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THE APPROPRIATENESS OF A LOAD MANAGEMENT AGREEMENT AS THE RATE 
FORMAT FOR CUSTOMER THERMAL STORAGE: WHY A CLOSEOUT SALE 

ON OFF-PEAK ELECTRICITY SHOULD BE ADOPTED 

by 

Samuel H. Nelson 

ABSTRACT 

This  r e p o r t  demonstrates  why a  load management agreement 
i s  t h e  b e s t  r a t e  format f o r  customer thermal energy-  s t o r a g e  
.(TES) from e l e c t r i c i t y .  The f i r s t  s e c t i o n  p re sen t s  t h e  b a s i c  
ope ra t i ng  ,and c o s t  c h a r a c t e r i s t i c s  of  TES systems a s  wel l  a s  
p o t e n t i a l  problems t h a t  a f f e c t  r a t e  s e t t i n g .  Then, t he  c r i -  
t e r i a  f o r  c h o o s i n g  a  r a t e  s t r u c t u r e  a r e  p u t  f o r t h ,  and t h e  
va r ious  , r a t e  formats  a v a i l a b l e  a r e  analyzed cons ide r ing  t h e  
above  i n f o r m a t i o n .  . F i n a l l y ,  t h e  means o f  a c h i e v i n g  t h e  
maxim~~m s o c i a l  b e n e f i t s  us ing  a  load managemenk agreement a r e  
explored .  

EXECUTIVE SUMMARY 

.Rate reform and load management a r e  two i s s u e s  c u r r e n t l y  being ad- 
dressed  by the  e l e c t r i c  u t i l i t y  i n d u s t r y .  One , form of  load management is  
c u s t o m e r  t h e r m a l  e n e r g y  s t o r a g e  (TES)  i n  which h e a t  i s  s t o r e d  d u r i n g  an 
e l e c t r i c  u t i l i t y ' s  off-peak per iods  f o r  use dur ing  i t s  peak pe r iods .    here 
a r e  t w o  b a s i c  r e s iden t i a l / commerc i a l  space hea t ing  TES systems: t hose  using a  
c e n t r a l  u n i t  and those  having s m a l l e r ,  d i spe r sed  . u n i t s .  A t  p r e s e n t ,  on ly  two 
s t o r a g e  media  a r e  c o m m e r c i a l l y  a v a i l a b l e  i n  t h e  U.S. ,  w a t e r  and c e r a m i c  
b r i c k s .  Ceramic b r i c k  TES systems a r e  wel.1-suited t o  t h e  needs o f  t h e  u t i l i -  
t i e s .  

D i s p e r s e d  e l e c t r i c  s t o r a g e  h e a t e r s . c o n s i s t  o f  r e s i s t a n c e  h e a t i n g  
eletnents i n t e r spe roed  i n  a s t a c k  o f  b r i c k s  surrounded by an i n s u l a t e d  box 
wi th  a  fan assembly underneath.  E l e c t r i c i t y  i s  converted t o  hea ' t ,  s t o r e d  
i n  t he  ceramic c o r e ,  and then r e l e a s e d  e i t h e r  r a d i a n t l y  o r  by convect ion 
u s i n g  t h e  f a n :  T h i s  k e e p s  room t e m p e r a t u r e  a t  t h e  d e s i r e d  l e v e l .  The 
s t o r a g e  l e v e l  i s  c o n t r o l l e d  by a n  e x t e r n a l  t e m p e r a t u r e  s e n s o r .  These  
systems can be f u l l y  charged f o r  an e n t i r e  d a y ' s  h e a t i n g  i n  e i g h t .  hours .  
A t  p r e - s e n t ,  t h e r e  a r e  two American v e n d o r s  o f  d i s p e r s e d  u n i t s ,  and t h e y  
boeh use equipueuc wade i n  West Ccrmany. 

Dispersed TEE u n i t s  a r e  comparat ively expensive.  ~ v e n  when they  a r e  
f i rmly  e s t a b l i s h e d  i n  t h e  market ,  r e s i d e n t i a l  u n i t s  a r e  expected t o  c o s t  
between $150 and $170 per kW of s t o r a g e  c a p a b i l i t y  ( i n  1979 d o l l a r s ) .  Because 
they a r e  charged i n  l e s s  time than  they d i scha rge ,  i t  ' t akes  more than 1 kW 
of TES t o  equa l  1 kW of  r e s i s t a n c e  h e a t i n g  c a p a b i l i t y .  Indeed,  f o r  an ecght- 
hour charge t ime,  a  d i spe r sed  TES i n s t a l l a t i o n  c o s t s  about twice a s  much a s  
r e s i s t a n c e  hea t ing  . 



Unlike t h e  d i s p e r s e d  u n i t s ,  c e n t r a l  u n i t s  may s u f f e r  n e t  r a d i a t i v e  h e a t  
l o s s .  Users,  t h e r e f o r e ,  must be c a r e f u l  t o  p l ace  a  c e n t r a l  u n i t  where t h e  
r e l e a s e d  hea t  can be u s e d , '  such a s  a  basement o r  u t i l i t y  room. C e n t r a l  u n i t s  
a r e  l e s s  expensive t han  d i spe r sed  u n i t s  un l e s s  duct  work i s  r e q u i r e d .  

TES poses  s e v e r a l  problems t o  r a t e  makers. These involve t h e  s i z i n g  
o f  t h e  d i s t r i b u t i o n  system, t h e  p o t e n t i a l  f o r  improper s i z i n g  of TES u n i t s ,  
and t h e  c o n s i d e r a b l e . r i s k  i nhe ren t  i n  t h e  cus tomer ' s  investment d e c i s i o n .  TES 
systems can burden l o c a l  d i s t r i b u t i o n  systems because they involve p l a c i n g  t h e  
e n t i r e  day ' s  h e a t  load  i n  a  small  number of hours .  The l i n e  t ransformer ,  
which i s  s i zed  t o  t h e  cus tomer ' s  peak load ,  i s  p a r t i c u l a r l y  ' l i k e l y  t o  need 
upgrading . 

The s u b s t a n t i a l  investment t h a t  TES r e q u i r e s  provides  a  s t r o n g  incen- 
t i v e  t o  "undersize"  TES u n i t s  t o  match t h e  f i r s t  c o s t s  of competing h e a t i n g  
systems. Because a u x i l i a r y  r e s i s t a n c e  hea t ing  u n i t s  would provide  whatever 
a d d i t i o n a l  h e a t  were needed, undersized TES systems would no t  n e c e s s a r i l y  
reduce  t h e  u t i l i t y  c a p a c i t y  r equ i r ed .  Moreover, a  r educ t ion  i n  t h e  number of  
hou r s  t h a t  low-cost e l e c t r i c i t y  was a v a i l a b l e  t o  e s t a b l i s h e d  TES customers 
would r e s u l t  i n  p e a k  s h i f t i n g  a s  t h e s e  c u s t o m e r s  s h i f t e d  t h e i r  l o a d s  t o  
minimize c o s t s .  

a 

The customer p e r c e i v e s  TES a s  an investment involv ing  a  degree of  r i s k .  
The re fo re ,  t h e  b e s t  r a t e  i s  a  s t a b l e  one t h a t  maximizes t h e  hours  of  s t o r age  !.hL 

. t o  minimize t h e  needed investment .  A r a t e  format should r e s u l t  i n  t h e  most 
e f f i c i e n t  use.  o f  r e sou rces .  It must meet t h e  fol lowing t h r e e  c r i t e r i a : l  

1. E f f i c i e n c y .  The customer should be g iven  the  c o r r e c t  
s i g n a l  a b o u t  t h e  i .mpact o f  u s a g e  on u t i l i t y  c o s t s .  

2 . '  Equ i ty .  The r a e e  should be f a i r .  The customer should 
n e i t h e r  be subs id i zed  nor  s u b s i d i z e  o t h e r s ,  and t h e  r a t e  
should be perce ived  a s  f a i r .  

3.  Adequacy. The r a t e  should provide  sufficipl 'nt  revenue t o  
cover c n s t s  i ncu r r ed  by t h e  u t i l i t y .  

F a i l u r e  t o  meet t h e s e  c r i t e r i a  i s  grounds f o r  r e j e c t i o n .  Rate s t a b i l i t y  
' and u n d e r s t a n d a b i l i t y  a r e  a l s o  impor tan t ,  

Conveil~iunal r a t e s  based on energy consumption o f f e r  no i n c e n t i v e  
f o r  c u s t o m e r s  t o  c o n v e r t  t o  T E S ,  and c o n v e n t i o n a l  r a t e s  based  on demand 
c h a r g e s  may w e l l  s h i f t  l o a d  t o  a  u t i l i t y ' s  p e a k .  They a r e ,  t h e r e f o r e ,  
q u i t e  i n e f f i c i e n t  and must be  r e j e c t e d .  

The ~ime-of-day CTOB) kilowatt-hbur-only r a t e  d d f i n e s  seasona l  and 
. d a i l y  peak pe r iods .  The r a t e s  dur ing  t h e  peak pe r iod  cover  v i r t u a l l y  a l l  

c a p a c i t y  c o s t s .  The r e s t  a r e  charged dur ing  t h e  near-peak per iod ,  and v i r -  
t u a l l y  no c a p a c i t y  c o s t s  a r e  charged off-peak.  Such a  r a t e  i s  poorly designed 
f o r  TES. It encourages unders ized  systems,  i t  f a i l s  t o  p r o t e c t  Lhe d i s e r i b u -  
t i o a  system, and i t  can  l ead  t o  an o s c i l l a t i n g  peak pe r iod .  It i s  i n e f f i c i e n t  
inadequate ,  and u n f a i r  and i s  v i r ~ u a l l y  c e r t a i n  t o  l e a d  t o  TES customers be ing  
s u b s i d i z e d .  



Adopting a  TOD r a t e  wi th  a  peak-period demand charge is  i n  some ways 
an improvement. Customers a r e  u n l i k e l y  t o  unders ize  s t o r a g e  capac i ty  because 
even one hour of  peak per iod use i s  q u i t e  expensive.  Never the less ,  t h i s  r a t e  
f a i l s  t o  account f o r  d i s t r i b u t i o n  e f f e c t s ;  and i t  i s  more d i f f i c u l t  t o  admin- 
i s t e r .  A TOD r a t e  wi th  demand charge a l s o  f a i l s  t o  p r o t e c t  t h e  d i s t r i b u t i o n  
system. It can cause bo th  an o s c i l l a t i n g  peak per iod and severe  consumer 
problems, and i t  i s  more expensive t o  admin i s t e r .  

A load management agreement. r e s o l v e s  a l l  t h e  problems involved i n  TOD 
- r a t e s .  These agreements p r o t e c t  t he  d i s t r i b u t i o n  system by spec i fy ing  t h a t  

t h e  u t i l i t y  has  t h e  r i g h t  t o  r e j e c t  a p p l i c a t i o n s  wi th  i n s u f f i c i e n t  s t o r a g e  
c a p a b i l i t y  and t o  i n spec t  i n s t a l l e d  equipment t o  prevent  improper s i z i n g .  I n  
r e t u r n  t h e  u t i l i t y  p r o v i d e s  a  minimum number o f  h o u r s  o f  s e r v i c e  i n  any  
24-hr per iod .  The customer g e t s  a  very  low p r i c e  f o r  h i s  power. The agree- 
ment should s p e c i f y  a  s e p a r a t e ,  exc lus ive  meter  f o r  t h i s  s e r v i c e  and provide 
t h e  customer wi th  a  sense  of  r a t e  s t a b i l i t y .  Such agreements a r e  c u r r e n t l y  
used i n  West Germany and Great B r i t a i n ,  and by Cen t r a l  Vermont Power i n  t h e  
United S t a t e s .  

There a r e ,  of. cou r se ,  some problems. Th i s  i s  no t  a  s tandard  r a t e '  and . . 
,- . i t s  exc lus ivenes s  could l ead  t o  comp1aint.s o f .  i nequ i ty .  However, t h e  s i t u a -  

t i o n  he re  i s  c l e a r l y  t h a t  o f  a  s a l e .  It may be viewed a s  a  c a p a c i t y  overs tock  
t h a t  must be  moved. Thus t h e  u t i l i t y  has  a  sa le -pr iced  s e r v i c e  a v a i l a b l e ,  bu t  

.a. only  a t  c e r t a i n  l o c a l i t i e s .  When t h e  supply runs  o u t ,  t h e  sale--at  l e a s t  a t  . ,.(.. . . ,I 
- - -  .- 

t h a t  s to re - - i s  over .  .. ,. , . 
, . .  
: 2 ,  

The load management agreement can be used t o  maximize s o c i a l  b e n e f i t s .  
It al lows the  u t i l i t y  t o  c u t  o f f  i n s t a l l a t i o n s  a t  t h e  optimum l e v e l  of  TES 
c a p a c i t y ,  t o  o f f e r  t h e  maximum number of  s t a r a g e  hours  t o  minimize customer 
c o s t s ,  and t o  p l ace  t h e  s torage .  load op t ima l ly .  

a .  
2; 
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1 CHARACTERISTICS OF AVAILABLE SPACE HEATING THERMAL STORAGE TECHNOLOGY 

Customer thermal energy s t o r a g e  space h e a t i n g ,  w i th  energy provided by 
e 1 , e c t r i c i t y  .(TES), i s  a  proven technology with demonstrated b e n e f i t s .  It i s  
r e l a t i v e l y  new i n  t h e  United S t a t e s ,  but  i t  was introduced i n  both Aus t r i a  
and Swi tzer land  j u s t  a f t e r  World War 11. Today, bo th  West Germany and t h e  
United Kingdom have over  15,000 W e  o f  TES, .and t h e  widespread a p p l i c a t i o n  of  
TES h a s  r e s u l t e d  i n  s u b s t a n t i a l  load f l a t t e n i n g , .  and hence a .  cons ide rab l e  
i n c r e a s e  i n  system load f a c t o r s . *  This  has  d e f i n i t e l y  reduced t h e  need t o  , 

i n s t a l l  c a p a c i t y .  . . 

There a r e  two b a s i c  res ident ia l /commerc ia l  space-heat ing TES sys- 
tems: those  us ing  a  c e n t r a l  u n i t  and those  having sma l l e r ,  d i spe r sed  u n i t s .  
A t  p r e sen t  on ly  two s t o r a g e  media, water  and ceramic b r i c k s ,  are. commercially 
a v a i l a b l e  in  t h e  U.S. Water systems have a  s t o r a g e  c a p a b i l i t y  of  r e l a t i v e l y  
. shor t  d u r a t i o n ,  and t h e i r  i n t e r r u p t i o n  c a p a b i l i t y ,  i s  s h o r t e r  than accep tab l e  " 

f o r  many u t i l i t i e s .  Ceramic b r i c k  u n i t s  can s t 0 r e . a  f u l l  day ' s  charge i n  e i g h t  
hours  and t h e r e f o r e  a r e  ,wel l  s u i t e d  t o  t h e  needs o f  U.S. u t i l i t i e s .  

There i s  a  t h i r d  system, Deepheat, which has  indus t r i -a1  a p p l i c a t i o n s .  
T h i s  s y s t e m  p l a c e s  r e s i s t a n c e  h e a t i n g  c o i l s  1 8  i n .  be low t h e  f l o o r  o f  a  A\ 

s i n g l e - s t o r y  b u i l d i n g .  Th i s  involves  p lac ing  a  12-in. sand l a y e r  over  t h e  
c o i l s  b e f o r e  l a y i n g  a  6-in.  c o n c r e t e  f l o o r  s l a b .  I n  a d d i t i o n ,  t he  b u i l d i n g  
c i r c u m f e r e n c e  i s  w e l l - i n s u l a t e d  t o  a  4 - f t  g round d e p t h .  The s l a b ,  s a n d  +. 
l a y e r ,  and t o p  5 f t ,  o f  e a r t h  a c t  a s  a  t h e r m a l  r e s e r v o i r . '  A s  t h e  groun'd 
tempera ture  is  50-55°F about 5  f t  below t h e  s u r f a c e ,  hea t  l o s s  i s  minimal 
i n  temperate  zones -- perhaps 10% of  energy suppl ied .  ' There i s  no reason ,  
howeve r ,  t o  s e t  r a t e s  d i f f e r e n t l y  f o r  t h i s  a p p l i c a t i o n  t h a n  f o r  o t h e r s .  

1.1 DISPERSED ELECTRIC STORAGE HEATERS 

D i s p e r s e d  e l e c t r i c  s t o r a g e  h e a t e r s  c o n s i s t  o f  r e s i s t a n c e  h e a t i n g  
elcments  i n t e r s p e r s e d  i n  a  s t a c k  of  b r i ck"  surrounded by an i n s u l a t e d  box ' 

wi th  (I f a n  assembly underneath.  A cutaway diagram of  a  commercially a v a i l -  
a b l e  u n i t  i s  shown i n  Fig.  1. The u n i t  o p e r a t e s  a s  fol lows.  E l e c t r i c i t y  i s  
conver ted  t o  hea t  and s t o r e d  i n  t h e  ceramic c o r e ,  T h i s  charge l e v e l  i s  con- 
t r o l l e d  by an e x t e r n a l  t empera ture  sensor  and t h e  s e t t i n g  on t h e  wa l l  thermo- 
s t a t .  The u n i t  r a d i a t e s  hea t  con t inuous ly ,  and t h e  amount o f  t h i s  hea t  " loss"  
depends upon the  l e v e l  o f  charge .  The f a n  is  turned on by a r e l a y  from t h e  
wa l l  thermosta t  when a d d i t i o n a l  hea t  is  r equ i r ed .  This  f an  draws i n  room- 
tempera ture  a i r  a t  t he  r e a r  o f  t h e  u n i t ,  c i r c u l a t e s  i t  through  dust^ i n  t h e  
c o r e ,  and t h e n  b lows  i t  o u t  i n t o  Lhe room. However,  b e f o r e  t h e  h o t  a i r  
l e a v e s  t h e  u n i t ,  i t  i s  mixed wi th  ~nclilr-~tnnperaturt! a i r  i n  d i f f e r e n t  r a t i o s  
rn  guarantee a c o n s t a n t  d i s cha rge  temperature  d e s p i t e  changes i n  t h e  co re  
tempera ture .  . Dispersed TES u n i t s  can ma in t a in  room tempera ture  w i t h i n  a  
v e r y  narrow range.  Energy l o s s e s  a r e  essen t ia1 l .y  zero because t h e  u n i t ' s  
r a d i a n t  hea t  emissions s e rve  t o  warm t h e  surrounding space.  There a r e  t r u e  
l o s s e s  on ly  when t h e r e  i s  a suddcn, d ramat ic ,  e x t e r i o r  warming and t h e  r a d i a n t  
I ~ e a t  supp l i ed  t o  t h e  space  r e q u i r e s  opening t h e  windows. 



Fig. 1 . Cut aimy Di?aw%ng of B t amdard Wries !Bode 1 ETS 
Flec-trie Storage  eater" (provided by EEB Storage 
$lec&r ic @&.tin$ Ca . *. Rut lmd,  O t  . ) 

The TES u n i t s  a r c  designed t o  be f u l l y  charged i n  e i g h t  hours. Thus, 
1 kW of s torage  load is  associa ted  with 8 kwh of s torage  capaci ty .  The charge 
can be con t ro l l ed  so t h a t  most of  the  s torage  takes  place during the  e a r l y  
por t ion  of the  charge period (forward con t ro l )  o r  near the  end o f  t h e  charge 
period (backward con t ro l ) .  This con t ro l  can be p rese t .  I f  a  u t i l i t y  has a  
real-time con t ro l  system, i t  can use t h i s  con t ro l  t o  f i l l  i t s  load curve 
o p t i m a l l y  by v a r y i n g  forward and backward c o n t r o l .  (See  F i g .  2 . )  U n i t s  
with longer charging periods can a l s o  be designed. This reduces TES c a p i t a l  
c o s t s .  A u n i t  with a longer charge period can be designed e i t h e r  t o  spread 
the s torage  charging period out  equal ly  o r  f o r  an eight-hour charge with the  
add i t iona l  hours used e i t h e r  t o  maintain space tempera.ture o r  keep the  TES 
un i t  f u l l y  charged. For example, i f  a  bui ld ing i s  designed f o r  a  hea t  re- 
qui rement  o f  1 0  kwh pe r  h o u r ,  a  10-hour sys tem cou ld  be d e s i g n e d  e i t h e r  
t o  s t o r e  14 kwh per hour f o r  10 hours while supplying 10  kwh f o r  hea t ing  o r  t o  
s t o r e  17.5 kwh per hour f o r  8 hours while supplying 10 kwh of hea t  per hour 
for  10 hours. 

A t  present  there  a r e  two U.S. vendors of dispersed u n i t s .  Control 
E l e c t r i c  Corporation (CEC) of Burlington, ~ e r m o n t ,  uses  equipment made i n  
Germany by AEG Telefunken, and HB E l e c t r i c  Storage Heating Company of Rutland, 
Vermont, uses  u n i t s  made i n  Germany by S t i ebe l  El t ron .  Both vendors an t i -  
c i p a t e  domestic product ion when the  market becomes l a r g e  enough. Product ion 
i n  the  U.S. w i l l  reduce both t r anspor ta t ion  and labor  c o s t s ,  given the  high 
value of the  West German mark. Indeed, both vendors already makes con t ro l s  
loca l ly .  There i s  a l s o  the  l ike l ihood t h a t  o the r  domestic manufacturers 
w i l l  e n t e r  the  market, using European designs.  s u b s t a n t i a l  cos t  reductions 
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Fig. 2. Ripple Control with Various 
Combinations o f  Forward and 
Backward Control 

c a n  t h e r e f o r e  b e  e x p e c t e d .  F o r  
example, simply t r anspor t ing  b r i c k s  
from West Germany t o  Vermont c o s t s  
a b o u t  $4-5/kW o f  s t o r a g e  l o a d .  

D i s p e r s e d  TES u n i t s  a r e  
comparat  i v e l y  e x p e n s i v e .  T a b l e  1 
shows r e c e n t  l i s t  p r i c e s  o f  b o t h  
v e n d o r s  p e r  k i l o w a t t  o f  s t o r a g e  
load.  The cos t  of  i n s t a l l a t i o n  must 
b e  added t o  t h e  equipment c o s t  t o  
d e t e r m i n e  t o t a l  s y s t e m  c o s t .  
L i m i t e d  e x p e r i e n c e  i n  Maine  and 
V b o n t  ind ica tes  t h a t  the  c o s t  of 
i n s t a l l a t i o n  per k i lowat t  of  s torage  
f a l l s  a s  the  s i z e  of  the  i n s t a l l e d  
sys tem i n c r e a s e s .  There i s  a l s o  
reason Lo expect these c o s t s  t o  f a l l  
as i n s t a l l e r s  become more fami l i a r  
with the  systems. 

L imi ted  e x p e r i e n c e  i n  Maine 
i n d i c a t e s  c o s t s  o f  f rom $ 1 7 0  t o  
$200/kW of e l e c t r i c  s torage  heat ing  
f o r  new homes. On a  small number of 
b i d s  f o r  h y p o t h e t i c a l  new homes 
i n  Vermont, c o s t s  ranged from $150 
t o  $ 2 3 3 / k W .  Once t h e  u n i t s  a r e  
produced domestical ly and i n s t a l l e r s  
become more fami l i a r  with them, t h e  
c o s t '  o f  d i s p e r s e d  r e s i d e n t i a l  TES 
s p a c e  h e a t e r s  can b e  e x p e c t e d  t o  
f a l l  t o  berween $150 and $170/kW 
( a l l  i n  mid-1979 d o l l a r s )  for: t y p i c a l  
reuideuces i ~ ~ s L a l l i u ~  TKY. 

N o t e ,  h o w e v e r ,  t h a t  o n e  
k i l o w a t t  o f  TES' c a p a c i t y  i s  n o t  
equal t o  one ki lowatt  of r e s i s t a n c e  
c a p a b i l i t y .  On an eight-hour charge, 
i t  t a k e s  a b o u t  two k i l o w a t t s  o f  
s t o r a g e  t o  e q u a l  one k i l o w a t t  o f  
r e s i s t a n c e  hea t  because the  s torage  
u n i t s  cover the  eight-hour of £-peak 
p e r i o d  w i L 1 1  r e s i s L a n c e  u l l i t s  and 
must a l s o  supply the  16 peak hours 
from s t o r a g e .  S i n c e  e a c h  s t o r a g e  
k i l o w a t t  p r o v i d e s  e i g h t  k i l o w a t t -  
h o u r s ,  i t  t a k e s  two k i l o w a t t s  o f  
s t o r a g e  t o  meet t h e  same l o a d  a s  
o n e  k i l o w a t t  o f  r e s i s t a n c e  h e a t  
capaci ty .  For longer charge times 
t h i s  r a t i o  d r o p s  a s  s h o w n  i n  
Table 2. 
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Table 1. L i s t  P r i c e s  f o r  Dispersed E l e c t r i c  

Storage Heating Uni t s  a s  o f  
June 1, 1979 

L i s t  P r i c e  
Size 

( i n  kW of  load)  ' $  $/kW 

Sour,ces:. Control  E l e c t r i c  Corp., Bur l ing ton ,  V t  . 
? 

H.B.  E l e c t r i c  Storage Heating Co.., 
Rutland, V t .  

. . 

Experience i n  Maine i n d i c a t e s  t h a t  1.25-1.3 kW o f  r e s i s t a n c e  hea t  
a r e  t y p i c a l l y  i n s t a l l e d  f o r  each k i lowa t t  o f  home hea t  l o s s .  By comparison, 
a n .  a v e r a g e  o f  2 .2  kW o f  s t o r a g e  , hea t  p e r  k i l o w a t t  o f  h e a t  l o s s  h a s  b e e n  
i n s t a l l e d  i n  Maine. The c o s t  of  r e s i s t a n c e  hea t ing  i n  t h e  .Vermont survey 
averaged about $16g/kW of  hea t  l o s s  f o r  a  home wi th  about 13  kW of  hea t  l o s s .  
Thus ,  e v e n  i f  s t o r a g e  h e a t  u n i t s  c o s t  $150/kW, t h e y  w i l l  be  more t h a n  
twice  a s  expensive--$330 ve r sus  $160/kW of  h e a t -  l o s s  f o r  an eight-hour charge. 
t ime.  A ten-hour charge c u t s  t h i s  d i f f e r e n c e  by o n l y ' o n e - t h i r d .  C l e a r l y ,  
then ,  'd ispersed s to rage  u n i t s  a r e  and w i l l  remain s ~ b s t a n t i a . 1 1 ~  more expensive 
than convent iona l  r e s i s t a n c e  h e a t i n g  f o r  r e s i d e n t i a l  customers:, 

For commercial customers ,  c o s t s  a r e  cons ide rab ly  lower because iu- 
s t a l l a t i o n s  a r e  l i k e l y  t o  be l a r g e r - - v i r t u a l l y  a l l  i n  t h e  low-cost 5- and 6-kW 
s i z e s .  The c o s t  of  o v e r a l l  c o n t r o l s  per  k i l o w a t t  becomes n e g l i g i b l e ,  and 
i n s t a l l a t i o n  c o s t s  a r e  l i k e l y  t o  be lower d u e .  t o  l a r g e r  u n i t  s i z e s  and l e s s  
l abo r  t r a v e l  t ime. Thus, t h e  c o s t s  f o r  commercial customers might f a l l  t o  . ' 

be tween  $110 and $130 p e r  s t o r a g e  k i l o w a t t  . 3  T h i s ,  however ,  i s  s t i l l .  
cons ide rab ly  above t h e  i n s t a l l e d  c o s t  o f  r e s i s t a n c e  h e a t .  . . 

Table 2. Ra t io  of  Ki lowat t s  o f  Storage Load t o  
Ki lowat t s  of  Heat Loss f o r  D i f f e r e n t  
Charging Times f o r  Dispersed E l e c t r i c  
TE S  

Hours of  Charge . Rat io  of S torage  Load 
Time ~ v a i l a b l e  t o  Heat Loss 

I> - Source: 'Control  E l e c t r i c  Corp., Bur l ing ton ,  V t .  
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- 1 .2  CENTRAL STORAGE UNITS' 

' 

TPI co rpo ra t i on  i s  c u r r e n t l y  .producing a  c e n t r a l  s t o r age  furnace  under .  
' 

l i c e n s e .  from Creda, a  B r i t i s h  f i rm.  Only t h e  b r i c k s  a r e  imported. These 
. '  u n i t s  s u f f e r  bo th  r a d i a t i v e  hea t '  l o s s  and hea t  l o s s  i n . d u c t s .  Users ,  there-  

. f o r e ,  must be c a r e f u l  t o  p l ace  them i n  spaces  where t h e  r e l e a s e d  hea t  can be  
used,  such a s  basements o r  u t i l i t y  rooms. ' From a f u l l  charge, .  about 15% of 

, t h e  thermal  s t o r a g e  i s  l o s t  through r a d i a t i o n .  TPI c u r r e n t l y  o f f e r s  u n i t s  up 
t o  30 kW. T h e  l i s t  p r i c e ,  f . o  .b .. Har r i sbu rg ,  Pennsylvania ,  o r  ~ o h n s o n " ~ i t y ,  
Tennessee,  i s  $1500 f o r  a  30-kW r e s i d e n t i a l  u n i t  a n d .  $2000 .for . a  commercial 
u n i t  .4 - The h ighe r  p r i c e  f o r  t h e  commercial u n i t  provides  a  c l e a n e r  package 
t h a t  i s  'des igned  t o  o p e r a t e  l i k e  a  d i spe r sed  u n i t .    he" cus tomer ' s  c o s t  in- 
c ludes  sh ipping  and d e a l e r  markup. A t  p r e s e n t ,  sma l l e r  u n i t s  a r e  t h e  same 
p r i c e  a s  the  30-kW s i z e ,  being b a s i c a l l y  t h e  same u n i t  w i t h .  fewer r e s i s -  .. 

t o r s  .4 A s  t h e  market grows, u n i t s  of d i f f e r e n t  s i z e s  w i l l  be  .bui.lC, and 
Lhis will make smal le r  u n i t s  l e s s  expensive.  



2 PROBLEMS PRESENTED BY 'TES 

Some o f  t he  problems t h a t  TES poses t o  r a t e  makers a r e  t h e  s i z i n g  o f  -_ t h e  d i s t r i b u t i o n  system, t h e  p o t e n t i a l  f o r  improper s i z i n g  of TES. u n i t s ,  and 
t h e  cons ide rab l e  r i s k  inheren t  i n  t h e  cus tomer ' s  investment dec i s ion .  

The e l e c t r i c  d i s t r i b u t i o n  system i s  i n  many ways a  s e p a r a t e  e n t i t y  
from t h e  t ransmiss ion  and gene ra t i on  systems. It must be s i z e d  t o  respond t o  
a  p o s s i b l e ,  short- term,  l o c a l  s i t u a t i o n .  TES'space heat ' ,  because i t  involves  

' p lac ing  t h e  e n t i r e  day ' s  hea t  load i n  a  small  number of  hours ,  can burden 
l o c a l  d i s t r i b u t i o n  sys tems; '  The l i n e  t ransformer  and t h e  s e r v i c e  secondary,  
which a r e  s i z e d  t o  t he  cus tomer ' s  peak load ,  a r e  p a r t i c u l a r l y  l i k e l y  t o  need 
upgrading. The r e s t  of  t h e  d i s t r i b u t i o n  system. should be  a b l e  t o  handle  some.  
TES, but  s u b s t a n t i a l ,  amounts w i l l  a l s o  r e s u l t  i n  increased  capac i ty  r equ i r e -  
ments.  , For example, one o r  two l a r g e  b u i l d i n g  developments could r e s u l t  i n  
increased  requirements  f o r  t h e  l i n e  t ransformer ,  t h e  feeder  l i n e s ,  and even 
the  s u b s t a t i o n  i t s e l f .  Although t h e  l i n e  t ransformer  c o s t s  can e a s i l y  be  
j u s t i f i e d  a s  necessary  t o  a t t a i n  t h e  sav ings  from TES, no a d d i t i o n a l  advan- 
t age  i s  gained i f  t h e  r e s t  of  t h e  d i s t r i b u t i o n  system must be expanded -- 
only added c o s t s .  F i n a l l y ,  . t h e r e  i s  t h e  p o t e n t i a l  f o r  d e s t a b i l i z i n g  the  g r i d  
i f  a l l  t h e  s to rage  u n i t s  a r e  tu rned  on s imul taneous ly .  

Improper t rea tment  of  TES f o r  space hea t ing  can have a  d e l e t e r i o u s  
impact upon t h e  gene ra t i ng  system. This  may r e s u l t  from unders iz ing  TES 
i n s t a l l a t i o n s  o r  because TES has t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  peak s h i f t i n g .  

. Undersized TES i n s t a l l a t i o n s  a r e  economical f o r  t h e  customer,  but  changes i n  
t he  number o f  hours  a v a i l a b l e  f o r  s t o r a g e ,  o r  a t  l e a s t  a v a i l a b l e  a t  a t t r a c t i v e  
p r i c e s ,  can l ead  t o  s h i f t s  i n  TES e l e c t r i c  usage. Where a  l a r g e  number of TES 
u n i t s  have. been i n s t a l l e d ,  unders iz ing  can a f f e c t  t h e  c h a r a c t e r i s t i c s  of t h e  
peak per iod .  

The s u b s t a n t i a l  investment r equ i r ed  for  TES provides  a  s t rong  i n c e n t i v e  
t o  "undersize"  i n s t a l l a t i o n s  t o  match t h e  f i r s t  c o s t s  of  competing h e a t i n g  
systems. The added hea t  requirements  i n  undersized systems have t o  be met by 
a u x i l i a r y  r e s i s t a n c e  hea t ing .  On a l l  bu t  t h e  c o l d e s t  days ,  t h i s  a u x i l i a r y  
is  unnecessary,  but  t he se  a r e  a l s o  t h e  days of t h e  system peak. This  i s  
i l l u s t r a t e d  i n  F igs .  3 ,  4 ,  and 5 .  F igure  3  shows a  system load curve of Cen- 
t r a l  Maine Power Co. (CMP) on i t s  peak day of the  win te r  of  197.8-79. This  day 
normally occurs  i n  January,  b u t ,  du r ing  t h e  w in t e r  of  1978-79, i t  occurred f o r  
t he  f i r s t  t ime i n  February due t o  unusua l ly  s eve re  weather .  F igure  4 shows 
t h e  h e a t i n g  demand on a  peak-type day f o r  a  home wi th  11 kW of hea t  l o s s  and a  
TES system s i zed  a t  2.3 t imes hea t  l o s s  wi th  a u x i l i a r y  r e s i s t a n c e  hea t  a v a i l -  
a b l e .  There i s  an eight-hour charge per iod .  The "extra1'  c a p a b i l i t y  r e f l e c t s  
rounding 11p of  room u n i t s .  Note t h a t  v i r t u a l l y  a l l  h e a t i n g  i s  done a t  n i g h t  
w i t h  t h e  e x c e p t i o n  o f  s p a c e s  t h a t  a r e  t o o  s m a l l  for s t o r a g e  u n i t s ,  l i k e  
bathrooms. Also some e l e c t r i c i t y  i s  needed t o  run  t h e  f ans  f o r  TES t o  provide 
temperature  c o n t r o l .  F igure  5  shows what happens when t h e  TES i n s t a l l a t i o n  
f o r  the same h o u s e  i s  s e r i o u s l y  u n d e r s i z e d  a t  1 . 4  t i m e s  h e a t  l o s s .  The 
a u x i l i a r y  r e s i s t a n c e  hea t  comes on a t  2:00 p.m., d i p s  down, and then comes on 
aga in  a t  a  h igh  l e v e l  a t  5:00 p.m. By 7:00 p.m. when t h e  u t i l i t y  system i s  
s t i l l  n e a r l y  a t  peak, t h e  r e s i s t a n c e  hea t  maximum exceeds 12 kW. Of course ,  
t h i s  is  only a s i n g l e  home, bu t  due t o  t h e  n a t u r e  of  TES, the  d i v e r s i f i e d  load 
curve  w i l l  be  s i m i l a r .  Thus, undersized systemo e l imina tC rnl~ch of TES's ad- 
vantage t o  t h e  u t i l i t y  by imposing s i g n i f i c a n t  demand. However, t h i s  i s  l e s s  
of a  problem i f  t h e  peak i s  i n  t h e  morning. 
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Fig .  3 .  Cen t r a l  Maine Power Co. Jan-  . Fig .  4 .  Simulated Uemand P r o f i l e  on 
uary 1 7 ,  1979.System Load a  Typica l  Peak ~a~ of a  

Storage - ~ n s t a l l a t  i on  Sized 
a t  2 .3  Times Heat Loss 

The n e c e s s i t y  o f  p r o v i d i n g  a 

5 0  c e r t a i n  number of hours  of charge t o  
main ta in  customer comfort once a  TES 
s y s t e m  i s  i n s t a l l e d  c a n  r e s u l t  i n  

4 0  peak s h i f t i n g .  The B r i t i s h  n e a r l y  had 
t h i s  happen .  When s t o r a g e  h e a t e r s  

z 30 we re  f i r s t  i n t r n d i i c e d ,  t h c i r  system 
d h a d  a  t h r e e - h o u r ,  m i d d a y  d i p  i n  
Z g 2 0  a d d i t i o n  t o  t h e  eight-hour  n igh t t ime 

v a l l e y .  Consequent l -y  , t h e  s t o r a g e -  
h e a t e r  r a t e  and t h e  s t o r a g e  h e a t e r s  

10 were designed t o  provide a  three-hour ,  

midday b o o s t .  T h i s  a p p r o a c h  made 
s t o r a g e  hea t  so  a t t r a c t i v e  t o  cus to-  
mers t h a t  t h e  Cen t r a l  E l e c t r i c  Generat-  

TIME O F  DAY, HOURS i n g  B o a r d  (CEGB) a n d  t h e  t w e l v e  
r e g i o n a l  boards had t o  c l o s e  o f f  t h i s  

F ig .  5. Simulated Demand P r o f i l e  on t a r i f f  and i n t r o d u c e  t h e  new w h i t e -  
a  Typica l  Peak Day o f  a  m e t e r  t a r i f f ,  which provided only  f o r  
S torage  I n s t a l l a t i o n  Sized an eight-hour ,  off-peak charge t ime. 
a t  1.4 Times Heat Loss However, t h e  o r i g i n a l  s t o r a g e  tar i  f f  

wag r c r a i n e d  f u r  a l l  customers who had 
a l r eady  i n s t a l l e d  TES systems . 5  Thi s  

was n o t  on ly  a  w i s e  p o l i t i c a l  move i n  terms of customer r e l a t i o n s ,  i t  was a l s o  
wise  economically i n  terms of  gene ra t i ng  c o s t s .  

Consider t h e  consequences i f  t h e  o ld  customers had been forced  from 
a n  eleven-  t o  an eight-hour  off-peak per iod .  On peak days,  27% of energy 
i s  consumed on peak and demand i s  e s s e n t i a l l y  c o n s t a n t .  The customer,  t he re -  
f o r e ,  a t t empt s  t o  minimize c o s t s  by u s ing  s t o r a g e  u n t i l  i t  runs  o u t .  On 
mi ld  days ,  no supplement'al charge i s  needed, bu t  on co ld  days,  t h e  charge 
p a t t e r n  i s  t h a t  o f  unders ized  u n i t s ,  w i th  demand occu r r ing  i n  t h e  a f t e rnoon  



- and  e v e n i n g .  T h i s  c a u s e s  t h e  m i d d a y  d e p r e s s i o n  t o  r , e c u r  b e c a u s e  demand 
. d e c l i n e s  a t  t h a t  t ime and i n c r e a s e s  d u r i n g  t h e  n i g h t t i m e  peak.  C l e a r l y ,  i f  t h e  

CEGB had n o t  k e p t  e x i s t i n g  s t o r a g e  cus tomers  on a n  e i g h t - h o u r ,  of f -peak c h a r g e  
t ime  w i t h  a  thr'ee-hour ,midday b o o s t ,  . i t  would a lmost  c e r t a i n l y  have had a  , 

h i g h e r  'peak and a  s h i f t  i n  demand Chat r e s t o r e d  t h e  midday. v a l l e y .  Even a  
one-hour change i n  o f f -peak  p e r i o d  c a n  c a u s e  such an e f f e c t ; *  

T h i s  a l s o  p o i n t s  up two r e l a t e d  cus tomer  problems -- t h e  r i s k  invo lved  
i n  t h e  TES inves tment  and hence need t o  minimize t h a t  inves tment .  Obviously ,  
i f  cus tomers  do n o t  f e e l  t h a t  TES i s  a  good i n v e s t m e n t ,  they  w i l l  n o t  pur- 
c h a s e  i t ,  and i t s .  b e n e f i t s  w i i l  n o t  be  r e a l i z e d .  It behooves t h e  u t i l i t y ,  
t h e r e f o r e ,  t o  o f f e r  a  r a t e  t h a t  i s  p e r c e i v e d  a s  s t a b l e  n o t  o n l y  t o  avo id  t h e  
s h i f t i n g  peak problem b u t  a l s o  t o  encourage TES custome.rs i n  t h e  f i r s t  p l a c e .  
Fur the rmore ,  t h e  number o f  h o u r s  a v a i l a b l e  should, b e  maximized t o  r e d u c e  t h e  
i n i t i a l  inves tment .  ~ o t h  s t e p s  a r e  needed t o  a t t a i n  t h e  g r e a t e s t  TES b e n e f i t s  
i n  t h e  l e a s t  t ime ,  and a p p r o p r i a t e  r a t e s  a r e  t h e  o n l y  way t o  do t h i s .  

*Indeed,  i f  t h e  hour s h i f t e d  o c c u r s  i n  t h e  f i r s t  hour  o f  t h e  off -peak p e r i o d ,  
l o a d  s h i f t i n g  i s  g u a r a n t e e d .  Assume. a  ten-hour off -peak pe r iod  from 10:OO 
p.m. t o  8:00 a.m. t h a t  i s  changed t o  1 1 : O O  p.m. t o  8:.00 a..m. The econo- 
m i c a l l y  r a t i o n a l  s t o r a g e  cus tomer  w i l l  s h i f t  h i s  u n i t ' s  cha rge  p e r i o d  t o  
commence a t  1 1 : O O  p.m. t o  minimize h i s  c o s t s .  A f t e r  a l l ,  t h e  f i r s t  f e y  
c h a r g i n g  h o u r s  a c c o u n t .  f o r  t h e  b u l k  o f  t h e  c h a r g e  on a l l  b u t  t h e  c o l d e s t  
d a y s ,  and on r e l a t i v e l y  warm d a y s ,  t h e  l a s t  hour  'may r e q u i r e  no c h a r g e .  a t  
1 1  ~ h u s ,  ' s t o r a g e  cus tomers  would add t o  t h e  morning p a r t  o f  t h e  off -peak 
p e r i o d  by s h i f t i n g  load  i n t o  i t  and ,  i n  ab'andoning t h e  10:OO p.m. h o u r ,  
r e v e r t  i t  t o  an o f f -peak  hour  on t h e  b a s i s  o f  c u r r e n t ,  l o a d .  I f .  t h e  hour  
s h i f t e d  i s  i n  t h e  morning,  . t h e  o b v e r s e  i s  t r u e ;  t h e . c u s t o m e t  w i l l  c h a r g e  up 
a s  much a s  p o s s i b l e  b e f o r e  t h e n  and hope t o  make i t  th rough  t h e  day; 



3  ANALYSIS' OF RATE FORMATS 

. . 

. S t o r a g e  u n i t s  a r e  c o n s i d e r a b l y  more e x p e n s i v e  t h a n . c o n v e n t i o n a 1  r e s i s -  
t a n c e  h e a t i n g  equipment ,  y e t , .  t h e y  have been e x t r e m e l y  ' s u c c e s s ~ f u l  i n  Europe.  
Why? Because e l e c t r i c  r a t e s  r e f l e c t  t h e  s a v i n g s  t o  u t i l i t i e s  t h a t  occur  when 
c u s t o m e r s '  l o a d s  a r e  s . h i f t e d  o f f  .peak.  The f o l l o w i n g  a n a l y s i s  examines t h e  
t y p e s  o f  e l e c t r i c  r a t e s  a v a i l a b l e  and ' demons t ra tes  t h a t  a  load  management. 
agreement  i s  c l e a r l y  p r e f e r r e d  f o r  t h i s  t y p e  o f  s e r v i c e .  

A r a t e  format  shou ld  r e s u l t  i n  . t h e  most e f f i c i e n t  u s e  o f  r e s o u r c e s .  
T h r e e  major  c r i t e r i a  a r e : l  

1. . E f f i c i e n c y .  The customer  shou ld  be  g i v e n  t h e  c o r r e c t  
s i g n a l  a b o u t  t h e  i m p a c t  o f  u s a g e  o n  u t i l i t y  c o s t s .  

2 .  E q u i t y .  The r a t e  shou ld  h e  f a i r .  The cus tomer  shou ld  
n e i t h e r  be. s u b s i d i z e d  n o r  s u b s i d i z e  o t h e r s ,  and t h e  r a t e  
shou ld  b e  p e r c e i v e d  a s  f a i r .  

3 . :  Adequacy. The r a t e  shou ld  p r o v i d e  s u f f i c i e n t  revenue t o  
cover  c o s t s  i n c u r r e d  by t h e  u t i l i t y .  

F a i l u r e  t o  meet t h e s e  c r i t e r i a  i s  grounds  f o r  r e j e c t i o n .  

Two a d d i t i o n a l  c r i t e r i a  a r e  q u i t e  impor tan t  -- s t a b i l i t y  and under- . 

s t a n d a b i l i t y .  S t a b i l i t y  i's v e r y  impor tan t  b e c a u s e  o f  t h e  s u b s t a n t i a l  i n v e s t -  
ment r e q u i r e d  by TES and t h e  long  l i f e  o f  such equipment .  I f  t h e  cus tomer  i s  
n o t  a s s u r e d  o f  s u f f i c i e n t  s t a b i l i t y  t o  f e e l  t h a t  t h e  inves tment  w i l l  pay o f f ,  
t h e n  TES w i l l  n o t  be  ' i n s t a l l e d  r e g a r d l e s s  o f  i t s  11eL b e n e f i t s .  s i m i l a r l y ,  
t h e  cus tomer  must u n d e r s t a n d  t h e  r a t e  and how i t  a p p l i e s  t o  TES. 

3 . 1  CONVENTIONAL RATES 

C l e a r l y ,  t h e  con"entiona1 r e s i d e n t i a l  r a t e ,  based a s  i t  i s  o h l y  on I 
t h e  number o f  k i l o w a t t - h o u r s  consumed, w i l l  n o t  p r o v i d e  a n ,  i n c e n t i v e  t o  in -  . 
s t a l l  t h e  more e x p e n s i v e  TES equipment .  

. . 
The t ime- independent  demand c h a r g e ,  which h a s  been  common i n  i n d u s t r i a l  

and commercial  r a t e s ,  c a n  encourage  s t o r a g e .  T h i s  r a t e  f e a t u r e s  a  c h a r g e  
, b a s e d  on t h e  peak hour  ' ( o r  30 m i n u t e s )  o f  consumption r e g a r d l e s s  o f  when i t  
o c c u r s  d u r i n g  e i t h e r  t h e  day o r  t h e  y e a r .  Where the i n d i v i d u a l  cusLomer l o a d  
is peaked,  l e v e l i n g  t h e  l o a d  shape  .can produce s u f f i c i e n t  s a v i n g s  t o  j ~ l s t i f j  ' 

s t o r a g f ,  H o w ~ v c r ,  there is no g u a r a n t e e  t h a t  t h i s  w i l l  h e l p  t h e  u t i l i t y .  A 
cus tomer  w i t h  a  w i n t e r  peak who r e d u c e s  demand does  n o t  s a v e  a  summer-peaking 
u t . i l i t y .  much c a p a c i t y ,  though t h i s  cus tomer  s a v e s  c o n s i d e r a b l y  on t h e  b i l l .  
Now c o n s i d e r  win te r -peak ing  u t i l i t i e s ,  which u s u a l l y  have t h e i r  peaks  between - 
8 : 0 0  and 10:OO a.m. o r  5:00 and 7:00 p.m. T t  i.s q u i t e  c o n c e i v a b l e  ,Lhat  a 
conuuercial  e s t a b l i s h m e n t  w i l l  u se  s t o r a g e  t o  l e v e l  l o a d  when 'it i s  open,  s a y  
9 :00  a.m. t o  5:00 p.m., and f i l l  i t s  s t o r e  a t  o t h e r  t i m e s .  T h i s  c o u l d  s h i f t  
t h e  l o a d  to.  p r e c i s e l y  t h e  wrong t i m e s ,  t h a t  i s ,  5 :00 t o  7:00 p.m. o r  8:OO-9:00 
a.m. Thus,  t h i s  r a t . e  i s  not ,  e f f i c i e n t ,  f a i r ,  o r  a d e q u a t e .  Fur the rmore ,  i t  
d o e s  n o t  h e l p  w i t h  t h e  d i s t r i b u t i o n  sys tem.  Given t h e  move toward time-of-day 
r a t e s ,  i t  must b e  r e j e c t e d  a s  i n a p p r o p r i a t e  t o  TES due t o  i t s  p o t e n t i a l  f o r  
p l a c i n g  l o a d  on peak ,  i t s  i n s t a b i l i t y ,  and i t s  i n h e r e n t  i n e f f i c i e n c y .  



- 
3.2 TIME-OF-DAY RATES: KILOWATT-HOURS ONLY 

There a r e  two b a s i c  types  o f  time-of-day (TOD) r a t e s ,  those  based on 
ki lowatt-hour  usage only and those  incorpora t  ing  a  t ime-dependent demand 
charge .  

The TO? k i l o w a t t - h o u r s - o n l y  r a t e . d e f i n e s  s e a s o n a l  'and d a i l y  peak  
pe r iods .  The , r a t e s  du r ing  the  peak per iods  cover v i r t u a l l y  a l l  . c apac i ty  
c o s t s .  Most o f  t he  remaining c a p a c i t y  c o s t s  a r e  charged dur ing  t h e  near-peak 
per iod ,  and few i f  any a r e  charged off-peak. ' 

. Typ ica l ly ,  t h e  peak per iod l a s t s  from t e n  t o  fou r t een  hours  on week- 
days.  For a  winter-peaking u t i l i t y ,  t h e r e  i s  a  s u b s t a n t i a l  p r i c e  d i f f e r e n c e  
per  ki lowatt-hour  between pe'ak and off-peak pe r iods .  Rates  a r e  designed so  
t h a t ,  on t h e  . b a s i s  of t h e  c l a s s  load f a c t o r ,  t h e  peak per iod r a t e  r ecove r s '  
much of  t h e  c a p a c i t y  c o s t  a s  wel l  a s  t h e  r e l a t i v e l y  h igh  peak-period energy 
c o s t .  'Thus, i f  t h e  c a p a c i t y  c o s t  .a l lowable i s  $22.50/kW a t  peak, a l l  o f  which 
i s  a l l o c a t e d  t o  peak win t e r  hours  def ined  a s  8:00 a.m. t o  10:OO p.m., Monday 
through Fr iday  from December through March (1190 h o u r s ) ,  and' t h e  average 
c l a s s  load f a c t o r  f o r  t h a t  per iod i s  0.588, then 3.5d o f  c a p a c i t y  c o s t  would 
be a l l o c a t e d  t o  each kilowatt '-hour consumed du r ing  t h a t  per iod .  

This  r a t e  a p p l i e s  t o  a l l  customers and i s  r e a d i l y  understood because 
i t  i s  s i m i l a r  t o  long d i s t a n c e  te lephone r a t e s .  .The customer s e e s  two very  
, d i f f e r e n t  d a i l y  r a t e s  and responds accord ingly .  Unfor tuna te ly ,  however, 
t h i s  r a t e  i s  poorly designed fo r  TES. 

A customer w i l l  always t r y  t o  minimize h i s  t o t a l . h e a t i n g  c o s t .  Because . 

s to rage .  i s  much more expensive t o  i n s t a l l  than r e s i s t a n c e  h e a t ,  i t  must be 
u sed  a  c e r t a i n  minimum number o f  h o u r s  p e r  y e a r  . t o  make i t  economic ' a l l y  - 
w o r t h w h i l e .  ( P r o b a b l y  t h e  vendor  w i l l  e x p l a i n  t h i s  t o  t'he . c u s t o m e r . )  
T h e r e f o r e ,  t h e  c u s t o m e r  w i l l  i n s t a l l  a  mixed s y s t e m ,  t h a t  i s ,  o n e  t h a t  
cbmbines r e s i s t a n c e  elements  wi th  TES. This  can be  seen i n  Example 1, which 
shows. t h a t  f o r  t ' h i s  h y p o t h e t i c a l  s i t u a t i o n  a  c u s t o m e r  would need  t o  us.e 
s t o r a g e  c a p a c i t y  a t  l e a s t  500 hours  per year  t o  j u s t i f y  i t s  i n s t a l l a t i o n .  

~ x a m ~ l e  1: Breakejen Poin t  f o r  Customer I n s t a l l a t i o n  of TES Versus 
Resistance Heat , 

Incremental  c a p i t a l  c o s t  of e l e c t r i c  s t o r a g e  
u n i t  ve r sus  c o s t  per kW of  r e s i s t a n c e  capac i ty :  $150 

Annual c o s t  o f  c a p i t a l  t o  customer ( a f t e r  t axes ;  
equ iva l en t  t o  u t i l i t y  f i xed  charge r a t e )  : 15% 

D i f f e r e n t i a l  ( p e r  kwh) between peak and off-peak p r i ce :  4;5d* 

Breakeven Poin t  = $150/kW x  15XIyr = 500 . , 

. . $0 .045 /k~h  

*Of. ' t h i s ,  l & / k ~ h  is  energy.  



* 
Thi s  system would r e l y  exc lus ive ly  on s t o r a g e  hea t  f o r  a  s u b s t a n t i a l  p a r t  of 
t h e  h e a t i n g  season.  However, a s  shown e a r l i e r  i n  F ig .  4 ,  s u b s t a n t i a l  supple- 
men ta l .  r e s i s t a n c e  h e a t i n g  would be  r equ i r ed  on t h e  c o l d e s t  days -- t h e  very  
days (except  weekends and h o l i d a y s )  when t h e  u t i l i t y  system peaks. ho he . re -  
s i s t a n c e  h e a t e r s  would come on j u s t  a t  t h e  sys t em ' s  evening peak. and a l s o  
would add load a t  very  n e a r l y  t h e  moining peak. Therefore ,  t h i s  TES arrange-  
ment i n c r e a s e s  t h e  c a p a c i t y  requirements  of t h e  u t i l i t y  t o  a  much g r e a t e r  
e x t e n t  than  what i t  pays f o r  on t h e  b a s i s  of t h e  r e l a t i v e l y  few peak hours  i t  
demands,. Ind'eed, even t h e  t h e o r e t i c a l l y  most-used k i l o w a t t  of r e s i s t a n c e  
c a p a c i t y ,  499 h o u r s ,  would no t  q u i t e  y i e l d  enough revenue t o  cover  t h e  capa- 
c i t y  c o s t s  imposed by i t ;  

Another mixed system would be  t o  i n s t a l l  r e s i s t a n c e  h e a t  as .  auxi- 
l i a r y  h e a t  f o r  spaces ,  such a s  second f l o o r  rooms, t h a t  o r d i n a r i l y  r ece ive  
s u f f i c i e n t  h e a t . f r o m  ad jo in ing  a r e a s .  . Here hea t  would be  c a l l e d  upon only 

- ,  when i t . w a s  needed, bu t  a s  t h i s  would most l i k e l y  be  on t h e  c o l d e s t  days,  once 
aga'in t h i s  system would pay f o r  l e s s  c a p a c i t y  t h a n . i t  r e q u i r e s .  

\ 

It- i-s a l s o ' h i p h l y  l i k e l y  t h a t  t h k  Ton TES customer w i l l  pay l e s s  f o r  
energy ehan  t h e  c o s t s  imposed .  Why? B e c a u s e ' c u s t o m e r s  w i l l  f r o n t  l o a d  
t h e i r  i n s t a l l a t i o n s .  The v a s t  bulk of customers w i l l  o p e r a t e  t h e i r  s t o r a g e  
systems t o  recharge  'quickly because t h i s  i s  t h e ,  ndrmal mode of ope ra t i on ,  
i . e .  when no o t h e r  o p e r a t i n g  p a t t e r n  i s  s p e c i f i e d ,  t h e  u n i t s  o p e r a t e  i n  t h i s  
way. Even on a  c o l d ,  peak-type day,  t h i s  mode of o p e r a t i o n  w i l l  r e s u l t  i n  
a  somewhat h ighe r  p ropor t i on  of e l e c t r i c i t y  consumption i n  t h e  f i r s t  few 
off-peak hours ,  a s .  can be seen  i n  F ig .  4  and 6 .  On a  l e s s  , t han  peak day, 
t h e  e f f e c t  i s  a t  l e a s t  a s  pronounced, a s  i nd i ca t ed  by t h e  c o l l e c t e d  load d a t a  . 
from Vermont shown i n  F ig .  6 .  I n  t h i s  c a s e  63% of t h e  eight-hour  s t o r a g e  load 
occur red  du r ing  t h e  f i r s t  four  hours  and 48% dur ing  t h e  f i r s t  t h r e e  hours  of 
an eight-hour  charge  p'eriod. Other  d a t a  p o i n t s  i l l u s t r a t e  t h i s  same expected 
e f f e c t .  The s t o r a g e  u n i t s  a l s o  tend t o b e  opera ted  i n  t h e  same way on week- 
ends .  A f t e r  a l l ,  why spend'money on a  seven-day t imer  when i t  saves  nothing.  
I f  added h e a t  i s  needed du r ing  t h e  day; i t  i s  o f f  peak anyway so  t u r n i n g  on 
t h e  i npu t  e l e c t r i c i t y  does not m a t t e r .  When t h e  c o s t s  associ .a ted wit.h t h e  

. f i r s t  two t o  f o u r  h o u r s '  of  t h e  . o f f -  
peak  p e r i o d  a r e  exami.netl, t h e y  a r e  
found t o  be cons iderab ly  above t h e  ave- 
r age  f o r  t h e  off-peak. Yet TUU r a t e s  

AVERAGE HOURLY LOAD 
TES CERAMIC UNITS 

do n o t ,  t y p i c a l l y ,  weight off-peak pe- 
t 

r i o d  usage d i f f e r e n t i a l l y .  According- ' 

l y ,  t h e  uncont ro l led  s t o r a g e  customers 
w i l l  r e c e i v e  a  lower than  j u s t i f i a b l e  
r a t e .  An ex,omple of t h i s , w a s  e x t r a c t e d  ' 

from test imony i n  a recent rate case .  6 * 
Data from Cen t r a l  Vermont Publ ic  Ser- 

' v i c e  Company's sysCem f o r  t h e  month of 
January 1977 were analyzed.  Off-peak - 

I A L 4 W  I hours  were assumed t o  be 9:00 p.m. t o  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 5 1 6  17 18 1 9 2 0 2 1 ~ ~  7:00 a.m. and a l l  day on weekends. The 

TIME OF DAY . a v e r a g e  c o s t  f o r  t h e s e  h o u r s  was 1 8  
m i l l s .  For t h e  f i r s t  t h r e e  hours  of 

\ 

-F ig .  6 .  Awerage Hourly Load f o r  Nine t h e  off-peak pe r iod ,  9:00 p.m. t o  12:OO 
TES Ceramic Un i t s  on C e n t r a l .  midnight ,  whkn uncon t ro l l ed  TES usage 
Vermont P u b l i c  Se rv i ce s  i s  h igh ,  t h e  average c o s t  was 21 m i l l s .  
System, Feb. 12 ,  1979 Thus ,  t h e r e  s h o u l d  be  a  s m a l l ,  b u t  



m e a s u r a b l e ,  gap  be tween  e n e r g y  c o s t s  imposed and r e v e n u e s ' r e c e i v e d  when 
TES i s  on a  TOD . r a t e . .  

'TOD ra te ' s  u n d e r s t a t e  TES.'s impact upon t h e  d i s t r i b u t i o n  system. Be- 
cause  TES involves  meeting a l l  h e a t i n g  load dur ing  about one-third of t h e  day ,  
i t  u s u a l l y  r e q u i r e s  a  much l a r g e r  l i n e  t ransformer  t han  i s  commonly i n s t a l l e d .  
The TOD r a t e  ignores  t h i s  a d d i t i o n a l  expense and f a i l s  t o  inc lude  t h e  pos s i -  
b i l i t y  of  increased  requirenients  upon feeder  1ine.s and s u b s t a t i o n s .  There i s  
a l s o  t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  an overload on t h e  d i s t r i b u t i o n  system 
w i l l  cause a  l o c a l  s e r v i c e  i n t e r r u p t i o n  i f  t h e r e  i s  i n s u f f i c i e n t  t ime t o  
i n s t a l l  t h e  needed  equ ipmen t .  Even i f  t h e r e  i s  s u f f i c i e n t  c a p a c i t y ,  an  
over ldad  can  occur  from t r a n s i e n t s  ' i f  a l l  systems a r e  switched on simul- 
t aneous ly ,  a s  i s  l i k e l y  a t  t h e  s t a r t  of t h e  off-peak per iod .  Not on ly  a r e  
TOD r a t e s  i n e f f i c i e n t  on t h i s  b a s i s ,  they a r e  a l s o  u n f a i r  i n  t h e  s ense  t h a t  a s  
load  f a c t o r s  r i s e  and p r i c e  d i f f e r e n t i a l s  s h r i n k ,  some customers on "underut i -  
l i z e d "  s u b s t a t i o n s  who should b e n e f i t  economically from TES would be fore-  
s t a l l e d  by customers on "fi .1led" s u b s t a t i o n s .  

A s  more TES customers came onto  t h e  system, t h e i r .  l a r g e  demand a t  t h e  
b e g i n n i n g . o f  t h e  peak  p e r i o d  c o u l d  r e s u l t  i n  peak  s h i f t ' i n g .  T h i s  would 
mandate a  change i n  t h e  r a t e  s t r u c f u r e  with a  consequent sho r t en ing  of t h e  
off-peak pe r iod .  Such a  change would . l e ad  t o  a  h igh ly  uns t ab l e  s i t u a t i o n  
a s  TES customers s h i f t e d  t h e i r  load i n  response.  Thus t h e  off-peak v a l l e y  
could e a s i l y  o s c i l l a t e  a s  TES customers switched back t o  f i l l i n g  t h e  v a l l e y  
when t h e  off-peak hour s  were r e s t o r e d  and then  away when t h e s e  .now "peak" 
hours  were charged a t  t h e  peak p r i c e .  

I n  summary, t h e  kilowatt-hour-TOD charge has  h igh  p o t e n t i a l  f o r  e i t h e r  
revenue e r o s i o n  o r  cross-customer s u b s i d i z a t i o n  because t h e  .optimizing of t h e  
TES cus tomer ' s  system; t he 'way  e l e c t r i c i t y  i s  demanded, and t h e  . impacts  of TES 
on t h e  d i s t r i b u t i o n  system r e s u l t  i n  c o s t s  t h a t  TES customers do no t  pay f o r .  
A t  t h e  same t ime,  t h i s  r a t e  appears  uns t ab l e  from t h e  cus tomer ' s  viewpoint .  
T!lus t h e  kilowatt-hour-T0U charge s u f f e r s  s e r i o u s  shortcomings as  a  r a t e  f o r  
TES. 

3.3 .TIME-OF-DAY RATES WITH DEMAND CHARGES 

Adopting a  TOD.rate wi th  a  peak-period demand charge i s  i n  some ways an 
improvement. It l e s sens .  t h e  problem of t h e  customer g r o s s l y  "undersizing" h i s  
s t o r a g e  c a p a c i t y  t o  opt imize h i s  system because even one hour of  peak per iod  
use  i s  q u i t e  expensive.  Never the less ,  i t  s t i l l  f a i l s  t o  account f o r  e i t h e r  
t h e  d i s t r i b u t i o n  e f f e c t s  o f  TES o r  t h e  impact on energy c o s t s .  

TOD r a t e s  wi th  demand charges  have s e v e r a l  o t h e r  d i sadvantages  com- 
pared t o  kilowatt-hour-TOD r a t e s .  The c o s t s  a r e  cons iderab ly  h ighe r .  A t  
p r e s e n t ,  dua l  ki lowatt-hour  meters  c o s t  about '  $165; adding k i l o w a t t  capabi-  . . 
l i t y  r a i s e s  t h i s  t o  between $225 and $250. I n  a d d i t i o n ,  r e s i d e n t i a l  customers 
h i v e  h i s t o r i c ' a l l y  found demand charges  hard t o  understand.  Rochester  Gas and 
E l e c t r i c ,  f o r  example, dropped customer demand charges i n  t h e  l a t e  1960s f o r  
t h i s  reason. '  I f  t h i s  type  of r a t e  were adopted as t h e  s t anda rd ,  i n  l a r g e '  
p a r t  due t o  TES.customers,  i t  could a l s o  be argued t h a t  they  were i m p l i c i t l y  
p l a c i n g  a  l a r g e  burden on o t h e r  time-of-use customers i n  e x t r a  meter ing  c o s t s  
because more expensive meters  were r equ i r ed .  Furthermore, t h i s  r a t e  does no t  
pruLect t h e  dis ty ibucian system. However, i t s  most worrisome problem r e s u l t s  



from dynamic changes'  i n  t h e  . hou r s  o f  t h e  peak p e r i o d '  over  t ime. The cus- 
tomer who has  s i z e d  H i s  u n i t  f o r  a  ten-hour, charge can pay an extremely l a r g e  
p e n a l t y  i ' f  t h e  off-peak per iod  o f f e r e d  by the  u t i l i t y  f a l l s  t o  n ine  hours .  

. . 

For example, assume a  240-kWh peak day requirement and 10 kQ of use 
each hour .  S torage  c a p a b i l i t y  i s  t h e r e f o r e  140 kwh. On the  peak day, a t  
l e a s t  10 kWh- would be r equ i r ed  i n  t h e  peak pe r iod ,  r e s u l t i n g  i n  e i t h e r  a  
s u b s t a n t i a l  u n a n t i c i p a t e d  charge o r  t h e  a d d i t i o n  of  about a  1-kW-per-hour 
a l l -day  load t o  main ta in  t h e  temperature  a t  previous l e v e l s .  Of course  t h e  
customer could choose t o  add more s t o r a g e  o r  t o  go without  h e a t .  I n  any c a s e ,  
a  s u b s t a n t i a l  u n a n t i c i p a t e d  customer c o s t  would be incur red  t h a t  would lead  t o  
many complaints  and t h e  reswi tch ing  problem. Furthermore; t h i s  demand charge 
would no t  n e c e s s a r i l y  bea r  any r e l a t i o n s h i p  t o  c o s t s  imposed upon t h e  u t i l i t y  
by t h e s e  TES u n i t s .  

Thus, a TOD r a t e  w i th  demand charge i s  inapp rop r i a t e  f o r  TES f o r  most 
of  t h e  same reasons  t h a t  a  kilowatt-hour-TOD r a t e  i s  i napp rop r i a t e :  i t  does 
n o t  p r o t e c t  the  d i s t r i b u t i o n  system from increased  expenses; i t  can cause 
r e swi t ch ing  and seve re  consumer problems; i t  has  h igher  energy c o s t s  than  t h e  
u t i l i t y  charges ,  and i t  i s  more expensive t o  admin i s t e r .  



4 LOAD MANAGEMENT AGREEMENT' 

A load management agreement r e s o l v e s  a l l  t h e  problems involved i n  
TOD r a t e s .  Load management a g r e e m e n t s  s p e c i f y  t h a t  t h e  u t i l i t y  h a s  t h e  
r i g h t  t o  r e j e c t  a p p l i c a t i o n s  with i n s u f f i c i e n t  s t o r a g e  c a p a b i l i t y ,  t o  r e j e c t  
a p p l i c a t i o n s  when it has  i n s u f f i c i e n t  a v a i l a b l e  c a p a b i l i t y ,  t o  i n spec t  t h e  
equipment, t o  c o n t r o l  t h e  . cha rge ,  and t o  l i m i t  t he  s i z e  of  t h e  i n s t a l l a t i o n .  
In  r e t u r n ,  t h e  u t i l i t y  must provide a  minimum number o f  hours  o f  s e r v i c e  i n  any 
24-hour p e r i o d  and c h a r g e  t h e  c u s t o m e r  a  v e r y  low p r i c e  f o r  power.  The 
agreement a l s o  should s p e c i f y  a  s e p a r a t e  meter  f o r  t h i s  s e r v i c e  and pro- 
v i d e  t h e  c u s t o m e r  w i t h  a  s e n s e  of  r a t e  s t a b i l i t y .  Such a g r e e m e n t s  a r e  
c u r r e n t l y  i n  . f o r c e  on Cent ra l  Vermont 'power's system. Th.ey a r e  a l s o  used 
i n  West Germany and Great  B r i t a i n .  

The a b i l i t y  t o  r e j e c t  a p p l i c a t i o n s  p r o t e c t s  t h e  d i s t r i b u t i o n  system. 
It a l s o  al lows t h e  u t i l i t y  t o  s t o p  a d d i t i o n s  i f  i t  reaches  t h e  opt imal '  l oad .  
Combined wi th  t he  r i g h t  of i n s p e c t  ion ,  r e j e c t i o n  of a p p l i c a t i o n s  prevents  
u n d e r s i z i n g  t h e  t h e r m a l  s t o r e  and t h e  c o n s e q u e n t  s u b s i d y  t o  t h e ,  TES 
cus . t omer .  C o n t r o l l i n g  t h e  c h a r g e  ' p r o v i d e s  a d d i t i o n a l  b e n e f i t s .  I f  t h e  
u t i l i t y  c 'on t ro l s  'customer load with a real- t ime system such a s  r i p p l e  con- 
t r o l ,  t h e  TES l o a d  c a n . b e  p l a c e d  o p t i m a l l y .  Not o n l y  c a n  t r a n s i e n t s  b e  
avoided,  bu t  t h e  TES u n i t s  , c a n  be charged a t  t imes .  of minimum gene ra t i ng  
c o s t .  For example, t h e  sys tem's  marginal ' gene ra t  ing  c o s t  p e r  ki lowatt-hour  
f o r  Cen t r a l  .Vermont Power f o r  t h e  e i g h t  d a i l y  l e a s t - c o s t  hours  i n  October 
1977 -was 11.1 m i l l s .  For a  ten-hour off-peak per iod i t  was 12.1 m i l l s ,  and 
t h e r e  were t h r e e  hours "on peak" t h a t  month t h a t  were p a r t  of  t h e  l e a s t - c o s t  
h o u r s  . 6   oreo over, c o n t r o l  n f  c h a r g i n g  'can a l l o w  t h e  u t i l i t y  e i t h e r  t o  
lengthen  t h e  charge time o r  add more TES c a p a c i t y  by us ing  some of t h e  near-  
peak per iod f o r  charg ing .  To v i s u a l i z e  t h i s ,  assume a  u t i l i t y  had a  ra t .e  wi th  
t e n  of  f-peak hours  and four  cont iguous near-peak hours .  ' The s u b s t a n t i a l  
s h i f t i n g  t h a t  would occur  i f  a  near-peak hour were t h e  f i r s t  of  f-peak hour on 
a  TOD r a t e  would make t h i s  i n t o  a  peak hour .  With u t i l i t y  c o n t r o l ,  however, 
t h e  charg ing  per iod can be s t r e t c h e d  t o  twelve hours .  One-half o f  t h e  TES 
customers could use t e n  off-peak hours  and two near-peak hours .  The o t h e r  
h a l f  could use the  o t h e r  near-peak hours  and the  t e n  hours  of  t h e  off-peak 
p e r i o d .  I n  a d d i t i o n ,  r e a l - t i m e  c o n t r o l  p r o v i d e s  l o a d  s h e d d i n g  i n  emer- 
genc i e s .  A time c lock  with a  carry-over  c o n t r o l  system, whi le  n o t  providing 
load shedding, could be s e t  t o  use backward and forward charge c o n t r o l  t o  pick 
up most of t h e  gene ra t i ng  c o s t  and expanded s e r v i c e  hour sav ing .  

1 
Thi s  r a t e  has  s i g n i f i c a n t  advantages fo r  customers.  I t  i s  r e a d i l y  

understood.  Because load can be  placed op t ima l ly ,  t h e  off-peak r a t e  o f f e r e d  
can be lower than the  TOD off-peak r a t e .  By providing a  long-term guaran tee  
of  a r a t e  hreak ,  i t  reduces t h e i r  r i s k .  Cent ra l  Vermont Power, f o r  example, 
makes one-year agreements wi th  automatic  renewal un l e s s  one pa r ty  a c t s  t o  
t e rmina t e .  The rate provides  on ly  f o r  f u e l  adjustment  changes.  However, i t  
i n c o r r e c t l y  equa t e s  t he  f u e l  adjustment  c l a u s e ,  t h a t  i s ,  off-peak e l e c t r i c i t y ,  
wi th  t h a t  o f  s tandard  r a t e s .  

The l o a d  management ' agreement  p r o t e c t  b o t h  p a r t i e s  from c a p a c i t y  . 
c o s t s .  Thus t h e  customer i s  assured  of a  s u f f i c i e n t l y  long r a t e  break t h a t  
i s  a t  l e a s t  equiva len t  t o  t h e  r a t e  break enjoyed a t  t he  time o f  purchase.  
This  lower r i s k  makes a  lower r e t u r n  accep tab l e ,  thereby  encouraging addi- 
t i o n a l  customers,  who w i l l  switch from what would otherwise be t h e i r  b e s t  



. a l t e r n a t i v e .  Because h e a t i n g  s e r v i c e  is  comparable, t h e  s w i t c h ,  i s  based 
upon t h e i r  r e a l  c o s t s  being lower. Hence, t h e '  agreement i s  not  only . the 
b e s t  r a t e  format i n  terms of compliance with r a t e - s e t t i n g  c r i t e r i a ,  b u t ,  by 
reducing  customer r i s k ,  i t  inc reases  the  s o c i a l  b e n e f i t  by reducing the  cos t  

. of  heat ing. .  . , 

There a r e  of course  some problems. Load-management agreements a r e  
non-s t a n d a r d  r a t e s ,  and t h e i r  e x c l u s i v e n e s s  c o u l d  l e a d  t o  c o m p l a i n t s  o f  
i n e q u i t y .  However, they  can be viewed a s  s a l e s  i n  which c a p a c i t y  overstock 
must be moved. Thus t h e  u t i l i t y  has a  sale-priced s e r v i c e  a v a i l a b l e ,  bu t  
on ly  a t  c e r t a i n  l o c a l i t i e s .  When t h e  supply runs  o u t ,  t h e  s a l e  -- a t  l e a s t  
a t  t h a t  "s tore"  -- i s  over .* There may be l e g a l  problems i n  some s t a t e s  re-  
l a t e d  t o  a  "cont rac tua l1 '  agreement i f  i t  i s  no t  l i s t e d  a s  a .gene ra1  r a t e .  I n  
f a c t ,  i t  should be l i s t e d  a s  a  genera l  r a t e  f o r  a l l  s t o rage  customers,  regard-  
l e s s  o f  what t h e y  s t o r e ,  p r o v i d e d  t h e  u t i l i t i e s '  c r i t e r i a  ' a s  t o  s i z i n g ,  
' t r a n s i e n t s ,  e t c ,  , a r e  met.  There i.s precedent  f o r  such agreements . -- the 
manifold rate 's  t h a t  were formerly used an.d Centra l  Vermont Power's r a t e  a s  . 

wel l .  a s  s ta tements  such a s  t h a t  by the'  Publ ic  U t i l i t y  Control Author i ty  of . , 

t h e  s t a t e '  of Connect icut  : " . In t e r rup t ib l e  r i t e s  and r a t e s  app l i cab le  t o  time- 
c o n t r o l l e d  app l i ances  should be encouraged a s  supplements t o  time-of-day 
rates. '18 . I t  i s  c l e a r  t h a t  many commissions recognize t h e  p o t e n t i a l  advan- ' .. 

t a g e s  of .  t h i s  approach and the  a t t endan t  c o s t  sav ings .  

Adding a  kilowatt-hour meter  does inc rease  t h e  p o t e n t i a l  f o r  e l e c t r i -  \ 

c i t y  t h e f t .  However, t h i s  can be e l imina ted  by a t t a c h i n g  the  con t ro l  box t o  
t h e  TES breaker  box and having meter  readers  keep a  sha rp  eye f o r  daytime and 
summer use.  I f  a  demand-charge TOD r a t e  i s  be ing  o f f e r e d ,  then  the  s to rage  
meter could a l s o  inc lude  an on-peak demand reg i -s te r  t o  ensure t h a t  customers 
would not  chea t  and t o  e l i m i n a t e  a  s e r v i c e  c a l l  ' t o  r e s e a l  the  con t rn l  panel 
w l ~ e ~ ~ e v e r  rhe  c o n t r o l  box needed  s e r v i c e .  A f i n a l  problem i s  t h a t  i f  a  
management agreement is  o f f e r e d ,  TES s e r v i c e  must be  refused under o t h e r  
r a t e s .  This could lead t o  a  minor po l i c ing  problem, though the n e c e s s i t y  
f o r  l a r g e  l i n e  t ransformers  i n  most ca ses  w i l l  provide the  information t o  
prevent  such s e r v i c e .  A point-by-point comparison of t h e  t h r e e  r a t e s  can be 
found' i n  Table 3 .  

I n  s h o r t ,  because they p r o t e c t  t h e  u t i l i t y  and o t h e r  cuEtomers from 
s u b s i d i z i n g  the  TES customer, a t  l e a s t '  i n i t i a l . l . y ,  and because they  a l s o  pro- 
t e c t  t h e  TES customer from r a t e  i n s t a b i l i t y ,  a  load management agreement i s  
t he  most economically e f f i c i e n t  r a t e  and meets t h e  c r i t e r i a  s e t  f o r t h  a s  t h e  
b e s t  r a t e ,  f o r  thermal s t o r a g e  f o r  space  h e a t i n g .  

*The phone company r a t i o n s  i t s  low-cost long d i s t a n c e  s e r v i c e  i n  a  r e l a t e d  
f a sh ion  v i a  busy s i g n a l s  when t h e  exchange i s  f u l l ;  



. . 
Table 3 .  Features  of Races with Respect t o  Thermal Storage . ' 

. . . . 
..Rate Format 

Time-of-Use 
With Demand Charge 

Load Management 
Agreement 

Rate A v a i l a b i l i t y  Standard t o  a l l  cus t -  s tandard  t o  a l l  cus t -  
omers (of s u f f i c i e n t  omers (of  s u f f i c i e n t  
s iz.e . s i z e ) .  

Res t r i c t ed  on b a s i s  of 
a v a i l a b l e  capa.city.  

Customer Cognit i on  E a s i l y  unders.tood . ' Has proven hard f o r  ' Eas i ly  understood. 
r e s i d e n t i a l  customers 
t d  understand.  

TES Sizing 

D i s t r i b u t i o n  System 

Leads t o  undersized 
.TES u n i t  as' customer 
opt imizes  h i s  system. 
This p laces  a  demand 
on peak with l i t t l z  
o f f s e t t i n g  revenue. 

Vulnerable t o  l a r g e  
number of u n i t s  on a  
given subs t a t i on .  This 
r equ i r e s  added cap- 
a c i t y ;  makes no pro- 
v i s i o n  f o r  l a r g e r  l i n e  
t ransformer c o s t s  o r  
f o r  t r a n s i e n t s  f r m  
simultaneous switching 
of a  l a r g e  number of 
' un i t s .  

Units  u n l i k e l y  t o  be Units  s i z e d  c o r r e c t l y .  
undersized i n i t i a l  l y  ' 

due to- high demand 
charge.  

Vulnerable t o  l a r g e  Agreement p r o t e c t s  
number of u n i t s  on a  d i s t r i b u t i o n  system and 
given s u b s t a t i o n .  This provides  f o r  t ransformer  
r e q u i r e s  added cap- and t r a n s i e n t s .  
a c i t y ,  makes no pro- 
v i s i o n  f o r  l a r g e r  l i n e  
t ransformer  c o s t s ,  o r  
f o r  t r a n s i e n t s  from 
simultaneous switching 
of a  l a r g e  number of 
u n i t s .  

Energy Charge Off-peak r a t e  ls ' ss  Off-peak r a t e  l e s s  Optimal placement of load 
than expected. Ccs t '  than  expected.  Cost ' r educes  c o s t  and r a t e  
due t o  t y p i c a l  c h ~ r g e  due t o  t y p i c a l  charge below t h a t  charged,, o f f -  
p r o f i l e .  p r o f i l e .  peak i n  a  TOD r a t e  of 

comparable l eng th .  



Table 3 .  (Cont 'd)  , . 

Rate Format . . 

. . Time-o f-Use Time-of-Use. , Load Management 

Impacts kwh With Demand Charge Agreement 

S h i f t i n g  Peak Quite  pos s ib l e ;  could Quite  pos s ib l e ;  could No problem. 
r e s u l t  i n  sh i f t i f i g  r e s u l t  i n  s h i f t i n g  . . 

peak a s  l a r g e  .ncuber peak a s  l a r g e  number 
of u n i t s  swit,ch on a t  of u n i t s  switch on st 
s t a r t  of  off-peak s t a r t  of  off-peak 
period o r  i f  hours  period or  i f  hours , 

of off-peak p e r i d  . of off-peak .per iod . 
shortened.  ' shortened . 

. . 

Control  of Usage . Customer . Customer. ' . ~t iliti . c o n t r o l  allows 
optimal placement of 
load ,  lowering 'energy 
c o s t  below t h a t  of  con- 

N 
vent  iona l  of £-peak per iod 0 .  

as  wel l  a s  providing load- 
. . shedding c a p a b i l i t y .  

Chstomer Risk High; changes i n  Very high due t o  po- , Low; provides s u b s t a n t i a l  
r a t e s  and par t icu-  t e n t i a l  changes i n  s t a b i l i t y  of r a t e  break 
Larly hours  of o l f -  of f-peak per iod.  over t ime. 
peak per iod over 
time pose r e a l  r i s k  i f  
system i s  designed' t o  
minimize c o s t  given 
i n i t i a l  r a t e .  

' ~ r o b l e m s - w i t h  Theft  None, i n c r e m e ~ t a l  ly . None, incrementa l ly .  pos s ib l e  but  smal l ;  .TES. 
. . c o n t r o l  can be connected 

t o  breaker  box t o  fo rce  
t a p  i n t o  l i v e  w i r e s ;  l a r g e  

. . 
. . summer usage obvious warn- 

ing s i g n a l  a s  i s  daytime 
meter running. 



,How should a  management agreement be  q s t a b l i s h e d ?  I n  p a r t i c u l a r ,  what 
should '  be t h e  l eng th  o f  t h e  charge t ime ,  t h e  p r i c e  of  e l e c t r i c i t y ,  t h e  ' s i ze  
of t h e  customer charge ,  and t h e  c a p a c i t y  cu t -of f  po in t ?  

F i r s t  t h e  u t i l i t y ' s  b e n e f i t s  and c o s t s  from T.ES must be  determined and . 

broken down on a  long- and . shor t - te rm b a s i s .  It i s  b e n e f i c i a l  t o  reduce 
peaking-unit  c a p a c i t y  requirements  only i f  new peaking u n i t s  a r e  planned o r  i f  
p r e sen t  peaking u n i t s  can be 'sold e i t h e r  permanently o r  on a  u n i t  c o n t r a c t  
b a s i s .  Furthermore, a  minimum amount of  s t o r a g e  i s  needed be fo re  any r e a l  
impact upon system c o s t s .  can occur'. Thus, i n  t h e  f i r s t  few y e a r s ,  a s  TES i s  
e s t a b l i s h i n g  i t s e l f  i n  a  customer s e r v i c e  t e r r i t o r y ,  i t s  impact upon c o s t s  
w i l l  be  minor.  . 

When b e n e f i t s  a r e  p o s i t i v e ,  t h e  u t i l i t y ' s  s a v i n g s  a r e  a c c u r a t e l y  
mir rored  i n  t h e  r a t e s  charged,  t h a t  i s ,  i f  t h e  marginal  c o s t  of  c a p a c i t y  i s  
$ 5 0 / k ~ ,  and t h e  t y p i c a l  customer i s  charged $50 f o r  such c a p a c i t y ,  s e t t i n g  
t h e  load management agreement r a t e ,  i s  easy .* The customer pays a  charge f o r  
off-peak e l e c t r i c i t y  t h a t  i s  equ iva l en t  t o  t h e  average c o s t  o f  producing and 
d e l i v e r i n g  i t .  I n  a d d i t i o n ,  t h e r e  i s  a  customer charge equa l  t o  t h e  c o s t  o f  
meter ing  and increased  d i s t r i b u t i o n  requirements .  Usually marginal  c o s t s  
exceed embedded c o s t s .  This  means t h a t  r a t e s  a r e  s ca l ed  down from marginal  
c o s t s .  Therefore ,  t he  b e n e f i t s  o f  TES exceed t h e  sav ings  a t t a i n a b l e  by t h e  
customer.  I n  t h i s  s i t u a t i o n ,  a l l  o t h e r  customers pay l e s s  than t h e  c o s t s  they 
impose, hence e q u i t y  demands t h e  same f o r  TES. However, t h e  energy charge 
should no t  be changed because t h i s  would r e s u l t  i n  l o s s e s  on each k i lowa t t -  
hour s o l d .  Therefore ,  t h e  customer charge must be  a d j u s t e d .  This  adjustment  
could be s o  s eve re  t h a t  t h e  charge t o  a  customer i n  a  load management agree- 
ment c o u l d  h e  l e s s  t h a n  a  s t a n d a r d  r a t e  i f  f o r e g o n e  b e n e f i t s  were  h i g h  
enough. This  s i t u a t i o n  appears  t o  be t h e  ca se  f o r  Cen t r a l  Maine Power Go. 
E l imina t ing  t h e  customer charge i n c r e a s e s  b e n e f i t s  from $4 t o  $5/kW of cus- 
tomer hea t  l o s s .  This  makes eight-hour s t o r a g e  systems marg ina l ly  v i a b l e .  

Another .mechanism t o  encourage t h e  use of TES i s  t o  a l low more hours  
f o r  charg ing  than  a  s t r i c t  .off-peak per iod a n a l y s h  would show. This  con- 
s i d e r a b l y  reduces t he  cus tomer ' s  i n i t i a . 1  investment and p a r t i c u l a r l y  t h e ,  
incremental  investment .  Yet ,  i f  done p rope r ly ,  i t  should .  no t  m a t e r i a l l y  
a f f e c t  c o s t s  placed upon t h e  system. Why? Because t h e  peak per iod hours  
of  charge can be v a r i e d  f o r  d i f f e r e n t  customers and kept  o 'ff  t h e .  t r u e .  peak 
per iod .  Example 2 and t h e  e a r l i e r  a n a l y s i s  i l l u s t r a t e  how d rama t i ca l l y  cus- 
tomer c o s t s  can be  a f f e c t e d  by minor changes i n  hours  of a v a i l a b i l i t y .  

Example 2 

Cost o f  a l t e r n a t i v e  system ( r e s i s t a n c e  h e a t )  
p.er kW hea t  l o s s  : 

. . 
$160 , 

Cost o f  kW of  TES capac i ty :  $150 

*This assumes t h e  unusual s i t u a t i o n  df  marg ina l .  c o s t s  being equa l  t o  embedded 
c o s t s .  



Example' 2  ( c o n t ' d )  

. . .kW requirement  f o r  TES wi th  8 hours  charge time ' 

per  kW.of h e a t  l o s s :  2.2 kW* 

With 10 hours  of  charge t ime: 1 .8  kW* 

. . 
Costs o f  TES per  kW of  h e a t  l o s s :  

. . 
8-hour charge $330 

10-hour charge ' ' $280" . 

Incremental  c o s t  o f  TES: 
8-hour charge $170 

10-hour charge , $120 : 

Percent  reduc t  ion i n  marginal  investment 
wi th  LO-hour charge ve r sus  8  hour charge:  3  0% 

S e t t i n g  the s t o r a g e  c a p a c i t y  c u t - o f f  p o i n t s  i n v o l v e  a n a l y s i s  of  
t h e  system a t  a l l  l e v e l s .  A s  t he  a p p l i c a t i o n s  come i n ,  each d i s t r i b u t i o n  
l i n e  and s u b s t a t i o n  must be analyzed.  When i t s  c a p a c i t y  i s  used, t h a t  i s ,  
when new i n s t a l l a t i o n s  would be r equ i r ed  with TES, t hen  t h a t  s e c t i o n  of t h e  I 

system should be withdrawn from a v a i l a b i l i t y .  I n  e f f e c t ,  t h e  s a l e  a t  t h a t  
I I  s t o r e "  i s  over .  This  withdrawal can be  temporary. A s  cond i t i ons  change, 
l o c a l  c a p a c i t y  can aga in  become a v a i l a b l e .  Optimal d a i l y  and annual load 
d u r a t i o n  curves  should be developed f o r  the  system a s  a  whole. A s  t he se  a r e  
reached ,  t h e  TES r a t e  should be withdrawn on a  system-wide b a s i s  u n t i l  con- 
d i  t i o n c  change. 

. . . . 
I t  i s  c l e a r  both t h a t  a Inad management agrccmcnt i s  t h e  app rup r i a t e  

r a t e  f o r ,  TES and t h a t  i t  offers,thc f l e x i b i l i t y  a t  . l e a s t  ' p a r t i a l l y  t o  c o r r e c t  
p r i c i n g .  p rob lems  t h a t  r ~ s ~ . t l t  from' r a t c  r c g ; u l a t i o ~ , .  Tilt! t a s k  f a c i n g .  t h e  
e l e c t r i c  u t i l i t y  i n d u s t r y ,  t h e r e f o r e , '  i s  t o  use load management agreements 
t o  r e a l i z e  t he se  b e n e f i t s .  ' 

- 

*Assumes a  hea t  l o s s  s a f e t y  margin of  0 .2  kW o f  c a p a c i t y  per  kW. Cos ts  do  no t  
s c a l e  l i n e a r l y ;  hence t h e  c o s t  s av ings  a r e  p r o p o r t i o n a l l y  l e s s  than t h e  capa- 
c i t y  s av ings .  
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Agreement between c e n t r a l  Vermont P u b l i c  S e r v i c e  Corpo ra t ion  - 
(The Company), and ( t h e  Customer) ,  

under  which t h e  Company w i l l  p r o v i d e  E l e c t r i c  Load Management s e r v i c e  
* 

t o  be u t i l i z e d  a t :  
S t r e e t  o r  Road 

, Vermont 
Town o r  V i l l a g e  Zip Code 

Account No. 

f o r  t h e  f o l l o w i n g  d e s c r i b e d  equipment :  

D e s c r i p t i o n  of Equipment: 

KW. .Maximum Connected Load 

The Company a g r e e s  t o  p r o v i d e  e l e c t r i c  l o a d  management . f o r  t h e  
above d e s c r i b e d  equipment a t  t h e  above l o c a t i o n  under  t h e  f o l l o w i n g  
te rms  and c o n d i t i o n s  : 

1. S e r v i c e  s h a l l  be a  nominal  208,  240, o r  480 v o l t s ,  t h r e e  
p h a s e ,  e x c e p t  t h a t  where t h e r e  i s  an e x i s t i n g  t h r e e  phase  
s e r v i c e  t h e  v o l t a g e  w i l l  n o t  d i f f e r  from t h e  e x i s t i n g  
s e r v i c e ,  and s h a l l  be a v a i l a b l e  o n l y  d u r i n g  such  hour s  
a s  t h e  Company may d i r e c t ,  b u t  rlvt l e s s  t han  c i g h t  (8)  
hou r s  d u r i n g  any  24 hour p e r i o d ,  e x c e p t  a s  p rov ided  f o r  
i n  t h e  "Load I n t e r r u p t i o n "  s e c t i o n  o f  t h e  Company's 
Schedule of  E l e c t r i c  R a t e s .  

2 .  S e r v i c e  s h a l l  be s u p p l i e d  t h rough  a  s e p a r a t e  me te r  t o  such  
b l e c t r i c  equipment  a s  t h e  Company may s p e c i f i c a l l y  d e s i g n a t e .  

3 .  The cus tomer  s h a l l  wire a l l  equipment  t o  a  p o i n t  d e s i g n a t e d  
. by t h e  Company and p r o v i d e  a l l  r e q u i r e d  r e l a y s  and /o r  e q u i p -  

ment c o n t r o l  d e v i c e s  n e c e s s a r y  t o  a c t  upon t h e  c o n t r o l  
s i g n a l  p rov ided  by t h e  Company. 

4.' Equipment s e rved  under  t h e  p r o v i s i o n s  o f  t h i s  agreement  
s h a l l  have c o n t r o l  f a c i l i t i e s  which r e s t r i c t  l o a d  (Kw) 
added by t h e  Customer t o  equa l  i n c r e m e n t s . p e r  phase  n o t  
l a r g e r  t h a n  6  Kw a t  i n t e r v a l s  of  n o t  l e s s  t h a n  1 5  seconds .  

5 .  C a p a c i t y  o f  equipment  connected  t o  t h i s  s e r v i c e  (namepla te  
r a t i n g )  s h a l l  n o t  exceed 500 k i l o w a t t s  and s h a l l  be ba l anced  
on each  phase .  

6 .  This  agreement  s h a l l  be f o r  an  i n i t i a l  p e r i o d  o f  a t  l e a s t  
one y e a r  from t h e  da t e .  o f  a c c e p t a n c e  by t h e  Company and 
t h e r e a f t e r  from yea r  t o  y e a r ,  u n l e s s  t e r m i n a t e d  by e i t h e r  
p a r t y  on 60 d a y s  w r i t t e n  n o t i c e .  



7. The p r o v i s i o n s  of  t h i s  agreement  may be mod i f i ed  by t h e  
I Company by g i v i n g  t h e  Customer n o t i c e  i n  w r i t i n g  a t  l e a s t  

60 days  p r i o r  t o  t h e  proposed  change .  The Customer s h a l l  
have t h e  o p t i o n  t o  t e r m i n a t e  t h i s  agreement  on t h e  e f f e c t i v e .  
d a t e  o f  t h e  change  i n s t i . t u t e d  by t h e  Company by g i v i n g  
w r i t t e n  n o t i c e  t o  t h e  Company on o r  b e f o r e  30 days  from t h e  
d a t e ' o f  t h e  Company's n o t i c e  of  t h e  proposed  change .  

8 .  B i l l i n g s  r e n d e r e d  under  t h e  p r o v i s i o n s  of t h i s  agreement  
s h a l l  be s u b j e c t  t o  t h e  same f u e l  and /o r  ene rgy  c o s t  a d j u s t -  
ment a s  i s  a p p l i c a b l e  t o  Kwh b i l l i n g s  r e n d e r e d  u>der t h e  
r a t e s  c o n t a i n e d  i n  t h e  Company's r e g u l a r  s c h e d u l e  o f  
e l e c t r i c  r a t e s .  

9 .  The Customer must  make a p p l i c a t i o n  t o  t h e  Company p r i o r  t o  
add ing  a d d i t i o n a l  equipment  (Kw) which w i l l  r e c e i v e  s e r v i c e  

' .under  t h i s  ag reemen t .  

1 0 .  The Company r e s e r v e s  t h e  . r i g h t  t o  r e j e c t  a p p l i c a t i o n s  f o r  
new o r  a d d i t i u n a l  s e r v i c e  under  t h i s  agreement  a t  any t ime 
o r  l o c a t i o n  where i n s u f f i c i e n t  c a p a c i t y  e x i s t s  t o  s e r v e  t h e  
a d d i t i o n a l  l o a d .  

11. The v i o l a t i o n  of  any o f  t h e  p r o v i s i o n s  of  t h i s  agreement  
, s h a l l  c a u s e  t h e  Customer t o  l o s e  t h e  s e r v i c e ,  a f t e r  p rope r  
n o t i c e ,  u n t i l  such  t ime  a s  t h e  v i o l a t i o n  i s  c o r r e c t e d .  

1 2 .  Equipment s e r v e d  under  t h e  p r o v i s i o n s  of  t h i s  agreement  
s h a l l  n o t  be i n d u c t i v e  l oad  and s h a l l  n o t  r e c e i v e  s e r v i c e  
under  any of  t h e  Company's f i l e d  r a t e s  a t  any t ime  d u r i n g  
t h e  t e rm  of  t h i s  agreement , .  

1 3 .  The Company s h a l l  have t h e  r i g h t  t o  i n s p e c t  equipment  
s e r v e d  under  . t h i s  agreement  a t  a l l  r e a s o n a b l e  t i m e s .  

1 4 .  S e r v i c e  under  t h i s  agreement  i s  not. a v a i l a b l c ' t o  any 
Customer a l s o  r e c e i v i n g  s e r v i c e  under  t h e  p r o v i s i o n s  of . . 

t h e  Company's r a t e s  which p r o v f d e  f o r  t h e  d e l i v e r y  o f -  
s e r v i c e  a t  a  v o l t a g e  of 2 .4  Kv o r  g r e a t e r .  

1 T h i s  agreement  i s  made s u b j e c t  t o  a p p r o v a l  o f  t h e  
Vermont P u b l i c  S e r v i c e  Board,  

1 6 .  The month ly  r a t e  f o r  s e r v i c e  under  t h i s .  agreement  is, 
$30 .00 ,  p l u s  $0 .15  p e r  k i l o w a t t  o f  t h e  h i g h e s t  1 5  minu t e  
demand e s t a b l i s h e d  i n  t h e  c u r r e n t  month o r  i n  any of  
t h e  p r i o r  11 months ,  whichever  i s  g r e a t e r ,  p l u s  $0.012 
pe r  Kwh. 
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