 

months but only -10% during the  winter  months because of f l u c t u a t i n g  

r e s i d e n t i a l  consumption, not f l u c t u a t i n g  commercial energy use.  The 

pumping loads cont r ibu ted  -5% of the  t o t a l  feeder  energy use during the 

summer and nothing during the winter.  

The commercial energy 

ORNL-DWG 87-7508 

TOTAL 
-_--- RESlDENTlAL 

COMMERCIAL 

- 
__-- 

DEC. 82 JUN. 83 DEC. 83 JUN. 84 DEC. 84 JUN. 85 

DATE 

Fig. D . 1 .  Monthly feeder  energy use,  based on monthly b i l l i n g  
da ta ,  
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Most of t h e  i r r i g a t i o n  pumps arid about  one-third of t h e  commercial 

customers  are orr a demand b i l l i n g  e y c l e  that p e r m i t s  examinat ion of t h e i r  

annua l  peak loads ,  The si.m of t h e s e  pcak v a l u e s  i n c r e a s e d  from 358 kW i n  

1983 t o  389 k!d i n  1984 and i n c r e a s e d  aga in  t o  428 kW i n  1985. There i s  

110 way t o  dcterinine t h e  deg ree  of co inc idence  of these peaks- The mea l  
energy consumption of t he  commercial customers  also i n c r e a s e d  from 1983 

t o  1985 and is  summarized i n  T a b l e  D . l .  An a r t i f i c i a l .  10easur-e o f  com- 

mercial loads was d e r i v e d  by d i v i d i n g  t h e  annual  nonpump commercial 

ene rgy  consumption ( i n  kGJh) by 2348 ,  t h e  number of b u s i n e s s  hours  pea 

yea r  based on a 5 4  workweek and 9-h business-dzy l e n g t h  and by the 

number o f  b u s i n e s s e s ,  4 2 .  Using t h i s  measure,  there appeared t o  be a 

l a r g e  i n c r e a s e  between 1983 and 1984 al t i iough t h e  commercial l oad  w a s  

r e l a t i v e l y  c o n s t a n t  betweeti 1984 and 1885. 

Table  D. 1. Feeder  commercial customer l o a d s  

Sum of e n s u r e d  Estiniated To t a l  T o t a l  
commercial f e e d e r  

consumptiona c-onsumption 

ave rage  commercial 

nonco inc iden t  
Year peak l o a d s ,  bus i ne s s ho u E' 1 y 

b (kwh1 ( kblh ) l oad  
(kW (kw) 

1983 358 

1984 389 

1985 428 

723,000 c 6.6 

934,000 5,315 000 8.93 

936,000 5,43 6,000 8.8 
. - - I _._. 

a I n c l u d i n g  i r r i g a t i o n  pumps. 

bBased on t h e  t o t a l  commercial l oad  (minus t h e  pump l o a d s )  

 NO^ measured. 

d i v i d e d  by 4 2 ,  the number o f  commercial accounts .  

I n  summary, t h e  commercial load was d F f f i c u l t  t o  c h a r a c t e r i z e  and 

was not s e p a r a t e l y  monitored. A t r e n d  toward i n c r e a s i n g  commercial l o a d s  

w i t h  t i m e ,  which may have se rved  t o  mask any s a v i n g s  achieved by t h e  

r e s i d e n t i a l  customers  p a r t i c i p a t i n g  i n  t h e  c o n s e r v a t i o n  program, was 

noted. However, any a t t empt  t o  modify t h e  measured f e e d e r  l oad  t o  rernove 
t h e  e f f e c t  of t h e s e  unmeasured commercial l o a d s  i s  l i k e l y  t o  i n t r o d u c e  as 

many, i f  not more, e r r o r s  than i t  c o r r e c t s .  



About one-half of t he  r e s i d e n t i a l  customers on the feeder  p a r t i c i -  

pated i n  the  program (most of the  o t h e r s  were i n e l i g i b l e  because they 

were not  e l e c t r i c a l l y  heated) .  About me- four th  of t he  r e s i d e n t i a l  cus- 

tomers on the  feeder  were also members of t he  monitored group of custo- 

mers. blast of t hese  monitored customers were r e t r o f i t  between A p r i l  and 

J u l y  1985. The s imilar-day sets chosen f o r  savings comparison were 

s e l e c t e d  t o  avoid t h i s  period. The customers who were not  i n  the moni- 

to red  group, however, were r e t r o f i t  over a much longer  time period. 

About one-third of t he  f eede r ' s  program p a r t i c i p a n t s  (o r  one-sixth of t h e  

f e e d e r ' s  r e s i d e n t i a l  customers) received t h e i r  a u d i t  and water h e a t e r  

measures before  November 1984, and a t o t a l  of 28% of the  f eede r ' s  program 

p a r t i c i p a n t s  were weatherized before  the  end of the  1984-1985 winter  

season. Therefore ,  the  comparison of before  and a f t e r  feeder  loads w i l l  

not r e f l e c t  ( i . e . ,  w i l l  underest imate)  a l l  of the sav ings  achieved by 

t h e s e  customers. The feeder  w a s  not monitored during the winter  of 

1983-1984, so a b e t t e r  precomparison and postcomparison per iod is not  

ava i l ab le .  

During the  1984-1985 winter  season the feeder  peaked on Friday,  

December 20, 1984. The h ighes t  15-min peak occurred between 7:OO and 

7:15 a.m., the  h ighes t  30-min peak between 7:OO and 7:30 a . m . ,  and the  

h ighes t  hourly peak between 6:45 and 7:45 a.m. During the  1985-1986 

winter  season the  feeder  peaked on November 28, 1985. All t h r e e  peak 

per iods ,  15 min, 30 min, and 1 h, ended a t  1O:OO a.m. This  second season 

peak occurs  l a te r  i n  the  morning because November 28 w a s  a hol iday ,  

Thanksgiving. The peak va lues  are given i n  Table D.2. Each value repre- 

s e n t s  the average feeder  load minus the s a w m i l l  load during the  per iod 

given. As expected,  t h e  half-hour and hourly peaks are lower than t h e  

15-min peaks. Because the  second season peak occurred on a hol iday dur- 

ing  an extreme cold s p e l l  (100-year temperature records were broken by 

subzero weather during November 19851, these  two peaks are not d i r e c t l y  

comparable and cannot be used f o r  any e s t ima t ion  of Hood River Conser- 

v a t i o n  P r o j e c t  (HRCP)-related savings on the feeder  load. 

A s  discussed  i n  Sect.  3.1, the regression-based weather-normaliza- 

t i o n  method w a s  u n s a t i s f a c t o r y  when appl ied  t o  the  feeder  load and could 

not  be used t o  produce more-comparable peak load p r o f i l e s  f o r  the  feeder .  
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a Tab le  D,2 .  Peak l o a d s  on monitored f e e d e r  

Time Peak load & ~ r  a t i o IS. 

(kWb (min) Date (a.m.) 
a_- 

Dec. 20, 1984 3:00-7: 15 2506 15 r a i n  
Dee. 20, 1984 7:00-7:30 2476 30 min 
Dcc. 20, 1984 6: 45-7 : 45 2435 60 min 

Nov. 28, 1985 9 : 45-10 : 00 2461 15 min 
Nov. 28, 1985 9: 30-10 : 00 2419 30 min 
Nov. 28, 1985 9: 00-10: 00 2399 60 min - _*____ 

aAll l o a d s  r e p r e s e n t  l h c  feeder load  minus the  
s a w m i l l  load-  Mote that o t h e r  commercial loads are , 
i n c l u d e d ,  however, and t h e s e  l o a d s  were probably l i g h i e r  
on Thanksgiving Day than  on F r iday ,  Dec. 20, 1984. 

F i g u r e  D , 2  shows t h e  feeder load ( w i t h o u t  t h e  s a w m i l l  l o a d )  on two 

days with very  s imi la r  weather  pa t te rns ,  J anua ry  16, 1985, and Janua ry  

15, 1986. The load d u r i n g  the  second season  is  marginally lower ( 4 0  kW) 

and similar i n  shape. The evening and nighttime s a v i n g s  appear  t o  be 

larger than t h e  morning sav ings ,  perhaps because t h e  cornnercial  l o a d s  are 

MIDNIGHT 6 AM NOOM 6 PM MIDNIGHT 
TIME OF DAY 

Fig.  D.2. Feeder  load  on s e l e c t e d  similar co ld  days. 
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much less a t  these  times and improvements i n  the  s tock  of r e s i d e n t i a l  

bu i ld ings  are more v i s i b l e .  The 15-, 30-, and 6 0 m l n  peaks f o r  t hese  two 

days are shown i n  Table D . 3 .  

The t o t a l  feeder  load ( inc lud ing  the sawmill)  on two s imilar  hot 

summer days,  August 9, 1984, and J u l y  26, 1985, is shown i n  Fig. D.3. 

Tab le  D . 3 .  Peak feeder  loads on two similar 
cold days" 

T i m e  Peak load Durat ion 
(kw) (Din 1 Date (a.m.) 

Jan.  16, 1985 7: 15-7: 30 1752 15 min 
Jan. 16, 1985 7:OO-7:30 1745 30 min 
Jan.  16, 1985 7:Oo-t3:00 1720 60 min 

Jan. 15, 1986 7 : 30-7: 45 1712 15 min 
Jan. 15, 1986 7: 15-7:45 1691 30 min 
Jan. 15, 1986 7 : 00-8: 00 1664 60 r n i ~  

u A l l  loads represent  the  feeder  load minus t h e  
sawmill load. Note t h a t  o the r  commercial loads are 
inc luded ,  however. 

ORNL-DWG 117,-7394 

300; I --T 

MIDNIGHT 6 AM NOON 6 PM MIDNIGHT 
TIME OF' DAY 

Fig. D.3. Feeder load on s e l e c t e d  similar hot days. 
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The daytime load d u r i n g  t h e  second season  appears t o  be s l i g h t l y  lower 

than  t h a t  of t h e  f i r s t  season. The shape of t h e  two cu rves  i s  similar. 

The average feeder loads  d u r i n g  t h e  s imi l a r -day  peKiods d i s c u s s e d  i n  

Sect .  3 .2  were examined t o  determine. the impact o f  t h e  HRCP on the  f e e d e r  

load.  These l o a d s  f o r  each season (normalized by us ing  sets  of similar 

days )  are shown i n  Fig. D.4 .  The ave rage  weekday feeder l o a d s  €or  a l l  

f o u r  s easons  are shown a g a i n s t  time-of-day i n  Figs .  D.5-D.8. The winter 

s a v i n g s  are 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 ,  bo th  w i t h  and wi thou t  the s a w -  

w i l l  load. The autumn s a v i n g s  are s i g n i f i c a n t  a t  the  90% l e v e l ,  and t h e  

s p r i n g  and summer increases are s i g n i f i c a n t  a t  the 95% conf idence  l e v e l .  

A d i s t r i b u t i o n  of f e e d e r  l o a d s  shows ( i n  Figs.  i3-9 and D . 1 0 )  t h a t  t h e  

f e e d e r  a c t u a l l y  se rved  h i g h e r  l o a d s  d u r i n g  the second season wit:h 53 

15-min p e r i o d s  a t  l o a d s  >1980 ICW compared w i t h  only 2 15-min p e r i o d s  a t  

t h i s  l e v e l  d u r i n g  the f i r s t  season.  

The autumn comparison shows grea te r  sav ings  ( s i g n i f i c a n L  at t h e  94X 

conf idence  l e v e l )  o f  -823 kW ( 3 % ) .  These sav ings  may appear  larger be- 

cause fewer homes were r e t r o f i t  b e f o r e  and du r ing  the p r e r e t r u f l t  autumn 

pe r iod  ( l6X)  t han  i n  t h e  p r e r e t r o f i t  w i n t e r  pe r iod  (28%), Cons ide r ing  

Fig. D . 4 .  Average s e a s o n a l  f e e d e r  loads. 
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MIDNIGHT 6 AM NOON 6 PM MIDNIGHT 
TIME OF DAY 

Fig. D.5. Average weekday feeder  load p r o f i l e ,  spr ing .  

ORNL-DWO BY-744B 
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Fig.  D. 6.  Average weekday feeder  load p r o f i l e ,  summer. 
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the magnitude and u n c e r t a i n t y  of the commesci a1 l o a d s ,  t h c s e  autumn and 

w i n t e r  s a v i n g s  a r e  so  small that t h e  impact of the c o n s e r v a t i o n  program 

i s  d i f f i c u l t  t o  measure. 

The s p r i n g  and summer l o a d s  a c t u a l l y  i n e r e a s a d  by a n  ave rage  of 

50 kW (7%) i n  the. s p r i n g  and 25 kFJ ( 4 % )  i n  the sumcr.  The s p r i n g t i m e  

i n c r e a s e  is most l i k e l y  a t t r i b u t a b l e  to commercial customers because the 

d i v e r s i f i e d  load of t h e  monitored group of r e s i d e n t i a l  customers  de- 

c r e a s e d  both i n  ave rage  load (by  0.1 kW/household) and i n  peak load (by 

0.5 kW/household). Also ,  t he  measured bevel of wood heat used d u r i n g  the 

s p r i n g  i n c r e a s e d  between seasons  1 and 2 ( see  Fig. D . 1 1 1 ,  SO the feeder 

load i n c r e a s e  was not l i k e l y  caused by a s h i f t  from wood t o  e l ec t r i c  

heat. Small increases i n  suramer a i r  c o n d i t i o n i n g  loads can be caused by 

the i n s t a l l a t i o n  of f l o o r  i n s u l a t i o n .  H o w e w e r ,  t he  average load among 

the monitored customers dec reased  for houies without a i r  c o n d i t i o n i n g  

homes w i t h  one a i r  c o n d i t i o n e r ,  and homes with two or more a i r  c o n d i l i o n -  

~ K S .  Therefore, the  suminer i n c r e a s e  i s  a l s o  more l i k e l y  a t t r i b u t a b l e  t o  

the  commercial C U S ~ Q W ~ S  t han  t o  t h e  r e s i d e n t i a l  program p a r t i c i p a n t s .  

The P a c i f i c  Power and L igh t  feeder was monitored t o  h e l p  measure the 

e f f e c t  of t h e  program on the larger  system. AdditEonally, it was hoped 
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t h a t  some method of  pred ic t ing  s y s t e m  load savings  from ind iv idua l  house- 

hold sav ings  could be der ived.  In  p a r t i c u l a r ,  a r e l a t i o n s h i p  between 

changes i n  r e s i d e n t i a l  end uses ,  such as space o r  water hea t ing ,  and 

changes i n  the  feeder  loads  wa6 des i r ed .  However, t h i s  w a s  not r e a l i z e d  

because of the  fol lowing cons ide ra t ions :  

1. the feeder  savEngs were very small, both as a percentage of feeder  

load a d  in absolu te  terms; 

2, t h e r e  were some i n d i c a t i o n s  (i.e., i nc reas ing  sp r ing  and summer 

l oads )  t h a t  t h e  comrnercial loads (unmonitored until February 1986) 

were inc reas ing ;  

3 ,  t he  conserva t ion  r e t r o f i t  per iods  overlapped the feeder  comparison 

pe r iods ,  thus obscuring some s a v i n g s  and a f f e c t i n g  the  measured 

changes i n  end-use loads;  

4 ,  the  changes i n  end-use loads  were o f t e n  p o s i t i v e  when the  change i n  

f eede r  load w a s  nega t ive ;  and 

5 .  the commercial-sector load  c h a r a c t e r i z a t i o n  was i n s u f f i c i e n t  t o  cor- 

rect f o r  t h e  noted d e f i c i e n c i e s  (a few poss ib l e  c o r r e c t i o n  methods 

were judged t o  in t roduce  e r r o r s  l a r g e r  than the small amount of mea- 

sured sav ings)  ,, 
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Appendix E 

USER GROUP LOAD PROFILES 

Figures E. 1-E. 6 compare the preconservation load shapes for several  

user groups discussed i n  Sect ,  5.2.3. 
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Fig. E . 1 .  Comparison of diversified t o t a l  load in homes that use 
e l e c t r i c  heat exc lus ive ly  to that of all other homes. 
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Fig. E . 2 .  Comparison of d i v e r s i f i e d  to ta l  load i n  homes that use 
mainly e l e c t r i c  heat t o  that of homes heated mainly with wood. 
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Fig. E.5. Comparison of diversified tota l  load in homes with and 
without air conditioners. 
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