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UTILITY-CONTROLLED CUSTOMER-SIDE IEERMAL ENERGY 
STORAGE TESTS: COOL STORAGE 

I 

M. A. Kul iasha 

ABSTRACT 

The adop t ion  of energy s t o r a g e  f o r  l o a d  management i n  t h e  
United S t a t e s  h a s  been slow due t o  cons ide rab le  u n c e r t a i n t y  
about t he  performance of energy s to rage  equipment and t h e  
u t i l i t y  b e n e f i t s  of t h i s  l o a d  management opt ion .  To r e s o l v e  
some of t h e  q u e s t i o n s  surrounding t h e  use of energy s to rage  
f o r  l o a d  management, t he  D i v i s i o n  of E l e c t r i c  Energy Systems 
of t he  Department of Energy has  cofunded wi th  the  p a r t i c i p a t -  
ing u t i l i t i e s  a nationwide concept t e s t  program f o r  e l e c t r i c  
l o a d  management us ing  u t i 1  i t y - c o n t r o l l e d  customer-side thermal 
energy s t o r a g e  f o r  r e s i d e n t i a l  space condi t ion ing .  Ten proj-  
e c t s  ( f i v e  h e a t  s to rage  and f i v e  cool  s t o r a g e )  were conducted 
by u t i l i t i e s  under c o n t r a c t  t o  Oak Ridge Nat iona l  Laboratory 
t o  (1) c o l l e c t  r e l i a b l e  l o a d  r e s e a r c h  da ta ,  ( 2 )  d e l i n e a t e  and 
so lve  i n s t a l l a t i o n  problems, ( 3 )  e v a l u a t e  m a i n t a i n a b i l i t y ,  
( 4 )  determine customer and u t i l i t y  acceptance,  and ( 5 )  develop 
c o s t  da t a .  

T h i s  r e p o r t  d e s c r i b e s  the  f i v e  cool  s to rage  p r o j e c t s  and 
p r e s e n t s  t he  u t i 1  i t y  and customer exper ience  through the  equip- 
ment i n s t a l l a t i o n ,  checkout,  and o p e r a t i o n  phases  of t h e  pro- 
gram. The f i v e  h e a t  s to rage  p r o j e c t s  a r e  desc r ibed  i n  a sepa- 
r a t e  r e p o r t .  Subsequent r e p o r t s  w i l l  de sc r ibe  and ana lyze  the  
l o a d  r e s e a r c h  r e s u l t s  ob ta ined  from the  t e s t  and d i s c u s s  t h e  
p o t e n t i a l  system impacts of t h i s  l o a d  management opt ion.  

Cool s to rage  t e s t  p r o j e c t s  were conducted by Arkansas 
Power and L igh t  Company, Long I s l a n d  L igh t ing  Company, P a c i f i c  
Gas and E l e c t r i c  Company, V i r g i n i a  E l e c t r i c  and Power Company, 
and Wisconsin E l e c t r i c  Power Company. Data were c o l l e c t e d  
dur ing  the 1980 cooling season. Two of t he  u t i l i t i e s ,  Arkan- 
s a s  Power and L igh t  and Wisconsin E l e c t r i c  Power Company col- 
l e c t e d  an  a d d i t i o n a l  season ' s  d a t a  dur ing  1981. The u t i l i t i e s  
t e s t e d  cool  s to rage  systems manufactured by A. 0. Smith Cor- 
po ra t ion ,  C a r r i e r  Corporat ion,  G i r t o n  Manufacturing Company, 
and Calmac Manufacturing Corpora t ion  i n  both  new and r e t r o f i t  
r e s i d e n t i a l  a p p l i c a t i o n s .  

The r e s u l t s  of t h e  t e s t s  i n d i c a t e  t h a t  when proper ly  de- 
s igned  and i n s t a l l e d ,  cool  s to rage  equipment can  provide ade- 
quate  or even improved space cond i t ion ing  over  convent ional  
a i r  cond i t ion ing  and s h i f t  a l a r g e  p o r t i o n  of the  e l e c t r i c  
l o a d  t o  off-peak pe r iods .  Thus, t he  concept of cool  s to rage  
f o r  r e s i d e n t i a l  space cond i t ion ing  o f f e r s  g r e a t  promise a s  a 
1 oad management t 001. 

r e s i d e n t i a l  cool  s to rage  i s  not  ready f o r  commerc ia l iza t ion  
However, t he  r e s u l t s  of t h i s  t e s t  a l s o  i n d i c a t e  t h a t  



i n  i t s  p re sen t  s t a t e  of development. In t h i s  con tex t ,  a sys- 
tem i s  cons idered  t o  be capable  of commerc ia l iza t ion  i f  i t  can 
be p laced  i n  the  f i e l d  and perform i t s  in tended  f u n c t i o n  with- 
out  excess ive  maintenance over an accep tab le  l i f e t i m e .  Sig- 
n i f  i can t  problems were exper ienced  wi th  a l l  product  des igns  
t e s t e d .  The problems exper ienced  inc luded  inadequate  compres- 
sor capac i ty ,  inadequate  s to rage  capac i ty ,  h igh  energy usage, 
and poor equipment r e l i a b i l i t y ,  making t h e  widespread imple- 
n e n t a t i o n  of c u r r e n t  equipment of q u e s t i o n a b l e  b e n e f i t  t o  
e i t h e r  the u t i l i t y  o r  i t s  r e s i d e n t i a l  customers.  Improved 
equipment des igns  which so lve  the problems i d e n t i f i e d  i n  t h e s e  
t e s t s  could make r e s i d e n t i a l  cool  s to rage  a 
agement o p t i o n  a t  some f u t u r e  da t e .  

v i a b l e  l o a d  man- 

1. INTRODUCTION 

1.1 Load Management I s s u e s  

H i s t o r i c a l l y  e l e c t r i c  u t i l i t i e s  have designed t h e i r  f a c i l i t i e s  t o  

meet customer demands a t  minimum c o s t  wh i l e  provid ing  a given l e v e l  of 

s e r v i c e  r e1  i a b i l  i t y .  However, r ecen t  t r e n d s  i n  c a p i t a l  c o s t s  and produc- 

t i o n  expenses  have caused many u t i l i t i e s  t o  r e t h i n k  t h e i r  r e l a t i o n s h i p  

wi th  t h e i r  customers.  Rather  t han  i n s t a l l i n g  and o p e r a t i n g  f a c i l i t i e s  t o  

meet any g iven  load ,  c o n s i d e r a t i o n  i s  be ing  given t o  i n c r e a s i n g  e f f i c i e n c y  

by t a i l o r i n g  e l e c t r i c  energy use t o  match e l e c t r i c  energy supply.  

Load management i s  the  term used t o  r e f e r  t o  techniques  t h a t  a t tempt  

t o  a l t e r  the  e l e c t r i c  energy consumption p a t t e r n s  of i nd iv idua l  customers. 

The o b j e c t i v e s  most commonly c i t e d  f o r  l o a d  management a r e  t o  reduce the  

need f o r  a d d i t i o n a l  genera t ion ,  t ransmiss ion ,  and d i s t r i b u t i o n  inves t -  

ments; make more e f f i c i e n t  use of e x i s t i n g  f a c i l i t i e s ;  s h i f t  f u e l  depen- 

dency from premium o i l  and gas t o  more abundant r e sources  l i k e  coa l  and 

n u c l e a r ;  and provide  adequate e l e c t r i c  s e r v i c e  a t  a reasonable  cos t .  Con- 

c e p t u a l l y ,  load  management involves  ex tending  t h e  d e f i n i t i o n  of t h e  e lec-  

t r i c  energy system t o  inc lude  the use of e l e c t r i c  energy. 

Many of t he  o p t i o n s  a v a i l a b l e  t o  u t i l i t i e s  t o  shape the  e l e c t r i c i t y  

consumption pa t  t e r n s  of consumers involve  e i t h e r  d i r e c t  c o n t r o l  of cus- 

tomer loads  or vo lun ta ry  c o n t r o l  of l oads  through r a t e  i n c e n t i v e s .  Fre- 

quent ly  the  loads  t a r g e t e d  f o r  c o n t r o l  a r e  e i t h e r  n o n e s s e n t i a l  or posses s  

energy s to rage  c h a r a c t e r i s t i c s  t o  minimize customer inconvenience.  Loads 
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t h a t  involve s torage  a r e  p a r t i c u l a r l y  a t t r a c t i v e  because they allow the  

consumer t o  use energy on demand y e t  a l low the  u t i l i t y  t o  supply e lec-  

t r i c i t y  when i t  can be produced a t  the  lowest p o s s i b l e  cos t .  

More than  60% of the  energy consumed by the  r e s i d e n t i a l  s e c t o r  i s  

used f o r  space cond i t ion ing  whi le  another  15% i s  used f o r  water  hea t ing .  

In t h e  commercial s e c t o r ,  65% of a l l  energy i s  used f o r  space condi t ion-  

ing.l  E s s e n t i a l l y  a l l  r e s i d e n t i a l  and commercial coo l ing  uses  e l e c t r i c a l  

devices ,  and t h e  percentages  of e l e c t r i c  space and water  h e a t i n g  a r e  in- 

c r eas ing .  E l e c t r i c  water  h e a t i n g  i s  an obvious load  t o  manage because of 

i t s  h igh  energy usage and n a t u r a l  s to rage  c h a r a c t e r i s t i c s .  However, con- 

t r o l  of t h e  l a r g e s t  e l e c t r i c  loads ,  space h e a t i n g  and space cool ing ,  has  

been 1 imited because the inhe ren t  s to rage  c h a r a c t e r i s t i c s  of b u i l d i n g s  do 

not a l low ex tens ive  c o n t r o l  without  some decrease  i n  customer comfort. 

A number of e l e c t r i c  space cond i t ion ing  systems us ing  thermal energy 

s to rage  (TES) have been developed t h a t  o f f e r  t he  p o t e n t i a l  of meeting 

space cond i t ion ing  needs wh i l e  o f f e r i n g  t h e  u t i l i t y  cons ide rab le  f l e x i -  

b i l i t y  i n  the  d e l i v e r y  of e l e c t r i c  energy. The t y p i c a l  o p e r a t i o n  of these  

dev ices  c o n s i s t s  of accept ing  e l e c t r i c  energy dur ing  some de f ined  off-peak 

pe r iod  (e.g. , n igh t ,  weekend, midday v a l l e y ) ,  s t o r i n g  t h e  energy i n  t h e  

in tended  end-use form (e .g . ,  hea t  o r  c o o l ) ,  and r e l e a s i n g  t h e  energy a s  

r e q u i r e d  t o  provide space condi t ion ing .  

Ceramic b r i c k  e l e c t r i c  h e a t  s to rage  systems have been e x t e n s i v e l y  

used i n  Europe.2 Severa l  o t h e r  TES systems, inc luding  pressurized-water  

h e a t  s torage ,  ch i l led-water  s to rage ,  and i c e  cool  s to rage ,  have been de- 

veloped t o  t h e  po in t  of being nea rcommerc ia l .  However, t he  adopt ion  of 

any of these  op t ions  f o r  l oad  management i n  the  United S t a t e s  has  been 

slow due t o  cons ide rab le  u n c e r t a i n t y  about the  performance of the  energy 

s to rage  equipment and u n c e r t a i n t y  about the  u t i l i t y  b e n e f i t s .  A major 

q u e s t i o n  has  been whether TES w i l l  r e s u l t  i n  a s u f f i c i e n t l y  l a r g e  n e t  

r e d u c t i o n  i n  u t i l i t y  c o s t s ,  which can  then  be passed on t o  t h e  consumer 

through r a t e  i n c e n t i v e s  t o  j u s t i f y  the  a d d i t i o n a l  expense of t he  s to rage  

equipment. 

To r e so lve  some of t he  q u e s t i o n s  surrounding t h e  use of TES f o r  e lec-  

t r i c  l o a d  management, the  Div i s ion  of E l e c t r i c  Energy Systems of t he  U.S .  

Department of Energy (DOE) has  cofunded w i t h  the  p a r t i c i p a t i n g  u t i l i t i e s  
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a nationwide t e s t  program f o r  e l e c t r i c  l o a d  management us ing  TES t o  evalu- 

a t e  t he  e f f e c t i v e n e s s  of nearcommerc ia l  hea t  and cool  s to rage  devices .  

The t e s t s  were c o n t r a c t e d  and managed by Oak Ridge Nat iona l  Laboratory 

(ORNL). The o b j e c t i v e s  of the  DOE/ORNL t e s t s  were t o  (1) c o l l e c t  r e l i -  

ab l e  l o a d  r e s e a r c h  da ta ,  ( 2 )  d e l i n e a t e  and so lve  i n s t a l l a t i o n  problems, 

( 3 )  eva lua te  m a i n t a i n a b i l i t y ,  ( 4 )  e v a l u a t e  customer and u t i l i t y  accep- 

tance ,  and ( 5 )  develop cos t  da ta .  The r e s u l t s  of t h e  t e s t s  a r e  expected 

t o  be u s e f u l  t o  u t i l i t i e s  i n  making l o c a l  load  management d e c i s i o n s  and 

t o  DOE i n  e s t a b l i s h i n g  p r i o r i t i e s  f o r  r e sea rch  and development e f f o r t s  

i n  load  management. 

1.2 Tes t  Design 

While customer-side TES has  not  been widely app l i ed  i n  the  United 

S t a t e s ,  a r ecen t  survey of u t i l i t y  load  management a c t i v i t i e s  has  i d e n t i -  

f i e d  86 u t i l i t y - s p o n s o r e d  TES  project^.^ These p r o j e c t s  g e n e r a l l y  c o n s i s t  

of one or two i n s t a l l a t i o n s  i n  a given s e r v i c e  a r e a  and, a l though v a l u a b l e  

f o r  determining t h e  a p p l i c a b i l i t y  of a p a r t i c u l a r  TES concept t o  a g iven  

reg ion ,  the  informat ion  c o l l e c t e d  from such p r o j e c t s  i s  inadequate  for 

es t ima t ing  what widespread implementat ion might mean t o  t h a t  u t i l i t y .  For 

example, one or two i n s t a l l a t i o n s  a r e  inadequate  t o  determine d i v e r s i f i e d  

demand p r o f i l e s ,  m a i n t a i n a b i l i t y ,  and i n s t a l l a t i o n  cos t  s, which can only 

be determined i f  s u f f i c i e n t  da t a  a r e  c o l l e c t e d  t o  cover  the  range of ap- 

p l i c a t i o n s  and use c h a r a c t e r i s t i c s  i n  the  region.  However, n e i t h e r  manu- 

f a c t u r e r s ,  u t i l i t i e s ,  nor customers have been w i l l i n g  t o  undertake such 

l a rge - sca l e  t e s t s  because of high c o s t s  and t h e  u n c e r t a i n t y  of t h e  tech- 

nology. 

The DOE/ORNL t e s t s  were planned t o  c o n s i s t  of a number of p r o j e c t s  

covering a range of geographic,  c l i m a t i c ,  u t i l i t y ,  and s to rage  system 

c h a r a c t e r i s t i c s .  

t o  ORNL. The u t i l i t y  was r e s p o n s i b l e  (wi th  ORNL approval )  f o r  t he  acqui- 

s i t i o n ,  i n s t a l l a t i o n ,  ope ra t ion ,  and maintenance of a l l  equipment used 

dur ing  the  t e s t .  Each p r o j e c t  c o n s i s t e d  of a s u f f i c i e n t  number of t he  

same manufac tu re r ' s  s to rage  u n i t s  i n s t a l l e d  i n  a given u t i l i t y  t o  c o l l e c t  

Each p r o j e c t  was c a r r i e d  out  by a u t i l i t y  under c o n t r a c t  

8 
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l o a d  r e s e a r c h  d a t a  and provide reasonable  e s t i m a t e s  of equipment i n s t a l l a -  

t i o n  cos t s ,  r e l i a b i l i t y ,  and performance. The range of 30 t o  50 s to rage  

i n s t a l l a t i o n s  per  p ro j  e c t  was chosen a s  a compromise between e s t a b l i s h e d  

l o a d  r e sea rch  procedures  and p r o j e c t  funding l i m i t a t i o n s .  

The p r o j e c t s  were l i m i t e d  t o  nearcommerc ia l  hea t  or cool s to rage  

(or both)  f o r  r e s i d e n t i a l  space cond i t ion ing  wi th  the  op t iona l  a d d i t i o n  

of water  hea t ing .  Hybrid systems involv ing  n o n e l e c t r i c  energy supply 

( e .  g. , s o l a r  w i t h  supplemental  e l e c t r i c  h e a t i n g )  were ou t s ide  the  scope 

of t h i s  t e s t .  The candida te  s to rage  systems were s e l e c t e d  by t he  respond- 

ing u t i l i t i e s  on t he  b a s i s  of high p o t e n t i a l  f o r  economic e f f e c t i v e n e s s  

and customer acceptance i n  t h e i r  s e rv i ce  a rea .  The s torage  u n i t s  were 

i n s t a l l e d  i n  new c o n s t r u c t i o n  and i n  r e t r o f i t  a p p l i c a t i o n s ,  depending on 

t h e  market f o r  s to rage  h e a t i n g  or cool ing  i n  the  u t i l i t y ' s  s e r v i c e  a rea .  

To provide a b a s i s  f o r  comparison, a c o n t r o l  group wi th  convent ional  

space cond i t ion ing  systems was inc luded  i n  each p r o j e c t .  Both the  s to rage  

homes and c o n t r o l  group were instrumented t o  c o l l e c t  the  necessary load 

r e s e a r c h  da ta .  I n  a d d i t i o n ,  s eve ra l  of the  s torage  homes i n  each p r o j e c t  

were more f u l l y  instrumented t o  o b t a i n  d e t a i l e d  informat ion  on the  s to rage  

u n i t  c h a r a c t e r i s t i c s .  

in format ion  t o  eva lua te  hea t  and cool  s to rage  f o r  l oad  management, t he  

emphasis was on l oad  r e s e a r c h  a s  opposed t o  equipment design-type da ta .  

(The E l e c t r i c  Power Research I n s t i t u t e  has  conducted a r e s i d e n t i a l  TES 

i n s t rumen ta t ion  and da ta  v e r i f i c a t i o n  program t o  ana lyze  equipment per- 

formance.4) Data on u t i l i t y  ope ra t ions  and weather cond i t ions  were a l s o  

c o l l e c t e d  t o  c o r r e l a t e  w i th  s to rage  u n i t  performance. 

Because the  o b j e c t i v e  of t h i s  t e s t  was t o  c o l l e c t  

The d a t a  from a l l  t he  p r o j e c t s  were c o l l e c t e d  i n  a c o n s i s t e n t  manner 

so t h a t  t he  r e s u l t s  from the  v a r i o u s  p r o j e c t s  could be compared. 

Remote u t i l i t y  c o n t r o l  of t he  s to rage  systems was r equ i r ed  a s  a p a r t  

of each p r o j e c t .  Th i s  requirement  a rose  because one of t he  d e s i r e d  re- 

s u l t s  from the  t e s t  was a measure of t he  e f f e c t i v e n e s s  of va r ious  c o n t r o l  

s t r a t e g i e s .  Remote u t i 1  i t y  c o n t r o l  allowed a number of implementation 

s t r a t e g i e s ,  such a s  f i x e d  time-of-day con t ro l  or a c t i v e  u t i l i t y  c o n t r o l  

t o  minimize product ion  c o s t s ,  t o  be t r i e d  dur ing  t h e  t e s t .  Act ive u t i l i t y  

c o n t r o l  a l s o  allowed t h e  c o n t r o l  s t r a t e g y  t o  be t a i l o r e d  t o  s torage  system 

performance under v a r i o u s  weather  cond i t ions .  



The p r o j e c t s  were planned t o  cover  two f u l l  c o n d i t i o n i n g  seasons  t o  

i n c r e a s e  the  p r o b a b i l i t y  t h a t  a wide range of weather c o n d i t i o n s  would be 

experienced.  However, a s  w i l l  be d i scussed  l a t e r ,  d e l a y s  i n  equipment 

i n s t a l l a t i o n  and problems w i t h  s t o r a g e  system performance l i m i t e d  some of 

t he  p r o j e c t s  t o  one season o r  l e s s  of ope ra t ion .  

1.3 P r o i e c t  Summaries 

To i d e n t i f y  u t i l i t i e s  t h a t  might be i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  

t h e  t e s t  program, some 200 u t i l i t i e s  t h a t  had been p rev ious ly  i d e n t i f i e d  

a s  having  a completed, ongoing, o r  planned p r o j e c t  i n  customer-side TES o r  

had i n d i c a t e d  a n  i n t e r e s t  i n  s t a r t i n g  such a p r o j e c t  were s e n t  an o u t l i n e  

in September 1977, d e s c r i b i n g  t h e  program and a sk ing  i f  they wished t o  

r e c e i v e  a d e t a i l e d  Request f o r  Proposa l  (RFP) t o  b i d  f o r  p a r t i c i p a t i o n .  

Sixty-four  u t i l i t i e s  r eques t ed  t h e  RFP, which was mai led  i n  November 1977, 

and 17 p r o p o s a l s  were submit ted.  From these  p roposa l s ,  e i g h t  u t i l i t i e s  

were s e l e c t e d  t o  perform f i v e  h e a t  s to rage  and f i v e  cool  s t o r a g e  p r o j e c t s  

(two of t h e  u t i l i t i e s  employed both hea t  and cool  s t o r a g e ) .  

inc luded  Arkansas Power and L igh t  Company (AP&L), Long I s l a n d  L i g h t i n g  

Company (LILCO), P a c i f i c  Gas and E l e c t r i c  Company (PG&E),  P u b l i c  Se rv ice  

E l e c t r i c  and Gas Company, Niagara Mohawk Power Corpora t ion ,  Uni ted  Power 

Assoc ia t ion ,  V i r g i n i a  E l e c t r i c  and Power Company (VEPCO), and Wisconsin 

E l e c t r i c  Power Company (WEPCO). The u t i l i t i e s  were s e l e c t e d  based on 
t h e i r  q u a l i f i c a t i o n s ,  pas t  exper ience ,  commitment t o  t h e  p r o j e c t ,  and 

l i k e l i h o o d  of success .  The cool  s t o r a g e  systems s e l e c t e d  f o r  t e s t i n g  by 

t h e  chosen u t i l i t i e s  were a l l  s t a t i c  i c e  s to rage  systems. The comments 

i n  the  remainder of t h i s  r e p o r t  w i l l  t h e r e f o r e  focus  on t h i s  cool  s t o r a g e  

opt ion .  

The u t i l i t i e s  

T h i s  r e p o r t  d e s c r i b e s  t h e  f i v e  cool  s to rage  p r o j e c t s .  A companion 

r e p o r t  d i s c u s s e s  t h e  f i v e  h e a t  s to rage  p r o j e c t s . 5  The c o n t r a c t s  f o r  t h e  

cool  s to rage  p r o j e c t s  were g e n e r a l l y  s igned  i n  t h e  f a l l  of 1978, and t h e  

i n s t a l l a t i o n  of equipment was t o  beg in  i n  t h e  s p r i n g  of 1979 i n  prepara- 

t i o n  f o r  the  summer of 1979. However, a s  desc r ibed  i n  Sec t .  4.1, de lays  

i n  subcon t rac t ing  f o r  the i n s t a l l a t i o n  of t h e  equipment caused t h e  u t i 1  i- 

t i e s  t o  miss t h e  1979 coo l ing  season. 



7 

Data were c o l l e c t e d  dur ing  t h e  summer of 1980 by a l l  f i v e  u t i l i t i e s .  

In a d d i t i o n ,  two of t he  u t i l i t i e s ,  APdL and WEPCO, c o l l e c t e d  a second 

season ' s  da t a  dur ing  1981. Th i s  r e p o r t  summarizes t h e  cool s to rage  pro- 

j e c t s  through the equipment i n s t a l l a t i o n ,  checkout,  and o p e r a t i o n  phases  

of t h e  p r o j e c t s .  

r e s e a r c h  r e s u l t s  ob ta ined  from the  t e s t s  and d i s c u s s  t h e  p o t e n t i a l  system 

impacts of t h i s  l o a d  management opt ion .  

Subsequent r e p o r t s  w i l l  de sc r ibe  and ana lyze  the  l o a d  

The l o c a t i o n s  of t he  f i v e  cool  s to rage  p r o j e c t s  a r e  shown i n  Fig.  1. 

A summary d e s c r i p t i o n  of each p r o j e c t  i s  shown i n  Table  1 and i s  desc r ibed  

i n  t h e  fo l lowing  s e c t i o n s .  

1.3.1 Arkansas Power and Light  Comvany 

The t e s t  group c o n s i s t e d  of cool  s to rage  i n  29 homes us ing  A. 0. 

Smith i c e  tanks  r e t r o f i t t e d  i n t o  e x i s t i n g  8.8- t o  12.3-kW cool ing  c a p a c i t y  

(2-1/2- t o  3-1/2-ton) c e n t r a l  a i r  cond i t ion ing  systems. The c o n t r o l  group 

w 
"LINES OF CONSTANT COOLING DEGREE DAYS [BASE 18.3OC (65OF)I 

ORNL -DWG 79- 11278 

Fig. 1. Locat ion  of cool s to rage  p r o j e c t s .  



Table 1. Summary of cool storage p ro jec t s  

Cool ing degree 
day sa 

Average 1980 

Number Number of 

homes homes 

U t  il i t y  TES equipment of t e s t  control  Horn e Storage Condensing 
loca t ion  unit 

Arkansas Power A. 0. Smith 29 35 Exist ing Equipment Ret rof i t  1925 2579 
and Light Co. room 

Long Is land  Calmac 
Lighting Co. 

Pac i f ic  Gas and Gir ton 
E lec t r i c  Co. 

50 35 Exist ing Outside Re t ro f i t  1068 1435 00 

30 30 Exist ing Out s ide Re t ro f i t  167 1 2018 

Virginia E l e c t r i c  Carr ierIGir ton 29 40 New Equipment New 13 53 1729 
and Power Co. room 

Wisconsin E l e c t r i c  A. 0. Smith 70' 25 Exist ing Basement New 450 484 
Power Co. 

a 

'Thirty-five f u l l  storage and 35 half storage. 
Base 18.3OC (650F) - t e s t  location. 

t . . 
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c o n s i s t e d  of 35 homes having convent iona l  a i r  cond i t ion ing .  A. 0. Smith 

s to rage  water  h e a t e r s  were i n s t a l l e d  i n  15 homes i n  p l ace  of e x i s t i n g  

e l e c t r i c  water  h e a t e r s ,  

co rde r s ,  Storage c o n t r o l  was e x e r c i s e d  through an e x i s t i n g  r a d i o  c o n t r o l  

system from the  power system d i s p a t c h  c e n t e r .  

A l l  da t a  were c o l l e c t e d  u s i n g  magnetic t a p e  re- 

1.3.2 Long I s l a n d  Light ing  Company 

The t e s t  group cons i s t ed  of cool  s t o r a g e  i n  50 homes us ing  Calmac i c e  

tanks  r e t r o f i t t e d  i n t o  e x i s t i n g  a i r  c o n d i t i o n i n g  systems. The c o n t r o l  

group was 35 homes w i t h  convent ional  a i r  c o n d i t i o n i n g  systems. 

c o l l e c t e d  us ing  magnetic tape  recorders .  The s t o r a g e  systems were con- 

t r o l l e d  by a r a d i o  communications system. 

Data were 

1.3.3 P a c i f i c  Gas and E l e c t r i c  Company 

The t e s t  group cons i s t ed  of cool  s t o r a g e  i n  30 homes us ing  G i r t o n  i c e  

t anks  r e t r o f i t t e d  t o  e x i s t i n g  a i r  c o n d i t i o n i n g  systems. A c o n t r o l  group 

of 30 homes had convent ional  a i r  cond i t ion ing .  

magnetic t ape  recorders .  U t i l i t y  c o n t r o l  of t h e  s t o r a g e  systems was exer- 

c i s e d  us ing  an  e x i s t i n g  r a d i o  con t ro l  system. 

Data were c o l l e c t e d  us ing  

1.3.4 V i r g i n i a  E l e c t r i c  and Power Companq 

The t e s t  c o n s i s t e d  of hea t  and cool  s t o r a g e  i n  t h e  same new homes. 

The cool  s to rage  p o r t i o n  of t h i s  p r o j e c t  used C a r r i e r  and G i r t o n  cool  

s to rage  tanks.  The number of completed t e s t  l o c a t i o n s  ranged from 6 a t  

the  s t a r t  of t he  1980 coo l ing  Season t o  29 by t h e  end of t h e  season. Heat 

f o r  domestic ho t  water  was rec la imed from t h e  a i r  cond i t ion ing  system dur- 

ing t h e  coo l ing  season. 

e r s .  Storage c o n t r o l  was v i a  l e a s e d  te lephone  l i n e s .  

Data were c o l l e c t e d  u s i n g  magnet ic  t a p e  record-  

1.3.5 Wisconsin E l e c t r i c  Power Companx 

The two t e s t  groups cons i s t ed  of cool  s t o r a g e  r e t r o f i t t e d  i n t o  70 

e x i s t i n g  homes. Thi r ty- f ive  homes used two or  t h r e e  A. 0. Smith i c e  tanks  

w i t h  a f u l l - s i z e  compressor f o r  off-peak o p e r a t i o n  only.  Another 35 homes 

used one i c e  tank wi th  a compressor s i z e d  f o r  n e a r l y  cont inuous ope ra t ion .  



10 

The control  group of 25 r e s i d e n c e s  had conventional a i r  condi t ion ing .  

Storage control  and data a c q u i s i t i o n  were through a two-way power l i n e  

c a r r i e r  communications system. 

E 
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2. PROJE(JT DESCRIPTIONS 

2.1 U t i l i t y  C h a r a c t e r i s t i c s  

The u t i l i t i e s  s e l e c t e d  t o  p a r t i c i p a t e  i n  t h e  cool  s to rage  t e s t  pro- 

gram cover a range of c l i m a t i c ,  demographic, and u t i l i t y  system c h a r a c t e r  

i s t i c s .  A l l  t h r e e  of these  f a c t o r s  a r e  important  i n  determining t h e  fea- 

s i b i l i t y  of c u s t o m e r s i d e  cool s to rage  f o r  l o a d  management, and i t  was 

d e s i r a b l e  t o  inc lude  a wide range of t hese  cond i t ions  t o  inc rease  the  ap- 

p l  i c a b i l  i t y  of t he  t e s t ' s  f i n a l  r e s u l t s .  

Some important c h a r a c t e r i s t i c s  of t he  p a r t i c i p a t i n g  u t i l i t i e s  a r e  

shown i n  Table 2. 

a Table 2.  Participating u t i l i t y  system characterist ics 

Generation mix Peak load Annual 
Instal1 ed nncl ear/ coal/ gas (Mw) load 
capacity and o i l  I hydrolother factor  i l t i l i t y  

(%I Summer Winter (+) (Mw) 

Arkansas Power and 4,148 361 10/53/1/0 4,119 2,591 53.2 
Light Co. 

Long Island Lighting 3.900 o/ o i  1001 O i  0 2,997 2,456 53.0 

Pacific Gas and 11,400 0.4/0/50/ 16/33 13,440 10,640 59.3 

Virginia Electric and 10,100 32/30/31/3/4 8,484 1,445 51.5 

Wisconsin Elect t i c  4,371 32/49/4/2/13 3,346 3,021 63.6 

co. 

Electric Co. 

Power Co. 

Power Co. 

a 1980 data. 

2.1.1 Arkansas Power and Light  

APdL se rves  469,013 r e t a i l  an(- 25 wholesa le  customers covering 1,,000 

The u t i l i t y  s e rves  -5096 of the  s t a t e ' s  sq miles  i n  the  s t a t e  of Arkansas. 

popula t ion  and 35% of i t s  area.  

AP&L i s  a subs id i a ry  of Middle South U t i l i t i e s  Inc . ,  which i s  a reg- 

i s t e r e d  p u b l i c  u t i l i t y  ho ld ing  company. The o t h e r  ope ra t ing  s u b s i d i a r i e s  



12 

of Middle South a r e  Arkansas-Missouri Power Company, Louis iana  Power and 

L igh t  Company, M i s s i s s i p p i  Power and L igh t  Company, and New Or leans  P u b l i c  

Se rv ice  Inc. AP&L has  i n s t a l l e d  gene ra t ing  capac i ty  of 4,748 MW. The 

u t i l i t y  i s  summer peaking, w i t h  the  w i n t e r  peak load  being -62% of the  

summer peak load.  I t s  1980 annual l oad  f a c t o r  was 53.2%. 

Both temperature  and r e l a t i v e  humidity a r e  h igh  i n  t h e  summer, which 

has  caused t h e  s a t u r a t i o n  of r e s i d e n t i a l  a i r  condi t ion ing  t o  i n c r e a s e  from 

46.6% i n  1970 t o  79.3% i n  1977. During t h i s  same per iod  t h e  s a t u r a t i o n  of 

r e s i d e n t i a l  e l e c t r i c  h e a t i n g  h a s  inc reased  from 5.2 t o  12.5%. Average 

annual r e s i d e n t i a l  energy usage inc reased  from 6,934 kWh in 1970 t o  11,112 

kWh i n  1980. 

2.1.2 Long I s l a n d  L igh t ing  Company 

LILCO i s  a combinat ion gas  and e l e c t r i c  u t i l i t y  provid ing  e l e c t r i c  

s e r v i c e  t o  791,000 r e s i d e n t i a l  and 84,000 commercial- industr ia l  customers.  

The r e s i d e n t i a l  c l a s s  accounted f o r  -45% of t o t a l  e l e c t r i c  s a l e s .  LILCO 

a l s o  s u p p l i e s  n a t u r a l  gas  t o  388,000 customers. The LILCO s e r v i c e  t e r r i -  

t o r y  encompasses some 1,230 sq miles .  

LILCO' s i n s t a l l e d  gene ra t ing  c a p a c i t y  t o t a l s  3,900 MW c o n s i s t i n g  of 

2,700 M9J of r e s i d u a l  o i l - f i r e d  steam gene ra t ion  wi th  the  balance be ing  

d i s t i l l a t e  o i l - f i r e d  gas t u r b i n e s  and d i e s e l s .  The u t i l i t y  i s  summer 

peaking w i t h  an annual l o a d  f a c t o r  of 53%. 

The summers on Long I s l a n d  a r e  c h a r a c t e r i z e d  a s  warm and moist .  The 

average number of coo l ing  degree  days  i s  1,068. 

2.1.3 P a c i f i c  Gas and E l e c t r i c  

PG&E's s e r v i c e  t e r r i t o r y  cove r s  94,000 Sq miles  i n  no r the rn  and cen- 

O i l  and hy- t r a l  C a l i f o r n i a  se rv ing  a p o p u l a t i o n  of more than  8 mil l ion .  

d r o e l e c t r i c  energy have h i s t o r i c a l l y  been PG&E's main energy sources.  

u t i l i t y  has  11,400 MW of i n s t a l l e d  c a p a c i t y ,  of which 2,500 MW i s  hydro- 

e l e c t r i c  and 900 MII i s  geothermal.  

The 

About 416,000 homes have c e n t r a l  a i r  cond i t ion ing  i n  the  PG&E se rv ice  

a rea ;  85% of these  a r e  i n  the  noncoas t a l  c l i m a t i c  zones. During 1977, 

about 14% of PG&E's summer peak was c o n t r i b u t e d  b~ a i r  condi t ion ing .  The 
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1980 win te r  peak was 79% of the summer peak, and t h e  annual load  f a c t o r  

was 59.3%. 

2.1.4 V i r g i n i a  E l e c t r i c  and Power Company 

VEPCO prov ides  e l e c t r i c  s e r v i c e  t o  1.25 m i l l i o n  customers i n  V i r g i n i a  

and p a r t s  of North Carol ina and West V i r g i n i a .  The company a l s o  p rov ides  

gas  s e r v i c e  t o  t h e  Norfolk-Newport News a r e a  (exc luding  Portsmouth) and i n  

an  a r e a  extending from Newport News t o  and inc lud ing  Williamsburg. The 

company's s e r v i c e  t e r r i t o r y  encompasses 32,000 sq miles .  

VEPCO owns some 10,100 MW of g e n e r a t i n g  c a p a c i t y  comprised of 61% 

coal- and o i l - f i r e d  steam, 32% nuc lea r ,  3% h y d r o e l e c t r i c ,  and 4% o i l -  and 

d i s t i l l a t e - f i r e d  combustion tu rb ines .  The company i s  summer peaking w i t h  

a peak of 8,484 MW i n  1980 but  expec t s  t h a t  w i t h i n  a few y e a r s  i t s  w i n t e r  

peak w i l l  be h igher  than the  prev ious  summer peak and lower than  t h e  fo l -  

lowing summer peak. 

VEPCO's se rv i ce  a rea  spans a v a r i e t y  of c l i m a t i c  zones ranging  from 

the  co lde r  w i n t e r s  and mi lder  summers of t h e  Blue Ridge Mountains t o  t h e  

Piedmont r eg ion  wi th  i t s  h o t t e r  summers and mi lde r  w in te r s .  VEPCO e s t i -  

mates t h a t  about 24,000 new r e s i d e n t i a l  e l e c t r i c  h e a t  customers a r e  added 

t o  t h e  system each year .  

2.1.5 Wisconsin E l e c t r i c  Power Companp 

WEPCO s e r v i c e s  -12,600 sq m i l e s  of sou theas t e rn ,  e a s t  c e n t r a l ,  and 

n o r t h e r n  Wisconsin ( inc lud ing  t h e  Milwaukee a r e a )  and t h e  upper pen insu la  

of Michigan wi th  an e s t ima ted  p o p u l a t i o n  of over  2 mil l ion .  The company 

s e r v i c e s  726,000 r e s i d e n t i a l  customers  and 73,000 commercial and indus- 

t r i a l  customers. 
WEPCO's genera t ing  c a p a b i l i t y  i s  4,377 MW comprised of 990 MW nu- 

c l e a r ,  2,718 MW coal ,  and 669 MW of o t h e r  types.  The u t i l i t y ' s  peak i n  

1980 occurred on J u l y  14 a t  3,346 MW. 
n e  summers i n  WEPCO's s e r v i c e  t e r r i t o r y  a r e  mi ld  but  a r e  charac- 

t e r i z e d  by high humidity.  The s a t u r a t i o n  of a i r  cond i t ion ing  i n  e x i s t i n g  

homes is 17'41, but  t h e  ma jo r i ty  of new homes inc lude  some kind of a i r  c o w  

d i t  i oning . 



2.2 TES EauiDment 

The RFPs f o r  t he  t e s t  program s p e c i f i e d  t h a t  t he  responding u t i l i t y  

should s e l e c t  t h e  nea tcommerc ia l  cool  s torage  system t h a t  had t h e  grea t -  

e s t  p r o b a b i l i t y  of success  i n  i t s  s e r v i c e  t e r r i t o r y .  Near-commercial was 

i n t e r p r e t e d  t o  mean t h a t  a manufacturer  had obta ined  some f i e l d  exper ience  

w i t h  t h e  equipment, could  produce a s u f f i c i e n t  number of t h e  u n i t s  t o  meet 

t h e  needs and t ime schedule  of t he  responding u t i l i t y ,  and would provide  a 

warran ty  on t h e  equipment du r ing  t h e  t e s t  period. 

A l l  of t h e  u t i l i t i e s  t h a t  responded t o  the  cool s to rage  p o r t i o n  of 

t h e  RFP proposed t h e  equipment of one of t h r e e  manufacturers .  These t h r e e  

manufac turers  were A. 0. Smith Corporat ion,  Ca r r i e r  Corporat ion,  and 

Calmac Manufacturing Corporat ion.  A f o u r t h  manufacturer,  G i r t o n  Manufac- 

t u r i n g  Company, became involved  when C a r r i e r  Corporat ion d e c l i n e d  t o  manu- 

f a c t u r e  any a d d i t i o n a l  cool  s to rage  u n i t s  beyond t h e i r  e x i s t i n g  inventory .  

It i s  important  t o  bea r  i n  mind t h a t  t he  cool  s torage  equipment a v a i l a b l e  

f o r  t he  t e s t  does not  r e p r e s e n t  mass-produced, f u l l y  commercial equipment 

( i f  such equipment were a v a i l a b l e ,  t h e r e  would be no need f o r  the  t e s t ) .  

Bather ,  t he  cool  s to rage  systems t e s t e d  r ep resen t  pro to type  u n i t s  f o r  

e v a l u a t i n g  t h e  v i a b i l i t y  of a p a r t i c u l a r  l o a d  management concept.  

Of t h e  f i v e  u t i l i t i e s  f i n a l l y  s e l e c t e d  t o  p a r t i c i p a t e  i n  t h e  cool  

s to rage  t e s t s ,  two u t i l i t i e s  (AP&L and WEPCO) used A. 0. Smith equipment, 

one u t i l i t y  (LILCO) used Calmac, two u t i l i t i e s  (PG&E and one-half of 

VEPCO's i n s t a l l a t i o n s )  used Gi r ton ,  and one u t i l i t y  (one-half  of VEPCO's 

i n s t a l l a t i o n s )  used C a r r i e r  u n i t s .  

A l l  four  of t h e  cool  s t o r a g e  systems t e s t e d  a r e  s i m i l a r  i n  concept. 

The systems a r e  designed t o  use off-peak power t o  provide a i r  cond i t ion ing  

dur ing  on-peak per iods .  

hours  t o  f r e e z e  a t ank  of water .  A i r  condi t ion ing  i s  supp l i ed  t o  t h e  

house on demand by c i r c u l a t i n g  wa te r  from the i c e  tank  through a modif ied 

coo l ing  c o i l / a i r  handler  i n  t h e  house where the water  absorbs t h e  house 

h e a t  l o a d  and t r a n s p o r t s  i t  t o  t h e  i c e  tank  where the h e a t  i s  absorbed by 

t h e  me l t ing  ice .  The i c e  tank  can  absorb  l a r g e  amounts of h e a t  i n  t h e  

l a t e n t  hea t  of f u s i o n  of t h e  i c e  and t h e  s e n s i b l e  h e a t  of t he  water .  A 

schematic  of t he  p r i n c i p a l  components of a convent ional  a i r  cond i t ione r  

The a i r  cond i t ione r  ope ra t e s  dur ing  t h e  off-peak 
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c -  
OUTSIDE AIR 

and of a s to rage  a i r  cond i t ione r  a r e  shown i n  F igs .  2 and 3. The s to rage  

t ank  can  be l o c a t e d  e i t h e r  i n s ide  o r  o u t s i d e  t h e  house.  F igu res  4 and 5 

show t y p i c a l  cool  s torage  i n s t a l l a t i o n s  f o r  each of t hese  l o c a t i o n s .  

Three of t he  systems t e s t e d  i n  t h e  program c a n  be c h a r a c t e r i z e d  as  

d i r e c t  expansion systems. I n  such a system. t h e  evapora to r  c o i l  is  im- 

mersed i n  t h e  s torage  tank  and, as t h e  r e f r i g e r a n t  expands through t h e  

ORNL-DWG 82-14424 

Fig. 2 .  Schematic of convent iona l  a i r  c o n d i t i o n e r .  

0 R N L - DWG 82 - 1 442 7 
CONDENSER 

REFRIGERANT 

ICE TANK 
r----- 

C O M  

EXPANSION 
VALVES 

INSIDE AIR EVAPORATORS 

CIRCUIT 

I 

WATER COIL 

Fig. 3. Schematic of s t o r a g e  a i r  c o n d i t i o n e r .  
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ORNL DWG 79 203911 

ICE TANK 

Fig .  4 .  Typical  o u t s i d e  tank c o o l  storage i n s t a l l a t i o n .  

ORNL OWG 79 20388RA 

COMPRESSOR/CONDENSER T- 

ICE 

L CIRCULATING \FURNACE/BLOWER 
PUMP 

Fig .  5 .  Typical  i n s i d e  tank c o o l  s torage  i n s t a l l a t i o n .  
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evapora tor ,  i ce  forms d i r e c t l y  on t h e  evapora tor  c o i l .  Th i s  type of sys- 

tem i s  shown i n  Fig. 3. The amount of i ce  formed on t h e  evapora tor  c o i l  

must be c o n t r o l l e d  t o  a l low water  t o  c i r c u l a t e  around t h e  i c e  t o  meet t he  

coo l ing  needs of t he  house. A v a r i a t i o n  of t h i s  concept i s  used i n  t h e  

Calmac s t o r a g e  u n i t ,  which uses  an  evapora tor  c o i l  immersed i n  an i n t e r -  

mediate h e a t  exchanger. The evapora tor  c o o l s  an a n t i f r e e z e  (e thylene  

g lyco l  or methanol) s o l u t i o n ,  which i s  t h e n  pumped through a hea t  ex- 

changer c o i l  i n  t h e  s to rage  module, thereby  f r e e z i n g  t h e  s t o r e d  wa te r  i n  

t h e  tank. Th i s  system i s  shown i n  Fig.  6. The use of an in t e rmed ia t e  

h e a t  exchanger and a n t i f r e e z e  s o l u t i o n  c i r c u l a t i n g  through the  s to rage  

tank  a l lows  t h e  s to rage  tank  t o  f r e e z e  s o l i d  and s t i l l  provide cool ing.  

F igure  7 shows a t y p i c a l  Calmac i n s t a l l a t i o n .  

None of t h e  cool  s to rage  systems t e s t e d  a r e  packaged systems. 

Rather ,  t he  s to rage  t ank  and a s s o c i a t e d  mechanical package and c o n t r o l s  

a r e  des igned  a s  a u n i t  t h a t  i s  then  mated t o  s t anda rd  off- the-shelf  r e s i -  

d e n t i a l  a i r  cond i t ion ing  condensing u n i t s .  C lea r ly ,  such an approach does 

not  produce an optimum system, because t h e r e  i s  t h e  p o s s i b i l i t y  of a m i s -  

match between t h e  condensing u n i t  and t h e  cool  s to rage  equipment. More 

w i l l  be s a i d  on t h i s  t o p i c  i n  Sec t .  5 . 2 .  

ORNL-DWG 82-14425 

CONDENSER 

I OUTSIDE AIR I 

COMPRESSOR 

EXPANSION 
VALVE 

EVAPORATOR 

ETHYLENE CIRCULATING 
GLYCOL 
CIRCUIT 

HEAT 
EXCHANGER L 

ICE TANK P2 

Fig. 6.  Calmac system schematic.  
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ORNL OWG 73 203831 

ICE T A N K I H E A T  EXCHANGER f 
M E C H A N I C A L  PACKAGE, \ 

COMPRE 

Fig. 7 .  Typical  Calmac i n s t a l l a t i o n .  

Although s i m i l a r  i n  concept,  the  f o u r  s to rage  systems d i f f e r  i n  t h e  

d e t a i l s  of t h e i r  design.  

tems a r e  summarized i n  t h e  fo l lowing  s e c t i o n s .  

The p r i n c i p a l  f e a t u r e s  of t he  fou r  s to rage  sys- 

2.2.1 A. 0. Smith 

The A. 0. Smith s to rage  tanks  a r e  modi f ied  454-L (120-gal) water  

h e a t e r  tanks  w i t h  a s e rpen t ine  evapora tor  c o i l  i n  a v e r t i c a l  c o n f i g u r a t i o n  

a s  shown i n  Fig. 8 .  Fu l ly  charged, each s to rage  tank  has  an a d v e r t i s e d  

c a p a c i t y  of 114 MJ (108,000 Btu)  of cool ing.  Mul t ip l e  tanks  can be used 

f o r  l a r g e r  coo l ing  c a p a c i t i e s .  

The evapora tor  c o n s i s t s  of seven c i r c u i t s  f e d  by a common expansion 

The c o i l  c o n s i s t s  of 6 1  m (200 f t )  of 9.5-=OD (3/8-in.)  copper valve.  

tubing.  

The i c e  th i ckness  i s  c o n t r o l l e d  by a mechanical pressure-ac tua ted  

r e l a y  t h a t  i n t e r r u p t s  t h e  compressor c o n t r o l  c i r c u i t .  

. 
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WATER FILL 
LEVEL PIPE 

TANK 

0 R N L- DW G 82-1 4423 

(TOP COVER REMOVED) 

F i g .  8 .  A. 0. Smith storage tank. 

Storage tank 

Capacity: , 114 MJ (108,000 Btu) 

Dimensions: 749-mm ( 2 9 . 5 - i n . )  d i m  by 1 . 5 2  m (60 i n . )  high 

Net water volume: 408 L (108 g a l )  

I c e  s torage:  286 kg (630 l b )  a t  38-mm ( 1 . 5 - i n . )  t h i c k n e s s  

I n s u l a t i o n :  64-mm (2 .5- in .  1 urethane foam 

Circulat ing  pump: 124 W 
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Evavorator  

7 c i r c u i t s  f e d  w i t h  common expansion va lve  

9.5-mm-OD (3/8- in . )  copper tub ing  - t o t a l  61 m (200 f t )  

Water-side su r face  a r e a :  1.77 ma (19 f t 2 )  

2.2.2 Calmac 

The Calmac Icebank-32 cool  s to rage  u n i t  c o n s i s t s  of a 1.22 m (50 in . )  

high by 1.22-nrdiam (48-in.) c y l i n d r i c a l  p l a s t i c  t ank  c o n t a i n i n g  a h e a t  

exchanger c o i l  made of c o i l e d  p l a s t i c  tub ing ,  a s h e l l  and tube h e a t  ex- 

changer t h a t  s e rves  a s  t h e  evapora tor  i n  t h e  system, and t h e  a s s o c i a t e d  

pumps and c o n t r o l s  t o  r e g u l a t e  the  system. The a d v e r t i s e d  coo l ing  capac- 

i t y  of t h e  tank  i s  380 M J  (360,000 Btu) .  During normal ope ra t ion ,  t he  

s to rage  module f r e e z e s  s o l i d ,  and coo l ing  i s  provided by c i r c u l a t i n g  an  

a n t i f r e e z e  s o l u t i o n  through the  tank  h e a t  exchanger and t h e  house coo l ing  

c o i l .  I f  t h e  s to rage  capac i ty  of the  tank  i s  dep le t ed  due t o  unusual ly  

heavy coo l ing  loads ,  the  system can provide coo l ing  d i r e c t l y  from the  con- 

dens ing  u n i t .  

S torage  t ank  

Capaci ty:  380 MJ (360,000 Btu)  

Dimensions: 1.22-m (48-in.) diam by 1.22 m (50 in . )  high 

Weight: 113 kg (250 l b )  (empty) 

1,216 kg (2,680 l b )  ( f i l l e d )  

Net water  volume: 984 L (260 g a l )  

I n s u l a t i o n :  25-mm (2-in. po lys tyrene  

C i r c u l a t i n g  pump: 249 W 

Evavorator  

Type: s t a i n l e s s  s t e e l  s h e l l  and tube 

Capaci ty:  10.5 kW 

Storage  tank  hea t  exchanger 

30 c i r c u i t s  f e d  from 2 headers  

15.8-mm-OD (5/8-in.  1 polye thylene  tub ing  

1,463-m (4 ,800-f t )  t o t a l  l e n g t h  

Water-side su r face  a r e a :  73 m2 (785 f t 2 )  
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2.2.3 C a r r i e r  

The cool  s to rage  system manufactured by C a r r i e r  Corporat ion i s  s i m i -  

l a r  t o  t he  A. 0. Smith and G i r t o n  systems. The p r i n c i p a l  components of 

t he  system a r e  the  s to rage  tank  and c o n t r o l  package. These a r e  used i n  

conjunct ion  w i t h  a s tandard  r e s i d e n t i a l  condensing u n i t  and a c h i l l e d -  

water cool ing  c o i l  l o c a t e d  i n  the  house duct system. 

The r e c t a n g u l a r  tank  i s  made of s t e e l  i n s u l a t e d  w i t h  51  mm (2  in . )  of 

foam and p r o t e c t e d  by a pa in t ed  s t e e l  skin.  The evapora tor  c o n s i s t s  of 

244 m (800 f t )  of 9.5-mm (3/8- in . )  copper tub ing  p o s i t i o n e d  h o r i z o n t a l l y  

and ar ranged  i n  8 c i r c u i t s  f e d  by a common expansion valve.  

The pumps and c o n t r o l s  a r e  l o c a t e d  i n  a s epa ra t e  housing t h a t  a t -  

t aches  t o  t h e  s to rage  tank. 

S torage  t ank  

Storage  capac i ty :  342 MJ (324,000 Btu) 

Dimensions: Height - 1.22 m (48 in . )  

Width - 0.737 m (29 in. 1 
Length - 2.18 m (76 in . )  

Weight: 295 kg (650 l b )  (empty) 

1,633 kg (3,600 l b )  ( f u l l )  

I n s u l a t i o n :  51-mm (2-in.)  foamed i n  place 

C i r c u l a t i n g  pump: 93 W 

Evaporator  

8 c i r c u i t s  f e d  w i t h  common expansion va lve  

9.5-mm-OD (3/8-in.)  copper tub ing  - t o t a l  l eng th  244 m (800 f t )  

Water-side su r face  a rea :  7.3 ma (78 f t a )  

2.2.4 Gi r ton  

The G i r t o n  King-Zero i c e  s to rage  system c o n s i s t s  of a r e c t a n g u l a r  

s to rage  tank  made w i t h  an angle  i r o n  frame and a 10-ga. ho t - ro l led  s t e e l  

t ank  l i n e r .  

s i d e s .  

(1 in . )  of urethane i n s u l a t i o n .  A double-embossed aluminum s k i n  p r o t e c t s  

t h e  s idewa l l  i n s u l a t i o n  and doubles  a s  t he  e x t e r n a l  cosmetic sur face .  

I n s u l a t i o n  i s  51-mm (2-in.)  a s p h a l t e d  co rk  on bottom and 

Covers a r e  f a b r i c a t e d  from galvanized s h e e t  and c o n t a i n  25 mm 
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The tank  c o n t a i n s  two evapora tor  c i r c u i t s  each c o n s i s t i n g  of -30.5 m 

(100 f t )  of 19-mm ( 3 / 4 - i n . )  schedule  40 i r o n  pipe.  The evapora tor  p i p e s  

a r e  a t t a c h e d  t o  s t e e l  support  p l a t e s ,  which become the  c e n t e r  of t he  two 

banks of ice  t h a t  a r e  generated.  

The pump and c o n t r o l  packages a r e  mounted w i t h i n  an a r e a  c r e a t e d  by 

an ex tens ion  of t he  main s t r u c t u r e  frame. 

S torage  tank  

Capaci ty:  304 MJ (288,000 Btu)  a t  5 1  mm ( 2  i n . )  of i ce  

Dimensions: Height - 1 .35  m (52.5 in . )  

Width - 0.711 m (28 in . )  

Length - 2 .90  m (114 in . )  

Weight: 773 kg (1,700 l b )  (empty) 

2,500 kg ( 5 , 5 0 0  l b )  ( f u l l )  

I n s u l a t i o n :  51-mm (2-in. 1 a s p h a l t e d  co rk  

C i r c u l a t i n g  pump: 124 W 

EvaDorator 

2 c i r c u i t s  w i t h  ind iv idua l  expansion v a l v e s  

Each c i r c u i t  c o n s i s t s  of 30.5 m (100 f t )  of 19-mm ( 3 / 4 - i n . )  schedule  

40 iron pipe  

Water-side su r face  a r e a :  3.6 ma (40 f t a )  

2 . 2 . 5  TES c o n t r o l  

The c o n t r o l  of t h e  charg ing  system f o r  t he  A. 0. Smith, C a r r i e r ,  and 

G i r t o n  cool  s to rage  systems i s  s i m i l a r .  Condensing u n i t  c o n t r o l  i s  

achieved through the  use of an i c e  th i ckness  sensor  w i t h  o v e r r i d i n g  con- 

t r o l  e x e r c i s e d  by the  u t i l i t y .  I n  the  absence of u t i l i t y  c o n t r o l ,  t he  i c e  

th i ckness  sensor  would al low the  condensing u n i t  t o  ope ra t e  anytime l e s s  

t han  a f u l l  charge of i ce  was de tec ted .  

The u t i l i t y  c o n t r o l  s i g n a l  ( r a d i o ,  te lephone,  or power l i n e  c a r r i e r )  

o p e r a t e s  a r e l a y  wired i n  s e r i e s  w i t h  the  i c e  th i ckness  sensor  such t h a t  

when an  o f f  c o n t r o l  s i g n a l  i s  sen t ,  t he  condensing u n i t  cannot opera te .  

A second c o n t r o l  c i r c u i t  a c t i v a t e d  by the  indoor thermosta t  c o n t r o l s  

t h e  o p e r a t i o n  of t he  water  pump and indoor  fan.  
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A number of o p t i o n s  can  be added t o  t h e  b a s i c  c o n t r o l  system. Some 

of t he  cool  s to rage  systems have a second thermosta t ,  which senses  i c e  

tank  water  temperature ,  wired i n  s e r i e s  w i th  the  indoor  thermostat .  Th i s  

t he rmos ta t  p reven t s  t he  water  pump and indoor f a n  from ope ra t ing  i f  t he  

tank  water  temperature  i s  t o o  h igh  t o  provide useable  cool ing.  

A second o p t i o n  t h a t  can be added t o  t h e  b a s i c  c o n t r o l  system i s  a 

customer ove r r ide  of t he  u t i l i t y  c o n t r o l  s igna l .  Many u t i l i t i e s  f e e l  t h a t  

t he  customer must have some means of coo l ing  t h e  house i f  f o r  some reason  

(e .  g. ,  c o n t r o l  e r r o r ,  abnormal weather  cond i t ion ,  or communications system 

f a i l u r e )  t h e  s t o r e d  coo l ing  i s  dep le t ed  be fo re  the  end of t he  on-peak pe- 

r iod .  The customer ove r r ide  switch c l o s e s  a r e l a y  i n  p a r a l l e l  w i th  the  

u t i l i t y  c o n t r o l  r e l a y  a l lowing  t h e  condensing u n i t  t o  ope ra t e  even though 

commanded o f f  by the  u t i 1  i t y .  

The c o n t r o l  system f o r  the  Calmac cool s to rage  u n i t  i s  more compli- 

c a t e d  t h a n  those  of t he  o t h e r  systems due t o  t h e  presence of t he  in t e r -  

mediate hea t  t r a n s f e r  loop. The c o n t r o l  system f o r  the  condensing u n i t  

c o n s i s t s  of two the rmos ta t s ,  two r e l a y s ,  a 24-V t ransformer ,  and a system 

mode switch.  The temperature  senso r s  on t h e  r e s p e c t i v e  the rmos ta t s  a r e  

connected t o  t h e  thermosta t  body v i a  a 7.6-m (25- f t )  nonremovable cap i l -  

l a r y  tube. Both temperature  senso r s  a r e  l o c a t e d  about 18  cm ( 7  in . )  below 

the  su r face  of t he  water  i n  the  tank. The thermosta t  body c o n t a i n s  a 

switch,  a d i a l  t h a t  permi ts  s e l e c t i n g  tempera tures  between -34.4 and 

37.8OC (-30 and 100OF) t o  ope ra t e  the  switch,  and a temperature  d i f f e r  

e n t i a l  adjustment t h a t  pe rmi t s  s e l e c t i n g  d i f f e r e n t i a l s  of 1.7 t o  8.3OC 

(3 t o  150F) between open and c l o s u r e  of the  switch.  One thermosta t  (TLL) 

a c t s  a s  a lower limit t h a t  s h u t s  o f f  t he  condensing u n i t  when a tempera- 

t u r e  of -2.7 t o  - 1 . l O C  (27 t o  300F) i s  reached i n  t h e  s to rage  module. The 

o t h e r  thermostat  (TO) a l lows  the  condensing u n i t  t o  ope ra t e  anytime the 

s to rage  tank  temperature  exceeds 3.9OC (39OF) u n t i l  the  water  temperature  

i s  lowered t o  l . l o C  (34OF). 

The c o n t r o l  scheme f o r  the Calmac u n i t  a l lows  cool ing  t o  be suppl ied  

d i r e c t l y  t o  the  house from the  evapora tor  wi thout  going through the  i c e  

t ank  h e a t  exchanger dur ing  off-peak pe r iods  or when t h e  s torage  capac i ty  

of t he  i ce  tank  i s  dep le t ed  dur ing  on-peak per iods .  
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Refe r r ing  t o  the  Calmac flow schematic  shown i n  Fig.  6 ,  i n  t h e  normal 

on-peak o p e r a t i n g  mode when t h e  house thermosta t  c a l l s  f o r  cool ing ,  pumps 

P1 and P2 a r e  a c t i v a t e d .  P2 pumps t h e  a n t i f r e e z e  from the  i c e  tank  h e a t  

exchanger through the  indoor c o i l  wh i l e  P1 pumps t h e  r e t u r n  from the  in- 

door c o i l  through the  evapora tor  and i c e  tank  h e a t  exchanger back t o  t h e  

i n l e t  of P2. Because i n  normal on-peak o p e r a t i o n  t h e  condensing u n i t  i s  

not  ope ra t ing ,  t he  e n t i r e  h e a t  l o a d  removed from the  house i s  absorbed by 

t he  s to rage  tank. Routing of the  a n t i f r e e z e  f low between pumps P1 and P2 

occurs  by d i f f e r e n c e  i n  p re s su re  drop only.  The manufac turer  c l a ims  t h a t  

only a small  p o r t i o n  of t he  flow intended f o r  pump P2 e n t e r s  pump P1 with- 

out f i r s t  going through the  coo l ing  c o i l .  

If t h e  house thermosta t  c a l l s  f o r  coo l ing  and t h e  tempera ture  of t h e  

s to rage  module exceeds 3.9OC (39OF) , thermosta t  TO i s  c losed ,  which a l lows  

t h e  condensing u n i t  t o  opera te .  The flow of a n t i f r e e z e  i n  t h e  c i r c u i t  i s  

a s  be fo re  but  now the  hea t  l o a d  i s  absorbed i n  t h e  evapora tor .  The con- 

dens ing  u n i t  w i l l  cont inue  t o  ope ra t e  u n t i l  t he  s to rage  module tempera ture  

drops below l . l O C  (34OF), opening the rmos ta t  TO. 

I n  t h e  off-peak o p e r a t i n g  mode, coo l ing  t o  t h e  house i s  supp l i ed  on 

demand by pumps P1 and P2 a s  desc r ibed  above. However, anytime t h e  i c e  

tank  tempera ture  exceeds - l . l ° C  (30°F) ,  t he  condensing u n i t  and pump P1 

a r e  allowed t o  ope ra t e  by thermosta t  TLL. I f  no coo l ing  i s  demanded by 

t h e  house or i f  t h e  r e q u i r e d  coo l ing  i s  l e s s  t h a n  t h e  condensing u n i t  

capac i ty ,  t he  o p e r a t i o n  of the  condensing u n i t  and P1 by thermosta t  TLL 

charges  t h e  i c e  tank. 

2.2.5 S iz ing  phi losophy 

The f i r s t  s t e p  i n  a i r  cond i t ion ing  equipment s i z i n g  f o r  e i t h e r  a con- 

v e n t i o n a l  a i r  cond i t ione r  o r  a cool  s to rage  system i s  t o  determine t h e  

h e a t  g a i n  c h a r a c t e r i s t i c s  of the  s t r u c t u r e  t o  be cooled. However, from 

t h i s  po in t  on t he  ph i losoph ies  of s i z i n g  convent iona l  a i r  c o n d i t i o n e r s  and 

cool  s to rage  systems a r e  q u i t e  d i f f e r e n t .  

A convent iona l  a i r  cond i t ione r  c o n s i s t s  of t he  outdoor condensing 

u n i t  and t h e  indoor u n i t ,  which c o n t a i n s  t h e  a i r  handler  and evapora to r  

c o i l .  The indoor and outdoor  u n i t s  a r e  gene ra l ly  matched by t he  manu- 

f a c t u r e r  such t h a t  the  compressor s a t u r a t e d  s u c t i o n  tempera ture  w i l l  be 
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-7.2OC (450F) a t  an outdoor temperature  of 35OC (95OF). These a r e  t h e  

s t anda rd  c o n d i t i o n s  a t  which the coo l ing  c a p a c i t y  of a i r  c o n d i t i o n e r s  a r e  

r a t ed .  To s i z e  a convent ional  system, t h e  s t r u c t u r e  coo l ing  l o a d  f o r  a 

coo l ing  des ign  day ( a n  extreme weather c o n d i t i o n  f o r  t he  given l o c a l i t y )  

i s  ca l cu la t ed .  The convent ional  a i r  c o n d i t i o n e r  i s  s i z e d  such t h a t  i t s  

r a t e d  c a p a c i t y  i s  s u f f i c i e n t  t o  Supply the  c o o l i n g  l o a d  of t h e  house a t  an 

indoor  temperature  t h a t  i s  a few degrees  h i g h e r  t h a n  t h e  normally d e s i r e d  

the rmos ta t  s e t  po in t .  A s l i g h t  temperature  swing i s  al lowed so t h a t  t he  

equipment w i l l  not be so gross ly  ove r s i zed  under l e s s  extreme weather  con- 

d i t i o n s  t h a t  the  a i r  cond i t ione r  expe r i ences  e x c e s s i v e  c y c l i n g  and poor 

humidi ty  con t ro l .  

A f u l l  s to rage  system is designed t o  supply t h e  coo l ing  loed  of t h e  

house dur ing  some def ined  on-peat p e r i o d  wi thou t  t he  condensing u n i t  o p e r  

a t i n g  du r ing  the  on-peak period. Such a system r e q u i r e s  a condensing u n i t  

capable  of provid ing  a house 's  24-h i n t e g r a t e d  c o o l i n g  l o a d  when ope ra t ed  

only  dur ing  t h e  off-peak per iod.  

must cons ide r  t he  t o t a l  d a i l y  cool ing  l o a d  (no t  j u s t  t h e  peak coo l ing  

l o a d )  and t h e  l e n g t h  of the def ined  off-peak pe r iod .  

Thus t h e  s i z i n g  of t h e  condensing u n i t  

The s i z i n g  of cool s torage  equipment i s  f u r t h e r  complicated by t he  

v a r i a t i o n  of condensing u n i t  capac i ty  wi th  evapora to r  s u c t i o n  temperature .  

In a r e f r i g e r a t i o n  system, a s  evapora tor  t empera tu res  decrease,  the  cool- 

ing capac i ty  and e f f i c i e n c y  of t he  system a l s o  decrease .  To make i c e  i n  a 

cool  s to rage  system, the evaporator  s u c t i o n  tempera ture  must be l e s s  t han  

O O C  (320F) a s  compared t o  a d e s i r e d  evapora to r  tempera ture  of 7.2OC (450F) 

in a conventional air conditioner. If t h e  cool  s t o r a g e  system i s  one t h a t  

a l lows  i c e  t o  b u i l d  on t h e  evapora tor ,  a s  t h e  t h i c k n e s s  of the  i c e  in- 

c r e a s e s ,  it a c t s  a s  an i n s u l a t o r  r e q u i r i n g  even lower evapora tor  tempera- 

t a r e s  t o  f r e e z e  any a d d i t i o n a l  i ce  on the .  c o i l .  Thus t he  condensing u n i t  

c a p a c i t y  dec reases  throughout the  charge cyc le .  Evaporator tempera tures  

l e s s  t han  -21.7OC (-7OF) were measured on some of t h e  systems t e s t e d  when 

nea r ing  a f u l l  i ce  charge.  Consequently t h e  s i z i n g  of the  condensing u n i t  

must cons ider  not only the  t o t a l  d a i l y  c o o l i n g  l o a d  and t h e  l e n g t h  of t he  

off-peak per iod ,  but the s torage  tank  s i z e  and evapora tor  conf igu ra t ion .  

Unfor tuna te ly  the re  i s  not  a g r e a t  dea l  of exper ience  wi th  cool  

s to rage  on which t o  base s i z i n g  recommendations. Three of t he  u t i l i t i e s  
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(AP&L, LILCO, and PG&E) were r e t r o f i t t i n g  cool  s to rage  t o  e x i s t i n g  con- 

densing u n i t s .  Houses were s e l e c t e d  wi th  condensing u n i t s  t h a t  were 

w i t h i n  the  c a p a c i t y  range of t he  cool  s to rage  equipment [8.8 t o  12.3 kW 

(2-1/2 t o  3-1/2 t o n s ) ]  a t  normal 7 . 2 O C  (45OF) evapora tor  temperatures .  

In most cases ,  houses  were s e l e c t e d  i n  which the e x i s t i n g  condensing u n i t s  

were ove r s i zed  i n  r e l a t i o n s h i p  t o  t h e  c a l c u l a t e d  coo l ing  load .  An assump- 

t i o n  i m p l i c i t  i n  t h i s  approach i s  t h a t  the  combination of lower o u t s i d e  

ambient tempera tures  w h i l e  making i c e  and condensing u n i t s  s i z e d  t o  meet 

peak loads  i s  s u f f i c i e n t  t o  compensate f o r  the lower condensing u n i t  r a t -  

ing a t  i c e  making evapora to r  temperatures .  

Two of t he  u t i l i t i e s  (WEPCO and VEPCO) i n s t a l l e d  new compressors 

s i z e d  t o  match the  cool  s t o r a g e  u n i t s .  In WEPCO's case,  t h e  condensing 

u n i t  manufac turers  were r e q u e s t e d  t o  submit b i d s  on equipment t h a t  would 

o p e r a t e  a t  -3.8OC (25OF) s u c t i o n  w i t h  an ou t s ide  temperature  of 35OC 

(95OF). The b i d d e r s  were r e q u i r e d  t o  supply the u n i t ' s  capac i ty ,  e l e c t r i c  

load ,  and c o n s t r a i n t s ,  i f  any, f o r  o p e r a t i o n  under those cond i t ions .  The 

condensing u n i t s  were then  matched t o  t h e  houses such t h a t  t he  u n i t s  had 

adequate c a p a c i t y  t o  completely recharge  the i c e  tank  w i t h i n  10  h. 

A v a r i a t i o n  of t he  f u l l  s t o r a g e  concept was t e s t e d  by WEPCO. A f u l l  

s to rage  system i s  designed f o r  compressor o p e r a t i o n  completely off-peak 

and thus  r e q u i r e s  a condensing u n i t  capable  of provid ing  a house ' s  24-h 

i n t e g r a t e d  coo l ing  l o a d  o p e r a t i n g  only  dur ing  t h e  de f ined  off-peak pe r iod .  

Such a system a l s o  r e q u i r e s  s u f f i c i e n t  s to rage  capac i ty  t o  meet t h e  in t e -  

g r a t e d  house l o a d  dur ing  t h e  on-peak pe r iod .  In a d d i t i o n  t o  r e q u i r i n g  

l a r g e  condensing u n i t  and s t o r a g e  c a p a c i t i e s ,  if f o r  some reason  t h e  s to r -  

age i s  exhausted and t.he customer o v e r r i d e s  t h e  u t i l i t y  c o n t r o l  s i g n a l ,  

the  f u l l - s i z e d  condensing u n i t  may ope ra t e  on-peak. 

In a p a r t i a l  s to rage  system, the  condensing u n i t  i s  s i z e d  f o r  n e a r l y  

cont inuous o p e r a t i o n  on t h e  des ign  day r a t h e r  than  f o r  the  peak house 

load .  Th i s  smal le r  condensing u n i t  i s  i n  t u r n  coupled t o  a p a r t i a l  s i z e d  

s to rage  system. Water from the  tank  i s  c i r c u l a t e d  t o  t h e  house coo l ing  

c o i l  a s  i n  the  f u l l  s to rage  system. When t h e  capac i ty  of the  condensing 

u n i t  exceeds the  house coo l ing  load ,  i ce  b u i l d s  on t h e  evapora tor  c o i l s .  

When the  coo l ing  l o a d  exceeds t h e  condensing u n i t  capac i ty ,  the  amount of 
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i c e  i n  s torage  decreases .  The s torage  system e s s e n t i a l l y  works a s  a f ly -  

wheel : t a k i n g  o r  supplementing condensing u n i t  capac i ty  a s  necessary.  

The obvious advantages of such a system inc lude  the  c a p i t a l  c o s t  sav- 

ings a s s o c i a t e d  w i t h  the smal le r  condensing u n i t  and s to rage  c a p a c i t i e s .  

Also, i n  the event of a customer ove r r ide ,  t he  u t i l i t y  w i l l  never s ee  a 

f u l l - s i z e d  condensing u n i t  because the c a p a c i t y  simply i s  not  t he re .  

The disadvantage of such a system i s  t h a t  i t  does not completely 

remove compressor o p e r a t i o n  from the peak. The capac i ty  b e n e f i t s  r e s u l t  

from the  d i f f e r e n c e  be tween a condensing u n i t  s i z e d  f o r  cont inuous opera- 

t i o n  and one s i z e d  t o  meet peak house load.  

The s i z i n g  of p a r t i a l  s torage  systems i s  more c r i t i c a l  than  f o r  f u l l  

s to rage  systems because the  condensing u n i t  o p e r a t e s  on-peak. The lowest 

e l e c t r i c a l  load  and t h e  lowest capac i ty  r a t i n g  w i l l  occur  a s  t h e  s to rage  

tank  approaches a f u l l  charge. A s  i c e  is d e p l e t e d  and t h e  tank  warms, i t  

i s  p o s s i b l e  f o r  the condensing u n i t  t o  va ry  up t o  125% of i t s  nominal 

r a t i n g  due t o  t h e  h igher  evaporator  temperatures .  Under these  cond i t ions ,  

t he  smal le r  condensing u n i t  can look j u s t  l i k e  a convent iona l  condensing 

u n i t  t o  t he  u t i l i t y  system producing no on-peak load  r e l i e f .  Consequently 

condensing u n i t s  i n  WEPCO’s p a r t i a l  s t o r a g e  homes were s i z e d  a t  one-half 

of t he  r equ i r ed  load  a s  c lose ly  a s  a v a i l a b l e  condensing u n i t s  would allow. 

2.3 Communications and Cont ro l  

E x i s t i n g  u t i l i t y  load management systems have inc luded  a range of 

implementation s t r a t e g i e s  ranging from time c locks  t o  a c t i v e  u t i 1  i t y  con- 

t r o l .  However, t he re  appears  t o  be a consensus among u t i l i t i e s  t h a t  con- 

t r o l  s t r a t e g i e s  become more important a s  t h e  p e n e t r a t i o n  of load  manage- 

ment i nc rease  s. 

Because i t  i s  not c l e a r  how (or whether )  hea t  and cool  s to rage  f o r  

l o a d  management may be implemented, t he  t e s t  des ign  r equ i r ed  remote u t i l -  

i t y  con t ro l  of the  s torage  systems. T h i s  a l lowed t h e  u t i l i t i e s  t o  t e s t  a 

v a r i e t y  of con t ro l  s t r a t e g i e s  and t o  t a i l o r  t he  c o n t r o l  s t r a t e g y  t o  s to r -  

age system performance under v a r i o u s  weather  c o n d i t i o n s  a s  more was 

l ea rned  about the c h a r a c t e r i s t i c s  of hea t  and cool  s torage .  



I n  seve ra l  ca ses ,  p a r t i c i p a t i o n  i n  the  DOE/ORNL hea t  and cool  s to rage  

t e s t  was only one of s e v e r a l  l o a d  management a c t i v i t i e s  t h a t  a u t i l i t y  was 

involved in .  Th i s  allowed t h e  sha r ing  of e x i s t i n g  u t i l i t y  communications 

and c o n t r o l  equipment and exper ience .  Three of t he  f i v e  u t i l i t i e s  used 

e x i s t i n g  r a d i o  communications and c o n t r o l  systems, one u t i l i t y  used a 

l e a s e d  te lephone l i n e  system, and one u t i l i t y  used a b i d i r e c t i o n a l  power 

1 ine c a r r i e r  system. 

AP&L used a n  e x i s t i n g  r a d i o  system which c o n s i s t s  of 25 t r a n s m i t t e r s  

t h a t  cover the  e n t i r e  s e r v i c e  t e r r i t o r y .  The t r a n s m i t t e r s  a r e  l i n k e d  t o  

AP6L's t r ansmiss ion  d i s p a t c h  c e n t e r  w i t h  l e a s e d  te lephone 1 ines .  In i -  

t i a l l y  a c e n t r a l  message gene ra t ing  u n i t  manufactured by S c i e n t i f i c  At-  

l a n t a  produced t h e  s i g n a l s  t h a t  were t r ansmi t t ed  a t  a f requency of 

154.463750 MBz t o  t h e  r a d i o  swi tch  l o c a t e d  on t h e  cool s to rage  u n i t .  The 

swi tch  i s  wired  i n  s e r i e s  w i t h  the  i c e  c o n t r o l  switch and c o n t r o l s  t h e  

o p e r a t i o n  of t he  condensing u n i t .  The indoor f a n  and c i r c u l a t i n g  pump 

a r e  f r e e  t o  meet house coo l ing  l o a d  on demand. 

AP&L has  used two types  of r a d i o  c o n t r o l  switches i n  i t s  v a r i o u s  l o a d  

management p r o j e c t s .  The S c i e n t i f i c  A t l a n t a  switch uses  d i g i t a l  address-  

ing and has  256 unique addresses .  The Motorola switch r e c e i v e s  one of 

54 aud ib le  tone s i g n a l s .  Both swi t ches  use f a i l - s a f e  o p e r a t i o n  t o  guard 

a g a i n s t  communications system f a i l u r e .  An i n t e r r u p t  command i s  r e p e a t e d l y  

sen t  t o  c o n t r o l  t he  condensing u n i t .  The switch au tomat ica l ly  r e e n e r g i z e s  

t h e  condensing u n i t  when no f u r t h e r  s i g n a l s  a r e  received.  I n i t i a l l y ,  a l l  

t he  t e s t  homes were c o n t r o l l e d  us ing  S c i e n t i f i c  A t l an ta  switches.  How- 

ever ,  problems w i t h  the  swi tches  r e q u i r e d  t h a t  they be rep laced  w i t h  

Motorola swi tches  i n  August 1980.  

LILCO a l s o  used a n  e x i s t i n g  S c i e n t i f i c  A t l a n t a  r a d i o  con t ro l  system. 

Local l o g i c  was provided by a General  E l e c t r i c  IR-70 programmable wat t -  

hour meter. The meter was programmed t o  c l o s e  the  n igh t  t imer  switch,  

which i s  wired  i n  s e r i e s  w i t h  the tempera ture  thermosta t  t h a t  c o n t r o l s  

o p e r a t i o n  of t he  compressor and o u t s i d e  f an .  The r a d i o  con t ro l  system 

can a l s o  c l o s e  the  switch i n  s e r i e s  w i t h  the  tempera ture  thermosta t  and 

thus  permi ts  ex tending  t h e  ope ra t ing  s t r a t e g y  i n t e r v a l  programmed i n t o  

t h e  IR-70 meter.  
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PG&E used a Motorola r a d i o  c o n t r o l  system t o  swi tch  the  condensing 

u n i t s  charging t h e  G i r t o n  tank. A c o n t r o l l e r  r e l ayed  command s i g n a l s  t o  

a t r a n s m i t t e r  l o c a t e d  i n  Fresno. Upon r e c e p t i o n  of t he  tone s i g n a l ,  t he  

r a d i o  switch i n t e r r u p t e d  the  condensing u n i t  c o n t r o l  c i r c u i t .  The tone 

s i g n a l s  were sen t  every 3 min dur ing  t h e  c o n t r o l  pe r iod  t o  prevent  t h e  

r a d i o  switch from reenerg iz ing  t h e  c o n t r o l  c i r c u i t .  

VEPCO used a telephone based communications and c o n t r o l  system. 

Leased te lephone l i n e s  connected t h e  u t i l i t y  system c o n t r o l  and d a t a  ac- 

q u i s i t i o n  (SCADA) computer t o  remote te rmina l  u n i t s  (RTUs) l o c a t e d  i n  

s e l e c t e d  t e s t  houses. Addi t iona l  t e s t  houses  were connected t o  these  

mas ter  t e s t  houses by d i r e c t  b u r i a l  c o n t r o l  cable .  The SCADA computer 

c o n t r o l l e d  a r e l a y  i n  each house t h a t  i n h i b i t e d  o p e r a t i o n  of t he  condens- 

ing u n i t .  In a d d i t i o n  t o  c o n t r o l l i n g  o p e r a t i o n  of t he  TES equipment, t he  

communications system was capable  of d i s p l a y i n g  on demand analog d a t a  

v a l u e s  from s e l e c t e d  senso r s  i n  s i x  mas ter  houses. 

WEPCO had purchased a two-way power l i n e  c a r r i e r  communication system 

from American Science and Engineer ing  (AS&E) f o r  automatic  meter  r ead ing  

and l o a d  con t ro l .  The system was a l s o  used f o r  communications, c o n t r o l ,  

and da ta  a c q u i s i t i o n  f o r  t h e  cool  s torage  t e s t .  

A c e n t r a l  computer i s  connected t o  a r e c e i v e r l t r a n s m i t t e r  l o c a t e d  a t  

t he  d i s t r i b u t i o n  s u b s t a t i o n  v i a  a l e a s e d  te lephone  l i n e .  Upon command, 

t he  s u b s t a t i o n  c o n t r o l  uni t  imposes a 6-kEz s i g n a l  on t h e  d i s t r i b u t i o n  

f e e d e r s  t o  provide s e l e c t i v e  two-way da ta  communication wi th  t ransponders  

i n  t h e  homes. Local c o n t r o l  i s  provided by an a u x i l l a r y  r e l a y  opera ted  

by c o n t r o l  s i g n a l s  from the  transponder.  

2.4 Data A c q u i s i t i o n  

Because the  ob jec t ive  of the  t e s t  program was t o  c o l l e c t  r e l i a b l e  

d a t a  t o  eva lua te  TES a s  a l oad  management op t ion ,  t h e  emphasis of t h e  d a t a  

c o l l e c t e d  was on l oad  r e sea rch  and economics and not  on t h e  d e t a i l s  of 

s torage  system equipment performance. However, some knowledge of equip- 

ment performance such a s  degree of comfort and energy e f f i c i e n c y  is neces- 

sa ry  t o  make a proper  assessment.  The approach s e l e c t e d  f o r  t h i s  t e s t  was 

t o  instrument  a l l  the  t e s t  and c o n t r o l  homes t o  c o l l e c t  t he  necessary load  
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r e s e a r c h  da ta ,  and t o  c o l l e c t  a d d i t i o n a l  da t a  on a few s e l e c t  homes t o  
provide more d e t a i l e d  in fo rma t ion  on equipment performance. T h i s  approach 

l e d  t o  f o u r  d i s t i n c t  house types  based on t h e i r  degree of i n s t rumen ta t ion :  

t e s t  house, c o n t r o l  house, heavi ly- instrumented t e s t  house, and heavi ly-  

instrumented c o n t r o l  house. The parameters  measured a t  the  v a r i o u s  houses  

by each u t i l i t y  a r e  summarized i n  Table  3 .  

Within t h e  genera l  g u i d e l i n e s  d i c t a t e d  by the  t e s t  des ign ,  each u t i l -  

i t y  was f r e e  t o  des ign  and implement a da t a  a c q u i s i t i o n  system compatible 

w i t h  i t s  e x i s t i n g  eqaipment, exper ience ,  and i n t e r n a l  r e s e a r c h  needs. 

Because the  b e n e f i t s  of l o a d  management a r e  achieved by load  shape modi- 

f i c a t i o n s ,  da t a  had t o  be c o l l e c t e d  on l oad  p r o f i l e  a s  w e l l  a s  t o t a l  en- 

ergy usage. Temperature and flow d a t a  were a l s o  important  t o  c h a r a c t e r i z e  

equipment performancep house comfort ,  and energy e f f i c i e n c y .  I n  a d d i t i o n  

t o  t h e  da ta  c o l l e c t e d  a t  i n d i v i d u a l  houses, weather da t a  f o r  c o r r e l a t i n g  

w i t h  eqaipment performance were c o l l e c t e d  from u t i l i t y  weather s t a t i o n s ,  

a i r p o r t s ,  and t h e  Nat iona l  Weather Service.  

Four of t h e  f i v e  u t i l i t i e s  used pulse  i n i t i a t i n g  me te r s  and tempera- 

t u r e  t r ansduce r s  coupled t o  e i t h e r  2- o r  4- t rack  (1 o r  3 d a t a  t r a c k s  and a 

t ime t r a c k )  magnetic t ape  r e c o r d e r s  t o  c o l l e c t  t he  d a t a  from the  t e s t .  

APLL and LILCO c o l l e c t e d  d a t a  on a 15-min b a s i s ,  PG&E used a 5-min b a s i s ,  

and VEPCO used a 30-min b a s i s .  LILCO mul t ip lexed  t h r e e  temperature  chan- 

n e l s  on to  a s i n g l e  da t a  t r a c k  by consecut ive ly  record ing  t h e  t h r e e  tem- 

p e r a t u r e s  and a 15-min b l ank  space t o  y i e l d  sample hour ly  readings .  

WEPCO c o l l e c t e d  i t s  da ta  us ing  t h e  two-way c a p a b i l i t i e s  of t h e  AS&E 

power l i n e  c a r r i e r  system desc r ibed  e a r l i e r .  Data were c o l l e c t e d  on a 

15-min b a s i s  us ing  pu l se  i n i t i a t i n g  me te r s  and temperature  t r a n s d u c e r s  and 

logged d i r e c t l y  onto  computer f i l e s .  On t h e  heavi ly  instrumented homes, 

fou r  temperature  channels  were mu1 t i p l e x e d  onto  two t ransponder  channels  

t o  save meter ing  cos t s .  
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a Table 3.  Tes t  d a t a  parameters  

AP&L LILCO €%&E VEPCO WEPCO 

T o t a l  house demand 
Condensing u n i t  demand 
Indoor f a n  demand 
C i  r c u l  a t  ing  pump demand 
A i r  cond i t ion ing  system demand 
Water h e a t e r  demand 
Out door a i  r temper a t  u r  e 
Outdoor r e l a t i v e  humidity 
Indoor a i r  temperature  
Indoor r e l a t i v e  humidity 
S torage  tank  temperature  
Cooling c o i l  i n l e t  temperature 
Cooling c o i l  o u t l e t  temperature  
Cool ing c o i l  temperature  

Condit ioned a i r  r e t u r n  

Condit ioned a i r  o u t l e t  

Condi t ioned a i r  energy 
Cooling c o i l  energy 
Water h e a t e r  energy 
Water p r e h e a t e r  energy 

d i f f e r e n t i a l  

temper a t  u re  

temper a t  u re  

TE 
T, TB, C, CH 

TE 
IR 

TE 
TE 
TE 
TrI 

T, TE, C, CH 
ax 

TE 
TE 

w 
Y 

a T - Test  house 

C - Control house 
TB - Test  house /heavi ly  instrumented 

CH - Control house/heavi ly  instrumented 
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3. CUSTOMER SELECTION 

3.1 Customer S e l e c t i o n  Reauirements 

In orde r  t o  make each t e s t  a s  meaningful a s  poss ib l e ,  t h e  u t i l i t i e s  

were d i r e c t e d  t o  s e l e c t  t e s t  and c o n t r o l  home customers who were a s  repre-  

s e n t a t i v e  a s  p o s s i b l e  of t h e  p o t e n t i a l  market f o r  r e s i d e n t i a l  cool  s t o r a g e  

i n  t h e i r  s e r v i c e  a rea .  The p o t e n t i a l  market f o r  cool s to rage  i n  each ser- 

v i c e  a r e a  was g e n e r a l l y  determined from the  u t i l i t y ' s  e x i s t i n g  d a t a  on 

customer appl iance  s tocks  and t r e n d s .  For example, i n  an a r e a  w i t h  a low 

s a t u r a t i o n  of a i r  c o n d i t i o n i n g  i n  e x i s t i n g  homes and few r e t r o f i t s ,  bu t  

where most new homes a r e  be ing  b u i l t  w i t h  c e n t r a l  a i r  cond i t ion ing ,  t he  

most l i k e l y  market i s  new home c o n s t r u c t i o n .  The t e s t  and c o n t r o l  group 

s e l e c t e d  should be a s  r e p r e s e n t a t i v e  a s  p o s s i b l e  of t h i s  market.  (Note 

t h a t  the  sample may not be r e p r e s e n t a t i v e  of the  u t i l i t y ' s  r e s i d e n t i a l  

customers.  1 
A number of c o n s t r a i n t s  had t o  be recognized  i n  s e l e c t i n g  t h e  t e s t  

and c o n t r o l  homes. Perhaps t h e  most important  of these  were due t o  t h e  

nearcommerc ia l  s to rage  equipment t h a t  was a v a i l a b l e .  A l l  the  e x i s t i n g  

cool  s to rage  equipment i s  des igned  f o r  use w i t h  c e n t r a l  a i r  cond i t ion ing  

systems. T h i s  l i m i t a t i o n  excluded from the  t e s t  homes t h a t  r e l y  on room 

u n i t s  f o r  cool ing .  Fu r the r ,  the  s e l e c t e d  s t o r a g e  systems a r e  a l s o  only  

a v a i l a b l e  i n  a l i m i t e d  number of s i z e s ,  t hus  t h e  homes s e l e c t e d  had t o  

f a l l  w i t h i n  a given range of coo l ing  loads .  

A number of o t h e r  c r i t e r i a  were a l s o  necessa ry  due t o  t h e  unique 

c h a r a c t e r  of t he  t e s t s .  A l l  p a r t i c i p a n t s  were v o l u n t e e r s .  The homes had 

t o  be owner-occupied because a l t e r a t i o n s  t o  t h e  p rope r ty  were necessary  

and because i t  was d e s i r a b l e  t o  minimize the  dropout  r a t e .  The l o c a t i o n s  

of t he  homes were l i m i t e d  t o  a g iven  a r e a  because of t he  requirement  t h a t  

they be w i t h i n  the  communications and c o n t r o l  range of t h e  u t i l i t y .  

3.2 S e l e c t i o n  Procedure 

Each u t i l i t y  developed i t s  own customer s e l e c t i o n  procedure based on 

i t s  p a r t i c u l a r  c i rcumstances.  Such f a c t o r s  a s  a v a i l a b l e  in fo rma t ion  on 
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customers,  p rev ious  exper ience  w i t h  load  r e s e a r c h  s t u d i e s ,  and marke t ing  

s t r a t e g y  a l l  in f luenced  t h e  customer s e l e c t i o n  procedure used by each 

u t i l i t y .  Four of t h e  f i v e  p a r t i c i p a t i n g  u t i l i t i e s  used some combinat ion 

of p r e s s  conference,  news r e l e a s e ,  b i l l  i n s e r t ,  o r  mail  i n v i t a t i o n  t o  

i d e n t i f y  p o t e n t i a l  v o l u n t e e r s J  fol lowed by e i t h e r  a mail  o r  te lephone 

q u e s t i o n n a i r e  t o  sc reen  the  p o t e n t i a l  p a r t i c i p a n t s ,  and f i n a l l y  a f i e l d  

in t e rv i ew and i n s p e c t i o n  t o  v e r i f y  informat ion  and determine the  f e a s i b i l -  

i t y  of t e s t  equipment i n s t a l l a t i o n .  Because the  VEPCO p r o j e c t  was l i m i t e d  

t o  new homes, i t s  approach was t o  work through area  homebuilders.  

The sc reen ing  c r i t e r i a  used by each u t i l i t y  i s  summarized i n  Table  4 .  

The customer s e l e c t i o n  procedure used by each u t i l i t y  i s  summarized i n  the  

fo l lowing  paragraphs.  

3.2.1 Arkansas Power and L igh t  

E x i s t i n g  customer d a t a  f i l e s  were used t o  i d e n t i f y  customers who 

l i v e d  w i t h i n  a 40-km (25-mile) r a d i u s  of L i t t l e  Rock, occupied s ingle-  

family homes, had l i v e d  i n  the  house a t  l e a s t  one y e a r J  and whose August 

minus May e l e c t r i c  energy usage was between 1,000 and 1,500 kWh ( t h i s  

range had p rev ious ly  been shown t o  correspond t o  -10.5-kW (3-ton)  coo l ing  

c a p a c i t y  a i r  cond i t ion ing  u n i t ) .  A random number program was used t o  

s e l e c t  customers  from t h i s  group. These customers were con tac t ed  by 

te lephone t o  determine whether they were w i l l i n g  t o  p a r t i c i p a t e  e i t h e r  

a s  a t e s t  or c o n t r o l  home, and whether they met t h e  b a s i c  c r i t e r i a  f o r  

p a r t i c i p a n t s .  Some 1,500 customers  were contac ted ,  of which only 16 met 

a l l  t he  c r i t e r i a .  The balance of t he  p a r t i c i p a n t s  were s e l e c t e d  from 

customers who had o therwise  heard  about and vo lun tee red  t o  p a r t i c i p a t e  

i n  the  program ( such  a s  ne ighbors  and f r i e n d s  of con tac t ed  cus tomers) .  

The m a j o r i t y  of t he  t e s t  homes were s e l e c t e d  f i r s t .  The c o n t r o l  

homes were then  s e l e c t e d  t o  match a s  c l o s e l y  a s  p o s s i b l e  the  c a l c u l a t e d  

coo l ing  loads  of t he  t e s t  homes. A l l  customers s igned an  agreement t o  

p a r t i c i p a t e  i n  the  experimental  program. 

3.2.2 Long I s l a n d  Light  inn Companv 

LILCO h e l d  a p r e s s  conference d e s c r i b i n g  t h e  p r o j e c t  and s o l i c i t i n g  

v o l u n t e e r s  t o  p a r t i c i p a t e .  The announcement was c a r r i e d  by l o c a l  r a d i o  



a Table 4. Customer sc reen ing  c r i t e r i a  

APdL LILCO PGdE VEPCO WEPCO 

Newlexis t ing house E x i s t i n g  E x i s t i n g  E x i s t i n g  New E x i s t i n g  

House s i z e ,  m2 150-210 139-167 111-186 13 0-204 

House age, y e a r s  1-5 New 

Cool ing load ,  kW 8.8-12.3 Le s s t h a n  10.5-12.3 
( t o n s )  (2.5-3 .5 1 17.6 ( 5 )  (3-3-1 / 2 

( f t 2 )  (1600-2300) ( 1500-1 8 00 ) (1200-2000) (1400-2200 1 

Locat ion  

Less t h a n  
8.8 (2.5) 

Within 30 Suf f o l  k Fr e sno In one of 3 On one of 42 
and Nassau subdiv i s ions ,  s u b s t a t i o n s  m i l e s  of 

L i t t l e  Rock Counties  Richmond, VA i n  Milwaukee 
~~ ~ 

a A l l  a p p l i e d  t o  single-family owner-occupied house w i t h  c e n t r a l  s p l  i t-system a i r  
cond i t ion ing .  

. t 
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s t a t i o n s ,  t e l e v i s i o n  s t a t i o n s ,  and newspapers. Some 3,000 customers re- 

sponded over  the  next  s eve ra l  days r e q u e s t i n g  informat ion  on t h e  program 

and vo lun tee r ing  t o  p a r t i c i p a t e .  These customers were screened t o  de te r -  

mine i f  they met the  i n i t i a l  sc reening  c r i t e r i a ,  and a t a l l y  of t he  qua l i -  

f i e d  c a l l e r s  was kept .  These customers were then  contac ted  by phone i n  

t h e  order  i n  which they had c a l l e d .  Informat ion  t aken  dur ing  t h e  i n i t i a l  

sc reening  was v e r i f i e d ,  and a d d i t i o n a l  in format ion  was c o l l e c t e d .  Homes 

t h a t  s t i l l  q u a l i f i e d  were scheduled f o r  a f i e l d  in spec t ion ,  which d e t e r  

mined t h e  f e a s i b i l i t y  of e i t h e r  a t e s t  or  c o n t r o l  home i n s t a l l a t i o n  and 

answered any homeowner's ques t ions .  Homes t h a t  s t i l l  q u a l i f i e d  and were 

i n t e r e s t e d  i n  p a r t i c i p a t i n g  s igned  an  agreement t o  be a p a r t  of t he  t e s t .  

3.2.3 P a c i f i c  Gas and E l e c t r i c  

PGdE used a mai l  campaign t o  r e c r u i t  customers t o  p a r t i c i p a t e  i n  t h e  

cool  s to rage  t e s t .  An i n v i t a t i o n  and q u e s t i o n n a i r e  d e s c r i b i n g  ano the r  

€%&E p r o j e c t  on cyc l ing  a i r  cond i t ione r s ,  des igna ted  "Pro jec t  Power 

Saver,  was sen t  t o  some 31,000 r e s i d e n t i a l  customers i n  Fresno. Some 

2,200 of these  q u e s t i o n n a i r e s  were completed and r e tu rned .  These re- 

sponses were screened t o  determine whether these  customers would be s u i t -  

a b l e  f o r  the  cool  s to rage  t e s t .  

II 

The 161 p o t e n t i a l  p a r t i c i p a n t s  were then  contac ted  by l o c a l  p r o j e c t  

r e p r e s e n t a t i v e s  who desc r ibed  t h e  cool  s to rage  p r o j e c t ,  s o l i c i t e d  volun- 

t e e r s ,  and ga thered  a d d i t i o n a l  in format ion  on house and a i r  cond i t ione r  

type.  I f  t h e  vo lun tee r  was s t i l l  i n t e r e s t e d  and met a l l  t he  q u a l i f y i n g  

c r i t e r i a ,  an in-home in t e rv i ew and i n s p e c t i o n  were done be fo re  the  custo- 

mer agreement was signed. 

3.2.4 V i r g i n i a  E l e c t r i c  and Power Company 

The VEPCO t e s t  was unique because i t  was l i m i t e d  t o  new home con- 

s t r u c t i o n  and inc luded  both  h e a t  and cool  s to rage  i n  t h e  same house. 

Rather than  s e l e c t  customers,  VEPCO s e l e c t e d  new homebuilders t o  b u i l d  t h e  

t e s t  houses. Customers purchased t h e  houses  i n  t h e  normal manner and be- 

came p a r t i c i p a n t s  i n  the  program. 

Area homebuilders were con tac t ed  through the  o f f i c e s  of t he  Richmond 

Homebuilders Assoc ia t ion  and through d i r e c t  con tac t  by VEPCO personnel .  
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The program was d i scussed  wi th  18 b u i l d e r s  who expressed  i u t e r e s t ,  and 

c o n t r a c t s  were executed w i t h  5 who agreed t o  provide a t  l e a s t  5 t e s t  and 

5 matching c o n t r o l  homes. 

due t o  nonperformance. 

One b u i l d e r  was l a t e r  dropped from t h e  program 

3.2.5 Wisconsin E l e c t r i c  Power Company 

Both a news r e l e a s e  and b i l l  i n s e r t s  were used t o  s o l i c i t  v o l u n t e e r s  

f o r  t he  WEPCO cool  s to rage  p r o j e c t .  Approximately 1,800 homeowners re- 

sponded t o  the  announcement and were screened over  the  phone. Some 600 

of these  were e l imina ted  based on t h i s  i n i t i a l  screening.  Approximately 

1,200 q u e s t i o n n a i r e s  were sen t  ou t ,  and of t hese ,  939 were completed and 

r e tu rned .  The q u e s t i o n n a i r e s  were screened t o  i d e n t i f y  p o t e n t i a l  p a r t i c i -  

pants .  A f i e l d  i n s p e c t i o n  of 427 homes was necessary  t o  secure  the  7 0  

t e s t  homes and 25 c o n t r o l  homes f o r  the  t e s t .  

3.3 Customer I n c e n t i v e s  

By p a r t i c i p a t i n g  i n  the  cool  s to rage  t e s t  program, a customer was 

sub jec t ed  t o  a v a r i e t y  of i n t r u s i o n s  and inconveniences ranging  from con- 

t r a c t o r s  i n s t a l l i n g  v a r i o u s  p i e c e s  of s to rage  in s t rumen ta t ion  and c o n t r o l  

equipment , t o  equipment mal func t ions ,  t o  metermen p e r i o d i c a l l y  changing 

d a t a  tapes .  In a d d i t i o n  t o  t h e  customer i n c e n t i v e s  inherent  t o  t h e  pro- 

gram, such a s  p a r t i c i p a t i n g  i n  a major r e s e a r c h  p r o j e c t  of p u b l i c  concern 

( t h e  e f f i c i e n t  u t i l i z a t i o n  of e l e c t r i c  energy)  and r e c e i v i n g  d e t a i l e d  in- 

format ion  on t h e  thermal i n t e g r i t y  of t h e i r  dwell ing,  i t  was f e l t  t h a t  

some o the r  i n c e n t i v e  would be necessary  t o  s t i m u l a t e  customer i n t e r e s t  i n  

t h e  program and compensate them f o r  p a r t i c i p a t i o n .  

However, one of t he  p r i n c i p a l  advantages of us ing  TES f o r  l o a d  man- 

agement i s  t h a t  i t  accomplishes the  l o a d  management o b j e c t i v e  wi thout  re- 

q u i r i n g  l i f e s t y l e  changes from customers.  Therefore ,  f o r  t he  t e s t  r e s u l t s  

t o  be meaningful ,  t he  customer i n c e n t i v e s  o f f e r e d  had t o  avoid  i n c e n t i v e s  

which might promote 1 i f  e s t y l e  changes. Th i s  requirement  e l i m i n a t e d  time- 

of-use (TOU) r a t e s  from c o n s i d e r a t i o n  a s  an i n c e n t i v e  f o r  the  t e s t  because 

customers might a d j u s t  t h e i r  l i f e s t y l e  i n  response t o  the  p r i c e  s i g n a l ,  

which would i n  t u r n  a l t e r  t h e i r  h e a t i n g  and lo r  coo l ing  l o a d  p r o f i l e .  

. 
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Also, i n c e n t i v e s  t h a t  guaranteed t h e  customer a lower e l e c t r i c  b i l l  were 

t o  be avoided because the  customer might be i n c l i n e d  t o  use more energy 

than  he would normally.  F i n a l l y ,  i f  t he  cool  s to rage  equipment ope ra t ed  

s u c c e s s f u l l y ,  one measure of customer acceptance would be whether they 

would be w i l l i n g  t o  buy such a system. Consequently, i t  would be d e s i r  

a b l e  t o  l eave  the  equipment i n  p lace  a t  t he  conclus ion  of t h e  t e s t  i f  t h e  

homeowner d e s i r e d  (which a l s o  saves equipment removal c o s t s ) .  

Each of t h e  f i v e  u t i l i t i e s  designed t h e i r  customer i n c e n t i v e  package 

based on t h e i r  i nd iv idua l  c i rcumstances.  A l l  of t he  t e s t s  inc luded  f r e e  

i n s t a l l a t i o n  and maintenance of the  cool  s to rage  and t e s t  equipment. This 

al lowed t h e  u t i 1  i t y  t o  monitor  the r e 1  i a b i l  i t y  and maintenance experience 

of t h e  equipment. Also, because t h e r e  was no assurance t h a t  t he  cool  s to r -  

age systems would a l l  work, a l l  p a r t i c i p a n t s  would have the  choice a t  t he  

conc lus ion  of t he  t e s t  of having t h e i r  a i r  cond i t ion ing  systems r e s t o r e d  

t o  p r e t e s t  cond i t ions .  In a d d i t i o n  t o  these  un ive r sa l  customer incen- 

t i v e s ,  t he  u t i l i t i e s  o f f e r e d  a range of o the r  inducements, which a r e  de- 

s c r i b e d  i n  t h e  fo l lowing  sec t ions .  

3.3.1 Arkansas Power and Light  

Each t e s t  home p a r t i c i p a n t  r ece ived  $150 a t  t he  end of each t e s t  

year .  Control  homes r ece ived  $50 a t  the end of each t e s t  year .  A t  t he  

end of t h e  t e s t ,  t h e  t e s t  home customers had t h e  op t ion  of f r e e  t i t l e  t o  

t h e  s to rage  equipment or  r e s t o r a t i o n  of t h e i r  o r i g i n a l  system. Also, APGL 

would assume r e s p o n s i b i l i t y  f o r  any compressor w a r r a n t i e s  t h a t  might be 

withdrawn because of a l t e r a t i o n s  t o  the  equipment. 

3.3.2 Long I s l a n d  Light inn  ComDanv 

The t e s t  home customers were guaranteed t h a t  t h e i r  e l e c t r i c i t y  c o s t s  

f o r  a i r  cond i t ipn ing  would not  be more than  they would have been had they  

not i n s t a l l e d  t h e  TES system. (Note t h a t  t h i s  does not  guarantee a b s o l u t e  

e l e c t r i c i t y  cos t  savings.  1 Fur the r ,  the  t e s t  customer could t e rmina te  h i s  

p a r t i c i p a t i o n  a t  any time. A t  t he  end of t he  t e s t ,  s torage  homes had t h e  

o p t i o n  of purchas ing  t h e  equipment f o r  $500 o r  f r e e  r e s t o r a t i o n  of h i s  

o r i g i n a l  system. 
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3.3.3 P a c i f i c  Gas and E l e c t r i c  

I n i t i a l l y ,  each c o n t r o l  and - e s t  cus-omer was o f f e r e d  a f r e e  water  

h e a t e r  b l anke t ,  low-flow shower head, and a $6/month d iscount  on t h e i r  

e l e c t r i c  b i l l  dur ing  t h e  cool ing  months of May through September. How- 

ever ,  a s  d i scussed  i n  Sec t .  5.1, t he  poor performance of t he  cool  s to rage  

equipment l e d  t o  t h e  use of an Th i s  ad- 

justment  reimbursed customers f o r  the  i n e f f i c i e n c i e s  of t h e  cool  s to rage  

equipment. C a l c u l a t i o n s  were based on p a s t  energy usage for t h a t  pa r t i cu -  

l a r  home and t h e  number of coo l ing  degree days f o r  each b i l l i n g  per iod .  

11 Excess Energy Cost Adjustment." 

3.3.4 V i r g i n i a  E l e c t r i c  and Power Comvanv 

I n i t i a l l y ,  t e s t  house customers were t o  be b i l l e d  on a l o a d  manage- 

ment r a t e  which was e s t ima ted  t o  r e s u l t  i n  a $30 average monthly energy 

c o s t  savings.  However, a s  i n  t h e  case of €%&E, t e s t  customers were subse- 

quent ly  b i l l e d  a t  t h e  c u r r e n t  r a t e  a d j u s t e d  f o r  excess  energy usage and 

g iven  an  a d d i t i o n a l  $30/month c r e d i t .  Other ad jus tments  were made on a n  

ind iv idua l  b a s i s  f o r  s p e c i f i c  o p e r a t i n g  problems. 

3.3.5 Wisconsin E l e c t r i c  Power Comvanv 

The t e s t  homes i n  WEPCO's p r o j e c t  were homes t h a t  had no t  p rev ious ly  

had a i r  condi t ion ing .  P a r t i c i p a n t s  were a b l e  t o  enjoy the  comforts  of 

c e n t r a l  a i r  cond i t ion ing  f o r  2 yea r s ,  be ing  r e s p o n s i b l e  only f o r  t he  en- 

ergy c o s t s  dur ing  t h e  study per iod .  A t  t he  end of t he  s tudy,  t he  home- 

owner would have the  oppor tuni ty  t o  purchase the  in-place equipment. No 

a d d i t i o n a l  i n c e n t i v e s  were promised t o  customers t o  s o l i c i t  t h e i r  p a r t i c i -  

p a t i o n  i n  the  t e s t .  



4 .  EQUIPMENT INSTALLATION 

4 . 1  C o n t r a c t i n g  

Subcont rac t ing  t h e  i n s t a l l a t i o n  of t h e  TES, communications and con- 

t r o l ,  and d a t a  a c q u i s i t i o n  equipment f o r  t h e  t e s t  turned ou t  t o  be a major 

roadblock f o r  s e v e r a l  of t h e  p a r t i c i p a t i n g  u t i l i t i e s .  To provide some 

measure of c o n t r o l  over  t h e  c o s t  of t h e  t e s t ,  i t  was d e s i r a b l e  t o  o b t a i n  

f ixed-pr iced  s u b c o n t r a c t s  f o r  t h e  v a r i o u s  t a s k s  t h a t  were n o t  going t o  be 

done by u t i l i t y  personnel ,  such a s  t h e  i n s t a l l a t i o n ,  maintenance, and re- 

moval of t h e  a i r  c o n d i t i o n i n g  and s t o r a g e  equipment. However, many heat-  

ing,  v e n t i l a t i o n ,  and a i r  c o n d i t i o n i n g  (€WAC) c o n t r a c t o r s  were r e l u c t a n t  

t o  b i d  on a f ixed-cost  subcont rac t  due i n  p a r t  t o  t h e  f a c t  t h a t  each pro- 

j e c t  e n t a i l e d  some 3 0  t o  50 u n i t s ,  and because t h e r e  i s  l i t t l e  prev ious  

experience w i t h  t h i s  type of equipment. Many c o n t r a c t o r s  f e l t  t h a t  t h e r e  

was a h i g h  degree  of u n c e r t a i n t y  i n  t h e  i n s t a l l a t i o n s  because of t h e  ex- 

per imenta l  n a t u r e  of t h e  equipment. The range i n  b i d s  r e c e i v e d  o f t e n  re- 

f l e c t e d  t h i s  u n c e r t a i n t y .  

The experience of W&E i n  t r y i n g  t o  o b t a i n  an i n s t a l l a t i o n  subcon- 

t r a c t o r  is t y p i c a l  of some of t h e  s u b c o n t r a c t i n g  problems t h a t  were en- 

countered. Based on d i s c u s s i o n s  w i t h  t h e  equipment manufacturers ,  PGdE 

prepared a b i d  s p e c i f i c a t i o n  o u t l i n i n g  t h e  requirements  f o r  equipment in- 

s t a l l a t i o n .  T h i s  s p e c i f i c a t i o n  was s e n t  ou t  March 5 ,  1979,  t o  s i x  con- 

t r a c t o r s  i n  t h e  Fresno a r e a .  A p r e b i d  conference was h e l d  on March 8 t o  

e x p l a i n  t h e  cool s t o r a g e  t e s t  and provide answers t o  any q u e s t i o n s  t h e  

c o n t r a c t o r s  might have concerning t h e  s p e c i f i c a t i o n  o r  b idding  procedure.  

F ive  of t h e  s i x  c o n t r a c t o r s  o r i g i n a l l y  contac ted  a t t e n d e d  t h e  p r e b i d  con- 

f erence.  

Only two b i d s  were f i n a l l y  submit ted f o r  c o n s i d e r a t i o n .  The d i f f e r  

ence between t h e  two b i d s  was 37O?b, and both  b i d s  were r e j e c t e d .  

Based on d i s c u s s i o n s  w i t h  t h e  v a r i o u s  c o n t r a c t o r s ,  i t  was decided t o  

r e v i s e  t h e  s p e c i f i c a t i o n s  t o  provide a more d e s c r i p t i v e  i n s t a l l a t i o n  pro- 

cedure , inc lude  an i n s t a l l a t i o n  and maintenance manual, provide a l i s t i n g  

of bo th  t e s t  and c o n t r o l  l o c a t i o n s ,  and f u r n i s h  e l e c t r i c a l  and mechanical 

drawings. 
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It was f u r t h e r  decided t o  i n s t a l l  a cool  s t o r a g e  system a t  one of t h e  

t e s t  homes t o  s e r v e  a s  a model f o r  equipment i n s t a l l a t i o n .  I n  a d d i t i o n  t o  

provid ing  a t a n g i b l e  example f o r  p r o s p e c t i v e  c o n t r a c t o r s ,  t h e  t e s t  i n s t a l -  

l a t i o n  a l s o  a l e r t e d  PG&E t o  some p o t e n t i a l  problems and gave i t  an oppor- 

t u n i t y  t o  make some necessary  m o d i f i c a t i o n s  t o  t h e  s p e c i f i c a t i o n s .  

The r e v i s e d  s p e c i f i c a t i o n s  were s e n t  o u t  i n  October 1979 t o  e i g h t  

c o n t r a c t o r s  i n  t h e  Fresno  a r e a .  A second p r e b i d  conference was h e l d  i n  

t h e  l a t t e r  p a r t  of October  t o  d i s c u s s  s p e c i f i c a t i o n s  and show t h e  prospec- 

t i v e  b i d d e r s  t h e  sample working system, Four c o n t r a c t o r s  a t t e n d e d  t h e  

conference.  

Once aga in ,  on ly  two b i d s  were submit ted.  However, t h e  v a r i a n c e  be- 

tween t h e  two b i d s  was s i g n i f i c a n t l y  l e s s  t h a n  dur ing  t h e  f i r s t  b i d ,  and 

t h e  c o n t r a c t  was awarded t o  t h e  lower b i d d e r .  

AP&L went through a s i m i l a r  p r o c e s s  of sending o u t  a b i d  package, 

r e c e i v i n g  poor response,  i n s t a l l i n g  t h r e e  t e s t  u n i t s ,  and r e b i d d i n g  b e f o r e  

o b t a i n i n g  a s a t i s f a c t o r y  i n s t a l l a t i o n  c o n t r a c t o r .  

The o t h e r  t h r e e  u t i l i t i e s  d i d  n o t  have t h e  c o n t r a c t i n g  problems ex- 

per ienced  by PG&E and APdL. LILCO and WEPCO were a b l e  t o  o b t a i n  a s a t i s -  

f a c t o r y  response t o  t h e i r  i n i t i a l  r e q u e s t  f o r  b i d s  and s igned  a c o n t r a c t o r  

on t h e  b a s i s  of t h a t  procurement. VEPCO’s s i t u a t i o n  was unique because 

a l l  i n s t a l l a t i o n s  were i n  new homes b u i l t  by s e l e c t  b u i l d e r s  p a r t i c i p a t -  

ing i n  the  program. The W A C  c o n t r a c t o r  was s e l e c t e d  based on h i s  pre- 

v i o u s  exper ience  w i t h  cool  s t o r a g e ,  having worked w i t h  VEPCO on its Annual 

Cycle Energy System demonstrat ion home. 

4.2 Eauipment D e l i v e r v  

A s  d e s c r i b e d  i n  a n  e a r l i e r  s e c t i o n  of t h i s  r e p o r t ,  t h e  cool  s t o r a g e  

systems be ing  t e s t e d  were pro to type  equipment and n o t  packaged u n i t s  a s  

would be l i k e l y  i f  cool  s t o r a g e  were wide ly  used. Consequently,  p i e c e s  of 

t h e  systems had t o  be ordered from d i f f e r e n t  manufac turers  and s u p p l i e r s .  

T h i s  problem was complicated by t h e  f a c t  t h a t ,  i n  a d d i t i o n  t o  t h e  cool  

s t o r a g e  equipment, t h e  s u c c e s s f u l  implementation of t h e  t e s t  a l s o  r e q u i r e d  

t h e  r e c e i p t  and i n s t a l l a t i o n  of t h e  communications and c o n t r o l  equipment 

and of t h e  d a t a  a c q u i s i t i o n  system. 
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Although some minor problems were exper ienced  a s  a r e s u l t  of d e l a y s  

i n  equipment d e l i v e r y ,  these problems were i n  g e n e r a l  overshadowed by t h e  

c o n t r a c t i n g  problems descr ibed  i n  t h e  p r e v i o u s  s e c t i o n .  The cool s t o r a g e  

equipment had been s e l e c t e d  w i t h  t h e  a b i l i t y  of t h e  manufacturer  t o  pro- 

duce t h e  equipment on schedule a s  one of t h e  s e l e c t i o n  c r i t e r i a .  Delays 

i n  TES equipment i n s t a l l a t i o n  were minimized by p a r t i a l  shipments of or- 

d e r s  a s  t h e  equipment was produced. LILCO exper ienced  some d e l a y s  due t o  

slow d e l i v e r y  of t h e  Calmac mechanical package and t h e  f a c t  t h a t  s e v e r a l  

of t h e  s t o r a g e  u n i t s  had t o  be r e t u r n e d  due t o  l e a k s  i n  t h e  h e a t  exchanger 

c o i l .  

I n  genera l ,  more problems were exper ienced  w i t h  d e l a y s  i n  t h e  de l iv-  

e r y  of communications and cont ro l  equipment and d a t a  a c q u i s i t i o n  equipment 

t h a n  w i t h  t h e  TES equipment. Three of t h e  f i v e  u t i l i t i e s ,  AF%L, LILCO, 

and PG&E, were us ing  e x i s t i n g  r a d i o  communications and c o n t r o l  systems and 

s t a n d a r d  magnetic tape recorders  and demand meters .  The o n l y  s i g n i f i c a n t  

equipment d e l i v e r y  problem experienced by t h e s e  u t i l i t i e s  was t h a t  LILCO 

experienced some de lays  i n  rece iv ing  t h e  tempera ture  t r a n s m i t t e r s  used i n  

t h e  h e a v i l y  instrumented homes. Del ivery  was promised i n  A p r i l  1979, but  

a c t u a l  d e l i v e r y  was n o t  u n t i l  December 1979. 

VEPCO experienced de lays  w i t h  t h e  d e l i v e r y  of t h e  remote te rmina l  

u n i t s ,  c o n t r o l  sof tware,  cont ro l  r e l a y s ,  and B t n  meters .  The remote t e r -  

minal u n i t s  t o  be used i n  the  mas ter  t e s t  houses  were ordered  i n  A p r i l  

1979, and t h e  l a s t  was de l ivered  i n  March 1980. L a t e  r e c e i p t  of t h e  s o f t -  

ware necessary f o r  c o n t r o l  delayed c o n t r o l  of the f i r s t  system u n t i l  March 

1980. 

WEPCO experienced numerous d e l a y s  r e l a t e d  t o  t h e  i n s t a l l a t i o n  of t h e  

AS&E power l i n e  c a r r i e r  communications system. The system was t o  have 

been i n s t a l l e d  and opera t iona l  by June 1, 1979. The f i r s t  p a r t i a l  d e l i v -  

e r y  of t ransponders  was received i n  J u l y  1979, and t h e  l a s t  t ransponders  

were n o t  rece ived  u n t i l  August 1980. D e l i v e r y  of t h e  temperature  monitor- 

i ng  devices  was a l s o  delayed d m  t o  d i f f i c u l t i e s  i n  o b t a i n i n g  t h e  equip- 

ment necessary t o  i n t e r f a c e  them t o  t h e  AS&E system. 
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4 . 3  I n s t a l l a t i o n  Experience 

Once t h e  c o n t r a c t i n g  and equipment d e l i v e r y  problems were reso lved ,  

t h e  i n s t a l l a t i o n  of a l l  TES communications and c o n t r o l  and d a t a  a c q u i s i -  

t i o n  equipment proceeded normally w i t h  few except ions.  

4 . 3 . 1  Arkansas Power and L i g h t  

Most of t h e  s t o r a g e  equipment was i n s t a l l e d  outdoors  i n  a metal  en- 

c l o s u r e  designed f o r  t h e  equipment. However, i n  s i x  of t h e  t e s t  houses 

t h e  equipment was l o c a t e d  under t h e  house. The only major d i f f e r e n c e  

between t h e  v a r i o u s  t e s t  i n s t a l l a t i o n s  was t h e  l o c a t i o n  of t h e  c o o l i n g  

c o i l  w i t h i n  t h e  house and t h e  a t t e n d a n t  chi l led-water  p ip ing .  

A l l  m a t e r i a l  and equipment f o r  t h e  p r o j e c t  were r e q u i r e d  t o  meet a l l  

l o c a l  and n a t i o n a l  b u i l d i n g  codes. No problems were encountered i n  meet- 

i ng  t h e s e  requirements .  

The wires f o r  t h e  moni tor ing  equipment were p u l l e d  by t h e  TES in- 

s t a l l a t i o n  s u b c o n t r a c t o r  t o  t h e  meter ing  p a n e l s  where they were connected 

t o  t h e  monitor ing equipment and r e c o r d e r s  by AP&L employees. The r a d i o  

c o n t r o l  swi tches  were a l s o  i n s t a l l e d  by t h e  i n s t a l l a t i o n  s u b c o n t r a c t o r .  

4 . 3 . 2  Long I s l a n d  L i g h t i n g  Companx 

The s t o r a g e  module and mechanical package were l o c a t e d  a d j a c e n t  t o  

each o t h e r  i n  a l l  i n s t a l l a t i o n s .  Forty-nine were placed o u t s i d e  t h e  

house, and one was l o c a t e d  i n  t h e  garage. The c o n t r o l  boxes were l o c a t e d  

i n s i d e  t h e  house w i t h i n  25 f t  of t h e  s t o r a g e  u n i t  due t o  t h e  l e n g t h  of t h e  

thermosta t  s e n s o r ' s  c a p i l l a r y  tube,  The l e n g t h  of t h e  thermosta t  c a p i l -  

l a r y  tube turned  o u t  t o  be a major i n s t a l l a t i o n  problem because i t  l i m i t e d  

t h e  arrangement of system components. T h i s  r e s t r i c t i o n  r e s u l t e d  i n  some 

otherwise a c c e p t a b l e  candida te  houses be ing  deemed unacceptable .  

Because t h e  system d i d  n o t  r e q u i r e  a n  a d d i t i o n a l  power supply or p e r  

manent c o n s t r u c t i o n ,  i t s  i n s t a l l a t i o n  d i d  n o t  impinge on l o c a l  b u i l d i n g  

codes. No i n s t a l l a t i o n  problems were exper ienced  w i t h  t h e  i n s t a l l a t i o n  of 

t h e  communication and i n s t r u m e n t a t i o n  equipment. T h i s  equipment is i n  

s t a n d a r d  use a t  LILCO i n  o t h e r  ongoing programs. 



4.3.3 P a c i f i c  Gas and E l e c t r i c  

A l l  s t o r a g e  u n i t s  were l o c a t e d  o u t s i d e  i n  e i t h e r  backyards o r  s i d e  

yards .  The phys ica l  s i z e  of t he  s t o r a g e  u n i t  t o g e t h e r  w i t h  l o c a l  code 

requirements  l i m i t e d  t h e  acceptab le  l o c a t i o n s  of t h e  u n i t .  Local codes 

s p e c i f y  minimum p r o p e r t y  l i n e  c learances  and se tbacks ,  maximum n o i s e  

l e v e l s ,  and t h a t  t h e  u n i t  s h a l l  n o t  be p l a c e d  under a n  openable window. 

A l l  g u i d e l i n e s  were adhered t o  except  i n  two c a s e s  where s p e c i a l  per- 

miss ion  f o r  a var iance  was given. 

Other problems encountered included i n s u f f i c i e n t  room i n  t h e  duct  

work i n  one home f o r  t h e  new water  A-coil. A f l a t  w a t e r  c o i l  was in- 

s t a l l e d  in s t ead .  A t  two l o c a t i o n s  t h e  c o n t r a c t o r  had t o  move t h e  a i r  

c o n d i t i o n e r  condensing u n i t  3 f t  t o  accommodate t h e  s t o r a g e  tank. 

The i n s t a l l a t i o n  of t h e  communications and meter ing equipment d i d  n o t  

p r e s e n t  any s i g n i f i c a n t  d i f f i c u l t i e s .  The r a d i o  switches were i n s t a l l e d  

by t h e  i n s t a l l a t i o n  subcontractor  and g e n e r a l l y  r e q u i r e d  l e s s  t h a n  112 h 

per  i n s t a l l a t i o n .  The metering equipment was a l s o  i n s t a l l e d  by t h e  in- 

s t a l l a t i o n  subcont rac tor .  The package was s i m i l a r  t o  those used by PGdE 

i n  i t s  o t h e r  load  management a c t i v i t i e s .  

4.3.4 V i r g i n i a  E l e c t r i c  and Power ComDanv 

The s t o r a g e  equipment i n  t h e  VEPCO demonst ra t ion  was l o c a t e d  i n  a 

3- by 3.7-m (10- by 1 2 - f t )  mechanical equipment room which t h e  b u i l d e r  

a t t a c h e d  t o  each t e s t  house. Because a l l  houses were new c o n s t r u c t i o n ,  

t h e  problems a s s o c i a t e d  w i t h  r e t r o f i t t i n g  equipment d i d  n o t  apply.  

Local b u i l d i n g  code a u t h o r i t i e s  p e r m i t t e d  d e v i a t i o n s  where practical 

and c l e a r e d  t h e  i n s t a l l a t i o n s  a s  a n  experimental  t e s t  p r o j e c t  where l o c a l  

codes were n o t  c l e a r  o r  d i d  n o t  address  a p a r t i c u l a r  mat te r .  

Because a l l  t he  communications equipment f o r  t h e  p r o j e c t  i s  used i n  

normal u t i l i t y  opera t ions ,  i t s  i n s t a l l a t i o n  could be considered normal. 

Bowever, c o n s t r u c t i o n  schedul ing was such t h a t  t h e r e  was i n s u f f i c i e n t  l e a d  

time f o r  l e a s i n g  and i n s t a l l a t i o n  of t h e  te lephone  d a t a  c i r c u i t s .  I n s t a l -  

l a t i o n  of t he  b u r i e d  c o n t r o l  cab le  between m a s t e r  and s l a v e  houses was 

delayed due t o  o b t a i n i n g  right-of-way agreements from p r o p e r t y  owners. 

Completion of p a i r e d  mas ter  and s l a v e  houses could  n o t  be coordinated w i t h  

homebuilders, which delayed remote c o n t r o l  o p e r a t i o n .  
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The installation of the instrumentation equipment proceeded normally 

except for temperature and air flow sensors which were incorrectly in- 

stalled at several test houses and subsequently required relocation. In- 

stallation of indoor sensors in occupied test houses was difficult due to 

the absence of homeowners. 

4.3.5 Wisconsin Electric Power Company 

All the installations in WEPCO's project had the storage equipment 

located in the basement. The installation subcontractor scheduled the 

installation of the TES equipment by appointment with the homeowner and 

secured all required permits for the installation. 

The subcontractor trained his crews at the first two installations. 

The installation was performed by a two-man crew comprised of an elec- 

trician and sheet metal man. A refrigeration mechanic then charged and 

tested the completed installation. This approach allowed a two-man crew 

to complete an installation in less than a day. No particular installa- 

tion problems were encountered. 

The communication and instrumentation equipment was installed in the 

basement adjacent to the electrical distribution panel by the installation 

subcontractor. The equipment was installed as a temporary installation 

and wired to code. WEPCO personnel installed the temperature monitoring 

equipment and tested the communications and control equipment. 

4.4 Installation Costs 

The installed costs of the mS, communications and control, and in- 

strumentation equipment reflect a number of circumstances unique to a test 

of this kind. As mentioned previously, the TES equipment available for 

the tests were not packaged systems, but rather near-commercial proto- 

types. Consequently each installation was unique, and many problems had 

to be solved on an individual basis. Secondly, four of the five projects 

involved retrofitting cool storage into existing houses and experienced 

the usual problems associated with any retrofit installation. 
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The i n s t a l l a t i o n  subcon t rac to r s  were asked t o  p repa re  a f ixed-pr ice  

b i d  f o r  t he  i n s t a l l a t i o n s .  The s u b c o n t r a c t o r s  i n  genera l  had no exper i -  

ence w i t h  cool  s to rage  f o r  space cond i t ion ing ,  and the  range i n  b i d s  re- 

ce ived  by the  v a r i o u s  u t i l i t i e s  was i n d i c a t i v e  of t he  u n c e r t a i n t y  w i t h  

which the  subcon t rac to r s  viewed t h i s  technology.  F i n a l l y ,  t h e  t i g h t  t ime 

schedule  f o r  t he  i n s t a l l a t i o n s  meant t h a t  t h e  subcon t rac to r  would have t o  

devote  cons ide rab le  r e sources  t o  t h i s  one p r o j e c t  perhaps a t  t h e  expense 

of h i s  o t h e r  customers.  

The c o s t s  of t he  t e s t  i n s t a l l a t i o n s  f o r  t h i s  demonst ra t ion  a r e  summa- 

r i z e d  i n  Table  5 .  As i n d i c a t e d  i n  t h e  t a b l e ,  t h e  c o s t  of each i n s t a l l a -  

t i o n  i s  s e n s i t i v e  t o  t h e  type of i n s t a l l a t i o n ,  t h e  equipment used, and 

t h e  exper ience  of t he  i n s t a l l a t i o n  c o n t r a c t o r .  For example, APdL and 

WEPCO bo th  used A. 0 .  Smith tanks .  However, WEPCO's t anks  were g e n e r a l l y  

i n s t a l l e d  i n  the  basement w h i l e  t h e  APdL i n s t a l l a t i o n s  r e q u i r e d  t h e  equip- 

ment t o  be l o c a t e d  o u t s i d e  on a s l a b  covered by a metal  equipment bu i ld -  

ing.  The plumbing and e l e c t r i c a l  requirements  f o r  t he  APdL i n s t a l l a t i o n s  

were g e n e r a l l y  g r e a t e r  t h a n  those  of the  WEPCO i n s t a l l a t i o n s .  Also,  t h e  

Table 5 .  Cost of t e s t  i n s t a l l a t i o n s  

APCL LILCO PG&E VEPCO WEPCO 
_ _ _ _ _ _ ~  ~~~ 

a TES equipment 

Labor 
Total 

~~ 

2,627 (2-tank) 3,090 3,350 7,686b 2,223' 
3,691 (3-tank) 
4,400 2,920 2,930 4,547b 1,248 
7 ,027  (2- tank)  6,010 6,280 12.233 3.411 
8,091 (3-tank) 

Communications and control 
equipment - t o t a l  100 

Instrument a t  ion 2,722 
388 80 d 2,831 192e 

1,498 1,890 7,162d 1,029 
~~ ~ 

TES equipment includes tank, water c o i l ,  pumps, valves, controls, 
thermostat, ducting, miscellaneous plumbing, e l e c t r i c a l ,  slab,  and enclosure 
a s  necessary. 

i n s t a l l a t i o n  cost common t o  both heat and cool storage. 

a 

%EPCO cos ts  include heat pump system, mechanical equipment room, and 

Average f o r  f u l l  and ha l f  storage homes; includes new condensing unit. c 

dEquipment common t o  both heat and cool storage. 
e Ins t  a1 1 a t  ion c o s t  only. 



46 

i n s t a l l a t i o n  s u b c o n t r a c t o r  s e l e c t e d  by WEPO had previous  exper ience  w i t h  

cool s t o r a g e  i n s t  a1 l a  t i o n s ,  having i n s t a l  l e d  s e v e r a l  t e s t  i n s t  a1 l a  t i o n s  

f o r  WEPCO previous  t o  t h i s  t e s t .  Consequently, t he  l a b o r  c o s t s  a s s o c i a t e d  

w i t h  t h e  i n s t a l l a t i o n  of t h e  same s t o r a g e  system i n  t h e  two u t i l i t i e s  d i f -  

f e r e d  by more t h a n  a f a c t o r  of 3 .  

The i n s t a l l e d  c o s t s  of t h e  communications and c o n t r o l  equipment re- 

f l e c t  t h e  f a c t  t h a t  t h r e e  of t h e  f i v e  u t i l i t i e s  used a n  e x i s t i n g  r a d i o  

c o n t r o l  system, and t h e  o n l y  c o s t s  a s s o c i a t e d  w i t h  t h i s  t e s t  were t h e  

c o s t s  of t h e  r a d i o  c o n t r o l  swi tch  and i t s  i n s t a l l a t i o n  on t h e  condensing 

u n i  t c i r c u i  t . 
In t h e  case of WEPCO, t h e  communication and c o n t r o l  c o s t  r e f l e c t s  

on ly  t h e  i n s t a l l a t i o n  c o s t  of t h e  t ransponder  a t  t h e  t e s t  homes because 

a l l  equipment was f u r n i s h e d  by WEPCO as a p a r t  of t h e i r  system-wide power 

l i n e  c a r r i e r  system. 

The i n s t r u m e n t a t i o n  c o s t s  g iven  i n  Table 5 include t h e  p u l s e  i n i t i -  

a t i n g  meters ,  magnetic t a p e  r e c o r d e r s ,  t ransponders ,  temperature  sensors ,  

wi r ing ,  and o t h e r  i tems a s  a p p r o p r i a t e  f o r  bo th  t h e  normal and heavi ly-  

instrumented t e s t  homes. In g e n e r a l ,  t h e  i n s t a l l a t i o n  s u b c o n t r a c t o r  

placed t h e  meter sockets  and tempera ture  probes and p u l l e d  a l l  t h e  w i r e s  

whi le  u t i l i t y  meter personnel  d i d  t h e  f i n a l  i n s t a l l a t i o n  and checkout of 

t h e  ins t rumenta t ion .  
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5 .  EQUIPMENT CHECKOUT AND OPERATION 

5.1 TES Performance 

A d e t a i l e d  a n a l y s i s  of t he  r e s u l t s  of t h e  1980 and 1981 coo l ing  sea- 

son i s  c u r r e n t l y  under way and w i l l  be p r e s e n t e d  i n  a subsequent r e p o r t .  

Rowever, some q u a l i t a t i v e  comments on t h e  performance of t h e  cool s t o r a g e  

systems i n  t h e  f i v e  d i f f e r e n t  u t i l i t i e s  can be made. 

I n  gene ra l ,  t he  performance of t h e  cool  s t o r a g e  systems i n  t h e  f i v e  

p r o j e c t s  was d i sappo in t ing .  Severe problems were exper ienced  w i t h  inade- 

qua te  compressor capac i ty ,  inadequate s t o r a g e  c a p a c i t y ,  excess ive  energy 

consumption, h igh  equipment f a i l u r e  r a t e s ,  and t empera tu re  r e g u l a t i o n .  

Some of t h e  problems were unique t o  a p a r t i c u l a r  manufac tu re r ' s  equipment 

o r  i n s t a l l a t i o n  des ign ,  whi le  o t h e r s  appear  t o  be i n h e r e n t  t o  cool s t o r a g e  

i n  gene ra l .  The experience of the  f i v e  u t i l i t i e s  i s  b r i e f l y  summarized in 

t h e  fo l lowing  s e c t i o n s .  

5.1.1 Arkansas Power and Light  

Shakedown of the  cool s to rage  i n s t a l l a t i o n s  began i n  May 1980. Dnr- 

ing  t h e  f i r s t  week, some customers r e p e a t e d l y  complained about l a c k  of 

cool ing ,  even though the  outdoor tempera tures  were s t i l l  very  mild. The 

customers who were complaining a l l  had t h e i r  c h i l l e d  w a t e r  l i n e s  running 

up t h e  o u t s i d e  w a l l  and a c r o s s  t h e  a t t i c  t o  t h e  w a t e r  c o i l .  Upon i n v e s t i -  

g a t i o n ,  i t  was found t h a t  t h e  wa te r  i n  t h e  supply  l i n e  from t h e  tanks  was 

d r a i n i n g  back from the  c o i l  p a s t  t h e  w a t e r  pump and t h u s  caus ing  an  a i r  

l o c k  in t he  system. A check va lve  was i n s t a l l e d  on t h e  supply l i n e  t o  

prevent  wa te r  from d r a i n i n g  back i n t o  t h e  tank. 

t i o n ,  complaints about l a c k  of cool ing  d i sappea red .  

A f t e r  t h i s  modifica- 

The u n i t s  opera ted  o f f  and on du r ing  May due t o  t h e  mi ld  weather ,  and 

a second problem s t a r t e d  t o  appear.  The problem was f a i l u r e  of t h e  i c e  

senso r ,  which allowed the  tank  t o  f r e e z e  s o l i d .  A s  o r i g i n a l l y  planned, 

a l though each tank  had an i c e  senso r ,  APdL used on ly  t h e  sensor  i n  one 

tank  t o  shut  o f f  t he  system. The d e f e c t i v e  s e n s o r s  were r ep laced ,  and t h e  

senso r s  i n  a l l  t anks  were wired i n  s e r i e s  so t h a t  any one of t he  tanks  

could shut  o f f  t he  condensing u n i t .  
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A f t e r  a n  i c e  c o n t r o l  s e n s o r  f a i l u r e ,  i t  g e n e r a l l y  took from 3 t o  7 d 

f o r  a tank  t o  thaw so t h a t  t h e  e v a p o r a t o r  could be p u l l e d  and t h e  i c e  sen- 

s o r  rep laced .  During t h i s  t i m e ,  t h e  tank  was i s o l a t e d  from the system and 

t h e  cool ing  s u p p l i e d  by t h e  remaining t a n k  o r  tanks.  

I c e  s e n s o r s  cont inued  t o  f a i l  throughout t h e  summer. The problem was 

t r a c e d  t o  t h e  b u l b  t h a t  s e n s e s  the t h i c k n e s s  of t h e  i c e  and o p e r a t e s  t h e  

switch on t h e  compressor c i r c u i t .  The bulbs  andlor  h y d r a u l i c  l i n e s  run- 

ning from t h e  bulb  t o  t h e  s w i t c h  were e i t h e r  d e f e c t i v e  o r  damaged dur ing  

i n s t a l l a t i o n  i n  t h e  t a n k s  a t  t h e  f a c t o r y .  Replacement of t h e  d e f e c t i v e  

sensors  seemed t o  s o l v e  t h e  problem. 

During May, t h e  u n i t s  were al lowed t o  r u n  a s  needed. P r o j e c t  p l a n s  

c a l l e d  f o r  s h u t t i n g  t h e  compressor o f f  f o r  8 h a day dur ing  June.  How- 

eve r ,  dur ing  June t h e  weather  became unseasonably ho t  and some of t h e  i c e  

s t o r a g e  u n i t s  could n o t  supply  adequate  c o o l i n g  even when allowed t o  r u n  

f u l  1 time. 

There a r e  u s u a l l y  about 1 , 9 2 5  c o o l i n g  degree  days each summer i n  

L i t t l e  Rock, bu t  1980 t u r n e d  o u t  t o  be t h e  h o t t e s t  summer on r e c o r d  w i t h  

some 2,579 cool ing  degree  days.  The c a l l s  about  inadequate  cool ing  con- 

t i n u e d  t o  come i n ,  b u t  r e p e a t e d  checks of t h e  equipment v e r i f i e d  t h a t  

every th ing  was working p r o p e r l y .  The problem was most severe  a t  8 of t h e  

26 i c e  s t o r a g e  l o c a t i o n s .  When compared w i t h  cool ing  demand c a l c u l a t i o n s ,  

t h e s e  homes only  had 20 t o  25% e x c e s s  condensing u n i t  c a p a c i t y  ( a i r  t o  

a i r )  compared w i t h  t h e  40 t o  50% e x c e s s  c a p a c i t y  a t  t h e  remaining homes. 

The condensing u n i t s  a t  t h e s e  8 homes were r e p l a c e d  w i t h  l a r g e r  u n i t s  t o  

give each house a minimum of 40% e x c e s s  condensing u n i t  capac i ty .  

A l l  homes were now cooled s a t i s f a c t o r i l y ,  bu t  t h e  condensing u n i t s  

were n o t  be ing  c o n t r o l l e d  f o r  load  management. I n  l a t e  September, t h e  

s t r i n g  of 100 degree  p l u s  days ended and AP&L s t a r t e d  t o  cyc le  t h e  con- 

densing u n i t s  - and t h e  cool ing  problems r e t u r n e d .  Many customers re- 

s o r t e d  t o  t h e  manual o v e r r i d e  when s t o r e d  c o o l i n g  r a n  out .  The season 

ended wi thout  AP&L being  a b l e  t o  o p e r a t e  t h e  s t o r a g e  c o o l i n g  system f o r  

load management. 

t 
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5.1.2 Long I s l a n d  Lirrhting Companv 

LILCO's exper ience  was somewhat s i m i l a r  t o  AP&L's. By mid-July 1980 

i t  was apparent  t h a t  a l l  of t h e  Calmac s t o r a g e  systems were o p e r a t i n g  a t  

c l o s e  t o  s p e c i f i c a t i o n s .  The cont inuing  problems w i t h  i n s u f f i c i e n t  cool- 

i ng  were t h e r e f o r e  a r e s u l t  of i n h e r e n t  d e f i c i e n c i e s  i n  t h e  system a s  in- 

s t a l l e d .  These d e f i c i e n c i e s  a r e  d e s c r i b e d  i n  d e t a i l  i n  Sec t .  5 . 3 .  

I n  a d d i t i o n  t o  t h e  problem of i n s u f f i c i e n t  condensing u n i t  and s t o r -  

age c a p a c i t y ,  LILCO experienced a number of o t h e r  problems w i t h  t h e  cool  

s t o r a g e  systems. One problem was t h a t  of condensate  formation.  It was 

necessary  t o  apply more than  t h e  normal amount of i n s u l a t i o n  t o  t h e  p i p i n g  

c a r r y i n g  t h e  e thylene  g l y c o l  s o l u t i o n  between t h e  tank, h e a t  exchanger,  

and cool ing  c o i l  t o  prevent  condensate  formation.  I n  a d d i t i o n ,  t h e  lower 

than  normal duct  a i r  temperatures  tended t o  cause condensat ion on t h e  c o l d  

a i r  duc ts .  Because of t h i s ,  i t  became necessary  t o  i n s u l a t e  a l l  co ld  a i r  

d u c t i n g  i n  one house. 

Another problem experienced w i t h  t h e  Calmac tank  was t h a t  t h e  h e a t  

exchanger c o i l  was n o t  adequate ly  secured w i t h i n  t h e  tank  and tended t o  

r i s e  a s  i c e  formed on t h e  c o i l ,  l i f t i n g  o f f  t h e  cover  of t h e  tank. 

5.1.3 P a c i f i c  Gas and E l e c t r i c  

During i n i t i a l  s t a r t u p  and o p e r a t i o n a l  t e s t i n g  a number of minor 

problems were experienced w i t h  t h e  cool s t o r a g e  system inc luding  f o u r  de- 

f e c t i v e  i c e  sensor  u n i t s ,  one expansion va lve ,  one c i r c u l a t i n g  w a t e r  pump, 

and s e v e r a l  t ank  l e a k s  around t h e  manual i c e  t h i c k n e s s  gauge. These prob- 

lems were e a s i l y  c o r r e c t e d .  However, cont inued o p e r a t i o n  of t h e  cool 

s t o r a g e  systems l e d  t o  more s e r i o u s  equipment f a i l u r e s ,  which a r e  dis-  

cussed i n  more d e t a i l  i n  t h e  next  s e c t i o n .  Al toge ther  22 of t h e  30 t e s t  

l o c a t i o n s  experienced a t  l e a s t  one compressor f a i l u r e .  

Aside from t h e  h igh  compressor f a i l u r e  r a t e ,  PG&E's o p e r a t i n g  experi-  

ence was s i m i l a r  t o  AP&L's and LILCO's. During p e r i o d s  of extreme h e a t ,  

t h e  cool  s t o r a g e  system experienced condensing u n i t  c a p a c i t y  problems, 

For example, t h e  d a t a  f o r  one p a r t i c u l a r  l o c a t i o n  i n d i c a t e d  t h a t  t h e  con- 

densing u n i t  r a n  cont inuous ly  f o r  s i x  consecut ive  days b e f o r e  i t  had pro- 

duced s u f f i c i e n t  i c e  t o  s t o p  charging. These c a p a c i t y  problems l e d  t o  t h e  

e l i m i n a t i o n  of c y c l i n g  by PG&E dur ing  p e r i o d s  of extreme h e a t .  
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Excessive noise  was a l s o  a problem i n  Fresno. Some p a r t i c i p a n t s  and 

p a r t i c i p a n t s '  neighbors  complained about t h e  excess ive  n i g h t t i m e  n o i s e  

caused by t h e  n e a r  cont inuous o p e r a t i o n  of t h e  condensing u n i t s .  

In g e n e r a l ,  PG&E's experience was t h a t  when t h e  cool  s t o r a g e  systems 

were o p e r a t i n g  p r o p e r l y ,  temperature  r e g u l a t i o n  was w i t h i n  a c c e p t a b l e  

l i m i t s .  In s e v e r a l  c a s e s  temperature  r e g u l a t i o n  problems t u r n e d  o u t  t o  be 

equipment f a i l u r e  o r  i n s u f f i c i e n t  c a p a c i t y  problems. 

5 . 1 . 4  V i r g i n i a  E l e c t r i c  and Power Company 

VEPCO began t h e  1980 cool ing  season  t e s t  w i t h  s i x  occupied t e s t  

houses. This  number had i n c r e a s e d  t o  2 9  by t h e  end of t h e  season. The 

r e s u l t s  from t h e s e  houses a r e  s i m i l a r  t o  those of t h e  o t h e r  u t i l i t i e s  i n  

t h a t  problems w i t h  both  condensing u n i t  c a p a c i t y  and s t o r a g e  c a p a c i t y  were 

experienced. The unusual ly  h o t  summer l e d  t o  t h e  s t o r e d  c o o l i n g  f r e -  

quent ly  running ou t  i n  mid-afternoon, and t h e  customer o v e r r i d i n g  t h e  com- 

p r e s s o r  c o n t r o l .  The problem was more pronounced i n  houses w i t h  t h e  C a r  

r i e r  tanks  than  w i t h  t h e  G i r t o n  tanks.  

Some problems were a l s o  experienced w i t h  temperature  r e g u l a t i o n .  The 

ch i l led-water  pump appeared t o  be o v e r s i z e d  r e s u l t i n g  i n  excess  c o o l i n g  

c a p a c i t y  d e l i v e r e d  t o  t h e  cool ing  c o i l .  T h i s  s i t u a t i o n  f u r t h e r  aggravated 

t h e  problem of i n s u f f i c i e n t  compressor and s t o r a g e  capac i ty .  

The indoor a i r  handler  t h a t  had been s i z e d  f o r  t h e  h e a t  pump t h a t  was 

a n  i n t e g r a l  p a r t  of VEPCO's system, was overs ized  when opera ted  w i t h  t h e  

c h i l l e d  w a t e r  c o i l .  The excess ive  a i r  flow l e d  t o  problems w i t h  adequate  

dehumidi f ica t ion .  

5 . 1 . 5  Wisconsin E l e c t r i c  Power Companv 

WEPCO's TES o p e r a t i n g  exper ience  was g e n e r a l l y  more p o s i t i v e  than  

t h e  o t h e r  f o u r  u t i l i t i e s .  One compressor f a i l e d  on s t a r t u p  and was re- 

placed.  The m u l t i p l e  tank  i n s t a l l a t i o n s  had o r i g i n a l l y  had t h e i r  i c e  

sensors  wi red  i n  p a r a l l e l  t o  maximize i c e  s torage .  However, unequal water  

flow through t h e  tanks r e s u l t e d  i n  some tanks  f r e e z i n g  s o l i d .  The problem 

was e l i m i n a t e d  by w i r i n g  t h e  i n d i v i d u a l  i c e  sensors  in s e r i e s .  
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The customers i n  the  s tudy  had very  few complaints  about t h e  system, 

i t s  i n s t a l l a t i o n ,  o r  opera t ion .  Approximately 2 5  s t o r a g e  homes had com- 

p l a i n t s  of inadequate  cool ing  s h o r t l y  a f t e r  i n s t a l l a t i o n .  However, t h e s e  

problems were g e n e r a l l y  t r a c e d  t o  mechanical problems which could be cor- 

r e c t e d .  Five homeowners had problems w i t h  inadequate  s t o r a g e  c a p a c i t y  be- 

cause they exceeded t h e  des ign  c a p a b i l i t y  of t h e  equipment by t r y i n g  t o  

m a i n t a i n  an 1 8  t o  21OC (65 t o  700F) thermosta t  s e t t i n g .  A few homeowners 

complained i n i t i a l l y  of t h e  n o i s e  from t h e  n i g h t  o p e r a t i o n  of t h e  com- 

p r e s s o r ,  and one compressor had tQ be r e l o c a t e d .  

Temperature r e g u l a t i o n  a t  most homes was very  good. A few thermo- 

s t a t s  r e q u i r e d  r e c a l i b r a t i o n ,  and s i x  homes r e q u i r e d  r e l o c a t i o n  of t h e  f a n  

l i m i t  switch due t o  s h o r t  c y c l i n g  i n  t h e  h e a t i n g  mode. Even w i t h  t h e  

many minor problems t h a t  were experienced dur ing  t h e  summer, t y p i c a l  com- 

ments were t h a t  t h e  p a r t i c i p a n t s  enjoyed t h e  system and i t s  obvious i m -  

provement i n  dehumidi f ica t ion .  

V 
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5 . 2  TES Eauipment F a i l u r e s  

Because t h e  cool s t o r a g e  t e s t  involved p r o t o t y p e s  and n o t  proven de- 

s i g n s ,  i t  was expected t h a t  some equipment f a i l u r e s  would be experienced.  

Also, because very few u n i t s  were being manufactured, t h e  u n i t s  were essen- 

t i a l l y  hand b u i l t  and t h e  r i g o r o u s  q u a l i t y  c o n t r o l  procedures  a p p l i e d  t o  

f u l l y  commercial u n i t s  had n o t  been appl ied .  F i n a l l y ,  because cool s t o r -  

age has  n o t  been widely t e s t e d ,  t h e  i n s t a l l a t i o n  s u b c o n t r a c t o r  d i d  n o t  

have a g r e a t  dea l  of o p e r a t i n g  experience t o  draw on a s  he i n s t a l l e d  

equipment produced by t h e  v a r i o u s  manufacturers .  

The equipment f a i l u r e s  experienced dur ing  t h e  t e s t  can be g e n e r a l l y  

ca tegor ized  a s  r e l a t e d  t o  t h e  compressor, i c e  t h i c k n e s s  senso r ,  c i r c u l a t -  

ing water  pump, and a l l  o t h e r s .  By f a r  t h e  most s e r i o u s  equipment prob- 

lem experienced dur ing  t h e  t e s t  was t h e  h i g h  inc idence  of compressor f a i l -  

u re s .  Three of t h e  p r o j e c t s  involved s t o r a g e  equipment r e t r o f i t t e d  t o  

e x i s t i n g  condensing u n i t s ,  and t h e  o t h e r  two involve  new condensing u n i t s  

t h a t  were i n s t a l l e d  w i t h  the  s t o r a g e  equipment. Both o l d  and new con- 

densing u n i t s  experienced h i g h  f a i l u r e  r a t e s  dur ing  t h e  t e s t  a l though t h e  

I 



problem was much more pronounced i n  t h e  r e t r o f i t  a p p l i c a t i o n s .  

p r e s s o r  f a i l u r e s  experienced through t h e  end of t h e  1980 c o o l i n g  season  

included:  AP&L 4 ,  LILCO 9 ,  PG&E 22,  VEPCO 3 ,  and WEPCO 2. For comparison 

purposes,  only two compressor f a i l u r e s  were r e p o r t e d  i n  c o n t r o l  homes com- 

pared t o  t h e  40 t e s t  home f a i l u r e s .  

The com- 

It i s  d i f f i c u l t  t o  determine t h e  exac t  cause of compressor f a i l u r e  

f o r  each l o c a t i o n .  The f a i l u r e  modes inc luded  locked r o t o r s ,  f a i l e d  

v a l v e s ,  opened motor f i e l d  windings,  and even blown te rmina ls .  Discus- 

s i o n s  w i t h  v a r i o u s  r e s e a r c h  engineers ,  manufacturers ,  W A C  c o n s u l t a n t s ,  

WAC c o n t r a c t o r s ,  and o t h e r  i n d u s t r y  personnel  have i d e n t i f i e d  a number of 

p o t e n t i a l  reasons  f o r  t h e  h i g h  incidence of compressor f a i l u r e s  i n c l u d i n g  

compressor s lugging,  e l e c t r i c  motor burnout due t o  mechanical problems, 

overburdening of equipment, insuf  f i c i e n t  l u b r i c a t i o n ,  improper r e f r i g e r a n t  

charge,  age of compressor, and improper s i z e  and l o c a t i o n  of compressor. 

Compressor s lugging  occurs  i f  l i q u i d  Freon m i g r a t e s  through t h e  

evaporator  c o i l s  and i n t o  t h e  compressor. (Th i s  problem i s  d i s c u s s e d  i n  

more d e t a i l  i n  t h e  fol lowing s e c t i o n . )  Mechanical f a i l u r e s  such a s  pis-  

t o n s  s e i z i n g  could cause e l e c t r i c  motors t o  burn  out .  Cont inual  running 

of t h e  compressors a t  below des ign  temperatures  could cause excess ive  wear 

and metal  f a t i g u e ,  e s p e c i a l l y  when extended running time t o  b u i l d  up t h e  

i c e  charge i s  requi red .  I n s u f f i c i e n t  l u b r i c a t i o n  and improper r e f r i g e r a n t  

charging could be major c o n t r i b u t o r s  t o  compressor f a i l u r e ,  bu t  t h e r e  i s  

l i t t l e  i n  t h e  way of o p e r a t i o n a l  experience t o  e s t a b l i s h  g u i d e l i n e s  for 

t h e s e  parameters .  

An a n a l y s i s  of t h e  f a i l u r e  d a t a  from PG&E demonstrates  how d i f f i c u l t  

i t  has  been t o  i d e n t i f y  t h e  reasons  f o r  t h e  h i g h  compressor f a i l u r e  r a t e s .  

The age of t h e  compressor d i d  n o t  appear  t o  be a f a c t o r  because propor- 

t i o n a t e l y  a s  many newer compressors a s  o l d e r  ones f a i l e d  dur ing  t h e  cool- 

ing season. Also, compressor exposure t o  sun o r  compressor s i z e  d i d  n o t  

c o r r e l a t e  w i t h  compressor f a i l u r e  r a t e .  

The second most f r e q u e n t  problem f o r  t h e  cool s t o r a g e  systems was 

f a i l u r e  of t h e  i c e  t h i c k n e s s  sensor .  AP&L r e p o r t e d  1 5  i c e  sensor  f a i l -  

u r e s ,  PG&E r e p o r t e d  4 ,  and VEPCO r e p o r t e d  17 .  F a i l u r e  of t h e  i c e  thick-  

ness  sensor  g e n e r a l l y  allowed t h e  i c e  s t o r a g e  tank  t o  f r e e z e  s o l i d .  When 

t h i s  happened, i t  o f t e n  l e d  t o  t h e  f a i l u r e  of t h e  c i r c u l a t i n g  w a t e r  pump 
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due t o  a l a c k  of l u b r i c a t i o n .  PG&E had 3 water  pump f a i l u r e s ,  VEPCO 6 ,  
and WEPCO 10. 

A v a r i e t y  of o t h e r  equipment f a i l u r e s  were a l s o  experienced dur ing  

t h e  t e s t .  R e f r i g e r a n t  l e a k s  were a problem, and WEPCO had t o  r e p l a c e  35 

d e f e c t i v e  s i g h t  g l a s s e s  t h a t  leaked. PG&E and VEPCO both  r e p o r t e d  s e v e r a l  

f a i l u r e s  of t h e  thermal expansion va lve .  PG&E had one condenser f a n  motor 

burn ou t  and had s i x  t a n k  water  temperature  sensors  f a i l .  LILCO r e p o r t e d  

s e v e r a l  f a i l u r e s  of c o n t r o l  box thermosta t s ,  c o n t r o l  box 24-V trans-  

formers,  and one mechanical package evaporator .  

Two problems worthy of p a r t i c u l a r  mention were tube clamp c o r r o s i o n  

f a i l u r e  i n  t h e  Calmac u n i t s  and t h e  use of WC pipe  f o r  plumbing t h e  w a t e r  

connec t ions  t o  t h e  cool ing  c o i l .  On August 18, 1980, a s e r v i c e  v i s i t  was 

made t o  one s i t e  i n  LILCO's p r o j e c t  i n  response t o  a p a r t i c i p a n t  complaint 

of t h e  compressor s h o r t  cycl ing.  The t r o u b l e  was caused by a f a i l e d  hose 

clamp on t h e  h e a t  exchanger c o i l  i n  t h e  i c e  tank  which allowed t h e  hose t o  

come o f f  and permi t ted  t h e  e thylene  g lycol  coolan t  t o  mix w i t h  t h e  water .  

It r e q u i r e d  12.5 man-h and 68 L (18 g a l )  of e thylene  g lycol  t o  put  t h e  

system back i n  opera t ion .  A v i s u a l  i n s p e c t i o n  of most of t h e  Calmac tanks  

showed t h a t  a m a j o r i t y  had h i g h l y  corroded clamps. 

A problem was experienced by WEPCO wi th  the  use of WC pip ing  t o  c i r -  

c u l a t e  t h e  cool water  through t h e  A-coil. Five homes had t h e  WC mel t  

a d j a c e n t  t o  t h e  A-coil when t h e  furnace was f i r s t  turned on i n  t h e  f a l l .  

The problem was caused by t h e  water  remaining in t h e  cool ing  c o i l  t u r n i n g  

t o  steam and t h e n  condensing i n  t h e  pipe.  A waste  va lve  was i n s t a l l e d  t o  

d r a i n  t h e  c o i l  f o r  w i n t e r ,  and t h e  WC was replaced.  

5.3 TES Equipment Modif ica t ions  

During t h e  t e s t  a number of m o d i f i c a t i o n s  were made t o  t h e  equipment 

d e s i g n  and i n s t a l l a t i o n  t o  try t o  c o r r e c t  t h e  problems t h a t  had been ex- 

per ienced.  The equipment m o d i f i c a t i o n s  made a t  each of t h e  p r o j e c t s  a r e  

summarized i n  t h e  fol lowing paragraphs.  
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5.3.1 Arkansas Power and Light  

A t  t h e  end of t h e  1980 cool ing  season, AP&L s t a r t e d  looking  f o r  t h e  

cause of t h e  l a c k  of s t o r a g e  c a p a c i t y  i n  t h e  A. 0. Smith s t o r a g e  tanks.  A 

tank  was i n s t a l l e d  i n  t h e  shop of t h e  i n s t a l l a t i o n  s u b c o n t r a c t o r  and was 

connected t o  a n  8.8 kW (2.5 t on )  condensing u n i t .  The compressor was 

allowed t o  run  u n t i l  i t  was cu t  o f f  by t h e  i c e  sensor .  An examinat ion of 

t h e  tank r e v e a l e d  t h a t  t h e  i c e  was forming o n l y  i n  about 45% of t h e  tank  

a s  shown i n  Fig.  9. The cool ing  s t o r e d  i n  t h e  tank  was -63 MJ (60,000 

Btu)  r a t h e r  than  t h e  114 M J  (108,000 Btu)  r a t i n g .  

ORNL-DWG 81-8345 ETD 

HEADER DESIGN 

EVAPORATOR 

0 0 0 0 0  

0 0 0 0 0 0 0  
ICE 

ICE SENSOR LOCATION 

ICE FORMATION 

Fig.  9. I c e  formation i n  A. 0. Smith tank. 
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The apparent  cause of t h e  uneven i c e  bu i ldup  was t h a t  t he  evapora to r  

c o i l  c o n s i s t e d  of seven unequal l e n g t h  c i r c u i t s  f ed  by a common expansion 

va lve .  The seven c i r c u i t s  were one of t h r e e  types :  a &row evapora to r  

c o i l  w i th  an approximate l e n g t h  of 5.3 m (17.5 f t ) ;  a 6-row evapora to r  

w i t h  an approximate l e n g t h  of 7.9 m (26 f t ) ;  or an 8-row evapora tor  w i t h  

an approximate l e n g t h  of 10.7 m (35  f t ) .  

When charging,  i c e  s t a r t s  forming from t h e  supply s i d e  of t h e  c o i l  

on t h e  f i r s t  row of each c o i l  and moves t o  t h e  next  row only  when i c e  has  

formed on t h e  prev ious  row. The i c e  sensor  i n  t h e  A. 0.  Smith des ign  was 

l o c a t e d  on t h e  second row of t h e  middle 8-row evapora tor  c o i l .  Because of 

t h e  unequal l e n g t h s  of t h e  evapora tor  c o i l s ,  t h e  i c e  sensor  shu t  o f f  t h e  

condensing u n i t s  be fo re  a l l  c o i l s  were covered w i t h  i ce .  Approximately 

29 m (95  f t )  of t h e  evapora tor  never  b u i l t  any i ce .  

AP&L f i r s t  t r i e d  t o  so lve  the  problem by r e l o c a t i n g  t h e  i c e  sensor .  

Th i s  was unsuccessfu l  because i t  g r e a t l y  inc reased  t h e  compressor run  t ime 

w i t h  only  a small  i nc rease  i n  s to rage .  

Next, t he  evapora tor  c o i l  of t h e  tank  was modif ied t o  r e p l a c e  t h e  

t h r e e  8-row c o i l s  w i t h  s i x  &row c o i l s .  Th i s  l e f t  t he  tank  w i t h  e i g h t  

&row evapora to r s  and two 6-row evapora tors .  The i c e  sensor  was a l s o  

moved t o  between t h e  t h i r d  and f o u r t h  row of a &row c o i l .  

The tank  was r e f r o z e n ,  and t h e  r e s u l t s  were ve ry  s a t i s f a c t o r y .  The 

i c e  s t o r a g e  had been inc reased  from -63 MJ (60,000 Btu)  t o  over  126 M J  

(120,000 B t u ) .  The e f f i c i e n c y  of t he  system a l s o  inc reased  g r e a t l y ,  re- 

q u i r i n g  approximately the  same 5-h running t ime a s  f o r  t he  o r i g i n a l  tank  

t o  produce 63 M J  (60,000 B t u ) .  

AP&L modif ied t h e  evapora tor  c o i l s  i n  a l l  t anks  f o r  t he  1981 cool- 

ing  season. Also,  due t o  t h e  r epea ted  f a i l u r e  of t he  o r i g i n a l  i c e  sen- 

sors, a l l  t anks  were f i t t e d  w i t h  new i c e  sensors .  

The only  o t h e r  m o d i f i c a t i o n  made by AP&L a s  a r e s u l t  of t he  1980 

coo l ing  season  exper ience  was t o  i n s t a l l  a d i e l e c t r i c  union on t h e  supply 

l i n e  of each tank  t o  p reven t  ga lvan ic  i n t e r a c t i o n  between t h e  ga lvanized  

supply l i n e  and t h e  copper l i n e  c i r c u l a t i n g  wa te r  t o  t h e  cool ing  c o i l .  
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5.3.2 Long I s l a n d  L i g h t i n g  ComDanv 

LILCO made a number of m o d i f i c a t i o n s  t o  i t s  cool s t o r a g e  i n s t a l l a -  

t i o n s  t o  improve t h e i r  performance and r e l i a b i l i t y .  The c o n t r o l  w i r i n g  

scheme was modi f ied  t o  prec lude  t h e  p o s s i b i l i t y  of i n t e r f e r e n c e  between 

t h e  house-side 24 V t ransformer  and t h e  c o n t r o l  box 24 V t ransformer .  The 

coolan t  c i r c u i t  i n i t i a l  p r e s s u r i z a t i o n  was i n c r e a s e d  from 138 t o  207 kPa 

(20 t o  30 p s i g )  t o  avoid  n e g a t i v e  c i r c u i t  p r e s s u r e  when t h e  system cooled 

t o  o p e r a t i n g  temperature .  The coolan t  c i r c u i t  l i q u i d  was changed from 

methanol and w a t e r  t o  e thylene  g lycol  t o  prec lude  any f i r e  hazard  caused 

by coolan t  leakage.  Nylon a d a p t e r  f i t t i n g s  were i n i t i a l l y  s u b s t i t u t e d  f o r  

po lye thylene  f i t t i n g s  a t  t h e  connec t ions  t o  t h e  A-coi.1 t o  minimize t h e  

p o s s i b i l i t y  of damage t o  t h e  pipe dur ing  t h e  h e a t i n g  season. The poly- 

e thylene  p ipe  was subsequent ly  r e p l a c e d  w i t h  copper tub ing  t o  t h e  o u t s i d e  

e n t r a n c e  p o i n t  i n t o  t h e  a t t i c  t o  minimize the  p o s s i b i l i t y  of breakage and 

water  damage t o  t h e  house. 

5.3.3 P a c i f i c  Gas and E l e c t r i c  

The p r i n c i p a l  obj e c t i v e  of t h e  equipment m o d i f i c a t i o n s  made by PGdE 

was t o  i n c r e a s e  t h e  r e l i a b i l i t y  of t h e  compressors charging t h e  cool  s tor -  

age systems. Numerous compressor f a i l u r e s  were experienced throughout  t h e  

summer, and a v a r i e t y  of f i x e s  were appl ied .  

When t h e  cool  s t o r a g e  u n i t s  were o r i g i n a l l y  i n s t a l l e d ,  a l l  condensing 

u n i t s  were r e t r o f i t t e d  w i t h  c rank  case  h e a t e r s  and h a r d  s t a r t  k i t s  i f  they  

d i d  n o t  have them. 

The o r i g i n a l  i n s t a l l a t i o n  procedure recommended by t h e  manufacturer  

c a l l e d  f o r  t h e  s u c t i o n  l i n e  t o  be a t  l e a s t  3 m (10 f t )  and n o t  more t h a n  

15 m (50 f t )  i n  l e n g t h  and f o r  t h e  s u c t i o n  and l i q u i d  l i n e  t o  be s o l d e r e d  

t o g e t h e r  f o r  3 m (10 f t )  t o  i n c r e a s e  the  superhea t  of t h e  r e t u r n  gas  t o  

t h e  compressor. The s o l d e r e d  s e c t i o n  a c t s  a s  a h e a t  exchanger t o  p r o t e c t  

t h e  compressor from s lugging  (pumping l i q u i d  Freon)  and was i n  a d d i t i o n  t o  

t h e  e x i s t i n g  s u c t i o n  l i n e  accumulator.  T h i s  procedure l e d  t o  problems a t  

PG&E's i n i t i a l  i n s t a l l a t i o n  by producing t o o  much superhea t ,  which caused 

t h e  compressor t o  t r i p  ou t  on h i g h  temperature .  It a l s o  r e s u l t e d  i n  ex- 

c e s s i v e  head p r e s s u r e s .  
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A f t e r  c o n s u l t a t i o n  wi th  C a r r i e r ,  G i r ton ,  and t h e  W A C  subcon t rac to r ,  

it was decided t h a t  the  a d d i t i o n a l  hea t  exchanger  was not  necessary  f o r  

=&E' s appl  i c a t i o n .  

A second major mod i f i ca t ion  was t h e  a d d i t i o n  of a l i q u i d  r e f r i g e r a n t  

r e c e i v e r .  A r e c e i v e r  i s  usua l ly  found i n  commercial a p p l i c a t i o n s  bu t  

r a r e l y  i n  r e s i d e n t i a l  a p p l i c a t i o n s  where compressors  a r e  c r i t i c a l l y  

charged. The r e c e i v e r  a c t s  a s  a s to rage  r e s e r v o i r  f o r  l i q u i d  Freon t o  

i n s u r e  t h a t  the  proper r e f r i g e r a n t  charge i s  ma in ta ined  i n  the  system when 

o p e r a t i n g  w i t h  an i c e  s torage  tank. 

The o r i g i n a l  i n s t a l l a t i o n  manual c a l l e d  f o r  a charge of 3.8 kg (8.4 

l b )  of R-22 when the  i c e  tank was used w i t h  a C a r r i e r  Model 38REo36 con- 

dens ing  u n i t .  However, the  s p e c i f i c a t i o n s  provided  no guidance f o r  r e t ro -  

f i t t e d  systems s i m i l a r  t o  €G&E's p r o j e c t .  Too l i t t l e  Freon would cause 

uneven and i n s u f f i c i e n t  i c e  product ion  i n  t h e  tank.  It could  a l s o  cause 

compressor overhea t ing  and poor system e f f i c i e n c y .  Too much Freon could  

cause the  system t o  f lood  the  accumulator,  which would al low l i q u i d  Freon 

t o  e n t e r  t he  compressor r e s u l t i n g  i n  e r r a t i c  performance, high head pres-  

su res ,  and eventua l  compressor f a i l u r e .  The a d d i t i o n  of the  r e c e i v e r  a l -  

lows f o r  the expansion and c o n t r a c t i o n  of Freon  l e v e l s  a s  system r e q u i r e  

ments change due t o  i c e  bui ldup on t h e  evapora to r  c o i l  and changing out- 

s ide  ambient temperatures .  
The t h i r d  major mod i f i ca t ion  made t o  t h e  cool  s t o r a g e  system was a 

r e s u l t  of t he  high compressor f a i l u r e  r a t e  t h a t  was exper ienced  dur ing  t h e  

f i r s t  h a l f  of the 1980 cool ing  season. During t h i s  per iod ,  22 out  of 

t h e  30 t e s t  homes experienced a compressor f a i l u r e .  

apparent  what was causing the  f a i l u r e s ,  so a j o i n t  meet ing was h e l d  i n  

Fresno w i t h  r e p r e s e n t a t i v e s  of C a r r i e r  Corpora t ion ,  G i r t o n  Manufacturing, 

ORNL, =&E, and the  l o c a l  WAC subcon t rac to r  t o  d i s c u s s  t h e  problem. 

It was not  r e a d i l y  

P a r t s  of t he  meeting were he ld  a t  s e v e r a l  of t h e  t e s t  l o c a t i o n s  where 

the  o p e r a t i o n  of the  cool s torage  systems was observed and v a r i o u s  tem- 

p e r a t u r e ,  p re s su re ,  and cu r ren t  measurements were taken. Af t e r  observ ing  

t h e  systems through severa l  s t a r t u p  and shutdown cyc le s ,  i t  was determined 

t h a t  upon Compressor shutdown, l i q u i d  Freon was pass ing  from the  condenser 

and r e c e i v e r  through the thermal expansion v a l v e s  and c o l l e c t i n g  i n  t h e  

bottom of the  evaporator  c o i l  and accumulator .  On compressor s t a r t u p ,  
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WATER 
CIRCUIT 

l i q u i d  Freon was be ing  sucked i n t o  t h e  compressor causing s lugging .  

p re s su re  f l u c t u a t i o n s  caused by t h e  l i q u i d  and the  r e s u l t i n g  changes i n  

motor load ,  a s  i n d i c a t e d  by t h e  c u r r e n t  t o  the  compressor, were q u i t e  

ev ident .  

The 

The manufacturer  had p r e v i o u s l y  thought t h a t  t he  p a r t i c u l a r  thermal  

expansion va lve  used would b lock  t h e  mig ra t ion  of the  l i q u i d  when t h e  com- 

p r e s s o r  shu t  down. Because t h i s  was found not  t o  be the  case ,  a l i q u i d  

l i n e  so l eno id  va lve  was added t o  t h e  system as  shown i n  Fig.  10. The 

va lve  was wired  i n t o  t h e  compressor con tac to r  c i r c u i t  so t h a t  i t  c l o s e s  

when the  compressor t u r n s  o f f .  The va lve  i s  intended t o  p r o h i b i t  any 

l i q u i d  Freon from f lowing i n t o  t h e  evapora tor  and prevent  compressor 

s lugging  . 
The manufacturer  recommended t h a t  any subsequent f a i l e d  compressors 

be r ep laced  by u n i t s  which con ta ined  C a r l y s l e  s e r i e s  M-100 h e a t  pump com- 

p res so r s .  The r eason  g iven  was t h a t  h e a t  pump compressors have g r e a t e r  

piston-to-head c l ea rances  and a r e  more ruggedly b u i l t  than  the  t y p i c a l  

INSIDE AIR CIRCULATING 
P U M P  

ORNL-DWG 82-14426 

CONDENSER 

8 RECEIVER 

ICE TANK 
1 I-----, I 

SOLENOID 
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Fig. 10. Loca t ion  of l i q u i d  l i n e  so l eno id  va lve .  
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r e s i d e n t i a l  a i r  condi t ion ing  compressors and consequent ly  should be b e t t e r  

a b l e  t o  wi ths t and  any s lugging which occurs .  

Several  minor equipment mod i f i ca t ions  were a l s o  made dur ing  t h e  FGiE 
t e s t .  A 24 V t ransformer  was added t o  the  s t o r a g e  tank  c o n t r o l  c a b i h e t  t o  

e l i m i n a t e  the  need f o r  a s epa ra t e  24-V l i n e  from the  customer's  premises.  

A water  flowmeter was added t o  the  c h i l l e d  w a t e r  supply l i n e  i n  the  f i v e  

heav i ly  instrumented homes, and a c o n t r o l  c a b i n e t  cover  was f a b r i c a t e d  and 

added t o  a l l  t he  s to rage  u n i t s  t o  reduce t h e  p o s s i b i l i t y  of tampering and 

e l i m i n a t e  any p o t e n t i a l  hazards.  

5.3.4 V i r g i n i a  E l e c t r i c  and Power Comaanv 

Two of the  C a r r i e r  tanks ruptured  due t o  f r e e z i n g  s o l i d  when t h e i r  

i c e  senso r s  f a i l e d .  Due t o  the  f r equen t  i c e  sensor  f a i l u r e s  dur ing  t h e  

summer i n  the  C a r r i e r  tanks,  C a r r i e r  was t o  provide  new i c e  th i ckness  sen- 

sors and con t ro l  cab les  t o  be i n s t a l l e d  i n  t h e  tanks.  VEPCO has a l s o  

planned t o  examine a l t e r n a t e  i c e  sensor  l o c a t i o n s  and tank  wa te r  flow 

routes .  

5.3.5 Wisconsin E l e c t r i c  Power Comaany 

WEPCO made a number of mod i f i ca t ions  t o  t h e  TES equipment t o  c o r r e c t  

t he  o p e r a t i o n  of the  equipment. As mentioned previous ly ,  the  i c e  th ick-  

ness  senso r s  i n  the mul t ip l e  tank  i n s t a l l a t i o n s  were rewired i n  s e r i e s  t o  

prevent  any tanks from f r eez ing  s o l i d .  The wa te r  flow t o  the  cool ing  c o i l  

was reduced t o  the  minimum requ i r ed  t o  provide  the  c a l c u l a t e d  cool ing  load  

of t h e  house, which prevented t h e  t e s t  homes from being a b l e  t o  provide 

more cool ing  capac i ty  than an e q u i v a l e n t  c o n t r o l  home. This  f a c i l i t a t e d  

comparison of the  t e s t  and c o n t r o l  groups. 
Occasional complaints of l a c k  of coo l ing  a t  fou r  homes were t r aced  t o  

problems wi th  the  c i r c u l a t i n g  wa te r  pump. The p m p s  a t  t hese  homes were 

lowered t o  provide a g r e a t e r  head of water ,  which c o r r e c t e d  the  problem. 

5.4 Communications and Cont ro l  ExDerience 

Both APdL and LILCO used the  S c i e n t i f i c  A t l a n t a  d i g i t a l l y  encoded 

message r a d i o  system f o r  communications and c o n t r o l .  LILCO r epor t ed  some 
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d e l a y s  i n  t h e  i n s t a l l a t i o n  of  t h e  communications equipment because t h e  

b inary  coded messages b u i l t  i n t o  t h e  h i g h  c u r r e n t  c o n t r o l l e r  d i d  n o t  match 

t h e  r a d i o  s i g n a l  codes. It was necessary  t o  r e t u r n  t h e  u n i t s  t o  t h e  sup- 

p l i e r  f o r  c o r r e c t i o n .  

The r a d i o  r e c e i v e r s  i n i t i a l l y  suppl ied  t o  LILCO by S c i e n t i f i c  A t l a n t a  

experienced a f a i l u r e  r a t e  of 50% due t o  p r i n t e d  c i r c u i t  board burnout a s  

a r e s u l t  of i n s u f f i c i e n t  c l e a r a n c e  between boards and t o  poor board con- 

nec t ions .  No equipment m o d i f i c a t i o n s  were made t o  t h e  communications and 

c o n t r o l  system t o  improve o p e r a t i o n  except  t o  rep lace  d e f e c t i v e  equip- 

ment . 
AP&L experienced a number of d i f f i c u l t i e s  w i t h  t h e i r  S c i e n t i f i c  

A t l a n t a  system. Upon i n s t a l l a t i o n ,  t h e  r a d i o  c o n t r o l  swi tches  were t e s t e d  

a t  each s i t e  w i t h  a p o r t a b l e  t r a n s m i t t e r .  A t  t h a t  time, 1 5  swi tches  were 

found t o  be d e f e c t i v e  and were rep laced .  

T e s t i n g  of t h e  system from t h e  c e n t r a l  t r a n s m i t t e r  i n  L i t t l e  Rock l e d  

t o  t h e  d iscovery  t h a t  a l l  t h e  swi tches  were n o t  opera t ing  c o r r e c t l y .  Some 

switches would open t h e  compressor c i r c u i t  whi le  o t h e r s  would o n l y  work 

i n t e r m i t t e n t l y .  T h i s  i n t e r m i t t e n t  o p e r a t i o n  was t r a c e d  t o  t h e  l e a s e d  

te lephone l i n e s  connect ing t h e  message genera tor  i n  Pine B l u f f  t o  t h e  
t r a n s m i t t e r  i n  L i t t l e  Rock. Due t o  long  d i s t a n c e  switching and r o u t i n g  by 

t h e  te lephone company, t h e  s i g n a l  r e c e i v e d  by t he  t r a n s m i t t e r  was some- 

t imes d i f f e r e n t  from t h a t  s e n t  by t h e  message generator .  Thus t h e  t rans-  

m i t t e r  would send ou t  t h e  wrong d i g i t a l  s i g n a l ,  and t h e  r a d i o  swi tch  would 

n o t  o p e r a t e .  

To s o l v e  t h e  problem, a S c i e n t i f i c  A t l a n t a  d i g i t a l  message genera tor  

was i n s t a l l e d  a t  t h e  t r a n s m i t t e r  i n  L i t t l e  Rock. The message genera tor  

was i n  t u r n  t i e d  by l e a s e d  te lephone  l i n e s  t o  t h e  computer a t  t h e  t rans-  

miss ion  d i s p a t c h  c e n t e r  i n  P ine  B l u f f .  

T h i s  m o d i f i c a t i o n  d i d  n o t  s o l v e  APbL’s communications problem. The 

message genera tor  r e p e a t e d l y  f a i l e d ,  and a f t e r  s e v e r a l  a t tempts  by Scien- 

t i f i c  A t l a n t a  personnel  t o  f i x  t h e  message genera tor ,  AP&L abandoned i t s  

p l a n s  t o  use t h e  d i g i t a l  system f o r  t h i s  p r o j e c t .  

A l l  t h e  S c i e n t i f i c  A t l a n t a  s w i t c h e s  were removed i n  l a t e  August 1980 

and were rep laced  w i t h  Motorola r a d i o  c o n t r o l  switches.  The Motorola ra- 

d i o  system has been i n  o p e r a t i o n  a t  AP&L s i n c e  1977. A l l  switches were 



61 

t e s t e d  and opera ted  s a t i s f a c t o r i l y  i n  September and were used dur ing  t h e  
summer of 1981. 

PGCE a l s o  used an e x i s t i n g  Motorola r a d i o  c o n t r o l  system f o r  t h i s  

p r o j e c t .  One r a d i o  switch of t h e  30 f a i l e d  dur ing  t h e  season and was 

d iscovered  during r o u t i n e  d a t a  a n a l y s i s  a t  t h e  end of t h e  season. 

The only modi f ica t ions  made by PG&E t o  t h e  communications and c o n t r o l  

system dur ing  t h e  t e s t  were t o  i n s t a l l  a b a t t e r y  backup system f o r  t h e  

Motorola c o n t r o l l e r  t o  p r o t e c t  a g a i n s t  power f a i l u r e s  and t o  r e p l a c e  t h e  

l e a s e d  te lephone l i n e  between t h e  c o n t r o l l e r  and t r a n s m i t t e r  w i t h  a micro- 

wave system. 

Aside from t h e  i n s t a l l a t i o n  and schedul ing  problems mentioned ear- 

l i e r ,  VEPCO repor ted  only minor d i f f i c u l t i e s  w i t h  t h e  l e a s e d  te lephone 

l i n e  communications and c o n t r o l  system. Minor d e f e c t s  i n  t h e  hardware of 

two remote terminal  u n i t s  were c o r r e c t e d ,  and t h e  computer c o n t r o l  s o f t -  

ware was modified t o  accommodate changes i n  ins t rument  analog ranges on 

s i x  houses a s  w e l l  a s  t h e  a d d r e s s e s  on a number of t e s t  houses. 

I n t e r m i t t e n t  o p e r a t i o n  of t h e  f i r s t  i n s t a l l e d  te lephone d a t a  l i n e  was 

t r a c e d  t o  telephone company swi tch ing  and cor rec ted .  One i n s t a l l e d  t e l e -  

phone l i n e  and two s l a v e  house c o n t r o l  c a b l e s  were c u t  by o t h e r s  dur ing  

excavat ions.  

VEPCO' s experience has  been t h a t  98% of commands t r a n s m i t t e d  have 

been received.  Two p e r c e n t  of t h e  commands were n o t  executed due t o  

equipment f a i l u r e ,  equipment be ing  t e s t e d ,  b a t t e r y  f a i l u r e  due t o  discon- 

nec ted  charging system, and o t h e r  f a c t o r s .  

The ASCE communication system caused a number of problems dur ing  

WEPCO's p r o j e c t .  A s  d e s c r i b e d  i n  Sect .  4 .2 ,  communication equipment de- 

l i v e r y  s i g n i f i c a n t l y  de layed  t h e  c o l l e c t i o n  of d a t a ,  and v i r t u a l l y  no d a t a  

were c o l l e c t e d  dur ing  t h e  1979 cool ing  season.  Addi t iona l  problems were 

experienced w i t h  hardware f a i l u r e s ,  equipment modi f ica t ions ,  and sof tware  

c o r r e c t i o n s .  The t ransponders  rece ived  from ASCE r e q u i r e d  rewir ing  €o r  t h e  

s tudy,  and a f a i l u r e  r a t e  of 30% was normal on t e s t i n g  t h e  rewired u n i t s .  

Del ivery of t h e  temperature  monitor ing d e v i c e s  was delayed due t o  d i f f i -  

c u l t i e s  i n  secur ing  t h e  necessary i n t e r f a c e  from AS&E. Once i n s t a l l e d ,  

t h e  system experienced problems w i t h  n o i s e  on t h e  system, incomplete d a t a ,  

o r  no d a t a .  



A number of equipment m o d i f i c a t i o n s  were made by WEPCO t o  c o r r e c t  t he  

communications and c o n t r o l  problems t h a t  were experienced. One problem 

experienced was t h a t  t h e  6 kHz s i g n a l  superimposed on t h e  power l i n e  

drowned out  t h e  AM band on t h e  t e s t  house rad io .  To c o r r e c t  t h i s  nui- 

sance, a f i l t e r  was f i e l d  i n s t a l l e d  t o  e l i m i n a t e  the  t ransponder  i n t e r f e r -  

ence. 

O r i g i n a l l y  t h e  load  c o n t r o l l e r  had a b u i l t - i n  t imer  t h a t  automati- 

c a l l y  r e s t o r e d  t h e  load  a f t e r  15 min. To e l imina te  r e p e t i t i v e  o f f  com- 

mands, a s e p a r a t e  o f f  and on command was programmed which r e q u i r e d  d is -  

a b l i n g  t h e  t imer  c i r c u i t  and h a r d  w i r i n g  t h e  on command a t  a l l  70 s t o r a g e  

homes. 

5.5 I n s t r u m e n t a t i o n  Experience 

In gene ra l ,  t h e  convent iona l  p u l s e  i n i t i a t i n g  watt-hour meters  and 

magnetic t ape  r eco rd ing  equipment used by the  u t i l i t i e s  provided accept- 

a b l e  r e l i a b i l i t y  and accuracy. 

important f o r  t he  t h r e e  u t i l i t i e s  u s ing  magnetic tape  r e c o r d e r s  because 

t h e  normal time t o  c o l l e c t  and p r o c e s s  t h e  magnetic t ape  d a t a  can r e s u l t  

i n  a s  much a s  8 weeks of mis s ing  o r  erroneous da ta .  

In s t rumen ta t ion  f a i l u r e s  were p a r t i c u l a r l y  

The most f r equen t  problems exper ienced  by the  f i v e  u t i l i t i e s  were re- 

l a t e d  t o  t h e  c o l l e c t i o n  of tempera ture  d a t a  from the  t e s t  and c o n t r o l  

homes . 
Ap&L had few problems w i t h  t h e i r  conventional magnetic t ape  i n s t r u -  

menta t ion  system. A l l  equipment was checked and c a l i b r a t e d  b e f o r e  being 

used i n  t h e  f i e l d .  During 1980, t h e  only  equipment t h a t  f a i l e d  was one 

tempera ture  t r ansduce r  and one 3-channel frequency conver te r .  The f a u l t y  

equipment was r ep laced  and r e t u r n e d  t o  t h e  manufacturer f o r  r e p a i r s .  

mod i f i ca t ions  were made t o  t h e  system a s  a r e s u l t  of 1980's exper ience .  

No 

LILCO l i k e w i s e  r e p o r t e d  few d i f f i c u l t i e s  w i th  t h e i r  magnetic t a p e  in- 

The major problem experienced by LILCO was t h a t  t h e  s t rumen ta t ion  system. 

tempera ture  t r a n s m i t t e r s  used i n  t h e  t e n  h e a v i l y  instrumented t e s t  homes 

and t e n  h e a v i l y  instrumented c o n t r o l  homes were found t o  be f a u l t y .  Con- 

sequen t ly  t h e  tempera ture  d a t a  c o l l e c t e d  dur ing  t h e  1980 season  a r e  sus- 

pec t .  The only  ins t rument  m o d i f i c a t i o n  made by LILCO was t o  d i scon t inue  



usage of t h e  Customer A l e r t  Device because i t s  i n d i c a t i o n  of t h e  o p e r a t i n g  

s t a t u s  of t h e  cool s to rage  system was of no use t o  t h e  p a r t i c i p a n t .  

The only in s t rumen ta t ion  equipment t h a t  expe r i enced  any type of con- 

s i s t e n t  ma l func t ion  i n  PGLE's p r o j e c t  was t h e  temperature-to-frequency 

t r ansduce r .  Of t h e  279 t r ansduce r  channels  observed  du r ing  t h e  1980 cool- 

ing season, a t  l e a s t  53 (19%) were p a r t i a l l y  or comple te ly  e r roneous  due 

t o  tempera ture  u n i t  f a i l u r e s .  Although e x a c t  f i g u r e s  a r e  n o t  y e t  a v a i l -  

a b l e ,  i t  i s  e s t ima ted  t h a t  about 10% of t h e  t empera tu re  d a t a  s e t  was l o s t .  

Aside from rep lac ing  the  f a i l e d  t empera tu re  t r a n s d u c e r ,  no i n s t r u -  

menta t ion  m o d i f i c a t i o n s  were made by PGLE. 

VEPCO experienced a number of p u l s e  g e n e r a t o r  p r i n t e d  c i r c u i t  board 

f a i l u r e s  on t h e i r  temperature channels.  These boards  were rep laced .  

While looking  f o r  t he  cause of t he  e r roneous  t empera tu re  d a t a ,  i t  was d i s -  

covered t h a t  t he  pulse  genera tor  input  t o  t h e  magnet ic  t a p e  meters  was 

12,0001h i n s t e a d  of t he  s p e c i f i e d  6,0001h. This r e s u l t e d  i n  s a t u r a t i o n  of 

t h e  magnetic tape  and u n r e l i a b l e  d a t a  i n  t h e  upper 20% of t h e  s c a l e  range. 

A l l  of t h e  temperature and humidity i n s t r u m e n t a t i o n  was modified and 

r e c a l i b r a t e d  for c o r r e c t  ou tput .  

a l l  p rev ious  temperature and humidity d a t a  i f  f e a s i b l e .  

A c o r r e c t i o n  f a c t o r  w i l l  be a p p l i e d  t o  



6 .  CUSTOMER ACCEPTANCE 

Most of t h e  customers who vo lun tee red  f o r  t he  t e s t  were i n i t i a l l y  

eager  t o  p a r t i c i p a t e .  T h i s  i s  evidenced by the  r e l a t i v e  ease  w i t h  which 

the  u t i l i t i e s  were a b l e  t o  s e c u r e  v o l u n t e e r s  f o r  the  t e s t  and c o n t r o l  

groups. The r easons  f o r  p a r t i c i p a t i o n  g iven  by the  customers ranged from 

t r y i n g  t o  do t h e i r  p a r t  f o r  t h e  energy c r i s i s  t o  t r y i n g  t o  f i n d  a way t o  

lower t h e i r  summer e l e c t r i c  b i l l .  

The f i r s t  o b j e c t i o n s  r a i s e d  by t h e  t e s t  customers concerned t h e  s i z e  

of t h e  l73S equipment. Although t h e  customers had been t o l d  s e v e r a l  t imes 

about t he  s i z e  of t h e  s t o r a g e  t anks  and enc losu res ,  s eve ra l  were shocked 

when t h e  equipment was a c t u a l l y  d e l i v e r e d .  Several  of APdL's customers 

expressed t h e  sen t iment  t h a t  t hey  wished t h e  metal  equipment e n c l o s u r e  

could be smal le r .  The most p l e a s i n g  i n s t a l l a t i o n s  were where t h e  tanks  

could be i n s t a l l e d  under t h e  house o r  i n  the  basement out of t he  cus- 

tomer's  s i g h t .  

In gene ra l ,  t he  t e s t  customers  e n t e r e d  t h e  f i r s t  cond i t ion ing  season  

w i t h  h igh  expec ta t ions .  When t h e  v a r i o u s  equipment problems ( i n s u f f i c i e n t  

capac i ty ,  AM r a d i o  i n t e r f e r e n c e ,  n igh t t ime  no i se ,  compressor f a i l u r e s ,  and 

inadequate  humidi ty  c o n t r o l )  c i t e d  e a r l i e r  a rose ,  t he  t e s t  p a r t i c i p a n t s  

were i n  genera l  very unders tanding  and p a t i e n t  f a r  beyond what could  be 

expected of a t e s t  p a r t i c i p a n t .  Many a t t r i b u t e d  the  problems t o  t h e  new 

n a t u r e  of t he  equipment and cons idered  i t  j u s t  a m a t t e r  of time b e f o r e  a l l  

t he  bugs were worked out .  Many of t he  customers  had days when t h e r e  was 

l i t t l e  o r  no coo l ing  i n  t h e  l a t e  a f t e r n o o n  and e a r l y  evening. With out- 

door tempera tures  above 38OC (10O0F) and indoor  tempera tures  above 29OC 

(850F), i t  was s u r p r i s i n g  t h a t  t h e  u t i l i t i e s  d i d  n o t  l o s e  most of t h e i r  

p a r t i c i p a n t s  . 
A s  t he  summer progressed  and t h e  v a r i o u s  equipment problems remained 

unresolved,  some of t h e  t e s t  customers asked t h a t  t h e  equipment be re- 

moved. APdL l o s t  two customers dur ing  t h e  summer and ano the r  i n  t h e  f a l l  

of 1 9 8 0 .  Also dur ing  t h e  f a l l  of 1 9 8 0 ,  f o u r  t e s t  customers moved. APdL 

was s u c c e s s f u l  i n  persuading  t h r e e  of t h e  f o u r  new owners t o  l eave  the  

equipment i n  p lace .  LILCO converted a t o t a l  of f i v e  systems back t o  t h e i r  

1 



i n i t i a l  c o n f i g u r a t i o n  a t  t h e  r e q u e s t  of t h e  r e s p e c t i v e  p a r t i c i p a n t s .  The 

o v e r r i d i n g  r e a s o n  t h e  p a r t i c i p a n t s  gave f o r  want ing t h e  system removed was 

t h a t  i t  d i d  n o t  provide a comparable l e v e l  of a i r  c o n d i t i o n i n g  t o  t h a t  of 

t h e i r  i n i t i a l  equipment. 

Despi te  f r e q u e n t  complaints  of inadequate  cool ing ,  none of PG&E's o r  

VEPCO's customers asked t h a t  t h e  equipment be removed. 

WEPCO removed two systems dur ing  t h e  s tudy.  One was removed because 

i t  was impossible  t o  have b o t h  a h u m i d i f i e r  and A-coil i n  t h e  furnace  

plenum. The homeowner wanted t h e  system but  r e q u i r e d  t h e  h u m i d i f i e r  dur- 

i ng  t h e  w i n t e r .  The second homeowner f e l t  t h a t  t h e  system i n t e r f e r e d  w i t h  

h e a t i n g  and decided t h a t  he r e a l l y  d i d  n o t  want a i r  condi t ion ing .  Both 

systems were removed, and one system was i n s t a l l e d  i n  a new home. 

The most f r e q u e n t  customer complaint was of inadequate  cool ing  i n  t h e  

a f t e r n o o n  p e r s i s t i n g  i n t o  t h e  l a t e  n i g h t .  Numerous complaints  of l a c k  of 

c o o l i n g  were r e c e i v e d  by a l l  t h e  u t i l i t i e s  except  WEPCO. For example, 

VEPCO r e c e i v e d  72 c a l l s  f o r  inadequate  cool ing.  Of these  30 were found t o  

be due t o  e x h a u s t i o n  of t h e  a v a i l a b l e  supply of i ce .  During t h e  season,  

VEPCO accumulated 1 ,668  house-days of experience.  Customer o v e r r i d e s  of 

t h e  u t i l i t y  c o n t r o l  s i g n a l  were performed 434 t imes o r  26% of t h e  t o t a l  

house-days. A l l  homes w i t h  t h e  C a r r i e r  i c e  tank  were over r idden  d a i l y  

from August 8-September 12. The homes w i t h  C a r r i e r  tanks  accumulated 

1,036 house-days of experience and 362 o v e r r i d e s  f o r  a 34.9% occurrence.  

Those houses w i t h  G i r t o n  tanks  had 642 house-days of experience w i t h  72 

o v e r r i d e s  f o r  an 11.2% o v e r r i d e  r a t e .  

WEPCO r e p o r t e d  some i n i t i a l  complaints  about inadequate  cool ing ,  bu t  

most of t h e s e  were t r a c e d  t o  equipment problems and cor rec ted .  Tempera- 

t u r e  r e g u l a t i o n  a t  most homes was good, and t h e  t y p i c a l  customer comments 

were t h a t  they  enjoyed t h e  obvious improvement i n  dehumidi f ica t ion .  

I n  c o n t r a s t  t o  WEPCO's exper ience ,  bo th  LILCO and VEPCO r e p o r t e d  cus- 

tomer complaints  about h igh  humidity when t h e  system was opera t ing .  I n  

VEPCO's case ,  t h i s  was probably due t o  t h e  excess ive  a i r  flow r a t e  of t h e  

indoor  a i r  handler .  The o t h e r  u t i l i t i e s  r e p o r t e d  adequate  temperature  

r e g u l a t i o n  and humidi ty  c o n t r o l  when t h e  system was o p e r a t i n g  proper ly .  

A l l  t h e  u t i l i t i e s  r e p o r t e d  customer complaints  regard ing  n o i s e  from 

e i t h e r  t h e  condensing u n i t  o r  indoor a i r  handler .  I n  PG6rE's case ,  t h r e e  
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p a r t i c i p a n t s  wanted t o  have t h e  equipment removed because of n i g h t t i m e  

no i se .  One compressor was r e l o c a t e d ,  and wooden n o i s e  b a f f l e s  were con- 

s t r u c t e d  a t  t h e  o t h e r  two l o c a t i o n s .  The r e d u c t i o n  i n  n o i s e  was s u f f i -  

c i e n t  t o  s a t i s f y  t h e  t h r e e  p a r t i c i p a n t s ,  and they d i d  n o t  withdraw from 

t h e  program. 

A f i n a l  a r e a  of customer d i s s a t i s f a c t i o n  was t h e  h i g h  e l e c t r i c  b i l l s  

some of t h e  customers rece ived  dur ing  t h e  e a r l y  months of t h e  t e s t .  As 

discussed  i n  Sec t .  2.3, t h e  customer i n c e n t i v e s  o r i g i n a l l y  planned by t h e  

u t i l i t i e s  d i d  n o t  a n t i c i p a t e  t h e  poor e f f i c i e n c i e s  t h a t  were e x h i b i t e d  by 

t h e  TES equipment. In  s e v e r a l  ca ses ,  t h e  i n c e n t i v e s  were modif ied t o  

compensate t h e  customers f o r  t h e  excess  energy usage of t h e  cool s t o r a g e  

equ i  pm e n t . 
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7. RESULTS AND CONCLUSIONS 

7 . 1  U t i l i t v  Comments 

7.1.1 TES performance 

The r e s u l t s  from t h e  summer of 1980 were g e n e r a l l y  f a r  below expecta- 

t i o n s .  The l o s s  of condensing u n i t  c a p a c i t y  when opera ted  w i t h  cool  s t o r -  

age was much g r e a t e r  t han  expected. In a d d i t i o n  t o  problems w i t h  condens- 

ing  u n i t  capac i ty ,  t h e  A. 0. Smith, C a r r i e r ,  and Calmac t anks  exper ienced  

problems w i t h  i n s u f f i c i e n t  i c e  s to rage  capac i ty .  

Three of t he  f i v e  u t i l i t i e s  r epor t ed  adequate  tempera ture  r e g u l a t i o n  

and humidi ty  c o n t r o l  when t h e  system was ope ra t ing  p rope r ly .  The o t h e r  

two, LILCO and VEPCO, r epor t ed  problems w i t h  the  TES systems adequa te ly  

r e g u l a t i n g  humidi ty  a s  i n s t a l l e d .  

The energy e f f i c i e n c y  of t he  cool  s t o r a g e  equipment was s i g n i f i c a n t l y  

poorer  t han  any p rev ious ly  assumed wors t  case.  P re l imina ry  a n a l y s i s  of 

1980 ' s  d a t a  i n d i c a t e s  t h a t  some of t he  t e s t  homes were us ing  more than  

twice a s  much energy f o r  a i r  cond i t ion ing  a s  comparable c o n t r o l  homes. 

The h igh  energy consumption of t h e  TES systems r e q u i r e d  s e v e r a l  of t h e  

u t i l i t i e s  t o  modify t h e i r  customer i n c e n t i v e s  t o  compensate customers f o r  

h igh  energy b i l l s .  

7.1.2 Eauipment r e l i a b i l i t y  

The TES system maintenance problems most f r e q u e n t l y  r epor t ed  were 

compressor f a i l u r e ,  i c e  th i ckness  c o n t r o l  sensor  f a i l u r e ,  and c i r c u l a t i n g  

wa te r  pump f a i l u r e .  Other  problems r e p o r t e d  inc luded  r e f r i g e r a n t  l e a k s ,  

expansion v a l v e  f a i l u r e s ,  c o n t r o l  system problems, me1 t i n g  of WC p i p i n g  

t o  t h e  wa te r  c o i l ,  coo lan t  tube clamps, and f a i l e d  mechanical package 

evapora tor .  

Ry f a r  t he  most s e r i o u s  r e l i a b i l i t y  problem experienced dur ing  t h e  

t e s t  was the  h igh  inc idence  of compressor f a i l u r e s .  A number of t h e o r i e s  

a s  t o  t h e  cause of t h e  f a i l u r e s  have been proposed, and some equipment 

mod i f i ca t ions  were made i n  an a t tempt  t o  a l l e v i a t e  t h e  problem. However, 

i n s u f f i c i e n t  ope ra t ing  exper ience  has  been accumulated t o  determine 
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whether t h e  equipment m o d i f i c a t i o n s  were s u f f i c i e n t  t o  e l i m i n a t e  t h e  

causes  of t h e  compressor f a i l u r e s .  

A f i n a l  c o n s i d e r a t i o n  i n  the  r e l i a b i l i t y  of t h e  TES system i s  t h e  

i n t e g r i t y  of t h e  s to rage  tank  i t s e l f .  Severa l  of t he  C a r r i e r  tanks  rup- 

tu red  when t h e  tanks  f r o z e  s o l i d  due t o  i c e  sensor  f a i l u r e .  Also,  t h e  

pa in t ed  s t e e l  i n t e r i o r  of t he  G i r t o n  t a n k  i s  beginning t o  c h i p  and rus t .  

Conceivably,  t he  f l o a t i n g  p a i n t  and r u s t  could  c log  t h e  w a t e r  c i r c u l a t i o n  

loop. “he manufacturer-suppl ied r u s t  i n h i b i t o r  i s  of q u e s t i o n a b l e  e f f ec -  

t ivene s s . 
The p a r t i c i p a t i n g  u t i l i t i e s  a r e  i n  gene ra l  agreement t h a t  t h e  re- 

l i a b i l i t y  of t he  TES equipment must be s i g n i f i c a n t l y  improved t o  even be 

cons idered  f o r  commercial izat ion.  

7.1.3 Customer economics 

Because the  equipment a v a i l a b l e  f o r  t h i s  t e s t  program was p r o t o t y p i c  

and i s  no t  r e p r e s e n t a t i v e  of f u t u r e  commercial mass-produced equipment, 

i t  i s  impossible  t o  draw d e f i n i t i v e  conc lus ions  a s  t o  t h e  economic f e a s i -  

b i l i t y  of any f u t u r e  cool  s t o r a g e  system. However, t he  h igh  excess  energy 

consumption, h igh  i n i t i a l  equipment c o s t ,  h igh  i n s t a l l a t i o n  c o s t ,  and poor 

r e l i a b i l i t y  of t he  e x i s t i n g  equipment a r e  such t h a t  t h e  c u r r e n t  systems 

would n o t  be economically b e n e f i c i a l  t o  e i t h e r  t h e  u t i l i t y  o r  i t s  res iden-  

t i a l  customers.  

7.1.4 TES c o n t r o l l a b i l i t v  

Opera t ing  d i f f i c u l t i e s  experienced dur ing  t h e  t e s t s  prevented  t h e  

complete t e s t i n g  of t he  v a r i o u s  c o n t r o l  s t r a t e g i e s  t h a t  had been proposed. 

Remote u t i l i t y  c o n t r o l  of t he  TES equipment has  been g e n e r a l l y  s a t i s f a c -  

t o r y ,  and s e v e r a l  u t i l i t i e s  expressed  t h e  op in ion  t h a t  remote u t i l i t y  con- 

t r o l  would prove t o  be the  p r e f e r r e d  c o n t r o l  method due t o  i t s  i n h e r e n t  

f l e x i b i l i t y .  

7.2 Commercial izat ion P o t e n t i a l  

The r e s u l t s  of t h i s  t e s t  program i n d i c a t e  t h a t  cool  s t o r a g e  a s  a l oad  

management o p t i o n  i s  not  ready f o r  commerc ia l iza t ion  i n  i t s  p r e s e n t  s t a t e  
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of development. I n  t h i s  contex t ,  a system i s  considered t o  be capable  of 

commercial izat ion i f  i t  can be placed i n  t h e  f i e l d  and perform i t s  in- 

tended f u n c t i o n  wi thout  excess ive  maintenance over an acceptab le  l i f e t i m e .  

Areas r e q u i r i n g  improvement inc lude  charging c a p a c i t y ,  s t o r a g e  c a p a c i t y ,  

energy e f f i c i e n c y ,  and equipment r e l i a b i l i t y .  

When proper ly  designed and i n s t a l l e d ,  cool s t o r a g e  equipment can pro- 

v ide  adequate o r  even improved space condi t ion ing  over  convent ional  a i r  

condi t ion ing .  Areas r e q u i r i n g  c a r e f u l  c o n s i d e r a t i o n  include t h e  advis- 

a b i l i t y  of r e t r o f i t t i n g  s t o r a g e  t o  e x i s t i n g  condensing u n i t s  due t o  t h e  

c a p a c i t y  d e r a t i n g  o f  t h e  condensing u n i t  when opera ted  w i t h  cool s t o r a g e ;  

t h e  l o c a t i o n  andlor  i n s u l a t i o n  of t h e  s t o r a g e  tank t o  minimize s tandby 

l o s s e s ;  proper  w a t e r  flow t o  t h e  cool ing  c o i l  t o  adequate ly  dehumidify y e t  

no t  exceed t h e  des ign  c a p a b i l i t y  of t h e  s t o r a g e  equipment; and indoor a i r  

flow t h a t  i s  matched t o  t h e  c h a r a c t e r i s t i c s  of t h e  water  cool ing  c o i l  

( h e a t  pump hybr id  systems may r e q u i r e  mul t i speed  f a n s ) .  
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