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0 . 1 . 0  ANALYS IS  OVERV I EW 

Var i ous  cons ervat i on ,  l oad man agement , and fuel sw i tch i ng programs were  
con s i dered as  ways to reduce or s h i ft system peak  l oad . These  p rog rams 
operate at the end - use  l evel , s uch  as  res i dent i a l water  heat . F i g u re D-la 
shows what el ectri c i ty con s umpt i on for water heat  l oo ks l i ke on no rmal and 
extreme peak  days . Load man agement programs , such  a s  water h eat con t ro l , are · 

des i gned to  reduce el ectri c i ty con s umpt i on at the  t i me of  sys t em p eak . 

On the  col dest  day i n  an average w i nter ,  system l oad peaks  near 8:00 a . m. I n  
a w i nter wi th  extremel y  col d weather , el ectri c i ty con s umpt i on i ncre a s e s  for 
a l l hours , and the system peak  s h i fts  trr l ater i n  t he  morn i ng .  Sy s tem l oad 
shapes  i n  the  Puget Sound area are s h own i n  F i gure D - 1 b  for a norma l  w i nter  
peak  day ( February 2 ,  1988 )  and an  extreme peak  day ( February 3 ,  1989). 

Peak s av i ngs from any program are cal cul ated to be the  reduct i on i n  l oads  on 
the ent i re system at the hour of  system peak .  Peak s av i ngs for a l l programs 
are meas ured at 8 : 00 a . m .  on a normal peak day and 9 : 00 a . m .  on an extreme 
peak  day . On an extremel y  col d day , s ome water heat load s h i fts  to much l ater 
i n  the mo�n i ng ,  wi th  l es s  l oad ava i l abl e for s h edd i ng at the t i me of  system 
pea k .  

Model s of  hourl y end- use  cons umpt i on were con structed to  s i mu l ate t h e  i mpact 
of conservat i on ,  l o ad man agement , and fuel swi tch i ng programs on el ectri c i ty 
con s umpt i on .  Javel i n ,  a t i me - seri es s i mul at i o� package for personal  
computers , was chosen  for the  hourl y ana l ys i s .  Bc�h a base case  and a 
program case  were s i mul ated . 

0.1.1 PROGRAMS 

Th ree groups o f  proposed programs were anal yz·ed for t h i s  · st udy : con s ervat i on ,  
l oad management , and fuel sw i tch i ng .  Conservat i on prrrgrams are d i s c u s sed i n  
more deta i l  i n  Sect i on 3 .  Some o f  the  conservat i on programs are an 
accel erat i on of programs a l ready i n  pl ace i n  the Puget Sound area . Load 
management programs , d i scussed  i n  Sect i on 4 ,  are des i gned to s h i ft l oad away 
from the  t i me of system peak .  

Conservat i on Programs · 

Res i dent i al  Weather i zat i on ( S i ngl e Fami l y ) 
Re s i dent i al  We at her i zat i on (Mul t i - Fami l y )  
I nd u s tr i a l  Conservat i on 
Commerc ia l  Retrofi t 
Low F l ow Sh ower Heads 

1 Javel i n  i s  a trademark of  I n format i on Re so urces , I nc . , Wal tham, 
Massachu sett s� 
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Load Management Programs 

Water Heat Control ( S i ngl e Fami l y )  
Water Heat Control (Mu l t i -Fami l y )  
Water Heat Control (Manufactured Home s )  
T i me- of-Use  Rates ( Res i dent i al S i ngl e Fam i l y ) 

A fuel swi tch i ng scen ar i o w i t h  s even market segments  was con s tructed fo r the 
res i dent i al s ector . W i th  a fuel swi tch i ng program i n  p l ace, some el ect ricity 
con s umpt i on for space and water h eat i s  s h i fted to n at ural gas . Fuel  
swi tch i ng i s  covered i n  deta i l  i n  Sect i on 5 .  

D . 1 . 2 HOURLY MODELS 

El ectr i c i ty con s umpt i on i s  s i mul ated at an hourl y l evel for each  end - use  
beg i n n i ng i n  1990  and end i ng i n  20 1 0 .  To avo i d  prov i d i ng space for  al l 8760 
hours for each  year , onl y certa i n  day types  are s i mul ated . Three day types  
were c h os en t o  capture the response o f  h ourl y l oad s h apes to  col d weath er. 

Average W i nter Day 
1 i n  2 Peak Day ( Normal Peak Day )  
1 i n  2 0  Peak Day ( Extreme Peak Day )  

A Normal Peak Day i s  t h e  col dest  d ay t o  occur once  every two years , 
represent i ng t h e  col dest  day dur i ng a typ i cal  w i nter . An Extreme Peak Day i s  
t h e  col dest  day to  occur once every 20  years . 

Load s hapes u s ed i n  the  s i mul at i on ,  at l east  for the res i den t i al  and 
commerc i al s ectors , are based on actual  metered load shape  data  obta i ned from 
the  End -Use  Load and Con s umer As sessment Program (ELCAP ) . Res i dent i al l oad 
s hapes are an average  acro s s  a s ampl e of  s i ngl e fami l y  homes -we s t  of  the  
Cascades  i n  Was h i ngton and  Oregon . Commercial l oad s h apes are based on a 
s ampl e of commerc i al bu i l d i ngs  i n  t he  Seattl e area . · 

El ectri c i ty con s umpt i on i n  t h e  Puget Sound area i s  model ed as  t h e  s um o f  19  
end - u s es . Res i dent i al el ectri c i ty con sumpt i on con s i sts  of  s p ace  heat , water 
h eat , and other for t hree hous i ng types . The  commerc i al s ector i s  broken i nto  
HVAC , l i g ht i n g ,  refr i gerat i on ,  and  other for  two bu i l d i ng types . A l i s t of  
end - uses  i s  prov i ded i n  Sect i on 2 . 2 .  

Hourl y model s were con structed for al l 1 9  end- uses . Cons ervat i on and l oad 
man agement programs were s i mul ated as  a c h ange i n  l oad s hape for one or more 
end - uses . Fuel swi tch i ng i n  the res i dent i al s ector was s i mu l ated by reduc i ng 
the  n umber of  househo l d s  u s i ng e l ectr i c i ty for t h e  a ffected end - us e . 

D . 1 . 3 DATA REQU I REMENTS 

Each  end- u s e  model starts wi t h  an average l oad s hape and mul t i p l i es each  
hour ' s  val u e  of  el ectri c i ty cons umpt i on by the  number of  un i ts or  appl i ances 
present dur i ng each year . Th i s  i s  done for both a p rogram case and a base 
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case , w i th  the  d i fference bei ng hourl y sav i ngs due  to  the  cons ervat i on or  l oad 
management program . 

Load Shapes - A l oad s h ape i s  a set of 24 n umbers s h ow i ng the  pattern of 
energy con s ump t i on over the  h ours i n  a day .  Both base cas e  and prog ram case 
l oad s h apes are requ i red for each  end - use  and day type . For t h e  re sidentia l  
and  commerc i al sectors, base case  l oad s h apes are d e r i ved by av erag i ng load 
s h apes across  a s amp l e of homes or bus i n esses  i n  western Wa s h i ngton  a nd  
western Oregon . Program case  l oad s h apes are cons tructed from t h e  bas e  cas e  
s h apes us i ng assumpt i ons  about how t h e  conserv at i on o r  l oad manag ement  p rog ram 
operates. 

Energy Data - Ann ual energy con s umpt i on ,  i n  k i l owatt - hours , i s  requ i red for 
each  end- use . Th i s  i s  then  broken down i nto  energy for January , and furt h e r  
for a n  average day i n  January .  Al s o  requ i red are the  rat i o s of  energy 
cons umed on peak  days to energy con s umed on an ave rage w i nter d ay . .  Most  o f  
t h e  energy data i s  der i ved from ELCA P .  

Number of Househo l ds  - Numbers of  househo l ds , amount of commerc i a l fl oor  
space , and megawatts of i ndustr i al el ectr i c i ty con s umpt i on are  taken from a 
l ong term forecast  of  the  Puget Sound area prepared by the  Long Term 
Forecas t i ng Sect i on at Bonnev i l l e .  A deta i l ed end - use  forecast  was prepared 
for the med i um growt h case . 

Market Share of  El ectr i c i ty - Each  end - use  h a s  i ts own market s h are of  
el ectr i c i ty ,  somewh ere between zero and  1 00% . 

Program Penetrat i on Rate - Each  conservat i on ,  l oad an agement , or fuel  
swi t c h i ng program i ncreases  from zero to a max i mum �enetrat i on rate . 

0 . 1 . 4 SYSTEM IMPACTS 

Each  program affects on� or more end - uses . For examp l e ,  t he  l ow fl ow shower 
head program affects water heat i n  s i ng l e fami l y ,  mu l t i - fam i l y, and 
man ufactured h omes . End - us e  model s are set  up  to  s i mulate  both a base case  
and  a program case . Hourl y s a v i ngs at the  end - u s e  l evel  are  s ubtracted from 
system l o ad s h apes to der i ve a system program cas e .  

Sys tem Base  Case  
Base  Case  for Affected End-Use ( s )  

+ Program Case  for Affected End-Use ( s )  

Sys tem Program Case  

Th i s  cal cul at i on i s  done for 24 houri on each  of the  three d ay types for  2 1  
years . F i gures D - 2 a  and 0 - 2b s how the  comb i ned effect on system l oad of  a l l 
conservat i on and l oad management prog rams for normal and extreme peak  d ays i n  
2003 . F i gures 0-3a  and D -3b  s h ow annual  peak i mpacts of conserv a t i on and l oad 
man agement .  
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Figure D-2a. System Impact of Conservation and Load Management 
Normal Peak Day in 2003 
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Figure D-2b. System Impact of Conservation and Load Management 
Extreme Peak Day in 2003 
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Worksheets were created to  summari ze e ach  program ' s i mpact at the  peak  hour, 
for each year from 1 990  to  2 0 1 0 . Sampl e worksheets  are prov i ded i n  the  
s ect i on s  cont a i n i ng program descri pt i ons. Normal peak day ( 1  i n  2 day ) 
sav i ngs  corres pond to  hour 8 ,  wh i l e  extreme peak day ( 1  i n  20 day )  savin gs 
correspond to  hour 9 .  The  s ummary worksheets  s how peak s av i ng s ,  i n  megaw at ts, 
on a normal peak  d ay and an extreme peak d ay .  A col umn i s  i ncl uded on e ach 
works heet for any a s s o c i ated energy s av i ng s , i n  annual  average megaw atts . 

D . l . S  DELET ED OPT I ONS  

Opt i on s  i nc l uded i n  t h i s ana l ys i s  are l i s ted i n  Sect i on D . l . 1 .  Many other  
conservat i on and l oad man agement opt i on s  were con s i dered but d i d  not  make t h e  
f i nal  l i st for  formal anal ys i s .  Del eted opt i on s  are s ummari zed bel ow . 

Res i dent i al Space Heat Set- Back Contro l s - C l ock thermostats  were eli mi n ated 
from further con s i derat i on becau s e  they may i ncrease peak i nstead of  decreas e  
i t .  Th i s  cou l d h appen i f  heati ng was reduced dur i ng t he n i gh t  or mi dday and 
s ch edul ed t o  recover during peak l oad hours when the  occupants r i s e  i n  the  
morn i ng (6  a. m. - 7 a . m. )  and  arr i ve home i n  t h e  even i ng ( 5  p. m .  - 6 p . m . ) .  
S i nce  t h e  recovery peri od co i nc i de s  w i th  peak  demand , t h i s wou l d  adversel y 
affect t h� probl ·em i n  t he  Puget Sound area. 

New Commerc i al Con servat i on Programs - I t  i s  a ssumed t hat pl anned Bonnev i l l e  
and Puget Power programs w i l l  c apture al l energy s av i ng s  avai l abl e from new 
construct i on i n  t h i s s ector and t h at no  s av i ngs above t h i s basel i ne are 
p o s s i bl e . 

L i gh t i ng Effi c i ency Contro l s - L i ghti ng effi c i ency control s al s o  have l i m i ted 
poten t i al  for peak reduct i on. Res i dent i al l i ght i ng i s  a m i nor p art of  the  
peak  demand. Improved l i ght i ng effi c i ency saves energy over t i me , but does  
not d o  much to  reduce  pe�k demand . Some l i ght i ng cons ervat i on measures w i l l  
be i mpl emented as  p art of  the  retrofi t program for ex i st i ng commerc i al 
bu i l d i ngs. 

· 

Sol ar  Augment at i on for Water Heaters - T h i s con s ervat i on measure appe ars 
unrel i abl e. The Puget Sound area i s  often c l oudy ,  and t h e  morn i ng peak  peri od 
frequent ly  occurs before d ayl i ght hours . Th i s  measure woul d be unava i l abl e . 
when i t  i s  needed most. 

D i e s e l /Gasol i ne Generators - Portabl e gas  or d i esel  generators can create a i r 
and no i se pol l ut i on .  They are expen s i ve ,  and u t i l i t i es woul d e i ther  requ i re a 
commu n i c at i on system to start t h i s generat i on or rel y on customers to ens ure 
t h e i r u se. Customers may obj ect to t�i s measure. There are a i r  qual i ty and 
noise  pol l ut i on concerns a s s o c i ated wi t h  d i esel  and/or gaso l i ne generators . 

Gas  Back-Up for E l ectr i c  Heat Pumps - G as back-up for res i dent i al el ectr i c 
heat  i s  expens i ve. I t  requ i res  repl ac i ng furnaces  for customers wi t h  cen tral 
el ectr i c  furn aces and i nstal l i ng gas furnaces and duct  work for cus tomers w i t h  

. zonal  el ectr i c h e at. 
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----------------------------------------------------------------------------------

Street L i ght i ng Effi c i ency and Control s - Street l i gh t i ng 
some street l i ghts  dur i ng per i ods of  extreme peak  demand . 
effi c i ency creates s av i ngs  from l i gh t i ng demand ,  but does  
l oad , and creates  safety i mpact s . I t  was el i m i n ated from 

contro l s turn o ff 
Street l i ght i ng 

not a ffect pe a k  
furt her study . 

Dual - Fuel Bo i l ers - T h i s  propo sal  woul d i n stal l dua l - fuel  capab i l i ty i n  
el ectr i c bo i l ers s o  l oad coul d be s h i fted to  n atural gas  dur i ng pe a k  l oad.  
The  poten t i al  from t h i s i s  l i m i ted because  most  i ndustr i a l  u s ers who have  a 
cho i ce al ready u s e  n atural  gas  due to  i ts l ower co s t . 

Commerc i al and I ndustri al T i me- of-Use  Rates - Di fferent rates for e l ectr i c i ty 
t i ed to  peak and off-peak  hours are used to  encourage customers to s h i ft u s age 
to  off- pea k .  Commerc i al and i ndustr i al t i me - of- use  rates can i ncrease energy 
u s e  overal l when the  pr i ce d i fference i s  l arge enough  to ent i ce peak  
reduct i on .  

Space Heat Control s - T h i s  program woul d al l ow d i rect ut i l i ty cont rol of 
res i dent i a l e l ectr i c  space  heat duri ng peak demand per i ods . Part i c i pants'  
h eat i ng systems are  cycl �d on and  off by t h e  ut i l i ty .  A typ i cal  cycl e wo ul d 
be 1 5  m i n utes  off,  45  m i n utes on each h our . 

S av i ngs  for t h i s program were not  e s t i mated because  t here was i n suffi c i ent  
data  on h ow s pace h eaters cycl e on and  off duri ng extreme l y  cold weather . I t  
i s  d i ff i cul t t o  est i mate t h e  sav i ngs from al ter i ng these  cycl e s . 

Storage Water Heat i ng - T h i s program i s  s i mi l ar to  hot water control , except 
t h at an add i t i on al 52  gal l on tank i s  i n sta l l ed .  Due to h i gh cap i t al cost s ,  
t h i s mea s ure d i d  not meet the  cost screen i ng cri ter  on . 

Whol e House  Demand Control  - I n  t h i s measure, ut i l i ti es  or  t he i r  cu stomers 
l i m i t res i dent i al peak demand . They use a dev i ce cal l ed a demand control l er. 
Th i s  dev i ce mon i tors e l ectr i c  u s e  i n  a house  and turns  off some use  when  the  
demand exceeds a certa i n  l eve .l . Typ i cal l y ,  . o n ly  l arger . l oads such  as  
re s i stance heat i ng ,  hot water heaters , and cl othes dryers are control l ed .  

Thermal Heat Storage - Thermal heat storage systems use  off-peak  e l ectri c i ty 
to  supp ly  on - peak  heat i ng req u i rement s .  The un i t s store heat i n  cerami c 
br i cks or crus hed rock duri ng peri ods  of l ow el ectr i ca l  demand , and use  that  
heat  dur i ng h i gh demand per i od s . These  un i ts woul d be  i n st a l l ed i n stead o f  a 
new furnace i n  a new h ome , or as  part of  a package when a furnace i s  repl aced 
i n  an ex i st i ng home . T i me - of- use  rates or a separate storage rate are used as 
an i ncent i ve to  encourage con sumer part i c i pati on . Th i s  measure may i n crease 
energy cons umpt i on and does  not meet the  cost screen i ng cri teri on . 
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D . 2 . 0  BASE CASE 

The base case  scenar i o i s  an h ourl y s ' imul at i on at the end - u s e  l eve l , which can 
then be aggregated to  sector and system l evel s .  F i gures D-4 a a nd D - 4 b  s h ow 
h ow the  res i dent i al s ector bre aks down i nto  i t s major end - u s e s. Note that  
e l ectri c i ty con s umpt i on rema i n s  h i gh duri ng the  l ate morn i ng hours  on extreme 
peak d ays . F i gure s  D - S a  and D - Sb s how a corres pond i ng bre akd own for t h e  
commerc i a l sector . 

D . 2 . 1  SYST EM LOAD SHAPES 

Two sets of  system l oad s h apes  were con s i dered for this ana lys i s .  The  fi rst  
set i s  the  s um of  forec asted end - us e  l oad s h ape s from 1 990 through 2 0 1 0. T h e  
other  system shape s ,  the  s um-of- ut i l i ty l oad shape s ,  start wi th  a h i stor i ca l  
system s hape b u i l t  up  from h ourl y ut i l i ty data i n  t h e  Puget Sound · area . The  
l oad s hapes are then scal ed proport i onal l y  to  s i mul ate l oad growt h over 20 
years . 

Each conseivat i on ,  l oad management , or fuel swi tch i ng program w i l l  have s ome 
i mpact on the  system l oad s h ape . Therefore , know i ng what the  syst em s h ape 
l oo ks l i ·ke i s  cr i t i ca l  to  a peak l oad study . I t  was  dec i ded to  use the  s um
o f- ut i l i ty l oad shape  as  the  base case  system s h ape . System l o ad s h apes  s hown 
i n  F i g ure D-1 b are s um- of-ut i l i ty l oad s h apes  for February 2 ,  1 988 , and 
February 3 ,  1 989.  

Potent i al Savi ngs 

Al l of the  conservat i on and l oad management program s wi l l  reduce l oad at the  
t i me of  system peak ,  wh i ch occurs  in  the  morn i ng .  

Day Type 

Average W i nter Day 
1 i n  2 Peak Day 
1 i n  20 Peak Day 

T i me of  System Peak 

8 : 00 a . m .  
8 : 00 a . m .  
9 : 00 a . m .  

Al l hourl y d at a  o n  e l ectri c i ty con s umpt i on i s  act u al l y  an average o f  
e l ect ri c i ty u s e  over t h e  previ ous  hour . I t  i s  n ot an i n st antaneous  me as ure o f  
power . When t h e  peak  l oad i s  s a i d  to  occur at 8 : 00 a . m . , i t  re al l y  mean s that  
the  hour  from 7 : 00 to  8 : 00 has  the  h i ghest  average e l ectri c i ty con s umpt i on 
over 24  hours . Note that  the  morn i ng peak occurs l ater on  an ext reme l y  col d 
d ay .  

Each o f  the  t hree day types al s o  h a s  an even i ng peak occurr i ng at 7 : 00 p . m .  or 
h our 1 9. One way to g et a qu i ck  i dea of  peak s av i ngs  poten t i al  i s  to  l ook  at 
the  d i fference between .  morn i ng and even i ng peaks . Th i s  s hows h ow much the 
morn i ng peak can be reduced before i t  equal s the  even i ng peak . Tabl � D . 2 . 1  
s hows t h i s � i fference i n  the  year 20 1 0 .  
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Figure D-4a. Residential SectorBreakdown- Normal Peak Day 
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Figure D-4b. Residential Sector Breakdown - Extreme Peak Day 
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Figure D-5a. Commercial Sector Breakdown- Normal Peak Day 
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Figure D-5b. Commercial Sector Breakdown- Extreme Peak Day 
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Tabl e D . 2 . 1  D i fference Between Morn i ng and Even i ng Peaks 
S i mu l at i on for 2 0 1 0  

Morn i ng Even i ng D i fference 
Peak (MW) Peak (MW) (MW ) 

1 i n  2 Peak Day 13 , 856 1 2 , 720  1 '  136  
1 i n  20 Peak Day 1 5 , 185 1 4 , 578 607 

Note that the d i fference between morn i ng and even i ng peaks i s  smal l er on an 
extreme peak day . Another v i ew of  potent i a l sav 1 ngs  is prov i ded by the 
d i fference between peak and average  l oad for a day shown in Tabl e 0 . 2 . 2 .  T his 
i s  the  theoret i ca l  maxi mum amount of sav i ngs  that a l oad management program 
cou l d prov i de .  

1 
1 

Tabl e D . 2 . 2  D i fference  Between Morn i ng Peak and Da i l y  Average 
S i mu l at i �n for 2 0 1 0  

Da i l y  
Morn i ng Average D i fference  
Pe ak .{MW )  {MW ) (MWl 

i n  2 Peak Day 1 3 , 856  1 1  ' 278 2 , 578 
i n  20 Peak Day 1 5 , 1 85 1 3 , 322  1 , 863 
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D . 2 . 2  END -USE  BREAKDOWN 

El ectri cal  l oad i n  the  Puget Sound area i s  model ed as the s um of 1 9  e n d -uses . 
There are three res i dent i a l b u i l d i ng type s  w i th thre e  end-u s e s  each for a 
total  of  n i ne .  There are two commerc i a l bu i l d i ng types ,  offi ce  a n d  n on
offi c e .  F i l e  n ames for the 1 9  end - uses  are l i sted i n  Tabl e D . 2 . 3. 

RS FSH 
RSFWH 
RS FOT 

RMFSH 
RMFWH 
RMFOT 

RMHSH 
RMHWH 
RMHOT 

COFHV 
COFLT 
COFOT 

CNOHV 
CNOLT 
CNORF 
CNOOT 

Tabl e D . 2 . 3  End-Use  Label s 

Res i dent i a l S i ng l e Fami l y  

Res i dent i a l Mul t i - Fami l y  

Manufactured Homes 

Commerc i al Offi ce  

Commerc i a l Non-Off i c e  

D I S  D i rect Serv i ce Industri e s  
IND Other I ndust r i al  
OTH M i scel l aneous  

Space Heat 
Water Heat 
Other 

Space Heat 
Water Heat 
Other 

Space Heat 
Water Heat 
Other 

HVAC 
L i ght i ng 
Other 

�:. ,�c 
L:ght i ng 
Refri gerat i on 
Other 

ELCAP data  pro v i ded l oad s hapes for res i dent i al and commerc i a l bu i l d i ngs . 
Deri vat i on of  the  shapes  i s  d i scussed i n  G i l l man , Sands , and Lucas  ( 1 99 0 ) . 
F i gures  D - 6  thro ugh  D -8  prov i de pl ots  of end - use  l oad shapes  for an average 
wi nter day ,  a ·n orma 1 peak day ,  and an extreme peak day .  The normal peak day 
was February 2 ,  1 988 and the  extreme peak  day was Fe bruary 3 ,  1 989 . 
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D . 2 . 3  END-USE  DETA I L  

Tabl e s  D . 2 . 4  t hrough D . 2 . 9  conta i n  i nput  ass umpt i on s  for end - u s e  simulations. 
Exi st i ng  and  new b u i l d i ng s  are treated separatel y  i n  some of the end-use 
model s .  Bonnev i l l e ' s  Long Term Forecast i ng Sect i on con structed a 20 year 
forecast by s ummi ng  forecasts  from ut i l i t i es i n  the Puget Sound area. 

Tabl e D . 2.4 Market Shares of El ectri c i ty 

1 990 2000 2 0 1 0  

RS FSH Exi s t i ng 0 . 39 0 . 38 0 . 38 
RSFSH New 0 . 34 0 . 32 0 . 30 
RS FWH Ex. i st i ng 0 . 72 0 . 69 0 . 66 
RS FWH New 0 . 36 0 . 36 0 . 36 
RS FOT 1 . 00 1 . 00 1 . 00  

RMFSH . Exi s t i ng 0 . 84 0 . 86 0 . 87 
RMFSH New 0 . 98 0 . 98 0 . 98 
RMFWH Exi st i ng 0 . 85 0 . 87 0 . 88 
RMFWH New 0 . 98 0 . 98 0 . 98 
RMFOT 1 . 00 1 . 00 1 . 00  

RMHSH Exi s t i ng  o . 8i 0 . 80 0 . 80 
RMHSH New 0 . 80 0 . 79 0 . 79 
RMHWH Ex i st i ng 0 . 82 0 . 8 1  0 . 80 
RMHWH New 0 . 80 0 . 80 0 . 80 
RMHOT 1 . 00  1 . 00  1 . 00 

COFHV Exi s t i ng 0 . 70 0 . 75 0 . 80 
COFHV New 0 . 85 0 . 85 0 . 85 
COFLT 1 . 00 1 . 00 1 . 00 
COFOT 1 . 00  1 . 00  1 . 00 

CNOHV Ex i s t i ng  0 . 4 1  0 . 46 0 . 50 
CNOHV New 0 . 50 0 . 52 0 . 54 
CNOLT 1 . 00 1 . 00  1 . 00 
CNORF 0 . 65 0 . 65 0 . 6 5 
CNOOT 1 . 00 1 . 00 1 . 00  

DS I 1 . 00 1 . 00 1 . 00 
I ND 1 . 00 1 . 00 1 . 00 
OTH 1 . 00 1 . 00 1 . 00 

1 . 00 = 100 percent 
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Tabl e 0 . 2 . 5  Number of  Househol d s ,  Med i um Growth Case 

S i ngl e Fami l y  Mul t i - Fami l y  Man u f .  Home 
Househo l d s  Househo l d s  Househo l d s  

Exi s t i ng New Exi st i ng New Ex i s t i ng New 

1 990 1 , 097 , 667  0 43 1 , 1 44 0 1 06 , 1 06 0 
1 99 1  1 , 092 , 656 2 3 , 729  42 9 , 1 97 1 9 , 797 1 05 , 608 3 , 783 
1 992 1 , 087 , 669 47 , 927  427 , 2 58 40 , 134  1 05 , 1 1 2  8 , 1 2 7  
1 993 1 , 082 , 703 69 , 780 425 , 329  5 7 , 652 1 04 , 6 1 8  1 2 , 2 52  
1 994 1 , 078 , 5 1 5  89 , 847 423 , 704 7 4 , 689 1 04 , 1 99 1 6 , 279  
1 995 1 , 073 , 59 1  1 08 , 8 1 0  4 2 1 , 790 90 , 564 1 03 , 7 1 0  1 9 , 284 
1 996 1 , 068 , 689 1 2 7 , 932  4 1 9 , 885 1 05 , 720  1 03 , 223  2 2 , 43 1  
1997 1 , 063 , 809 1 47 , 1 50 4 1 7 , 988 1 2 1 , 79 1  1 02 , 738 2 5 , 729  
1 998 1 , 059 , 695 1 6 6 , 555  4 1 6 , 392 137 , 994 1 0 2 , 3 2 7  2 9 , 204 
1 999 1 ' 054 ' 1 1 4  1 85 , 87 1  4 1 4 , 2 1 9  1 54 , 1 09 1 0 1 , 774 3 2 , 805 
2000 1 , 049 , 299 205 , 988 4 1 2 , 3 47 1 7 0 , 238 1 0 1 , 296 3 6 , 603 
2001  1 , 04 4 , 505 2 2 5 , 013 4 1 0 , 484 1 86 , 1 06 1 0 0 , 820  4 0 '  2 1 1  
2002 1 , 03 9 , 733 244 , 024  408 , 628 202 , 778 1 00 , 346  43 , 828 
2003 1 , 03 4 , 982 263 , 242  406 , 78 1  2 1 8 , 792  99 , 874 47 , 456  
2004 1 , 02 9 , 526  282 , 1 75 404 , 656 235 , 520  99 , 334  51 , 056 
2005 1 , 024 , 820  3 0 1 , 545  402 , 82 7  2 5 2 , 383 98 , 867 54 , 700 
2006 1 , 02 0 , 136  3 2 1 , 1 83 40 1 , 005 269 , 746 98 , 402  58 , 3 55  
2007  1 , 0 1 5 , 47 2  340 , 891  399 , 1 9 1  287 , 3 1 0  97 , 939  62 , 020  
2008 1 , 0 1 0 , 829  3 6 1 , 1 7 1  397 , 386 305 , 238 9 7 , 478 65 , 695 • 2009 1 , 006 , 207  381 , 4 1 4  395 , 588 3 23 , 758 J7 , 0 1 9  69 , 382 
2 0 1 0  1 , 00 1 , 606 40 1 , 683 393 , 798 3 4 2 , 74 1 96 , 563 73 , 081 
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1 990 
1 99 1  
1 992  
1 993 
1 994 
1 995  
1 996 
1 997  
1 998 
1 999  
2000  
200 1  
2002  
2003 
2004 
2005  
2 006 
2007 
2008 
2009 
2 0 1 0  

Tabl e 0 . 2 . 6  Commerc i a l Fl oor Space i n  
Thousands of  Square Feet , Med i um Growt h 

Offi ce  Non  Offi ce 
Fl oor Sgace Fl oor Sgace 

Exi st i ng New Ex i st i ng New 

1 82 , 835  1 , 847 62 1 , 585 6 , 279 
1 80 , 988 1 2 , 763 6 1 5 , 307 3 2 , 837 
1 79 , 1 4 2  23 , 680 609 , 028 59 , 396 
1 77 , 295 . 3 4 , 597 602 , 749 85 , 954 
1 7 5 , 448 45 , 5 1 3  596 , 4 7 1  1 1 2 , 5 1 2  
1 73 , 60 1  56 , 430 590 , 1 92 1 39 , 07 1  
1 7 1  ' 754  65 , 049 583 , 9 1 4  1 62 , 429 
1 69 , 907  73 , 668 577 , 63 5  1 8 5 , 788 
1 68 , 06 1  82 , 286 5 7 1 , 356 . 209 , 1 47 
1 66 , 2 1 4  90 , 905 565 , 078 232 , 505 
1 64 , 367  99 , 524  . 558 , 799 255 , 864 
162 , 520  1 1 1 , 094 552 , 520  282 , 657  
1 60 , 673 1 2 2 , 664 546 , 242  309 , 449 
1 58 , 827 1 3 4 ' 234 539 , 963 336 , 242  
1 56 , 980 145 , 804 533 , 684 363 , 034 
1 55 , 1 33 1 57 , 374 527 , 406 389 , 827  
1 53 , 286 1 68 , 944 52 1 , 1 27 4 16 , 6 1 9  
1 5 1 , 439  1 80 , 5 1 4  5 1 4 , 848 443 , 4 1 2  
1 49 , 592 1 9 2 , 084 508 , 570  470 , 204  
1 47 , 746 2 03 , 654 502 , 29 1  496 , 997 
1 45 , 899 2 1 5 , 224  496 , 0 1 3  523 , 789 
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1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995  
1 996 
1 997 
1 998 
1 999  
2000  
2001  
2002  
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2 0 1 0  

Tabl e 0 . 2 . 7  I nd u s tri al  Sector Con s umpt i on i n  
Average Megawatt s ,  Med i um Growth Case  

I nd u s tr i al  ( aMW} 
Exi s t i ng New 

1 , 1 42 
1 , 1 42 
1 , 1 42  
1 , 1 4 2  
1 , 1 42  
1 , 1 42 
1 , 1 42 
1 , 1 42 
1 , 1 42  
1 , 1 42 
1 , 1 42 
1 , 1 42  
1 , 1 42  
1 , 1 42  
1 , 1 4 2  
1 , 1 42 
1 , 1 42 
1 , 1 42  
1 , 1 42  
1 , 1 4 2  
1 ,  1 4 2 

0 
27 
54 

1 09 
1 64 
2 1 9  
246 
273 
300 
328 
355 
373 
391  
409 
428 
446 
480 
5 1 4  
549 
583 
6 1 7  

D - 23 



Tabl e 0 . 2 . 8  Energy Benchmarks ,  
Annual  El ectri c i ty Con s umpt i on i n  the Year 2000 

Annual  kWh per househo l d  for the res i den t i al s ector : 

Ex i s t i ng New 

RSFSH 9 , 650 5 , 050 
RSFWH 4 , 400 3 , 850 
RSFOT 6 , 450 6 , 500 

RMFSH 3 , 9 25  1 , 800 
RMFWH 2 , 700 2 , 350 
RMFOT 3 , 500 3 , 550 

RMHSH 6 , 050  5 , 000 
RMHWH 3 '  1 60 2 , 450 
RMHOT 5 , 000 4 , 130  

Annual  kWh per 1 , 000 square feet for the commerc i a l s ector: 

Exi st i ng New 

COFHV 1 1  ' 750 1 1 '  500 
COFLT 6 , 800 6 , 650 
COFOT 3 , 600 3 , 700 

CNOHV 1 1 '  500 1 0 , 750 
CNOLT 6 , 000 5 , 250 
CNORF 1 , 800 1 '650 
CNOOT 2 , 200  2 , 200 
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Tabl e D . 2 . 9  Rat i o  of  Peak  Day to  Average Day 
Energy Con s umpt i on 

1 i n  2 1 i n  20 
Peak Day Peak Day 

RSFSH Exi st i ng 1 . 35 2 . 20 
RSFSH New 1 .  25  1 .  90  
RSFWH 1 . 02 1 . 1 0 
RSFOT 1 . 1 5 1 .  20  

RMFSH Ex i st i ng 1 . 35 2 . 20 
RMFSH New 1 .  25  1 .  90  
RMFWH 1 .  0 2  1 . 1 0 
RMFOT 1 . 1 5 1 .  20  

RMHSH Ex i st i ng 1 . 35 2 . 20 
RMHSH - New 1 .  25 1 .  90 
RMHWH 1 . 02 1 . 1 0 
RMHOT 1 . 1 5 1 .  20  

COFHV 1 .  40 1 .  95 
COFLT 1 . 00  1 . 00 
COFOT 1 . 00 1 . 00 

CNOHV 1 .  45 1 .  95 
CNOLT 1 . 00 0 . 98 
CNORF 1 . 00 1 . 00 
CNOOT 1 . 00 0 . 98 
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0 . 3 . 0  CONSERVAT ION 

Some of  the cons ervat i on programs descri bed here are accel erated vers i ons o f  
prog rams that Bonnev i l l e  current ly  operates  or may operate i n  the  future . 
These programs were des i gned to prov i de annual  energy s av i ng s and d i d  not 
emphas i ze peak sav i ng s . Th i s  analys i s  of  con servat i on programs was devel oped 
to answer the quest i on ,  "What peak  sav i ng s  coul d real i st i cal l y  be ach i eved 
thro ugh  the  accel erat i on and creat i on of  programs des i gned to  meet reg i onal  
energy needs?" 

0 . 3 . 1  OVERV I EW 

Conservat i on programs fal l i nto three categor i es . The fi rst i s  an 
accel erat i on of  ex i st i ng or pl anned programs that wi l l  capture al l of the  
ava i l abl e conserv at i on potent i al by 20 1 0 .  These  i n cl ude res i dent i al 
weathe r i zat i on  and i ndustri al  conservat i on programs . Peak sav i ngs  for t h e s e  
programs are o bt a i ned sooner t h an prev i ou s l y  pl anned . T h e  second i s  t h e  
accel erat i on of  a program for wh i ch t h e  basel i ne ,  or pl anned s av i ng s , i s  not 
proj ected to  capture al l of  the  potent i al con servat i on sav i ng s  by 2 0 1 0 .  
Commerc i a l retrofi t i s  s uch  a program . The th i rd i s  the  l ow fl ow shower head 
program for wh i ch there i s  no  exi s t i ng or pl anned program . Methods used to 
cal cul ate s av i ng s  and costs are d i fferent for each type of program . 

Programs i n  the  f i rst category h ave a basel i ne of  act i v i ty that  woul d  occur 
reg ardl ess  of  dec i s i on s  made to res o l v e  the  vol t age  stabi l i ty probl em i n  t h i s 
area . Th i s  ana lys i s o n l y  counts s av i ng s  that  can c_ ach i eved by accel erat i ng 
these  programs above the  basel i ne .  F i g ure 0 -9a  i l l ustrates th i s  type of  
program w i t h  res i dent i al weatheri zat i on .  The sol i d  l i ne shows the  cumul at i ve 
energy sav i ng s  that  woul d be ach i eved i n  the  base case .  The dotted l i ne  shows 
the cumul at i ve s av i ng s  to  be accompl i s hed wi th  the accel erated program . A 
correspond i ng pl ot  of  p e a k  sav i ng s  i s  shown in F i g ure 0-�b . The d i fference 
between these  l i nes  i s  the sav i ngs i n  each year due to  accel erat i on .  The 
d i fference between accel erated and basel i n e sav i ngs reaches  a ma� i mum i n  the  
year  2000 and drops back to zero by 20 1 0 .  I n  2 0 1 0  there are n o  add i t i ona l  
s a v i ngs because  the  basel i ne woul d have  accompl i shed the s ame l evel of  s av i ngs  
w i thout an accel erat i on .  Sav i ng s  attri buted to the accel erated programs are 
tran s i tory ,  fi rst i ncre as i ng and then decl i n i ng over the p l ann i ng hor i zon . 

The cost per k i l owatt for accel erated programs i s  st ated as  an ann ual  fi nance 
charge i n  p l ace of  the i n i t i al cap i tal  cost . S i nce the cost  of i n stal l at i on 
woul d have been i ncurred anyway , the real soc i al cost  of  accel erat i on i s  on ly  
the  t i me val ue  o f  money because money i s  spent earl i er t h an prev i o u s l y  
pl anned . Annual  fi n ance c o s t s  s hown i n  works heets for accel erated 
weather i zat i on and i nd u stri al conservat i on are equal to  3% of  c ap i ta l  cost . A 
real i nterest rate o f  3% i s  ass umed for al l cost cal cul at i on s . 

The second category of  program i s  represented by commerc i al sector 
con s ervat i on .  There i s  a basel i ne wh i ch i s  not forecasted to  c apture al l of 
the  ava i l abl e con servat i on poten t i al . Sav i ngs from program accel eration are 
cumul at i ve sav i ng s  above the basel i ne .  Costs  for th i s  type of prog ram count 
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t h e  ful l cap i tal  costs  of  al l cons ervat i on meas ures i n stal l ed t h at acqu i re 
sav i ngs above t h e  basel i ne .  Th i s  i s  appropr i ate bec ause  the  program 
accel erat i on i s  a ssumed to  be i n stal l i ng meas ures t h at woul d not h ave  
otherwi s e  been i n stal l ed .  

The th i rd type o f  program i s  represented by l ow fl ow s hower heads. No program 
was prev i ous l y pl anned s o  th ere i s  no  basel i ne acqu i s i t i on l eve l . For th i s  
reason , ful l cap i tal  cost i s  used to  cal cu l ate cost per k i l owatt of peak  
sav i ngs  for t h i s program . 

Conservat i on Potent i al i n  the  Puget Sound Area 

Conservat i on potent i al for each s ector i n  t he  Puget Sound area i s  t he  s um of  
conservat i on potent i a l s  for the  publ i c  ut i l i t i e s a nd  for  Puget Sound Power and  
L i ght . Puget Power prov i ded est i mates of the  con servat i on potent i a l for  i t s 
commerc i al , res i dent i a l , and i ndustr i al  sectors . Bonnev i l l e  cal cul ated the  
conservat i on poten t i a l  for the  publ i c  ut i l i t i es by est i mat i ng t h e  s hare bf 
conservat i on potent i a l w i th i n  the  ent i re Bonnev i l l e  s erv i ce area that  w i l l  
occur i n  the  Puget Sound area . The conservat i on sav i ngs for each s ector are 
assumed to be proport i onal  to the Puget Sound area l oads  for each s ector . For 
exampl e ,  47% of  the  res i dent i al l oad i n  the  Bonnev i l l e  s erv i ce area i s  l ocated 
i n  the  Puget Sound area so i t  i s  a s s umed t hat 47% of the  cons ervat i on 
potent i al i s  a l s o  l ocated i n  the  Puget Sound area . 

E s t i mates of con servat i on poten t i al  for the  ent i re Bonnev i l l e  s erv i ce area 
were taken from the  1 990 Resource Program document s .  These  are based on 
con s ervat i on supply est i mates devel oped by Bonnev i l  2 and s ummar i zed i n  the  
Draft 1 990 Con s ervat i on Resources Suppl y Document . 

Con s ervat i on potent i a l i s  a funct i on of the  l oad forecast . H i gher l oad 
forecasts  mean more un i t s that can be weat her i zed , in su l ated or otherwi se  
fi xed up and a h i gher conse�vat i on or l oad management potent i a l . Al l 
e s t i mat es  presented i n  t h i s sect i on are based on a med i um l oad growt h 
forecast . 

Conserv at i on Program Basel i nes  and Accel erated Program Level s 

Conserv at i on basel i nes  for the  publ i c  ut i l i ty areas were der i ved from 
Bonnev i l l e ' s  1 990 Resource Program documents . The Resource  Program presented 
budget and s av i ng s  forecasts  through fi scal  year 1 997 . These  were used to 
devel op conservat i on basel i nes  for the publ i c  ut i l i t i e s .  Basel i ne energy 
targets  for 1 998 through 2 0 1 0  were deri ved by con sen s u s  of the  Cons ervat i on 
and Load Management Team , wh i ch i ncl uded representat i ve s  from ut i l i t i es i n  the  
Puget  Sound  area . The  con servat i on basel i ne for the  ent i re Puget Sound area  
i s  the  s um of the  proj ected sav i ngs by Puget Power and the  proj ected sav i ngs 
from Bonnev i l l e-programs to be operated by the  publ i c  ut i l i.t i es .  

Program t argets  were spec i fi ed i n  terms of t he average annual  energy s av i ng s  
that coul d b e  ach i eved by a new or accel erated program . Peak s av i ngs  were 
cal cu l ated us i ng an hour ly  s i mul at i on mode l  . .  Pl ant factors , or ann ual  l o ad 
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factors , were der i ved from the  energy and peak numbers . A p l ant  factor i s  t he  
rat i o  of mean h ourl y energy sav i ngs over the  ent i re year t o  t h e  s av i ngs  t h at 
occur dur i ng the  system peak hou r .  

T h e  fi rst  program an alyses ,  compl eted i n  J u l y  1 990 , schedul ed p rograms to 
s t art up or accel erate i n  1 992 . Energy targets  were i n i t i al l y set up for 
1 995 , 2000 , 2005 , and 20 1 0 .  Howeve r ,  t he  st art year was l at er del ayed to 
1 994 . Part o f  the  del ay was due to  the  fact t h at peak s av i ngs  l ag prog ram 
spend i ng .  Money spent i n  fi scal  year 1 993 (October 1 992 t h rough September 
1 993 ) w i l l  prov i de l i tt l e or no p eak sav i ngs duri ng t h e  wi nter  of 1 992 - 1 993 . 
Peak s av i ngs cannot be counted on  unt i l  fi scal  year 1 994 . Penetrat i on ramp s 
s how 1 994 as  t h e  fi rst year wit h add i t i onal peak s av i ngs . 

Forecasted program l evel s were devel oped by the  Conservat i on and Load 
Man agement Team and are t h e  resul t of  group j udgement rather t h an any 
an a l yt i cal  procedure . The. team came up w i th  est i mate s  of  t h e  percent age of 
total  conserv at i on potent i al that  coul d be ach i eved by 1 99 5 ,  2000 , 2005 , and 
2 0 1 0  ( some of  these  targets were l ater del ayed by two years ) .  Energy targets  
for  i ntermed i at e  years  were deri ved by i nterpol at i on .  

Progr�ms that persuade  consumers to  swi tch  from e l ectri c i ty to  n at ural gas  
coul d reduce the  conservat i on poten t i al from some con s erv at i on programs . 
Fewer houses  woul d be heated w i th  e l ectr i c i ty or have  e l ectri c water heaters 
s o  the  en�rgy and peak s av i ng s  from conservat i on programs woul d be somewh at 
reduced . The tabl es i n  th i s  secti on present s av i ng s  p oten t i al  i n  the absence 
of fuel swi tc h i ng programs . Pl ease  see Sect i on 6 for a d i scus s i on of  t h e  
consequences t o  t h e  con s ervat i on programs of  the  p ropos ed fuel sw i tch i ng 
programs . 

Summary Works heets  

A s ummary worksheet i s  prov i ded for e ach conservat i on and l oad man agement 
program . For exampl e ,  see the s i ngl e fami l y  weather i zat i on summary i n  Tabl e 
0 . 3 . 1 .  The worksh eets  prov i de a q u i ck overv i ew of  as sumpt i on s ,  cost s ,  and 
s av i ng s  for each program . 

Each worksheet was pri nted d i rect ly  from an hourl y end-u se  s i mul at i on model 
created for th i s  study .  At the  top  af .each worksh eet are cost a s s umpt i on s ,  
i nc l ud i ng i n i t i al and ma i ntenance cost s . Just  bel ow the  cost n umbers are 
energy and peak s avi ng� per househol d .  Costs  are t h en converted from a per  
househol d bas i s  to a per kW basi s .  

The bottom ha l f of  each s ummary worksheet  conta i ns t h e  n umber of  part i c i pat i ng 
househol d s ,  average energy s av i ngs , peak sav i ngs on a 1 i n  2 day ,  and peak 
s av i ngs on a 1 i n  20 day .  Model outp ut i s  prov i ded for al l years from 1 990 
through 2010 . 
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Tabl e 0 . 3 . 1  Summary Works heet of  Accel erated 
Weather i zat i on ( S i ngl e Fami l y) 

1 990 
1 99 1  
1 992 
1993 
1 994 
1995  
1 996 
1997  
1 998 
1 999  
2000  
2001  
2002  
2003 
2004 
2005 
2 006 
2007 
2008 
2009 
2 0 1 0  

Per Un i t  Data : 
I n i t i a l Cost 
Ma i nt .  Cost  
Energy Sav i ngs  
1 i n  2 Peak Savi ngs 
1 i n  20 Peak Sav i ngs  

Per kW Costs  @ 2000: 
F i n an ce per Year  

Pl ant Factor 

Program Energy 
Un i ts Sav i ngs  

( Househo l d s )  ( aMW ) 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 D.O 

5 , 058 1 . 6 
1 0 , 044 3 . 1  
1 5 , 594 4 . 8  
2 1 , 065  6 . 5  
26 , 474 8 . 2  
3 1 , 768 9 . 8  
37 , 002 1 1 . 4  
3 2 , 706 1 0 . 1  
28 , 447 8 . 8  
24 , 227  7 . 5  
20 , 030 6 . 2  
1 5 , 889 4 . 9  
1 2 , 653 3 . 9  
9 , 446 2 . 9  
& , 269 1 . 9 
3 , 1 2 0  1 . 0 

0 0 . 0  

$2 , 550 
$0  

2 , 700  kWh per year  
1 . 342  kW @ 2000 
1 . 788 kW@ 2000 

1 i n  2 

$57  

0 . 230 

Peak 
Sav i ngs 

1 i n  2 
(MW) 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
6 . 8  

13 . 5  
20 . 9  
28 . 3  
35 . 5  
42 . 6  
49 . 7  
43 . 9  
38 . 2  
32 . 5  
26 . 9  
2 1 . 3  
1 7 . 0  
1 2 . 7  
8 . 4  
4 . 2  
0 . 0  
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1 i n  20 

$43 

0 . 1 7 2  

· Peak 
Sav i ngs  
1 i n  20  

(MW ) 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
9 . 0  

1 8 . 0  
27 . 9  
37 . 7  
47 . 3  
56 . 8  
66 . 2  
58 . 5  
50 . 9  
43 . 3  
35 . 8  
28 . 4  
22 . 6  
1 6 . 9  
1 1 . 2  

5 . 6  
0 . 0  



0 . 3 . 2  ACCELERATED WEATH ER IZAT I ON 

Th i s  i s  an accel erat i on of the  ex i st i ng weat her i zat i on program. Th i s  program 
reduces  energy con s umpt i on for res i dent i al space heat i ng i n  s i ngle a n d  multi
fami l y  dwel l i ngs . These  hous i ng types are model ed separat e l y  becau se  costs 
and savings  vary by dwel l i ng type . Targeted sav i ng s i n  average megawat t s  are 
shown i n  Tabl e 0 . 3 . 2 .  

I n  t h e  basel i ne t h e  rema i n i ng homes i n  t h e  area woul d al l h ave  been 
weather i zed by 2 0 1 0 . Accel erated weat h e r i zat i on i s  a s s umed to  be complete by 
200 0 . Energy and peak sav i ngs fi rst i nc rease  and t h en decl i n e bac k to  zero 
because  t h e  accel erated program accompl i s h e s  by 2000 what t h e  base l i n e would 
accomp l i s h by 20 1 0 .  

Costs  

Costs  for  t h i s  program are  the  s um of equi pment costs  pl us  a 20% adder  for 
admi n i strat i ve costs . Costs  are reported as  ann ual f i n ance cost s , based on a 
3% real  i nterest  rat e ,  because  th i s  program on ly  accel erates spen d i ng t h at i s  
sched uled to occur  anyway . Cost  e s t i mates and energy sav i ngs  est i mates are 
taken from t h e  res i dent i al weather i zat i on supp ly  c urve as  devel oped for 
Bonnev i l l e ' s  1 990 Res ource Program . 

F i n ance cost s , reported i n  Tabl es  0 . 3 . 1 and 0 . 3 . 3 ,  are  deri ved by mul t i ply i ng 
the  i n i t i al cost of weather i z i ng a h ome by 3%. Then an adjustment i s  made to 
convert costs  from a per  househo l d bas i s to  a per  ki l owatt bas i s .  For 
exampl e ,  3% of the $2 , 550 i t  costs to  weat h e r i ze a i ngl e fami l y  h ome i s  
$76 . 50 .  Th i s  i s  d i v i ded by 1 . 342 kW to obt a i n $57, the  ann ual  cost  per kW on 
a 1 i n  2 peak day .  

Impacts 

Energy s av i ng s  for a weather i zed s i ngl e fami l y  home are a s s umed to  be 2 , 700  
kWh per  year and· are  d i str i buted i n  the  same way as a s pace heat i ng l o ad 
s h ape . The  p rogram case  l o ad s h ape i s  t herefo re p roport i ona l  to the  base  case  
l oad s h ape . Ann ual  energy sav i ngs  for  mul t i - fami l y  h omes are 1363 kWh per  
year . 

Energy t arget� , for s i nQl e fami l y  and mul t i - fami l y  homes comb i ned , are 
d i sp l ayed graph i cal l y  i n  F i gure D-9a . The  correspon d i ng pea k sav i ngs  are 
s hown i n  F i g u re D -9b . 

I s s ues  

The  maj o r  i s sue  reg ard i ng t h i s 
were der i ved by s i mp l y  scal i ng 
woul d be to t ran s l ate the  base 
by the  same amount each  hour . 
of e s t i mates for peak s av i ngs . 

program i s  that  conservat i on case  l oad s h apes 
hourly space heat l oad s h apes . Anot her  method 
case l oad s h ape , or sh i ft the l oad s h ape  down 
The two met hods toget her  woul d prov i de a range 

D - 3 1  



Tabl e 0 . 3 . 2  Energy Targets for Weather i z at i on of 
Res i dent i al Bu i l d i ng s  

S i ngl e F ami l y  Weath er i zat i on 
An nual  Energy Sav i ng s  ( aMW ) 

Al ready Accel erated Tot al 
Pl anned Conservat i on Con servat i on 

1 995 1 5 . 8  3 . 1  1 8 . 9  
2000 26 . 1  1 1 . 4  37 . 5  
2005 32 . 7  4 . 9  37 . 6  
2 0 1 0  37 . 6  0 . 0  37 . 6  

Mul t i - F ami l y  Weatheri zat i on 
Annual  Energy Sav i ngs ( aMW) 

Al ready Accel erated Tot al  
Pl anned Con servat i on Conservat i on 

1 995 6 . 8  1 . 3 8 . 1  
2000 1 1 . 5  5 . 0  1 6 . 5  . 
2005 1 4 . 3  2 . 1  1 6 . 5  
2 0 1 0  1 6 . 4  0 . 0  1 6 . 4  

Sav i ng s  reported i n  Tabl e s  0 . 3 . 1  and 0 . 3 . 3  are for the accel erated port i on 
onl y .  Both  peak  and energy sav i ngs reach a max i mum i n  2000 and then dec l i ne 
to zero by 20 1 0 .  Note . that  peak sav i ngs are much larger t h an average energy 
s av i ng s . 
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Table 0 . 3 . 3  Summary Worksheet of  Accel erated 
Weath e r i zat i on ( Mult i - Fami l y )  

1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995 
1 996 
1 997 
1 998 
1 999 
2000 
2001  
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2 0 1 0  

Per Un i t  Data: 
I n i t i al Cost  
Ma i n t .  Cost  
Energy Sav i ngs  
1 in  2 Peak  Sav i ngs 
1 i n  20  Peak Sav i ngs 

Per kW Costs  @ 2000: 
F i nance per  Year  

Pl ant Factor  

Program Energy 
Un i t s Sav i ngs 

( Ho u sehol d s )  ( aMW) 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  

. 4 '  1 86 0 . 7  
8 , 354  1 . 3 

1 3 , 1 5 1  2 . 0  
1 7 , 927  2 . 8 
2 2 , 698 3 . 5  
27 , 4 1 6  4 . 3  
3 2 , 1 28 5 . 0  
28 , 352  4 . 4  
2 4 , 600 3 . 8  
20 , 874 3 . 2  
1 7 , 1 60 2 . 7  
1 3 , 485 2 . 1  
1 0 , 7 5 1  1 . 7  
8 , 03 6  1 . 3 
5 , 340 0 . 8  
2 , 66 1  0 . 4  

0 0 . 0  

$ 1 , 625  
$0  

1 , 363 kWh per  year  
0 . 678 kW  @ 2000 
0 . 903 kW @ 2000 

1 i n  2 1 i n  20 

$72  $54  

0 . 230 0 . 1 7 2  

Peak Peak 
Sav i ngs  Sav i ngs  

1 i n  2 1 i n  20  
( MW )  (MW) 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
2 . 8 3·.8 
5 . 7  7 . 5  
8 . 9  1 1.9 

1 2 . 1  1 6 . 2  
1 5 . 4  20 . 5  
1 8 . 6  24.7 
2 1 . 8  29 . 0  
1 9 . 2  2 5 . 6  
1 6 . 7  2 2 . 2  
1 4 . 1 1 8 . 8  
1 1 . 6  1 5 . 5  
9 . 1 1 2 . 2  
7 . 3  9 . 7  
5 . 4  7 . 3  
3 . 6  4 . 8  
1 . 8 2 . 4 · 
0 . 0  0 . 0  
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..-------------------- -

D . 3 . 3  ACC E L ERATED I NDUSTRIAL CONSERVAT I ON 

Th i s  i s  an accel erat i on of  t h e  ex i st i ng i ndustr i al con servat i on En ergy Savin g s  
Program ( ESP) wh i ch seeks o u t  con s ervat i on proj ects  i n  al l i nd u s t r i a l  f i rms  i n  
the  Stand ard Industri al Cl ass i fi cat i on s  ( SIC ) 20  - 39 except f o r  alum i n um 
smel ters . These  i ndustr i al cl ass i fi cat i ons  i nc l udes food proce s s i n g ,  wood 
product s ,  paper , and c hemi cal s .  S i nce th i s  i s  an accel erat i on of  an  ex i s t i n g 
program t h at woul d capture al l potent i a l by 20 1 0 ,  i ncremental  s av i n g s  d u e  to 
accel erat i on i ncrease to  2002 and decl i ne back to zero i n  20 1 0 .  

Load shapes  for the  i ndustr i al s ector were devel oped by Bonn e v i l l e ' s  
i ndustr i al  l oad forec asters . These  l oad shapes  are q u i t e  fl at over the  mon t h s  
o f  t h e  year and hours of  t h e  day .  Conservat i on prog ram s h apes  are a s s umed to 
be scal ed vers i on s  of  l o ad s h apes pr i or to con servat i on .  Ind u s t r i al l o ads are 
not  temperature - sens i t i ve so t h ey do not peak when the sy stem l oads peak. 

Impacts  

The  basel i ne a s s umes t h e  ent i re conservat i on potent i a l wo ul d be acqu i red by 
20 1 0  and th e program case  acq u i res t h i s amount  by 2002 . The  i ncrementa l  
conservat i on shown i n  Tabl e 0 . 3 . 4  i s  the  d i fference between t h i s  program case  
and  the  basel i ne wh i ch was taken from t h e  1 990 Resource Program . F i gures  0-
1 0 a  and 0- 1 0b show t h e  energy and peak sav i ngs  for t h e  basel i ne and program 
cases . 

I ndustr i al  conservat i on i s  model ed as  a 5% reduct i o� i n  el ect r i cal  l o ad at al l 
hours of  t h e  day because  t h e  i ndustri al supply  curves i nd i cate t h at t h e  
conservat i on potent i a l for i ndustr i e s  i n  t h i s area i s  equal  t o  about 5% of t h e  
i ndustr i al l o ads ( see  F i gure 0- 1 0c ) . Program penetrat i on rates were cho sen to  
meet  energy t argets  i n  F i gure D- 1 0 a . 

Costs  

The i ndustr i al  supply  curve report states  that an akW of  e l ect r i c i ty s a v i ngs· 
h a s  an average  cost  of  $ 1 , 606 . Add i ng 20% for administ rat i ve costs  bri ngs  
th i s  to  $ 1 , 926 per a kW .  

As w i t h  res i dent i al weatheri zat i on ,  costs  are reported as  t h e  f i nance  cost  of 
i n stal l i ng con servat i on measures sooner than otherwi s e  pl anned . Th i s  i s  done  
by mul t i pl y i ng $ 1 , 926 by 3%,  the real  i nterest rate, to obt a i n  an ann ual  
fi nance  ch arge of  $ 57 . 78 per akW s aved . F i nal l y ,  t h e  fi nance  charge  i s  
d i v i ded by peak  s avings  i n  kW to der i ve  t h e  $56 ann ual fi n ance cost  per  kW . 
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Figure D-1 Oa. Energy Targets - Industrial Conservation 
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Figure D-1 Ob. Peak Savings - Industrial Conservation 
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Figure D-1 Oc. Industrial Conservation Load Shapes - All Day Types 
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1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995 
1 996 
1 997 
1 998 
1 999 
2000 

. 200 1  
2002  
2003 
2004 
2005 
2006 
2 007  
2008 
2009 
20 1 0  

Tabl e 0 . 3 . 4  Summary Worksheet of 
Accel erated I ndustri al Conservat i on at 
Med i um Load Growth 

Per Un i t  Dat a :  
( un i ts are average 

I n i t i a l Cost  
Ma i nt . Cost  

kW of s av i ng s )  
$ 1 , 926  

Energy S av i ngs  
1 i n  2 Peak Sav i ngs  
1 i n  20  Peak Sav i ngs 

Per kW Costs: 
F i n ance per Year 

Pl ant Factor 

Program Energy 
El i g i bl e  Sav i ngs  

( aMW) ( aMW) 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  

79 3 . 9  
1 64 8 . 2  
222  1 1 . 1  
282 1 4 . 1 
345 1 7 . 2  
409 20 . 5  
476  23 . 8  
542 27 . 1  
609 30 . 4  
495 24 . 8  
379 1 9 . 0  
260 13 . 0  
2 1 3  1 0 . 6  
1 63 8 . 1  
1 1 1  5 . 5  

5 7  2 . 8  
0 0 . 0  

$0  
8 , 760 kWh per  year 
1 . 024  kW @ 2000 
1 . 034 kW @ 2000 

1 i n  2 1 i n  20  

$56  $56  

0 . 977  0 . 967  

Peak Peak 
S av i ngs  Sav i ng s  

1 i n  2 1 i n  20 
(MW )  (MW} 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
o .. o 0 . 0  
4 . 0  4 . 1 
8 . 4  8 . 5  

1 1 . 4  1 1 . 5  
1 4 . 5  1 4 . 6  
1 7 . 6  1 7 . 8  
2 1 . 0  2 1 . 2  
24 . 4  24 . 6  
27 . 7  28 . 0  
3 l . Z 3 1 . 5  
25 . 4  25 . 6  
1 9 . 4  1 9 . 6  
1 3 . 3  1 3 . 5  
1 0 . 9  1 1. 0  
8 . 3  8 . 4  
5 . 7  5 . 7  
2 . 9  2.9 
0 . 0  0 . 0  

D - 36 



0 . 3 . 4  C OMMERC IAL RETRO F I T  

Th i s  program i s  a n  accel erat i on of  t h e  l ong term commerc i a l acqu i s i t i on 
program current l y  under devel opment at Bonnev i l l e .  Th i s  program w i l l  prov i de 
a p ackage of  retrof i t meas ures for bu i l d i ng s  i n  the  comme rc i a l sec t o r . T he  
commerc i al sector i nc l udes four end-uses : HVAC , l i gh t i ng ,  refr i ge rat i on ,  a nd  
other  equi pment (most l y  equ i pment that  pl ugs i nto an outl et ) . 

Costs  and est i mates of the commerc i al con serv at i on potent i a l are t a ken from 
the ex i st i ng commerc i al s uppl y curve used i n  the 1 990 Resource p rogram . T h i s  
program accel erates  the  ex i st i ng program . However , the  c ommerc i al 
conservat i on basel i ne does  not capt ure al l of  the c ommerc i a l con serv at i on by 
20 1 0 .  For th i s  reason , i t  i s  a s s umed that al l s a v i ngs  from t h e  acce l erated 
program are from measures  that otherwi s e  woul d not be i n stal l ed at a l l w i th i n  
the  study per i od .  

Impacts 

The  commerc i al retrofi t program was model ed as  a 1 0% reduc t i on i n  l oad for a 
port i on of commerc i al bu i l d i ng s  i n  the Puget Sound are a .  Penetrat i on rates  
were chosen to  meet the  energy targets  shown i n  Tabl e 0 . 3 . 5 .  Energy targets 
are sho�n graph i c al l y  i n  F i gure D- 1 1 a  w i th  correspond i ng peak s av i ngs  i n  
F i gure D- 1 1 b .  The effect of . conservat i on on a typ i cal  offi ce l i gh t i ng l o ad 
s h ap e  i s  s hown i n  F i g ure 0� 1 1 c .  Tabl e 0 . 3 . 6  s ummari tes  energy and pe ak 
s av i ngs  for e ach  year . 

Tabl e 0 . 3 . 5  C ommerc i al Retrofi t Program 
Energy Targets ( aMW) 

Al ready Add i t i on a 1 Total 
Pl anned Conservat i on Conserv at i on 

1 995 24 5 29 
2000 46 38 84  
2005  66 60 1 2 6  
2 0 1 0  8 1  87 1 68 

The conserv at i on and l oad ma�agement team e s t i mated t h at about 7% of 
conserv at i on poten t i al  coul d be acqu i red by 1 995 , 20% by 2000 , 33% by 2005 and 
the  remai n i ng 40% by 2 0 1 0 . A del ay in the s t art of the accel erat i on from 1 992 
to 1 994 reduces  the forec asted accompl i shment s  i n  the earl y years . 
Penetrat i on paths  shown i n  F i gures D· 1 1 a  and 0 - 1 1 b  were deri ved by l i n e ar 
i nterpol at i on . 

A cost  of  $ 2 , 2 1 2  per average k i l owatt s aved , w i t h  no  ma i n tenance  or i n cent i ve 
costs , was  a s s umed . Th i s  cost , i n  terms of average ki l owatt s , i s  then 
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converted to a cost  per peak k i l owatt . 
k i l owatt of  sav i ngs has  a corres pond i ng 
i ncre ases to 1 . 759  kW on a 1 i n  20 day .  
cal cul at i ons  i s  pro v i d ed i n  Tabl e 0 . 3 . 6 .  

I s sues  

For  a 1 i n  2 peak  day ,  each  average 
peak sav i ngs  o f  1 . 5 57  kW . Th i s  

A s ummary of  cost  per  k i l owatt 

Conservat i on i n  the commerc i al sector i s  not  broken down i nto s ep arate 
programs , as  has  been done i n  the  res i dent i al s ector . Conservat i on case l oad 
shapes  are s i mp l y  scal ed vers i on s  of base case  l oad shapes , w i th  al l end - u s e s  
tre ated i n  the  s ame way . A more deta i l ed study wo u l d  model  e ac h  commerc i a l 
program separate l y ,  wi th  sav i ngs  targeted to  spec i f i c  end - u se s . I n teract i on s  
between end - uses  woul d  al so  need t o  b e  s i mul ated . For exampl e ,  a commerc i a l 
l i gh t i ng program wi l l  decrease  e l ectri c i ty con s umpt i on for l i ght s ,  but 
i ncrease d emand for e l ectr i c space heat . 
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Figure D-1 1 a. Energy Targets - Commercial Retrofit 
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Figure D-1 1 b. Peak Savings - Commercial Retrofit 
Normal Peak Days 
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Figure D-1 1 c. Office Lighting Load Shapes - Extreme Peak Day 
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1 990 
1 99 1  
1 992 
1 993 
1 994 
1 995 
1 996 
1997 
1 998 
1 999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2 0 1 0  

Tabl e 0 . 3 . 6  Summary Worksheet of  
Commerc i a l Retrofi t 

Per Un i t  Data : 
( un i t s  are average 

I n i t i al Cost 
kW of  sav i ng s )  

$2 , 2 1 2  
Ma  i nt . Cost $0  
Energy Sav i ng s  
1 i n  2 Pea k  Sav i ngs 
1 i n  20 Peak Sav i ngs 

8 , 760 kWh per ye a r  
1 . 557 kW @ 2000 
1 .  759 kW @ 2000 

1 i n  2 1 i n  20 
Per kW Cost s : 

I n i t i a l Cost  $ 1 , 420 $ 1 , 2 57 
Ma i nt . per year $ 0  $ 0  

. Pl ant Factor 0 . 642 0 . 568 

Peak Peak  
Program Energy Sav i ng s  Sav i ngs  

E l i g i bl e  Sav i ng s  1 i n  2 1 i n  20  
( aMW) ( aMW) (MW)  (MW )  

0 0 . 0  0 . 0  0 . 0  
0 0 . 0  0 . 0  0 . 0  
0 0 . 0  0 . 0  0 . 0  
0 0 . 0  0 . 0  0 . 0  

24  2 . 4  3 . 7  4 . 2 
48 4 . 8  7 . 4  8 . 4  

1 1 8 1 1 . 8 1 8 . 2  20 . 5  
1 86 1 8 . 6  28 . 7  32 . 4  
252 25 . 2  3 9 . 1 44 . 1  
3 1 7  3 1 . 7  49 . 2  55 . 6  
380 38 . 0  59 . 1  66 . 8  
426  42 . 6  66 . 5  7 5 . 2  
472 47 . 2  73 . 8  83 . 4  
5 1 6  5 1 . 6  80 . 8  9 1 . 4 
559 55 . 9  87 . 7  99 . 2 
600 60 . 0  94 . 4  1 06 . 8  
658 65 . 8  1 03 . 7  1 1 7 . 3  
7 1 3  7 1 . 3  1 1 2 . 7  1 2 7 . 5  
767 76 . 7  1 2 1 . 5  1 37 . 4 
820 82 . 0  1 30 . 0  1 4 7 .  1 . 870 87 . 0  138 . 3  1 56 . 5  

D - 40  



0 . 3 . 5  LOW F LOW SHOWER H EADS 

Th i s  program w i l l  d i str i bute l ow fl ow shower head s free of charge  to  
res i dences w i th el ectr i c water heaters . Low fl ow s hower head s reduce  t h e  
amount o f  hot water req u i red per shower s o  t h e  hot water h e ater o p e r a t e s  fo r 
l es s  t i me for each s hower . Impl ementat i on of the prog ram reduces  demand fo r 
el ectr i c i ty by reduc i ng t h e  n umber of hot water heaters  operat i ng a t  any  g i ven  
t i me .  The  shower heads  wi l l  be d i stri buted to  ex i st i ng s i ng l e fam i l y ,  mu l t i 
fam i l y , and man ufactured houses . 

Impacts 

S i nce there i s  no l ow fl ow shower head program i n  p l ace , the basel i n e a s s umes 
that no shower heads wi l l  be i n stal l ed i n  the  absence of th i s  p rogram . The 
max i mum potent i a l for th i s  program i s  a ssumed to be 60% of shower heads t h a t  
u se  e l ectri cal l y  heated h o t  water . T h e  conservat i on a n d  l oad management team 
est i mated that 50% of th i s  poten t i al can be ach i eved w i t h i n  three years o f  t h e  
program start year a n d  t h a t  t h e  rema i nder c a n  be compl eted w i th i n  the 
s ucceed i ng f i ve years . The pen etrat i on sched ul e i s  shown i n  F i gure D - 1 2 a . 

Each shower head wi l l  s ave an est i mated 23 1 kWh per year and have a me a s u re 
l i fe of s even years . Peak sav i ngs  per s hower head are 0 . 060 kW on a 1 i n  2 
peak day and 0 . 043 kW on a 1 i n  20 peak day .  As wi th the water heat control 
prog ram , peak s av i ngs  are l ower on extremel y  col d days . · E st i mated s av i ngs  for 
al l homes comb i ned are s hown i n  F i gure D- 1 2 b and Tabl e 0 . 3 . 7 .  

Equ i pment , i n sta l l at i on ,  and adm i n i strat i ve costs  a r e  e s t i mated to  total  $ 20 
per shower head . Cost  cal cul at i on s  are summar i zed i n  Tabl e 0 . 3 . 7 .  

I s s ues  

There has  been  no  emp i r i cal  test i ng of the extent to  wh i ch l ow fl ow shower 
heads themse l ves  reduce peak .  I t  i s  a s s umed that t h e  s av i ng s  from th i s  
program w i l l  be d i str i buted over hours i n  the  same way as e l ectri c i ty 
cons umpt i on for hot water . Customer acceptance and i n stal l at i on of the  shower 
heads are s t i l l  uncerta i n .  
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Tabl e 0 . 3 . 7  Summary Worksheet for 
Low Fl ow Shower Heads 

Per Un i t  Data : 
I n i t i al Cost  
Ma  i nt . Cost  
Energy Sav i ng s  
1 i n  2 Peak Sav i ngs  
1 i n  20  Peak Sav i ngs  

Per kW Costs : 
I n i t i al Cost  
Ma  i nt . per  Year 

Pl ant Factor 

Program Energy 
Un i ts Sav i ng s  

( Househo l d s )  ( aMW ) 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  

1 20 , 4 1 5  3 . 2  
239 , 237 6 . 3  
356 , 481  9 . 4  
425 , 244 1 1 . 2  
492 , 484 13 . 0  
559 , 1 08 1 4 . 7  
624 , 60 1  1 6 . 5  
689 , 1 48 1 8 . 2 
684 , 325  1 8 . 0  
679 , 05 1  17 . 9  
674 , 289 1 7 . 8  
669 , 5 56 1 7 . 7  
664 , 852 1 7 . 5  
660 , 1 7 7  1 7 . 4  
655 , 530 1 7 . 3  
650 , 9 1 2  1 7 . 2  

$20  
0 

231  kWh p e r  y e a r  
0 . 060 kW @ 2000 
0 . 043 kW @ 2000 

1 i n  2 

$335 
$0  

0 . 44 1  

Peak 
Sav i ngs  

1 i n  2 
( MW )  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
7 . 2  

1 4 . 3  
2 1 . 3  
25 . 4  
29 . 4  
33 . 4  
37 . 3  
4 1 . 2  
40 . 9  
40 . 6  
40 . 3  
40 . 0  
39 . 7  
39 . 4  
39 . 2  
38 . 9  

0 - 43 

1 i n  20 

$464 
$0 

0 . 6 1 2  

Peak 
Sav i ngs  
1 i n  20  

( MW }  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
5 . 2 

1 0 . 3  
. 1 5 . 4  

1 8 . 3  
2 1. 2  
24 . 1  
2 6 . 9  
2 9 . 7  
2 9 . 5  
29 . 3  
29 . 1  
28 . 9  
28 . 7  
28 . 5  
28 . 3  
28 . 1  



0 . 4 . 0  LOAD MANAG EMENT 

Load management programs are des i gned to  s h i ft l oad away from t h e  t i me o f  
system pea k .  A water heat control program woul d s h u t  off el ectri c i ty to water  
heaters dur i ng morn i ng and  even i ng hours . Th i s  l oad i s  s h i fted to a fternoon  
or l ate even i ng .  A t i me - of- use rate program prov i des  d i fferent pr i c e s  for  
el ectri c i ty dur i ng peak and off - peak  hours . 

0 . 4 . 1 WATER  H EAT CONTROL 

Th i s  program wi l l  i n stal l rad i o - control l ed swi tches  on el ectr i c water heaters 
t h at wi l l  al l ow the  el ectr i c ut i l i ty to  central l y  unpl ug water heaters at the  
ut i l i ty ' s  d i scret i on .  The  ut i l i ty wi l l  bear  the  ful l cost of the  equ i pment  
and pay the  h omeowners $5  - per  month  for  the  pri v i l ege of bei ng abl e to  curta i l  
water h eater l oad as  needed . The agreement , wh i ch prov i des  the  eq� i pment and 
t h e  i n cent i ve ,  w i l l  spec i fy that an i nterrupt i on can occur approx i mate l y  t hree 
to  fi ve t i me s  per month duri ng the four wi nter months  for wh i ch an i ncent i ve 
w i l l  be p a i d .  The  program wi l l  al s o  prov i de l arge r ,  h i gh effi c i ency tanks for 
s i ngl e fami l y  dwel l i ngs . 

· 

The max i �um _program penetrat i on rate i s  60% for s i ngl e fami l y  homes and 20% 
for mul t i - fami l y and man ufact ured h omes . The  Cons ervat i on and Load Man ag ement 
Team fel t that  a 60% penetrat i on rate was j u st i f i ed when l arger t an ks were 
part of the program . Water heaters are assumed to  be s hut off from 7 : 00 a . m .  
un t i l at l east  1 1 : 00 a . m .  and from 5 : 00 p . m .  to 9 : 0 0 p . m .  They are s h ut off 
i n  t h e  even i ng so  t h at the even i ng peak goes down a , ong w i t h  the morn i ng pea k .  
Some of the  water h e aters woul d n o t  come on unt i l  s everal h ours after 1 1 : 00 
a . m .  or 9 : 00 p . m .  I t  i s  i mportant t o  stagger the  t i mes  at wh i ch water h eaters 
come back on  so t hat a new system peak i s  not created . Some water h eat l oad 
coul d be del ayed unt i l very l ate at n i ght  to  fi l l  the l owest po i nt of the  
system l oad s h ape . 

F i gure D- 1 3 a  s h ows the  est i mated fract i on of ex i st i ng � i ngl e fam i l y  and mul t i 
fam i l y  homes t hat wou l d part i c i pate i n  a water heat - control program . The  
program penetrat i on rates  i ncrease stead i l y as  ol d water h e aters  wear  out and 
are repl aced . Penetrat i on rates for man ufactured home s are the  s ame as  for 
mul t i - fami l y  h ome s , as s hown i n  Tabl e D . 5 . 1 .  Correspond i ng penetrat i on rates 
for new h omes are s h own i n  Fi gure D - 13b . 

Tabl e 0 . 4 . 1 Water Heat Control Penetrat i on Rates  
Est i mated for  Exi st i ng Home s 

1 998 
2002 
2006  
2 0 1 0  

S i ngl e 
Fam i l y  

0 . 200 
0 . 400 
0 . 600 
0 . 600 

Mul t i 
Fami l y  

0 . 067 
0 . 133 
0 . 200 
0 . 200 
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Manufac tured 
Home s 

0 . 067  
0 . 1 33 
0 . 200  
0 . 200 
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Figure D-1 3a. Water Heat Control Penetration Rates 
Existing Homes 
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Figure D-1 3b. Water Heat Control Penetration Rates 
New Homes 
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Impacts 

Co i nc i dent peak sav i ngs for s i ngl e fami l y  homes , or s a v i ngs  at the t i me o f  
system pea k ,  are 1 . 09  kW o n  a normal peak  day and 0 . 79 kW o n  a n  ext reme p e a k  
day .  On a n  extreme l y  col d day some water h e a t  l o ad s h i ft s  to l ater  i n  t h e  
morn i ng ,  w i t h  l es s  l o ad av a i l abl e for shedd i ng at the  t i me o f  sys tem pea k . 
Peak s av i ng s  are shown , i n  megawatt s ,  i n  F i gure D- 1 4 a . 

Base  case  l oad shapes  for water heat control were der i ved from a s amp l e o f  
s i ngl e fami l y  homes i n  Was h i ngton and Oregon . The s ame l o ad s h apes  were u sed 
to s i mu l ate water heat cons umpt i on i n  mul t i - fami l y  and man u factu red h ome s . 
Base  case  l oad shapes  for an average wi nter day , a 1 i n  2 peak  day , and a 1 i n  
20  peak  day were deri ved from ELCAP dat a .  Water heat  l o ad s h a pe s , w i th  and 
w i thout water heater control by the  ut i l i ty ,  are s hown i n  F i gure  D - 1 4 b .  

The program wi l l  al s o  prov ide l arger h i gh l y  i n su l ated tan ks t o  s i ngl e fam i l y  
homes al ong wi th  the water heat control s .  The new tan ks prov i de energy 
s av i ngs of 2 5 1  kWh per year . A l arger  tank  prov i des  extra storage of hot  
water  for t i mes  when  e l ectri c i ty i s  shut  off to  the  water h eater . 

Costs  

The contro l s are  e s t i mated to cost  $ 228 for each hou s e . The  i ncremental cost 
of  a l arger tank for a s ingl e fami l y  home i s  $ 1 20 .  The  i ncent i ve cost  i s  $5  
per  month for the  4 months  for wh i ch the  program operates . An  add i t i onal  $8  
per  year covers admi n i strat i ve costs . 

I s sues  

The  maj or i s s ue i s  cus tomer acceptance : a l l owi ng  someone el se  to control 
t he i r  acc e s s  t o  hot water i s  somet h i ng many �ustomers  w i l l  not  con s i de r ,  at 
l east  not at the l evel of  i nc ent i ve that woul d be  cost - effect i ve for th e 
ut  i 1  i ty . 

Another i s sue  i s  the  effect i veness  of the del i very mechan i sm .  I n  order to 
capture a s i gn i fi cant s hare of  the repl acement market , the prog rams must h ave 
the  cooperat i on o f  the  contractors who repl ace the  o l d tanks  and the  b u i l ders 
who i n stal l t anks  i n  new construct i on .  Th i s  may requ i re some type o f  deal er 

. i ncent i ve .  

A th i rd i ssue  i s  the  u t i l i ty ' s l oad management commun i cat i on system . Rad i o  
broadcast i ng systems are the  mos t  common  cho i ce ,  and l i ce n s e s  may b e  d i ffi cul t 
and t i me - co n s umi ng  to  obt a i n .  

A fourth i s sue  t h at may i mpact ass umpt i on s  about market penetrat i on rate i s  
that  smal l er s i ngl e fam i l y  homes may not have room fo r  l arger water h eater 
tanks . 
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A fi nal  i s s ue i s  whether i t  i s  necess ary to  l i m i t  program part i c i p at i on to  a 
t an k  repl acement strategy . Many other ut i l i t i e s o perate  s ucce s s fu l  hot  water  
heater control programs w i th  onl y a month l y  i nc e n t i ve .  Th i s  type of  p rogram 
woul d h ave a greater peak  l oad reduct i on potent i a l  bec ause i t  woul dn ' t  be 
l i mi ted t o  the n ew or repl acement market . 

Summary Worksheets  

Summary worksheets are  prov i ded for s i ngl e fami l y ,  mu l t i - fami l y ,  and  
manufactured h omes in  Tabl es  0 . 4 . 2 ,  0 . 4 . 3 ,  and  0 . 4 . 4 .  Each  worksheet  comb i nes  
data  for new and  ex i s t i ng homes . S i ngl e fami l y  home s h ave some energy s av i ngs  
due to  repl acement wi t h  more effi c i ent t an ks . Mul t i - fami l y  and  manufact ured 
h omes h ave n o  energy savi ngs . 

Note t h at peak  sav i ngs  on a 1 i n  20  day are l ower t h an on a 1 i n  2 day . 
Dur i ng extreme l y  col d weather , water h eat l oad s h i fts  to l ater i n  the  morn i ng .  
Th i s  i s  s h own cl earl y i n  F i gures D - 1 a  and D - 7 a . Th i s  beh av i or , wh i ch may be 
due  to work or school  c l osures , he l ps to reduce peak l oads . The  resul t i s  
t h at , on a 1 i n  20 day at the  t i me of system peak ,  there i s  l e ss  l oad 
avai l abl e to  s h ed . 
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1 990 
1 9 9 1  
1 992 
1 993 
1 994  
1 995 
1 996 
1 997 
1 998 
1 999 
2000 
200 1 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010  

Tabl e 0 . 4 . 2  Summary Works h eet for S i ngl e Fam i ly  
Water Heat Control , Med i um Load G rowt h 

Per Un i t  Data : 
I n i t i al Cost  
Ma i nt . Cost  
Energy Sav i ngs 
1 i n  2 Peak Sav i ngs 
1 i n  20 Peak Sav i ngs 

Per kW Cost s : 
I n i t i al Cost  
Ma  i nt . per  year 

Pl ant Factor 

Program Energy 
Un i ts Sav i ngs 

( Househo l d s )  ( aMW ) 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  

2 1 , 067  0 . 4  
55 ' 4 7 1  1 . 1  

1 0 2 , 655 . · 2  . 1  
1 43 , 325  3 . 2  
183 , 485 4 . 2  
222 ' 773 5 . 2  
2 6 1 , 698 6 . 2  
299 , 754 7 . 2  
337 ' 1 80 8 . 2  
3 7 4 , 03 1  9 . 1 
409 , 959 1 0 . 0  
4 4 5 , 598 1 0 . 9  
480 , 694  1 1 . 8 
481 , 243 1 1 . 7  
481 , 940 1 1 . 6  
482 , 655 1 1 . 5  
483 , 400 1 1 . 4  

$348 
$28 
251 kWh per year 

1 .  090 kW @ 2000 
0 . 786 kW @ 2000 

1 i n  2 

$3 1 9  
$26  

0 . 026  

Peak  
Sav i ngs  

1 in  2 
( MW )  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

23 . 0  
60 . 7  

1 1 2 . 5  
1 57 . 1  
20 1 . 0  
243 . 5  
285 . 2  
325 . 4  
364 . 4  
403 . 6  
44 1 . 5  
479 . 0  
5 1 5 . 7  
5 1 4 . 8  
5 1 4 . 0  
5 1 3 . 3  
5 1 2 . 6  
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1 i n  20  

$443  
$36  

0 . 036  

Pe a k  
Sav i ngs 
1 i n  20 

( MW )  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

1 6 . 6  
43 . 8  
8 1 . 2  

1 1 3 . 4  
1 4 5 . 0  
1 75 . 7  
205 . 8  
234 . 8  
263 . 0  
2 9 1 . 2  
3 1 8 . 6 
345 . 6  
37 2 . 1 
3 7 1 . 4  
3 70 . 9  
3 70 . 4  
369 . 9  



1 990 
1991  
1 992 
1993 
1 994 
1 995  
1 996 
1 997  
1 998 
1 999 
2000 
200 1 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2 0 1 0  

Tabl e 0 . 4 . 3  Summary Works heet for Mul t i - Fami ly  
Water  Heat  Control , Med i um Load Growt h 

Per Un i t  Data : 
I n i t i al Cost 
Ma i nt .  Cost 
Energy Sav i ngs  
1 i n  2 Peak  Sav i ngs 
1 i n  20  Peak Sav i ngs  

Per  kW Costs : 
. I n i t i a l Cost 

Ma i nt . per year 

Pl ant Factor 

Program 
Un i t s 

( Househo l d s )  

0 
0 
0 
0 

9 , 49 1  
2 4 , 195  
38 , 81 8  
50 , 957  
63 , 106 
7 5 , 1 48 
87 , 1 78 
9 9 , 045 

1 1 1  ' 009 
1 1 3 '  907 
1 1 6 '  896 
1 1 9 , 962  
1 23 , 1 2 6  
1 26 , 33 1  
1 2 9 , 608 
133 ' 001 
136 , 486 

Energy 
Savi ngs 

( aMW) 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

$228 
$28 

0 kWh per year 
0 . 646 kW @ 2 000 
0 . 466 kW @ 2 000 

1 i n  2 

$353 
$ 43 

0 . 000 

Peak 
S av i ngs 

1 i n  2 
(MW)  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
6 . 3  

1 6 . 0  
25 . 6  
33 . 5  
4 1 . 3  
48 . 9  
56 . 3  
63 . 5  
70 . 6  
72 . 0  
73 . 4  
74 . 8  
76 . 3  
77 . 9  
79 . 4  
81 . 1  
82 . 7  
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1 i n  20  

$489 
$60 

0 . 000 

Pea k 
Sav i ngs 
1 i n  20 

(MW)  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
4 . 5  

1 1 . 6  
1 8 . 4  
24 . 2  
29 . 8  
35 . 3  
40 . 6  
45 . 8  
50 . 9  
5 1 . 9  
53 . 0  
54 . 0  
5 5 . 1  
56 . 2  
57 . 3  
58 . 5  
59 . 7  



1 990 
1991  
1992  
1 993 
1994 
1995  
1 996 
1 997 
1 998 
1 999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010  

Tabl e 0 . 4 . 4  Summary Worksh eet for Manufactured Home s 
Water Heat Control , Med i um Load Growt h 

Per Un i t  Data : 
I n i t i al Cost  
Ma i nt . Cost  
Energy Sav i ngs 
1 i n  2 Peak Sav i ngs  
1 i n  20 Peak Sav i ngs 

Per kW Cost s :  
. I n i t i a l Cost  
Ma i nt . per year  

Pl ant Factor 

Program 
Un i t s 

( Househol d s )  

0 
0 
0 
0 

1 , 892 
4 , 850 
7 , 790 

1 0 , 38 1  
1 2 , 982 
1 5 , 566  
1 8 , 164  
20 , 707 
23 , 228 
23 , 7 13  
24 , 182 
2 4 , 670 
25 , 160  
25 , 652  
26 , 147  
26 , 644 
2 7. � 1 43 

Energy 
Sav i ng s 

( aMW) 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

$228  
$28  

0 kWh per  year  
0 . 739  kW @ 2000 
0 . 533 kW @ 2000 

1 i n  2 

$309 
$38 

0 . 000 

Peak 
Sav i ngs  

1 i n  2 
(MWl 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
1 . 4 
3 . 6  
5 . 7  
7 . 7  
9 . 6  

1 1 . 5  
1 3 . 4  
1 5 . 3  
1 7 . 1  
1 7 . 3  
1 7 . 6  
1 7 . 9  
1 8 . 1 
1 8 . 4  
1 8 . 7  
18 . 9  
1 9 . 2  

0 - 5 1  

1 i n  20 

$428 
$ 53 

0 . 000 

Peak 
Sav i ngs  
1 i n  20 
. . CMW l  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
1 . 0  
2 . 6  
4 . 1  
5 . 5  
6 . 9  
8 . 3  
9 . 7  

1 1 . 0  
1 2 . 3  
1 2 . 5  
1 2 . 7  
1 2 . 9  

. 1 3 . 1  
1 3 . 3  
13 . 5  
13 . 7  
1 3 . 8  
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0 . 4 . 2  T I M E - OF - USE RATES 

Th i s  vol untary program offers an opport un i ty for el ectri c b i l l  s av i ng s  to 
reta i l  s i ngl e fam i l y  re s i dent i a l customers that  s i gn up for t i me - o f - use  ( TOU ) 
rates . The conserv at i on and l oad man agement  team fel t t h at a vol unt ary 
program cou l d be constructed to  draw 20% of  s i ngl e fam i l y  househo l d s  ( s ee 
F i gure 0 - l Sa ) . The ut i l i ty i n stal l s  a TOU meter on part i c i pat i ng houses  and 
sets  reta i l  energy rates s o  that peak rates are  twi ce  as  h i g h a s  off- peak  
rates . Part i c i pants t h at do  an average amount of  l oad deferral to  the  
off-peak  peri od can expect to  reduce the i r  month l y  b i l l s  by  $ 5 .  The  TOU rates  
are i n  effect for four months  each wi nter . Peak hours are 7 : 00 am to  1 1 : 00 
a . m .  

Impacts  

The  TOU rate program a s s umes t h at el ectri cal  l oad i s  reduced by 1 5% at the  
t i me of  sys tem peak  i n  s i ngl e fami l y  homes t hat part i c i pate ( see  F i gure D-
1 5 b ) . W i t h  20% of  homes part i c i pat i ng ,  el ectri cal  d emand averaged acro s s  a l l 
s i ngl e fami l y  h omes wou l d

- be reduced by 3% at the  t i me of system pea k .  

T h e  1 5% l oad reduct i on appl i es from 7 : 00 a . m .  unt i l 1 1 : 00 a ;m . , w i th  a 
s i x - hour payback peri od fol l owi ng . Energy payback i s  equal  to en ergy s aved 
from 7 : 00 to  1 1 : 00 ,  so  there i s  no  net energy b�nefi t .  F i gure D - I Sc s h ows the  
ass umed hourl y pattern o f  res i dent i a l el ectri c i ty cons umpt i on wi th  and w i t hout 
TOU rates . The pl ot  i s  for a typ i cal  s i ngl e fami l y  home wi th  el ectr i c space 
heat and water heat . 

Because  el ectri c i ty cons umpt i on for d i fferent res i d e n t i al  end - uses  i s  
forecasted to grow at  d i fferent rates , peak s av i ngs  per househol d are not 
constant  over t i me . E l ectri c space heat becomes a smal l er s h are of  
res i dent i al e l ectri c i ty cons umpt i on due  to  new con s t ruct i on and  l os s  of market 
s hare to n at ural gas . Over t i me ,  res i dent i al el ectri c i ty cons umpt i on becomes 
l es s  weather sens i t i ve , ·  and average peak s av i ngs per househol d decl i nes . 

Costs  

The TOU meters cost  $ 1 1 5  per  househol d .  The  program wi l l  expect to prov i de 
b i l l  s av i ngs of  about $5  per month for act i ve program p art i c i p ants . Non 
part i c i p ants  wi l l  end up pay i ng h i gher bi l l s  to offs et the l ower b i l l s  p a i d  by 
program part i c i p ant s . I n  addi t i on ,  i t  i s  a s s umed that  admi n i s trat i ve costs  
w i l l  come to $2  per  un i t  per  year . Th i s  covers the  cost s of  add i t i onal  met er  
readers as  wel l as  the  costs  of program admi n i strat i on and  eval uat i on .  Cost  
ca l cul at i on s  are  s ummar i zed in  Tabl e .0 . 4 . 5 .  
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I ssues  

1 .  Th i s  proposal  i s  based on a Snohomi sh  PUD p i l ot p rogram . A l though  
Snohom i s h  PUD  real i zed an  overal l net peak  reduct i on for th e i r TOU p i l o t 
program , d ur i ng t h e  col d weat h er mont h s  t h e  p e a k  demand o f  the  even i ng 
test group { TOU customers ) frequen t l y  exceeded t h at o f  the  even i n g 
control group  ( normal el ectr i c rate c ustomer s ) .  Th i s  i n cl uded t h e  sy stem 
peak  day of  February 3 ,  1 989 . I n  add i t i on ,  t he  even i ng g roup  i n c reased 
total  energy con s umpt i on i n  compari son w i th  the  control group . The  
reasons  for these  i ncreases  need to  be  stud i ed furt h e r . 

There i s  not  enough data from Snohomi s h  PUD ' s TOU p i l ot p rogram to  
c onf i den t l y  pred i ct the  i mpacts  from a reg i on - w i de , l on g - t e rm p rogram . 
The  l oad s h ape i mpacts from a l ong - term program may be very d i fferent  
t h an t h o se from a smal l ,  s hort - term exper i ment . W i t h a l on g - term 
program , c ustomers wou l d  be much more l i ke l y  t o  ma ke i n v e s tmen t s  i n  l oad 
s h i ft i ng dev i ce s  such  as  c l ock  thermostats  and  hot  water heater t i mers . 

2 .  A second i s sue  i s  whether or not a TOU rate program shou l d be a i med 
toward , or l i m i ted · to ,  a speci fi c group of  res i dent i a l customers . A TOU 
rate program woul d be more effect i ve i f  targeted at h i g h e l ectr i ca l  
con sumers : l arger , al l - e l ectri c home s . A l arger average peak  kW 
red�ct i on ,  at a l ower cost , woul d be real i zed wi th  t h i s  type of home i n  
compari s on to  smal l er home s ,  o r  homes w i t h  gas  heat  and gas  appl i ances . 

3 .  Another i ss ue i s  rel i a bi l i ty .  The vol untary ba s i s of  t h e  program reduces 
the  rel i ab i l i ty for peak  l oad reduct i on ,  i n  co�par i son to  programs t h at 
empl oy d i rect l oad control . 

4 .  F i na l l y ,  ut i l i t i e s that  adopt TOU rates  w i l l  h a v e  t o  mod i fy t he i r  b i l l i ng 
procedure s . Th i s  may be e a sy for some ut i l i t i e s ,  but d i ff i cul t and 
cost ly  for others . 
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1990 
1991  
1992 
1 993 
1 994 
1995  
1 996 
1 997  
1 998 
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2000 
2001 
2002 
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2004 
2005 
2006 
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2009 
2 0 1 0  

Tabl e 0 . 4 . 5  Summary Worksheet for 
T i me - o f-Use  Rates , Med i um Load Growth 

Per Un i t  Data : 
I n i t i al Cost  
Ma i nt . Cost  
Energy Sav i ngs  
1 i n  2 Peak  Sav i ngs  
1 i n  20 Pea k  Sav i ngs  

Per  kW Costs : 
I n i t i al Cost 
Ma i nt . per Year 

Pl ant F actor 

Program Energy 
Un i ts Sav i ngs  

( Househol d s }  ( aMW l 

0 0 . 0  
0 0 . 0  
0 0 . 0  
0 0 . 0  

3 5 , 05 1  0 . 0  
82 , 768 0 . 0  

1 3 1 , 628  0 . 0  
18 1 , 644 0 . 0  
196 , 200 0 . 0  
2 1 0 , 797 0 . 0  
2 2 5 , 952  0 . 0  
2 4 1 , 208 0 . 0  
256 , 75 1  0 . 0  
259 , 645 0 . 0  
262 , 340 0 . 0  
265 , 2 73 0 . 0  
268 , 264 0 . 0  
2 7 1 ' 273 0 . 0  
274 , 400 0 . 0  
277 ' 524 0 . 0  
280 , 658 0 . 0  

$ l l 5  
$22  

0 kWh per  year 
0 . 46 1  kW @ 2000 
0 . 5 1 4  kW @ 2000 

1 i n  2 

$ 249 
$ 48 

0 . 000 

Peak 
Sav i ngs  

1 i n  2 
(MW l  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

1 8 . 5  
42 . 8  
66 . 4  
89 . 5  
94 . 6  
99 . 4  

1 04 . 2  
1 09 . 4  

. . l l 4 . 6  
1 1 4 . 1  
1 1 3 . 6  
l l3 . 1  
l l 2 .  7 
1 13 . 4  
l l 4 . 1  
1 1 4 . 9  
1 1 5 . 6  
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1 i n  2 0  

$224  
$43 

0 . 000 

Pe ak  
Sav i ng s  
1 i n  20 

(MW l  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

20 . 2  
46 . 8  
72 . 9  
98 . 7  

1 04 . 7  
1 1 0 . 4  
1 1 6 . 2  
1 22 . 5  
1 28 . 9  
1 28 . 8  
1 28 . 7  
1 28 . 7  
1 28 . 7  
1 29 . 6  
1 3 0 . 4  
1 3 1 . 2  
1 3 2 . 1  
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0 . 5 . 0  FUEL  SW ITCH I NG 

The  Puget Sound Area E l ectr i c Rel i abi l i ty Pl an ( PSAERP ) i s  exam i n i n g a number 
of al ternat i ve s  for red u c i ng peak l oad on the  tran smi s s i on sys tem serv i ng the 
Puget Sound Are a .  Becau s e  the  probl em addres sed by the PSAERP i s  a 
transmi s s i on constra i n t ,  the  l oad rel evant to  the  fuel swi tch i ng anal ys i s  i s  
annual  peak kW . 

Swi tch i ng consumer el ectr i c l oads to natural  gas  ( fuel  swi tch i ng )  i s  a part of  
the  so l ut i on packages  be i ng analyzed . The ana lys i s  of fuel  swi tch i ng was  a 
j o i nt effort of  the  Conservat i on and Load Man ag ement and the  Load Foreca st i ng 
Teams . 

0 . 5 . 1  OVERV I EW 

The fuel swi tch i ng analys i s  was based on separat i ng bu i l d i ngs  i nt o  market 
segment s .  Market s egments are categor i es where the  respon s e  of  bu i l d i ngs  to a 
fue l  swi tch i ng program i s  rel at i ve l y  h omogeneou s .  A prel i m i n ary ana lys i s  
screened out market s egments wi th  bu i l d i ng s  where fuel  swi t ch i ng wou l d be 
proh i b i t i ve l y  expens i ve .  The screen i ng a s s umpt i on s  are descri bed l ater i n  
t h i s paper . 

· 

For market segments anal yzed i n  deta i l ,  the  number o� bu i l d i ngs  and the  kW per 
b u i l d i ng ( under both normal w i nter and extreme col d weat her cond i t i on s )  were 
est i mated i n  the  PSAERP l oad forecast . The product of t he number of  bu i l d i ngs  
and kW per  bu i l d i ng gave  t he total el ectri c l oad o r  '' techn i ca l  potent i a l "  for 
fuel sw i tch i ng .  The Conservat i on and Load Manageme nt  Team est i mated a program 
part i c i pat i on rate and the  costs  of swi tch i ng per b u i l d i ng for each  market 
s egment . The techn i cal  poten t i al  mul t i pl i ed by the part i c i p at i on rate g i ves  
the  " ac h i evabl e potent i a l . "  T h i s ach i evabl e l oad i s  matched wi t h  costs  to  
determi ne  t he cost per kW for programmat i c  fuel  swi tch i ng .  The  cost per kW i s  
u sed to  compare fue l  swi tch i ng w i t h  other PSAERP al t�rnat i ve so l ut i ons . 

0 . 5 . 2  SUMMARY OF  RESULTS 

Some fuel swi t ch i ng i s  expected to  occur as  a resul t of market forces  a l one  
because  the  pri ce  of  n atural gas  i s  l es s  t han el ectri c i ty t hroug hout  t he 
PSAERP pl ann i ng hori zon ( t h i s d i fference i s  forecasted t o  n arrow between 1 990 
and 20 1 0 ) . Approx i mate l y  200 MW of fuel sw i tch i ng i s  forecast to  occur i n  
respons e  t o  market forces by the  year 2000 . After market i nduced fuel 
sw i tch i ng i s  accounted for ,  approx i mate l y  4 , 200 MW of l o ad rema i n s i n  market 
segments  con s i dered ava i l abl e for fuel swi tch i ng .  Th i s  i s  t he  techn i cal 
potent i al for fuel swi tch i ng .  Of t h i s amount , 250 MW of a c h i evabl e poten t i al 
i s  est i mated t o  exi s t . 
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D . 5 . 3  MARKET S EGMENTS 

For ana l yt i cal  purpo se s ,  bu i l d i ngs  were categori zed i nto rel at i v e l y 
homogeneous  group s . Prel i m i n ary an a lys i s  screened out  some catego r i e s  a s  
unreal i st i c  or proh i b i t i ve ly  expens i ve t argets  for prog rammat i c  fu e l  
swi tch i ng .  Seven market s egments  were anal yzed i n  det a i l . I n  e a c h  o f  t h e s e  
segments  the  n umber of  bu i l d i ng s  and peak l oad p e r  b u i l d i ng were d e r i ved  from 
the PSAERP l oad forecast . The percentage of  e l i g i b l e  bu i l d i ng s  t h a t  wo u l d 
part i c i pate i n  a fuel sw i tc h i ng program was  est i mated by t h e  C o n s e rv a t i o n  a nd  
Load  Man agement Team . The product of  el i g i bl e  b u i l d i ng s  or  tota l  p e a k  l o ad  i n  
a market segment and that  market segment ' s  p art i c i pa t i on rate g i ves  t h e  n umber 
of  ach i evabl e househo l ds or peak l oad avai l abl e for fuel swi t c h i ng i n  t he  
market s egment .  The  a s s umpt i on s  u sed to devel op the  s even market s egme n t s  a re 
d i scus sed i n  the  fol l ow i ng s ect i on s . 

Screen i ng Assumpt i on s  
I ndustr i al  and commerc i a l sectors were screened o u t  d u e  to  h i g h c o s t s  o f  
swi tch i ng ,  l i m i ted potent i al , and i n s t i tut i onal  barri ers . Mul t i - fam i l y  un i t s 
and al l exi s t i ng homes wtth  zonal  space heat were al so  screened out due  to 
cost and i n s t i t u t i onal  barri ers . Homes currentl y  us i ng gas  were screened out . 
Al though some of  these  homes do have el ectr i c space or  water  heat , sw i tch i ng 
was  a s s umed to  occur from market forces al one . 

Segmentat i on C r i teri a 
From the  rema i n i ng hou s i ng stoc k ,  market segment s are devel oped by s eparat i ng 
the  stock  by hou s i ng type ( s i ngl e fami l y  or manufact ured hous i ng ) , hous i ng 
v i ntage ( new u n i t s  b u i l t  i n  1 990 or l ater versus  ex i st i ng un i t s b u i l t  before 
1990) , and gas ava i l ab i l i ty .  Gas ava i l abi l i ty gro u ._ s  househol d s  depend i ng on 
the requ i rements  of  connect i ng the househol d to  n a t u ral  gas serv i ce .  The four 
categor i e s  of  gas avai l abi l i ty are : 1 )  househol d a l ready rece i v i ng n atural 
gas ; 2 )  not rece i v i ng gas , but requ i r i ng onl y  a serv i ce drop ( a l s o  defi ned a s  
w i t h i n  1/4 m i l e  of  a g a s  ma i n ;  3 )  househo l d  requ i r i ng both a ma i n  exten s i on 
and serv i ce drop ; 4 )  more than ma i n  extens i Gn requ i red , . or  s i gn i f i cant 
d i s t r i but i on system expan s i on .  

Hous i ng type and ·  v i ntage are ava i l abl e d i rect l y  from the  PSAERP forecast . Gas  
ava i l ab i l i ty was  e s t i mated as  the  percentage of homes i n  each  gas  av a i l ab i l i ty 
category for both new and exi st i ng homes by county . The i n i t i a l e s t i mates 
were devel oped by Bonnev i l l e  from popul at i on dens i t i es and n atural  gas  serv i ce 
terr i tor i e s . These est i mates were then rev i sed to  i ncorporate comment s and 
i mproved data ·from Was h i ngton Natural Gas , Cascade Na tural  Gas , Seatt l e  C i ty 
L i ght , Tacoma Publ i c  Ut i l i t i e s , Snohomi s h  County PUD , Puget Sound Power a nd  
L i ght , the  Wash i ngton State Energy Offi c e ,  and  the  Wa s h i ngton Ut i l i t i es a nd  
Tran sportat i on C ommi s s i on .  

The gas  avai l ab i l i ty rat i os represent a m i dpo i nt i n  t h e  t i me peri od of  the  
PSAERP pl ann i ng hor i zon . The rat i os can  be  expected to  change i n  t i me due  to  
geograph i c  changes in  popul at i on den s i ty and  the expected expan s i on of  natural 
gas d i s tr i but i on systems . The d i rect i on of the changes are uncerta i n .  A 
rap i d  expan s i on and fi l l i ng i n  of  natural  gas  d i s t r i but i on systems coul d pl ace 
a l arge part of  the popul at i on i n  e i ther the g a s - i n - home or  serv i ce-drop - on l y  
category ,  and consequentl y reduce the  proport i on o f  homes i n  t h e  ma i n -
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exten s i on and n ot - ava i l abl e categori e s . Another pos s i b i l i ty woul d be  for the  
gas  compan i es t o  expand the i r terr i tor i e s  i nto are as not  curren t l y  served 
wh i ch woul d i ncrease the amount of  homes i n  the ma i n  exten s i on category and 
reduce the  proport i on i n  other categori e s . Even i f  an un amb i g uous  scenar i o  
were a s s umed for popul ati on den s i ty changes and gas  expan s i on i n  the  future , 
no  data currentl y  ex i st s  to  e s t i mate the  magn i t ude o f  t hese  c h anges . 
Therefore , the  most appropr i ate  p l ann i ng a s s umpt i on i s  to  re ly  on m i dpo i n t 
est i mates based on the  ava i l abl e data . 

The el ectri c  equ i pmen t  to  be swi tched was spec i f i ed for each market segment . 
For most market s egments , the  most cost effect i ve p rogram i s  to sw i tch both  
the  space and water heat equ i pment s o  that  hook - u p  costs  are s p re ad over  a 
l arger amount  of  l oad . However , for househol d s  w i th l ow hoo k - up costs  
( serv i ce drop  on ly ) , sw i tch i ng on ly  the  water heater was  a l so anal yzed . I n  
new h ome s , t h e  space heat i ng equ i pment i s  not yet i n stal l ed and i s  
undetermi ned . The costs  and l oad assoc i ated wi t h  s pace h eat i n  these  home s i s  
a we i ghted average of  the  current proport i on s  of  central  forced a i r  and 
res i s t ance . 

Part i c i pat i on Rates 
Experi ence wi t h  conserv at i on programs i nd i c ates  t h at onl y  a port i on of  
e l i g i bl e  h omes wi l l  part i c i p ate in  a program . Program part i c i p at i on rates 
were a s s i gn ed to  each market s egment  to  i nd i cate th i s  percen t age . The rates  
were devel oped by the  Con s ervat i on and load Man agement Team of  the  PSAE RP . 

The Pac i fi c  Nort hwest gas  and el ectr i c ut i l i t i es are forecast i ng that  most new 
homes b u i l t  wi t h i n  1/4 mi l e  of  gas  mai n s  w i l l  choo s e  gas  from market forces 
al on e .  W e  a s s ume for t h e  PSAERP that new e l ectri c  r . omes w i th i n  1/4 m i l e  o f  
exi s t i ng g a s  ma i ns have chosen el ectr i c space and water heat for reasons  t h at 
woul d not be overcome wi t h  a fuel swi tch i ng program . Therefore , the  program 
part i c i pat i on rate for new h omes wi th i n  1/4 mi l e  of a gas  ma i n  i s  set  to zero . 

The a bove a s s umpt i on s  y i el d  the  fol l owi ng market s egme� ts : 

Hous i ng Hous i ng Gas  E l ect r i c  
Type  V i ntage Ava i l ab i l i ty Equ i pment 

1 )  S i ngl e Fam i l y  Ex i st i ng Serv i ce Drop Central  Forced A i r + Water 
2 )  S i ngl e Fami l y  Ex i s t i ng Ma i n  Exten s i on Central Forced Ai r + Water 
3 )  S i ngl e Fam i l y  Ex i st i ng Serv i ce Drop Water Heat On l y  
4 )  S i ngl e Fami l y  New Ma i n  Exten s i on Space + Water 
5)  Man u f .  Homes Ex i st i ng Serv i ce Drop Central  Forced A i r  + Water 
6 )  Man u f .  Homes Ex i st i ng Ma i n  -Extens i on Central Forced A i r + Water 
7 )  Manuf . Homes New Ma i n  Exten s i on Space + Water 
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0 . 5 . 4  COSTS 

The maj or cost  categor i es  are equ i pment , admi n i s t rat i ve ,  hoo k - u p and 
operat i ng .  These costs vary between market s egment s , but not  w i t h i n  a market  
s egment . The cost  data was  gathered from several  d i fferent report s by 
reg i onal  energy concerns and a s urvey of  Puget Sound area contractors  
conducted by Branch R i ch ards Anderson Comp any ( BRACO ) . Al l costs  a re 
expres s ed i n  1 990 dol l ars unl ess  otherwi s e  noted . For  purposes  of  the  PSAE RP , 
i t  was assumed that nom i nal  nonoperat i ng costs i n crease at the  rate of  
i nfl at i on .  

Cap i ta l  costs  ( operat i ng costs not i ncl uded )  by market segment are det a i l ed i n  
Tabl e 0 . 5 . 2 .  T h i s tabl e s hows costs  cal cul ated from the s oc i al and ut i l i ty 
perspect i ve .  Cost perspect i ves  are det a i l ed i n  a l ater  sect i on .  Operat i n g 
costs  are forecast annual l y  and det a i l ed i n  a d i fferent sect i on .  

Equ i pment Costs  
Equ i pment costs  i ncl ude the  furn ace or water heater , fl ue , vent i ng ,  p 1 p 1 ng ,  
other i nstal l at i on expen ses , ductwork , and shel l i mp rovements requ i red t o  meet 
the hous i ng code . An add i t i onal  cost i n  t h i s category i s  the deprec i ated 
v al u e  of e l ectr i c equ i pment not used after the  home i s  sw i tched to gas . 
Equ i pment  cost  data were col l ected from two source s :  a Northwe st Power 
Pl ann i ng Counc i l  report , Heat i ng New Homes : A Compar i son of  Heat i ng w i t h  
El ectri c .  N at ural  Gas  and Fuel  O i l Heat i ng Svstems , and the  BRACO survey .  

Admi n i strat i ve Costs  
Admi n i strat i ve costs  are  those  costs  assoc i ated w i t h  des i gn ,  i mpl ementat i on 
and overs i ght of  fuel swi tch i ng program or pol i c i e s . The  methods  t h at may be 
used  to  i mpl ement fuel swi tch i ng h ave  not yet been � etermi ned . For  purpo ses  
of  the  PSAERP Envi ronmental  Impact St atement , fuel  sw i tch i ng i s  i mpl emented 
s i mi l ar to a conservat i on program . Th i s  requ i re s · i n c l u s i on of  adm i n i strat i ve 
cost s .  Program admi n i strat i ve costs  are s et equal  to twenty percent of  total  
equ i pment cost s . Th i s  i s  rough ly  equal  t o  experi ence i n  Bonnev i l l e ' s  
conservat i on prog ram . 

Hook-up Costs  
Hook-up  costs  are  the  costs  of connect i ng a househo l d to n atural  gas . A cost 
was e s t i mated for the  gas  avai l ab i l i ty categori e s  of  serv i ce drop and mai n 
exten s i on .  The  cost o f  s erv i ce drop only  (gas  ava i l a b i l i ty category # 2 )  i s  
$550 based on a Wash i ngton State Energy Offi ce report , An al ys i s of  Con sumer 
and Margi na l  Costs  for  E l ectri c and  Natural Gas  Space and Water Heat i n  S i ngl e 
Fami l y  Res i dences  i n  Puget Sound Power and L ight Company Serv i ce Terri tory .  
T h e  cost  o f  a mai n  exten s i on o n l y  i s  $900 based o n  a report from the  
Assoc i at i on of Northwest  Gas  Ut i l i t i es ,  Coord i n at ed Energy Devel opment i n  t he  
Paci f i c Nnrthwest . Therefore the  cost of ma i n  extens i on p l u s  serv i ce drop 
(gas  ava i l ab i l i ty category #3 ) i s  $ 1 , 450 ( $550 + $900) . 

Operat i ng Costs  
The operat i ng cost  for  both  gas  and  el ectri c equ i pment equal s the  annual  
energy expen s e . Th i s  i s  ca l cu l ated as  the  product of  annual energy 
cons umpt i on mul t i p l i ed by the  pri ce . For el ectr i c equ i pment , en ergy 
consumpt i on i s  taken d i rect ly  from the  PSAERP · forecast . Energy cons umpt i on 
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for gas  equ i pment equal s e l ectr i c kWh d i v i ded  by an effi c i ency factor 0 . 7 5 for 
space heat and 0 . 53 for water heat . 

The pri ce for both  fuel s i s  the  whol esa l e marg i na l  cos t  of t h e  fuel . Reta i l  
costs were not u sed bec ause  they may i ncl ude other costs  wh i ch are a l re ady 
counted i n  t h i s an al ys i s  as expl i c i t l y  cost categor i e s ,  s uch as hoo k - up and  
adm i n i strat i on .  For e l ectr i c i ty ,  the  whol e s al e marg i nal  cost  i s  t hat u sed by 
t h e  PSAERP eval u at i on team wh i c h i s  Bonnev i l l e ' s marg i nal  c o s t  fo r reso urce 
pl ann i ng .  The whol esa l e marg i nal  cost of natural gas  i s  equal  to the c i ty 
g ate  pri ce as  forec ast  i n  the  Jo i nt Counc i l /Bonnev i l l e  Long Term Forecast  
shown i n  Tabl e 0 . 5 . 3 .  

Cost  Perspect i ve 
Costs may be c al cul ated from several perspect i ves . The end - u ser and soc i ety 
are two common v i ewpo i nts . I n  add i t i on ,  programmat i c  costs  of fuel  swi tch i ng 
may be cal cul ated on t h e  bas i s  of  a ret a i l gas or e l ectr i c company , a 
cooperat i ve effort of energy i nteres t s , or Bonnev i l l e , a federal whol esa l e 
ut i l i ty .  The PSAERP an al yzes fuel swi tch i ng costs from two perspect i ve s ,  
s oc i al costs  and ut i l i ty cost s . Soc i al costs  are u sed as  a resource se l ect i on 
cri teri a .  Ut i l i ty costs  are for a t heoret i cal  e l ectri c ut i l i ty choos i ng to 
encourage fuel  swi tch i ng .  

Soc i al costs ar� s et equal  to t h e  i ncrementa l  costs  ( the d i fference between 
gas  and e l ectr i c )  i n  al l cost categor i e s . The treatment of the ut i l i ty costs  
requ i re s  a pol i cy dec i s i on on how the costs  wi l l  be . d i v i ded among v ar i ous  
part i e s .  A ful l cost  scenar i o was  used i n  th i s  analys i s  to determi ne the  
max i mum cost a ut i l i ty may i ncur .  Th i s  cost scenar i o a s s i gn s  al l costs  
assoc i ated wi th  swi tch i ng equi pment , hook-up  and  ad:; i n i strat i on to  t h e  
ut i l i ty .  Operat i ng costs  are borne by t h e  end - user  and therefore not  i ncl uded 
i n  ut i l i ty cost c al cul at i ons . I n  t h i s scenari o ,  a d i st i nct i on must  be made i n  
the  cal cul at i ons  between new and exi st i ng homes . 

For ex i st i ng homes i n  the  ful l cost  scenar i o ,  the ful l costs of  hook-up  and 
admi n i strat i on are a s s i gned to  the ut i l i ty .  The ut i l i ty al so  p ays  ful l 
equ i pment costs  except the depreci ated val ue of unused el ectr i c equ i pment . 
Th i s  i s  a soc i al cost of foregone u seful val ue , but not an o u t - of- pocket 
expense  wh i ch must  be p a i d .  Operat i ng costs  are a s s i gned to t h e  end - u s er ,  not 
pa i d by the ut i l i ty .  

For new home s ,  the ful l cost scenar i o  reta i ns the a s s umpt i on of  ful l hook-up 
costs and admi n i strat i ve cost s ,  and no operat i ng cos ts . However , equ i pment 
costs  are i ncremental  for new home s .  A ful l equi pment cost as s umpt i on for 
new homes wou l d  i mp l y  t h at the  u t i l i ty pays for t h e  space and water heat  
system in  a home not yet  bu i l t .  The worki ng a s s umpt i on in  determi n i ng costs  
i s  t h at the  u t i l i ty p ays  the  costs  of swi tch i ng ,  not  the  cost  i nvol ved i n  
s uppl y i ng the  end - use . Therefore , i ncremental  equ i pment costs  are u sed for 
new homes . 

The ut i l i ty cost  scenar i o used here i s  a very con servat i ve pl ann i ng 
a s s umpt i on .  I f  any cost shari ng occurs wi th  other part i es s uc n  as  gas  
ut i l i t i es o r  consumers , the  cost  scenari o  u sed here w i l l  overst ate e l ectr i � 

· ut i l i ty cost s . 
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Free R i ders 

It woul d be d i ffi cul t ,  i f  not i mposs i bl e ,  for a fuel  sw i tc h i ng pol i cy to 
effect i ve ly  d i st i ngu i s h between otherwi se  equal  househol ds  t h at w i l l  or  wil l 
not swi tch  due  t o  market forces al one . For the  PSAERP i t  was a s s umed to be 
i mposs i bl e .  Therefore , the  program i s  appl i ed both to homes w i t h i n a market 
s egment that  are forecast to rema i n  el ectr i c ( programmat i c  fuel  swi tch i ng )  and 
al l homes forecast to  sw i tch  due to  the market a l one ( market i nduced fuel 
swi tch i ng ) . The h omes treated by a program that  wou l d  h ave swi tched w i thout  a 
program are ca l l ed " free r i ders . "  Free r i ders create an add i t i ona l  cost  fo r a 
fuel swi tch i ng program . 

The  n umber of home s forecast to  swi tch  from market forces was est i mated by 
s u btract� ng the  n umber of el ectr i c homes i n  the  base case  forecast  from t h e  
n umber of  homes i n  a forecast where el ectr i c saturat i on rates were he l d 
constant  at 1 990 stock  average l evel s .  The d i fference i s  the  n umber of  market 
i nd uced fuel swi tchers . 

. . 

The market i nduced swi tchers were assumed i n  t h e  PSAERP to  be w i t h i n 114 m i l e  
of  exi st i ng gas  mai n s . Homes requ i r i ng a ma i n  extens i on to  hook- up to  n atural 
gas  are not abl e to  read i l y  swi tch  and may i ncur s i gn i f i cant add i t i onal  
expense . As a resu l t ,  market i nduced fuel  swi tchers fal l in  to  t hree 
categor i es : ex i st i ng s i ng l e _ fami l y  I serv i ce drop I CFA + water h eat ; e x i st i ng 
s i ng l e fam i l y  I s erv i ce drop I water heat onl y ;  ex i st i ng man ufactured h omes I 
serv i ce drop I CFA + water heat . The n umber of homes i n  each s egment i s  
deri ved d i rect ly  from t h e  PSAERP forecast .  

From a soc i al cost  perspect i ve ,  free  r i ders i ncre a s e  on l y  the  admi n i strat i ve 
expen s e .  Other costs  s uc h  as  equ i pment or hook- up wou l d  h ave  been i nc urred 
anyway because  these  are t h e  h omes forecast to swi tch  i n  the base  case . The 
on l y  d i fference i s  wh i ch party i nc urs t h e  cos t ,  but from s o c i ety ' s pers pect i ve 
t h i s i s  a trans fer , not  an add i t i onal  cost . The total  soc i al cost  i s  
i ncreased by t h e  n umber of  free r i ders mul t i p l i ed by the  adm i n i strat i ve cost  
per hou sehol d .  

From the  ut i l i ty perspect i ve ,  the  ut i l i ty i s  now i ncurr i ng t h e  ful l program 
cost  for each  free  r i der . These  are the  homes t h e  u t i l i ty must  al s o  reach 
w i th  a program i n  order to  reach those  homes wh i ch wo ul d not  swi tch  from 
market force s .  The total  ut i l i ty cost i s  i ncreas ed by t h e  n umber of free 
r i ders mul t i pl i ed by t h e  total  program cost per househo l d .  

0 . 5 . 5  RESULTS 

The bas i c  i nput  d ata  and resul t s  are s ummari zed i n  Tabl es 0 . 5 . 1 ,  0 . 5 . 2  and 
0 . 5 . 3 .  

Tabl e 0 . 5 . 1  s h ows the  forecast  data used t o  deri ve t h e  number o f  househo l ds  i n  
each market s egment . The  data are categori zed by hous i ng typ e · and v i ntage and 

. equi pment type . Read i ng down a col umn , the total  hous i ng stock  i s  decreased 
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by the  rat i os for e l ectri c s at urat i ons , central forced a i r  for space h eat and 
the serv i ce drop and ma i n  exten s i on gas ava i l ab i l i ty rat i o s .  

Tabl e 0 . 5 . 2  shows t h e  deta i l  of  cost per househol d by market segment . 

Tabl e 0 . 5 . 3  comb i nes the  data from Tabl es  0 . 5 . 1 and 0 . 5 . 2  and i n c l udes the  kW 
per househo l d  to deri ve  t h e  total  l oad and cost  for fuel swi tch i ng .  I t  i s  
i mport ant to  note  that  the  costs  shown i n  Tabl e 0 . 5 . 3  are cap i tal  cost  o n l y  
and d o  n o t  i ncl ude operat i ng costs . 

The cost per kW i s  an i mportant bas i s  for compari son of resources . The PSAERP 
an a lys i s w i l l  match the  ac h i evabl e l oad and c ap i ta l  costs  documented i n  t h i s  
s ect i on wi t h  operat i ng costs  to deri ve a l evel i zed cost  per  kW for the  ent i re 
fuel swi tch i ng program . 

I n  order for ann ual  operat i ng cost to  be i ncorporat ed , the . costs  n eed to  be 
cal cu l ated on a l evel i zed bas i s .  The soc i al  costs for the  enti re . fuel 
swi tch i ng s ector are l evel i zed and det a i l ed el sewhere i n  t h i s document to 
compare wi t h  other reso urces . 

For al l market sectors t h e  l evel i zed cost per kW wi l l  be l ess  than t h e  c a p i tal 
cost per kW from the  soc i al  perspect i ve .  Th i s  i s  bec ause  l evel i zed costs  w i l l  
i ncl ude operat i ng costs wh i ch are l ess for gas  space and wat er  h eat t h an for 
el ectri c equ i pment .  G as equ i pment  i s  l es s  effi c i ent  than e l ectri c ( rat i os 
g i ven i n  Operat i ng Cost sect i on ) , but the  l oss  i n  effi c i ency i s  more than 
offset by the rel at i ve l y  i nexpens i ve gas pri ces . 

From the  ut i l i ty perspect i ve ,  the  c ap i t al cost i s  a fa i r  approx i mat i on of  
tota l  costs because  operat i ng costs  do not affect u t i l i ty cos ts . 

Cap i tal  cost per kW do  prov i de a good i nd i cat i on o f  the  resu l t s  and t h e  
ran k i ng among market segment s  shoul d be roug h l y  equ i val ent t o  the  l evel i zed 
cost  ran k i ng ,  because operat i ng costs tend t o· act i n  the  - s ame d i rec t i on for 
al l market s egments .  The cap i tal  cost  per kW by mark�t segment  are deta i l ed 
i n  Tabl e 0 . 5 . 3 .  

From both the  soc i al  and ut i l i ty perspect i ves , the  l east expen s i ve market 
s egments ( i n  terms of  cap i tal  cost per kW ) are al so  the market segments  w i th  
the  most  swi tchabl e l oad , t h e  s egments wi th  ex i st i ng s i ngl e fam i l y  homes where 
both central forced a i r and water heat are swi tched . The  rank of  these  two 
segments v ar i es  i n  the  d i ffer�nt perspect i ves  because  of t h e  free  r i der i s sue . 

The most  expens i ve s egment i s  for an ex i st i ng s i ngl e fami l y  home where on l y  
t h e  water heater i s  swi tched . Th i s  i s  a resul t of  two factors . T h e  hook- up 
cost i s  spre ad over a rel at i ve ly  smal·l amount of  l oad per househol d because  no 
space heat l oad i s  swi tched and there are l arge n umber o f  free r i ders i n  t h i s  
segment because  water heat equ i pment  wears out  and i s  turned over rel at i ve l y 
qu i ckl y ,  so  there i s  a l ot of  market i nduced swi tch i �g .  
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TABL E 0 . 5 . 1  
Househ o l d s  / · · · · · · · · · · · :·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  SPACE HEAT · · · · · · · ; · · · · · · · · · · · · · · · · · \ 

/ · · · · · · · ·  Exi s t i ng · · · · · · · · ·\ / · · · · · · · ·  • • •  N ew • •  • • • •  · · · · · \  
S i ng l e  Fami l y :  1 991 2000 2 0 1 0  1 99 1  2000 2 0 1 0  

Hous ehol ds 1 . 09 2 . 1 7 8  1 . 04 2 . 783 987 , 900 24 . 207 2 1 2 . 503 4 1 5 , 389 
S a t u rat i on 391 381 361 301 301 301 

El ectri c Un i ts 424 , 857 396 . 258- 355 , 644 7 , 262 63 , 7 5 1  1 2 3 , 484 
I Cen t .  Forced Ai r 261 261 261 1 001 1 001 1 001 

E l ec CFA 1 1 0 , 463 1 0 3 , 027 9 2 , 467 7 , 26 2  6 3 , 7 5 1  1 2 3 , 484 
I CFA w/SD 311 311 311 OS OS OS 

CFA w/SD 34 . 244 31 . 938 28 , 665 0 0 0 

I CFA w/HE 221 221 221 1 51 1 51 1 51 
CFA w/HE 24 , 30.2 2 2 . 666 2 0 , 343 1 . 089 9 , 56 3  1 8 . 5 2 3  

Manu f .  Hous I ng :  
Households 1 0 5 . 045 9 5 . 495 84. 885 4 , 34 5  42. 403 84 . 7 59 
Saturati on 811 791 761 751 751 751 

E1 ectrl c Uni ts 84 . 8 7 6  7 5 . 44 1  64 . 5 1 2  3 . 259 31 ,802 63 . 335 
I Cen t .  Forced Ai r 921 921 921 921 921 921 

El  ec CFA 78 , 086 6 9 . 406 5 9 . 3 5 1  2 .  998 29. 258 5 8 . 268 
I CFA w/SD 3 1 1  311 311 OS OS OS 

CFA w/SD 24. 207 2 1 . 5 1 6  1 8 . 399 0 0 0 
I CFA w/HE 221 221 221 1 51 1 51 1 51 

CFA w/HE 1 7 , 1 79 1 5 . 269 1 3 . 057 489 4 , 77 0  9 , 5 0 0  

CFA - Cen t ra l  Forced A i r  
SO - Serv i ce Drop 
HE - M a i n  Extens i on 

/ · · · · · · · · · · ·  · • • • • • · • • • • · • • • • · · ·  · · · • ·  · • · • · · · · · · • WAT E R H EAT · · · · · · ·  · · · · · ·  · · ·  · · · · · • · · · \  
i · · · · · · · · Exi s t i ng • · · ·  · · · · · \  / · · ·  · · • • ·  · · · New · · · · · ·  · ·  · · · \ 

S i ng l e  Fami l y :  1 99 1  2000 2 0 1 0  1 99 1  2000 2 0 1 0  

Hous eholds 1 . 09 2 . 1 7 8  1 . 04 2 . 783 987 , 900 2 4 . 2 0 7  2 1 2 . 5 03 4 1 5 , 389 

Saturat i on 721 68S 621 36S 341 33S 

E l ec t r i c  Uni ts 782 . 000 7 0 9 . 0 9 3  61 2 . 498 8 , 64 2  7 3 . 1 1 7  1 38 . 9 37 
I CFA w/SD 3 1 1  3 1 1  3 1 1  OS OS OS 

CFA w/SD 24 2 , 4 20 21 9 , 8 1 9  1 8 9 , 874 0 0 0 

I CFA w/HE 221 221 221 1 5 1 1 51 I S S  
C F A  w/HE 1 7 2 , 040 1 5 6 , 000 1 34 , 750 1 . 2 9 6  1 0 . 968 2 0 . 8 4 1  

Hanu f .  Hous i ng : 
Hous eho l ds 1 05 , 045 95 . 4 95 84 , 885 4 .  3 4 5  4 2 . 4 0 3  84 . 7 5 9  
Satura t i on 821 801 77 1 7 7 S  76S 76S 

El ectrl c Uni t s  85 . 9 27 76 . 3 96 65 , 36 1 3 , 34 2  32 . 4  2 2  64 . 37 9  
I E l ec w/SD 3 1 1  3 1 1  3 1 1  O S  OS OS 

E l ec w/SD 2 6 . 637 2 3 . 683 2 0 . 262 0 0 0 
I El ec w/HE 221 221 221 I S S I S S  I SS 

E1 ec w/ME 1 8 . 904 1 6 , 807 1 4 , 37 9  5 0 1  4 . 863 9 . 65 7  



T A B L E D . 5 . 2  
Cos t p e r  H o u s eh o l d 

( 1 9 9 0  S )  

1 )  E x i s t  S F , C FA+W H , S e rv i c e D rop E l ec t r i c  Ga s Soc i a  1 u t i  1 i t y  C a p i t a l  
EQU I PM E N T  

W a t e r  H e a t  
Repl a c em e n t  U n i t  2 4 0  2 50 1 0  2 5 0  2 50 
I n s t a l l a t i on 1 2 0 1 5 0 3 0  1 5 0 1 50 
F l u e .  v e n t i n g 0 1 5 0 1 50 1 50 1 5 0 
N P V .  rema i n i n g l i f e .  e l ec t . eqpt 0 7 2  7 2  0 0 

C e n t ra 1 F o rc e d  A i r 
Repl a c em e n t  U n i t 5 7 5  900 325 9 00 9 0 0  
I n s t a l l a t i on 0 ass  a s s  a s s  8 5 5  
F l ue ,  v e n t i n g 0 400 4 00 400 4 00 
N P V ,  rema i n i n g 1 i f e .  el ect . eqpt 0 1 7 7  1 7 7  0 0 

S u b t ot a l  9 35 2 . 9 5 4  2 . 0 1 9  2 . 7 0 5  2 . 7 0 5  
A DM I N I S T RAT I V E  0 0 5 4 1  5 4 1  5 4 1  
H OO K · U P  

S e r v i c e  D rop 0 5 5 0 5 5 0  5 5 0 5 5 0 
TOTAL 9 35 3 , 5 04 3 . 1 1 0  3 . 7 9 6  3 .  7 9 6  

2 )  E x i s t  S F , C FA+WH , Ma i n  Exten s i o n 
EQU I PMENT 

Wa t e r  Hea t 
Rep l a c emen t U n i t 2 4 0  2 5 0 1 0  2 5 0  2 5 0  
I n s t a l l a t i o n 1 2 0  1 50 30 1 5 0 1 5 0 
F l ue . v e n t i n g 0 1 5 0  1 50 1 50 1 5 0  
N P V ,  rema i n i n g l i f e , el ec t .  eqpt 0 7 2  7 2  0 0 

Cen t ra l  Fo rc e d  A i r 
Repl a c em e n t  U n i t 5 7 5  900 3 2 5  900 900 
I n s t a l l a t i o n 0 8 5 5  ass ass ass 
F l ue ,  v e n t i n g 0 400 400 400 4 00 
N P V ,  rema i n i n g l i f e , el ect . eqpt 0 1 7 7  1 7 7  0 0 

S u b t o t a l  9 35 2 . 9 5 4  2 , 0 1 9  2 . 7 0 5  2 . 7 0 5  
A D M I N I STRAT I V E  0 0 5 4 1  541 5 4 1  
H OO K · U P  

Serv i c e  D rop 0 550 5 50 5 5 0  550 
Ma i n  E x t e n s i o n  0 9 00 900 900 900 

TOTAL 9 35 ! 0 4  4 , 0 1 0  4 , 6 9 6  4 , 69 6  

3 )  E x i s t  S F , W H  O n l y ,  Serv i c e  D rop 
EQU I PM E NT 

W a t e r  H e a t  
Repl a c ement U n i t  240 250 1 0  250 250 
I n s t a l l a t i o n 1 2 0  ! 5 0 30 1 5 0  1 5 0  
F l u e ,  v e n t i ng 0 1 5 0  1 50 1 5 0  1 5 0  
N P V ,  r ema i n i n g

_ 
l i fe , el ect . eqpt 0 72 7 2  0 0 

S u b t ot a l  360 622 262 550 5 50 
A DM I N I ST RAT I V E  0 0 1 1 0 1 1 0  1 1 0  
HOOK - U P  

Serv i c e  D rop 0 5 5 0  5 5 0  5 5 0  5 5 0  
T OTAL 360 L 17 2  9 2 2  1 . 2 1 0  1 , 2 1 0  

4 )  New S F ,  SH+WH , Ma i n  E x t e n s i on 
EQU I PM E NT 

Space H e a t  
We i g h ted Av . E q u i pment 2 . 1 1 5  4 , 1 0 0  1 , 98 5  1 . 98 5  4 , 1 00 
E n v e l ope e f f i e  ( 19 9 1 )  BOO 420 - 380 - 380 420 

W a t e r  trea t 0 
A l l equ i pment a n d  i ns t a l l a t i o n  400 5 50 1 5 0  1 50 5 5 0  

Subtot a l  3 , 3 1 5  5 , 0 7 0  1 .  7 5 5  1 .  7 5 5  5 , 0 7 0  
A DM I N I S T RA T I V E  0 0 1 . 0 1 4  1 . 0 1 4  1 , 0 1 4  
H O O K - U P  

Serv i c e  D rop 0 5 50 5 5 0  5 5 0  5 50 
Ma i n  E x t ens i on 0 9 0 0  9 00 900 900 

TOTAL 3 , 3 1 5  6 .  5 2 0  4 , 2 1 9  4 . 2 1 9  7 . 5 3 4  
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T A B L E  D . 5 . Z  ( c on t i n u e d ) 
Cos t p e r  H o u s e h o l d 

( 1 9 9 0  S )  

E l e c t r i c  G a s  Soc i a  1 U t  1 1  i t y  C a p 1 t a l  
5 )  E x i s t  MH . C F A+WH , S e rv i c e D r o p  

EQU I PM E N T  
W a t e r  H ea t  

Repl a c ement U n i t Z 40 2 5 0  1 0  2 5 0 2 5 0  
I n s t a l l a t i on 1 Z O 1 50 3 0  1 5 0 1 5 0 
F l ue .  v e n t i ng 0 1 0 0  1 0 0 1 0 0  1 00 
N P V ,  r ema i n i n g 1 i f e .  e l ect . e q p t  0 7 Z  7 2  0 0 

C en t ra 1 F o rced A i r 
Repl acement U n i t 5 7 5  1 . 0 0 0  4 Z 5  1 . 0 0 0  1 . 0 0 0  
I n s t a l l a t i on 0 7 30 7 30 7 3 0  7 30 
F l ue ,  v e n t i n g 0 zoo  zoo zoo zoo 
N P V ,  r ema i n i n g 1 i f e ,  el e c t . eqpt 0 1 44 1 44 0 0 

S u b t o t a l  9 35 Z . 646 1 .  7 1 1  Z . 4 3 0  Z . 4 30 
A DM I N I S T RAT I V E 0 0 4 86 486 486 
H O O K  - U P  

S e rv i c e Drop 0 5 5 0  5 5 0  5 5 0  5 50 
T O T A L  9 35 3 . 1 9 6  2 . 7 4 7  3 , 466 3 , 4 66 

6) Exi s t  MH , C FA+W H ,  Ma i n  Exte n s i o n 
E QU I PM E N T  

W a t e r  H e a t  
Repl acemen t Un i t  2 4 0  2 50 1 0  Z 5 0  2 5 0  
I n s t a l l a t i o n 120 1 5 0  3 0  1 50 1 5 0  
F l ue ,  v e n t i n g 0 1 00 1 00 1 0 0  1 00 
N P V ,  rema i n i ng 1 i f  e .  e l e c t . eqpt 0 7 2  7 2  0 0 

C e n t r a l  F o rced A i r 
Repl a c ement U n i t 5 7 5  1 . 000 4 2 5  1 , 000 1 . 0 0 0  
I n s t a l l a t i o n 0 7 30 7 30 7 3 0  7 3 0  
F l ue , v e nt i ng 0 200 200 200 2 00 
N P V ,  rema i n i ng 1 i f e .  el e c t . eqpt 0 1 44 1 44 0 0 

S u b t o t a  1 9 3 5  2 . 64 6  1 .  7 1 1  2 . 4 3 0  2 . 4 3 0  
A DM I N I STRAT I V E  0 0 486 486 4 86 
H O O K  - U P  

Serv i c e  D rop 0 5 50 5 50 5 50 5 50 
M a i n Extens i on 0 ' 10 9 00 900 900 

T O T A L  9 3 5  9 6  3 , 6 4 7  4 . 366 4 , 36 6  

7 )  New MH , SH+WH , Ha i n  Ext e n s i on 
EQU I PM ENT 

Space Heat 
CFA Equ i pment and I n s t a l l a t i o n  1 , 5 0 0  Z . J O O  5 0 0  5 0 0  2 , 0 0 0  

W a t e r  heat 
A l l eq u i pment a n d  i n s t a l l a t i o n 400 500 1 00 1 0 0  5 00 

S ub t ot a l 1 .  9 0 0  2 , 5 0 0  600 600 2 , 5 0 0  
A DH I N I STRAT I V E  0 0 500 500 5 00 
H OO K - U P  

Serv i ce Drop 0 5 50 5 50 5 50 5 50 
Ha i n  Ext e n s i o n  0 9 1JO 9 0 0  9 0 0  9 0 0  

TOTAL 1 .  9 0 0  9 2 . 5 5 0  2 , 5 5 0  4 , 4 5 0  
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TABLE 0 . 5 . 3 
Summary of Fuel Sw i t chi ng Poten t i a l  

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cap i t a l  C os t On l y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
E l l g l bl e Cumu l . Part . Ext r eme Part . Market  Soch 1 Admn Ut 1 1 1 ty Soc i a l  Soc i a l  Soc I a l  U t  1 1 1 ty U t 1 l l t y  U t 1 1 1 t y  

Huket Segment Unl ts Part . S Un1 t s  kW/un l t  Ext . H W  Sw i t ched ( ' 90$/HH ) ( ' 90S/P1S) ( ' 90 S / H H )  T o t a l s S/HH S / kw T ot a 1 S S / H H  S / kw 
( 000 ) 

( ! )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  ( 7 )  ( 8 )  ( 9 )  ( 1 0 )  ( 1 1 )  ( J  2 )  ( 1 4 )  ( J  3 )  ( 1 5 )  
( !  * 2 )  ( 3*4 ) (.7 * 3  )+ ( 1 1 / 3 )  1 1 1 / 5 )  1 3+ 6 ) * 9 1  ( 1 4 / 3 )  ( J �/ 5 )  

( 8 * 6 )  
l l  E x  SF/CFA+WH/SD S 3 ,  1 1 0 S541 S 3 , 7 9 6  

1 9 9 1  34 ' 2 4 4  O S  0 8 . 1 9 0 0 0 0 

1 99 5  33 , 2 1 9  ! OS 3 , 32 2  8 . 1 6 27 I .  9 5 2  1 1 .  3 8 7  3 , 4 2 8  4 2 0  2 0 . 0 2 1  6 , 0 2 7  7 39 

2000 31 , 938 50S 1 5 . 9 69 8 . 1 2  1 30 9 , 385 54 . 7 4 1  3 .  428 4 22 9 6 . 244 6 , 02 7  7 4 2  

2005 30 , 302 70S 2 1 . 2 1 1  8 . 08 1 7 1  1 2 . 4 66 7 2 . 7 1 0  3 .  428 424 1 2 7 , 837 6 , 02 7  7 4 6  
201 0 28, 665 70S 2 0 , 066 8. 05 1 61 1 1 . 7 9 3  6 8 . 783 3 . 428 426 1 2 0 , 933 6 . 02 7  7 4 9  

2 )  Ex . ·sF/CFA+WH/HE S 4 , 0 ! 0  S54!  S4 . 696 
1 99 1 24 , 302 OS 0 8 . 1 9 0 0 0 0 
1 995 2 3 , 484 OS 0 8 . 1 6  0 0 0 0 
2000 2 2 . 666 20S 4 , 533 8 . 1 2  37 0 1 8 . 1 78 4 , 0 1 0  4 9 4  2 1 . 288 4 , 69 6  5 7 8  

2005 21 . 5 05 50S 1 0 , 752 8 . 08 87 0 4 3 , 1 1 7  4 , 0 1 0  496 50 . 4 9 3  4 . 69 6  581 
201 0 2 0 , 343 70S 1 4 , 24 0  8 . 05 1 1 5  0 5 7 . 1 0 3  4 , 0 1 0  4 98 66 . 87 2  4 . 69 6  584 

3) Ex. SF/WH/SD S 922 S i l O  $ 1 , 2 1 0  

1 99 1  242 , 420 OS 0 0 . 83 0 0 0 0 

1 995 225.  278 5S I I .  264 0 . 83 9 1 0 , 372 1 1 . 5 2 6  1 . 02 3 1 . 240 26 . 1 7 9 2 . 3 2 4 2 , 8 1 5  

2000 203, 850 20S 4 0 , 7 7 0  0 . 82 33 37 . 540 41 . 7 1 9  1 . 0 2 3  1 .  2 4 8  94 . 7 5 5  2 . 3 2 4 2 , 8 34 

2005 1 86 . 829 30S 56. 049 0 . 81  45 5 1 . 608 5 7 , 354 1 . 0 2 3  1 . 2 6 3  1 30 .  265 2 . 32 4  2 , 8 6 9  
201 0 1 69 . 809 30S 50 , 943 0 . 80 41  4 6 , 907 52 . 1 29 I .  023 I .  279 1 1 8 . 398 2 . 3 2 4 2 . 9 0 5  

4 )  New SF/SH+WH/HE S4 . 2 1 9  S 1 . 0 1 4 S4 , 2 1 9  
1 99 1  1 . 089 OS 0 4 . 08 0 0 0 0 

1 995 4 , 855 3S 1 4 6  4 . 05 I 0 6 1 5  4 , 2 1 9  I .  0 4 2  6 1 5  4 , 2 1 9  1 .  04 2 

2000 9 , 56 3  1 5S 1 . 434 4, 01  6 0 6 . 0 5 3  4 , 2 1 9  I .  052 6 . 05 3 4 . 2 1 9 I .  0 5 2  

2005 1 4 . 043 28S 3 . 932 3 . 99 1 6 0 1 6 . 5 9 1  4 . 2 1 9  I .  0 5  7 1 6 . 5 9 1 4 . 2 1 9  I .  0 5  7 

0 2 0 1 0  1 8 . 5 2 3  4 1 S  7 , 594 3 . 97 30 0 32 . 044 4 . 2 1 9  I .  06 2 32 . 044 4 . 2 1 9  1 .  0 6 2  

5 )  Ex.  HH/CFA+WH/SD S2 , 747 S486 $ 3 . 4 66 
1 99 1  24 . 207 OS 0 4 . 86 0 0 0 0 

en 1 99 5  2 3 . 0 1 1  5S 1 . 1 5 1  4 . 83 6 460 3 . 384 2.  941  609 5 . 58 1  4 , 85 1  1 .  0 0 4  

en 2000 21 . 5 1 6  20S 4 ,  303 4 . 80 2 1  I .  7 1 9  1 2 . 65 6  2 .  9 4 1  61 3 20 , 8 7 3  4 . 8 5 1  1 . 0 1 1 
2005 1 9 . 958 30S 5 , 987 4 . 77 29 2 . 39 2  1 7 . 609 2 , 94 1  6 1 7  2 9 . 042  4 . 85 1 1 .  0 1 7  

201 0 1 8 , 399 30S 5 . 52 0  4 . 74 26 2 . 205 1 6 . 234 2 , 94 1  620 2 6 .  7 7 4  4 , 85 1  I .  0 2 3  

6 )  E x  HH/CFA+WH/HE $ 3 , 647 S486 S 4 .  366 
1 99 1  1 7 . 1 7 9  OS 0 4 . 86 0 0 0 0 

1 995 1 6 , 330 OS 0 4 . 83 0 0 0 0 

2000 1 5 . 269 ! OS 1 . 527 4 . 80 7 0 5 , 569 3 , 64 7  760 6 . 666 4 , 3 6 6  9 1 0  

2005 1 4 . 1 63 20S 2 . 833 4 . 77 1 4  0 1 0 . 330 3 , 64 7  765 1 2 . 367 4 , 3 6 6  9 1 5 . 
2 0 1 0  1 3 . 0 57 30S 3 . 9 1 7  4 . 7 4 1 9 0 1 4 . 2 86 3 , 64 7  769 1 7 .  1 02 4 . 3 6 6  9 2 1  

7 1  New HH/ SH+WH/ME ) £ , 5 5 0  · S500 $2 , 550 
1 9 9 1 489 OS 0 3 .  9 1  0 0 0 0 

1 99 5  2 '  3 9 2  3S 7 2  3 . 83 0 0 1 8 3 2 . 5 5 0  1 8 3  2 . 5 5 0  6 6 7  

2000 4 , 77 0  1 2S 572 3.  72 2 0 1 , 4 60 2 . 55 0  685 1 .  4 6 0  2 . 5 5 0  685 

2005 7 . 1 35 22S 1 , 57 0  3 . 65 6 0 4 , 0 0 3  2 . 5 5 0  69 9 4 , 00 3 2 .  5 5 0  6 9 9  

201 0 9 , 500 29S 2 .  7 5 5  3 . 58 1 0 0 7 , 0 2 5  2 , 55 0  7 1 2  7 . 0 2 5  2 .  5 5 0  7 1 2  

TOTAL 
1 9 9 1  34 3 '  930 OS 0 0 . 00 . o  0 0 0 

1 995 328 . 569 5S 1 5 . 9 54 2 . 68 4 3  1 2 . 7 83 2 7 . 0 9 5  1 .  69 8  633 52 . 5 7 8  3 . 2 9 6  I .  2 2 8  
2000 309 . 572 22S 69 . 1 09 3 . 41 2 36 4 8 , 644 1 40 . 37 5  2 . 0 3 1  5 9 5  2 4 7 . 338 3 . 5 7 9  1 . 0 4  9 
2005 2 9 3 . 934 35S 1 0 2 . 334 3 : 59 367 66 , 4 66 2 2 1 . 7 1 4  2 .  1 6 7  604 3 7 0 , 5 9 7  3 . 6 2 1  1 . 0 0 9  
201 0 278 , 296 38S 1 0 5 . 034 3 . 82 402 60 , 904 24 7 . 60 4 2 . 35 7  6 1 7  389 . 1 4  7 3 .  7 0 5  9 6 9 

SF -
·
s i ngl e Fami l y  

HH - Manufactu red Hous i ng 
SH - Space Hea t 
WH • Water Hea t 
CFA - Central  Forced A i r 
SO - Serv i ce Drop 
HE - M a i n  Extens i on 



----------------- ----- - - --- - - ---- --

0 . 6 . 0  PROGRAM I NT ERACT IONS 

Est i mated peak s av i ngs for the  fol l ow i ng programs are red uced when  a fuel  
swi tch i ng program i s  i n  pl ace . 

Res i dent i al Weatheri zat i on .  Fewer househol ds  w i th  el ectri c space  heat  are 
avai l abl e for a weather i zat i on program . 

Low - F l ow Shower Head s . Fuel  swi tch i ng reduces  the  n umber o f  s h ower heads  w i th  
el ectri cal l y  heated water . 

Water Heat Control . Fuel  swi tch i ng reduces the  n umber of  el ect r i c water 
heaters avai l abl e for a con trol  program . 

T i me - of-Use  Rates . T i me - of- u se rates affect al l end - u ses , i ncl ud i ng el ect r i c 
space  heat and water heat . A fuel swi tch i ng program reduces  the  amo unt o f  
el ectr i c s pace heat and water heat l oad avai l abl e for t i me - of- u s e  rates . 

Cons erv at i on and l oad mariagement sav i ngs  are e s t i mated under two scenar i o s , 
one  w i th fuel swi tch i ng and one  w i t hout . I n  the  fuel swi t c h i ng scenari o ,  
appl i ances that  are pl anned to be swi tched away from e l ectr i c i ty are not  
avai l abl e for any other program . For examp l e ,  s av i ng s  for water heat control  
do not i nc l ude any water heaters that  w i l l  l ater swi tch  over t o  n atural . gas . 

0 . 6 . 1 PROGRAM ORDERING  

If  two or more programs affect an end - u s e ,  then  t h e  total  s av i ng s  of  al l the  
programs comb i ned i s  l es s  than  the  s um of  al l prog rams taken s ep arat el y .  
Sav i ng s  from one  o r  more o f  the  programs must be decreased t o  account for the  
i mpact of  other  programs al re ady i n  pl ace . Conservat i on and  l o ad management 
programs are a s s i gned an orderi ng to reduce  the number o.f poss i bl e  i nteract i ve 
effect s .  Fuel  swi tch i ng comes fi rst , cons ervat i on i s . next , and l oad 
man agement i s  l as t .  

Res i dent i al Space Heat Order i ng 

1 .  Fuel  Swi tch i ng (when present ) 
2 .  Weatheri zati�n 
3 .  T i me - of-Use  Rates 

I f  a fuel swi tch i ng program i s  i n  p l ace , that space heat system i s  not 
ava i l abl e for any other program . Energy sav i ngs for res i dent i al 
weather i zat i o n ,  i n  t erms of  annu al ki l owatt - ho urs , are based on con s umpt i on 
data  from homes w i thout t i me - of-use  rate s . Therefore , we at her i z at i on i s  
ordered ahead o f  t i me - of-use  rates . 
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Res i den t i al Water Heat Orderi ng 

1 .  Fuel Swi tch i ng (when present ) 
2 .  Low Fl ow Shower Heads 
3 .  Water Heat Control 
4 .  T i me - of-Use  Rates 

As wi th  space heat , fuel swi tch i ng of el ectri c water h eaters  i s  ordered fi rst . 
Con servat i on i s  next and l oad man agement programs are l ast . Water heat 
control  comes ahead of  t i me - of- u s e  rates bec ause  water h eat control i s  a 
l arger program i n  t h i s study . 

0 . 6 . 2  S I Z E  OF  I NTERACT I V E  E F F ECTS 

For each of  the conservat i on and l oad man agement programs affected by fuel 
swi tch i ng ,  peak  sav i ngs wi th fuel swi tch i ng are l ower than wi thout .fuel 
swi tch i ng .  E s t i mated peak  s av i ngs for water heat control are reduced by 30 
megawatt s , or 8 . 4% ,  i n  t he  year 2003 wi t h  fuel  swi tch i ng i n  p l ace . Peak 
s av i ngs for t i me - o f- us e  rates are reduced by 7 . 2  megawatts or 5 . 6% .  Sav i ng s  
for res i dent i al we ather i z at i on and l ow fl ow s hower heads drop by 3 . 4  and 2 . 2 . 
megawatts  respect i vel y .  

1 996 

2003 

2 0 1 0  

Tabl e 0 . 6 . 1  Fuel Swi tch i ng Impact on Other Programs 
Peak Sav i ng s  i n  MW 
Extreme Peak Day 

WZSF  L F  WHSF 

no  FS  27 . 9  1 0 . 3  81 . 2  
wi th FS 27 . 4. . 1 0 . 1  79 . 0  

no  FS  43 . 3  29 . 5  291 . 2  
wi th  FS  39 . 9  27 . 3  262 . 4  

no  FS  0 . 0  28 . 1  369 . 9  
wi th  FS 0 . 0  25 . 6  326 . 9  

FS = Fuel  Swi tch i ng 
WZSF = Weatheri z at i on ,  S i ngl e Fami ly  

LF  = Low Fl ow Shower Heads 
WHS F = Water Heat C ontrol , S i ngl e Fami l y  

WHMH 

4 . 1  
4 . 1  

1 2 . 5  
1 1 . 5  

1 3 . 8  
1 2 . 5  

WHMH = Water Heat Control , Manu factured Homes 
TOU = T i me - of- Use  Rates 
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72 . 9  
7 1 . 8  

i 28 . 8  
1 2 1 . 6  
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0 . 7 . 0  H I GH AND LOW LOAD GROWTH 

The Long Term Forecast i ng Sec t i on at Bonnevi l l e  h a s  prov i ded med i um growt h 
forecasts  for t h e  Puget Sound area by sector and end - u se . The  h i g h and  l ow 
forecasts  were deri ved from the  med i um forecast by scal i ng the  number of  
househol ds , square feet , or average megawatts up or down . Scal i ng factors are 
based on the 1 989 reg i onal  l ong-term forecast . Saturat i on rate s ,  o r  market 
s h ares of el ectri c i ty ,  were not ch anged . 

D . 7 . 1  ASSUMPT I ONS BY SECTOR 

Res i dent i al Sector 

The med i um forecast has househo l d counts for s i ngl e fami l y ,  mu l t i - fami l y ,  and 
man ufactured h omes . Scal i ng factors were c al cul ated for both the h i g h and l ow 
cases , but t h e  factors are the  same acro ss  h o u s i ng types . Scal i ng factors are 
s et to  1 . 0 i n  1 990 and i ncrease l i nearl y to  the year 2 0 1 0 ,  as  s h own i n  Tabl e 
D .  7 . 1 .  

Tabl e D . 7 . 1 Re s i dent i a l Scal e Factors 

H i gh Med i um Low 

1990  1 . 000  1 . 000 1 . 000 
1 995 1 . 07 1  1 . 000 0 . 940  
2000  1 . 1 42  1 . 000 0 . 88 1  
2005 1 . 2 1 3  1 . 000  0 . 82 1  
2 0 1 0  1 . 284 1 . 000 0 . 76 1  

Key f i g ures are t h e  h i g h and l ow scal e factors i n  2 0 1 0 . Other factors are 
l i nearl y i nterpol ated . Datq .to cal cu l ate res i dent i a l scal e factors i n  t he  
year 2 0 1 0  are  taken from Tabl e 7 i n  Forecast of El ectri c i ty Use  i n  t h e  Pac i f i c  
Northwest ( Bonnev i l l e  Power Admi n i strat i on and Northwe st Power Pl ann i ng 
Counc i l  1 989 , p . 24 ) . 

1 . 284 = ( 2 . 542  + 3 . 6 1 2 )/ ( 1 . 972 + 2 . 81 9 )  

0 . 76 1  = ( 1 . 489 + 2 . 1 5 9 )/ ( 1 . 972 + 2 . 8 1 9 )  
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Commerc i al Sector 

The med i um forecast has two bu i l d i ng types , offi ce and non - offi ce . As  i n  t h e  
res i dent i al sector , t h e  commerc i al scal e factors are the  s ame for each  
bu i l d i ng type . The s e  are shown i n  Tabl e 0 . 7 . 2 .  Un i t s for t h e  comme rc i a l 
sector are thousands of  square feet . 

Tabl e 0 . 7 . 2  Commerc i a l Scal e Factors 

H igh Med i um Low 

1 990 1 . 000 1 . 000 1 . 000 
1 995  1 . 089 1 . 000 0 . 94 2  
2000 1 . 1 78 1 . 000 0 . 885 
2005 1 . 267 1 . 000 0 . 827 
2 0 1 0  1 . 356  1 . 000 0 . 769 

Data to  cal cu l ate commerc i al scal e factors i n  the year 2 0 1 0  are t a ken from 
Tabl e 10 i n  Forecast of E l ectri c i ty Use  i n  the  Pac i fi c  Northwe st  ( Bonnev i l l e  
Power Admi n i strat i on and Northwest Power Pl ann i ng Counc i l  1 989 , p . 29 ) . 

1 . 356  = ( 1 236 . 2  + 2603 , 0 ) / ( 90 1 . 5  + 1929 . 2 )  

0 . 769 = ( 694 . 4  + 1482 . 1 ) / ( 90 1 . 5  + 1929 . 2 ) 

Industri al Sector 

Because  of  the  w i d e  vari ety of  i ndustr i al  e l ectri c  l oads , un i ts are average 
megawatt s� The i ndustri al  scal e factors are shown i n  Tabl e 0 . 7 . 3 .  

Tabl e 0 . 7 . 3  Industr i al Scal e Factors 

H igh Med i um Low 

1 990 1 . 000 1 . 000 1 . 000 
1995  1 . 1 28 1 . 000 0 . 933 
2000 1 . 2 57  1 . 000 0 . 865 
2005 1 . 385 1 . 000 0 . 798 
2010  1 .  5 13  1 . 000 0 . 730 
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0 . 7 . 2  TABLES 

Numbers o f  househol d s  for l ow ,  med i um ,  and h i gh l oad g rowt h a re s h own i n  T a b l e 
0 . 7 . 4 .  Forecasts  of  commerc i al fl oor  space are i n  Tabl e 0 . 7 . 5 .  B re a kd own s by 
bu i l d i ng type are  shown i n  Tabl e s  0 . 7 . 5 , 0 . 7 . 6 .  and 0 . 7 . 7 .  

Tabl e 0 . 7 . 4  Res i dent i al Sector Growth Scenar i os 

Number of  Househo l d s  

Low Med H i gh 

1 990 1 , 634 , 9 1 6  1 , 63 4 , 9 1 6  1 , 634 , 9 16  
1991  1 , 654 , 756 1 , 67 4 , 769 1 , 698 , 55 1  
1992  1 , 675 , 208 1 , 7 1 6 , 226  1 , 764 , 967  
1 993 1 , 689 , 5 1 3  1 , 752 , 334 1 , 826 , 984 
1 994 1 , 70 1 , 805  1 , 787 , 234 1 , 888 , 749 
1 995  1 , 709 , 138 1 , 8 1 7 , 749 1 , 946 , 809 
1996 1 ' 7 1 5  ' 387 1 , 847 , 880 2 , 00 5 , 3 1 9  
1 997  1 , 722 , 009 1 , 87 9 , 204 2 , 065 , 997 
1 998 1 , 729 , 363 . 1 , 9 1 2 , 1 66 2 , 1 2 9 , 388 
1 999 1 , 733 , 933 1 , 942 , 89 1  2 , 1 9 1 , 1 93 . . 
2000 1 , 739 , 666 1 , 975 , 77 1  2 , 256 , 330 
2001  1 , 743 , 30 0  2 , 007 , 138 2 , 320 , 653 
2002 1 , 746 , 896 2 , 039 , 337  2 , 386 , 840 
2003 1 , 74 9 , 377  2 , 07 1 , 1 27 2 , 453 , 457  
2004  1 , 750 , 558 2 , 1 0 2 , 267 2 , 52 0 , 1 98 
2005 1 , 752 , 4 1 8  2 , 1 3 5 , 1 4 2  2 , 589 , 928  
2006 1 , 75 4 , 1 47 2 , 168 , 826 2 , 66 1 , 584 
2007 1 , 755 , 320  2 , 20 2 , 824  2 , 734 , 585 
2008 1 , 756 , 447  2 , 237 , 798 2 , 80 9 , 779 
2009 1 , 757 , 20 1  2 , 273 , 369 2 , 886 , 72 4  
20 1 0  1 , 757 , 509 2 , 309 , 473 2 , 965 , 363 
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Tabl e 0 . 7 . 5  Commerc i a l Sector Growth Scenar i o s  

Thousands  o f  Squ are Feet 

Low Med H i gh 

1 990 81 2 , 546 81 2 , 546 8 1 2 , 546 
1991  83 2 , 1 7 2  84 1 , 896 856 , 88 1  
1 992 851 , 1 1 9  87 1 ' 245 902 , 262  
1 993 869 , 389 900 , 595  948 , 687 
1 994 886 , 981  929 , 944 996 , 1 56 
1 995  903 , 895  959 , 294 1 , 044 , 67 1  
1 996 9 1 5 , 0 1 4 . 983 ' 146  1 ' 088 , 146  
1997  92 5 , 582 1 , 006 , 998 1 , 1 3 2 , 470 
1 998 935 , 599 1 , 030 , 850 1 '  1 7 7 '  643 
1 999 9 4 5 , 066 1 , 054 , 702 1 , 223 , 665  
2000 953 , 98 1  1 , 078 , 554 1 , 270 , 537 
2001 967 , 9 1 9  1 , 1 08 , 79 1  1 , 325 � 892  
2002 981 , 1 59 1 , 1 3 9 , 028 1 , 382 , 325  
2003 993 , 700 1 , 1 6 9 , 265 1 , 439 , 833 
2004 1 , 005 , 543 1 , 199 , 502 1 , 498 , 4 1 8  
2005 1 , 0 1 6 , 687 1 , 229 , 740 1 , 558 , 080 
2006 1 , 02 7 , 1 33 1 ,  259 , 977 1 , 6 1 8 , 8 1 8  
2007 1 , 036 , 880 1 , 290 , 2 1 4  1 , 680 , 632  
2008 1 , 04 5 , 929  1 , 320 , 45 1  1 , 743 , 523 
2009 1 , 054 , 279 1 , 3 50 , 688 1 , 807 , 49 1  
2 0 1 0  1 , 06 1 , 93 1  1 , 380 , 925  1 , 87 2 , 534 
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Tabl e 0 . 7 . 6  Low Growth by Bu i l d i ng Type 
Puget Sound Area 

N umber of  Househol d s  Fl oor Space ( 000 s q . ft . )  

S i ngl e - Mul t i - Man u - Non -
Fami  1 y Fami l y  fact ured Of fi c e O f f i c e  

1 990 1 , 097 , 667 43 1 ' 1 44 1 06 , 1 06 1 84 , 682 627 , 864 
1 99 1  1 , 1 03 , 044  443 , 629 1 08 , 083 1 9 1 , 5 1 4  640 , 6 58 
1 992 1 , 1 08 , 454  456 , 222  11 0 , 532  1 98 , 1 3 6  652 , 983 
1 993 1 , 1 1 1 , 1 67 465 , 666 1 1 2 , 680 204 , 549 664 , 840 
1 994 1 , 1 1 2 , 5 1 5  474 , 570 1 1 4 , 720  2 1 0 , 753 676 , 228 
1995 1 , 1 1 1 , 752  481 , 74 1  1 1 5 , 645  2 1 6 , 747 687 ' 1 48 . 
1 996 1 , 1 1 0 , 82 4  487 , 9 1 9  1 1 6 , 64 4  2 2 0 , 393 694 , 62 1  
1 997 1 , 1 09 , 663 494 , 626 1 1 7 '  720 2 23 , 882  701 , 700 
1998 1 , 1 09 , 020  5 0 1 , 387 1 1 8 , 956  2 27 , 2 1 5  708 , 385  
1 999 1 , 1 06 , 624  507 , 204 1 2 0 , 1 05 230 , 3 9 1  7 1 4 , 674 
2000 1 , 1 05 , 280 5 1 2 , 966 1 2 1 , 420  233 , 4 1 2  720 , 569 
2001  1 , 1 02 , 64 0  5 1 8 ' 1 68 1 22 , 492  238 , 852  729 , 068 
2002 1 , 09 9 , 666 523 , 73 1  1 23 , 499 244 , 067 73 7 , 092  
2003 1 , 09 6 , 545  528 , 390 1 2 4 , 442 2 49 , 058 . 744 ' 643 
2004 1 , 092 , 253 533 , 075  1 25 , 230  253 , 824  75 1  ' 7 1 9  
2005 1 , 088 , 6 1 4  537 , 763 1 26 , 040 258 , 365  758 , 322  
2006 1 , 084 , 859 542 , 503 1 26 , 785 262 , 682 764 , 45 1  
2007 1 , 080 , 8 1 8  547 , 038 1 27 , 463 266 , 7 7 4  770 , 1 06 
2008 1 , 07 6 , 883 55 1 , 490 1 2 8 , 075  270 , 642  775 , 287 
2009 1 , 072 , 562  556 , 01 9  1 28 , 620  274 , 285 779 , 994 
2 0 1 0  1 , 067 , 903 560 , 507 1 29 , 099 277 ' 704 784 , 228 
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Tabl e 0 . 7 . 7  Med i um Growth by B u i l d i ng Type 
Puget Sound Area 

Number of  Househol d s  Fl oor Space ( 000  s q . ft . )  

S i ngl e - Mul t i - Man u - N o n -
Fami l y  Fami l y  factured Off i ce Off i ce 

1 990 1 , 097 , 667 43 1 , 144  1 06 , 1 06 1 84 , 682 627 , 864 
1991  1 , 1 1 6 , 385 448 , 994 109 , 390 1 93 , 752 648 , 144  
1 992 1 '  1 35 ' 595 467 , 392 1 1 3 '  238 202 , 822 668 , 424  
1993 1 , 1 52 , 483 482 , 981  1 1 6 , 870 2 1 1 , 89 1  688 , 703 
1 994 1 , 1 68 , 362 498 , 393 1 2 0 , 479 2 20 , 96 1  708 , 983 
1995 1 , 1 82 , 40 1  5 1 2 1354  1 2 2 , 994 230 , 03 1  729 , 263 
1 996 1 , 1 96 , 6 2 1  525 , 605 1 2 5 , 653 236 , 803 746 , 343 
1 997 1 , 2 1 0 , 959 539 ' 779 1 2 8 , 466 243 , 575 763 , 423 
1998 1 , 226 , 250 554 , 386 1 3 1  ' 53 1  250 , 347 780 , 503 
1 999 1 , 23 9 , 984 568 , 328 134 , 579 257 ' 1 1 9 797 , 583 
2000 . 1 , 255 , 287 582 , 585 137 ' 899 263 , 89 1  81 4 , 663 
2001  1 , 26 9 , 5 1 8  596 , 589 1 4 1 , 03 1  273 , 6 1 4  83 5 '  177  
2002  1 , ?83 , 757 6 1 1  ' 406 1 44 , 1 7 4  283 , 337 855 , 69 1  
2003 1 , 298 , 224  625 , 573 1 47 , 329  293 , 06 1  876 , 205  
2004 1 , 3 1 1 , 70 1  640 , 1 76  150 , 390 302 , 784 896 , 7 19  
2005 1 , 326 , 365  655 , 2 1 0  1 53 , 567 3 1 2 , 507  9 1 7 '  233 
2006 1 , 3 4 1 , 3 1 9  670 , 75 1  1 5 6 , 757  3 2 2 , 230 937 , 746 
2007 1 , 3 56 , 363 686 , 50 1  1 5 9 , 959 33 1 ' 953 958 , 260 
2008 1 , 372 , 000 702 , 624 163 , 1 7 4  34 1 . 677 978 , 774 
2009 1 , 387 , 62 1  7 1 9 , 346 166 , 402 35 1 ' 400 999 , 288 
20 1 0  1 , 403 , 289 736 , 540 169 , 644 361 . 1 23 1 , 0 1 9 , 802  
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1 990 
1 99 1  
1992  
1 993 
1 994 
1 995 
1 996 
1 997 
1 998 
1999  
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2 0 1 0  

Tabl e 0 . 7 . 8  H i gh Growth by B u i l d i ng Type  
Puget Sound  Area 

Number of  Househol d s  Fl oor  Space  

S i ngl e - Mul t i - Man u -
Fam i l y  Fami l y  factured Offi ce 

1 , 097 , 667 43 1 , 1 44 106 ' 106  184 , 682 
1 '  1 3 2 , 238 455 , 370 1 1 0 , 944 1 97 , 20 1  
1 , 1 67 , 846 480 , 666 1 1 6 , 454 2 1 0 , 042 
1 , 20 1 , 579  503 , 556 1 2 1 , 849 2 23 , 206 
1 , 23 4 , 725  526 ,.702 1 2 7 , 322  236 , 694 
1 , 266 , 35 1  548 , 73 1  1 3 1 , 726  250 , 504 
1 , 298 , 573 570 , 387 136 ' 359 262 , 094 
1 , 33 1 , 3 29  593 , 433 1 4 1 , 236 273 , 924  
1 , 365 , 552 6 1 7 , 364 1 46 , 472 285 , 996  
1 ·, 398 , 455  640 , 960  1 5 1 , 778 298 , 309 
1 , 433 , 537 665 , 3 1 2  1 57 , 480 3 1 0 , 864 
1 ' 4.6.7 ' 8 1  7 689 ' 777 1 63 , 059 327 , 188 
1 , 502 , 509 7 1 5 , 590 1 68 , 74 1  343 , 858 
1 , 53 7 , 876  741 , 054 1 7 4 , 526 360 , 875 
1 , 572 , 467 767 , 443 180 , 288 378 , 238 
1 , 608 , 881  794 , 769 186 , 277  39 5 . 946 
1 , 646 , 067 823 , 1 45 1 9 2 , 372 4 1 4  ) 0 1  
1 , 683 , 790 852 , 223 198 , 573 432 . 402  
1 , 72 2 , 683 882 , 2 1 5  204 , 881  4 5 1 . 1 50 
1 , 7 6 2 , 002 9 1 3 , 426  2 1 1 , 297 470 . 243 
1 , 80 1 , 823 945 , 7 1 7  2 1 7 , 823 489 , 683 
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( 000 s q . ft . )  

N o n -
Off i ce  

6 2 7 , 864  
659 , 681  
692 , 2 1 9  
725 , 480 
759 , 463 
794 , 1 67 
826 , 052 
858 , 546 
89 1 , 647 
9 2 5 , 3 56 
959 , 673 
998 , 705 

1 , 038 , 466 
1 , 078 , 958 
1 , 1 20 , 1 8 1  
1 '  1 6 2 , 134  
1 , 204 , 8 1 7  
1 , 248 , 230 
1 , 292 , 3 73 
1 , 33 7 , 247 
1 , 382 , 852 
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