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UTILITY-CONTROLLED CUSTOMER-SIDE THERMAL ENERGY 
STORAGE TESTS: HEAT STORAGE* 

D. T. Rizy 

ABSTRACT 

Customer-side thermal energy storage has been identified 
as a load-management option available to the electric utility 
industry. However, the uncertainty of costs and benefits to 
the utility and the customer has prolonged its implementation. 
The tests described in this report are part of the U.S. Depart- 
ment of Energy (DOE) national program for the research, develop- 
ment, and demonstration of electric load management using 
utility-controlled customer-side thermal energy storage for 
residential load management. 
by DOE'S Division of Electric Energy Systems and conducted by 
utilities under contract to Oak Ridge National Laboratory. 

The demonstrations were sponsored 

The five heat storage tests described in this report and 
the five cool storage tests described in a companion report 
were conducted to (1) collect reliable load-research data, ( 2 )  
delineate and solve installation problems, ( 3 )  establish 
maintainability, ( 4 )  determine customer and utility acceptance, 
and (5) generate cost data to determine the potential of 
utility-controlled customer-side storage as a load-management 
option. 
in making local load-management decisions and to assist DOE in 
establishing research and development priorities in load 
management. 

The results are expected to assist the utility industry 

This report discusses (1) the five heat storage tests 
conducted by five utilities and (2) the utilities' experiences 
in the tests from contract start through equipment installation, 
checkout, and operation. Experiences of the utilities conducting 
the cool storage tests are discussed in a companion report. 
Subsequent reports will discuss' results of data collection 
during the 1980-1981 heating season for four of the utilities, 
data collection for the fifth utility during the 1981-1982 
heating season, and potential utility system impacts of using a 
significant penetration of utility-controlled customer-side 
storage systems for load management. 

The five utilities involved in the tests are Long Island 
Lighting Company, Niagara Mohawk Power Corporation, Public 

* 
Research sponsored by the Division of Electric Energy Systems, U.S. 

Department of Energy under Contract No. W-7405-eng-26, with the Union 
Carbide Corporation. 
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Se rv ice  E l e c t r i c  6 G a s ,  United Power Assoc ia t ion ,  and V i r g i n i a  
E l e c t r i c  and Power Company. All t h e  u t i l i t i e s  t e s t e d  t h e  
s t o r a g e  systems i n  t h e  1980-1981 h e a t i n g  season except  Niagara 
Mohawk Power Corporation. Because of continued equipment 
problems, they w i l l  n o t  tes t  equipment u n t i l  t h e  1981-1982 
h e a t i n g  season. The u t i l i t i e s  t e s t e d  fou r  types of h e a t  
s t o r a g e  systems: (1) c e n t r a l  ceramic b r i c k ,  (2) conc re t e  s l a b ,  
( 3 )  h e a t  pump w i t h  s t o r a g e ,  and ( 4 )  p r e s s u r i z e d  h o t  water 
s t o r a g e .  

Resu l t s  of i n s t a l l i n g  and o p e r a t i n g  t h e  s t o r a g e  systems 
i n d i c a t e  t h a t  (1) t h e s e  r e s i d e n t i a l  h e a t  s t o r a g e  systems are 
n o t  f u l l y  commercial i n  t h e i r  p r e s e n t  s ta te  f o r  u se  as a 
load-management op t ion  and (2) t h e  technology r e q u i r e s  f u r t h e r  
development. A l so ,  t h e  numerous o p e r a t i o n a l  problems experienced 
by t h e  u t i l i t i e s  and h igh  c o s t s  of i n s t a l l i n g  and ma in ta in ing  
t h e  s t o r a g e  equipment r e s u l t e d  i n  poor acceptance of t h e  
technology by t h e  u t i l i t i e s  and customers. 

1. INTRODUCTION 

1.1 Load Management by Customer-Side S to rage  

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 supp l i ed  e l e c t r i c  energy 

on demand from t h e  customer. This  demand v a r i e s  w i th  t h e  t i m e  of day 

and i s  g r e a t e s t  du r ing  daytime p e r i o d s ,  o r  peak demand p e r i o d s ,  and 

lowest  du r ing  n igh t t ime  p e r i o d s ,  o r  off-peak pe r iods .  This  p a t t e r n  of 

e l e c t r i c  energy demand i s  p r i n c i p a l l y  caused by t h e  g r e a t e r  daytime 

ac t iv i t i e s  i n  commerce and i n d u s t r y  and t h e  g r e a t e r  requirement f o r  

space cond i t ion ing  by r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  and 

municipal customers du r ing  t h e  day. This f l u c t u a t i n g  p a t t e r n  of energy 

u s e  p l a c e s  a heavy burden on t h e  e lec t r ic  u t i l i t y ' s  energy d e l i v e r y  

system because,  a t  t h e  p re sen t  t i m e ,  e l e c t r i c i t y  cannot b e  s t o r e d  con- 

v e n i e n t l y  and must b e  produced d i r e c t l y  i n  response t o  demand. 

t h i s  demand dur ing  peak pe r iods ,  most e lec t r ic  u t i l i t i e s  supply e lec t r ic  

energy known as peak gene ra t ion  u s i n g  h y d r o e l e c t r i c  p l a n t s  and i n e f f i -  

c i e n t  gas- o r  o i l - f i r e d  u n i t s .  During off-peak demand p e r i o d s ,  

u t i l i t i e s  supply e l e c t r i c  energy known as base  gene ra t ion  wi th  more 

e f f i c i e n t  o i l - f i r e d ,  c o a l - f i r e d ,  and n u c l e a r  g e n e r a t i n g  p l a n t s .  I n  

t h e  p a s t ,  u t i l i t i e s  have e a s i l y  f inanced and b u i l t  new gene ra t ing  p l a n t s  

To m e e t  
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t o  meet t h e  growing peak demand f o r  electric energy; however, less 

abundant and more expensive f u e l s  such as o i l  and gas ,  s t r i c t e r  u t i l i t y  

i n d u s t r y  r e g u l a t i o n s ,  less favorab le  f i n a n c i a l  c o n d i t i o n s ,  and l e g i s l a -  

t i v e  requirements such as t h e  P u b l i c  U t i l i t y  Regulatory P o l i c i e s  A c t  

(PURPA) have changed t h e  e l e c t r i c  u t i l i t y  i n d u s t r y ' s  philosophy about 

meeting customer's  e lectr ic  demand. 

u t i l i t i e s  are now motivated t o  look a t  means t o  t a i l o r  t h e i r  e l e c t r i c  

energy demand t o  match energy supply i n  o r d e r  t o  de l ay  f inanc ing  and 

b u i l d i n g  new b a s e  gene ra t ing  f a c i l i t i e s  and t o  reduce t h e  need f o r  

peak gene ra t ion .  

A s  a r e s u l t  of a l l  t h e s e  f a c t o r s ,  

Load management i s  a method t o  a l t e r  o r  reshape t h e  e l ec t r i c  

u t i l i t y  l oad  v s  t i m e ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  by t h e  u t i l i t y .  The 

purpose of load management i s  t o  reduce peak demands t o  l e v e l  t h e  d a i l y  

o r  annual e l e c t r i c  demand. This  l e v e l i n g  of e l e c t r i c  demand can reduce 

t h e  need f o r  peak gene ra t ion  and de lay  a u t i l i t y ' s  requirements f o r  

a d d i t i o n a l  gene ra t ion ,  t r ansmiss ion ,  and d i s t r i b u t i o n  investments .  I n  

a d d i t i o n ,  l oad  management can improve t h e  e f f i c i e n c y ,  l o a d  f a c t o r ,  and 

product ion c o s t s  of a u t i l i t y ;  s h i f t  e l e c t r i c  power product ion from 

scarce f u e l s  such as o i l  and n a t u r a l  gas t o  more abundant domestic f u e l s  

such as c o a l  and uranium; and lower t h e  u t i l i t y ' s  r e s e r v e  requirements.  

Load management can b e  s e p a r a t e d  i n t o  two c a t e g o r i e s :  supply 

management and use  management. Supply management refers t o  t h e  manage- 

ment of t h e  bulk energy supply on t h e  u t i l i t y  s i d e  of t h e  customer's  

e l e c t r i c  meter. It involves  us ing  ut i l i ty-owned f a c i l i t i e s ,  such as 

i n t e r c o n n e c t i o n s  and pumped hydro, t o  modify t h e  apparent  l oad  as seen  
by t h e  u t i l i t y ' s  c e n t r a l  gene ra t ion  wi thou t  a f f e c t i n g  customers' l oads .  

U s e  management r e f e r s  t o  t h e  management of t h e  e l e c t r i c  customer's  

energy usage p a t t e r n s .  A l t e r n a t i v e s  f o r  use management inc lude  d i r e c t  

c o n t r o l  of customer loads ,  vo lun ta ry  o r  i n d i r e c t  c o n t r o l  of customer 

l o a d s ,  i n t e r r u p t i b l e  rates, and customer-side thermal energy s t o r a g e .  

D i r e c t  c o n t r o l  of customer loads  has  been implemented by u t i l i t i e s  i n  

c y c l i n g  a i r  c o n d i t i o n e r s ,  water h e a t e r s ,  and o t h e r  app l i ances .  I n d i r e c t  

c o n t r o l  of l oads  has  been experimented wi th  and implemented by va r ious  

forms of e l e c t r i c i t y  p r i c i n g  and rate s t r u c t u r e s  designed t o  encourage 



4 

customers t o  change usage p a t t e r n s .  Customer-side thermal  energy 

s t o r a g e  has  n o t  been widely a p p l i e d  i n  t h e  United States because sub- 

s t a n t i a l  c o s t s  are incu r red  i n  i n i t i a t i n g  such a program and it  i s  

unc lea r  t h a t  t h e  b e n e f i t s  outweigh t h e  c o s t .  

Customer-side thermal energy s t o r a g e  o f f e r s  a means f o r  t h e  

u t i l i t i e s  t o  t a i l o r  t h e  e l e c t r i c  demand of customers t o  e l e c t r i c  d e l i v e r y  

systems w h i l e  a l lowing t h e  customer t o  u t i l i z e  e lec t r ic  energy wi thou t  

changing l i f e - s t y l e .  

s t o r a g e  systems because i t  provides  a means of s t o r i n g  t h e  e l e c t r i c  

energy i n  t h e  end-use energy form, such as h e a t ,  which can be charged 

w i t h  off-peak e lectr ic  energy from t h e  u t i l i t y ' s  most e f f i c i e n t  b a s e  

gene ra t ion  p l a n t s .  However, t h e  u t i l i t y ' s  r a t e  s t r u c t u r e  must be 

designed t o  r e f l e c t  t h e  cheaper c o s t  of p rov id ing  e l e c t r i c  energy du r ing  

off-peak p e r i o d  f o r  t h e  customers t o  b e n e f i t .  By charging t h e  s t o r a g e  

systems wi th  off-peak energy, t h e  u t i l i t y  a l s o  b e n e f i t s  because t h e  peak 

e lec t r ic  demand i s  reduced and thus  t h e  f u e l  mix f o r  e l e c t r i c  energy 

gene ra t ion  i s  s h i f t e d  away from less abundant f u e l s  such as gas and o i l  

toward more abundant domestic f u e l s  such as c o a l  and uranium. 

Al so ,  s av ings  can occur  f o r  t h e  customer w i t h  t h e  

1 . 2  DOE/ORNL T e s t  Program 

I n  an e f f o r t  t o  answer t h e  t e c h n o l o g i c a l  and economic ques t ions  

surrounding t h e  use  of customer-side thermal energy s t o r a g e  f o r  load 

management, t h e  U.S.  Department of Energy (DOE), D iv i s ion  of Electr ic  

Energy Systems (EES), embarked on a n a t i o n a l  test program. The objec- 

t ive  of t h e  program w a s  t o  test  t h e  f e a s i b i l i t y  of promising near- 

commercial customer-side thermal  energy s t o r a g e  i n  s u f f i c i e n t  q u a n t i t y  

t o  (1) c o l l e c t  r e l i a b l e  r e s e a r c h  d a t a  f o r  a s s e s s i n g  t h e  impact on t h e  

u t i l i t y  systems, (2)  d e l i n e a t e  and s o l v e  s t o r a g e  equipment i n s t a l l a t i o n  

problems, ( 3 )  e s t a b l i s h  m a i n t a i n a b i l i t y  of s t o r a g e  equipment, ( 4 )  de te r -  

mine customer and u t i l i t y  acceptance of r e s i d e n t i a l  l oad  management, 

and (5) gene ra t e  i n s t a l l a t i o n  and o p e r a t i n g  c o s t  d a t a .  Resu l t s  of t h e  

test  are expected t o  assist 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 ,  assist 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 
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provide o b j e c t i v e  informa- 

energy conse rva t ion ,  and 

development e f f o r t s  i n  load management, and 

t i o n  r e l a t e d  t o  t h e  e lec t r ic  system impact,  

c o s t  e f f e c t i v e n e s s  of t h i s  form o f  load  management. 

The tes t  program w a s  planned t o  i n v o l v e  s e v e r a l  u t i l i t i e s  because 

of s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  shape and composition of load curves 

among u t i l i t i e s ,  as w e l l  as geographical  v a r i a t i o n s  such as capac i ty  

requirements ,  f u e l  mix, and e lec t r ic  rates. Oak Ridge Nat ional  

Laboratory (ORNL) planned t o  c a r r y  o u t  t h e  tests by c o n t r a c t i n g  wi th  

each u t i l i t y ;  each u t i l i t y  would t h e n  be r e s p o n s i b l e  (with ORNL 

approval)  f o r  (1) planning i t s  t e s t ;  ( 2 )  s e l e c t i n g ,  purchasing,  

i n s t a l l i n g ,  checking o u t ,  and maintaining a l l  t e s t  equipment; ( 3 )  pro- 

v i d i n g  a communication and c o n t r o l  system t o  o p e r a t e  t h e  s t o r a g e  systems 

f o r  v a r i o u s  c o n t r o l  s t r a t e g i e s ;  ( 4 )  c o l l e c t i n g  d a t a ;  (5) ana lyz ing  t h e  

d a t a ;  and (6)  p r e s e n t i n g  t h e  r e s u l t s  i n  a f i n a l  r e p o r t .  

The u t i l i t y  tests were l i m i t e d  t o  near-commercial, r e s i d e n t i a l - s i z e d  

h e a t i n g  o r  coo l ing  o r  mixed (hea t  and cool)  s t o r a g e  dev ices  f o r  space  

cond i t ion ing  w i t h  o p t i o n a l  a d d i t i o n  of domestic water h e a t i n g .  

s t o r a g e  systems invo lv ing  n o n e l e c t r i c  supply (such as s o l a r  energy 

wi th  supplemental  h e a t i n g )  were s p e c i f i e d  as being o u t s i d e  t h e  scope of 

t h e  test  t o  avoid inc reased  complexi t ies  w i th  t h e s e  proposed systems. 

Each rest w a s  t o  c o n s i s t  of from 30 t o  50 s t o r a g e  u n i t s  of t h e  s a m e  

des ign  and manufacturer.  This  range of t es t  s i z e  w a s  a compromise 

between t h e  l i m i t e d  funding and t h e  accep tab le  sample s i z e  f o r  o b t a i n i n g  

r e l i a b l e  load-research information.  The cand ida te  s to rage  systems w e r e  

s e l e c t e d  by t h e  u t i l i t i e s  on t h e  b a s i s  of g r e a t e s t  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 and of s u i t a b i l i t y  f o r  

t h e  new o r  r e t r o f i t  home market. 

Hybrid 

Ins t rumen ta t ion  w a s  r e q u i r e d  t o  c o l l e c t  t h e  load-research d a t a  

and s t o r a g e  dev ice  performance da ta .  Both t h e  test homes con ta in ing  

t h e  s t o r a g e  devices  and a comparison group of c o n t r o l  homes wi th  conven- 

t i o n a l  space  cond i t ion ing  systems were instrumented. The r e sea rch  d a t a  

included a t  least  t h e  t o t a l  house energy use,  convent ional  space  condi- 

t i o n i n g  system energy use ,  s t o r a g e  dev ice  energy use ,  and indoor  tempera- 

t u r e .  These d a t a  are t o  b e  used t o  determine t h e  system impact of t h i s  
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t ype  of load-management technology on each u t i l i t y  system. Al so ,  a 

l i m i t e d  number of t es t  i n s t a l l a t i o n s  were h e a v i l y  instrumented t o  c o l l e c t  

dev ice - spec i f i c  d a t a  f o r  e v a l u a t i n g  t h e  s t o r a g e  dev ice  performance. 

A communication and c o n t r o l  system w a s  r equ i r ed  f o r  each of t h e  

This u t i l i t y  t es t s  t o  c o n t r o l  t h e  o p e r a t i o n  of t h e  s t o r a g e  devices .  

t y p e  of a c t i v e  c o n t r o l  w a s  necessary because one of t h e  d e s i r e d  o u t p u t s  

from t h e  tests w a s  a measure of t h e  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  on system r e l i a b i l i t y  and cos t .  

implementation of s e v e r a l  c o n t r o l  s t r a t e g i e s ,  such as fixed-time-of- 

day c o n t r o l ,  d i r e c t  c o n t r o l  based on t h e  c o s t  of  energy product ion,  and 

c o n t r o l  based on weather cond i t ions .  

This method allowed t h e  

All t h e  tests were o r i g i n a l l y  planned f o r  two space cond i t ion ing  

seasons t o  cover a wide range of weather  cond i t ions .  However, de l ays  

i n  equipment i n s t a l l a t i o n s ,  o p e r a t i o n a l  problems wi th  t h e  s t o r a g e  

equipment, and problems w i t h  t h e  performance of  t h e  communication 

systems reduced some tests t o  one season o r  less of ope ra t ion .  

1 .3  Summaries of U t i l i t y  Tests 

I n  September 1977, l e t t e r s  r e q u e s t i n g  expres s ion  of  i n t e r e s t  and 

o u t l i n i n g  t h e  test program were mailed t o  t h e  Elec t r ic  Power Research 

I n s t i t u t e  (EPRI) and 77 u t i l i t i e s  i d e n t i f i e d  i n  a survey as having 

completed, ongoing, o r  planned p r o j e c t s  in customer-side thermal energy 

s t o r a g e  o r  having i n d i c a t e d  i n t e r e s t  i n  s t a r t i n g  such a program. 

survey w a s  conducted by Energy U t i l i z a t i o n  Systems, Inc.  (EUS) ,  a 

c o n s u l t a n t  f o r  t h e  EES group a t  OWL. I n  November 1977, a r eques t  f o r  

p roposa l ,  RFP No. ELM-01 t i t l e d  "Demonstration of Electr ic  Load Manage- 

ment by Con t ro l l ed  Customer-Side Energy Storage,"  w a s  mailed t o  t h e  

64 u t i l i t i e s  t h a t  responded t o  t h e  September le t ter .  

1 2  u t i l i t i e s  had submit ted proposals  f o r  a t o t a l  of 16 h e a t  and coo l  s t o r a g e  

p r o j e c t s .  

1 6  p r o j e c t s  f o r  cofunding by DOE. 

p a r t i c i p a t e  on a cost-shared b a s i s .  

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  G a s  and 

The 

By January 1978,  

The e v a l u a t i o n  committee f o r  t h e  RFP recommended 1 0  of t h e s e  

Seven u t i l i t i e s  were s e l e c t e d  t o  

The u t i l i t i e s  included Arkansas 
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E l e c t r i c  Company, P u b l i c  Se rv ice  E l e c t r i c  & Gas Company, United Power 

Assoc ia t ion ,  V i r g i n i a  E l e c t r i c  and Power Company, and Wisconsin Electr ic  

Power Company. 

tes ts  (two u t i l i t i e s  are employing both h e a t  and coo l  s t o r a g e ) .  

h e a t  s t o r a g e  test t o  b e  conducted by Niagara Mohawk Power Corporation 

invo lv ing  multioccupant b u i l d i n g s  was s e l e c t e d  s e p a r a t e  from t h i s  RFP t o  

b e  cofunded by DOE, EPRI ,  New York S t a t e  Energy Research and Development 

Au thor i ty  (NYSERDA), and New York S t a t e  Department o f  P u b l i c  Se rv ice  

(Pub l i c  S e r v i c e  Commission). 

They conducted fou r  h e a t  s t o r a g e  and f ive  cool  s t o r a g e  

A f i f t h  

This r e p o r t  d e s c r i b e s  t h e  f i v e  h e a t  s t o r a g e  tests, and a companion 

r e p o r t  d i s c u s s e s  t h e  f i v e  coo l  s t o r a g e  tests. The tests are summarized 

from c o n t r a c t  start (May 1978 a t  t h e  ear l ies t  and December 1978 a t  t h e  

l a t e s t )  through i n s t a l l a t i o n ,  checkout, and o p e r a t i o n  of t h e  test 

equipment. A subsequent r e p o r t  w i l l  d i s c u s s  t h e  d a t a  t h a t  w e r e  col- 

l e c t e d  by t h e  f i v e  u t i l i t i e s  du r ing  t h e  w i n t e r  of 1980-1981 and t h e  

p o t e n t i a l  u t i l i t y  system impacts of t h i s  type of l o a d  management. 

The f i v e  u t i l i t i e s  t h a t  conducted t h e  f i v e  h e a t  s t o r a g e  tests 

(Fig. 1) are Long I s l a n d  L igh t ing  Company (LILCO), Niagara Mohawk Power 

Corporation ( N M P C ) ,  P u b l i c  Se rv ice  E l e c t r i c  6 Gas Company (PSE&G), 

United Power Assoc ia t ion (  UPA), and V i r g i n i a  Electr ic  and Power 

Company (VEPCO). 

n a l l y  planned and shows t h e  a c t u a l  number of test homes used i n  each 

test. The number of t es t  and c o n t r o l  homes i n  each test  w a s  reduced 

because of i n s t a l l a t i o n  and ope ra t ion  problems wi th  t h e  t e s t  equipment. 

These problems are  discussed later i n  t h e  t e x t .  A more d e t a i l e d  

d e s c r i p t i o n  of  each tes t  as o r i g i n a l l y  planned fol lows.  

Table 1 gives  a summary of t h e  f i v e  tests as o r i g i -  

1.3.1 Long I s l a n d  L igh t ing  Company (LILCO) 

Heat s t o r a g e  w a s  t e s t e d  i n  50 test homes us ing  Megatherm p r e s s u r i z e d  

h o t  water t anks  r e t r o f i t t e d  t o  e x i s t i n g  o i l - f i r e d  hydronic  h e a t i n g  

systems. The c o n t r o l  group c o n s i s t e d  of 35 homes w i t h  convent ional  

e l e c t r i c - r e s i s t a n c e  baseboard h e a t i n g  systems. 

magnetic t a p e  r eco rde r s ,  w h i l e  t h e  s t o r a g e  systems were c o n t r o l l e d  by a 

S c i e n t i f i c  Atlanta r a d i o  communication system from t h e  LILCO c e n t r a l  

load-management p r o j e c t  o f f i c e .  

Data w e r e  c o l l e c t e d  on 
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Fig .  1. Locat ion  of u t i l i t i e s  conduct ing tests showing number of h e a t i n g  Fahrenhe i t  degree-days. 



Table 1. Summary of h e a t  s t o r a g e  tests 

S to rage  system Number of tests Number of c o n t r o l s  Communication and c o n t r o l  
(manufacturer) (p l anned /ac tua l )  (p l anned /ac tua l )  (manufacturer) 

LILCO Pres su r i zed  h o t  water 50/ 30a 3 5 /  30 Radio (Motorola and 

NMPC Ceramic b r i c k  (AEG) l b  1 Leased te lephone 

P r e s s u r i z e d  h o t  water lb e Leased te lephone 

Heat pump w i t h  s t o r a g e  l b  e Leased t e l ephone  

Concrete s l a b  l b  e Leased te lephone 

U t i l i t y  

(Megatherm) S c i e n t i f i c  A t l a n t a )  

(Me gatherm) 

( C a r r i e r )  

(Peak Supervis ion)  

PSE&G Ceramic b r i c k  (TPI)d 30a 30 Telephone (Darcom) 

UPA C e r a m i c  b r i c k  (TPI)d 35/22e + 13a 35/32 Radio ( S c i e n t i f i c -  

VEPCO P r e s s u r i z e d  h o t  w a t e r  40 / 34e 40 /  31 Leased te lephone 

A t  1 a n t  a)  

(Me gatherm) 

test 

a 

b R e t r o f i t  i n s t a l l a t i o n s  a f t e r  c o n s t r u c t i o n  on b u i l d i n g  had s t a r t e d ,  

i n s t a l l a t i o n s .  
d 
e 

R e t r o f i t  i n s t a l l a t i o n s  i n  e x i s t i n g  homes. 

c One b u i l d i n g  wi th  convent ional  central  e l e c t r i c  space h e a t i n g  used as c o n t r o l  f o r  a l l  f o u r  NMPC 

Domestic h o t  water s t o r a g e  a l s o  used i n  test .  

I n s t a l l a t i o n s  i n  new homes. 



10 

1 . 3 . 2  Niagara Mohawk Power Corporation (NMPC) 

Heat s t o r a g e  was t e s t e d  i n  fou r  dormitory-s tyle  b u i l d i n g s  (Fig. 2 ) .  
Each b u i l d i n g  had m u l t i p l e  s t o r a g e  u n i t s  of t h e  same g e n e r i c  t ype  and 

manufacturer,  w i t h  each unit  approximately t h e  s i z e  f o r  a s i n g l e -  

family residence.  

b r i c k  u n i t s  (bu i ld ing  F) ,  e i g h t  Megatherm p r e s s u r i z e d  h o t  water u n i t s  

( b u i l d i n g  G ) ,  f ou r  Carrier h e a t  pumps w i t h  h o t  water s t o r a g e  ( b u i l d i n g  

H ) ,  and f o u r  conc re t e  s l a b  s t o r a g e  h e a t i n g  systems ( b u i l d i n g  E ) .  A 

f i f t h  dormitory,  b u i l d i n g  J ,  wi th  e lec t r ic  r e s i s t a n c e  fo rced -a i r  h e a t  

w a s  t h e  c o n t r o l  b u i l d i n g .  

systems were through a l eased  te lephone l i n e .  

The h e a t  s t o r a g e  systems were e i g h t  AEG ceramic 

Data a c q u i s i t i o n  and c o n t r o l  of t h e  s t o r a g e  

Th i s  test  d i d  n o t  i nvo lve  s ingle-family r e s i d e n t i a l  homes l i k e  t h e  

o t h e r  tests b u t  involved multioccupant b u i l d i n g s  l o c a t e d  a t  t h e  Raybrook 

Cor rec t iona l  F a c i l i t y ,  formerly t h e  do rmi to r i e s  f o r  the a t h l e t e s  a t  t h e  

1980 Winter Olympic G a m e s .  Also, t h e  convent ional  e l e c t r i c  space h e a t i n g  

systems i n  t h e  b u i l d i n g s  w e r e  l e f t  i n  p l a c e  f o r  u se  a f t e r  t h e  test .  

1 . 3 . 3  P u b l i c  Se rv ice  E l e c t r i c  & Gas Company (PSE&G) 

Heat s t o r a g e  w a s  t e s t e d  i n  30 test homes us ing  Tennessee P l a s t i c s ,  

Inc.  (TPI),  ceramic b r i c k  s t o r a g e  furnaces  r e t r o f i t t e d  i n  e x i s t i n g  

c e n t r a l  fo rced -a i r  systems. 

i n  a l l  test  homes i n  p l a c e  of  existing electric w a t e r  h e a t e r s .  The 

c o n t r o l  group cons i s t ed  of 30 homes having convent ional  e lec t r ic  c e n t r a l  

furnace h e a t i n g ,  A l l  d a t a  were c o l l e c t e d  us ing  magnetic t a p e  r eco rde r s .  

Storage systems w e r e  c o n t r o l l e d  by a Darcom telephone communication 

system from PSE&G's load-management program o f f i c e .  

S to rage  domestic water h e a t e r s  were i n s t a l l e d  

1 . 3 . 4  United Power, Assoc ia t ion  (UPA) 
6 

Heat s t o r a g e  was t e s t e d  i n  35 test homes us ing  TPI ceramic b r i c k  

s t o r a g e  furnaces .  

e x i s t i n g  homes and new homes i n  t h e  Anoka Electr ic  Cooperative of Anoka, 

Minnesota, and t h e  Wright-Hennepin Cooperative Electr ic  Assoc ia t ion  of 

Maple Lake, Minnesota. A. 0. Smith s t o r a g e  domestic water h e a t e r s  were 
i n s t a l l e d  i n  a l l  test homes. The c o n t r o l  group c o n s i s t e d  of 35 homes 

The s t o r a g e  systems were i n s t a l l e d  i n  a m i x  of 
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1 2  

having conventional electric forced-air central heat. Data were col- 

lected using magnetic tape recorders. Control of the storage systems was 

by Scientific Atlanta Radio from UPA's Elk River Energy Control Center. 

1.3.5 Virginia Electric and Power Company (VEPCO) 

Heat and cool storage were tested in 40 new homes using oversized 
heat pumps for space conditioning. The heat storage portion of this 

test used 40 Megatherm pressurized hot water tanks for storage. 

Storage domestic water heaters were installed in all the test homes, 

and heat for domestic hot water was reclaimed from the heat pump com- 

pressor. The control group consisted of 40 homes having conventional 

heat pumps. Data were collected using magnetic tape recorders. Storage 

control and limited data acquisition were through leased telephone 

lines to groups of five test homes. 
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2. TEST DESCRIPTIONS 

2 . 1  U t i l i t y  P a r t i c i p a n t s  System C h a r a c t e r i s t i c s  

The f i v e  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  h e a t  s t o r a g e  

tests cover  a range of geographic,  demographic, cl imatic,  and system 

c h a r a c t e r i s t i c s .  A l l  t h e s e  f a c t o r s  are important i n  determining t h e  

f e a s i b i l i t y  o f  u s ing  customer-side h e a t  s t o r a g e  f o r  load management. 

Also,  t h e s e  c h a r a c t e r i s t i c s  determine t h e  b e n e f i t s  and acceptance 

of t h i s  t y p e  load  management by t h e  u t i l i t y  and customers. 

g ives  t h e  geographic,  c l i m a t i c ,  and load c h a r a c t e r i s t i c s  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 .  The gene ra t ion ,  load f a c t o r ,  and peak load  

demands f o r  each u t i l i t y  are summarized i n  Table 3. 

Table 2 

Four u t i l i t i e s  - LILCO, NMF'C, PSE&G, and VEPCO - are inves to r -  

owned combination gas and e l e c t r i c  u t i l i t i e s .  

t r ansmiss ion  coope ra t ive  which provides  wholesale  power t o  15  r u r a l  

e lectr ic  coope ra t ives  t h a t  d i s t r i b u t e  power t o  consumers. 

UPA i s  a gene ra t ion  and 

LILCO provides  e lec t r ic  s e r v i c e  t o  r e s i d e n t i a l  and commercial- 

i n d u s t r i a l  customers i n  a 3185-km2 (1230-sq m i l e )  area of  Long I s l a n d ,  

New York. Gas t u r b i n e s ,  d i e s e l s ,  and some o l d e r  o i l - f i r e d  steam p l a n t s  

provide i n t e r m e d i a t e  and peak gene ra t ion  requirements f o r  LILCO a t  a 

h igh  o p e r a t i n g  c o s t .  Its r e s i d e n t i a l  c l a s s  customers comprise t h e  

major p o r t i o n  o f  t h e  w i n t e r  peak. 

W C  has  a service area t h a t  covers 62,159 km2 (24,000 s q  m i l e s )  , 
or nea r ly  50% of  t he  area of  New York S t a t e .  The s e r v i c e  area inc ludes  

a broad range of  urban, suburban, and r u r a l  areas, NMPC has  experienced 

a swing away from h ighe r  load f a c t o r  i n d u s t r i a l  customers t o  a pre- 

ponderance of r e s i d e n t i a l  and commercial loads.  

PSEGG s e r v e s  77% o f  New J e r s e y ' s  popu la t ion  l o c a t e d  i n  a 3626-km2 

(1400-sq mile)  h igh ly  i n d u s t r i a l i z e d  and densely populated c o r r i d o r  

between P h i l a d e l p h i a  and New York City.  A s  a r e s u l t ,  PSE&G s u f f e r s  

from an  annual load f a c t o r  s i g n i f i c a n t l y  below t h e  u t i l i t y  i n d u s t r y  

average. I n  1976, t h e  r e s i d e n t i a l  class customers comprised 28% of 

PSE&G'S electric energy sales. 



Table 2 .  Geographic, climatic, and load information on participating utilities 

Number of  electric Average residential electricitya 
Heating degree- cus tomersa 

days Use Rate Utility Test site 

Total Residential (kWh/ year ) (c/kWh) 

LILCO Mineola, NY 4,700 to 5 , 4 0 0  909,848 822 , 819 6 , 9 6 4  6 . 2  

NMPC Raybrook, NY 6 , 5 0 0  to 8,500 1 , 3 2 1 , 7 3 3  1 , 1 8 9 , 0 1 3  6 ,777 3.95 

PSE&G Marlton, Edison, 5,000 t o  6 , 0 0 0  1 , 6 6 6 , 7 4 2  1 , 4 6 8 , 9 2 4  5 , 3 7 8  6 . 6  

UPA Anoka and 8,300 to 8,500 40 ,123 37 ,948 9 ,648 4 .26  

VEPCO Richmond, VA 3,000 to 4,000 1 ,269,957 1 , 1 3 8 , 4 7 0  10  , 944 4 .42  

and Fanwood, NJ 

Maple Lake, MN 1 6 , 6 1 0  1 6 , 2 1 5  1 1 , 7 4 2  4 . 1  
P c 

1 9 7 8  data. a 



Table 3. P a r t i c i p a t i n g  u t i l i t y  system c h a r a c t e r i s t i c s  

Peak co inc fden t  
Annual 1 ad peak loadb residential electric 8 

h e a t  load  

Genera t ion  
cap ab  i 1 i t  ya Generat ion mix' f a c t o r  

(M-m (Mw) (23 Summer Winter (%> 
U t i l i t y  

LILCO 7 1  - o i l  3842 53 2997 2456 1206c 
29 - gas t u r b i n e s  

and d i e s e l s  

NMPC 30 - c o a l  4762 7 1  5130 5485 d b 
39 - o i l  
13 - hydro 
13 - nuc lea r  

5 - gas  t u r b i n e s  

PSE&G 57 - f o s s i l  f u e l e  9993 47 6615 4925 d 
3 1 -  gas  t u r b i n e s  
10 - n u c l e a r  

2 -pumped hydro 

UPA 70 - c o a l  5 15f 5 7f 411f 451f 809 
30 - o i l  

VEPCO 75 - f o s s i l  f u e l e  9912 58 7805 7401 
22 - n u c l e a r  

2 - hydro 
1 - gas t u r b i n e  

d 

1979 d a t a .  a 

b1978 d a t a .  

1975 d a t a .  c 

%ata n o t  a v a i l a b l e .  

1976 d a t a .  e 

f1980 d a t a .  

91977 d a t a .  
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VEPCO serves residential and nonresidential customers in about 

an 83,000-km2 (32,000-sq mile) area consisting of northeastern North 

Carolina, east-central West Virginia, and the urban corridor of Virginia 

from Fairfax County through Richmond and south to Hampton Roads. 

is a summer-peaking utility; however, it expects that within a few years 

its winter peak will be higher than the previous summer peak and 

lower than the following summer peak. 

to 30,000 residential electric heating customers are added to its 

system each year. 

VEPCO 

It estimates that about 25,000 

UPA, with headquarters in Elk River, Minnesota, provides power to 

15 cooperatives that distribute power to consumers in Minnesota and 

Wisconsin. 

short summers. As a result, UPA is experiencing increasing winter 

demand, much of which is caused by electric heating. 

Its service area is characterized by long winters and 

2.2 Heat Storage Systems 

The purpose of these tests was to collect information on a variety 

of near-commercial generic storage systems under a range of geographic, 

climatic, demographic, and utility system conditions. The tests were 

not set up to develop the storage technology but to apply it to resi- 

dential load management. 

In accordance with the RFP, the utilities selected candidate near- 

commercial storage devices on the basis of high potential for economic 

effectiveness and of customer acceptance. Thus, the storage equipment 

manufacturers had to have obtained some experience with the candidate 

systems and had to be able to produce a sufficient number to meet the 

needs and time schedule of the utility tests. Also, the utilities were 

required by the RFP to provide for service warranties, trained equipment 

dealers, and trained utility personnel. 

The storage systems selected by the utilities for residential 

space heating were of four types: ceramic brick, concrete slab, heat 

pump with storage, and pressurized hot water. Storage systems using 

phase-change materials involving salts were determined not to be 
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nea r  commercial. I n  t h e  tests, PSE&G and UPA used t h e  ceramic b r i c k  

systems, VEPCO and LILCO used t h e  p r e s s u r i z e d  ho t  water systems, and 

NMPC used a l l  f o u r  systems. 

designed f o r  d i u r n a l  s t o r a g e  - t h a t  i s ,  t o  provide space  h e a t i n g  du r ing  

on-peak per iods and use  off-peak e l e c t r i c  energy t o  s t o r e  h e a t .  

A l l  f o u r  types of s t o r a g e  systems were 

The ceramic b r i c k  systems were developed i n  Europe a f t e r  World 

War I1 f o r  room u s e  and a s  c e n t r a l  i n s t a l l a t i o n s  t o  provide residen-  

t i a l  e l e c t r i c  hea t ing .  Direct imports o r  modified systems have been 

used i n  r e s idences  i n  t h e  United S t a t e s  s i n c e  t h e  e a r l y  1970s. 

conc re t e  s l a b  and h o t  water systems were developed i n  t h e  United S t a t e s  

over t h e  p a s t  t e n  y e a r s  t o  c a p i t a l i z e  on reducing e l e c t r i c  demand 

charges and t o  t a k e  advantage of off-peak rates. 

The 

2.2.1 Central ceramic b r i c k  s t o r a g e  

Cen t ra l  ceramic b r i c k  s t o r a g e  systems are designed t o  h e a t  an 

e n t i r e  r e s i d e n t i a l  home o r  m u l t i p l e - l i v i n g  area from one u n i t .  

t h e  systems are of t h e  forced-warm-air v a r i e t y ,  making them very com- 

p a t i b l e  w i t h  central. hea t ing .  

a h e a v i l y  i n s u l a t e d  metal c a b i n e t ,  are hea ted  t o  temperatures of 649 to 

76OOC (1200 t o  1400°F) by e l e c t r i c  h e a t i n g  elements d i s t r i b u t e d  through- 

out t h e  b r i c k s .  A i r  is  c i r c u l a t e d  as i n  a convent ional  fo rced -a i r  

furnace,  w i t h  dampers t o  d i v e r t  a p o r t i o n  of t h e  a i r  over  t h e  hea ted  

b r i c k s .  

charge temperature  between 52 and 60°C (125 and 140OF). The t w o  manu- 

f a c t u r e r s  of t h e  ceramic b r i c k  systems used i n  t h e s e  tests were T P I ,  

Johnson C i t y ,  Tennessee, and AEG, Fede ra l  Republic of Germany. PSE&G 

and UPA used t h e  TPI system, and NMPC used t h e  AEG system. 

To d a t e ,  

The ceramic b r i c k s ,  which are housed i n  

Th i s  hea ted  a i r  is  mixed w i t h  unheated a i r  t o  provide a d i s -  

Tennessee P las t ics  produces a c e n t r a l  b r i c k  furnace under l i c e n s e  

w i t h  Creda, Ltd. ,  o f  Great B r i t a i n .  The u n i t  o p e r a t e s  i n  series wi th  a 

backup e l ec t r i c  furnace and i s  approved by Underwriters Laboratory (UL). 

The 30-kW T P I  s t o r a g e  u n i t  used i n  t h e  tests is  capable  of s t o r i n g  

approximately 200 kwh and is designed t o  o p e r a t e  f o r  a 12-  t o  16-h off-  

pe r iod  each day by charging f o r  an 8- t o  10-h pe r iod .  The u n i t  (Fig.  3)  

c o n s i s t s  o f  f o u r  major s e c t i o n s :  a n i g h t  h e a t e r  o r  a u x i l i a r y  furnace,  a 
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s t o r a g e  co re ,  dampers, and c o n t r o l s .  The n i g h t  h e a t e r ,  a 15-kW 

e lec t r ic  fu rnace ,  i s  s i z e d  t o  provide h e a t  t o  t h e  e n t i r e  r e s i d e n t i a l  

home w h i l e  t h e  s t o r a g e  s e c t i o n  is  charging. I n  t h e  s t o r a g e  s e c t i o n ,  

t h e  ceramic b r i c k s  are f i t t e d  t o g e t h e r  i n  l a y e r s ,  w i th  e l e c t r i c  h e a t i n g  

elements i n  each l a y e r .  The f i t t e d - t o g e t h e r  b r i c k s  form a i r  passages 

f o r  d i r e c t l y  h e a t i n g  a i r .  The s t o r a g e  s e c t i o n  i s  surrounded wi th  

s e v e r a l  l a y e r s  of i n s u l a t i o n  t o  maintain s t o r a g e  temperatures  and reduce 

h e a t  l o s s  from t h e  s u r f a c e  o r  s k i n  of t h e  u n i t .  A h y d r a u l i c  l i m i t e r  i n  

t h e  s t o r a g e  s e c t i o n  i s  connected i n  series wi th  t h e  s t o r a g e  u n i t ' s  s a f e t y  

c o n t a c t o r  and t h e  s o l i d  s t a t e  charge c o n t r o l  t o  prevent  ove rhea t ing  of 

t h e  u n i t s .  The damper s e c t i o n  c o n t r o l s  (1) a i r  movement through t h e  

h e a t  s t o r a g e  s e c t i o n  and (2 )  t h e  volume of bypass a i r .  The c o n t r o l  

s e c t i o n ,  o r  l o g i c  p a n e l ,  which i s  no t  shown i n  t h e  schematic ,  c o n t a i n s  

a l l  t h e  s e n s i n g  and c o n t r o l  devices  f o r  t h e  u n i t .  

During charging of  t h e  u n i t ,  t h e  charge level of t h e  s t o r a g e  

s e c t i o n  v a r i e s  w i t h  outdoor temperature  (Fig.  4 ) .  The c o n t r o l  s e c t i o n  

senses outdoor temperature  and s t o r a g e  s e c t i o n  temperature;  t h u s ,  only 

t h o s e  e l e c t r i c  h e a t i n g  elements necessary t o  b r i n g  t h e  s t o r a g e  s e c t i o n  

t o  a predetermined temperature  and t o  level  t h e  s t o r a g e  charging over 

t h e  on-period are  energized.  When t h e  house the rmos ta t  c a l l s  f o r  h e a t ,  

ORNL-DWG 81-17515 
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Fig. 4 .  T P I  l oad - l eve l ing  c o n t r o l .  
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t h e  dampers are se t  s o  t h a t  c i r c u l a t e d  house a i r  only flows through t h e  

n i g h t  h e a t e r .  During on-peak p e r i o d s ,  t h e  s t o r a g e  s e c t i o n  h e a t i n g  

elements and n i g h t  h e a t e r  are  deenergized;  then,  when t h e  house thermo- 

s ta t  c a l l s  f o r  h e a t ,  t h e  dampers r o u t e  a p o r t i o n  of r e t u r n  house a i r  

through t h e  s t o r a g e  s e c t i o n .  

A t  p r e s e n t ,  TPI  u n i t s  are  a v a i l a b l e  i n  fou r  s i z e s  ranging from 

2 1  t o  30 kW. The 21-kW u n i t  has  a s t o r a g e  c a p a c i t y  of 140 kwh, t h e  

24-kW u n i t  has  a capac i ty  of 160,  t h e  27-kW u n i t  has  a capac i ty  of 

180, and t h e  30-kW u n i t  (as  s t a t e d  p rev ious ly )  has  a capac i ty  of 200 kwh. 

Ceramic b r i c k  u n i t s  manufactured by AEG w e r e  assembled and s u p p l i e d  

by Control  E l e c t r i c  Corporat ion,  Burl ington,  Vermont. NMPC used e i g h t  

48-kW u n i t s  i n  b u i l d i n g  F of t h e  Raybrook C o r r e c t i o n a l  F a c i l i t y .  

This  u n i t ,  l i k e  t h e  TPI, c o n s i s t s  of a s t o r a g e  s e c t i o n  l aye red  w i t h  

ceramic b r i c k s  and having e l e c t r i c  h e a t i n g  elements between l a y e r s .  

As w i th  t h e  T P I  u n i t ,  t h e  dampers are c o n t r o l l e d  by t h e  indoor  b u i l d i n g  

the rmos ta t ,  and t h e  charge level  of t h e  u n i t  is  set by t h e  s t o r a g e  

temperature  and outdoor temperature  s e n s o r s .  Each of t h e  u n i t s  i s  

capable  of reaching f u l l  s t o r a g e  c a p a c i t y  i n  less than  8 h wi th  a 

maximum temperature  of 787°C (1450°F). 

2.2.2 Concrete s l a b  s t o r a g e  

The s l a b  o r  t r e l l i s  s t o r a g e  system (Fig.  5 )  c o n s i s t s  of e l e c t r i f i e d  

s t r u c t u r a l  r e i n f o r c i n g  mesh embedded 0.10 m ( 4  i n . )  below t h e  top of a 

conc re t e  f l o o r  energized a t  24 V. Power is  s u p p l i e d  t o  t h e  s t r u c t u r a l  

r e i n f o r c i n g  mesh by copper bus b a r s  from a stepdown t r ans fo rmer ,  which 

conve r t s  l i n e  v o l t a g e  t o  24 V.  When ope ra t ed  as designed,  l o c a l  c o n t r o l  

of t h e  system i s  provided by a l o a d  demand c o n t r o l l e r  t h a t  keeps t h e  

system's  e l e c t r i c  demand below a p r e s e t  va lue  f o r  an e n t i r e  month. For 

t h i s  tes t ,  however, l o c a l  c o n t r o l  w a s  by t h e  space the rmos ta t ;  t h e  con- 

t r o l l e r  w a s  no t  operated.  A high-temperature the rmos ta t  i n  t h e  s l a b  

l i m i t s  t h e  des ign  maximum temperature  t o  29°C (85°F). The s i z e  of t h e  

system al lows l a r g e  s t o r a g e  c a p a b i l i t y  w i t h  only s m a l l  temperature  

rises; h e a t  i s  discharged from t h e  system by r a d i a t i o n  and n a t u r a l  

convection. 



2 1  

CONTROL TRANSFORMER 

CONTROLLER 

REINFORCING. GRID 

ORNLDWG 81-23333 - 

AR 

CONCRETE SLAB 

Fig. 5. Concrete s l a b  s t o r a g e .  

The s l a b  h e a t  s t o r a g e  system manufactured by Peak Supervis ion 

Con t ro l s ,  L td . ,  i s  an  e l e c t r i c - s l a b  h e a t i n g  system on-grade design 

marketed throughout Canada. Its components and support  services are 

r e a d i l y  a v a i l a b l e  through U.S. s u p p l i e r s .  NMPC, t h e  only u t i l i t y  t h a t  

used t h i s  system, purchased t h e  s l a b  system components from Modular 

Comfort Systems, I n c . ,  i n  Camillus,  New York, i n  t h e  summer of 1978. 
The system, i n s t a l l e d  on ly  on t h e  f i r s t  f l o o r  o f  b u i l d i n g  E of  t h e  

NMPC Raybrook p r o j e c t ,  i s  d iv ided  i n t o  t e n  areas, w i t h  each area having 

i t s  own s e p a r a t e  e lec t r ica l  and temperature- l imit  system (mesh, t r ans -  

former, c o n t r o l  r e l a y ,  space  the rmos ta t ,  and s l a b  high-temperature- 

l i m i t  t he rmos ta t )  w i t h  h e a t i n g  c a p a c i t i e s  o f  22 t o  33 kW. One load 

c o n t r o l l e r  serves all t e n  systems and i s  capable  of sequencing t h e  

s t o r a g e  systems. 
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2 . 2 . 3  Heat pump w i t h  s t o r a g e  

The h e a t  pump h e a t  s t o r a g e  system (Fig.  6) can o p e r a t e  i n  a i r - t o - a i r ,  

a i r - to-water ,  and water- to-air  modes. The system c o n s i s t s  of a Carrier 

Model 50 SQ convent ional  a i r - t o - a i r  h e a t  pump wi th  15-kW maximum l o a d ,  

51.7-kW e l ec t r i c  r e s i s t a n c e  h e a t i n g  c o i l s ,  19-m3 (5000-gal) nonpressur- 

i z e d  water s t o r a g e  tank,  and a backup 64-kW e l e c t r i c  b o i l e r .  The 19-m3 

(5000-gal) s t o r a g e  tank was designed t o  be hea ted  by e i t h e r  h e a t  from 

t h e  h e a t  pump o r  t h e  a u x i l i a r y  64-kW e l e c t r i c  b o i l e r .  

sys t emwas  designed t o  o p e r a t e  i n  t h e  range of 32 t o  54OC (90 t o  13O0F) 

by t h e  a u x i l i a r y  b o i l e r .  The h e a t  pump w a s  l i m i t e d  t o  h e a t i n g  t h e  

s t o r a g e  t ank  water t o  49OC (120'F). Local c o n t r o l  f o r  t h e  s t o r a g e  system 

i s  provided by a microprocessor t h a t  c o n t r o l s  t h e  o p e r a t i o n  of t h e  s t o r a g e  

system i n  response t o  u t i l i t y  on and o f f  commands. During t h e  charging 

pe r iod ,  t h e  l o c a l  c o n t r o l  f i r s t  o p e r a t e s  t h e  h e a t  pump i n  t h e  a i r - t o - a i r  

mode t o  provide space h e a t i n g  t o  t h e  b u i l d i n g  i n  response t o  t h e  space  

thermostat  and then  o p e r a t e s  t h e  h e a t  pump i n  t h e  air - to-water  mode t o  

charge t h e  water i n  t h e  s t o r a g e  tank. 

energized by t h e  l o c a l  c o n t r o l  t o  supplement t h e  h e a t  pump i n  charging 

t h e  s t o r a g e  tank if t h e  h e a t  pump c a p a c i t y  i s  n o t  s u f f i c i e n t  t o  charge 

t h e  s t o r a g e  tank f o r  a predetermined charging pe r iod .  During t h e  non- 

charging p e r i o d ,  t h e  l o c a l  c o n t r o l  deenergizes  t h e  h e a t  pump and o p e r a t e s  

t h e  s t o r a g e  tank i n  a water- to-air  mode t o  provide space  h e a t  t o  t h e  

bu i ld ing .  

( l lO°F),  which should be t h e  beginning of  t h e  charging p e r i o d ,  t h e  h e a t  

pump o p e r a t e s  a i r - t o - a i r  t o  provide space h e a t i n g .  NMPC i n s t a l l e d  f o u r  

h e a t  pump systems i n  b u i l d i n g  H of t h e  Raybrook C o r r e c t i o n a l  F a c i l i t y  - 
one t o  serve each wing of t h e  b u i l d i n g .  

The hydronic  

The e l e c t r i c  b o i l e r  i s  only 

When t h e  water temperature  i n  t h e  s t o r a g e  t ank  drops t o  43.3OC 

2.2.4 P r e s s u r i z e d  h o t  water  s t o r a g e  

The p r e s s u r i z e d  h o t  water s t o r a g e  u n i t  (Fig.  7)  c o n s i s t e d  of a 

1. l -m3  (300-gal) p re s su r i zed  steel  s t o r a g e  t ank  i n s u l a t e d  t o  h e a t  

chemically t r e a t e d  water by e lec t r ic  emersion elements.  The u n i t  w a s  

designed t o  hold 0.9 m3 (240 g a l )  of water a t  344 kPa (50 p s i a )  pres- 

s u r e ;  t h e  water i n  t h e  tank i s  e l e c t r i c a l l y  hea ted  t o  temperatures  of 
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129 t o  143°C (265 t o  290°F). 

t a l l ,  0.96 m (38 i n . )  wide, and 2.29 m (104 i n . )  long. 

499 kg (1100 l b )  w i thou t  water and 1288 kg (2840 l b )  w i t h  water. The 

u n i t  was r a t e d  a t  30 kW and can b e  reduced i n  r a t i n g  by s t e p s  of 6 kW 

by d i sconnec t ing  l e a d  wir ing.  On s t a r t - u p ,  t h e  h e a t i n g  elements are 

s t a g e d  i n  6-kW increments.  The c o n t r o l  of t h e  e l e c t r i c a l  elements of t h e  

s t o r a g e  u n i t  i s  achieved by p r e s s u r e  c o n t r o l  because p r e s s u r e  changes of 

t h e  water i n s i d e  t h e  t ank  are d i r e c t l y  r e l a t e d  t o  temperature  changes and 

because t h e  p r e s s u r e  c o n t r o l  i s  more s e n s i t i v e  t o  p r e s s u r e  changes than 

t h e  temperature  c o n t r o l  i s  t o  temperature changes. A h igh- l imi t  reset 

temperature  s a f e t y  c o n t r o l l e r  i s  used t o  s h u t  o f f  a l l  power t o  t h e  u n i t  

i f  t h e  maximum temperature  of 143°C (290°F) is  exceeded. 

Dimensions of t h e  u n i t  are 1.02 m (40 i n . )  

The tank weighs 

The s t o r a g e  system provides  space h e a t i n g  by c i r c u l a t i n g  heated water 

through a c l o s e d  loop from t h e  s t o r a g e  u n i t  h e a t  exchanger through a 

hydronic  c o i l  l o c a t e d  i n  t h e  a i r  duct  o r  baseboard h e a t i n g  system. 

used i n  t h e  hydronic  space  h e a t i n g  system e n t e r s  through t h e  water 

i n l e t  p o r t s  of t h e  s t o r a g e  device.  Mixing va lves  i n  t h e  u n i t  c o n t r o l  

water flow through t h e  h e a t  exchanger t o  maintain about 55°C (130°F) 

water temperature  i n  t h e  hydronic h e a t i n g  system, w h i l e  t h e  ba l ance  

of t h e  water e n t e r i n g  t h e  u n i t  bypasses t h e  h e a t  exchanger. 

water, now a t  t h e  r equ i r ed  temperature ,  e n t e r s  t h e  home hydronic 

h e a t i n g  system through t h e  o u t l e t  p o r t s .  

Water 

The heated 

The p r e s s u r i z e d  h o t  water s t o r a g e  u n i t s  used by t h r e e  of t h e  

u t i l i t i e s  - LILCO, NMPC, and VEPCO -were manufactured by Megatherm 

Div i s ion  of Vapor Corporat ion,  E a s t  Providence, Rhode I s l a n d ,  and are 
b u i l t  t o  American Society of  Mechanical Engineers s t anda rds .  

NMPC tes t ,  e i g h t  Megatherm u n i t s  supp l i ed  h e a t  f o r  b u i l d i n g  G. 

VEPCO test  (Fig.  8), a convent ional  h e a t  pump provided supplemental  

space h e a t i n g  while  t h e  s t o r a g e  device charged. 

deenergized when t h e  s t o r a g e  dev ice  provided space  h e a t i n g  from s t o r a g e .  

I n  t h e  

I n  t h e  

The h e a t  Pump w a s  
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ORFIL-DWG 79-20393 

Fig. 8. VEPCO storage system. 

2.2.5 Domestic hot water storage 

Three utilities - PSE&G, UPA, and VEPCO - used oversized storage 
tanks for domestic hot water. During charging, the storage hot water 

heater operates like a conventional hot water device; the electric 

elements are energized to heat the incoming replacement cold water 

and the cold water in the tank to operating temperature. The remainder 

of the time, the electric elements in the storage unit are deenergized. 

In the VEPCO test, the domestic water entering the storage tank was 

preheated by reclaimed heat from the heat pump compressor. 

The storage domestic water heaters used were the A .  0. Smith 

Conservationist and Jackson-Executive types. The storage tanks are 

0.45-m3 (120-gal) units as compared with 0.21- to 0.3-m3 (55- to 

80-gal) conventional water heaters and are 1.78 m (70 in.) tall and 
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0.71 m (28 in.) in diameter, weigh 181 kg (400 lb) empty and 635 kg 

(1400 lb) with water, and have better insulation than conventional 

tanks t o  reduce standby losses. 

2 . 3  Utility Control of Storage Systems 

In each utility test, storage systems for both space heating and 

domestic hot water were controlled by a central communications and 

control system that transmitted command signals from the simulated 

utility control station to the remote terminal units (RTUs) at the 

test homes or buildings. 

telephone (Table 1). Test home customers were provided with the 

ability to override utility control to protect against communication 

system failures and lack of space heating or domestic hot water. 

The communication media used were radio and 

The utilities controlled the charging periods of the storage 

devices, but they did not control when the customer thermostat could 

call for heat nor did they control the temperatures of the storage 

units. Use of a central control system rather than a local control 

such as a time clock was selected to provide the utilities the.flexi- 

bility of controlling the on/off charging times for the storage devices 

for load-management and load-leveling purposes. This type of control 

allowed the utilities to test various control strategies such as fixed 

time-of-day and direct control to determine performance characteristics 

and load-leveling characteristics of the storage systems. 

2 . 3 . 1  Radio 

Two utilities, LILCO and UPA, used radio as a communication media. 

LILCO used an existing radio control system that sent coded signals 

to receivers installed at the test homes. The signal was then trans- 

mitted over the ac house wiring to a high-current load controller for 

activating or deactivating charging of the storage device. The radio 

receivers had a fail-safe feature: 

was not received in 1 h after turn-off, the radio receiver would 

automatically return the test home load to local control. Local 

if a "return-to-charging'' signal 
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control was provided by a General Electric type IR-70 programmable 

watt-hour meter that was linked to the time control of the storage 

devices. 

programmed into the IR-70 meter. 

The radio system permitted extending the operating strategy 

UPA controlled the on and off charging operations of the storage 

space heating and water heating devices from its Energy Control 

Center by radio through a series of four 100-W transmitters. 

switch with a latching relay was provided to UPA from Scientific Atlanta 

for use on its 153-mHz mobile communication frequency. The switch 

was modified with positive-on or positive-off capabilities to eliminate 

need for constant signaling. Thus, control signals were sent only when 

a change in the status of the device was needed. 

A special 

2 . 3 . 2  Telephone 

Three utilities - NMPC, PSE&G, and VEPCO - used leased telephone 
line for their communication media for transmitting command signals 

from the central control station to individual RTUs at the test homes. 

They controlled the storage charging times of the storage system and 

monitored the on/off charging status of the systems. 

In the NMPC test, RTUs f o r  controlling the operation of the 

storage system were located in four buildings at the Raybrook Correc- 

tion Facility. The RTUs were linked to a central control center 

computer in Palo Alto, California (headquarters of Systems Control, 

Inc.), via an unconditioned voice-grade communication channel. All 

control and monitoring information was converted t o  a one-digit bit 

stream for transmission at the rate of 1200 baud. 

PSE&G used a two-way system manufactured by Darcom to control 

and monitor the status of the storage devices. This system used 

normal voice-grade telephone circuits with no special dedication or 

conditioning, thus reducing communications costs. The system is similar 

to that used in the DOE/EPRI-sponsored communications trial with Omaha 

Public Power District; PSE&G used a microprocessor-based master station 

(Model D2200) linked by telephone circuits to the remote units (Model 

404 transponders) located at the test homes. The master station con- 
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s i s t e d  of t h e  microprocessor-based D2200 communications c o n t r o l l e r  

ope ra t ing  i n t o  d u a l  modems. 

coup le r s  w i th  t h e  outgoing c o n t r o l  s i g n a l  being i s s u e d  v i a  an outgoing 

Wide Area Telephone Se rv ice  (WATS) l i n e  o r  a l o c a l  l i n e  during emer- 
gencies .  A s t anda rd  General Electric (GE) Terminet r ep laced  t h e  

c o n t r o l l e r  during emergency cond i t ions .  The manner i n  which r e l a y s  

were used f o r  c o n t r o l  enabled t h e  remotes t o  d e t e c t  when e i t h e r  t h e  

hea t  s t o r a g e  device f o r  space h e a t i n g  o r  t h e  s t o r a g e  domestic water 

h e a t e r  had been placed i n  t h e  o v e r r i d e  mode. 

New J e r s e y  B e l l  Telephone supp l i ed  d a t a  

I n  t h e  VEPCO t e s t ,  l e a s e d  te lephone l i n e s  l i n k e d  t h e  supe rv i so ry  

c o n t r o l  and d a t a  a c q u i s i t i o n  system (SCADA) wi th  RTUs l o c a t e d  i n  

s e l e c t e d  master tes t  homes t o  create a two-way system. 

t es t  homes were l i nked  t o  t h e  master homes by d i r e c t - b u r i a l  dc c o n t r o l  

cable .  

home t o  c o n t r o l  charging t h e  s t o r a g e  devices  and ene rg iz ing  t h e  h e a t  

pump; t h e s e  systems could be c o n t r o l l e d  e i t h e r  i n d i v i d u a l l y  o r  i n  

groups of 20. 

systems, t h e  VEPCO communication and c o n t r o l  system w a s  capable  of 

d i s p l a y i n g  on demand t h e  s t a t u s  of t h e  s t o r a g e  dev ices  and analog va lues  

from s e l e c t e d  senso r s  i n  s i x  master homes. 

The remaining 

The SCADA computer c o n t r o l l e d  an on/off l a t c h  r e l a y  i n  each 

I n  a d d i t i o n  t o  c o n t r o l l i n g  t h e  o p e r a t i o n  of t h e  s t o r a g e  

2.4 Data C o l l e c t i o n  

Because t h e  o b j e c t i v e  of t h e  u t i l i t y  tes t  w a s  t o  e v a l u a t e  t h e  

t e c h n i c a l  and economic f e a s i b i l i t y  of using u t i l i t y - c o n t r o l l e d  customer- 

s i d e  thermal energy s t o r a g e  f o r  load management, t h e  u t i l i t i e s  had t o  

c o l l e c t  both load-research d a t a  and d a t a  on t h e  performance of t h e  

s t o r a g e  devices .  To meet t h i s  o b j e c t i v e ,  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  

instrumented a l l  t h e  test homes t o  c o l l e c t  load d a t a  a s s o c i a t e d  with 

t h e  s t o r a g e  systems and instrumented a l l  t h e  c o n t r o l  homes t o  c o l l e c t  

comparison load d a t a  on convent ional  e l e c t r i c  h e a t i n g  systems. These 

d a t a  included at least t h e  t o t a l  energy use  of t h e  home o r  b u i l d i n g ,  

s t o r a g e  system energy u s e ,  and convent ional  space cond i t ion ing  system 

energy use,  a l l  synchronized w i t h  t h e  t i m e  of day. Also, indoor t e m -  

p e r a t u r e  and l o c a l  weather d a t a  were c o l l e c t e d  t o  a l low c o r r e l a t i o n  
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of energy use  w i t h  environmental  and i n t e r n a l  home o r  b u i l d i n g  condi- 

t i o n s .  A l l  t h e s e  parameters were important f o r  determining t h e  load- 

l e v e l i n g  c h a r a c t e r i s t i c s  of customer-side s t o r a g e  and f o r  c o r r e l a t i n g  

t h e s e  c h a r a c t e r i s t i c s  t o  weather cond i t ions  and customer comfort. 

Also,  i n  each u t i l i t y  t e s t ,  a s m a l l  number of test and c o n t r o l  homes 

were h e a v i l y  instrumented t o  c o l l e c t  dev ice - spec i f i c  d a t a .  These d a t a  

were needed t o  eva lua te  t h e  energy e f f i c i e n c y ,  c a p a c i t y ,  and h e a t i n g  

c a p a b i l i t y  of t h e  s t o r a g e  systems and t o  determine how t h e s e  systems 

compared w i t h  convent ional  systems. Data parameters  included v a r i o u s  

temperatures  and flows a s s o c i a t e d  wi th  t h e  s t o r a g e  systems and 

convent ional  systems. The d a t a  parameters  c o l l e c t e d  by each u t i l i t y  

are shown i n  Table 4 .  

The d a t a  w e r e  c o l l e c t e d  by a v a r i e t y  of s enso r s  and converted t o  

c u r r e n t  ou tpu t  by s i g n a l  c o n d i t i o n e r s  and then t o  p u l s e s  by analog-to- 

frequency conve r t e r s .  These d a t a  p u l s e s  were then recorded on four-  

t r a c k  magnetic t apes  w i t h  t i m e  recorded on one t r a c k .  Three d i f f e r e n t  

t i m e  pe r iods  f o r  d a t a  c o l l e c t i o n  were used by t h e  u t i l i t i e s :  

used 7.5-min i n t e r v a l s ;  LILCO, PSE&G, and UPA used 15-min i n t e r v a l s ;  

and VEPCO used 30-min i n t e r v a l s .  A l l  t h e  u t i l i t i e s  (except NMPC) 

recorded d a t a  on magnetic tape r e c o r d e r s  d i r e c t l y  a t  t h e  s i t e  of t h e  

s t o r a g e  systems. I n  t h e  NMPC t es t ,  t h e  d a t a  were c o l l e c t e d  by t h e  

computer a t  t h e  c e n t r a l  c o n t r o l  c e n t e r  and then la ter  p u t  on magnetic 

t ape .  

NMPC 

I n  t h e  tests,  weather information such as o u t s i d e  ambient tempera- 

t u r e ,  wind speed and d i r e c t i o n ,  and s o l a r  r a d i a t i o n  w e r e  measured 

wi th  in s t rumen ta t ion  a t  t h e  s i t e  of t h e  s t o r a g e  systems o r  obtained 

from l o c a l  weather s t a t i o n s .  E l e c t r i c  energy uses  of t h e  h e a t  s t o r a g e  

system, a u x i l i a r y  h e a t i n g  system, convent ional  space h e a t i n g  system, 

and domestic h o t  water u n i t  and t h e  t o t a l  energy u s e  f o r  t h e  home o r  

b u i l d i n g  were measured and recorded on magnetic t a p e  r e c o r d e r s  by 

kilowatt-hour meters equipped w i t h  i n t e g r a l  p u l s e  i n i t i a t o r  u n i t s .  

I n  t h e  NMPC p r o j e c t ,  t h e s e  e n e r g i e s  were measured us ing  s t anda rd  

u t i l i t y  1000:5 o r  200:5 c u r r e n t  t r ans fo rmers  (CTs) f o r  each phase of 

t h e  c i r c u i t s .  The c u r r e n t s  were then converted t o  p u l s e s  v i a  c u r r e n t /  
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Table 4 .  Test data parameters" 

LLLCO NMPC PSE&G UPA VEPCO 

Total house or building 

Baseload kilowatt-hours 

Furnace kilowatt-hours 

Heat pump kilowatt-hours 

Thermal energy storage (TES) unit 
kilowatt-hours 

Circulating pump 
kilowatt-hours 

Indoor fan kilowatt-hours 

Compressor and outdoor fans 

Water heater kilowatt-hours 

Indoor air temperature 

Indoor relative humidity 

Outdoor air temperature 

Outdoor relative humidity 

TES skin temperature 

TES medium temperature 

Heating coil temperature delta 

Heating coil flow rate 

Air handler temperature delta 

Air handler flow rate 

Water heater temperature delta 

Water heater flow rate 

Water preheater temperature delta 

Water preheater flow rate 

Solar intensity 

Wind velocity 

kilowatt-hours 

kilowatt-hours 

T, Ca 

C 

T 

Ta, Ca 

Ta, Ca 

Ta 

T, c 

T, c 

T 

T, c 
T 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

T, c 

Ta 

Ta 

T, c 

C 

T 

T 

T 

T 

T, c 
T 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

Ta 

a T = data collected at a l l  test homes or buildings; Ta = additional 
data collected at heavily instrumented test homes; C = data collected 
at all control homes o r  buildings; Ca = additional data collected at 
heavily instrumented control homes. 
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pulse transducers for each three-phase circuit, and the pulses were 

counted by the pulse accumulator circuitry of an RTU in each building. 

Air flow in the homes and buildings was measured by air turbine units 

mounted in the ducts. Ambient and device temperatures were measured 

with thermocouples whose outputs were converted to currents with trans- 

ducers and converted to pulses by analog-to-frequency converters for 

recording. In the NMPC project, underground temperatures for the con- 

crete slab and central ceramic brick heated buildings were measured 

along with the other temperature data shown in Table 4.  
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3 .  CUSTOMER SELECTION 

The u t i l i t i e s  were d i r e c t e d  t o  select  customers who w e r e  as 

r e p r e s e n t a t i v e  as 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  

h e a t  s t o r a g e  i n  t h e i r  service area f o r  p a r t i c i p a t i o n  i n  t h e s e  tests. 

This  s t e p  w a s  necessary  t o  ensure t h a t  t h e  d a t a  c o l l e c t e d  i n  t h e  tests 

would be  v a l i d  i n  a s s e s s i n g  t h e  acceptance of t h e  s t o r a g e  technology 

by t h a t  p o r t i o n  of t h e  p u b l i c  who would purchase t h e  s t o r a g e  equipment 

and thus  provide  a s i g n i f i c a n t  p e n e t r a t i o n  f o r  load-management 

c a p a b i l i t y .  However, because t h e  candida te  near-commercial s t o r a g e  

equipment w a s  on ly  a v a i l a b l e  i n  l i m i t e d  p h y s i c a l  s i z e s  and s t o r a g e  

c a p a c i t i e s  and because t h e  v a r i e t y  of s t o r a g e  systems considered i n  

t h e s e  tests were a l l  c e n t r a l  u n i t s ,  on ly  those  customers having homes 

w i t h  (1) adequate  space f o r  t h e  s t o r a g e  u n i t ,  ( 2 )  a given range of 

h e a t i n g  requirements ,  and (3)  c e n t r a l  hea t ing  systems could b e  con- 

s i d e r e d  f o r  s e l e c t i o n .  I n  a d d i t i o n ,  t h e  test r equ i r ed  vo lun tee r s  

because t h e  r e l i a b i l i t y  of t h e  equipment w a s  u n c e r t a i n  and t h e  customer 

would be  sub jec t ed  t o  a number of inconveniences and i n t r u s i o n s  dur ing  

t h e  test .  

3 .1  S e l e c t i o n  Procedure 

Each of t h e  u t i l i t i e s ,  w i t h  t h e  except ion  of  NMPC, developed i t s  

own procedures  and c r i t e r i a  f o r  s e l e c t i n g  a sample of r e s i d e n t i a l  

e lec t r ic  customers t o  p a r t i c i p a t e  i n  t h e  t e s t  (Table 5 ) .  NMPC d i d  not  

r e q u i r e  a customer s e l e c t i o n  procedure because i t s  test  involved a 

f e d e r a l  c o r r e c t i o n a l  f a c i l i t y .  

The test customers were s e l e c t e d  t o  be  somewhat r e p r e s e n t a t i v e  of 

e lec t r ic  r e s i d e n t i a l  customers whose homes could be  converted t o  s t o r a g e  

space  hea t ing  and s t o r a g e  domest ic  water h e a t i n g  i n  a s i g n i f i c a n t  

number t o  provide  a load-management c a p a b i l i t y .  

had t o  be  s e l e c t e d  t h i s  way s o  t h e  c o l l e c t e d  d a t a  could be  used t o  

perform a system impact s tudy  and c o s t / b e n e f i t  a n a l y s i s .  

The test  home groups 

Four u t i l i t i e s  - LILCO, PSE&G, UPA, and VEPCO - l i m i t e d  t h e i r  

samples t o  s ingle-family detached homes, except  PSE&G, which a l s o  



Table 5. Customer s e l e c t i o n  informat ion  

NMPC PSE&G UPA VEPCO Parameter LILCO 

New and e x i s t i n g  New Home c o n s t r u c t i o n  Ex i s t ing  New E x i s t i n g  
Home o r  b u i l d i n g  s i z e ,  m2 139-167 2694 120-219 190a 139-167 

11.7-16.1 b Heat l o s s ,  kW b 1 6  5 11.3-25.1 
Sample s i z e  surveyed 1900e d 382 307e 1 8  b u i l d e r s  

a 

b 
Average s i z e  of t h e  tes t  homes; s i z e s  of c o n t r o l  homes averaged 167 m2.  

Data n o t  a v a i l a b l e .  
e 
d 

1500 surveyed f o r  t e s t  p a r t i c i p a n t s  and 400 f o r  c o n t r o l  p a r t i c i p a n t s .  

No survey  conducted. 
e 70 customers  i n  new homes and 1 5 2  i n  e x i s t i n g  homes surveyed f o r  t e s t  group; 85 surveyed f o r  

c o n t r o l  group. 

w c 
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included r e s i d e n t s  of townhouses, apar tments ,  and condominiums. 

The c o n t r o l  group f o r  PSEGtG cons i s t ed  of 15 r e s i d e n t s  of a condominium 

bu i ld ing .  

To s t i m u l a t e  vo lun tee r  p a r t i c i p a t i o n  i n  t h e  tests, t h e  u t i l i t i e s  

he ld  p r e s s  conferences wi th  l o c a l  newspapers and used l o c a l  r a d i o  t o  

announce t h e  tes ts  t o  t h e  p u b l i c  and, i n  t h e  case of LILCO, t o  s t i m u l a t e  

phone c a l l s  from vo lun tee r s  f o r  t h e  tes t .  LILCO a l s o  d i sp layed  i t s  

thermal energy s t o r a g e  u n i t  w i t h  diagrams and c h a r t s  a t  i t s  p r e s s  

conference.  

Two u t i l i t i e s ,  UPA and VEPCO, i d e n t i f i e d  r e s i d e n t i a l  e l e c t r i c  

customers of new homes f o r  p a r t i c i p a t i o n  as test home p a r t i c i p a n t s .  I n  

t h e  UPA tes t ,  u t i l i t y  personnel  reviewed new electr ic  service appl ica-  

t i o n s  and con tac t ed  l o c a l  homebuilders. I n  t h e  VEPCO test ,  Richmond 

homebuilders were contacted d i r e c t l y  o r  through t h e  l o c a l  homebuilders 

a s s o c i a t i o n .  VEFCO s igned agreements w i t h  1 8  b u i l d e r s  who were w i l l i n g  

t o  b u i l d  t e s t  and matching c o n t r o l  homes f o r  t h e  test. 

w a s  complete, VEPCO signed an  agreement w i t h  t h e  customer buying t h e  

test  o r  c o n t r o l  home b e f o r e  t h e  home was bought. 

When t h e  home 

LILCO, PSESrG, and UPA i d e n t i f i e d  p o t e n t i a l  test home p a r t i c i p a n t s  

i n  e x i s t i n g  homes f o r  r e t r o f i t  i n s t a l l a t i o n s .  LILCO surveyed r e s i d e n t i a l  

e l e c t r i c  customers wi th  c e n t r a l  hydronic  o i l - f i r e d  space h e a t i n g  systems 

as t h e  customers c a l l e d  i n  t o  i n q u i r e  about t h e  p r o j e c t  a f t e r  reading 

about i t  i n  t h e  newspaper o r  h e a r i n g  about i t  over t h e  r ad io .  PSE&G 

reviewed u t i l i t y  r eco rds  and i d e n t i f i e d  customers w i t h  c e n t r a l  e l e c t r i c  

fu rnace  h e a t i n g  systems. UPA reviewed b i l l i n g  r eco rds  t o  i d e n t i f y  h igh  

e lectr ic  u s e r s .  

Quest ionnaires  were a l s o  mailed t o  customers t o  i d e n t i f y  p o t e n t i a l  

test  and c o n t r o l  home p a r t i c i p a n t s .  Once t h e  p o t e n t i a l  p a r t i c i p a n t s  

f o r  t h e  test  were i d e n t i f i e d ,  t h e  u t i l i t i e s  used information acquired 

by t h e  mailed q u e s t i o n n a i r e s  and f i e l d  surveys ( in t e rv i ews  wi th  poten- 

t i a l  p a r t i c i p a n t s )  t o  make t h e  f i n a l  s e l e c t i o n .  

During f i e l d  su rveys ,  information w a s  gathered on each house and 

on t h e  customers;  t h i s  information included such items as customer 

l o c a t i o n ,  i n s u l a t i o n  level ,  e x i s t i n g  h e a t i n g  system, supplemental  h e a t i n g  



36 

systems, s i z e  of house, access  t o  t h e  e x i s t i n g  h e a t i n g  system, and 

l e v e l  of d i f f i c u l t y  t o  i n s t a l l  t h e  h e a t  s t o r a g e  system and instrumenta- 

t i o n .  Information on t h e  numbers of household members and t h e i r  l i f e -  

s t y l e  w a s  a l s o  gathered.  The u t i l i t i e s  used t h e  f i e l d  surveys as an 

oppor tun i ty  t o  survey t h e  p o t e n t i a l  customers on t h e i r  knowledge of 

thermal energy s t o r a g e ,  e lec t r ic  c o s t s ,  and u t i l i t y  peaking and t o  assess 

t h e  customers '  acceptance of u t i l i t y  c o n t r o l  of t h e i r  h e a t i n g  systems 

and t h e i r  s a t i s f a c t i o n  wi th  convent ional  h e a t i n g  systems. The homes 

were a l s o  checked t o  determine i f  t h e  i n s t a l l a t i o n  of t h e  s t o r a g e  

equipment would meet l o c a l  s a f e t y  and e l e c t r i c a l  codes and i f  t h e  

equipment could b e  i n s t a l l e d  wi thou t  excess ive  damage t o  t h e  customer 's  

property.  

Once d a t a  were c o l l e c t e d  on cand ida te  homes, t h e  u t i l i t i e s  per- 

formed h e a t  l o s s  a n a l y s i s  and i d e n t i f i e d  house o r i e n t a t i o n  t o  t h e  sun 

t o  determine t h e  h e a t i n g  requirement of t h e  house. P r i o r  t o  f i n a l  

s e l e c t i o n  of t h e  tes t  and c o n t r o l  home customers,  t h e  u t i l i t i e s  s igned 

agreements w i th  t h e  s e l e c t e d  customers o u t l i n i n g  t h e  cond i t ions  of 

p a r t i c i p a t i o n  and providing f o r  i n s t a l l a t i o n  and subsequent removal 

o r  sale of t h e  s t o r a g e  system, in s t rumen ta t ion ,  and communication equip- 

ment i n  t h e  homes. 

3 . 2  Customer I n c e n t i v e s  

To s t i m u l a t e  customer p a r t i c i p a t i o n  i n  t h e  tests,  a number of 

i n c e n t i v e s  were o f f e r e d  by t h e  u t i l i t i e s .  The u t i l i t i e s  a l s o  had t o  

ensu re  t h a t  they would no t  change t h e  customer's  l i f e - s t y l e .  

u t i l i t i e s  o f f e r e d  t h e  t e s t  home p a r t i c i p a n t s  free i n s t a l l a t i o n  and 

maintenance of t h e  h e a t  s t o r a g e  systems and o t h e r  test equipment. This 

allowed t h e  u t i l i t i e s  access  t o  t h e  equipment t o  ga the r  d a t a  on main- 

t a i n a b i l i t y  and r e l i a b i l i t y  and t o  c o l l e c t  t h e  d a t a  t a p e s  each month a t  

t h e  equipment s i te .  Because t h e r e  were no gua ran tees  on t h e  performance 

and acceptance of t h e  tes t  equipment, a l l  test  home p a r t i c i p a n t s  were 

also o f f e r e d  t h e  op t ion  t o  t e rmina te  p a r t i c i p a t i o n  a t  any t i m e ,  have t h e  

test  equipment removed, and have t h e i r  space h e a t i n g  system r e s t o r e d  t o  

normal ope ra t ion .  The o p t i o n  t o  purchase t h e  s t o r a g e  system a t  t h e  end 

of t h e  test  w a s  o f f e r e d  by each u t i l i t y  a long w i t h  o t h e r  i n c e n t i v e s .  

All t h e  
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LILCO guaranteed 

t r i c i t y  f o r  o p e r a t i n g  

t h e i r  c o s t  would have 

t h e  test home customers 

t h e  h e a t  s t o r a g e  system 

t h a t  t h e  c o s t  of e l ec -  

would no t  be more than  

been had they no t  i n s t a l l e d  t h e  system. A t  t h e  

end of t h e  t e s t ,  i t s  customers had t h e  op t ion  t o  purchase t h e  s t o r a g e  

equipment f o r  $500 o r  r e c e i v e  f r e e  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  

h e a t i n g  system. Forecas t s  of dramatic  i n c r e a s e s  i n  t h e  prices of 

h e a t i n g  o i l  and p o s s i b l e  supply sho r t ages  served as an a d d i t i o n a l  

i n c e n t i v e  f o r  some customers t o  convert  from t h e i r  e x i s t i n g  hydronic  

systems hea ted  by o i l  t o  a s t o r a g e  system charged by e l e c t r i c i t y .  

of t h e  customers were even w i l l i n g  t o  i n c u r  h igh  r enova t ing  c o s t s  t o  

have t h e  s t o r a g e  systems i n s t a l l e d .  These c o s t s  would have included 

breaking through conc re t e  basement w a l l s  and i n s t a l l i n g  a door and 

stairs. 

i n  t h e  tes t .  

Some 

The c o n t r o l  home occupants were o f f e r e d  $100 f o r  p a r t i c i p a t i o n  

PSE&G o f f e r e d  its test home p a r t i c i p a n t s  a r e s i d e n t i a l  load- 

management ra te .  A summary of t h i s  ra te  i s  as follows: 

June-Oc t o b e r  November-May 
Period (c/kWh) (C/kWh) 

On-peak 11.5 6.0 
(7 A.M.-9 A.M. 
Mon.-Fri. and Sun.) 

I n  t ermedi a t e 9.5 
( 7  A.M.-9 A.M. Sa t . )  

Off-peak 
( a l l  o t h e r  t imes)  

2.8 

5.0 

2.8 

Control  home p a r t i c i p a n t s  r ece ived  $10 p e r  month. 

PSE&G o f f e r e d  t h e  test home customers t h e  op t ion  of n e g o t i a t e  a purchase 

pr ice  f o r  t h e  s t o r a g e  equipment o r  r e c e i v e  f r e e  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  h e a t i n g  system. 

A t  t h e  end of t h e  t e s t ,  

I n  t h e  UPA tes t ,  test home p a r t i c i p a n t s  were o f f e r e d  a s p e c i a l  

off-peak e l e c t r i c  ra te  of 2.5 C/kWh. 

p a r t i c i p a n t  r ece ived  $37.50 p e r  q u a r t e r  f o r  a l lowing UPA t o  maintain 

and o p e r a t e  t h e  thermal energy s t o r a g e  equipment i n  t h e  customer's  

basement. Control  home p a r t i c i p a n t s  were o f f e r e d  $37.50 p e r  q u a r t e r .  

A t  t h e  end of t h e  tes t ,  UPA o f f e r e d  t h e  t es t  home customers t h e  opt ion 

I n  a d d i t i o n ,  each test home 
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t o  purchase t h e  s t o r a g e  equipment f o r  $700 o r  r e c e i v e  f r e e  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  h e a t i n g  system. 

VEPCO i n i t i a l l y  b i l l e d  t h e  test home customers on a load-management 

ra te  t h a t  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, t h i s  d i d  n o t  cover t h e  h igh  energy c o s t s  a s s o c i a t e d  

wi th  t h e  s t o r a g e  system, so  VEPCO rep laced  t h i s  o f f e r  w i th  t h e i r  

s t anda rd  e lectr ic  ra te ,  wi th  adjustments  made f o r  excess  energy use.  

I n  a d d i t i o n ,  a c r e d i t  of $30 pe r  month w a s  given t o  t h e  p a r t i c i p a n t s .  

No i n c e n t i v e  w a s  o f f e r e d  t o  t h e  c o n t r o l  group, A t  t h e  end o f  t h e  tes t ,  

VEPCO o f f e r e d  t h e  t es t  home customers t h e  o p t i o n  t o  purchase t h e  s t o r a g e  

equipment f o r  $100 o r  r e c e i v e  f r e e  r e s t o r a t i o n  w i t h  a convent ional  e l e c t r i c  

h e a t  pump. 

3 . 3  Problems wi th  Customer S e l e c t i o n  and I n c e n t i v e s  

The u t i l i t i e s  experienced a number of problems s e l e c t i n g  test  

home customers and o f f e r i n g  i n c e n t i v e s  f o r  p a r t i c i p a t i o n .  These 

problems included l a c k  of i n t e re s t  i n  p a r t i c i p a t i o n  by customers,  poor 

new home market,  d i f f i c u l t y  i n  f i n d i n g  homes wi th  adequate space f o r  

t h e  s t o r a g e  u n i t ,  and i n s u f f i c i e n t  i n c e n t i v e s  t o  cover t h e  h i g h e r  

energy use of t h e  s t o r a g e  systems. 

problems a c q u i r i n g  enough c o n t r o l  home customers because of  l a c k  of 

customer i n t e r e s t ,  i n s u f f i c i e n t  i n c e n t i v e s  to cover t h e  inconvenience 

of equipment i n s t a l l a t i o n s  and meter r ead ings ,  poor responses  t o  mailed 

q u e s t i o n n a i r e s ,  problems wi th  l o c a t i o n  of c i r c u i t  b reake r  pane l s  i n  

t h e  f i n i s h e d  areas of homes, i n c o m p a t i b i l i t y  of h e a t i n g  systems w i t h  

o t h e r  s e l e c t e d  c o n t r o l  home systems,  and t h e  presence of supplemental  

h e a t i n g  systems such as wood s toves .  

The u t i l i t i e s  a lso experienced 

Two u t i l i t i e s ,  LILCO and VEPCO, experienced t h e  most d i f f i c u l t y  

Because of a c q u i r i n g  a s u f f i c i e n t  number of t es t  home p a r t i c i p a n t s .  

t h e  poor new home market i n  Richmond, V i r g i n i a ,  e a r l y  i n  t h e  tes t ,  

VEPCO had d i f f i c u l t y  g e t t i n g  t h e  s e l e c t e d  homebuilders t o  complete 

c o n s t r u c t i o n  o f  enough new homes f o r  t h e  tes t .  LILCO experienced 

d i f f i c u l t y  l o c a t i n g  enough e x i s t i n g  homes w i t h  an adequate access  r o u t e  

f o r  d e l i v e r y  of t h e  s t o r a g e  u n i t  from o u t s i d e  t h e  home i n t o  t h e  furnace 
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area. For this reason, LILCO had to make close inspections of the 

homes to check the size of door openings, hallways, stairways, and the 

existing furnace rooms. 

To improve customer participation in the tests, LILCO and PSE&G 

raised their incentives. LILCO increased its cash incentive for the 

control group from $50 to $100 to improve customer response to the 

questionnaires. PSE&G raised its cash incentive from a $50 lump sum for 

participation during the complete test to $10 per month for the 24-month 

test to increase control group participation. 

Another problem with customer incentives that was experienced by the 

utilities during test operation involved the high electric energy use by 

the storage systems. This problem was not expected at the time of 

customer selection. Because of the higher energy use of the storage 

systems, PSE&G and VEPCO experienced problems with the incentives they 

were offering customers being inadequate. 

believed to b e  caused by heat losses from the storage unit, poor opera- 

tion of the storage systems, extra ductwork and piping required by the 

storage units, and high thermostat settings by the customers. Also ,  

PSE&G's test home customers experienced higher energy charges during the 

summer; inadequate air flow in the ducts caused by the storage unit 

installation resulted in increased operation of the central air con- 

ditioning system. Additional adjustments were made to compensate these 

customers for excessive energy charges. 

The higher energy use was 
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4 .  EQUIPMENT INSTALLATION 

A s  required, all the utilities installed storage systems for space 

heating (three utilities also installed storage domestic water heating 

equipment), instrumentation for data collection, and communication and 

control systems for monitoring and controlling the storage systems. 

installation of the equipment did not start prior to the 1978-1979 

heating season as originally planned because of delays in the utilities' 

subcontracting the installation work, late equipment deliveries, and 

the utilities having difficulty in acquiring test homes. 

The 

Delays in subcontracting installation work were caused by the experi- 

mental nature of the tests. A s  a result, mechanical and electrical 

contractors were uncertain about how to bid the installation work because 

they lacked any experielzce with installing residential- or commercial-sized 

heat storage systems (except for VEPCO's installation contractor). The 

contractor for the VEPCO test was selected because of his experience 

installing storage equipment for the Richmond, Virginia, ACES house. 

The other utilities selected contractors who were experienced in 

installing conventional space heating and domestic water heating systems 

in residential homes and commercial buildings and who could provide 

dependable service. Most of the utilities used one to two installation 

contractors; UPA, however, elected to involve several (18) local electrical 

contractors rather than subcontract the work to only one or two. 

The poor market for new homes was the major reason for the difficulty 

in acquiring test homes for the VEPCO test. 

VEPCO was the last to start equipment installations. In the LILCO and 

PSE&G tests, the extreme physical size and weight of the storage equipment 

limited the selection of test home customers. Only existing homes with 

the physical space to accommodate the equipment could be used. 

Because of this problem, 

4.1 Equipment Delivery 

The utilities received reasonable and timely deliveries of heat 

storage equipment, with some exceptions. Most problems were experienced 



wi th  t h e  de l ays  i n  t h e  d e l i v e r y  of communication and c o n t r o l  equipment 

and in s t rumen ta t ion  f o r  d a t a  c o l l e c t i o n .  All t h e  u t i l i t i e s  ordered 

s t o r a g e  equipment too l a t e  t o  s tar t  equipment i n s t a l l a t i o n s  p r i o r  t o  

t h e  1978-1979 h e a t i n g  season except  NMPC; they had t o  rush  o rde r  t h e  
equipment a t  h igh  shipping c o s t s  t o  i n s t a l l  t h e  s t o r a g e  equipment p r i o r  

t o  t h e  1979-1980 Winter Olympic G a m e s  i n  Lake P l a c i d ,  New York. 

LILCO rece ived  11 s t o r a g e  u n i t s  t h a t  had cracked p ipe  f i t t i n g s .  

These were n o t  found u n t i l  t h e  u n i t s  were i n s t a l l e d  and i n  ope ra t ion .  

LILCO a l s o  experienced de lays  i n  r e c e i v i n g  temperature-monitoring 

equipment, which w a s  ordered i n  e a r l y  s p r i n g  1979 b u t  w a s  no t  d e l i v e r e d  

u n t i l  December 1979. 

PSEStG experienced some q u a l i t y  c o n t r o l  problems i n  t h e  d e l i v e r y  of 

ceramic b r i c k  s t o r a g e  u n i t s .  

and i n s u l a t i o n  f o r  t h e  u n i t s .  A l s o ,  some s t o r a g e  u n i t s  had mislabeled 

e l e c t r i c  supply element w i r e s ,  t hus  prevent ing c o r r e c t  i n s t a l l a t i o n  

and ope ra t ion .  

caused by manufacturers’ de l ays  a l s o  a f f e c t e d  t h e  schedule.  Delays wi th  

t h e  communications and c o n t r o l  equipment were a l s o  experienced. 

c a t i o n  equipment t o  PSE&G w a s  scheduled t o  be de l ive red  24 weeks a f t e r  

t h e  i s s u e  o f  i t s  purchase o r d e r  i n  December 1978. 

delayed by so f tware  development and not  received u n t i l  August 1979. 

Signal-processing equipment and water meter equipment were a l s o  received 

behind schedule .  

Some d e l i v e r i e s  were missing p a r t s  bags 

Limited a v a i l a b i l i t y  of s t o r a g e  domestic water h e a t e r s  

Communi- 

The equipment w a s  

UPA experienced some problems i n  t h e  d e l i v e r y  of s t o r a g e  equipment 

and in s t rumen ta t ion .  The f i r s t  two ceramic b r i c k  s t o r a g e  u n i t s  received 

were of t h e  o r i g i n a l  design wi th  t h e  thermocouple and h y d r a u l i c  l i m i t  

(device t o  prevent  overheat ing)  i n s t a l l e d  i n  b r i ck - l eve l  e i g h t .  The 
redesigned u n i t s  have t h e  hydrau l i c  l i m i t  and thermocouple i n  b r i ck - l eve l  

t w o .  

i n  December 1978. This  l a te  d e l i v e r y  delayed t h e  equipment i n s t a l l a t i o n  

u n t i l  a f t e r  t h e  1978-1979 h e a t i n g  season. 

about  h a l f  t h e  u n i t s  a r r i v e d  wi th  ben t  support  plenums; t h i s  problem w a s  

remedied la ter  when t h e  manufacturer began s h i p p i n g  u n i t s  i n  wooden frames. 

Problems were a l s o  experienced wi th  t h e  d e l i v e r y  of s t o r a g e  domestic 

The u n i t s  w e r e  ordered i n  J u l y  1978 and f i n a l  shipments received 

I n  a d d i t i o n  to  t h e  delay,  
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water heaters. The heaters were ordered in August 1978, and final 

shipments were not completed until November 1978. 

heaters were incorrectly shipped with 480-V elements rather than 

240-V elements. 

Eighteen of the water 

In addition to these problems, UPA experienced delays in receiving 

magnetic tape recorders, kilowatt-hour meters with pulse initiators, 

and other instrumentation. Recorders and meters were ordered in June 

1978, but the order was not completed until December 1978. Signal con- 

ditioners, analog-to-frequency converters, and sensors for temperature, 

wind, and insolation were ordered in August 1978 and not received until 

two to three months later. As a result, UPA was unable to begin assembly 

of instrumentation panels until January 1979. 

VEPCO received storage units with faulty equipment and experienced 

delays in the delivery of RTUs, control software, and instrumentation 

equipment. Two storage units were received with cracked pipe fittings, 

and two were found later to have leaks in the pipe coupling to the heat 

exchanger. 

April 1979, and the last was received in March 1980. Late receipt of 

the RTUs and software delayed control of the first test system until March 

1980. Because of the one- to two-month delay in receipt of temperature 

and humidity sensors and Btu meters, many installations made in occupied 

homes required coordination with homeowners. 

The RTUs to be used in the master test homes were ordered in 

4.2 Installation Experience 

Storage units were installed in various locations in the utility 

tests, depending on whether the installation was in new or existing con- 

struction and on the type of storage unit. In the LILCO, PSE&G, and UPA 

tests, the storage units were installed in basements, garages, and lower 

levels of the test homes. In the NMPC test, the storage equipment was 

retrofitted in equipment rooms in the multioccupant buildings. The storage 

units in the VEPCO test were installed in equipment rooms built on as 

part of the new home. 
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Problems encountered in the installation of the storage units included 

the extreme size and weight of the storage equipment, inexperience of the 

contractor installing the equipment, poor quality control and design of 

the storage equipment, and equipment delivery delays. The weight and 

size of the ceramic brick and pressurized hot water units presented 

problems in transporting the units to the installation site and placing 

them in the home or building, especially for those utilities such as 

LILCO and PSESlG with retrofit installations in basements. Most of the 

installation contractors lacked direct experience with the storage 

systems. Only the VEPCO contractor had previous experience in installing 

storage equipment for the Richmond, Virginia, ACES house. 

Some installation modifications were necessary to accommodate the 

storage units; modifications included upgrading the electric service to 

the home and using larger blower motors in the heating ducts. 

NMPC test, existing wiring was replaced to accommodate the larger load 

of the storage equipment. In the PSESlG test, a 5-kW duct heater was 

added to supplement the night heating section in 29 of the 30 test 

homes because all these homes had an existing 22-kW furnace and the 

lower heating capacity of the 15-kW ceramic brick auxiliary furnace might 

be noticeable and, therefore, objectionable to the test home customers. 

The increase in static pressure in the heating ducts caused by the 

added hydronic coils in the VEPCO test or the ceramic brick unit in the 

PSESrG and NMPC installations required a larger blower motor than normally 

found in conventional space heating systems. However, static pressure 

was not a problem in the UPA installations. 

In the 

Installation of heat storage systems was new to most utility areas, 

thus requiring the utilities to give orientation sessions t o  local 
inspectors and to hold on-site inspections with the local building and 

electrical inspectors. Waivers of  installation code requirements were 

obtained for the storage equipment that did not have laboratory approval 

(such as UL) or where local codes were not clear o r  did not address a 

particular item. 
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4 .2 .1  Long I s l a n d  L igh t ing  Company (LILCO) 

Storage u n i t  i n s t a l l a t i o n s  were s t a r t e d  i n  November 1979, and t h e  

f i n a l  i n s t a l l a t i o n  was completed i n  October 1980. I n  each i n s t a l l a t i o n ,  

t h e  e x i s t i n g  o i l  fu rnace  w a s  removed; t h e  s t o r a g e  u n i t  w a s  t hen  i n s t a l l e d  

nearby t o  u t i l i z e  t h e  e x i s t i n g  h e a t i n g  system c i r c u l a t i n g  l i n e s .  The 

p h y s i c a l  s i z e  and extreme weight of t h e  u n i t s  made them d i f f i c u l t  and 

c o s t l y  t o  i n s t a l l  i n  basements. The 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  performed 

a l l  work i n  accordance wi th  l o c a l  codes. 

No i n s t a l l a t i o n  problems were experienced wi th  t h e  i n s t r u m e n t a t i o n  

and communication equipment. This  equipment i s  i n  s t a n d a r d  use  a t  LILCO 

i n  o t h e r  ongoing programs. 

4.2.2 Niagara Mohawk Power Company (NMPC) 

I n s t a l l a t i o n s  of t h e  s t o r a g e  equipment i n  t h i s  t es t  were s t a r t e d  

i n  September 1978 and e s s e n t i a l l y  completed i n  January 1979. 

t h e  i n s t a l l a t i o n  o f  t h e  remainder of system components, i n c l u d i n g  

necessa ry  mod i f i ca t ions  t o  and i n t e r f a c e s  w i t h  t h e  e x i s t i n g  convent ional  

space  h e a t i n g  systems, was completed. 

During 1979, 

The ceramic b r i c k  and p r e s s u r i z e d  ho t  water u n i t s  were i n s t a l l e d  

i n  equipment rooms s e r v i n g  t h e  s e p a r a t e  c e l l  block wings ( f i r s t  and second 

f l o o r s )  of t h e  bu i ld ings .  By n e c e s s i t y ,  t h e  p r e s s u r i z e d  h o t  water u n i t s  

had t o  b e  i n s t a l l e d  i n  t i g h t  q u a r t e r s  because t h e  b u i l d i n g s  were o r i g i n a l l y  

designed f o r  convent ional  h e a t i n g  systems. The s l a b  system w a s  i n s t a l l e d  

on t h e  f i r s t  f l o o r  of one b u i l d i n g ,  and t h e  h e a t  pump u n i t s  were i n s t a l l e d  

on t h e  roo f .  

I n s t a l l a t i o n  o f  t h e  s t o r a g e  u n i t s  r equ i r ed  changing t h e  underground 

condui t  system t o  accommodate t h e  inc reased  w i r e  s i z e  needed f o r  t h e  

u n i t s .  C i r c u i t  b r e a k e r s  were a l s o  r ep laced  w i t h  l a r g e r  s i z e s .  

For t h e  ceramic b r i c k  u n i t s ,  duct  mod i f i ca t ions  had t o  be made i n  

t h e  v i c i n i t y  of t h e  furnace t o  i n s t a l l  damper c o n t r o l s  and l a r g e r  blower 

motors. The motors had t o  b e  inc reased  from 373 t o  560 W (1 /2  t o  3/4 hp) 

t o  accommodate inc reased  s t a t i c  p res su re .  Each s t o r a g e  u n i t  r equ i r ed  a 
s e p a r a t e  d i s t r i b u t i o n  panel  t o  provide f u s e  p r o t e c t i o n  f o r  t h e  e lec t r ica l  

elements .  
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For the slab system, circuits had to be reconfigured while distri- 

bution panels and switches were added. 

supply and shorting bars had to be installed prior to the final concrete 

pour. This system could not be installed on the second floor because of 

the limited space in the concrete sandwich created by the existing 

reinforcing bars and conduits. 

Reinforcing mesh with copper 

Installation of pressurized hot water units required that the 

original heating system be relocated in the equipment room to make 

space for the storage unit. Hydronic coils were installed in the ducts. 

In the heat pump with storage installations, the air handler/heating 

units were completely replaced by the roof-top air handler/heat pumps. 

Electrical controls were installed in place of the original pneumatic 

system. 

ments of the heat pumps. 

outside the building. 

The duct system was increased in size to accommodate the require- 

The 19-m3 (5000-gal) storage tanks were buried 

Communication RTUs and pulse transducers were installed in the 

power supply room in each building because the current transformers 

were installed on circuit conductors in these rooms. 

experienced in installing this equipment. 

No problems were 

4.2.3 Public Service Electric & Gas (PSE&G) 

The installation of the storage units began in August 1979 and was 

completed in April 1980. 

basements in the same approximate location as the existing electric 

furnace. 

that were constructed in unheated garages. These installations required 

21 to 24 m (70 to 80 ft) of additional ductwork, repairs to the utility 

room after the existing furnace was removed, and a 300-A service. 

Eight of the storage units were retrofitted in 

The remaining units were located in existing utility closets 

One storage unit installation was complicated by problems in upgrading 

the electric service to the home because of limited access to the service 

location; it required complete teardown and reconstruction of the storage 

unit for delivery to the basement. All the installations were performed 

by a subcontractor who had attended a three-day training session conducted 

by the storage equipment manufacturer. 
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The storage equipment that lacked UL approval required PSE&G to 

obtain a waiver to local building codes from the State Department of 

Community Affairs. Also, PSE&G installed Honeywell battery-operated 

day/night thermostats to meet a State Department of Energy requirement 

for energy conservation devices. 

installations required an extra shutoff valve to comply with local codes. 

Some of the storage water heater 

As part of the installation procedure, PSESIG charged the storage 

units prior to connecting the unit to the ductwork. 

objectionable odor associated with burning in the insulation. 

suggestion was made to PSE&G by UPA. 

This eliminated the 

This 

Wiring and checking the instrumentation board assemblies prior to 

installation confined most problems to wiring errors. No installation 

problems were experienced with the communication equipment. 

4.2.4 United Power Association (UPA) 

The first storage unit was installed in September 1978, and installa- 

tions were completed in November 1 9 7 9 .  

installed in basements or lower levels of  the homes on the existing 

concrete slab. The extreme weight [1360 kg (3000 lb)] and physical size 

[ 2 . 1  m (82 in.) high, 2.3 m ( 9 0  in.) wide, and 0.7 m (28 in.) deep] of 
the ceramic brick storage units presented some difficulty in transporting 

the units to the homes and handling them at the site. The weight [136 kg 

(300 lb)] and size [1.6 m ( 6 2  in.) high and 0.7 m ( 2 9  in.) in diameter] 
of the water heater also presented some handling problems. The water 

heaters were a tight fit through 0.7-m (30-in.) doorways and almost 

impossible to handle without denting. 

All the storage equipment was 

All material and equipment were required to meet the National 

Electrical Code. No problems were encountered in meeting these require- 

ments because orientation sessions and on-site inspections were conducted 

with local building and electrical inspectors prior to installations. 

The instrumentation and communication equipment was installed by UPA 

personnel and did not present any problems, except for the control homes. 

Instrumentation in these homes was performed by electrical contractors. 

Problems were experienced in isolating the electric furnace circuits for 

metering purposes. 
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4.2.5 Virginia Electric and Power Company (VEPCO) 

Storage equipment installations were started in October 1979 and 

The storage equipment was located in a 3- completed in October 1980. 

by 3.7-m (10- by 12-ft) mechanical equipment room that the homebuilder 

attached to each new test home. Because the homes were new, VEPCO did 

not experience the problems associated with retrofit installations. A 

400-A service was installed at each home in place of the standard 200-A 

service to supply electric power for the heat pump, storage unit, and 

balance of house loads. 

Local building code authorities permitted deviations where practical 

and cleared the installation as an experimental test project where local 

codes were not clear or did not address a particular matter. 

Because all communication equipment for the test is used in normal 

utility operations, its installation could be considered normal. However, 

the coordination o f  the homebuilder's construction schedule of the test 

homes with leasing and installing telephone data circuits presented some 

problems. The requirement to obtain right-of-way agreements from property 

owners delayed the installation of buried control cable between the master 

and slave homes. Completion of paired master and slave homes could not 

be coordinated with homebuilders, thus delaying remote control operation. 

Installation of the instrumentation equipment proceeded normally 

except for temperature and air flow sensors, which were incorrectly 

installed at several test homes and required relocation. Installation of 

indoor sensors in occupied t e s t  homes was difficult because of absence 

of homeowners. 

4 . 3  Test Costs 

Costs of purchasing and installing the storage units, communications 

and control equipment, and instrumentation reflect the experimental nature 

of the tests and different circumstances associated with each utility test 

installation. The test installation costs were very much a function of 

the type of installation (new or retrofit), type of storage equipment 

used, communication and control system employed, local code requirements 



48 

of the utility service area, and experience of the installation contractor 

in installing heat storage units. Costs associated with the installations 

in the residential homes for the LILCO, PSE&G, UPA, and VEPCO tests are 

summarized in Table 6 .  Costs for the NMPC test are given in Table 7 .  

Table 6 .  Cost ($)O of test installations in 
residential homes 

LILCO PSE&G UPA VEPCO 

Storage equipment 2,360 1 ,859  1 , 4 7 3  8 ,  095b 

Labor and materialsC 

To tal 

4 ,404  11, 500d 1, 300e 4,547 
1 , 6 0 0 f  

3 , 0 7 3 f  
6 ,400  13 ,359  2 ,  733e 12 ,642  

Communications and control 535 3 ,323  1,159 2 ,831  

Instrumentation 2,981 7 ,606  5,081 7 , 1 6 2  

a 

bCosts include heat pump, water heater and preheater, and 

Average cost per test home installation. 

mechancial equipment room. 
cool storage. 

equipment installations. 

fier; installing duct heaters, freezestats, and control wiring; burning 
in storage unit insulation; and other miscellaneous duct and piping 
work. 

These costs are common to both heat and 

e 

d 

Mechanical and electrical material and labor required for storage 

Includes relocating central air conditioner; relocating humidi- 

e 

J@Retrofi t ins tallat ion. 

Installation in new construction. 

Costs of the storage systems shown in Tables 6 and 7 reflect the 
high costs associated with purchasing and installing near-commercial 

systems f o r  experimental testing. 

quantity and did not have a wide distribution service. 

also reflect the additional equipment used in its test and the construc- 

tion of an equipment room. 

These units were not produced in mass 

The VEPCO costs 

Installation costs of the storage systems reflect the higher number 

of manhours required to install nonconventional space heating systems. 



Table 7. Cost ($)a of NMPC test installations 

Ceramic Concrete Heat pump Pressurized 
brickb slab with storage' hot water 

Equipment cost 59,000 71,950 77,755 36,771 
114,022 139,092 262,137 102,947 

To tal 173,822 211,042 328,892 139,718 

d Labor and materials 

aTotal equipment and installation costs, 

Costs for eight: storage units. 

Costs for four storage units. 

b 
e 

Gechanical and electrical material and labor and structural modifications 
required for storage equipment installations. 
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In g e n e r a l ,  t h e  c o n t r a c t o r s  were no t  experienced i n  i n s t a l l i n g  t h e  h e a t  

s t o r a g e  systems. I n  t h e  UPA t e s t ,  i n s t a l l a t i o n  c o s t s  w e r e  s i g n i f i c a n t l y  

lower than  i n  t h e  o t h e r  tests because r u r a l  e l e c t r i c a l  c o n t r a c t o r s  w e r e  

used and because UPA monitored t h e  f i r s t  two complete i n s t a l l a t i o n s  t o  

e s t a b l i s h  c o s t  limits f o r  t h e  i n s t a l l a t i o n s .  PSE&G experienced h igh  

i n s t a l l a t i o n  c o s t s  because of t h e  h i g h  c o s t  of l a b o r  i n  i t s  s e r v i c e  

area and because of a l l  t h e  e x t r a  mod i f i ca t ions  PSE&G made t o  t h e  test 

homes t o  reduce h e a t  l o s s  and m e e t  customer acceptance.  These modifica- 

t i o n s  included r e p a i r i n g  u t i l i t y  rooms, i n s u l a t i n g  ductwork, adding 

day/night  t he rmos ta t s ,  and r e l o c a t i n g  a i r  c o n d i t i o n e r  evapora to r  c o i l s .  

Costs of  t h e  in s t rumen ta t ion  i n d i c a t e  a l l  t h e  meter ing,  magnetic 

t a p e  r e c o r d e r s ,  s e n s o r s ,  w i r ing ,  and l a b o r  needed t o  allow c o l l e c t i o n  of 

load-research and dev ice - spec i f i c  d a t a  a t  t h e  test  homes. The low c o s t  

of t h e  LILCO equipment i n d i c a t e s  t h e  lesser q u a n t i t y  of d a t a  i t  planned 

t o  c o l l e c t  as compared wi th  t h e  o t h e r  u t i l i t i e s .  

Costs of t h e  communication and c o n t r o l  systems i n d i c a t e  t h e  d i f f e r e n c e  

between t h e  use  o f  new vs an  e x i s t i n g  communication system and t h e  use of 

r a d i o  v s  telephone. The lesser c o s t  r epor t ed  by LILCO w a s  because o f  

i t s  use of an e x i s t i n g  r a d i o  system, which only r equ i r ed  t h e  purchase 

of r a d i o  swi t ches  f o r  t h e  test  homes. PSEGG and VEPCO c o s t s  r e f l e c t  

t h e  use of new systems using te lephone c i r c u i t s ,  t hus  r e q u i r i n g  t h e  

purchase of expensive master c o n t r o l  u n i t s  and RTUs and r e n t a l  of l e a s e d  

te lephone c i r c u i t s .  UPA c o s t s  r e f l e c t  t h e  a d d i t i o n  of  t h r e e  100-W 

t r a n s m i t t e r s  and a message gene ra to r  u n i t  t o  i ts  r a d i o  system. O r i g i n a l l y ,  

UPA planned t o  u s e  only one t r a n s m i t t e r  and a modified p o r t a b l e  test 

u n i t  t o  c o n t r o l  t h e  s t o r a g e  u n i t s ;  however, poor r e c e p t i o n  and/or  

r e c e i v e r  s e n s i t i v i t y  problems r equ i r ed  t h e  purchase and i n s t a l l a t i o n  of 

e x t r a  communication and c o n t r o l  equipment. 
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5. EQUIPMENT CHECKOUT AND OPERATION 

I n  a l l  tests except  t h e  NMF'C tes t ,  t h e  s t o r a g e  equipment w a s  f u l l y  

opera ted  and d a t a  c o l l e c t e d  dur ing  t h e  1980-1981 h e a t i n g  season.  

w a s  delayed i n  g e t t i n g  t h e  s t o r a g e  equipment and communication and 

c o n t r o l  systems ready f o r  t e s t i n g .  As a r e s u l t ,  NMF'C w i l l  n o t  test the 

equipment and c o l l e c t  d a t a  u n t i l  t h e  1981-1982 h e a t i n g  season.  Because 

of t h e  poor equipment performance i n  t h e  LILCO, PSESrG, and VEPCO tests, 

t h e  s t o r a g e  equipment i s  be ing  removed. I n  t h e  UPA t e s t ,  exper ience  

w i t h  t h e  s t o r a g e  u n i t s  w a s  g e n e r a l l y  good, and UPA expec ts  most tes t  

home customers t o  r e t a i n  t h e  s t o r a g e  equipment. A d e t a i l e d  a n a l y s i s  of  

t h e  r e s u l t s  of  t h e  1980-1981 h e a t i n g  season  is  p r e s e n t l y  under way by 

LILCO, PSE&G, UPA, and VEPCO and w i l l  be  presented  i n  a subsequent r e p o r t .  

NMPC 

5.1 Heat S to rage  Equipment Performance 

I n  gene ra l ,  t h e  u t i l i t i e s  encountered numerous hardware and 

o p e r a t i o n a l  problems w i t h  t h e  s t o r a g e  u n i t s .  The problems inc luded  

h igh  equipment f a i l u r e  ra te ,  i n s u f f i c i e n t  h e a t i n g  c a p a b i l i t y ,  excessive 

electric energy consumption, a i r  cond i t ion ing  problems caused by the 

reduc t ion  o f  a i r  f low i n  t h e  c e n t r a l  duc t  system, and poor temperature  

r egu la t ion .  

heaters were experienced because of t h e  reverse connect ion of  e l ec t r i c  

elements  and low s e t t i n g s  on thermosta t s .  Most of  t h e s e  problems appeared 

t o  be  t h e  r e s u l t  o f  poor q u a l i t y  c o n t r o l  by t h e  manufacturers  and l a c k  

of  exper ience  of t h e  c o n t r a c t o r  personnel  working w i t h  t h e  s t o r a g e  

equipment. 

Some minor problems w i t h  t h e  s t o r a g e  domestic h o t  water 

Some problems were a l s o  caused by t h e  des ign  of  t h e  equipment. 

To d a t e ,  on ly  t h e  ceramic b r i c k  u n i t s  i n  t h e  PSESlG and UPA tests 

and t h e  p re s su r i zed  h o t  water u n i t s  i n  t h e  LILCO and VEPCO tests have 

been f u l l y  opera ted .  
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5.1 .1  C e n t r a l  ceramic b r i c k  

On i n i t i a l  s t a r t - u p  and t e s t i n g  of  t h e s e  u n i t s  i n  t h e  PSESrG and UPA 

tests, problems were experienced w i t h  d e f e c t i v e  c o n t r o l  r e l a y s ,  f rozen  

dampers, f rozen  blower motors, and d e f e c t i v e  h y d r a u l i c  l imiters,  low- 

v o l t a g e  t r ans fo rmers ,  and l o c a l  l o g i c  c o n t r o l  boards.  Also, an odor 

problem w a s  experienced on i n i t i a l  h e a t i n g  of t h e  i n s u l a t i o n  i n  t h e  u n i t s  

and w a s  encountered aga in  whenever adhesives  were used i n  t h e  home and 

t h e i r  fumes c i r c u l a t e d  through t h e  s t o r a g e  u n i t  v i a  t h e  duct  c i r c u l a t i o n  

system. 

season included f a i l u r e  of l o g i c  c o n t r o l  boa rds ,  i n s u f f i c i e n t  h e a t i n g ,  

and h igh  energy use. Also,  t h e  i n s t a l l a t i o n  of t h e  s t o r a g e  u n i t s  i n  

t es t  homes having c e n t r a l  a i r  cond i t ion ing  caused problems w i t h  a i r  

cond i t ion ing  du r ing  t h e  1980 coo l ing  season. 

During i n i t i a l  t e s t i n g ,  t h e  major problem experienced by PSEQG and 

UPA involved t h e  f a i l u r e  and i n c o r r e c t  o p e r a t i o n  of h y d r a u l i c  l i m i t e r s .  

L i m i t e r s  f o r  several  ceramic b r i c k  u n i t s  had t o  b e  r e c a l i b r a t e d  o r  

r ep laced  because t h e  limiters were set t o  deenergize a t  about 677'C 

(1250°F) i n s t e a d  of  746°C (1375'F) as i n d i c a t e d  i n  t h e  manufacturer ' s  

s e r v i c e  manual. 

t o  go t o  f u l l  charge under c o n t r o l  of t h e  s t o r a g e  s e c t i o n  thermocouple. 

Seve ra l  u n i t s  a l s o  s u f f e r e d  from excess ive  h y d r a u l i c  l i m i t  t r i p p i n g ,  

which prevented t h e  s t o r a g e  u n i t  from charging.  Causes w e r e  found t o  be 

a f a c t o r y  w i r i n g  problem and i n c o r r e c t  l o c a t i o n  of t h e  temperature- 

s e n s i n g  probe. During i n i t i a l  t e s t i n g ,  d e f e c t i v e  r e l a y s  and problems 

w i t h  mechanical o p e r a t i o n  of dampers a l s o  prevented c o r r e c t  o p e r a t i o n  

of t h e  s t o r a g e  u n i t s .  

p o s i t i o n .  I f  i t  had s t ayed  open, 760°C (1400°F) h o t  a i r  from t h e  s t o r a g e  

s e c t i o n  would have en te red  t h e  house. However, t h e  temperature  s a f e t y  

o v e r r i d e  switch f o r  t h e  dev ice  ope ra t ed  t o  t u r n  t h e  blower motor o f f ,  

n o t  a l lowing t h i s  t o  happen. 

Problems encountered du r ing  o p e r a t i o n  of t h e  u n i t s  i n  t h e  h e a t i n g  

The o r i g i n a l  s e t t i n g  would no t  a l low t h e  s t o r a g e  s e c t i o n  

I n  t h e  PSEQG test ,  a damper s t u c k  i n  t h e  open 

Seve ra l  problems were experienced wi th  t h e  f a i l u r e  of low-voltage 

c o n t r o l  t r ans fo rmers  and t h e i r  p r o t e c t i v e  fuses .  Some t r ans fo rmers  

f a i l e d  w i t h  open secondary c i r c u i t s ,  and one f a i l e d  because t h e  con- 

t r a c t o r  wired i t  i n c o r r e c t l y .  During i n i t i a l  charging of s t o r a g e  u n i t s  
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and when only the night heating sections were allowed to operate, the 

24-V control transformer's protective fuse failed in several storage 

units because an inrush 5-A current exceeded the 3.1-A steady-state 

rating of the transformers. Repair required removal of the transformer 

from the storage unit and disassembling the transformers to gain access 

to the cartridge-type fuse that was integral to the transformer and 

soldered in place. No additional transformer failures have been 

experienced since the steady-state demand on the transformer during on/off 

operation of the unit was estimated to be within the 3 . 1 - A  rating. 

Initial charging and operation of the storage units were found to be 

a source of noxious odors. Initial heating of the units resulted in 

annoying odors associated with burning-in the insulation. 

storage units were first energized, rock wool insulation in the unit 

bonded together with a substance that vaporized when exposed to the 

heat, thus causing the annoying odor that generally lingered for 2 to 

4 d, depending on ventilation. The odor recurred in some cases when the 

device did not heat to the maximum operating temperature during initial 

charging. UPA forewarned PSE&G of the problem. A s  a result, PSE&G 

charged the units to maximum operating temperature before connnecting 

the furnace into the customer's ductwork. 

When the 

One unit in U P A ' s  test produced blue haze and odor. This unit was 

disassembled and checked for irregularities. It was then reassembled 

with new brick and element components and a new thermocouple and hydraulic 
limiter. The problem did not recur. A l s o ,  UPA found i n  its test that 
extremely noxious odors can occur if vapors from certain adhesives, such 

as floor and paneling adhesives, or highly aromatic substances are 

allowed to circulate through the storage unit. These odors are believed 

to result from a chemical change occurring in the fumes of the adhesives 

at the high temperatures. 

During summer 1980, PSE&G found that test homes with central air 

conditioning systems retrofitted with central ceramic brick storage units 

experienced poor cooling performance. 

(1) insufficient air flow in the ductwork because of the installation of 

the storage unit and (2) air aspirations through the seams, joints, and 

The primary reasons were 
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convection coo l ing  louvres  of t h e  s t o r a g e  u n i t .  Warmer-than-normal 

weather a l s o  exacerbated t h e  a i r  cond i t ion ing  problems i n  s e v e r a l  tes t  

homes. A 373-W (1/2-hp) mult ispeed motor w a s  s u b s t i t u t e d  f o r  t h e  249-W 

(1/3-hp) motor t o  i n c r e a s e  t h e  a i r  flow i n  t h e  ductwork, and t h e  

s t o r a g e  u n i t s  were s e a l e d  w i t h  duct  t a p e  and cau lk ing  t o  reduce t h e  amount 

of o u t s i d e  air a s p i r a t e d  through t h e  u n i t .  

I n  t h e  PSESlG t e s t ,  i n s u f f i c i e n t  s t o r a g e  c a p a c i t y  problems were 

experienced p a r t l y  because t h e  h e a t  l o s s e s  of t h e  s t o r a g e  u n i t s  w e r e  

underestimated and th i ckness  of i n s u l a t i o n  i n  t h e  test  homes w a s  over- 

es t imated.  

d e p r e s s u r i z a t i o n  dev ice  revealed t h a t  poor home c o n s t r u c t i o n  techniques 

and craf tmanship were r e s p o n s i b l e  f o r  a high level  of i n f i l t r a t i o n  i n  

some tes t  homes. Another problem w a s  t h a t  t h e  o r i g i n a l  ductwork had 

some s e p a r a t i o n s ,  which w e r e  a t t r i b u t e d  t o  t h e  h ighe r  o p e r a t i n g  p r e s s u r e  

o f  t h e  s t o r a g e  u n i t  fan.  In a d d i t i o n ,  t h e  i n f r a r e d  scan  r evea led  t h a t  

s i g n i f i c a n t  h e a t  l o s s e s  occurred through t h e  s u r f a c e  of r h e  new ductwork. 

PSESlG took several a c t i o n s  t o  c o r r e c t  t h e  problems. They i n s p e c t e d ,  

r e p a i r e d ,  and r e i n f o r c e d  both t h e  new and e x i s t i n g  ductwork i n  t h e  

homes, i nc reased  i n s u l a t i o n  i n  t h e  homes, and took measures t o  reduce 

i n f i l t r a t i o n .  

I n f r a r e d  scanning combined w i t h  a house p r e s s u r i z a t i o n /  

PSEGtG experienced problems w i t h  h igh  e l e c t r i c  energy use  i n  some 

test  homes having t h e  s t o r a g e  u n i t s  l o c a t e d  i n  garages because of t h e  

h e a t  l o s s  from t h e  u n i t s  and t h e  a s p i r a t i o n  of ambient garage a i r .  These 

problems caused t h e  excess  energy use  and c o n t r i b u t e d  t o  t h e  d e p l e t i o n  

of s t o r e d  h e a t .  

Problems were experienced w i t h  t h e  l o g i c  boards i n  t h e  s t o r a g e  u n i t s .  

I n  i n i t i a l  t e s t i n g  by PSEStG du r ing  t h e  1979-1980 w i n t e r ,  n e a r l y  h a l f  of 

30 l o g i c  boards i n  t h e  ceramic b r i c k  dev ices  f a i l e d .  

5.1.2 P res su r i zed  h o t  water 

The i n i t i a l  t e s t i n g  problems experienced w i t h  t h e s e  u n i t s  included 

h e a t i n g  element f a i l u r e s  and f a i l u r e  of several i n t e r n a l  c o n t r o l  r e l a y s .  

However, some of t h e s e  problems appear t o  have r e s u l t e d  from improper 

o p e r a t i o n  by personnel  no t  adequately f a m i l i a r  w i th  t h e  system. Genera l ly ,  
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t h e  u n i t s  performed s a t i s f a c t o r i l y ,  a l though maintenance f o r  l e a k s  and 

c o n t r o l  malfunct ions w a s  a cont inuing  problem. Opera t iona l  problems 

experienced by LILCO and VEPCO included d e f e c t i v e  hardware, a f a i l e d  

h e a t  exchanger,  l e a k s ,  malfunct ioning mixing v a l v e s ,  and o t h e r  hardware 

malfunct ions.  

During t e s t i n g  of t h e  f i r s t  device  i n  t h e  VEPCO tes t ,  l e a k s  were 

found i n  t h e  p i p e  coupl ing t o  t h e  hea t  exchanger. The manufacturer of 

t h e  s t o r a g e  u n i t  r epa i r ed  t h e s e  l e a k s  and checked a l l  o t h e r  tes t  home 

i n s t a l l a t i o n s  f o r  p o t e n t i a l  l eak ing  problems. 

Also,  VEPCO experienced problems wi th  t h e  mixing va lve  i n  t h e  

Megatherm tanks  no t  maintaining t h e  c o r r e c t  temperature  set  po in t  i n  

s e v e r a l  test homes and f a i l i n g  i n  fou r  s t o r a g e  devices .  

va lve  c o n t r o l s  t h e  temperature  a t  which water from t h e  space hea t ing  

hydronic system is  heated by t h e  s t o r a g e  device  u n i t  exchanger. 

The mixing 

Storage u n i t  f low swi tches ,  which were designed t o  i n d i c a t e  t o  t h e  

s t o r a g e  u n i t  hea t  exchanger c i r c u l a t o r  pump when a flow is  occurr ing  i n  

t h e  space hea t ing  hydronic system, d i d  no t  ope ra t e  p rope r ly  because of 

low-velocity water flow i n  t h e  hydronic system. The low-velocity flow 

w a s  caused by t h e  long l e n g t h  of p ip ing  and extra va lv ing  r equ i r ed  f o r  

t es t  home i n s t a l l a t i o n s .  

I n  t h e  LILCO tes t ,  an unusual ly  high number of c i r c u i t  b reaker  t r i p s  

were experienced. 

t h e  s t o r a g e  u n i t  c i r c u i t  b reakers .  

These were caused by t h e  poor a i r  c i r c u l a t i o n  around 

The p res su r i zed  s to rage  u n i t  used i n  t h e  tes t  had fou r  means o f  

p r o t e c t i o n  t o  prevent  ove rp res su r i z ing  t h e  s to rage  t ank ,  bu t  LILCO had 

one case  i n  which t h r e e  of t h e  fou r  means f a i l e d .  I f  t h e  f o u r t h  

p r o t e c t i o n  - t h e  p re s su re  r e l i e f  valve - had f a i l e d ,  t h e  s t o r a g e  tank  

would have been endangered of rup tu r ing  wi th  steam i n  excess of 517 kPa 

(75  p s i )  and 143°C (290'F). 

5.1.3 Concrete s l a b  

No sys temat ic ,  scheduled ope ra t ion  of t h i s  system has  y e t  been performed 

o r  monitored; however, the systems have been used t o  a l i m i t e d  degree,  

and no problems have been experienced.  
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5.1.4 Heat pump wi th  s t o r a g e  

Early t e s t i n g  of t h e  fou r  i n s t a l l e d  h e a t  pump devices  r evea led  

s e v e r a l  o p e r a t i o n a l  problems. Improper va lve  assembly a t  t h e  f a c t o r y  

r e s u l t e d  i n  excess ive  f r o s t i n g .  This  problem w a s  solved by f a c t o r y  

t e c h n i c i a n s  and co r rec t ed .  I n  s p r i n g  1980, NMPC discovered t h a t  t h e  

system charged wi th  w a t e r  could no t  w i ths t and  t h e  s e v e r e  cold tempera- 

t u r e s  of a Lake P l a c i d ,  New York, w in te r .  One o r  more water c o i l s  

s u f f e r e d  f r e e z i n g  damage and had t o  b e  replaced.  The devices  were charged 

w i t h  g l y c o l  t o  s o l v e  t h e  problem. The microprocessor c o n t r o l  system f o r  

h e a t  pumps has  n o t  operated s u c c e s s f u l l y ,  i n d i c a t i n g  i t  i s  n o t  a commercial 

o r  near-commercial c o n t r o l  mechanism. 

5.2 S to rage  Equipment Modif icat ions 

Seve ra l  mod i f i ca t ions  were made t o  t h e  c e n t r a l  ceramic b r i c k  and 

p r e s s u r i z e d  h o t  water s t o r a g e  systems i n  t h e  LILCO, PSESrG, UPA, and VEPCO 

tests i n  an a t t e m p t  t o  c o r r e c t  o p e r a t i o n a l  problems experienced w i t h  

t h e s e  systems. NMPC h a s  n o t  r e p o r t e d  any o p e r a t i o n a l  mod i f i ca t ions  

because i t  i s  s t i l l  p repa r ing  t h e  systems f o r  o p e r a t i o n a l  r e a d i n e s s  

f o r  t h e  1981-1982 h e a t i n g  season. 

Modi f i ca t ions  t o  t h e  c e n t r a l  ceramic b r i c k  systems included making 

changes needed f o r  UL approval ,  d i sconnec t ing  e l ec t r i c  charging elements 

t o  reduce e lec t r ic  demand dur ing  s t o r a g e  charging,  r e c a l i b r a t i n g  h y d r a u l i c  

l i m i t s ,  and changing t h e  r e s idences  t o  dec rease  i n f i l t r a t i o n  and home 

h e a t i n g  requirements.  Modif icat ions t o  t h e  p r e s s u r i z e d  h o t  water s t o r a g e  

systems included d i sconnec t ing  e lec t r ic  charging elements t o  reduce 

e l e c t r i c  l o a d  demand and e l i m i n a t i n g  s t o r a g e  u n i t  flow swi t ch  ope ra t ion .  

Modi f i ca t ions  made f o r  each type  of s t o r a g e  u n i t  are summarized below. 

5.2.1 C e n t r a l  ceramic b r i c k  

PSE&G and UPA made minor mod i f i ca t ions  t o  cen t ra l  ceramic b r i c k  

s t o r a g e  u n i t s  t o  t r y  t o  c o r r e c t  o p e r a t i o n a l  problems. PSE&G a l s o  made 

changes t o  t h e  t es t  homes t o  meet l o c a l  codes and improve customer 

s a t i s f a c t i o n  wi th  t h e  s t o r a g e  h e a t i n g  system. 
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A l l  s t o r a g e  u n i t s  r equ i r ed  mod i f i ca t ions  t o  m e e t  UL s p e c i f i c a t i o n s .  

A t  t h e  t i m e  PSE&G and UPA began t h e i r  review of t h e  p o s s i b l e  ceramic 

s t o r a g e  systems t h a t  could be employed i n  t h e i r  tests, t h e  s t o r a g e  u n i t  

d i d  n o t  y e t  have UL l a b e l i n g .  I n  t h e  UPA test ,  mod i f i ca t ions  needed t o  

b r i n g  t h e  s t o r a g e  u n i t s  up t o  UL requirements included r e p l a c i n g  t h e  

s a f e t y  c o n t a c t o r  and l o g i c  panel  i n  t h e  damper s e c t i o n ,  r e p l a c i n g  t h e  

high-temperature l i m i t s  and h y d r a u l i c  l i m i t  i n  t h e  s t o r a g e  s e c t i o n ,  

r ewi r ing  t h e  supply panel  i n  t h e  s t o r a g e  s e c t i o n ,  adding a s a f e t y  con- 

t a c t o r  t o  t h e  a u x i l i a r y  furnace s e c t i o n ,  and r e p l a c i n g  r e l a y s  i n  t h e  

a u x i l i a r y  fu rnace  s e c t i o n .  

One of t h e  u t i l i t i e s  - PSE&G - d i d  no t  connect two e lec t r ic  h e a t i n g  

elements i n  t h e  s t o r a g e  s e c t i o n  of  t h e  s t o r a g e  u n i t  because i t s  

r e s i d e n t i a l  load-management rate schedule  allowed f o r  a 10-h charging 

per iod vs t h e  8-h pe r iod  preprogrammed i n t o  t h e  charge c o n t r o l l e r .  

t h e  manufacturer ' s  recommendation, PSEhG replaced t h e  i n t e r n a l  s t o r a g e  

u n i t  f u s e s  s e r v i n g  t h e s e  elements w i t h  ones of a smaller s i z e .  

With 

Both PSE&G and UPA r e c a l i b r a t e d  t h e  s t o r a g e  u n i t  h y d r a u l i c  l i m i t s  

t o  a l lev ia te  excess ive  t r i p p i n g  on and o f f  of t h e  u n i t ' s  s t o r a g e  s e c t i o n .  

Also ,  i n  t h e  UPA t es t ,  a11 s t o r a g e  u n i t  thermostats  were replaced wi th  

Honeywell round the rmos ta t s  f o r  b e t t e r  r e l i a b i l i t y .  

In t h e  PSE&G tes t ,  f r e e z e  p r o t e c t i o n  devices  were i n s t a l l e d  i n  t h e  

c o n t r o l  c i r c u i t  t o  t u r n  on t h e  s t o r a g e  u n i t  a u x i l i a r y  furnace i f  i n t e r i o r  

house temperature  could n o t  b e  maintained. I n i t i a l l y ,  t h e s e  devices  

were i n s t a l l e d  by mounting t o  t h e  r e t u r n  a i r  ducts .  However, i n  t h e  

garage l o c a t i o n s  t h i s  caused excess ive  t r i p s ,  and those  s e n s o r s  were 
r e l o c a t e d  t o  t h e  laundry rooms i n  each home. 

PSE&G added a 5-kW duc t  h e a t e r  t o  t h e  a u x i l i a r y  furnace s e c t i o n  i n  

29 of t h e  30 test  homes. This a d d i t i o n  w a s  made because a l l  homes had an 

e x i s t i n g  22-kW Lennox furnace.  

c a p a c i t y  of t h e  15-kW TPI  n i g h t  h e a t i n g  s e c t i o n  might b e  n o t i c e a b l e  

and, t h e r e f o r e ,  o b j e c t i o n a b l e  t o  t h e  customers. 

PSEGrG be l i eved  t h a t  t h e  lower h e a t i n g  

Ea r ly  i n  w i n t e r  1979-1980, PSEStG noted t h a t  t h e  s t o r a g e  furnace 

a s p i r a t e d  ambient a i r  through t h e  center-panel convection-cooling louvres  

du r ing  s t o r a g e  u n i t  f a n  ope ra t ion  when t h e  dev ice  w a s  e i t h e r  charging o r  
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in the off mode. 

was located in a heated space; however, with the PSE&G devices in the 

garages, outside cold air was being pulled through the storage section. 

An analysis of the energy use of the garage-located devices indicated 

excess energy consumption. 

taped the storage units along all seams as well as the louvres, added 

insulation to the plenums and ductwork, and built enclosures for the 

storage units. 

This phenomenon presented no problem when the furnace 

In an attempt to reduce the heat l o s s ,  PSEhG 

5.2.2 Pressurized hot water 

Modifications made by LILCO and VEPCO to the pressurized hot water 

storage devices included disconnecting electric heating elements, 

eliminating flow switch operation, and modifying control logic. 

In the VEPCO test, two of the five 6-kW electric resistance heating 

elements in each Megatherm tank were disconnected and the associated 

power wiring removed, thus reducing the total connected electric load of 

the test home and spreading storage charging of the device over more 

hours. In the LILCO test, three heating elements were allowed to energize 

instead of only one element during the period that space heating was 

provided by heat storage because the storage device could not maintain 

the required minimum temperature in the test home. 

The storage unit flow switches, which were designed to indicate to 

the storage tank heat exchanger circulating pump when flow occurs in the 

hydronic heating system, were made inoperative in the LILCO and VEPCO 

tests because of operational problems. In the LILCO test, to eliminate 

the flow switches from the operation, the Megatherm heat exchanger cir- 

culating pump was wired parallel with the home thermostat. 

test, the Megatherm circulating pump was connected in parallel with the 

hydronic system circulating pump. 

In the VEPCO 

In the VEPCO test, control wiring of the Megatherm device was 

modified from an electric demand control system that would reduce the 

number of electric heating elements energized at one time to an electric 

energy control system that would reduce the storage temperature of the 

tank as a function of outside ambient temperature. The charging control 



w a s  made t o  o p e r a t e  i n  t h r e e  temperature  r eg ions  i n  a s t e p  f u n c t i o n  t o  

provide t h r e e  s e p a r a t e  s t o r a g e  c a p a c i t i e s  f o r  outdoor ambient temperature.  

LILCO p laced  washers behind t h e  b o l t s  ho ld ing  t h e  f r o n t  c o n t r o l  pane l  

t o  t h e  Megatherm t ank  t o  improve a i r  c i r c u l a t i o n  i n  t h e  area of t h e  cir-  

c u i t  b r e a k e r s ,  t hus  reducing c i r c u i t  b reake r  t r i p s .  Megatherm s t o r a g e  

devices  have s i n c e  been redesigned w i t h  a i r  ven t s  i n  t h e  f r o n t  c o n t r o l  

panel .  

5 .3  Communication and Control  Experience 

The only u t i l i t y  t h a t  r epor t ed  having s i g n i f i c a n t  o p e r a t i o n a l  

problems w i t h  t h e  r a d i o  communication and c o n t r o l  system w a s  UPA. 

r e p o r t e d  none, and PSE&G, NMPC, and VEPCO r e p o r t e d  only minor problems 

wi th  t h e  te lephone communication and c o n t r o l  systems. 

experienced by UPA inc luded  e r r a t i c  o p e r a t i o n  of receiver swi t ches ,  

poor s i g n a l  s t r e n g t h ,  and a malfunct ioning master c o n t r o l  u n i t .  

LILCO 

Major problems 

The communication system a t  UPA w a s  o r i g i n a l l y  designed wi th  one 

t r a n s m i t t e r .  According t o  vendor-supplied s p e c i f i c a t i o n s ,  one t r a n s m i t t e r  

should have given adequate  coverage w i t h i n  a 40-km (25-mile) r ad ius .  

I n i t i a l  t e s t i n g  i n  e a r l y  1979 i n d i c a t e d  poor r e c e p t i o n  beyond 19 t o  25 km 

(12 t o  1 5  m i l e s ) ,  so  t h r e e  more 100-W t r a n s m i t t e r s  were i n s t a l l e d  du r ing  

l a t e  summer 1979. In  a d d i t i o n ,  f o u r  monitors were i n s t a l l e d  t o  i n d i c a t e  

t r a n s m i t t e r  ope ra t ions .  

provided a good s t r o n g  s i g n a l ;  however, t h e  frequency of 153 MHz w a s  a 
poor cho ice  because of i n t e r f e r e n c e  from v o i c e  communications t r a f f i c ,  

e s p e c i a l l y  du r ing  h i g h  use times. 

The r a d i o  system wi th  t h e  t h r e e  t r a n s m i t t e r s  

The o r i g i n a l  i n t e n t  of UPA w a s  t o  c o n t r o l  t h e  customer-side energy 

s t o r a g e  systems wi th  a modified p o r t a b l e  r a d i o  test  u n i t ;  however, t h i s  

u n i t  w a s  found t o  be incapab le  of cormnunicating t o  more than one t r ans -  

mitter when t h e  t h r e e  a d d i t i o n a l  t r a n s m i t t e r s  w e r e  i n s t a l l e d .  

test u n i t  w a s  r ep laced  w i t h  S c i e n t i f i c  A t l a n t a ' s  microprocessor-based 

message gene ra to r  u n i t .  The message gene ra to r  crashed f r e q u e n t l y  because 

of minor v o l t a g e  f l u c t u a t i o n s  u n t i l  i t  w a s  t r a n s f e r r e d  t o  an  i n v e r t e r  

power supply and grounded through an  i s o l a t i o n  t ransformer.  The u n i t  

The p o r t a b l e  



required a software change to increase transmission time, and major 

component failures occurred during 1980. 

Some other operational problems experienced by UPA included problems 

with the erratic operation of receiver units. Severe weather conditions 

such as heavy lightning and thunderstorm activity caused sporadic opera- 

tions of the transmitter monitors and switch operations. A l s o ,  computer 

printouts and switch event counters indicated erratic operation of the 

receiver switches even after the three transmitters were added and the 

message generator was operating as intended. A check of radio switch 

operations indicated that some switch responses were as low as 3% and 
others exceeded 100%. 

the receiver units caused an excessive bandwidth, which enabled the 

switches to receive both water heater and storage unit signals. 

switches were sent back to the manufacturer for repair and then returned 

to service. 

A faulty capacitor in the wave shaper circuit of 

All 

NMPC, PSE&G, and VEPCO experienced only minor operational problems 

with the telephone communication and control systems. 

operational problems were experienced with the master control computer, 

RTUs, and the telephone link. 

failed on several occasions. However, each downtime was only for a few 

hours because maintenance personnel were nearby. During the post- 

Olympic remodeling phase of the dormitory buildings at Raybrook, some 

problems developed that were caused by cut signal wire, blown fuses on 

analog cards, and pulse accumulator failures in the RTUs. 

In the NMPC test, 

The master station computer and peripherals 

The long line telephone service delayed operational checkout of 

The telephone service from NMPC's communication aqd control system. 

Systems Control, Inc., in Palo Alto, California, to Raybrook, New York, 

was discontinued in April 1980. Although the service was rescheduled for 

September 1980, it was not available until December 1980. Satisfactory 

service was available from December through January 1981, but problems 

arose during February, making the complete checkout of the control system 

impossible at that time. 

In the PSE&G test, problems were experienced with the tone dialer 

cards of the DARCOM master controller. The cards were found to have 
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design problems that were also temperature sensitive and would, at times, 

not allow PSE&G to contact test homes. Testing indicated that the device 

sometimes would be slow in recognizing a dial tone or would not recognize 

it at all, resulting in a failure to contact a test home. Problems with 

the cards were caused by an overdriving of the phase-lock-loop circuits 

and a failure to consistently initialize the dialer chip. DARCOM 

redesigned and hand-reworked, tested, and shipped new dial tone cards 

to PSE&G. 

PSE&G also experienced problems with the DARCOM remote devices. 

These problems included uncommanded operations of relays during storms 

and long weekends, a remote having both identification and access code 

errors, and interface card failure in the remote devices. 

The DARCOM system was placed in operation in August 1979, and a 

number of cases appeared to be telephone system trouble. 

was the large number of "trunk busy" signals that occurred at times. 

The "trunk busy" signals were usually severe enough that some locations 

Could not be contacted, even after multiple attempts were made. 

"busy" signals appeared in March, April, and December 1980. 

case, the problem cleared, and the telephone company reported no trouble 

found . 

One problem 

These 

In each 

The majority of the software problems with the DARCOM system were 

found and corrected prior to the master controller leaving the manu- 

facturer. 

operational use of the DARCOM system involved the control strategy 

time table. Unless a nonstandard technique was used when revising the 

time table, certain entries would be buried in the software and reappear 

as unscheduled operations. Rather than revise the computer programming, 

a nonstandard technique was developed by PSE&G and used successfully 

during the test. 

The only software problem to appear after testing and during 

During April 1980, PSE&G experienced control problems involving the 

summer/winter switches at the test homes. Because of weather conditions 

in the PSE&G area, several storage customers elected to disable the 

storage section of the TPI storage units using the summer/winter switch. 

However, storage units were still being controlled by the DARCOM system. 
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On days when no h e a t  w a s  r equ i r ed ,  no problem occurred as f a r  as t h e  

homeowner w a s  concerned. However, on days when h e a t  w a s  r e q u i r e d  du r ing  

t h e  hours  when t h e  s t o r a g e  u n i t  w a s  deenergized,  only c o o l  a i r  w a s  

s u p p l i e d ?  r e s u l t i n g  i n  t h e  customer h i t t i n g  t h e  o v e r r i d e  t o  e n e r g i z e  t h e  

a u x i l i a r y  fu rnace  s e c t i o n  of t h e  s t o r a g e  u n i t  f o r  h e a t .  This  procedure 

w a s  r equ i r ed  d a i l y .  Examination of t h e  DARCOM c o n t r o l  system l o g i c  

r evea led  a c o n s t r a i n t  t h a t  prevented e l i m i n a t i n g  commands t o  only t h e  

d i s a b l e d  s t o r a g e  u n i t s  and even e l i m i n a t i n g  commands t o  c o n t r o l  a l l  

s t o r a g e  u n i t s .  The system requ i r ed  t h e  command t o  b e  s e n t  t o  a l l  t h r e e  

p i e c e s  of c o n t r o l l e d  equipment - s t o r a g e  u n i t ,  water h e a t e r ,  and e l e c t r i c  

meter - a t  t h e  test  home l o c a t i o n s .  To s o l v e  t h e  problem, PSE&G 

reques t ed  a l l  customers t o  d i s a b l e  t h e  s t o r a g e  s e c t l o n  o f  t h e  s t o r a g e  

u n i t .  The s t o r a g e  u n i t s  were then  given t h e  comand t o  always s t o r e  

h e a t  and activate t h e  a u x i l i a r y  fu rnace  s e c t i o n .  This  s o l u t i o n  made t h e  

a u x i l i a r y  fu rnace  s e c t i o n  a v a i l a b l e  on a 24-h b a s i s  under t h e  c o n t r o l  of 

t h e  customer's  t he rmos ta t  without  t h e  n e c e s s i t y  of a customer ove r r ide .  

VEPCO experienced minor d i f f i c u l t i e s  w i th  t h e  l e a s e d  t e l e l p h o n e  l i n e  

communication 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 

RTUs were c o r r e c t e d ?  and t h e  computer so f tware  w a s  modified t o  accommodate 

changes i n  instrument  analog ranges on s i x  test  homes as w e l l  as t h e  

addres ses  on a number of o t h e r  test  homes. 

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  

w a s  t r a c e d  t o  te lephone company swi t ch ing  and w a s  c o r r e c t e d .  One i n s t a l l e d  

te lephone l i n e  and two slave home c o n t r o l  c a b l e s  w e r e  c u t  by o t h e r s  du r ing  

excavat ions.  

The communication system a t  VEPCO ope ra t ed  very s a t i s f a c t o r i l y ,  and 

experience w a s  t h a t  an  e s t ima ted  98% of  commands t r a n s m i t t e d  were r ece ived  

and executed. The 2% of  commands n o t  executed were probably caused by 

equipment f a i l u r e ,  equipment t e s t i n g ,  b a t t e r y  f a i l u r e  from disconnected 

charging system, and o t h e r  minor equipment problems. 



6 3  

5.4  Instrumentation Equipment Experience 

Multitudes of instrumentation failures and problems were reported 

by all utilities except LILCO and NMPC. 

wiring, incorrect calibration, instrumentation design problems, and 

magnetic tape recorder failure. PSE&G, UPA, and VEPCO made changes to 

the instrumentation equipment to correct these problems. 

cluded wiring, equipment design, and additional temperature-sensing 

equipment . 

These problems included incorrect 

Changes in- 

Instrumentation problems identified in the PSE&G test included 

measurement problems, incorrect wiring, incorrect pulse rates, and 

calibration problems. 

the change in air temperature variable across the storage unit. Because 

of the electronic design of the temperature probe, the determination was 

made that pulses were generated at a certain rate dependent on the air 

temperature in the duct. 

on the same pulse rate being maintained for the entire metering interval. 

Therefore, if the storage unit cycled on and off during a metering 

interval, the temperature of the air being monitored varied as the duct 

air cooled during the off period. 

a variation in the rate of pulses recorded on magnetic tape, leading t o  

inaccurate data. 

One instrumentation problem involved measuring 

Conversion to actual temperature was dependent 

This temperature change resulted in 

All the ambient air temperature probes were miswired because wiring 

colors on the probes differed from expected color coding. This problem 

was subsequently resolved. Also, the Btu and water meters did not per- 

form properly because of a wiring problem within the meters. 

Signal processors for the Btu meters were supplied by the manu- 

facturer to measure the net energy used by the water heaters; these 

processors produced incorrect pulse rates. 

by PSE&G personnel in accordance with the manufacturer's instructions. 

Also, indoor temperature sensors were not well calibrated. Validity of 

these data is being reviewed for possible modification. 

UPA experienced problems with signal conditioners, analog-to-frequency 

This problem was modified 

converters, temperature sensors, magnetic tape recorders, data-time 

sequence of data tapes, and other instrumentation. The utility also 
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experienced a much higher failure rate of instrumentation equipment than 

anticipated, requiring addition of more spare signal conditioners and 

analog-to-frequency converters. 

Fifteen Scientific Columbus signal conditioners required repair 

because of operational amplifier failures. The problem was caused by 

transient spikes from the 120-V water meter relay and was solved by adding 

varisters to the signal conditioners. 

Integrated circuit chips in 20 of the Scientific Columbus analog-to- 

frequency converters failed. Transient spikes were suspected to be the 

cause because the problem disappeared after the varisters were added to 

the input of signal conditioners. 

Sensors used to measure the temperature of the storage unit continued 

to malfunction in several homes during the 1979-80 heating season. 

Special dual thermocouples were installed to alleviate this problem. 

Duncan magnetic tape recorders failed at an unacceptable rate almost 

immediately after implementation. Communications with the factory 

personnel revealed the problem to be defective drive motors. These 

recorders were recalled and repaired by Duncan. 

Two to five tapes collected each month indicated a data-time 

relationship of as much as 8 h out of synchronization. 

this problem was not identified; however, UPA believes it could have 

been eliminated. 

magnetic tape recorders in each home in a master-slave configuration 

and recording time on only one tape. 

The reason for 

Data editing could have been made easier by coupling 

A l l  instrumentation to measure delta storage unit air temperature 

was modified to measure actual inlet and outlet air temperatures. 

the instrumentation to measure the delta domestic water heater tempera- 

ture was modified to measure actual inlet and outlet water temperatures. 

Also, 

Instrumentation problems encountered in the VEPCO test included 

pulse generator failures and instrumentation design, calibration, and 

measurement problems. Several printed circuit boards for instrumentation 

pulse generators failed and were replaced. These failures were 

not discovered until erroneous data were found on tapes. Pulse 

generators for recording temperature data were incorrectly designed to 
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produce twice the required pulses per hour, resulting in data saturation 

on several tapes and in lost data. All temperature and humidity instru- 

mentation was modified to deliver the correct pulse rate output, and a 

correction factor will be applied to all previous temperature and 

humidity data, if feasible. 

Field recalibration of temperature and humidity instrumentation 

(sensors and amplifiers) was required when matched components failed and 

were replaced. The duct system air flow instrumentation performed 

unsatisfactorily because of difficulty in locating the air flow sensor 

in an area of the duct with minimum air turbulence. Outdoor air tem- 

perature sensors were relocated because of higher ambient temperatures 

in close proximity to the house. 
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6 .  CUSTOMER ACCEPTANCE 

The philosophy of u t i l i t y - c o n t r o l l e d  customer-side thermal energy 

s t o r a g e  i s  t o  a l low t h e  u t i l i t y  t o  c o n t r o l  customer loads so  t h e  u t i l i t y  

w i l l  be  a b l e  t o  level e l e c t r i c  l oad  demand and, a t  t h e  same t i m e ,  p rov ide  

t h e  customer w i t h  un in te r rup ted  space  h e a t i n g  and domestic h o t  water. 

I d e a l l y ,  thermal  energy s t o r a g e  w i l l  p rov ide  t h e  customer wi th  t h e  same 

space  h e a t i n g  comfort as w i t h  convent ional  h e a t i n g  systems ( o i l ,  gas ,  and 

e l e c t r i c i t y )  and wi th  no change i n  t h e  l i f e - s t y l e  acqu i r ed  wi th  con- 

v e n t i o n a l  h e a t i n g  systems. 

For t h e  s t o r a g e  systems t o  perform as an e l e c t r i c  demand-leveling 

t o o l  and f o r  t h e  u t i l i t y  t o  provide t h e  customer an i n c e n t i v e  rate,  t h e  

s t o r a g e  systems must have s u f f i c i e n t  s t o r a g e  c a p a c i t y  t o  meet t h e  h e a t i n g  

requirement of t h e  home and n o t  cause t h e  customer t o  o v e r r i d e  t h e  

u t i l i t y  c o n t r o l .  I f  t h e  s t o r a g e  system has i n s u f f i c i e n t  s t o r a g e  c a p a c i t y ,  

t hen  t h e  customer w i l l  experience a l a c k  of space  h e a t i n g  o r  water h e a t i n g  

and o v e r r i d e  t h e  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  system, thus  d e f e a t i n g  

t h e  demand-leveling p r i n c i p l e  of  t h e  s t o r a g e  system and e l i m i n a t i n g  

b e n e f i t  t o  t h e  u t i l i t y .  Also, t h e  s t o r a g e  system must respond a c c u r a t e l y  

t o  t h e  customer's  thermostat  t o  r e t a i n  indoor  temperature  comfort i n  t h e  

house o r  b u i l d i n g  and must n o t  b e  t o o  noisy t o  d i s t u r b  t h e  customer a t  

n i g h t ,  f o r  example. 

Af t e r  t h e  tests,  a l l  u t i l i t i e s  c i r c u l a t e d  q u e s t i o n n a i r e s  o r  conducted 

face-to-face in t e rv i ews  us ing  personnel  from t h e i r  marketing services, 

load-research,  and load-management departments t o  c o l l e c t  d a t a  on t h e  

customers '  a t t i t u d e s  towards t h e  use of thermal energy s t o r a g e  t o  pro- 

v i d e  space h e a t i n g  and domestic h o t  water. R e s u l t s  of t h e  tests g e n e r a l l y  

i n d i c a t e d  poor acceptance of t h e  s t o r a g e  systems f o r  space  hea t ing .  

Areas causing t h i s  poor acceptance included l a c k  of s u f f i c i e n t  h e a t i n g ,  

poor temperature  r e g u l a t i o n ,  poor equipment r e l i a b i l i t y ,  and h igh  e l ec t r i c  

c o s t .  

h o t  water h e a t e r s .  

Only VEPCO experienced n e g a t i v e  acceptance of t h e  s t o r a g e  domestic 

Three of t h e  u t i l i t i e s  - LILCO, PSEGG, and VEPCO - r ece ived  com- 

p l a i n t s  from t h e i r  t es t  home customers concerning t h e  poor h e a t i n g  

c a p a b i l i t y  and t h e  c o s t  of h e a t i n g  wi th  t h e  s t o r a g e  systems probably 
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because of (1) i n s u f f i c i e n t  s t o r a g e  capac i ty  invo lv ing  space h e a t i n g  and 

( 2 )  o p e r a t i o n a l  performance. 

l o s s e s  o f  t h e  s t o r a g e  u n i t s  and t h e  high level of home i n f i l t r a t i o n  i n  

t h e  t es t  homes caused by poor home c o n s t r u c t i o n  techniques and craftsman- 

sh ip .  

and inadequate  a i r  flow i n  t h e  duct  systems f o r  t h e  s t o r a g e  i n s t a l l a t i o n s ,  

w e r e  determined t o  b e  r e s p o n s i b l e  f o r  t h e  higher-than-normal e lectr ic  

energy used by tes t  home customers. 

Some of t h e  causes w e r e  t h e  h igh  h e a t  

The h igh  h e a t  l o s s e s ,  as w e l l  as inc reased  ductwork and p ip ing  

Customer complaints about n o i s e  have been few. I n  t h e  VEPCO tes t ,  

most have been a s s o c i a t e d  wi th  t h e  h e a t  pump compressor o r  indoor  a i r  

handler .  Some n o i s e  problems w i t h  t h e  s t o r a g e  domestic water h e a t e r s  

i n  t h e  PSESrG tes t  were caused by c h a t t e r i n g  of t h e  load - l eve l ing  r e l a y  

c o n t r o l l i n g  t h e  lower element assembly. 

The only customer complaints on temperature  r e g u l a t i o n  involved 

p res su r i zed  h o t  water u n i t s  i n  t h e  LILCO and VEPCO tests.  These were 

r e l a t e d  t o  t h e  malfunct ioning h e a t  exchanger mixing valves i n  t h e s e  

s t o r a g e  u n i t s .  

The number o f  t i m e s  customers o v e r r i d e  t h e  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 i s  an  i n d i c a t i o n  t h a t  t h e  customers are o u t  of s t o r a g e  

o r  t h a t  t h e  u n i t s  are no t  p rov id ing  s u f f i c i e n t  h e a t  t o  r e t a i n  tempera- 

t u r e  r e g u l a t i o n .  All t h e  u t i l i t i e s  except UPA r e p o r t e d  an excess ive  

amount of customer o v e r r i d e s ,  i n d i c a t i n g  t h a t  t h e  u n i t s  w e r e  n e i t h e r  

o p e r a t i n g  p rope r ly  nor  s i z e d  p rope r ly  f o r  t h e  test homes. During t h e  

h e a t i n g  season,  VEPCO accumulated 1831 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  were performed 230 times, o r  

12.6% of  t h e  t o t a l  house days. 

Three of t h e  u t i l i t i e s  removed one t o  two s t o r a g e  systems dur ing  

t h e  t es t  because of i n s u f f i c i e n t  s t o r a g e  c a p a c i t y ,  inadequate  h e a t i n g ,  

t o o  many o p e r a t i n g  problems w i t h  t h e  s t o r a g e  h e a t i n g  system, o r  customer 

s k e p t i c i s m  about  t h e  economics of t h e  system without  u t i l i t y  s u b s i d i e s .  

Some of t h e  removals, however, were caused by customers who were no t  

p a r t i c i p a t i n g  i n  t h e  test  purchasing homes from customers who were 

p a r t i c i p a t i n g  i n  t h e  tes t .  A t  t h e  adv ice  of t h e s e  t e s t  home owners, t h e  

f u t u r e  customers requested removal of t h e  s t o r a g e  systems. I n  t h e  LILCO 
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t e s t ,  one s t o r a g e  u n i t  w a s  removed because the customer f e l t  that  h e  had 

experienced too  many o p e r a t i n g  problems w i t h  t h e  h e a t i n g  system and t h a t  

t h e  system would n o t  b e  economical i n  t h e  f u t u r e .  

two s t o r a g e  u n i t s  were removed, and some o t h e r  customers  reques ted  

removal t o  avoid summer coo l ing  problems caused by t h e  s t o r a g e  equipment. 

I n  t h e  UPA tes t ,  t h e  removal of  a s t o r a g e  system p r i o r  t o  t h e  1980-1981 

h e a t i n g  season  because of  i n s u f f i c i e n t  capac i ty  w a s  a s p e c i a l  case. 

p a r t i c u l a r  test  home requ i r ed  43,000 kWh f o r  space  h e a t i n g  dur ing  t h e  

1979-1980 h e a t i n g  season. VEPCO r e p o r t e d  no removals,  d e s p i t e  f r equen t  

complaints  o f  inadequate  h e a t i n g  from t h e  customers.  

I n  t h e  PSEGrG t e s t ,  

The 

A f i n a l  area of  customer d i s s a t i s f a c t i o n  w a s  t h e  h igh  o p e r a t i n g  

c o s t s  of  t h e  s t o r a g e  systems caused by t h e  poor performance of  t h e  

equipment and h i g h  ki lowatt-hour  use.  I n  t h e  VEPCO t e s t ,  most test  home 

p a r t i c i p a n t s  were d isappoin ted  w i t h  t h e  s t o r a g e  system because  of  t h e  

h igh  number of o p e r a t i n g  problems and h i g h  o p e r a t i n g  c o s t s .  B i l l i n g  

ad jus tments  are be ing  made by PSE&G and VEPCO t o  a l l  test home p a r t i c i -  

pan t s  t o  compensate them f o r  t h e s e  problems and h igh  energy uses .  

UPA appeared t o  have t h e  b e s t  customer acceptance  of customer-side 

s t o r a g e  technology f o r  space  hea t ing .  Most of  i t s  test  home p a r t i c i p a n t s  

i n d i c a t e d  they  w i l l  purchase t h e  s t o r a g e  equipment a f t e r  t h e  test i s  

completed . 
Only one u t i l i t y  t es t ,  VEPCO, r e s u l t e d  i n  complete n e g a t i v e  response  

t o  t h e  domest ic  h o t  water s t o r a g e .  I n  t h i s  tes t ,  a l l  the s t o r a g e  

domest ic  water h e a t e r s  w e r e  removed from u t i l i t y  c o n t r o l  because of  

f r equen t  customer complaints  about i n s u f f i c i e n t  amounts o f  domest ic  

h o t  w a t e r .  
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7 .  COMMERCIALIZATION OF HEAT STORAGE SYSTEMS 
FOR USE I N  LOAD MANAGEMENT 

7 . 1  R e l i a b i l i t y  of  S torage  Equipment 

R e l i a b i l i t y  of hea t  s t o r a g e  equipment f o r  space h e a t i n g  and domestic 

water hea t ing  has  a d i r e c t  bea r ing  on i t s  commercial izat ion.  

u t i l i t y  tests,  r e l i a b i l i t y  of equipment has  been a major problem. 

t h e  tests,  numerous u t i l i t y  service c a l l s  t o  customers '  homes were made 

t o  c o r r e c t  o p e r a t i o n a l  problems w i t h  t h e  s t o r a g e  equipment. Therefore ,  

be fo re  t h e  equipment can reach  wide-scale  commercial izat ion and use  and 

be r e l i a b l e  as a space  h e a t i n g  system and a load-management t o o l ,  t h e s e  

equipment problems must be  co r rec t ed  by equipment manufacturers .  

I n  t h e s e  

During 

To be  f u l l y  accepted by t h e  u t i l i t i e s  and t h e i r  customers ,  customer- 

s i d e  energy s t o r a g e  systems w i l l  have t o  be  as r e l i a b l e  as convent iona l  

space hea t ing  systems. This  r e l i a b i l i t y  i nc ludes  system l i f e ,  system 

performance, and types  and frequency of equipment f a i l u r e s .  Because of 

t h e  e x t r a  c o n t r o l s ,  motors ,  and equipment components r equ i r ed  t o  s t o r e  

hea t  i n  t h e  s t o r a g e  dev ice  and d i scha rge  hea t  i n t o  t h e  home, s t o r a g e  

equipment appa ren t ly  w i l l  have h ighe r  component f a i l u r e  p o t e n t i a l  than  

convent iona l  space  hea t ing  systems. Thus, b e t t e r  q u a l i t y  c o n t r o l  

s t anda rds  need t o  be  developed and app l i ed  by t h e  equipment manufac turers  

t o  l i m i t  t h e s e  p o t e n t i a l  problems. Qua l i f i ed  d e a l e r s  w i t h  t r a i n e d  

t e c h n i c i a n s ,  adequate  s p a r e  equipment p a r t s ,  and manufac turers '  support  

are also needed so t h a t  t h e  customer-owned s t o r a g e  equipment will 

receive f a s t  r e p a i r  service. Repai r  service and p a r t  replacement c o s t s  

must be comparable t o  t hose  of proven commercial hea t ing  systems as w e l l .  

Another i t e m  r e l a t e d  t o  equipment r e l i a b i l i t y  i s  t h e  inco rpora t ion  

of some type  of i n d i c a t o r  of component f a i l u r e  i n  t h e  s t o r a g e  equipment. 

A customer w i t h  s t o r a g e  equipment could be  wi thout  h e a t  f o r  an  e n t i r e  

day i f  a component i n  t h e  s t o r a g e  equipment f a i l e d  wi thout  warning and 

f a i l e d  t o  s t o r e  hea t .  
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7.2 Economics of Storage Equipment 

Economics of the heat storage systems for the customer will depend 

on the initial costs (capital and installation) and the operating costs 

of the systems. 

equipment, electric rate offered by the utility, and expected life of 

the system. In these tests, high capital equipment costs, high instal- 

lation costs, and high maintenance costs were incurred, indicating poor 

economic feasibility. This indication is probably caused by the prototypic 

nature of the storage equipment. Therefore, costs incurred in these tests 

cannot be used to project the future costs of the storage systems or draw 

any conclusions about the economic feasibility of future heat storage 

systems. 

be higher than that of conventional heating systems because of the addi- 

tional controls and materials required for storage equipment. This higher 

initial cost will tend to dampen sales of the storage equipment directly 

to homeowners and homebuilders. 

These costs will be dependent on reliability of the 

However, the initial cost of future storage systems will probably 

As experienced during the tests, use of storage heating systems in 

the residential sector will affect utility distribution costs because 

of (1) increased peak demand requirements of a residential home with 

storage equipment and (2) lack of energy use diversity. Added demand 

from the storage system for space heating will cause increased expenses 

f o r  distribution circuits and transformers. 

Another utility-related cost is marketing the storage systems. For 

a utility to increase the penetration of heat storage systems on its 

electric system for load management, the utility must incur marketing 

costs that will cover training utility personnel and disseminating 

information on storage equipment to the customers. 

To achieve load management with the customer-owned storage systems, 

the utility will need t o  have some type of control. In the early stage 

of implementing customer-side energy storage, the utility may choose 

to use time clocks or meter-activated devices such as a smart kilowatt- 

hour meter to control storage devices at customers' homes. Once 

substantial increases in penetration of storage systems are reached, 
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active remote u t i l i t y  c o n t r o l  w i l l  be  needed t o  achieve  load  management 

s o  t h e  u t i l i t y  w i l l  no t  exper ience  new load  peaks wi th  s t o r a g e  systems. 

Thus, a c e n t r a l  c o n t r o l  system wi th  RTUs w i l l  be needed t o  g ive  t h e  

requi red  f l e x i b i l i t y  of u t i l i t y  c o n t r o l .  

s t i l l  e x i s t  i n  t h e  c o s t ,  ope ra t ion ,  and r e l i a b i l i t y  of t h i s  type of 

communication and c o n t r o l  system. 

Considerable  u n c e r t a i n t i e s  

7 .3  C o n t r o l l a b i l i t y  of S torage  Systems 
f o r  Load Management 

Problem areas r e l a t e d  t o  c o n t r o l l i n g  t h e  s to rage  device  f o r  load  

management inc lude  c e n t r a l  u t i l i t y  c o n t r o l  v s  device l o g i c  c o n t r o l ,  

u t i l i t y  c o n t r o l  between condi t ion ing  seasons ,  and communication and 

c o n t r o l  system r e l i a b i l i t y .  The c o n t r o l  l o g i c  of t h e  c e n t r a l  ceramic 

b r i c k  s t o r a g e  dev ices ,  f o r  example, determined t h e  i n i t i a l  charge f o r  

t h e  s torage-charging mode based on o u t s i d e  temperature  and a predetermined 

charging per iod .  This  b u i l t - i n  load- leve l ing  c a p a b i l i t y  of t h e  s t o r a g e  

device  l i m i t e d  t h e  u t i l i t y ' s  a b i l i t y  t o  remotely c o n t r o l  charging t h e  

device.  

The u t i l i t y ' s  c e n t r a l  c o n t r o l  of t h e  s t o r a g e  devices  i n  the tests 

w a s  dependent on r e l i a b i l i t y  of t h e  communication and c o n t r o l  system. 

Most u t i l i t i e s  experienced r e l i a b i l i t y  problems wi th  t h e  systems. 

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  dev ices  during in t e rmed ia t e  seasons 

w a s  another  problem area. 

overhea t ing  dur ing  t h e  f a l l  and sp r ing .  

I n  some tes ts ,  test home p a r t i c i p a n t s  experienced 

7 . 4  Commercialization P o t e n t i a l  

Seve ra l  f a c t o r s  have been i d e n t i f i e d  i n  t h e  tests t h a t  may tend t o  

i n h i b i t  r ap id  acceptance and commercial izat ion of t h e  customer-side 

s t o r a g e  concept i n  t h e  market p lace .  

and ope ra t ing  c o s t s ,  poor manufacturers '  q u a l i t y  c o n t r o l  of p r e s e n t l y  

a v a i l a b l e  s t o r a g e  equipment, and s t r u c t u r a l  l i m i t a t i o n s  t h a t  r e s t r i c t  

i n s t a l l a t i o n  of s t o r a g e  equipment i n  r e s i d e n t i a l  homes and bu i ld ings .  

Also, l a c k  of a c c u r a t e  i n s t a l l a t i o n ,  checkout,  and performance d a t a  on 

These f a c t o r s  i nc lude  h igh  c a p i t a l  
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the storage equipment and continuing availability of conventional heating 

fuels such as gas and oil will inhibit commercialization and customer 

acceptance. 
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8. CONCLUSIONS 

The s t o r a g e  equipment t h a t  w a s  used i n  t h e  u t i l i t y  tests and i s  
d i scussed  i n  t h i s  r e p o r t  was a d v e r t i s e d  t o  b e  nea r  commercial o r  f u l l y  

commercial by t h e  equipment manufacturers.  However, t h e  poor performance 

of t h e  equipment i n  most of t h e  tests i n d i c a t e d  t h a t  t h e  equipment w a s  

not  nea r  commercial and t h a t  t h i s  technology r equ i r ed  f u r t h e r  development 

b e f o r e  implementation by t h e  u t i l i t i e s  as a load-management t o o l .  

In most f i e l d  tests, t h e  u t i l i t i e s  experienced h igh  c a p i t a l ,  i n s t a l -  

l a t i o n ,  and maintenance c o s t s  a s s o c i a t e d  wi th  t h e  customer-side h e a t  

s t o r a g e  systems. These c o s t s  could l e a d  t o  t h e  conclusion t h a t  t h e  

systems are n o t  economical f o r  e lectr ic  r e s i d e n t i a l  customers o r  

economical as a load-management t o o l  f o r  e l e c t r i c  u t i l i t i e s .  However, 

t h e  c o s t s  have been i n f l a t e d  because of t h e  high c a p i t a l  c o s t  of t h e  

test  equipment t h a t  i s  n o t  i n  mass product ion,  t h e  inexpe r i ence  of t h e  

u t i l i t i e s  and i n s t a l l a t i o n  c o n t r a c t o r s  implementing t h e  s t o r a g e  equipment 

i n  t h e s e  tests, and t h e  poor o p e r a t i o n a l  performance of t h e  s t o r a g e  

systems. Therefore ,  t h e s e  c o s t s  cannot be used t o  p r o j e c t  c o s t s  of 

implementing commercial-type customer-side s t o r a g e  systems developed i n  

t h e  f u t u r e .  

I n  f u t u r e  tests of t h i s  n a t u r e ,  acceptance tests invo lv ing  one t o  

two test  systems should b e  conducted t o  i d e n t i f y  c a p i t a l  and i n s t a l l a t i o n  

c o s t s  f o r  t h e  systems. 

t a i n t i e s  a s s o c i a t e d  w i t h  t h e  new technology and w i l l  ensure t h a t  equipment 

i s  o p e r a t i o n a l  and can be  maintained a t  a minimal c o s t .  Only when 

acceptance t e s t i n g  is  completed and t h e  equipment shown t o  be o p e r a t i n g  

s u c c e s s f u l l y  should f u l l - s c a l e  tests b e  performed. 

The s tudy  w i l l  shed l i g h t  on any c o s t  uncer- 

Customer acceptance of t h e  u t i l i t y - c o n t r o l l e d  customer-side s t o r a g e  

technology i n  a l l  b u t  one of t h e  u t i l i t y  tests has  been extremely poor 

because of numerous o p e r a t i o n a l  problems with t h e  s t o r a g e  systems, high 

e l e c t r i c  energy use  of t h e  s t o r a g e  s y s t e m ,  and unproven commercial 

a s p e c t s  of t h e  technology. 

Complete acceptance of u t i l i t y - c o n t r o l l e d  customer-side h e a t  

s t o r a g e  technology by t h e  p u b l i c  and by e lectr ic  u t i l i t i e s  f o r  load 
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management will be inhibited by the continued availability of conventional 

space and water heating fuels, high costs of the available storage equip- 

ment, unproven commercial aspects of storage equipment, high costs and 

numerous operational problems associated with existing central communi- 

cation and control systems, and lack of experience of heating, ventilating, 

and air conditioning contractors in installing and maintaining the storage 

equipment. 
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