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ABSTRACT 

Experimentation with load management was part of several 
Projects. Seven specific techniques are examined in this re- 
port: energy storage systems, end-use improvement (insulation), 
interlocks, timers, ripple systems, radio systems and controlled 
voltage reduction. 

Energy storage systems wer.e tried in two Projects. They 
were,found to be capable of deferring loads to off-peak times, 
but in one of the Projects the installation cost was too high 
for economical use and in the other customers were reluctant 
to purchase the units. These systems required a lot of customer 
involvement and the disruptions in a household due to installa- 
tion seem to have discouraged homeowners from accepting the 
incentives offered for their installation. 

Interlocking devices were tested in the North Carolina 
Project. There were no equipment problems and there was some 
evidence that customers were able to save by using them. How- 
ever, so few devices were installed that reliable data was lack- 
ing. Consequently no conclusions were drawn regarding the 
feasibility of the interlocking devices. 

The insulation and weatherization programs of Seattle City 
Light and City Utilities of Springfield are examined in this 
report. Both of these Projects had extensive insulation pro- 
grams. Seattle's program included financing by the utility and 
quality control inspections for customers. The financing pro- 
gram was considered very successful and it is to be extended with 
even more favorable terms. Springfield's program included energy 
audits and information'to customers on energy savings due to 
insulation as well as information about insulation contractors. 

A ripple system'to control hot water heaters was tried in 
Vermont. Four Projects used radio signals to control various 
appliances such as irrigation pumps, air conditioners and hot 
water heaters. Both radio and ripple systems involve installing 
a control on the customer's appliance, and consequently involve 
some common problems. Educational efforts especially for air con- 
ditioner servicepersons and electricians are important  i n  e s t ab -  
lishing and maintaining customer and utility confidence in the 
switches. All of the systems were able to reduce loads during 
peak times, but one problem which had to be solved was that of 
"rebound" when the control time expired. 

Controlled voltage reduction was tried in California. This 
technique involves an adjustment in local feeder voltage regula- 
tion practices. Current procedures in setting these voltages re- 
flect past economic conditions, when fuel costs for generating 
electricity were much lower. By reducing voltage to the low end 
of the range the energy requirement of most electrical appliances 
is reduced without affecting their use. Savings resulting from' 
voltage reductions in the Pacific Gas and Electric test were 635 
million kwh's. The cost of implementing the reductions was 
$138,000. 
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THE DISCUSSION SERIES ON PURPA RELATED TOPICS 

The .Discussion Ser ies  on PURPA Related Topics i,s composed of 

f i v e  volumes: Metering, B i l l i n g ,  Information t o  Customers, Load - 
Management Technipues and Master Metering. These repor t s  a re  

based on twenty-five Demonstration and Implementation pro jec t s  

sponsored and ,directed during the pas t  f i v e  years by the  U.S. 

Department of Energy, Office of u t i l i t y  Systems. Each of the  

topics  bears d i r e c t l y  on one o r  more of the  federa l  standards 

contained i n  the  Public U t i l i t i e s  Regulatory Po l ic ies  Act of 

1978 (PURPA). This volume, Load Management Techniques., r e l a t e s  
primari ly t o  the  Time-of -Day r a t e s  s tandard,  PURPA IB(d) 3 .  The 

experiences r e l a t e d  i n  t h i s  repor t  dea l ,  i n  p a r t ,  with the  pro- 

cedures and equipment which a r e  a f fec ted  when time-of-day r a t e s  

a r e  implemented. 

One goal of these  repor ts  i s  t o  describe how people i n  a 

va r i e ty  of s e t t i n g s  have dea l t  with the  many p r a c t i c a l  i ssues  i n  

each top ic  a rea .  Another i s  t o  h igh l igh t  the  lessons and sum- 

marize the  experiences of the  Pro jec t  pa r t i c ipan t s .  These re -  

por ts  do not  s tand as systems manuals o r  provide p re sc r ip t ive  

guidel ines on how t o  deal. wi th  these  top ics . '  Rather they o f f e r  

an account f o r  those charged with the  r e spons ib i l i t y  of imple- 

menting PURPA requirements t o  l ea rn  from the  ins igh ts  and problems 

which occurred during the  Rate Demonstration p ro j ec t s .  

This s e r i e s  of repor ts  w i l l  be useful  t o  u t i l i t y  and regula- 

tory  people i n  judging the  f u l l  scope of work r e l a t e d  t o  these  

top ics ,  an t ic ipa t ing  problems and planning the  spectrum of req- 

u i s i t e  a c t i v i t i e s .  



CHAPTER INTRODUCTION ONE 

The DOE sponsored E l e c t r i c  Rate Demonstration Projects  - 
(Projects)  were more than e l a s t i c i t y  measurements, demand pro'- 

jec t ions  , usage f i gu re s ,  and s t a t i s t i c a l  analyses.  Behind each 

tab1.e and graph i n  the  Project  repor t s  a r e  experiences i n  plan- 

ning and implementation of work which has been ongoing i n  each 

P r o j e c t , f o r  severa l  years .  This four th  repor t  on Load Manage- 

ment - looks a t  the  many f i e l d  experiences i n  the  Projects  deal ing 

with demonstrating how customers respond t o  Time-of-Use (TOU) 
r a t e s .  

This volume i s  not  an engineer 's  o r  economist's manual, but 

an account of f i e l d  a c t i v i t i e s  involving many aspects  of the  

s e l ec t ion  and operation of load management techniques. The pur- 

pose here i s  t o  synthesize the  experiences and highl ight  pa t te rns  

and anomalies with spec i f i c  examples. -By so  doing i t  i s  hoped 

t h a t  the  un in i t i a t ed  w i l l  have the  opportunity t o  p a r t i c i p a t e  

i n  the  experiences of o thers  before themselves engaging i n  work 

with time d i f f e r en t i a t ed  load management equipment. 

A number of e l e c t r i c  u t i l i t i e s  and publ ic  service  commis- 

s ions w i l l  soon become involved f o r  t h e - f i r s t  time i n  the imple- 

mentation of the  PURPA standard on Time-of -Day r a t e s ,  IB(d) 1 ;  

t h i s  repor t  i s  pr imar i ly  f o r  t h e i r  use.  Information contained 

here ,  however, may a l s o  be useful  t o  manufacturers and con- 

s u l t a n t s .  They w i l l  have the opportunity t o  assess Project  ac- 

counts of f i e l d  experiences, providing a viewpoint which may 

ul t imate ly  a i d  i n  design &d the  preparat ion of i n s t a l l a t i o n  

and operating procedures . 
Large volumes of da ta ,  da i ly  logs,  f i e l d  repor ts  and other  

documentation from the Projects  serve  as a source ,of information 

f o r  t h i s  repor t .  Review of these f i l e s  l e d  t o  the  bas ic  design 

of the repor t .  . ~oll 'ow-up interviews with Project  personnel pro- 

vided the  d e t a i l  and r ichness of f i r s t -hand  experience. 



Four general observations stand out in this report: 

*Almost ail of the techniques tested were able to shift 
or reduce usage. 

*The most successful technique in terms of dollar and 
kwh savings was the controlled voltage reduction pro- 
gram in California. 

.Some of the,techniques, such as hydronic storage sys- 
tens, were economically unsuccessful. One reason was 
the high installation cost. These costs will probably 
decline .as more familiarity with t.he equipment is ac- 
quired. 
*Customer response was generally favorable. Most custo- 
mers were willing to have certain appliances interrupted 
in exchange for a lower rate. 



CHAPTER 'AN OVERVIEW OF LOAD MANAGEMENT TECHNIQUES TWO 

INTRODUCTION 

This chapter presents  an overview of the  P r o j e c t s t  work on 

load management. Only seven of the  Projects  had experiences -with 
. . 

load management equipment. This chapter ,begins  with a sketch of 
the  load, management techniques t e s t ed  i n  the  Pro jec t s  , describing 

the  techniques involved and the  app l ica t ions  of these  techniques. 
t ' A discussion of the  Proj e c t s  experiences i n  planning, acquis i t ion  

and in s t a l . l a t i on  follows, and the  chapter concludes with an exami- 

na t ion  of the  cos t s  of each technique and an ana lys i s  of the  re-  

s u l t s .  ' Savings e f fec ted  by load management and' customer react ions  

t o  the  process .are a l so  fea tured.  

TYPES OF ' LOAD MANAGEMENT 
& 

The Projects  and load management techniques discussed i n  t h i s  

repor t  a r e  shown i n  Tab1.e 1. These techniques can be broadly cate-  

gorized as  e i t h e r  customer o r  u t i l i t y  ac t iva ted ,  though the  two a r e  

not  i n  opposi t ion,  s ince  both customer and u t i l i t y  pa r t i c ipa t ion  i s  

necessary i n  near ly  any load management technique. The techniques 

categorized as customer ac t iva ted  a r e  energy s torage systems, end- 

use improvements and in ter locking devices and t imers.  Those cate-  

gorized as u t i l i t y  ac t iva ted  a r e  r i p p l e  systems, rad io  systems and 

control led  voltage reduction. 

Vermont and Ohio conducted t e s t s  of hydronic hot  water s torage 

systems. This technique involved i n s t a l l i n g  insu la ted  water tanks 

and heat ing elements i n  new homes t o  provide hea t .  The bas i c  pr in-  

c i p l e  of the system i s  t o  heat  water and use i t  f o r  space heat ing.  

Water was heated during off  peak hours and s to red  i n  the  tank fo r  

use i n  peak times. During of f  peak times the  system operated l i k e  

a normal heat ing system. Both Projects  es tab l i shed  a spec i a l  i n -  

t e r r u p t i b l e  r a t e  f o r  t he  hydronic systems. 

The Arizona Project  t r i e d  an energy recapture system which 

might be c l a s s i f i e d  as an energy s torage technique. Escaping heat  



TABLE 1 

Load Management Techniques Used in 
the Demonstration and Pilot Implementation Projects 

Proj ect Technique 
End Use 
Controlled 

~ r i z o n a ~  Radio Signal 
Heat recycling 

Air conditioning 
Hot water 

b Arlconoao Radio Sl~nal -Air conditioning 
and lrrigaf ion 

. , - - .  

calif orniaC Voltage Reduction All uses 
Radio Signal Aik conditioning 
Time switches Water heater 
Two way powerline Ripple , Swimming pools 
sys tem air conditioning 

Grand River Aerial Thermography Space heating 
Dam Authority Insulation and cooling 

New, ~ e r s e ~ ~  Automatic. Meter Reading ~lluses 
and load management 
sys tem 

North carolinaf ~nteilocking Devices Primary and Secondary 
appliances 

Ohiog Radio Signal 
Hyd.ronic Energy 
Storage System 

Seattle h Insulation 

Air conditioning 
Space heating 
Hot water 

Space heating 
and cooling 

spring$ ieldi Aerial Thermography Space heating 
Insulation and cooling 

~ermont j Ripple System , Hotwater Hydronic Energy . '. . 
: Storage System Space heating 

Source : a~rizona Final Report, February 1978 and telephone inter- 
view, Paul Hart, Arizona . . Public Service Company, August 1980. 

. b~elehone interview, David Bryant, Arkansas Power and Light, 
November 1980. 

. .  . 
. . . . .C A second Year to the Department of Energy, Calif orni; 

Energy Commission, May 1979. 
(continued) 
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d~elephone interview, Jerry Taylor, Grand River Dam 
Authority, August 1980. 

e ~ e w  Jersey, Final Report, August 1978. 

'Telephone interview, ~ i l ' l ~  J . Yarborough, Carolina Power 
and Light, November 1980. 

g~hio Final Re ort Volume I, January 1977, and Quarterly 
Progress Report -676. 

h~eattle City Light, Quarterly Progress Report, March 1979. 

i~elephone interview, Cathleen F . Meyer , City Utilities 
of Springfield, Missouri, August 1980. 

j~ermont Progress Reports, July - September, 1975 and 
March 1976. 

k ~ i d  not rkach full operational stage. 

'project was ierminated in 1978 and the system was not 
operational as of December 1980. 



from a i r  condit ioners was captured and used to  preheat water before 

i t  entered the  hot water hea te r .  This experiment was l imi ted  i n  

scope, but successful .  

Some kinds of end use improvements were common i n  most of the  

P ro j ec t s ,  but  only home in su l a t i on  w i l l  be examined i n  t h i s  repor t .  

A number of Projects  had some kind of home insu la t ion  program, but 
S e a t t l e  City Light and City U t i l i t i e s  of Spr ingf ie ld ,  Missouri, 

had unique fea tures  i n  t h e i r  programs. In  most P ro j ec t s ,  home 

insu la t ion  information was d i s t r i bu t ed  t o  'customers. S e a t t l e  and 
- Springf ie ld  d i s t r i b u t e d  two types of information which were unique: 

information about insu la t ion  contractors  and information about in -  . 
su l a t i on  f inancing programs. Both Pro jec t s  attempted t o  a l e r t  cus- 

tomers t o  i r i s t a l l a t i on  standards.  Spr ingf ie ld  conducted an a e r i a l  

thermography program and an energy audi t  program t o  show customers 

how.wel l ,o r  p o o r l y . t h e i r  homes were insu la ted . ,  , S e a t t l e  City Light 

attempted its own firiancing program f o r  home insu la t ion .  

The North Carolina ~emons t r a t i o n  ~ r o j  e c t  conducted experiments 

wi th  Load Limiting Devices. These a r e  commonly ca l l ed  in te r lock  

devices and. a r e  used t o  prevent simultaneous use of major app l i -  

ances. .These devices a r e  wired in  s , e r ies  with a prime load so 

t h a t  a  secondary load i s  disconnected when the  prime,load is  turned 

on. Some devices allow three  appliances t o  be in ter locked.  It 

should be noted t h a t  in ter locking devices provide no d i r e c t  bene- 

f i t s  t o  customers unless there  i s  a demand charge i n  the  r a t e  o r  

a  spec i a l  reba te  f o r  those who agree t o  use the  devices.  Carolina 

Power and Light ,  one of the  pa r t i c ipa t ing  u t i l i t i e s ,  had a demand 

charge component b u i l t  i n t o  one of i t s  experimental TOU r a t e s .  1 

Vermont experimented with a one way r i p p l e  system, designed 

t o  send a vol tage  r i p p l e  from a t ransmi t te r  through d i s t r i b u t i o n  

l i n e s  t o  a  'receiver at tached t o  a  s p e c i f i c  appliance i n  the  home. 

, The, r i pp l e  switched the  appliances off  during spec i f ied  periods 
. . 

. . 
' (peak) and ,  on during oth,er p e r i o d s  . . .  (off peak) . In  .Vermont t h e  

system was used on ly  f o r  hot  water hea t e r s .  Theyhad planned t o  

' ~ e l e ~ h o n e  in t e rv i ew ,  B i l l y  J . Yarborough, Carolina Power ' ' 

and Light., November, 19 80. 



u s e  i t  f o r  the  hydronic s torage system but  were unable t o  imple- 
' 2 ment the  t e s t ,  which had l o g i s t i c  problems. 

Radio s igna l  devices were used i n  four  Projects .  This tech- 

nique cons i s t s  of e rec t ing  a t ransmit t ing tower and i n s t a l l i n g  
\ 

receivers  on hot  water hea te rs ,  a i r  condit ioners o r  o ther  app l i -  

ances. A wave s igna l  i s  transmit ted from the  tower t o  the  re-  

ce iver  which t.hen turns the  switch on or  o f f .  In  some systems 

the  s igna l  turns  the  appliance off and a pre-set  timer turns  it 

back on. 

One load management technique which d id  not  d i r e c t l y  involve 

customers was a control led  voltage reduction program. This tech- 

nique,  used i n  Cal i fornia  by Pac i f i c  Gas and E l e c t r i c ,  involved 

reductions of the  . minimum . and maximum voltage leve l s  del ivered 

t o  r e s i d e n t i a l  customers . Regulation of voltages i n  l oca l  power 

supplies  r e f l ec t ed  a time when the  cos t  of generating power was 

lower. It was economically r a t i ona l  t o  reduce the  cos t  of l o c a l  

voltage regula t ion by s e t t i n g  loca l  voltages a t , o r  near the  upper' 

l i m i t s ,  t o  insure  an adequate voltage a t  a l l  times and t o  a l l  

customers, r a the r  than make e f f o r t s  t o  control  voltage leve l s  more 

c lose ly .  

The vol tage  reduction of ten  accompanied gross reductions i n  

voltage from cont ro l  generating f a c i l i t i e s ,  t o  reduce demand dur- 

'ng periods of oversupply. Sometimes a system of ro t a t i ng  black- 

outs was used as an a l t e r n a t i v e .  Both measures were extreme ac- 

t i o n s ,  t,aken only i n  c r i s i s  s i t u a t i o n s .  ~ ? t h  the  increasin.g cos t  

of e l e c t r i c a l  power generation i t  was thought t h a t  g rea te r  e f f o r t s  

t o  improve regula t ion of voltage leve l s  were more economic.al, and 

tha t  reducing voltage f o r  conservation on loca l  feeders could avoid 

inconvenience t o  customers. 

. . Some of the  o ther  P i l o t  Implementiation Projects  had ex- 

perience with load management techniques. The Spr ingf ie ld  P i l o t  

'Telephonb interview, Charles E l l i o t t ,  Green Mountain Power 
Corp . , November, 1980. 

3~e lephone  interview, Steve Reynolds, Pac i f i c  Gas 'and E l e c t r i c ,  
August , 19 80. i 



P r o j e c t  used appl iance  meters t o  demonstrate t o  customers t h e  usage 

of var ious  appl iances .  The u t i l i t y  purchased 100 appl iance  meter 

which cos t  about $15 each, and loaned them a t  no charge ,  t o  t h e i r  . .. 
customers. This appl iance metering preceded f u r t h e r  planned load 

management techniques .  I n  the  Connecticut P i l o t  P r o j e c t  two 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  were moving toward load management 

technologies .  I n  June,  1979 United I l lumina t ing  decided t o  acqui re  

b i - d i r e c t i o n a l  con t ro l  equipment. ~ e ~ u e s t s '  f o r  proposals  t o  ven- 

dors were r e l e a s e d  i n  mid 1979 2nd proposals  were rece ived  i n  the  

f o u r t h  q u a r t e r  of 1979. Northeast  U t i l i t i e s  decided t o  use mag- 

n e t i c  tape recording  meiers f o r  i t s  lbad resea rch  Each 
of t h e s e  techniques i s  more thoroughly examined i n  Chapters 3 and. 

4. 

PLANNING, ACQUISITION AID 
INSTALLATION EXPERIENCES 

Most of t h e  P r o j e c t s  underwent planning periods before  s e l e c t -  

ing  t h e  techniques and equipment t o  be used i n  t h e i r  t e s t s .  I n  

some of t h e  P r o j e c t s  t h i s  planning cons i s t ed  of contac t ing  vendors 

t o  ,give p r e s e n t a t i o n s  on equipment c a p a b i l i t i e s  and c o s t .  In  t h e  

Arkansas P r ~ j e c t  vendors gave p resen ta t ions  t o  t h e  p a r t i c i p a t i n g  

u t i l i t y .  Thcy examined four  r i p p l e  systems and two r a d i o  systems. 

One of t h e  r a d i o  systems was chosen, wi th  lower cos t  t h e  major 

f a c t o r  i n  the  choice.  6 

In  Vermont t h e  p a r t i c i p a t i n g  u t i l i t y  was committed t o  t h e  
I I u s e  of provenrb equipment. Once they decided t o  con t ro l  hot  water  

h e a t e r s ,  they conducted a survey of c o n t r o l  systems. This survey 

revealed t h a t  two-way systems were only i n  t h e  prototype s t a g e .  

The u t i l i t y  decided t o  use a one-way system which had been proven 

i n  Europe over a per iod  of time. The major problem was n o t  i n  

choosing t h e  system, bu t  i n  l o c a t i n g  customers who were w i l l i n g  

t o  buy a hydronic energy system i n  the  a r e a  served by t h e  subs ta t ion  

4 ~ p r i n g f i e l d  P i l o t  Implementation P r o j e c t ,  Quar ter ly  Report, 
January-March , 197 5 .  

5 ~ o n n e c t i c u t  P i l o t  Implementation P r o j e c t ,  Quar ter ly  Report ,  
Apri l -June,  1979. 

6 ~ e l e p h o n e  in terv iew,  David Bryant,  Arkansas Power and Light ,  
, November, 1980. 



where the  system was i n s t a l l e d .  Green Mountain Power o r i g i n a l l y  had 

planned t o  c o n t r o l  f i v e  of i t s  t enVhydron ic  u n i t s  with t h e  r i p p l e  

system. Since customers could n o t  be found a l l  t e n  had t o  be con- 

I t r o l l e d  wi th  t imers .  The r i p p l e  system was used only t o  c o n t r o l  

h o t  water  h e a t e r s .  7 

The Arizona Demonstration P r o j e c t  and t h e  North Carol ina 

P i l o t  P r o j e c t  engaged i n  a r a t h e r  ex tens ive  planning and s e l e c -  

t i o n  process .  The Arizona Publ ic  Service  Company conducted a study 

t o  f i n d  t h e  most acceptab1.e equipment. S ix  comrnunications systems 

were considered: Table 2 g ives  an eva lua t ion  mat r ix  f o r  t h e  s i x  

s y s t e l u s  curlsidered f u r  t h e  P r o J e c t .  P i l o t  wire  and leased  l i n e  

systems were no t  considered i n  depth due t o  t h e  expense involved 

and t h e  i n s t a l l a t i o n  time requ i red .  The o t h e r  four  methods, power 

l i n e  c a r r i e r ,  r ad io  t r a n s c e i v e r ,  r ad io  r e c e i v e r  and au to -d ia l  t e l e -  

phone were examined a t  g r e a t e r  length .  8 

I I n  a d d i t i o n  t o  t h e  c a p a b i l i t i e s  and a t t r i b u t e s  l i s t e d  i n  t h e  

t a b l e  t h e  u t i l i t y  a l s o  considered:  
I 

.Frequency and dura t ion  of s i g n a l  \ 

.Number of devices  ,which could be addressed 

.Operating temperature ranges f o r  t h e  c e n t r a l  and remote 
equipment 

.Capability f o r  double pole  switching t o  s a t i s f y  l o c a l  
a e l e c t r i c a l  codes 

.Battery back-up 

Wvera1.l  cos t  of equipment regarding both purchase and l e a s e .  9 

Each system was considered i n  terms of i n s t a l l a t i o n ,  p r a c t i c a l i t y ,  

I and c o s t .  Only two of t h e  systems--power l i n e  c a r r i e r s  ( r i p p l e  

con t ro l )  and r a d i o  receivers--were considered t o  be p r a c t i c a l .  

The ot.her sys.tems were . e i t h e r  n o t  e s t a b l i s h e d  o r  were under t r i a l .  

Largely on t h e  b a s i s  .of c o s t ,  a Motorola Radio System was s e l e c t e d .  10 

7 ~ e m o n t  Demonstration Pro j  e c t  Progress  Report, July-September , I - 1975. ' 

8 ~ r i z o n a  Demonsti-ation P r o j e c t ,  F i n a l  Report, February, 1977. 



TABLE 2 

Evaluation Matrix Used in Selecting Load Control 
Equipment,. Arizona Demonstration Project 

Source: Arizona Demonstrstion Project, Fina'l Report, February 1978. 
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Review and se l ec t ion  of hardware took about four and one- 

ha l f  months. ' Requesting bids took about a month and a h a l f .  

Nearly s i x  and a ha l f  mon.ths were spent i n .  ordering and receiving 

the  equipment. ' some equipment a r r ived  ea r ly ,  and i n s t a l l a t i o n  

ac tua l ly  began about ha l f  way through t h i s  period.  I n  f a c t ,  in -  

s t a l l a t i o n  took a l i t t le 'more  than th ree  'months (since it was 

s t a r t e d  e a r l y ,  i t  was ac tua l ly  completed wi thin  a month a f t e r  

the  a r r i v a l  of a l l  of the  equipment). During t h i s  time the  in-  

s t a l l a t i o n  procedure was a i so  planned and scheduled and the  s o f t -  

ware was designed. It was almost 13 months from the  s t a r t  of the 

s e l e c t i o n  process t o  the  completion of the  i n s t a l l a t i o n .  'This. , 

was j u s t  a few days off  t he  o r ig ina l  schedule. As a r e s u l t  of 

sound planning and scheduling i t  was poss ible  t o  begin . data  . : col-  

l e c t i on  during the  month of July  and continue i t  through September. 11 

Once the  system was se lec ted  i t  was decided t o  use, a new a l l -  

e l e c t r i c .  iubdivis ion f o r  the , t e s t . .  .Ninety-six un i t s  were se lec ted  

f o r  the  te&.t and an a i r . cond i t i on ing  dealer  was subcontracted ' t o  '.. 

i n s t a l l  the  receivers  on the  homes. The customers were offered 

f r e e  se rv ice  ' inspection on t h e i r  ' a i r  .conditioners and a guarantee 

t h a t  it would be res to red  t o  i ts  p re - t e s t  condition i f  i t  was 
' ' 

. . 

12 damaged by .the t e s t .  

The North Carolina Project  considered severa l  s t r a t e g i e s  f o r  . 

load management. l3 Planning began with a search of the  l i t e r a t u r e  ' 

on load management, and other  u t i l i t i e s  were contacted. One of the  
. . 

pa r t i c ipa t ing  consulting f i rms,  ICF, Inc.  , ranked t h e  various 

s t r , a teg ies  , l4 using c r i t e r i a ,  t ha t  had been es tab l i shed  by the  

12T'he l o c a l  manufacturer and d i s t r i b u t o r  of the  systems i n  
the  subdivision was informed about the  nature  of the  t e s t  t o  in -  
su re  t ha t  customers' warranties  would not  be inval idated by the 
test. This same company was hi red  t o  i n s t a l l  the  switches and 
inspect  the  u n i t s  before the  t e s t .  
. . . . . . 

1 3 ~ h e  'N&& ~ a r o l i n a    em on strati on Project  t e s t e d  in ter lock-  ' ' .  

ing devices; Thi's i s .  discussed i n  Chapter .3 .  
. .  . 

' 1 4 ~ o r t h  Carolina P i l o t  ' pro jec t  Progress Report, January, 
1978. 

. . 



Project team. l5 . The criteria for selecting load management 
strategies were: 

@Hardware availability 
@Cost of hardware and ins tallation 

@Expected magnitude of effects on system load patterns 

@Availability of load management as a reliability device 
@Time required for implementation 
@Anticipated effects on generation mix 

@Effect on system peak 
@Immediate effects on utility revenues 

@Required customer education 

@Anticipated customer acceptance 16 . 

The strategies were initially divided into three categories: 
1) utility controlled devices, 2). automatic load control devices 
and 3) customer controlled load management devices. However, these 

classifications were altered somewhat when more clearly defined 

priorities emphasized investment strategies and gave more cer- 
tainty to load pattern changes. The load management strategies 
were then divided as follows: 

I. Customer Side Alternatives--Strategies that c.ould be imple- 
mented without utility equipment investments 

A: Advertising campaigns to gain increased conservation 
B. Incentive rates 

1. Reduced rates for residences meeting insulation 
s tandasds 

2. Special rates for solar energy backup services 
3. Load factor-related demand plus energy rates 
4. Controlled water heater rates (customer buys control) 

11. Company Side--Physical Load Management--Strategies which 
might require equipment investment 
A. Direct utility control of residential or commercial 

water heaters, air conditioners, etc. 

l5T'he Project included the North Carolina Utilities Commis - 
sion, Research Triangle Institute, ICF, Carolina Power and Light 
and Duke Power Co. 

16~orth Carolina Pilot Project Progress Report, January, 197 
. . 



B .  I n t e r r u p t i b l e  r a t e s  

C. Automatic load control--temperature control led  cycling of . .  

a i r  condi t ioners ,  e t c .  

111. Company Side--Pricing--Strategies which required metering 
equipment investment 

A. Time-of-day r a t e  

B .  Other forms of time-of-use p r ic ing  

C.  Resident ia l  demand and energy r a t e s  1 7  

The f i r s t  two categor ies  were s e l ec t ed  f o r  preliminary analy- 

s is .  However, there ,was  a s i g n i f i c a n t  overlap of the adver t i s ing  

campaign with o ther  aspects  of the  Pro jec t .  Consequently, t h e .  

preliminary analys is  consis ted  la rge ly  of examining incent ive  

r a t e s  and company s i d e  physical  load management. 

As  a r e s u l t  o f '  an order  from the  North Carolina U t i l i t i e s  

Commission, a program t o  control  hot  water heaters  was i n i t i a t e .d  

i n  mid 1980 i n  t h e  Raleigh a rea .  It was decided t o  use a radio  

control  sys,tem f o r  t h i s  t e s t .  This system had been used f o r  about 

( two years i n  South Carolina. There had been someproblems with 

the  rad io  system. S.ometimes the  s igna l  d id  no t  reach a house be- 

cause i t  was blocked by a neighbor's house o r  because the  house 

was below ttie horizon of the  t ransmit t ing tower. However, by 

1980 the  reception r a t e  was estimated t o  be above 90 percent .  18 

In  the  Raleigh a rea  t e s t  only hot water heaters  were con t ro l led .  

The implementation schedule ca l l ed  f o r  5,000 i n s t a l l a t i o n s  t he  

f i r s t  year (1980), 10,000 the  next and so on . un t i l  the  se rv ice  

area  was. covered. Preliminary tests were run on 120 randomly 

se l ec t ed  houses on which magnetic tape meters were i n s t a l l e d .  

One channel of the  meter was dedicated t o  monitoring the  hot  

water hea t e r .  This t e s t  was designed t o  provide s o l i d  da.ta. on. 

the  number' of transmissions ' t h a t  ac tua l ly  were received. This 

would provide the  f i r s t  ac tua l '  da ta  ava i lab le  t o  the  Pro jec t s  on 

s igna l  reception r a t e .  A t  t h i s  wr i t ing ,  the  meters were no t  ye t  

l7IVorth Carolina P i l o t  p ro j ec t ,  9. c i t .  - 



i n s t a l l e d  s o . n o  da ta  e x i s t  on the  r a t e  of successful  s igna l  recep- 
19 . .  . 

t i o n .  . . 

In  the  North' Carolina Proj 'ect a i r  conditioning was not con- 

t r o l l e d .  It was f e l t  t h a t  the re  would be l i t t l e  gain ,  s i nce  the  

u t i l i t i e s '  peaks were f a i r l y  wel l  balanced between winter  and sum- 

mer. Also, only cen t r a l  a i r  conditioning systems could be con- 

t r o l l e d  and the s a tu ra t i on  of these  systems was r e l a t i v e l y  low. 20 

I s p e c i a l  r a t e s  f o r  customers' who ' i n s t a l l ed  in ter locking de- 

vices,  time controls  f o r .  water hea t e r s ,  or  weather s e n s i t i v e  a i r  

conditioning controls  were not  implemented. To be e t t e c t i v e  

these  uses would have t o  be TOU metered.because .in. the absence 

of such metering customers could disconnect ox by pass the con- 

t r o l s .  This was considered a major implementation problem. 21 

Acquisition and Ins t a l l a t i o n  

The Pro jec t s  ' a c q u i s i t i o n  and i n s t a l l a t i o n  experiences var ied  
considerably .' A s i g n i f i c a n t  cause 'of t h i s  va r i a t i on  was whether 

. . 
the  equipment s e l ec t ed  was "off-'the-shelf" o r  " s t a t e  of the  a r t . "  

Using "off - the-shelf"  equipment involved l i t t l e  delay,  i f  any, 

while there  were extended delays when " s t a t e  of the a r t "  equip- 

ment was s e l ec t ed .  Table , 3  l i s t s  some of the  delays i n  se lec ted  

P ro j ec t s ,  as  wel l  as the  length of these  delays.  . 

Vermont chose an off - the-shel f  r i p p l e  system which had been 

used i n  European countr ies  f o r  years .  There was a shor t  delay i n  

receiving the  equipmentb from the  vendor, and another i n  making 

I f i n a l  ins , t a l l a t ions - ,  but  ' the -system was i n s t a l l e d  and c~omis,sioned 
22  wi thin  one t o  two months o f  ' the o r ig ina l  schedule. 

Ohio had some delays ' i n  the  i n s t a l l a t i o r i  of the  hydronic 

s t o r a g e  un i t s  it t e s t ed .  Most of t h e  delay was due t o  contractors  ' 

I 2 0 ~ o r t h  Carolina P i l o t  Project  Progress Report, Apr i l ,  1978. 

22 Vermont Demonstration Project -Progress  Report, March 4,  197 



TABLE 3 

Acquisition and Installation belays 
in Selected Projects 

Length 
Project of. Delay 

Reason 
for Delay 

California b 

2 months . 

6 weeks 

New ~ e r  s eyC 3+ years 

d Ohio 3 months 

2-3 months - hydronic 
sys tem 
1 month - Ripple System, 

Repair of Delivered 
Goods 

Vendor Delivery 

Acquisition delays due 
to incomplete develop- 
ment 

Technical Installation 
Problems - hydronic 
sys tem 

Vendor delay and lack 
of customer purchases 
Installation 

a Source,: Telephone interview, George Brazil, Arkansas Power 
and Light, December.1980. 

b~alifornia Energy Commission, "A Second Year Report to the 
Department of Energy", May 1979. 

'~ew Jersey, Final Report, August 1978. 

dOhio, Final Report, Volume I, september 1977. 
e Vermont, Progress. Report, September - December, 



l ack  of f a m i l i a r i t y  wi th  t h e  system, whi le  i n  some cases  they 

lacked t h e  proper t o o l s .  Lack . . of f a m i l i a r i t y  wi th  the system 
slowed the  l n s t a l l a t i o n  p rocess ,by  s e v e r a l  months and requ i red  

cons iderable  P r o j e c t  personnel time supervis ing  t h e  c o n t r a c t o r s .  23 

The New Je r sey  P r o j e c t  experimented wi th  an aut0mati.c meter 

reading  (ARMR) system which was ( p o t e n t i a l l y )  capable of automati-  

c a l l y  c o n t r o l l i n g  a l l  consumption of e l e c t r i c i t y  i n  t h e  house. 

The P r o j e c t ' s  experience wi th  t h i s  system was one of long and 
\ 

repeated  de lays ,  and f a l s e  s t a r t s  o f t e n  occurred,  . s i n c e  t h e r e  

were new engineering devices .  

The main components of t h e  ARMR system were 1)  a s i n g l e  

minicomputer c a l l e d  the  Delta  Dispatch Computer (DDC), 2) six 

Subs ta t ion  Control Units (SCU's) l o c a t e d ,  as t h e  name impl ies ,  

a t  d i s t r i b u t i o n  subs t a t i o n s  , and 3) 1,000 t ransponders ,  each 

a t t ached  t o  a meter ing p o i n t .  24 The DDC provided o v e r a l l  c o n t r o l  

of t h e  system f o r  meter reading ,  load research  d a t a  c o l l e c t i o n ,  

and load shedding. It w a s  connected t o  t h e  SCU's by telephone 

l i n e s .  The SCU's rece ived  commands from t h e  DDC and re layed 

d a t a  back t o  I t  over t h e s e  l i n e s .  The SCU's re layed commands 

t o  t h e  t ransponders ,  and rece ived  d a t a  from them, over t h e  d i s -  

t r i b u t i o n  l i n e s .  Communication between t h e  SCU's and t h e  t r an -  

sponders was by high frequency s i g n a l s  superimposed on t h e  60 Hz. 

AC, a method known as "power l i n e  c a r r i e r "  (PLC). The transponders 

were s e l e c t i v e l y  responsive t o  commands from t h e  SCU1s; they could 

t r ansmi t  back consumprion o r  demand daLa, Of ehcy could LnLcr~-upt 

s e r v i c e  t o  s u i t a b l y  connected appl iances .  Block commands from 

t h e  SCU's could a f f e c t  any des i red  subse t  of t h e  t ransponders;  

thus complex load shedding opera t ions  were as  f e a s i b l e  as  simple 

ones. L 

Besides t h e s e  t h r e e  major components, the  ARMR system used 

230hio Demonstration P r o j e c t ,  F i n a l  Report ,  Volume I ,  
September, 1977. 

24 New Je r sey  Demonstration P r o j e c t  , Fina l  Report, August , 
1978. The fol lowing d e s c r i p t i o n  of ARMR system components is 
a l s o  based on t h i s  source .  



c a p a c i t o r  i s o l a t o r s , 2 5  l e s s  complex components which were i n s e r t e d  

between t h e  SCU's and t h e  t ransponders .  Capacitor i s o l a t o r s  were 

necessary t o  g e t  t h e  high frequency PLC s i g n a l s  around power- 

f a c t o r - c o r r e c t i n g  capac i to r  banks i n  t h e  d i s t r i b u t i o n  sys tem s o  

a s  t o  avoid s i g n a l  a t t e n u a t i o n .  

A l o t  of t i m e  and e f f o r t  w a s  spen t  g e t t i n g  t h e  components of  

t h e  ARMR system manufactured, then i n  g e t t i n g  them i n t o  working 

o rde r ,  and proper func t iona l  connection wi th  each o t h e r .  No com- 

ponent went from design t o  manufacture t o  c o r r e c t  funct ioning  with-  

out  delay:  d e f e c t s ,  design e r r o r s ,  mismatches, e t c . ,  cropped up 

i n  every case ,  a f t e r  i n i t i a l  i n s t a l l a t i o n  and t e s t i n g .  Despite * 

t h e  preplanning t h a t  went i n t o  t h i s  phase of t h e  New Je r sey  P r o j e c t ,  

t r i a l  and e r r o r  quickly became the  main method of implementation. 

The s p e c i f i c a t i o n  of t h e  hardware f o r  t h e  DDC was completed 

i n  August, 1975. 26 Yet i t  was no t  u n t i l  August, 1978, t h a t  the  

f i n a l  ve r s ion  of t h e  sof tware  package r e p l a c e d  the  p i l o t  sof tware 

used f o r  t e s t i n g . 2 7  I n  t h e  meantime, the  DDC underwent a recon- 

f i g u r a t i o n  and was upgraded twice t o  improve i t s  memory capaci ty .  28 . 

As e a r l y  as  January,  1976,  i t  was c l e a r  t h a t  t h e  DDC would be 

de l ive red  too  l a t e  f o r  scheduled i n ~ t a l l a t i o n . ~ ~  The software 

r equ i red  extens ive  debugging. 30 

Three years  e lapsed between t h e  planning phase of the  SCU 

conf igura t ion  and t h e  completion of i t s  las t  m ~ d i f i c a t i o n . ~ ~  More 

2 6 ~ e w  Je r sey  Demonstration P r o j e c t  Monthly Progress  Report ,  
August, 1975. 

2 ,7~ew Je r sey  Demonstration P r o j e c t  , Fina l  Report ,  August, 19 78.  

2 8 ~ e w  Je r sey  Demonstration P r o j e c t .  S t a t u s  Report ,  March 19 ,  
1976, and Monthly Progress Report, A p r i l ,  1978. 

2 9 ~ e w  Jersey  Demonstration P r o j e c t  Monthly Progress Report ,  
June,  1976. 

3 0 ~ e w  Je r sey  Demonstration Pro jec t  Month1.y Progress Report ,  
June,  1978. - - 

"New Je r sey  Demonstration P r o j e c t  Monthly Progress Report, 
September, 1975, and F ina l  Report ,  August, 1978. 



than a year a f t e r  the  i n i t i a l  planning, during which time a proto- 

type had been b u i l t , 3 2  i t  was found t h a t  changes i n  t h e 3 d e i i g n  of 

the  load survey component were required.  33 Proposals received 

from candidate manufacturers led  t o  fu r ther  redesign,34 and the  

contract  f o r  manufacturing the  SCU's was not l e t  u n t i l  nearly 

two years a f t e r  t he  i n i t i a l  designing. 35 Defective workmanship 

w a s  found i n  the  f i r s t  un i t s  received and they were returned t o '  

t he  manufacturer. 36 Six SCUts were i n s t a l l e d  and wired two and 

one-half years a f t e r  the designing began. 37 A problem of s igna l -  

fading led  t o  fu r the r  modificat ions.  38 Then serious malfunctions 

,in the  power ampl i f ier  sec t ion  developed, requir ing even more . 

modifications . 39 

Planning f o r  the  i n s t a l l a t i o n  of the capaci tor  i s o l a t o r s  be- 

.gan i n  September, 1975, with a review of the  system's c i r c u i t  

maps . 40 The funct ional  requirements of the  i s o l a t o r s  were no t  

spec i f ied  u n t i l  'January, 1977. 41 While requests  fo r  bids went 

t o  i s o l a t o r  manufacturers i n  February, 1976, 42 numerous design 

3 2 ~ e w '  ~ e r s e ~  Demonstration Project  S ta tus  Report, March 19,  
1976. 

33~ew Jetsev Demons traLioa Praj  ect Monthly Progress Report, 
November, 197G. - 

3 4 ~ e w  Jersey Demonstration Pro j ecr  Monthly Progress Reports,  
March and Ap,ril ,  1977. 

35~ew Jersey Demonstration Project  Monthly Progress Repbr t , 
June, 1977. 

36~ew Jersey Demonstration Project  Monthly Progress Report, 
November, 19 7 7 .  

3 7 ~ e w  Jersey Demonstration Project  , Final  Report, August, 1978. 

4 0 ~ e w  Jersey Demonstration Pro jec t  Monthly progre& Report, 
September, 1975. 

4 1 ~ e w  Jersey Demonstration Pro j e c t  Monthly Progress Report, 
January, 1977. 

42~ew Jersey Demonstration Project  Monthly Progress Report, 
February; 1976. 



problems s t a l l e d  t h e  c o n t r a c t  u n t i l  June,  1977. 43 A t  t h a t  time 

i t  was c l e a r  t h a t  t h e  de l ive ry  of i s o l a t o r s  would be  s o  l a t e  t h a t  

t h e  system would have t o  begin opera t ion  wi th  t h e  capacito;  banks 

disconnected. 44 The vendor apparent ly  could n o t  perform as r e -  

qu i red ,  and a new vendor was chosen. 45 The i s o l a t o r s  were modi- 

f i e d  again i n  A p r i l ,  1978, bu t  redes ign  and t e s t i n g  d i f f i c u l t i e s  

slowed down t h e i r  manufacture. 46 The f i r s t  pro tb type  i s o l a t o r s  

passed i n i t i a l  t e s t i n g  i n  June,  1978, two years  and t e n  months 
47 a f t e r  t h e  planning began. , 

The u t i l i t y  spent  t h e  r e s t  of t h e  P r o j e c t  pe r iod  t r y i n g  t o  
I 

obta in  working t ransponders .  Perhaps t h e  main reason f o r  t h i s  

delay w a s  t h e  dec i s ion  t o  use l a r g e  s c a l e  i n t e g r a t i o n  (LSI) c i r -  

c u i t i n g  f o r  t h e  transponder c o n t r o l s  r a t h e r  than o f f - the - she l f  

d i s c r e t e  components. This forced  complete redevelopment of a sys-  

tem t h a t  had been under t e s t  i n  t h e  General Pub l i c  U t i l i t i e s  

s e r v i c e  a r e a  f o r  f o u r  yea r s .  48 Design of t h e  LSI c i r c u i t r y  began 

i n  September, 1975. 49 Four yea r s  and s e v e r a l  redes igns  and modi- 

f i c a t i o n s  l a t e r ,  t ransponders  s t i l l  malfunctioned. The f i r s t  

de l ive ry  of operable  t ransponders  from t h e  manufacturer did n o t  

occur u n t i l  l a t e  A p r i l ,  1978, only a few months before  t h e  DOE 

withdrew from t h e  P r o j e c t .  50 As l a t e  a s  May, 1979, a de fec t  i n  

. . 

' '  4 3 ~ e w  J e r s e y  Demonstration P r o j e c t  Monthly Progress  Report ,  
June,  1977. 

' . .  
45fiew Je r sey  Demonstration' p r o j e c t  Quar ter ly  Progress  Report ,  . . 

January-March, 1978. 

, 4 6 ~ e w '  Je r sey  ~ k m o n s t r a t i o n  P r o j e c t  Monthly Prbgress  Report ,  . . 

May', 1978. , 

4 7 ~ e w  Je r sey  Demonstration P r o j e c t  ~ o n t h l ~  Progress  Report ,  
June, 1978.. 

: 4 8 ~ ~ ~  ~ i l e  Document, Memorandum, Shapiro t o  F i l e ,  31  October, 
1975. 

4 9 ~ e w  Je r sey  Demonstration P r o j e c t  Monthly Progress  Report ,  
September, 1975. 

5 0 ~ e w  Jersey  Demonstration P r o j e c t  , F i n a l  Report ,  August. 1978. 



-- 
51 the  transponders fo rced  t h e i r  r e tu rn  t o  the  manufacturer.. 

The New - .  Jersey P ro j ec t ' s  f i r s t  goal w a s  t o  use t he  ARMR sys 

t e m  f o r  automatic meter reading i n  a TOU r a t e  s t r u c t u r e ,  not as 

a load con t ro l  technique. 52 Since the  f i r s t  goal was not  reached, 

the  system was never t e s t e d  as  a load control  method. Nonetheless, 

t he  New Jersey experience with t h i s  complex technology has a bear- 

ing on load controL methods, as v i r t u a l l y  every probl.em~encountered 

would have caused the  same delays and expenses fox load con t ro l .  

App~rcn t ly  implementing such advanced technology is typ i ca l ly  

slow and troublesome. Carolina Power and Light Company (under an 

EPRI contract  apar t  from the  Pro jec t s )  has been experimenting with 

a two-way PLC system f o r  four  years ,  and i s  only now obtaining the  

f i r s e  meter readings from eighteen points  nut of a poss ible  600. 

The system has ye t  t o  be applied t o  load con t ro l  although a l l  of 
the  functions of the AN4R system a r e  goals of t h i s  program. 53 

A s in i i lar  experience was reported i n  the  Ca.lifornia Demonstra- 

t i o n  Project. '  In  t h a t  Project  Pac i f i c  Gas and E l e c t r i c  ran a 75 
un i t  t e s t  of a prototype powerline c a r r i e r  system t h a t  was being 

developed by General E l e c t r i c .  The prototype t e s t e d  (AMRC) was 

a two way load 'management sys tern of considerable complexity. 

Many technical  problems occufred. Mutil: of them w e r c  connected 

'with the developmental s t a t u s  of the equipment, but  some of the  

p r~b lems  were common t o  the  other  powerline c a r r i e r  systems. 

Powerline c a r r i e r  systems were thought t o  have severa l  disad- 

vantages, compared t o  rad io  transmission con t ro l s .  These dis- 

advantages included: 

Omore complicated and expensive i n s t a l l a t i o n  

.probl.ems i n  mounting u n i t s  

.individual no ise  and frequency c h a r a c t e r i s t i c s  f o r  each 
feeder network 

51~et te r ,  Grygiel t o  Johnson, May 7. 1979. 

5 2 ~ e w  Jersey Demonstration Project  Final  Report, 



@noise both genera ted  and propagated by t h e  c o n t r o l  
s i g n a l s  54 

The Spr ingf ie ld  P i l o t  P r o j e c t  had an ARMR system on o rde r  

which t o ~ k  about 9 months t o  d e l i v e r .  Once d e l i v e r e d ,  t h e  system 

had s e v e r a l  problems i n  a t t a i n i n g  opera t iona l  s t a t u s .  Of 228 
transponders ordered,  only 180 had been i n s t a l l e d  by l a t e  1980. 

The S p r i n g f i e l d  P r o j e c t  i s  p r e s e n t l y  using t h e  180 transponders 
55 i n  t h e i r  load survey program, bu t  n o t  f o r  load  management. 

P r o j e c t s  a l s o  experienced delays acqui r ing  r a d i o  systems, 

b u t  i n  g e n e r a l ,  t h e s e  delays d id  n o t  put  them behind t h e i r  

schedules .  A l l  r a d i o  P r o j e c t s  reviewed were a b l e  t o  acqui re  the '  
necessary equipment 'and begin t e s t i n g  without  s e r i o u s  d i f f i c u l t y .  

Acquiring t h e  components of the  r a d i o  system took between 6 and 

18  weeks. Even though t h e  u t i l i t i e s  f r equen t ly  experienced de- 

l a y s  longer than 1 8  weeks, they did n o t  consider  such de lays .  

ex t rao rd ina ry .  The prob1.ems experienced were those  t y p i c a l  of 

a mature technology r a t h e r  than  one pushing t h e  s t a t e  of the  

a r t .  The high r e l i a b i l i t y  and  low maintenance c o s t s  of t h e  

u n i t s  .once i n s t a l l e d  a r e  f u r t h e r  i n d i c a t i o n s  of t h e  proven 

s t a t u s  of the  equipment. 

There were however, delays i n  i n s t a l l a t i o n  due t o  de fec t ive  

switches and o t h e r  p a r t s .  I n  t h e  Arkansas P r o j e c t  i n  1977 t h e r e  

were a number of problems wi th  the  r e c e i v e r  swi tches .  The vendor 

inspected  16,000 u n i t s  on s i t e  a t  AP&L's L i t t l e  Rock warehouse 

then ,  and again i n  1978 and 1979. These t e s t s  showed a number of 

problems a f f e c t i n g  about 5 percent  of t h e  33,000 swi tches .  Most 

of t h e  problems were r e l a t i v e l y  minor, however. 

Since the  vendor 's  1977 tests t h e  q u a l i t y  has s o  improved t h a t  
no inspec t ion  is now made a t  t h e  c e n t r a l  r ece iv ing  p o i n t .  The few 

d e f e c t i v e  u n i t s  rece ived  a r e  found by i n s t a l l e r s ,  who use a hand' 

. 5 4 ~ a l i f o r n i a  Demonstration ~ r o j  e c t  , Load Management ~ o r k s h o p  , 
1979. - 

55 Meyer, q. - c i t .  



h e l d  t r a n s m i t t e r  t o  check f o r  func t ion  and proper code. CaJi- 
f o r n i a ' s  experience was i n  some ways s i m i l a r  t o  Arkansas ' .  A 

s i m i l a r  spot  checking r o u t i n e  found only one inopera t ive  switch 

out  of t e n .  I. 
J 

Both t h e  Ohio and Vermont P r o j e c t s  had delays with t h e i r  

hydronic  s t o r a g e  system. There were s h o r t  a c q u i s i t i o n  delays i n  

both P r o j e c t s  but  t h e s e  were n o t  p a r t i c u l a r l y  s i g n i f i c a n t .  Both 

P r o j e c t s  d i d ,  however, experience i n s t a l l a t i o n  de lays .  I n  Ohio 

t h e  main reasons f o r  t h e  delays were t e c h n i c a l  ones. Contractors  

d id  no t  have experience wi th  t h e  systems and made a number of m i s -  
takes--such as  improper p ipe  ins ta l la t ion--which  had t o  be cor-  

r e c t e d .  I n  Vermont t h e r e  were few techn ica l  problems. Delays 

t h c r e  involved de l ive ry  from t h e  vendor and i n a b i l i t y  t o  f i n d  

customers w i l l i n g  t o  buy t h e  s t o r a g e  systems, even a t  a subs i -  

d ized  r a t e .  

COSTS 
. . .. 

Table 4 provides a .summary of t h e .  c o s t s  of ' the '  load manage- 

ment techniques .  The 'energy s t o r a g e  systems used i n  Vermont and 

Ohio were t h e  most expensive per  p o i n t .  The average i n s t a l l e d  

c o s t  of t h e  energy s t o r a g e  u n i t s  i n  Ohio was $8,472.  The unin- 

s t a l l e d  cos t  of t h e  system i n  Vermont was $1,850. It i s  impossi- 

b l e  t o  make a c l o s e  comparison between Ohio and Vermont, however, 

because t h e   unit^ were no t  t h e  same s i z e  and t h e  i n s t a l l a t i o n  

c o s t s  were n o t  t h e  same.. . . , . ,  

The Ripple system used i n  Vermont c o s t  $101,500. This i n -  

cluded 300 r e c e i v e r s  i n  houses and one t r a n s r e c e i v e r .  The t r a n s -  

r e c e i v e r  c o s t  $70,000 i n s t a l l e d .  The per  p o i n t  c o s t  f o r  t h e  r e -  

ce ive r  w a s  $105 i n s t a l l e d .  The pe r  p o i n t  c o s t  f o r  300 po in t s  w a s  

$338. However, t h e  t r a n s r e c e i v e r  had a capaci ty  of 20,000 u n i t s .  

Spreading t h e  c o s t  over t h i s  capaci ty  drops t h e  c o s t  pe r  poin t  t o  

about $109. 

The i n t e r l o c k i n g  device used i n  North Carol ina c o s t  about $64 

apiece i n s t a l l e d .  This i s  a 1977 c o s t  and i t  was e s t i n z t e d  t o  be 



TABLE 4 

Costs of Load Management Equipment 

Project Technique 
Total Cost Per 
Cost Point 

Radio System 
Transmitter 
Installation of 
Receivers 

Arkansas b Radio System 
Receivers 

californiaC Voltage Regulation $183,000 - 
Radio, System - - 

d New Jersey Automatic Meter Reading - $1;000 (est) 
and Load Management 
Sys tem 

North carolinae Interlock Devices $ 2,048 $ 64 

Ohio f Radio System - - 
Hydronic Starage System $255418 $8,473 

vennontg ~ i p ~ l e  Sys tem $105,l0Oh $ 350 
Hydronic Storage System 18,500. 1,850 

I Source : '~rizona, Final Report, February' 1978. 

b~elephone interview, George Brazil, Arkansas Power and Light, 
December 1980. 

C~elephone 'interview, Steve Reynolds, Pacific   as and Electric, 
August 1980. 

I d ~ e w  Jersey, Final Report, August 1978. \ 

e~elephone interview, Billy J. Yarborough, Carolina Power and 
Light, November 1980. 

fOhio, Final Report, volume I, September 1977. 

g~elephone interview, George Elliott, Green Mountain Power, 
November 1980. 



56 about 8 percent  h igher  a s  of l a t e ,  1980. 

The r a d i o  systems used i n  t h e  P r o j e c t s  cos t  about $90 t o  

$100 per  p o i n t ,  n o t  inc luding  t h e  c o s t  of t h e  t r a n s m i t t e r  o r  

i n s t a l l a t i o n  and maintenance expenses. The Arizona P r o j e c t  

spen t  about $51,000 d o l l a r s  f o r  i t s  system. This included equip- 

ment c o s t s ,  and i n s t a l l a t i o n  of the  t r a n s m i t t e r  and 96 r e c e i v e r s .  

This expense a l s o  included t h e  "in kind" con t r ibu t ion  of Arizona 

Pub l i c  Service  Company. The system i n  Arkansas cos t  about $7,500 

and each r e c e i v e r  c o s t  about $90 t o  $100. 

The c o s t  of t h e  vo l t age  reduct ion program f o r  P a c i f i c  Gas 

and E l e c t r i c  i n  1979 was $138,000. This c o s t  included the  mainte- 

nance of t ransformers  and a l l  o t h e r  equipment involved i n  t h e  

main Phase I program. 57 It was estimated t h a t  the  cost would 

inc rease  t o  $385,000 i n  1981. 58 

Costs of the  var ious  techniques as w e l l  as many o the r  opera- 

t i o n a l  aspects  a r e  discussed i n  chapters  3 and 4. 

RESULTS 

There were mixed r e s u l t s  from P r o j e c t  experiences i n  load 
management . Most cus toner response was p o s i t i v e .  A major i ty  of 

the  . P r o j e c t s  found t h a t  customers were w i l l i n g  t o  shift o r  i n -  

t e r r u p t  loads .  I n  f a c t ,  when t h e  opt ion  was a v a i l a b l e  many cus- 

tomers chose t o  continue load i n t e r r u p t i o n  i n  exchange f o r  r e -  

duced r a t e s .  

Resul ts  from t h e  P r o j e c t s '  experiments wi th  a i r  condi t ioning  

c o n t r o l s  revealed  t h a t  most customers s u f f e r e d  no discomfort ,  nor  

d i d  they n o t i c e  changes i n  home temperatures .  P a r t i c i p a t i o n  i n  t h e  

a i r  condi t ioner  c o n t r o l  t e s t s  was usua l ly  voluntary (though custo-  

mers wi th  h e a l t h  problems were excluded).  

' b~arborough ,  T. - c i t  . 
5 7 ~ e l e p h o n e  in te rv iew,  Steve Reynolds and Byron Tomilson, 

P a c i f i c  Gas and E l e c t r i c  Co., August, 1980. 

58~el ,ephone in te rv iew Byron Tomilson, pac i f i c '  Gas and 
E l e c t r i c  Co. , December, 19 i0 .  



Most Projects were able to reduce peak loads by interrupting 
power to air conditioners and hot water heaters. Southern Califor- 
nia Edison's experience with load leveling devices showed that on 
hot days the average W demand per customer was reduced by 1 to 2 
KW's: this reduction was sustained during the times of highest 
demand. Figure 1 shows the demand of customers with and without 
load leveling devices on two "hot days" in 1976. 

Needle peaks often resulted from load interruption. However, 
by balancing the time and duration of the interruptions it was 
possible to avoid needle peaks or surges in demand after the 
interruptions were discontinued. In Arkansas,air conditioners 
were turned off by a radio signal, and turned on by timers installed 
on the air conditiqner. Timers were set for either five or nine 
minutes; thus they did not all come back on at the same time and 
demand was more level. 

Perhaps the most successful load management technique was 
a controlled voltage reduction program in California. The program 
had occasional problems with inadequate power to some appliances 
during the initial test, but these were solved when transformers 
were readjusted so that end-of-the-line customers received at 
least 114 volts. By reducing voltage ranges by 2.5 to 3 percent, 
Pacific Gas and Electric was able to reduce consumption by 635 
million kwh's and save nearly $41 million dollars in 1979. 

The use of energy storage units for space heating also 
resulted in reduced peak consumption. In Ohio maximum reduction 
was 12.8 KW per house on very cold days. However, the cost of 
installing the systems was too high to be economical. If install- 
ation costs could be reduced,it was f,elt that these systems could 
become economical. 
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Impact of Air Conditioning Load Test, Southern 
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Source: California Energy Commission, A Second Year Repnrt 
to the Department of Energy, .May 1979. - 



CHAPTER 
THREE 

INTRODUCTION 

This. chapter examines th ree  types of load management tech-' 

niques general ly considered t o  be customer ac t iva ted :  1) energy 
s torage systems, 2) end-use improvements and 3) in ter locking and 

timing devices.  A number of the  P ro j ec t s '  experiences with these  ~ techniques a r e  ' examined, including acquis i t ion  and i n s t a l l a t i o n  

experiences, cos t s  , and customer response. 

The main focus of the  examination of energy s torage systems 

and end-use improvement i s  on home h e a t i n g ,  while the  sec t ion  on 

, in ter locking devices focuses. on ,appliance 'usage. , . 
. . 

I A study of a "].OW cost" h e a t '  s torage system was included i n  

the  Ohio and Vermont Pro jec t s .  The s tud ies  were conducted by r e -  

cording and.comparing e l e c t r i c i t y  usagc of houses equipped with 

the  "storage system" t o  s imi l a r  houses without the  system. It 

was thought t h a t  the  s torage sys tem would allow heating loads t o  

be deferred t o  system off -peak periods.  1 

I n  Ohio each of th ree  s torage homes was equipped with a 

1,000 gal lon concrete s torage tank, a heat  pump, a water hea te r  

(bo i le r )  and the  necessary control  devices such as t i m e  clocks 

and temperature sensors .  The s torage tanks were vented s ince  it 

was t o  be a closed system. The use of concrete created a con- 

cern about waterproofing, and a f t e r  consul ta t ions  with engineers,  

cement and chemical companies, and un ivers i ty  professors ,  t he  

tanks were waterproofed with a cement base s ea l an t .  They were 

a l so  insula ted with two inches of urethane foam.2 A diagram of 

t he  system is  shown i n  Figure 2 . 

'0hio Demand Management Demonstration Proj e c t  , Final  Report., 
Volume I ,  September, 1977. . . 



FIGURE 2 

Schematic of the  Hydronic Storage System, 
' Ohio Demonstration Pro jec t  
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Source: Ohio Demonstration P ro j ec t ,  F inal  Report, Volume I ,  September 1977.  



I n  t h e  Vermont P r o j e c t  t e n  hydronic new s t o r a g e  u n i t s  were 

i n s t a l l e d .  The hea t  s t o r a g e  u n i t s  cons i s t ed  of a  280 ga l lon  

i n s u l a t e d  tank ,  an i n t e r n a l  e l e c t r i c  hea t ing  element and a h e a t  

exchanger loop. Or ig ina l ly  i t  was planned t h a t  f i v e  of thb 

u n i t s  would be c o n t r o l l e d  by a  r i p p l e  system whose cyc le  could 

be changed a t  any t ime. The o t h e r  f i v e  u n i t s  were t o  be con- 

t r o l l e d  by t iming devices i n s t a l l e d  a t  t h e  r e s idence .  The 

cycles  f o r .  t h e s e  u n i t s  were i n f l e x i b l e  and had t o  be r e s e t  i n  

t h e  event of power outages;4 However, s i n c e  customers w i l l i n g  

t o  buy t h e  u n i t s  could no t  be found i n  t h e  a r e a  served by t h e  

r i p p l e  system, t imers  had t o  be i n s t a l l e d  i n  a l l  t e n  u n i t s .  The 

t imers  had t o  be a b l e  t o  t u r n  t h e  s t o r a g e  u n i t  o f f  and on - twice 

each day because of the  double peak times f o r  Green Mountain 

Power. That i s ,  the t imer  had t o  t u r n  t h e  u n i t  o f f  a t  9:00 a.m., 

on a t  noon, o f f  a t  ~ : O O  p.m. and back on again a t  8:00 p.m. The 

c o s t  of a  r e l i a b l e  t imer wi th  t h i s  f l e x i b i l i t y  was approximately 

$100 pe r  u n i t  i n  1980. 5  

C 

Cost 

The average c o s t  of t h e  Ohio stoTage system, inc luding  i n -  

s t a l l a t i o n ,  was $8,473. Table 5 shows t h e  d e t a i l e d  c o s t  of each 

of t h e  t h r e e  systems. ( I t  was thought t h a t  t h e s e  c o s t s  were 

. genera l ly  h igher  than o t h e r  systems due t o  t h e i r  experimental  

n a t u r e . )  It can be seen by examining t h i s  tab3.e t h a t  even though 

t h e r e  w a s  some va r i ance  of c o s t  among t h e  ca tegor ies  t h e  c o s t s  

f o r  each house were s i m i l a r .  These c o s t s  do n o t  inc lude  expenses 

incur red  by Toledo Edison i n  t h e  p lanning ,  supervis ion  and mainte- 

nance of t h e  s t o r a g e  system. 

I n  Vermont each u n i t  c o s t  approximately $1,800 ( u n i n s t a l l e d )  

i n  1975 although t h e  p r i c e  t o  customers w a s  $600 ( i n s t a l l e d )  due 

3 ~ e l e p h o n e  in te rv iew,  Charles E l l i o t t ,  Green Mountain Power 
Corp.,  November, 1980. 

'~errnont Demonstration Proj  e c t  , Progress  Report 1 1 ,  by Green 
Mountain Power, August 27, 1975. 

' ~ l l i o t t ,  9. c i t .  - 



TABLE 5 

' . Cost of the Hydronic Storage System, by House, 
Ohio Demonstration Proj ect 

Cost 
Factor House 1 House 2 House 3 

. . 

Plumbing - Labor and 
materials 

$5,819 
.(lo3 man 
hours ) 

$6,396 
(190 .man 
hours) 

'$6,135 
.(I07 man 
hours) 

Electrical . $-353 . '  $ '340 $ 383 

Waterpronf ine 635 760 635 
Water treatment 20 20 20 

Builder 

Mfsc. 

. , Source : Ohio Demonstration Project Final Report, September, 1977. . - -.- . . 
' 

a This house was under ~onstruction .before final, drawings , ' 

were completed. Thiscost includes' the additional costs due to this. 
. . 
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TABLE 6 

Hydronic Energy Storage Systems, Size and Cost, 
Ohio and Vermont Demonstration Projects 

Tank Installed Incentive Year 
Project Size . Cost Payment Installed 

Ohio 1,000 $1, 350a $8, 472a $lO/mo + maintenance 1975 
during test 

Vermont 280 $1,800 - 50% of in.stalled 
. - cost plus special 

heating rate 

Source: Ohio Demonstration Project Final Report, September, 1977,.and Telephone interview, 
Charles Elliott, Green Mountain Power Corporation, November, 1980. 

aAverage for' three units. 

. 



t o  t h e  P r o j e c t  subsidy.6 G l e  6 shows a comparison of t h e  c o s t s  

of t h e  hydronic systems i n  Ohio and Vermont. This comparison i n  

d i c a t e s  t h a t  t h e  c o s t  of t h e  equipment f o r  t h e  Ohio System was 

l e s s  than i n  Vermont. The i n s t a l l a t i o n  c o s t  i n  Ohio was however, 

almost 7,000 pe r  u n i t .  This c o s t  was due t o  many problems en- 

countered i n  i n s t a l l a t i o n .  P a r t  of t h e  c o s t  of i n s t a l l a t i o n  was 

t h e  l a r g e  (1,000 ga l lon)  s t o r a g e  t ank .  In Vermont,. t h e  u n i t s  

themselves were about $500' more than i n  Ohio. While t h e r e  i s  n o t  

accura te  d a t a  on i n s t a l l a t i o n  c o s t  i n  Vermont,the u n i t s  were 

s tandard  . s i z e  and f i t  i n  about the  same space as  a "normal" 

furnace.  Few, i f  any, i n s t a l l a t i o n  problems were r epor ted  i n  

Vermont. It i s  probably s a f e  t o  conclude t h a t  i n s t a l l a t i o n  c o s t  

i n  Vermont was much l e s s \  than in  Ohio. 

Operation Experiences--Problems 

In  Ohio t h e  planning of t h e  s t o r a g e  tank implementation 

began wi th  meetings wi th  marketing r e p r e s e n t a t i v e s  of Toledo 

Edison. It was recommended t h a t .  a meeting with Toledo a r e a  

b u i l d e r s  be h e l d .  As a r e s u l t  of t h e  meetings i t  was agreed t h a t  

t h r e e  b u i l d e r s ,  who each used a d i f f e r e n t  brand of hea t  pump, 

would be con t rac ted  t o  p a r t i c i p a t e  i n  t h e  s tudy.  The houses i n  

t h e  study were t o  be two s t o r y  1,800-2,300 square f e e t .  (2,300- 

3,000 wi th  basement). 7 

It was a l s o  agreed t h a t  an incen t ive  payment t o  the.home- 

owner would be requ i red .  ~ o l e d o  kdison agreed t o  maintain ehe 

s to rage  system and guarantee t h e  hea t ing  consumption d u r i n g - t h e  

t e s t .  However, t h i s  r equ i red  a s e p a r a t e  meter f o r  t h e  hea t ing  . 

system, i n s t a l l e d  i n s i d e  t h e  house. For t h e  inconvenience of 

having t o  provide a c c e i s  t o  t h e  meter reader  and maintenance 
. . 

personnel ,  t h e  homeowner. was given a $3.0 per  month payment dur- 

ing  the  t e s . t .  8 

/ Ohio; F i n a l  Report, qp. c i t ,  - 



The Ohio P r o j e c t  encountered many probl.ems both i n  . i n s t a l l a -  

, t i o n  and opera t ion .  Res iden t i a l  c o n t r a c t o r s  and subcont rac tors  

were no t  f a m i l i a r  wi th  t h e  more complex hea t ing  system. There 

were eleven i n s t a l l a t i o n  c o n t r a c t o r s ,  inc luding  gener.al ,  plumbing, 

and e l e c t r i c a l  c o n t r a c t o r s ;  a s i g n i f i c a n t  amount of time was r e -  

qui red  f o r  supervis ion  of t h e  i n s t a l l a t i o n  process .  Numerous 

e r r o r s  were made during i n s t a l l a t i o n .  For example, i n  some cases  

the  plumber r an  t h e  p ipes  "exactly" a s  i n d i c a t e d  on t h e  drawings. 

Sometimes piping was put  across  f i l t e r  openings o r  above o r  below 
* 

s to rage  tank l e v e l s .  This caused a s i g n i f i c a n t  amount of addi -  

t i o n a l  work. Also t h e r e  were many occasions when t h e  proper t o o l s  

o r  f i t t i n g s  were lacking  and t h i s  caused much time t o  be l o s t .  

The P r o j e c t  team concluded t h a t  t h e r e  was a need f o r  up.grading 

t h e  t e c h n i c a l  s k i l l s  of con t rac to r s  f o r  t h i s  system t o  be success-  

f u l .  They a l s o  concluded t h a t  t h e  system was too  complicated and 

t h a t  the  c o n t r o l s  were e i t h e r  "too exot ic"  o r  unnecessary.  9 

Thdre were two types of opera t iona l  problems i n  the  Ohio 

P r o j e c t :  one i n  the  c o n t r o l s  and s e n s o r s ,  t h e  o the r  with b o i l e r  

f a i l u r e s .  Each s t o r a g e  tank system was equipped with a high 

water alarm. Occasionally one of t h e  senosrs  ma l fmct ioned  and 

caused t h e  alarm t o  sound unnecessar i ly  (usua l ly  l a t e  a t  n i g h t ) .  

The sensor  was apparent ly  serfsing vapor i n  t h e  s tandpipe .  Rather 

than reworking t h e  plumbing o r  i n s t a l l i n g  a new sensor ,  t h e  con- 

t r o l s  were disconnected.  No water l e v e l  problems occurred i n  any 
10- of t h e  houses.  

Two b o i l e r  f a i l u r e s  occurred:  one i n  house number 3 and one 

i n  house number 1. The f i r s t  f a i l u r e  w a s  due t o  malfunction of 

the  c o n t r o l  r e l a y  and the  thermostat .  These were replaced ,  b u t  

a f t e r  a per iod  of t ime, '  t h r e e  of t h e  f o u r  elements were made i n -  

op,erat ive by water  leaking  from one of t h e  hea t ing  elements,  which 

had shor ted  o u t .  The s h o r t  appeared t o  have been caused by ca lc ium 



s a a l e  buildup i n  t h e  elements.  Even though the  c i t y  water had 

been t r e a t e d  i t  was s t i l l  s u f f i c i e n t l y  hard  t o  cause s c a l e .  11 

Another problem occurred when t h e  flow switch which con- 

t r o l l e d  t h e  movement of water i n t o  t h e  b o i l e r  nialfunctioned. and 

r e s u l t e d  i n  "bo i l e r  lockout ."  The problem stemqed from improper 

i n s t a l l . a t i o n .  While t h e  f a i l u r e  of t h e  switch d i d  n o t  i m p a i r  t h e  

s a f e t y  of the  system, i t  did cause a d i s t o r t i o n  i n  the  usage d a t a .  

Or.e problem which had been expected, crumbling and cracking 

of t h e  s t o r a g e  t ank ,  d i d  n o t  occur during t h e  t e s t  yea r .  No 

cracking o r  leaking  was found in  any of t h e  tanks .  The coat ing  

on t h e  i n s i d e  of t h e  tanks was thought t o  have prevented these  

problems. 

In  t h e  Vermont: P r o j e c t  t h e r e  w e r e  few operationa.1 problems. 
There were,  however, prolonged delays i n  t h e  de l ive ry  and s a l e  

" of t h e  hydronic (hot  water)  s to rage  u n i t s .  I n i t i a l l y  they were 

t o  have been de l ive red  i n  J u l y ,  1975, and instal1e.d .by November, 

1975. Severa l  problems caused t h i s  de lay .  F i r s t ,  .the vendor 

was l a t e  i n  d e l i v e r i n g  t h e  u n i t s ;  Second, t h e r e  was an unwfll-  

ingness on t h e  p a r t  of customers t o  purchase t h e  u n i t s .  Third., 

t h e r e  was a d iscuss ion  and disagreement .over  t h e  r a t e  and over 

t h e  r a t e  design f o r  t h e  u n i t s .  

Customer unwil l ingness  t o  purchase t h e  un i t6  was a h u l t i -  

f a c e t e d  problem. F i r s t  t h e r e  was some d i f f i c u l t y  i n  f ind ing  

customers wi th  compatible hea t ing  systems (forced hot  wa te r ) ,  who 

" were i n s t a l l i n g  new furnaces .  This was f u i t h e r  complicated by 

t h e  f a c t  t h a t  some of t h e  customers had t o  l ive  i n  a s e r v i c e  a r e a  

t h a t  was t o  be served by the  r i p p l e  system. This was because one 

of t h e  t e s t s  was a comparison of c lock v s .  r i p p l e  con t ro l  of t h e  
12 . h e a t  s t o r a g e .  

Ten separa te  customers meeting t h e  c r i t e r i a  cou1.d no t  be 

found i n  time t o  allow the  t e s t  t o  be completed on schedule.  The 

L.1 I b i d .  

12~ermont  Demonstration Pro j e c t  ., Progress  Report ,  b y  Green 
Mountain Power Corp , , May 7 ,  1975. 
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u t i l i t y .  adver t ised i n  l oca l  newspapers f o r  . . cus tomerr w i l l i ng  t o  

purchase' the  system but was s t i l l  unable t o  f ix id  enough f o r  t h e  
. . 

t e s t .  A"The s e l l i n g  po in t s  t o  the  cuftomers were 1) the  cos t  of 

. . the  equipment' and i n s t a l l a t i o n '  of the  hydronic system would be 

p a r t i a l l y  - subsidized (50 percen t ) ,  'and 2 )  they would r ece ive  a 

permanent spec i a l  heat ing r a t e .  from Green Mountain Power; 

The problem was' solved b y  s e l l i n g  a l l  ten  u n i t s  t o  a de- 

veloper.  The u n i t s  were i n s t a l l e d  i n  t e n  near ly  . . .  i den t i ca l  houses. 

  ow ever, i t  was no t  poss ib le  t o  s e l l  them,in the  area  served by 

' t he  subs  t a t i o n  i n  'which the  r i p p l e .  system was i n s t a l l e d .  13 

Designing a r a t e  f o r  the  s torage u n i t s  was d i f f i c u l t .  There 

were two 'schools of thought on the  r a t e  design: one argued f o r  a 

r a t e  based on average energy cos t s ,  while the  o ther  favored an 

incremental power r a t e .  The incremental r a t e  was the  higher of 

the  two. A r a t e  of 1 . 6 ~ p e r  kwh f'or the  s torage u n i t s  had been 

s e t  but  was unacceptable t o  t h e v e m o n t  publ ic  Service Board. 

A t  one point  the  r a t e  of 1.9C per kwh was being negot ia ted .  14 
. . 

One problem stemmed from the  f a c t  t h a t  the  u n i t s  were t o  be 

permanent i n s t a l l a t i o n s  and; there fore  a r a t e  design had t o  .be 

assured 'for some, per iod  of t i m e  before cu$tomer,s could be expected 

. ' to i n s t a l l  such systems. This was made more d i f f i c u l t  . . be- 

cause salesmen from European f i rms  were o f fe r ing  a va r i e ty  of heat  

s torage u n i t s  t o  customers i n  the se rv ice  a rea .  This meant t h a t  

whatever r a t e  was approved had t o  be ava i lab le  t o  a l l  who had 
15 s torage u n i t s .  

The r a t e  was f i n a l l y  es tab l i shed ,  through compromis.e, a t  35$ 

p e r  KW per month and 1 . 4 ~  per kwh. The hydronic u n i t s  were 14 KW 

s o  t h e . f l a t  KW charge was $4.90. This,, added t o  the  1 . 4 ~  . . perkwh,  

worked ou t .  t o  an .  average f o r .  the  ten u n i t s  ,of about  . . . .  1.8$ per  kwh. 

1 3 ~ l l , i : o ~ t  ,' 2. - .  c i t  ;' . . . . . . . .  . . . . . . .  
. . .  . . . . . . 

1 4 ~ e r m o n t ~ e m ~ n i f r i t i o ~  . . Pro jec t ,  Quarterly ~ e ~ o r t ,  July-  
~ e p t k b e r ,  1975. . . . . . . 

. . . . . . 

151bid. - 



The r a t e  was designed t o  cover the  off  peak cost  of power. l6 The : 

u n i t s  were t o  be s p e c i f i c a l l y  metered and would be running during 

a l l  of f  peak hours.  

With a l l  of the  delays,  the  un i t s  were not i n s t a l l e d  and 

operat ional  u n t i l  March 31, 1976, about four  months behind schedule. 

This meant t h a t  a heat ing season had passed and i n  order t o  gather  

data  t o  t e s t  the  u n i t s  a time extension was required.  The Project  

was o r ig ina l ly  scheduled t o  be completed i n  June, 1976, but  had 

t o  be extended through the  winter  of 1976-77 t o  g e t  proper  data 
f o r  ana1ysTs. 17 

Results 

. ' The r e s u l t s  of the  Ohio study indicated t h a t  the s torage 

system was able  t o  s h i f t  heat ing load t o  off  peak times. Figure 
3 shows the  usage pa t t e rns  f o r  a s torage u n i t  house and a s imi la r  

house i n  Ohio on a January day. As can be seen i n  t h i s  f i gu re ,  

the re  was a marked di f ference  in  the  peak and off  peak usage. 

However, demand reductions occurred only on very cold  days, and 

the  maximum coincident KW reduction was 12.8 W per house. 18 

Given the  average cos t  of the system of $8,473 per house the  

cos t  per  KW was $662. The approximate c ~ s t  of a peak.ing capaci t y  
was $200 per  KW. Thus the  Pro jec t  team concluded t h a t  the storage 

i- system was not  economical. It was a l so  found t h a t  the system was 

too la rge .  The hea t  pumps ac tua l ly  worked b e t t e r  than expected 

and could heat  down t o  a lower "balance point ."  This was the  

main reason the  s to rage  tank was found t o  be oversized. 19 

I n  Vermont a l l  ten  customers have been s a t i s f i e d  with the  

u n i t s .  There w e r e  very few problems with them a f t e r  the  i n i t i a l  

"bugs" were taken care  o f .  Since the  i n i t i a l  u n i t s  were so ld  

two o r  t h r ee  more have been so ld  and i n s t a l l e d  i n  the  Green 

I 6 ~ l l i o t t ,  %' c i t .  - 
17vermont Demonstration Project  , ~ r o ~ r e s s .  Report I V ,  by 

Green Mountain Power Corp., March 4 ,  19'76. 

180hio, F ina l  Report ,' OJ-. - c i t  .. 



FIGURE 3 

KW Demand of Storage and Similar Houses, by Time- 
of -Day. Jamary 17, 1977, Ohio Demonstration Prqject 

1 .  TEMP 

I STORAGE HOUSE a SIMILAR HOUSE 

Source: Ohio Demonstration Prof ect , Final Report, Volume I, ~ e ~ t e m b e r  1977. 



Mountain Power se rv ice  a rea .  However, the  r e l a t i v e l y  higher 

i n i t i a l  cos t  of the  un i t s  has deterred some customers from pur- 
20 

. , chasing them. 
. . 

One of the  f ac to r s  which determined whether. a s torage sys- 

tem was able  t o  keep a house heated during peak hours was the  

energy e f f ic iency  of the  dwelling. A wel l  insula ted house w i l l  
be more l i k e l y  t o  r e t a i n  heat  and therefore  r equ i r e s  l e s s  from 

t h e  system. Thus, i n  p a r t ,  the  succes s  of the s torage system 

was t i e d  t o  the  energy e f f i c i e n c y  df the  home. 
. . 

END USE IMPROVEMENT- -INSULATION 

Several Pro jec t s  s t r e s sed  improvement i n  the  ove ra l l  e f f i -  

ciency of houses. Projects  such as the  Grand River D+n Authority 

and City U t i l i t i e s  of Spr ingf ie ld ,  ~ i s ' s o u r i ,  conducted p,rograms 

t o  i n f  o m  customers on t h e  insu la t ion  needs of ,  t h e i r  homes. 21 

Both Proj kcts  'made a e r i a l  themograms of houses i n  t h e i r  se rv ice  

a reas .  These were used t o  show customers where heat  was escaping 

through the  roofs of t h e i r  homes. Both Projects  a l so  conducted 

o ther  types of energy audi t ing.  Spr ingf ie ld  offered customers an 

extensive aud i t .  The r e s u l t s  of the  aud i t  were given t o  customers 

on a computer p r in tou t  which r a t e d  t h e i r  house on a s c a l e  of A 

through F .  The pr in tou t  l i s t e d  s p e c i f i c  recommendations t o  i m -  

prove the' house as wel l  as  the  po ten t i a l  savings on the  f u e l  b i l l  

of each recommendation. Figure 4 i s  a copy of the  pr in tout  given 

t o  customers . 
Two problems were encountered , i n  developing . t h e  p r in tou t .  

. . . . . . . .  

One problem was making i t  ' simple enough f o r  customers to: under-' 

s tand yet  technical  enough t.o g ive  v a l i d '  r e s u l t s .  This was the  
' . ' reason f o r  the  r a t i n g  system ins tead  of using only h e a t  l o s s  i n  . .  . 

BTU'S~.  The second problem was t ry ing . . t o  co,mpute p o t e n t i a l  sav- 

ings  without pu t t ing  the u t i l i t y  "on the  spot" but s t i l l  giving 
. . 

2 0 ~ l l i o t t ,  9. c i t .  . . 
. . - . . . . 

. . 
. . . . 

2 1 ~ h e  information aspect  of ' t he se  p ro jec t s  i s  covered i n  the  
Information t o  Customers repor t  which i s  pa r t  o f  t h i s .  s e r i e s .  .. 



FIGURE 4 

Sample Computer Printout of the Results of Home 
Energy Audits, Springfield Pilot Project 

ACCOUNT NUMBER 11 22 33333 DATE OF AUDIT 4 1 1971 PAGE 1 

NAHE TEST HOnE-1 STORY. AOORESS HOUSE NO-STREET PHONE NURREP 111 2222 

YOUR HOUI~E HAS A CLASS C RATING ACCOROINQ TO F O L L O ~ I N Q  TABLEI THIS 1 9  T n F  
.L ~ ~ ~ B ~ ~ ~ U ~ ~ ~ W ~ ~ Z N E ~ - U O W - C W C + ~ H I ~ O  
i-roua HDUE. THE aETTEa INSULATEO YOUR HOPIF 188 THE LOYER YOUR HEATINO BIL!. 

m ~ - I - ~ ~ m ~ ~ ~ - ~ ~ ~ - ~ ~ - - ~ o - m - o ~ m ~ - - ~ m - o -  CII ~~--.LI~I---.-I--II.~~U~I-III- 

CLASS A CLASS B CLASS C CLASS 0 CLASS F 
VERY n o 0 0  Q O C O  FAIR POCR VERY POOR 

. ~~~l~~~~~~glll~o~~~~..-~-~..--~-~-.---~~------o------------------------ 
I 
W 
0 T T E C - Q M ~ ~ ~ P @ V ~ ' W  
I W I N  ORDER O F L A R O E S T  POTE*TIAL DOLLAR 8 A V 1 ~ 0 8  PER YEAR. POT~NTIAL ~ A V I N C S  

1 INSULATE YOUR FLOCR WITH INSULATION 1 POTENTIAL SAVINQS ON YOUR FUEL B I L L  COULD 
W!iICH HAS AN R-FACTOR RATING OF R-19. RANGE FROM 1 0 26 DOLLARS PER YEM. 

2 INSTALL INSULPTION I N  YOUR A T T I C  FLOOR CR C E I L I N Q  2 POTENTIAL SAVTNQS 0.N YOUR F L E L  B I L L  CCULC 
U n I C n  HAS AN R-FACTOR RATIvQ OF R-300 RANGE FpOM 11 TO 17 OOLLLRS PEE YFA9. . -- 

3 f t i S T A L L  CAULKIt iQ OR YEATHERSTRIPPINO 3 POTENTIAL SAVIhOS ON YOUR FUEL R I L L  CO~LO.  
AROUND ALL REVIININQ OUTSIDE WINDOWS@ RANGE FROM 5 1 0  7 DOLLARS PER YEAR* 

4 INSTALL C I U L K I K G  OR W E A T H E Q S T R I P P I N ~  4 POTENTIAL SAVINQS ON YCuR %EL R I L L  CCULC 
AROUNO'ALL REVCINING OUTSIDE DOCR9* RANGE FPOM 3 TO 5 DOLLARS PER Y t A R *  

5 INSTALL STORM COORS ON ALL REuAININO OUTSIDE .DOORS@ 5 , POTENTIAL SAVINOS ON YOUR FUEL B I L L  COELC 
RANCE FPOM 3 TO 4 DOLLARS PER YEAR* 

DURlbQ THE MINTERI TURN YOUR THERKOSTAT OOHN 
TO 65 OEGaEES CURING THE p n Y T l n E 4  AN0 TO 55  OEOREES AT NIGHT 

/ 

THE POTENTIAL SAVINGS Q& YOUR FUEL B I L L  ARE OETERRINEO USINQ THE FDLLOWINa DATA* 

1 OUTS-IoE TEPPERATURE . 4 0  DEGREES FAHR~h(WE1'T ( A V E R A ~ E  MEATIN@ SEASON TEFPERATURE) 
2 . HEATTNQ. SEASON FROM OCTOBER 1 TO UARCH 3 0  ( 2 1 0  D A y S l  

rl,- r r q  

THE ~ A V I ~ C S  WILL .  VARY M I T H  THE QEVERIT~ O F  THE WEATUERJ ~ N D  THE OUALITY OF CONSTRUCTION AND INSTALLATION OF IRPRoVERENTS' . 

(continued) , 



FIGURE 4 (continued) 

ACCOUNT NURBER' 11 22 33333 DATE OF L U O I T  4 1 1 9 7 8  PAQE 2 

N A ~ E  TEST HOME-1 STORY ADCRESS n o u s E  NO.~STREET PHONE NUMRER 111 22?2 

T H I S  SHEET Q I v E S  A DETAILED ACCCUNT Of HCW YOUR HOUSE 1s LOOSINQ HEAT@ 

HEAT LOSS (BTU/HOURI HEAT LOSS IBTU/HCUR) 
- WHEN OUTSIDE TEIIPI 1 9  / WHEN OUTSIDE TEMPI I S  PERCENT OF YOUR 

A n  m B E ; r C  nD-12&A4m- 

H E A ~  LOSS THROUQH YOUR WALLS 6982 16831  

P --NQ 4052 9 7 7 2  16 
a 

HEAT LOSS TWROUQH YOUR UINOOWS E774 6696  11 

HFAT L 0 9 S  AROUND YOUR WINOOWS 2299 5544  9 

HEAT LOSS THROUOH YOUR DOORS. 714 172:. 
1--.1-1.11 

3 
---1...1-- ----1-m 

~ O U R  HOUSE R A T I ~ Q  Ibr0,c,O OR F )  19 BASCO ON THE TOTAL WEAT LOSS PER SQUARE COOT l r l r  AT 0 O E Q ~ E E S  OUTSIDE Y E W @  . 

----kc= E T .  1 - 1  nn,gs -4P1-aQ 
nou-i !NO' 

A d -  

CLASS A CLASS 8 CLASS C C L A S ~ ~ O  CLASS F 
F A I R  VERY POOR VERY gOOD GOO0 POOR 

Source: Springfield Pilot Implementation Project, April 1978. 



t h e  customers a v a l i d  reason f o r  improving the. e f f i c i e n c y  of 

t h e i r  homes. 22 I n  the  f i r s t  year  06 t h e  S p r i n g f i e l d  P r o j e c t  

about 825 home a u d i t s  and 500 i n f r a r e d  camera a u d i t s  were con- 

ductgd. This was about 15 percent  of t h e  homes i n  t h e  s e r v i c e  
23 4 a r e a .  

Once customers were aware of t h e  condi t ion  of t h e i r  homes 

they needed information on i n s u l a t i o n ,  i n s u l a t i o n  con t rac to r s  

and f inancing .  The Spr ingf ie ld  and t h e  S e a t t l e  City Light  

P r o j e c t s  both  had programs t o  inform customers i n  t h e s e  a r e a s .  

I n  f a c t ,  S e a t t l e  City Light implemented an i n s u l a t i o n  i n s t a l l a -  

t i o n  program. S e a t t l e  City Lighc ' s  program explored t h e  f a c i l i -  

t a t i o n  of customer r e t r o - f i t  i n s u l a t i o n  by promoting and over- 

seeing independent con t rac to r s  and f i n a n c i a l  i n s t i t u t i o n s .  24 

S e a t t l e  City L i g h t ' s  program cons i s t ed  of a four -pa r t  pro- 

gram t o  encourage t h e  upgrading of inadequate i n s u l a t i o n .  F i r s t  

was a promotional and educat ional  e f f o r t  t o  expla in  t h e  va lue  of 
- 

r e t r o f i t  i n s u l a t i o n  and motivate  consumers t o  e n t e r  t h e  program. 

Second, an "energy checker" performed an inspec t ion  of t h e  r e s i -  

dence, not ing  p c t e n t i a l  savings and expla in ing  what modif ica t ions  

could be made and how they could be accomplished. Third,  t h e  

customer was ' r e f e r r e d  t o  a l i s t  of p a r t i c i p a t i n g  and q u a l i f i e d  

c o n t r a c t o r s  screened by t h e  u t i l i t y .  F i n a l l y ,  an inspec t ion  was 

performed by a r e p r e s e n t a t i v e  of t h e  u t i l i t y  t o  i n s u r e  t h a t  the  

work had been performed adequately.  25 The f i r s t  two p a r t s  of 

S e a t t l e ' s  program have been d iscussed  i n  t h e  r e p o r t  on Informa- 

t i o n  t o  Customers. The l a s t  two areas  w i l l  be discussed below. 

2 2 ~ p r i n g f i e l d  P i l o t  Implementation P r o j e c t ,  "Explanation of 
Energy Audit Computer P r i n t o u t , "  A p r i l ,  1978. 

2 3 ~ p r i n g f  i e l d  P i l o t  Implementation Pro jec t  , "A Brief  Summary 
~ e ~ o r t '  on Conservation Audit Problem Areas,  " City U t i l i t i e s  of 
Spr ingf ie l ,d ,  Missouri ,  December 14,  1978'. 

2 4 ~ e a t t l e .  Ci ty Light P i l o t  ~ m ~ l e m e n t a i i o n  Proj  e c t  Progress 
Report ,March 31, 1979. 

2 5.Ib.id . 



Seattle City ~ i ~ h t  was primarily interested in facilitat- 

ing customers' efforts to obtain and install insulation. There 

appeared to be two areas in which the utility could provide 

ass is tanca: 1) contractor qualifications and .standards and 

2) financing. Each 'of these turned out to be problematical. 26 

Contractor Qualifications and Standards 

Participation by contracting firms in the,program;depended 

upon the utility's being able to generate enough new bus'iness ' . 

to warrant the fim'o timc and cxpcnac in mccting qualifying 
~tandardc, Contractore engaged in retrofit and alterations 

were typicalb small,.independent, owner-managed firms with 
the owner frequently serving as part of the work force. The 
market was typified by freedom of. entry and exit, a high ,rate 
of turnover of firms,and general overcapacity. Consequently 
the market was characterized by price competition, -but not 

necessarily by uniform quality of the product.. Seattle City 
Light believed it was necessary to establish standards and 
guarantee that those standards would be attained. This re- 
quirement was met by establishing qualifying standards for the 

contractor, including an agreement signed.by the firm stipu- 

. lating that certain practices would be followed in carrying 
out insulation installation. A second requirement was that 
the firm obtain a performance bond and liability insurance, 
naming Seattle City Light as an insured party. 27 - 

The least complex of these measures was the requirement 
for the performance bond. The State of Washington required a 

$2,000 bond for contractors as a part of its licensing require- 
ments. Seattle City Light thought that this sum was inadequate 

and required a $5,000 performance bond' for contractors partici- 
pating in the program. Some firms experienced difficulty in 
obtaining such. a bond. Several contractors proposed posting 

$5,000 in an account upon which they would draw interest but 

2 6 ~  Case Study ,of Seattle City Light's utility Bank/Contractor 
insulation program, Brown and Caldwell, September, 1979. 



. . 

which would be assigned t o  . S e a t t l e  . City Light  a s  long as t h e  f i rm 

was a c t i v e  i n  t h e  prbgram. This was r e j e c t e d  because of S e a t t l e  

City L i g h t ' s  opinion t h a t  the  ' u t i l i t y  was no t  au thor ized  t o  e n t e r  
28 i n t o  such an agreement. . . 

Since S e a t t l e  City - ~ i g h t ' s  insurance coverage began a t  . 

$500,000, i t .  requi red  p a r t i c i p a t i n g  f i rms  t o  obta in  coverage a t  

t h a t  amount. Many f i rms  were a l ready covered a t  t h e  $500,000 

l e v e l  .. Some insurance ' f i rms named S e a t t l e  City Light as an addi- 

t i o n a l l y  insured  p a r t y  without  c o s t ,  o t h e r s  charged 10 percent  

of t h e  e x i s t i n g  premium. 29 

Es tab l i sh ing  s tandards  f o r  i n s u l a t i o n  and f o r  i n s t a l l i n g  

i n s u l a t i o n  proved t o  be much more d i f f i c u l t .  One of t h e  problems 

was S e a t t l e  City L i g h t ' s  i n a b i l i t y  t o  c a r r y  out  t h e  ex tens ive  
t e s t i n g  requ i red  t o  e s t a b l i s h  o b j e c t i v e  s t andards .  Fur the r ,  many 

of t h e  c r i t e r i a  i n  use  i n  n a t i o n a l  bu i ld ing  codes d id  n o t  have a  

proveable foundat ion i n  m a t e r i a l s  t e s t i n g .  It was be l ieved t h a t  

adequate a t t i c  v e n t i l a t i o n  was necessary t o  avoid water  vapor con- 

densat ion which would des t roy  the  i n s u l a t i n g  capac i ty  of t h e  
m a t e r i a l s .  Therefore,  v e n t i l a t i o n  was requ i red  by t h e  

S e a t t l e  Building Code, .which w a s  der ived  from t h e  Uniform Build- 

ing .Code, which, i n  t u r n ,  w a s  p a r t l y .  founded on the  s tandards  pub- 

l i s h e d  by t h e  American Socie ty  of Heating, Ref r ige ra t ing ,  and A i r  

Conditioning Engineers.  However, an i n v e s t i g a t i o n  d i sc losed  no 

t e s t i n g  b a s i s  f o r  t h i s  s tandard .  I n  t h e  absence of s tandards  based 

on phys ica l  t e s t s ,  S e a t t l e  C i ty  Light r e l i e d  on customs and usage. 

. ,, The c o n t r a c t o r ' s  agreement i n  one p lace  s t a t e s  ". . . t h e  

warranty s h a l i  provide f o r :  . . . Replacement of d e f e c t i v e  m a t e r i a l s  

o r  r e p a i r  of poor workmanship - a s  judged b~ - t h e  s tandards  -- of t h e  

indus t ry .  "30' < i t a l i c s  added) Much of t h e  language of t h i s  s tandard  

agreement appeared t o  say more than i t  a c t u a l l y  d i d ;  f o r  ins t ance ,  
t h e  agreement s t a t e d ,   insulation s h a l l  no t  be i n s t a l l e d  i n  a t t i c s  



without provision f o r  adequate v e n t i l a t i o n .  - 113' The words "with- 

out  provision fo r "  could have been used as an escape c lause ,  

allowing the  i n su l a t i on  contractor  t o  avoid the  work of i n s t a l l -  

ing  v e n t i l a t i o n  by informing the'custorner of the  requirement fo r  

v e n t i l a t i o n .  Customers, not  wishing t o  incur t he  expense of in -  

s t a l l i n g  v e n t i l a t i o n  o r  seeing holes cut  i n  t h e i r  roof ,  and no t  

f u l l y  understanding the  reason behind the  requirement, might have 

chosen not t o  have adequate v e n t i l a t i o n  i n s t a l l e d .  32 

There were two routes which might have been used t o  enforce 

contractors  to  adhere t o  the warranty. The f i r s t  was a provision 

i n  the  contract  t ha t  the  contractor  must submit any dispute with 

a customer t o  binding a r b i t r a t i o n  by the  Bet ter  Business Bureau. 

The second avenue was poss ible  removal of the contractor  from the  

l i s t  of firms qua l i f i ed  t o  p a r t i c i p a t e  i n  the  insu la t ion  program. 

A f i rm could be removed from the  program a f t e r  a reasonable no t i ce ,  

allowing i t  time t o  remedy def ic ienc ies .  

Financing 33 

Bank pa r t i c ipa t ion  i n  the  was minimal. I n i t i a l l y ,  

. S e a t t l e  bank6 entered the  Project  t o  f o r e s t a l l  the  development of 

a u t i l i t y  based f inancing program, not  out of an i n t e r e s t  i n  pro- 

v iding financing . 34 

There were severa l  f ac to r s  t h a t  made weatherizat ion f inanc- 
\ 

ing unappealing t o  banks. The s i z e  of each individual  loan, was 

too small f o r  economical processing. The applicants  were not 

preferred customers and could not  be expected t o  generate follow- 

up business.  The banks proposed the  use of bank cards ,  whicfi would 

have car r ied  an 18 percent i n t e r e s t  r a t e .  Due t o  inadequate follow- 

up f o r  the  program, i t  was uncer ta in  whether any bank made any funds 

* ava i lab le  t o  the  program. 35 



Subsequent t o  the  program, S e a t t l e  City Light ins tk tu ted  an 

Insula t ion Demonstration Project  f o r  residences primari ly heated 

by e l e c t r i c a l  power. As  p a r t  of the  program S e a t t l e  City Light 

provided financing a t  6 percent i n t e r e s t  f o r  t he  e n t i r e .  amount 

of the  work performed a n d , ' i n  add i t ion ,  offered a 10 percent d i s -  

count t o  the  customer from the  con t rac tor ' s  b i l l .  This program 

had considerable success.  The i n i t i a l  promotional. ef f o r t s  r e -  

s u l t e d  i n  more requests  f o r  pa r t i c ipa t ion  i n  the  program than 
36 could be accommodated. 

This program was t o  be phased out on January 12, 1981 and 

replaced with an expanded one. In the  new program a homeowner 

, w i l l  be able t o  finance up t o  $5,000 fo r  i n su l a t i on  and weatheri- 

za t ion.  S e a t t l e  City Light w i l l  charge no i n t e r e s t  and payments 

w i l l  not begin f o r  f i v e  years .  Then payments w i l l  begin and custo- 
mers w i l l  have another f i v e  years t o  repay the  loan. The j u s t i f i -  

ca t ion  f o r  t h i s  type of financing arrangement i s  tha.t conservation 

reduces KW demand and i s  cheaper, even a t  zero i n t e r e s t  on a 10 

year loan,  than the  next l e a s t  cos t ly  a l t e r n a t i v e .  37 

INTERLOCKING AND T I M I N G  DEVICES 

The North Carolina Demonstration Project  was the  only one 

t h a t  experimented with in ter locking devices.  s i x t y  of the  cus- 

tomers on TOU r a t e s  were se lec ted  t o  have a load l imi t ing  device 

i n s t a l l e d .  These customers were among those who had a demand 

component as p a r t  of t h e i r  r a t e .  Only 32 of the  60 agreed t o  

have the  devices i n s t a l l e d .  This number was judged by the  Project  

consultant  t o  be too small t o  provide information about t he  a b i l i t y  

of the  devices t o  a f f e c t  a customer's load o r ,  the  devices'  impact 

on the  system load. Consequently, the re  were no calcula t ions  as  

t o  the  savings of these  devices.  38 

37~e lephone  interview, M i m i  Sheridan, S e a t t l e  City Light ,  
December, 1980. 

38~elephone interview, B i l l y  J . Yarborough , Carolina Power 
'and Light Company, November, 1980. 



The.re was, however, opera t ional  experience with the  devices.  

I n s t a l l a t i o n  and operat ion turned out t o  be r e l a t i v e l y  t rouble  

f r e e .  There were no complaints by customers about the  32 in-  

s t a l l e d  devices. When the  t e s t  was completed, 18 t o  20 .customers ' 

chose t o  leave the  device i n  and remain o n  the  demand r a t e ,  even 

though they had t o  accept r e spons ib i l i t y  f o r  r e p a i r  and maintenance 

of t h e  device. 39 

The devices were offered t o  customers during the  r a t e  t e s t  

with t he  agreement t h a t  ~ a r o l i n a  Power and Light would provide' 

t h e  device, i n s t a l l  i t ,  and maintain i t .  Carolina Power a n d ' l i g h t  

subcontracted the  i n s t a l l a t i o n  o f  the  device and r e p o r t e d n o  sig- 

n i f i c a n t  problems. The device so ld  f o r  about $40 and the  avearge 

in sca l l ed  c o s t  was $64 .  The i n s t a l l a t i o n  cos t  was somewhat i n f l a t e d  
40 . because the i n s t a l l a t i o n s  were spread out over the  se rv ice  a rea .  

Since the  devices were offered only t o  thbse o n . t h e  r a t e  t e s t ,  

customers moving i n t o  o r  out of the  houses included . i n  the  t e s t  

were i n e l i g i b l e .  f o r  'the tes t .  Without the  spec ia l  r a t e  t hedev ice ,  

was of no benef i t  t o  the  customer. A; long as a customer re- 

mained in  the residence he was e l i g i b l e  t o  remain on the  r a t e  and 

use the  device. When someone moved i n t o  a house which had an 

i n t e r l o c k  they were given the  choice of keeping' i t  a t  no.charge ,  

o r  having i t  removed. I f  they chose. t o  keep i t  they had t o  agree 

t o  take  complete r e spons ib i l i t y  f o r  i t .  41. However, s i nce  there  

were no r e s i d e n t i a l  demand r a t e s  o ther  than the  t e , s t  r a t e s ,  the're 

was l i t t l e  incent ive  t o  keep t h e  in te r lock .  

When the  r a t e  experiment was over customers were allowed t o  

keep the  device, a t  no charge, and remain on the  demand r a t e .  

This meant t h a t  t he  demand recording meter had t o  s t ay  i n  place 

and the  customer was b i l l e d  from t h a t  meter. Customers who chose 

t o  keep the  device were aske.d t o  s ign  a termination form accepting 

41~a ro l ina  Power and Light -Memo from Bi l ly  J . Yarborough , t o  ' . '  

A l l  Primary Special  Customer Service Representatives,  August 2,  
1978. 



r e s p o n s i b i l i t y  f o r  a l l  c o s t s  a s soc ia ted  wi th  t h e  opera t ion  and 

maintenance of t h e  devices .  42 

Timing devices were used i n  t h e  C a l i f o r n i a  P ro jec t  i n  two 

t e s t s .  Both P a c i f i c  Gas and E l e c t r i c  (PG&E) and Southern Ca l i -  

f o r n i a  Edison (SCE) ran  a  t e s t  of the  use of t imers  t o  c o n t r o l  

swimming pool f i l t e r  motors during s e l e c t e d  peak hours .  

I n  1977 PG&F, wrote t o  pool owners i n  t h e  Sacramento a r e a  

i n v i t i n g  them t o  p a r t i c i p a t e  i n  an experiment on load c o n t r o l .  

The Company requested t h a t  customers n o t  run t h e i r  f i l t e r  pmys  

between noon and 7 p.m. A f r e e  chemical tes f  k i t  f o r  pool water  

was o f f e r e d  as  an inducement t o  p a r t i c i p a t e .  Forty-two percent  

of t h e  pool owners p a r t i c i p a t e d  i n  the  t e s t .  PG&E repor ted  a  s h i f t  

of 7,400 k i lowat t s  t o  offpeak hours .  To ta l  cos t  of t h e  program was 

est imated t o  be $37,250, o r  $5 per  s h i f t e d  k i l o w a t t .  43 

I n  1977, Southern Ca l i fo rn ia  Edison i d e n t i f i e d  new customers 

with swimming pools .  A u t i l i t y  r e p r e s e n t a t i v e  v i s i t e d  res idences  

t o  expla in  t h e  load  con t ro l  p r o j e c t  t o  p o t e n t i a l  customers . 
Seventy-four percent  of t h e  customers contac ted  agreed t o  allow 

t h e  switch t o  be i n s t a l l e d .  SCE i n s t a l l e d  170 time swi tches- -a t  

no charge t o  the  customers--which s h u t  o f f  the  f i l t e r  pump be- 

tween noon and 6 p.m. I n i t i a l  o p e r a t i o n a l  experience i n d i c a t e d  a  

s h i f t  of 312 k i l o w a t t s .  ,By 1978 SCE expected t o  have switches i n -  

s t a l l e d  on a  t h i r d  of ' the swimming pool f i l t e r  pump motors. A t  

a  c o s t  of $11 a k i lowat t  i t  was expected t h a t  87,000 k i l o w a t t s  

would be s h i f t e d  t o  offpeak hours .  The $11 per  k i l o w a t t  c o s t  i n -  

cluded a  $5 i ncen t ive  c r e d i t e d  t o  the  customer. 44 

Two poss ib le  problems o r  impl ica t ions  were considered i n  t h e  

Proj  e c t .  
' 1. S h i f t i n g  f i l t e r  pump use  t o  n ight t ime might in  some cases  

c r e a t e  problems by exceeding community n o i s e  r e g u l a t i o n s ,  
which a r e  s t r i c t e r  a t  n ight t ime than  during t h e  day. 

4 3 ~ a l i f o r n i a  Demonstration P r o j e c t ,  S t a f f  Report on Load 
Management Standards,  C a l i f o r n i a  Energy Commission, June 5 ,  1979. 



2 .  Some designs of s o l a r  pool h e a t e r s  use  f i l t e r  pump motors 
a s  a  power source.  As s o l a r  pool h e a t e r s  a r e  expected t c  
i n c r e a s e  i n  number r a p i d l y ,  a t t e n t i o n  t o  t h e i r  design 
was needed t o  i n s u r e  t h a t  a d d i t i o n a l  peak load was not  
c r e a t e d  unnecessar i ly .  45 

SCE s e l e c t e d  2,500 out  of  a  populat ion of 250,000 s i n g l e  family 

res idences  f o r  an experiment i n  c o n t r o l l i n g  a i r  condi t ioning  peak 

load .  Two hundred were chosen from t h i s  pool f o r  t h e  experiment, 

and 200 were s e l e c t e d  as  c o n t r o l s .  A monthly i n c e n t i v e  payment of 

$2 pe r  ton  per  a i r  condi t ioner  was made t o  p a r t i c i p a t i n g  customers. 

The average a i r  condi t ioning  capaci ty  pe r  home was 3 .5  tons .  4 6  

Magnetic t ape  recorders  monitored consumption a t  15 -minute i n -  

t e r v a l s .  The c o n t r o l l i n g  devices used were General E l e c t r i c  Load 

Levelers .  Units were t r i g g e r e d  by an ambient temperature sensor .  

The i n t e r r u p t i o n  was s e t  f o r  7.5 t o  10 minutes each h a l f  hour.  

 awe; than h a l f  (87 of 200) c f  t h e  u n i t s  funct ioned proper ly .  Some 

u n i t s  prevented a i r  cond i t ione r s  from funct ioning  a t  a l l .  The high 

incidence of malfunctions made i t  impossib1.e t o  draw. d e t a i l e d  con- 

c lus ions  from t h e  experiment.' Southern C a l i f o r n i a  Edison analyzed 

t h e  experience of t h e  87 res idences  i n  which t h e  switches opera ted  

psuper ly .  A key f ind ing  was a load drop of 1.26 k i lowat t  pe r  r e s i -  

dence on a 1 0 0 ~ ~  day. Customer r e a c t i o n  apparently was favorable: 

eighty-seven percent  f e l t  t h a t  $2 per  ton of a / c  was an adequate 

i n c e n t i v e  f o r  accept ing  t h e  load l e v e l e r  swi tches ,  though most 

customers recommended a  s h o r t e r  .shut  o f f  cyc le .  Fur ther  exper i -  

mentation was planned t o  ob ta in  opera t iona l  experience.  47 

SUMMARY 

Three forms of load management were discussed in  t h i s  chap- 

t e r :  1) energy s to rage  systems, 2) end use improvements ( i n s u l a -  

t i o n )  arid 3)  i n t e r l o c k s  and t imers  on appl iances .  

The hea t  s t o r a g e  experiments i n  Ohio and Vermont both used 

ho t  water s t o r a g e ,  but the  u n i t s  i n  Ohio were l a r g e r ,  xiore com- 

p l e x ,  and c o s t l i e r  t o  i n s t a l l .  Since they were more complex, t h e  



u n i t s  experienced more i n s t a l l a t i o n  and opera t ion  probl-ems. While 

t h e  Ohio P r o j e c t  was t roub led  by con t rac to r  e r r o r s ,  l ack  of neces-  

sa ry  t o o l s  and f i t t i n g s ,  and var ious  malfunctions of t h e  con t ro l  

devices ,  the  Vermont P r o j e c t  encountered d i f f i c u l t i e s  only i n  t imely 

de l ive ry  and s a l e  of t h e  u n i t s  t o  u t i l i t y  customers, i n  e s t a b l i s h i n g  

a  r a t e  design f o r  hea t  s to rage  customers, and i n  l c c a t i n g  p o t e n t i a l  

heat  s t o r a g e  customers i n  t h e  a reas  served by t h e  r i p p l e  con t ro l  

system. This l a s t  goal  was no t  a t t a i n e d  and a l l  t e n  u n i t s  were 

s o l d  t o  a  s i n g l e  developer i n  an a r e a  ou t s ide  t h e  r i p p l e  range. 

The Ohio P r o j e c t ' s  experience i n d i c a t e d  t h a t  t h e  c o s t  pe r  KW s h i f t e d  

by t h e i r  hydronic s to rage  system exceeded the  c o s t  pe r  I(W of peaking 

genera t ion  capac i ty .  This was p r imar i ly  due t o  t h e  high c o s t  of 

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

I n s u l a t i o n  and weather iza t ion  of homes were t h e  main end 

use  improvements addressed by t h e  P r o j e c t s .  Two P r o j e c t s  surveyed 

a rea  a t t i c  i n s u l a t i o n  q u a l i t y  by a e r i a l  thermography. Home energy 

a u d i t s  were more genera l ly  used t o  a s sess  e f f i c i e n c y  in  the  P r o j e c t s .  

A major program of i n s u l a t i o n  and weather iza t ion  formed p a r t  of t h e  

Seattl-e P i l o t  Pro j  e c t  . A promotiol~al  call~paign, home energy checks 

(with insulation/weatherization advice t o  i n d i v i d u a l  customers),  

d i r e c t i o n  t o  approved i n s u l a t i o n  c o n t r a c t o r s ,  and inspec t ion  of 

c o n t r a c t o r ' s  work were t h e  main components of t h e  S e a t t l e  program. 

The P r o j e c t  encountered d i f f i c u l t i e s  i n  c o n t r o l l i n g  t h e  p r a c t i c e s  

of p a r t i c i p a t i n g  c o n t r a c t o r s ,  t h e  main d i f f i c u l t y  being t h e  l ack  

of q u a n t i t a t i v e  b a s i s  f o r  many indus t ry  s t andards .  Banks had 

l i t t l e  i n t e r e s t  i n  home i n s u l a t i o n  f inancing  and no i n t e r e s t  i n  

weather iza t ion  l o a n s ,  s o  the  municipal u t i l i t y ,  I S e a t t l e  City L igh t ,  

s t a r t e d  i t s  own i n s u l a t i o n  f inancing  program, lending a t  6 percent  

f o r  a l l  of the  work, This opera t ion  rece ived  more appl icat i -ons 

than i t  could handle.  

Only t h e  North Carol ina P r o j e c t  used appl iance i n t e r l o c k s  

with TOU demand r a t e s .  Thcy found them t o  be t r o u b l e  f r e e  i n  

both i n s t a l l a t i o n  and opera t ion .  However, too few customers 

accepted t h e s e  devices f o r  v a l i d  inferences  t o  be made about 

t h e i r  p o t e n t i a l  impact. 



T i m e r s  were used on swimming pool f i1 te . r  motors and a i r  

condit ioners '  in. Cal i fornia .  Substant ia l  savings po ten t i a l  was 

indicated i n  the  former appl ica t ion,  but hkgh malfunction r a t e s  

i n  the  a i r , c o n d i t i o n e r  timers prevente.d accurate assessment of 

t h e i r  savings po ten t i a l .  



CHAPTER : UTILITY. LOAD MANAGEMENT TECHNIQUES FOUR . : 

INTRODUCTION 
. . 

4 .  

This cha.p.ter examines th ree  types of load management tech- 
niques t ha t  may general ly  be considered t o  be u t i l i t y  ac t iva ted :  

1)  r i p p l e  systems, 2) radio  systems and 3 )  vol tage  regula t ion.  ~ The r ' ipple and radio  techniques were used t o  con t ro l '  a  number of 

d i f f e r en t  loads including hot  water ,  a i r  conditioning and i r r i g a -  

t i o n  pumps. Voltage reduction was an attempt t o  lower the  voltage 

1 .  range f o r  r e s i d e n t i a l  customers. Each of these  techniques i s  
examined' i n  l i g h t  of the  experiences of the  Pro jec t s .  

RIPPLE. SYSTEMS ... . . 

In the  Vermont Pro jec t  the  pa r t i c ipa t ing  u t i l i t y ,  Green 

Mountain Power, s tudied one-way, two-way and rad io  control  sys- 

tem€ before i t  decided t o  purchase a Zellweger Ripple Control 

System. It was a s o l i d  s t a t e  one-way system t h a t  was t o  be used 

t o  control  hot  water hea te rs  and hydronic energy s torage u n i t s .  

Green Mountain Power had a pol icy  of using only proven technology. 

The two-way systems were primari ly designed f o r  automatic meter 

reading. While they offered load management capab i l i t y  and the  

advantages of two-way communication they were only read i ly  ava i l -  

ab le  i n  prototype form--new systems with no proven h i s to ry  of 

r e l i a b i l i t y . '  The Zellweger Ripple System, on the  o ther  hand, 

had a h i s t o r ?  of many years of s a t i s f a c t o r y  se rv ice  i n  other  
2 

. . .  countr ies .  . . 

The decis ion i n  the  Vermont Pro jec t  .proved t o  be a good one. 

' The system was a c q u i r e d a n d  i n s t a l l e d  with a minimum delay. The 

. . system was planned t o  be operat ional  by November 1, 1975. It was 
. . 

. , ac tua l ly  commissioned and operat ional  on December 2 ,  1975. Due 

I 
'~ermont Demonstration, Progress Report 11,  by Green Mountain 

' Power, August. 27, 1975. 

'1bid. . - 
. . 



t o  delays i n  the  i n s t a l l a t i o n  of meters the r i p p l e  system did  not 
I 

reach i t s  f u l l  capab i l i ty  u n t i l  March 21, 1976, but th i s .  was not 

i n  any way . a t t r i b u t a b l e  t o  the  r i p p l e  system i t s e l f .  3 

This i s  d i r e c t l y  opposite of t he  experience of the  New Jersey 

Pro jec t .  There an attempt was made t o  use an Automatic Meter Read- 

ing and Load Management system. The design instal l .a . t inn and opera- 
t i o n  had many d i f f i c u l t i e s  and a f t e r  near ly  four years of experi-  

mentation 'the Pro jec t  was abandoned by the  Department of Energy. 

I n i t i a l l y  the r i p p l e  system consisted of a t ransmi t te r  and 

100 rece ivers .  The receivers  were i n s t a l l e d  a t  the  s i t e  where the  

load was t o  be con t ro l led .  The t ransmi t te r  was i n s t a l l e d  a t  a sub- 

s t a t i o n  and two separa te  feeder l i n e s  from t h a t  substa t ion were 

used t o  send the  s igna l .  It superimposed voice frequency impulses 
on the  d i s t r i b u t i o n  network. The impulses, sen t  a t  the  appropriate 

t imes, were ca r r i ed  along the  e l e c t r i c a l  system t o  the  rece iver ,  

which made the  r e q u i s i t e  switching operat ions.  

One f e a t u r e  of the  system was t h a t  it was designed f o r  

p a r a l l e l  i n j e c t i o n  of the  r i p p l e  s igna l  i n t o  12.4 KV bus bars .  

P a r a l l e l  i n j e c t i o n ,  as  apposed t o  s e r i e s ,  had a number of ad- 

vantages. F i r s t , .  system r e l i a b i l i t y  was not  reduced by the addi- 

eion of  more equipment. Second, some equipment could be ,by-  

passed, or  shor t  c i r c u i t e d ,  during transmission pauses, thus 

allowing absorption of i n t e r f e r i n g  voltages around the  signed 

frequency, reducing the  passibi1. i ty nf a f a l s e  s i g n a l .  Addi- 
t i o n  of more equipment had a f u r t h e r  ad van tag^, since the mas t o r  
con t ro l l e r  f o r  the  system consisted of plug-in u n i t s ,  which a l -  
lowed fu r the r -pane l s  t o  be i n s t a l l e d  i f  the  experiment indicated 

system-wide appl ica t ion t o  be economical. 

The i n i t i a l  system of 100 rece ivers  could receive  t rans-  

mission in  random order with a transmission time of 6 . 6  seconds 

per  command. It was a l so  poss ible  t o  t u rn  on o r  o f f  a l l  receivers  

i n  a command group a t  once. The system could be increased t o  



4 ' handle a  maximum of 20,OO.O rece ivers .  - 

After  the  r i p p l e  system was i n s t a l l e d  and working Green 

Mountain Power was s u f f i c i e n t l y  s a t i s f i e d  with the  r e s u l t s ,  and 

decided t o  add another 200 r ece ive r s . '  The receivers  were in -  

s t a l l e d  and have been operat ing successful ly  f o r  four years .  The 

Green Mountain Power r i p p l e  operated a t  12 .4  KV f o r  the  s i g n a l '  

i n j ec t ion ,  which was considered "uncommonly low." Green Mountain 

Power f e l t  t ha t  t h i s  l eve l  b e t t e r  s u i t e d  i t s  r e s i d e n t i a l  d i s -  

t r i b u t i o n  system and they wanted t o  f i nd  out  i f  a  low voltage 

in j ec t ion  was ~ i a b l e . ~  It was hoped t h a t  lower voltage in j ec -  

t i o n  would be more economical. There was a  r i s k  i n  t e s t i n g  the  

low voltage system: i f .  i t  was not  s u f f i c i e n t  f o r  the  load, a  new 

one would be necessary, s ince  i t  was not  possib1.e s i m p l y  t o  in -  

crease voltage.  The experiment proved t o  be successful :  the re  

were no problems w i t h . 1 0 ~  voltage in j ec t ion .  . 

The t o t a l  i n s t a l l e d  cos t  of the  r i p p l e  system was $101,500, 

including the  i n j ec t ion  system a t  the  subs ta t ion ,  which hAd an 

ins . t a l l ed  cos t  of $70,000. Each receiver  cos t  about $105; ap- 

proximately $1.5 of t h i s  amount was i n s t a l l a t i o n  cos t .  The t o t a l  

i n s t a l l e d  cos t  of the  300 receivers  was $31,500. 6 

The r i p p l e  system operated very well  i n  in te r rup t ing  the  

hot water load of the  300 customers. There were very few problems. 

On one o r  two occasions the  operator  forgot  t o  tu rn  the hea te r  

back on. This of course caused an inconvenience t o  some custo- 

mers u n t i l  the  e r r o r  was detected,  but  customers reacted favor- 

ably t o  the  system. 

About ha l f  of the  customers did not  change t h e i r  consumption 

hab i t s  as  a  r e s u l t  of the  i n t e r r u p t i b l e  r a t e  and control  of hot  

water by the  r i p p l e  system. However, the r e s t  had t o  change t h e i r  

hab i t s  because of a lack of hot  water. Some customers who had 

6~e lephone  interview, Charles E l l i o t t ,  Green Mountain Power 
Crop., November, 1980. . . 



done la rge  amounts of laundry during peak t i m e s  had t o  switch t o  

off-peak, o r  change t o  cold water washing. It was a l so  discovere-  

t h a t  customers with smaller hot  water tanks had t o  ad jus t  by occa- 

s iona l ly  deferr ing laundry, a s  was the  case f o r  l a rge  famil ies .  

However, almost a l l  customers wi th  tanks l a rge r  than 40 gal lons 

seemed t o  have no problems. Most problems concerning lack of ho t  

water were e a s i l y  solved when members of the  family became more 

conscious of t he  amount used and the  time of consumption. 7 

The hot water in te r rup t ion  t e s t  i n  Vermont was voluntary.  

Each customer i n  the  t e s t  was assigned ati . i n t e r rup t ib l e  r a t e  of 

$5.75 per month and informed of ' the times t he  in ter rupt ions 'would  

occur.  I n  Vermont's case they were for 8' hours per  day during 

morning and l a t e  afternoon peak periods. ' customer.' s a t i s f a c t i o n  

wi th  the system was so g rea t  t h a t  a l l  300 customers have been 

content t o  continue with i t  vo lun ta r i ly  a t  l e a s t  through 1980. 8 

. . 

RADIO SYSTEMS 

-Four of the  p ro j ec t s ,  Arizona, Arkansas, Ca l i fo rn ia ,  and 

Ohio used radio  systems t o  con t ro l '  s p e c i f i c  appliances. A l l  
. . 

four  used these systems t o  con t ro l  a i r  . , conditioning, and the  

systems were used t o  control  i r r i g a t i o n  p.mps i n  Arkansas, and 

hot '  water hea te rs  i n  ~ a l i f o r n i a  h d  Ohio; 
. . 

There was considerable .divergence'. i n  types of experimenta- 
. . 

t i o n  among the  four p ro jec t s .  Arkansas ' s  p ro jec t  wasqu ick ly  

followed by a system wide  implementation, . . with . . '15,000 u n i t s  in-  
s t a l l e d  per year .  Other ~ r o j e c t s ,  though sometimes f a r  more . . 

sophis t i ca ted  than Arkansas ' , have ,not:  been followed by such 

rap id  implementation. Some inves t iga tors  have r a i s ed  questions 

concerning the  necess i ty  of experimental ' pro jec t s  and the  economic 

j u s t i f i c a t i o n  f o r  them. ' Some suggested t h a t  opera t ional  experience 

might j u s t  as  wel l  be gained i n  small s c a l e  . . pilot .programs.  . I t  was 
. . 

. . 

7 ~ b i d .  



also suggested that load management technology was changing rapidly 

and it might be unwise to have large investments in equipment that 
9 could soon become obsolete. 

A11 projects were able to acquire., install and begin opera- 

'tiona1,testing of their systems without serious problems. Avail- 
able components of radio systems were all mature products. Re- 
liability was good, and maintenance costs were relatively low. 
Customer acceptance of the modifications involved. in the installa- 
tion of the switches was generally favorable, and while no extra- 
ordinary skill or tooling was required for installation, a hand 
held transmitter proved necessary to verify operation and proper 
coding of installed units. 

False triggering of the receiver switches. occurred in some 

instances, but the non-essential character of the load controlled 
permitted occasional spurious interruption without harm. The 

number of available codes in the radio system is not large, but 
there are several options available for expanding the number of 
addresses. If no other sources for expanding the capability of 

the radio system were available, more frequencies could be allo- 
cated to uti.lities for control purposes. It is more likely, how- 
ever, that the Federal Communications Commission would require that 
existing technology be exhausted before it would find realloca- 
tion of frequencies to be in the public interest. lo Techniques 
which might be tested include two tone addressing, digital ad- 
dressing, and improved bandwidth selectivity, thus allowing 
closer frequency assignment within the given allocation. All ' of 

the techniques would involve increased costs over the units now 

in.service, but since the price of electronic equipment is steadily 
dropping, this cost should not be excessive. 

In the Arkansas Project, Arkansas Power and Light (AP&L) 

'~ele~hone interview, ~ i - 1 1 ~  J. Yarborough, Carolina Power, 
and Light Company, November, 1980. 

l0~eorge Sarver, "Presentation to the California Com- 
mission Load Management Workshop," in Proceeding's Load Management 
Equipment Workshop, Sacramento, California, September. 20-21 . J .  1979 . 



used a  r ad io  s i g n a l  system t o  c o n t r o l  a por t ion  of i t s  surmner peak 

load .  Res iden t i a l  a i r  condi t ioning  and agr icul . tura1  i r r i g a t i o n  

pumping loads were s e l e c t e d  f o r  c e n t r a l  c o n t r o l .  AP&L considered 

four  r i p p l e  systems and two rad io  systems. A Motorola r a d i o  sys-  

tem was chosen a t  l e a s t  p a r t l y  because i t  c o s t  approximately h a l f  

as  much as a  one-way r i p p l e  system. 

Motorola model 800w rad io  c o n t r o l  switching u n i t s  were s e l e c -  

t e d  and i n s t a l l e d  t o  con t ro l  a  p o r t i o n  of t h e  a i r  condi t ioning  

power. The switches were i n s t a l l e d  by independent a i r  condi t ion-  , 

i n g  con t rac to r s  on t h e  con t ro l  c i r c u i t  i n  such a  way # t h a t  t r i g g e r -  

i n g  t h e  r ad io  con.tro1 u n i t  i n t e r r u p t e d  power t o  t h e  compressor 

and ou t s ide  f an .  The i n s i d e  fan  c i r cu i t .  was l e f t  unmodified, s o  

t h e  appl iance . . could continue opera t ions .  This was t o  reduce any 

perceived change i n  a i r  condi t ioning .  The same switches were a l s o  

i n s t a l l e d  t o . c o n t r o 1  the  i r r i g a t i o n  pumps; they were i n s t a l l e d  i n  

s e r i e s ,  us ing  t h e  e x i s t i n g  manual c o n t r o l .  11 

The switches were a c t i v a t e d  by r a d i o  t r ansmi t t ed  tone s i g n a l s .  

Or.ce t r i g g e r e d , .  the  switch i n i t i a t e d  a  t imer c i r c u i t  which he ld  a  

r e l a y  open, removing power from t h e  u n i t .  The time i n t e r v a l  range 

of values w e r e ' p r e s e t  t o  a  2 minute spread ,  t o  smooth load rebound 

when power was re tu rned  t o  the  a i r  -condi t ioning and i r r i g a t i o n  pumps. 

A Motorola 300 watt  t r a n s m i t t e r  and an antenna were co-located 

a t  an a l ready e x i s t i n g  AP&L, commupications tower. I n i t i a l  t e s t s  on 

t h e  i r r iga t ion .pumps  ind ica ted  a  range of approximately 45 mi les  

i n  an a rea  of e s s e n t i a l l y  f e a t u r e l e s s  t e r r a i n  when t h e  swi tch  was 

mounted on a  pole  near  t h e  pump motor. La te r  when o the r  u t i l i -  

t i e s  began opera t ing  r a d i o  t r a n s m i t t e r s  on. t h e  frequency, t h e  

e f f e c t i v e  range was much reduced. The r a d i o  t r a n s m i t t e r s  broad- 

c a s t  a  s i g n a l  generated by a  t imer encoder u n i t .  The t imer en- 

coder u n i t  sends t h e  s i g n a l s  i t  generates  t o  t h e  t r a n s m i t t e r  

by way of leased  telephone l i n e s .  12 

' '~rkansas Demonstration P r o j e c t  , Peak Load Control. s tudy,  
Arkansas Power and Light Company, October 6 ,  1975.  



Data were recorded on KW magnetic tape recording meters and 

primary KW recording char t  meters. Readings were transmit ted by 

leased telephone l i n e s  t o  AP&L1s control  cen te r .  Twelve .of the  

residences were monitored f o r  ins ide  . a i r  temperature. Outside a i r  

temperature was recorded a t  AP.&L1s L i t t l e  Rock control  center .  

No f a i l u r e s  were experienced f o r  the  encoder, the  leased 

i l i n e s ,  o r  the  t ransmi t te r  u n i t s .  Two switch f a i l u r e s  occurred 
I during i n s t a l l a t i o n  and one switch f a i l e d  during the  t e s t  period 

~ due t o  a loose cover which allowed r a i n  t o  en te r  the  radio  u n i t .  

Normally the  f a i l e d  u n i t s  were replaced with spares and the  de- 

f e c t i v e  u n i t s  were repai red by AP&L1s comunicat ions shop. 13 

APGrL conducted a peak load control  study during the summer 

of 1975, from June 15 t o  September 15. The major object ives  of 

I the  study were: 

@To determine the  .contr ibution of individual  a i r  condition- 
ing un i t s  t o  peak demand and the  amount of a i r  conditioning 
load which could .be  displaced during the  system peak load 
periods by i n s t a l l i n g  remote .control  devices t o  s tagger 
the  coincident use of customer a i r  conditioning u n i t s .  

@To determine the  threshold of customer inconvenience in -  
w r r e d  by con t ro l  of customers" a i r  conditioning during 
peak load periods.  

.@To determine the  most f e a s i b l e  mode of remote control :  
- radio  , con t ro l ,  c a r r i e r  s igna l  over Company d i s t r i bu t ion  

c i r cu ' i t s ,  leased telephone c i r c u i t s ,  time-temperature, 
e t c .  

@To determine the  l o s s  o r  gain of energy usage r e su l t i ng  
from deferr ing customers' a i r  conditioning loads t o  an 
off-peak period. 

@To evaluate t h i s  type of control  a s  a means of shedding 
non-essential  load during c r i t i c a l  shortages of generation 
capacity.  

@To determine i f  i r r i g a t i o n  load can be diver ted  from on- 
peak t o  off-peak periods by remote con t ro l ,  without pre- 
venting the t o t a l  water quan t i t i e s  required per day from 
being pumped o r  causing any ill e f f e c t s  t o  the  crops. 14 



To encourage participation in the study of residential air 

conditioning, an incentive of $2. .00 per ton (of the installed air 

conditioner) per month was offered, plus a free air conditioning 

check prior to the test period. A further guarantee was that all 
customer equipment would be returned to pre-test condition and 

AP&L assumed responsibility for any damage to customers' equip- 

ment due to the test. Out of the 261 residential customers con- 

tacted, 218 agreed to participate in the test. A roughly equal 
number of residences of comparable air conditioning size and com- 

parable structural characteristics were selected to act as a base- 

line. Consent was obtained from 12 farin customers to install re- 
mote control switches on irrigation pumps. No compensation for 

15 cooperation was offered. 

During the study period, an independent air conditioning 

firm was contracted to maintain the air conditioners for resi- 

dences which participated in the control portion of the test. 

A 24-hour answering service received complaints and notified 
the air conditioning firm of requests for maintenance. Sixty- 

seven service calls were received, but none were due to the radio 

control switches. 16 

TrsL runs were snade on weekdays from June 15 to September 

15 from 1:00 p.m. to 5:00 p.m., when ambient air temperature was 

higher than 85 degrees farenheit. Total load tests were made to 

determine the size of the total load controlled by all switches 

simvltaneously interrupting the power supplied to the c o n t r o l l e d  
units. Once during each hour of the test all switches were 

triggered. Total KW on the test circuits was recorded before, 

during, and after the test. Other variables recorded were time 

of day, date, temperature, and humidity. To test the operation 

of the system in its normal peak shaving mode, a roughly equal 

number of switches were triggered at 4 minute intervals during 
an hour, except for a reference period when no units were triggered, 



t o  allow a measure of t o t a l  non-control led load.  1 7  

From Ju ly  2 1  to .  September 1.5 t h e  twelve i r r i g a t i o n  pumps wi th  

r a d i o  c o n t r o l l e d  switches were t r i g g e r e d  of f  on we.ekday af ternoons 

from 1:00 p.m. t o  5:00 p.m. when ambient temperature exceeded 85 

degrees f a r e n h e i t .  Kwh's were recorded on magnetic tape  t o  con- 

f i rm t h a t  the  pumps were a c t u a l l y  inopera t ive  during t h e  per iod .  

I r r i g a t i o n  pump us'ers were favorab1.y i n c l i n e d  towards r ad io  

ac tua ted  load  c o n t r o l ,  e s p e c i a l l y  i f  o f f  peak r a t e s  cou1.d be 

o f f e r e d  as  an incen t ive .  Energy c o s t s  of i r r i g a t i o n  pumping a r e  

a  s i g n i f i c a n t  c o s t  of i r r i g a t e d  farming. Some owners a n t i c i p a t e d  

t h a t  . . occasions might a r i s e  i n  which continuous pumping might be 

r equ i red .  ' The t e s t  per iod  was an unusually wet mild summer. 18 

A. pos t - t e s t  survey was conducted a t  t h e  2.18 p a r t i c i p a t i n g  

res idences .  seventy- three  percent  of the  responded. 

S ix ty-n ine  percent. of those  responding did '  no t  sense any change 

i n  i n s i d e  house temperature due t o  the  in te r rup t ion .  of a i r  con- 

d i t i o n i n g  power. F i f t y - e i g h t  percent  had no ob jec t ion  t o  t h e  

' r a d i o  con t ro l  swi tch ,  and 12 percent  wanted t h e  switch removed. 19 

Following t h e  favorable  r e s u l t s  obt.ained i n  t h e  t e s t  pe r iod ,  

AP&L began a  system wide program of implementation. The planned 

r a t e  of i n s t a l l a t i o n  was 15,500 switches pe r  year  on r e s i d e n t i a l '  

a i r  cond i t ione r s .  This r a t e  of i n s t a l l a t i o n  was t o  be maintained 

u n t i l  ' a l l  e l i g i b l e  r e s i d e n t i a l  a i r  condi t ioning  was s u b j e c t  t o  

load management. 

I n  1977, AP&L had experienced problems wi th  the f i r s t  sh ip -  

ment of switc.hes from the  vendor. Probl.ems included d i r t y  r e l a y  

c o n t a c t s ,  i n c o r r e c t  wi r ing ,  f a u l t y  connectors and 1.oose cab les .  

Motorola inspected  16,000 switches t h a t  had been shipped a t  t h e  

AP&L warehouse, and replaced de fec t ive  u n i t s .  Improved q u a l i t y  

c o n t r o l  and a  redes ign  of t h e  u n i t  have. reduced the  number of 

d e f e c t s .  Current ly no inspec t ion  i s  made when the  u n i t s  a r e  

rece ived  a t  AP&L1s L i t t l e  Rock warehouse: de fec t ive  u n i t s  a r e  



found when the installers check the units for proper functioning. 

With 33,500 -switches installed in 1978, AP&L has substantial 
operational experience with the system. To verify proper opera- 
tion of ' the switches a program of inspecting installed switches 

- .  was initiated in 1978. 

Since there was not a routine check system to monitor the 
functioning of the switches a random check of 790 units was made 
in 1978. The problems identified in this check resulted in a 

decision to check an additional 1,557 units in 1979. The results 
of the inspections are shown in Tables 7 and 8. Table 7 shows 
the type of problems encountered in the inspections while Table 8 

shows the types of problems repaired. 

When all residential air conditionera arc controlled, it 'io 

anticipated that 125 megawatts of new peak generating capacity 
can be deferred and 500 megawatts of controlled load will be 
availab1.e for immediate emergency load shedding. As an incentive 
to install switches, the Arkansas Public Service Commission ap- 
proved a $1.44 credit per KVA of installed air conditioning 
capacity for each residence during July, August and September. 
This incentive amounted to $21.60 per season for a customer with 
5 KVA air conditioning capacity. 

Customers asked to have fewer than 1 percent of the switches 
removed. The reason usually given was fear that the switch . . might 
create problems in the air conditioning unit. Despite AP&L1s 

conducting educational programs for air conditioning contractors, 
40 percent of the switches were removed because an air condi- 
tioning serviceman advised the customer that the switch would 

damage the air conditioning unit. AP&L1s policy was to pay the , 
cost of service calls and repairs if the switch caused the problem: 

its expense per customer from problems with switches has been $. 06 
per customer per year, while operation and maintenance had been 

budgeted at $5 per customer per year. The capital cost of the 
system per customer is somewhat less than $100. It is expected 

that each switch installed will allow peak load to be reduced by 

one KW. The cost of peaking capacity was estimated by AP&L to 
be $175 per KW. 



TABLE 7 

Reasons for Radio Switch Failures 
Arkansas Demonstration Project 

1378 1979 
Percent a Percent b 
Found o f  ~ s t i m a t e d  a Found o f  Estimatedb 

Number Those Number Number Those . Number - Problem Found Inspected Co.-Wide Found Inspected Co.-Wide 

Not at Location 9 
Indicated 

No response to Signal 51 

Customer Tampering 13 

I . Damaged Switch 4 0.51 105 12 0 . 7 7  350 

Improper wir.ing or 
installation 19 2 .41  

Incorrect Nameplate 204 25.8% 5319 273 17.53 5697 
amps 

Source: George W. Brazil, "Load Management Through the 
Radio Contrnl. of Air Conditioners", presented at, Load Management 
Equipment Workshop, California Energy Commission. September 20, 21. 
1979, Sacramento, California. 

a~ased on an inspection sample of 790 switches from approxi- 
mately 20,600 installed. 

b~ased on on inspection sample of 1,557 radio switches from 
approximately 32,500. 



TABLE 8 

Types of .Problems  Found and Repaired on 
Radio Switches ,  Arkansas Demonstration P r o j e c t  

Type of Problems Number of Pe rcen t  of To ta l  
Reppaired Problculu i lcpaireda 111s Lallecl with Problem 

Solder  Problems 

Bad Reed 

Bad T r a n s i s t o r s  

Bad R e s i s t o r s -  . - - -  . . 

Bad Capac i to r s  

Bad Transformer 

Bad Relay 

D i r t y  Relay C o n t a c t s ,  

Tuning Problems 

Replace Cables 

Bad Co i l  

Bad Housing 

Bad Reed Socket  

S O U ~ C C  : George W .  B i az i l  , "Luad ivianazemerlt lh rough  t h e  
Radio Cont ro l  of A i r  Condi t ioners" ,  p r e sen ted  a t ,  Load 
Management Equipment Workshop, C a l i f o r n i a  Energy Commission, 
September 20, .21, 1979, Sacramento, C a l i f o r n i a .  

a  Some swi tches  had more t h a n  nnp prnblern, Tha tstal 
number o t  swi tches  t h a t  had problems r e p a i r e d  a s  of J u l y  1 8 ,  
1979 i s  1 , 5 2 3 .  This  i s  4 . 5 5  pe rcen t  of t h e  33,500 swi t ches  
i n s t a l l e d  a s  of September 1 0 ,  1979. These r e p a i r s  i n c l u d e  
problems found dur ing  i n s p e c t i o n  of  d e l i v e r e d  swi tches  
b e f o r e  t hey  were i n s t a l l e d .  



The Arizona Project also used a radio signaling system to 

control air conditioners. Generally the equipment was similar to 

that used in Arkansas. However, Arizona Public Service Company 

(APS) developed an evaluation matrix which they used in the selec- 

tion of thei'r system. The .matrix'is shown in Table 2 ,  which lists 

the capabilities and attributes of all sLx,systems considered by 

M S .  

Of the control techniques available, pilot wire and leased 

line systems were eliminated before detailed considerations began, 

because of the cost and lead time required. Power line carrier 

(Ripple), radio transceiver, radio receiver, and auto dial tele- 

phone methods were each given full consideration. Some of the 

reasons for purchasing the radio signaling system were 1) its 

relatively low cost, 2) its reliability and 3) its availability. 

The system was available with a four month delivery time. 

Installation time per unit by an air conditioning contractor was 
20 reported to be four hours, at a cost of about $53 per unit. 

Figure 5 is a simplified schematic of the radio system which APS 

purchased . 
Central control commands are communicated by micro-wave to 

a radio transmitter located on a mountain top which, in turn, 

generates radio signal transmissions received by the receiver 

switches. . . , . 

Arizona Public Service Company is a summer peaking utility. 

A large portion of its peaking load is due to residential air ' 

conditioning. Control of air conditioning load would allow more 

efficient use of generating capac.ity and provide a source of low 

priority load available for shedding during shortages in generat- 

ing capacity . 
To test the practicality of controlling air conditioning 

load, a study was conducted from July 26, 1975 to September 10, 

1976. The objectives of the study were: 

'O~rizona   ern on strati on Project, Final Report, February, 1978. 



FIGURE 5 
Diagrarr. of t h e  Radio Switch Control System 
Used by Azizona Publ ic  Service  Company, 

Arizona Demonstration P r o j e c t  

YAGI 
DIRECTIONAL 

SHORT-TE-R.. 

CONTINUOUS VHF TONE 

MICE3WAVE MODULATED 

PARABOLIC CAREIER 
ANTENNA A I R  

GROUND-PLANE '- COND 

TEST UNIT 4 SWITCH 

MICROWAVE VHF A I R  
EQJZPMENT TRANSMITTER 

SHAW BUTTE 
STATION 

MICROKAVE CARRIER (TYPICAL EACH TEST UNIT)  

RECEIVED AT SHAW BUTTE. TEST UNIT RECEIVERS, 

OUTPUT OF MICROWAVE RECEIVES AND DECODES 

RECEIVER (CODED TONES) THE TONES AND ACTUATES 

ACTIVATES VLF TRANSMITTER. THE SWITCH AND TIMER 

VHF CARRIER I S  MODULATED WHICH DISABLES THE 
BY T E E  CODED TONES A I R  CONDITIONING UNITS 

TEMPORARILY 

JYB-100 SYSTEM CONTROLLER 
TPANSMITS CODED TONE MODULATEEl 
SIGNAL TO SHAW BUTTE STATION 
V I A  HICROKAVE LINK 

Source: Arizona Demonstration 3 r o j e c t ,  F i n a l  Report ,  February 1978. 



.To determine the contribution of individual residentia.1 
air conditioning units to peak demand, and to determine the 
amount of air conditioning load which can be displaced dur- 
ing peak load periods. 

@TO determine the threshold of customer inconvenience which 
is incurred through control of air conditioning units dur- 
ing peak load periods. 
@To determine the loss or gain of energy usage resulting from 
the deferment of customers' air conditioning load to an off- 
peak period. 

@To evaluate this type of control as a means of shedding non- 
essential load during emergency conditions. 
@To perform a preliminary analysis of the feasibility of 
trading off controlled demand for deferred capacity.21 

1 Ninety-six of .the 195 single family dwellings considered had con- 

I trol switches installed. All were,from a recently constructed 

1 subdivision in northwest Phoenix, and all had an air conditioning 

I system manufactured and installed by a local company. This com- 
pany agreed to install the switches, perform service inspections, 
maintain the units, aridkeep warranties in force. Only. permanent 

I owner occupied residences with all occupants in good health were 

I selected for the test group. Contracts were obtained from the 

I participants in which the company offe~ed: 

I F r e e  service inspections on air conditioning systems. ' 
Guarantees that the air conditioning system would be 
restored to its pre-test condition should any damage 
result from the test, 

@ A  service telephone number to handle any questions, corn- 
plaints, requests for service or any other problems which 
might arise in connection with the test.22 

Consumption data were recorded at the feeder substation serv- 
ing the test location. During the test loads were recorded in- 

stantaneously in 15 minute integrated intervals, on a graphic 

recorder, and at 30 second intervals. Ambient temperature was 

also recorded, but inside air temperature was not included. 
Table 9 shows each day the air conditioners were controlled during 



TABLE 9 

Radio Controlled Air Conditioning Data, Arizona Denonstration Project 
I 

TEST M T B  

7-26-76 

7-27-76 

8-10-76 

8-11-76 

8-12-76 

8-13-76 

8-16-76 

8-17-76 

8-18-76 

8-19-76 

TIM8 OF TEST 

2:00 P.M. 

. 3:00 P.M. 
5:00 P.M. 

3:00 P.M. 

4100 P.M. 

5108 P.M. 

4131 P.M. 

4831 P.M. 

2:- - 5:OO 
P.M. 

2:09 - 5:00 
P.M. 

a:59 P.n. 

2:27 P.M. 

4:55 P.M. 

2100 P.M. 

3:30P.M, 

5100 P.M, 

2100 P. I(. 

435 

- 
3130 P.M. 7 Mi~/l/ - 
St00 P.M. 7 blinhf - 

W RAT ION 
NO. OF SHOTS 

INTERVAL 

7 Min/l/ - 
7 Min/l/ - 
7 Min/l/ - 
17 Min/3/5 Min. 

20 Min./3/5 Mia. 

22 Min/4/5 Min. 

CCMT!?3SD 
COIhCIDINCE 

li 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A ---- 
20.5 Min/4/4.5 

Min. 

20.5 ~ia/4/4.5 
Min. 

3 Hours 

3 Hours 

7 ~in/l/ - 
lbin/l/ - 
7/kin/l/ - 
7 ~in/l/ - 
f~in/l/- 

7 Min/l/ - 
7 M~O/I/ - 

At'G.L@3 
BEFORE YES'? 
STPRT (a) 

840 

8 64 

900 

780 

840 

1056 

- 
I 

Dr)  1 824 

AVC. LOW 
A F T E R  TEST 
START (KW) 

576 

576 

600 

480 

564 

- 

LOAD 
A F I E R  TEST 

(KW) 

840 

852 

972 

888 

1020 

1080 

- 

CALC"W\TED 
NATURAL 
COINCIDENCE 

49.2 

53.7 

55.9 

55.9 

51.4 

55.9 

U \ U Z I L A T ~  
BASS 
(NUi AfC KW) 

603 

38' 

403 

285 

383 

403 900 

50.3 

51.4 

44.7 

51.4 

55.9 

- 
55.9 

51.4 

393 

3 35 

- 

287 

2 63 

307 

283 

383 

- 

600 

N/A 

---- 
108.2 

105.5 

102.7/101.1 

99.2/91 .1 

102.5 

101.4 

100.7 

105.4 

104.1 

AT TEST 
START (OF) 

102.6 

100.2 

101.2 

102.2 

105.2 

106.3 

N/A 

60 

SO 

N/A 

N/A 

N/A 

TE- 

RtWARI(S 

Chart adjustment 
factor -0.13 

Plr8t shot 8 Min. 

792 516 1- 

I 

672 612 

I 

6 72 588 

654 444 

804 

- - 
710 ' 480 

840 5 M  

. - 

- 

- 
780 

80( 

924 

- 
888 

960 

- 



TABLE 9 (contirzued) 

1 6 5 2  DATB T I M E  OP T S l  

I 
2 : 0 0  P.M. 
3 : 3 0  P.M. 
5 ; 0 0  P.M. 

2 : o o  - 5 : o o  

2 :oo  - 5:oo 
P.M. 

2:00 P.M. 
3 : 3 0  P.M. 
5 : 0 0  P.M.. 

2 : o o  P.M. 
3 : 3 0  P.M. 
5 : W  P.M. 

2 :00  P.M. 
3 : 3 0  P.M. 
5 : o o  P.M. 

2:oO P.M. 
3 : 3 0  P.M. 
5 : o o  P.M. 

2 : 0 0  P.M. 
3 : 3 0  P.M. 
5 : 0 0  P.M. 

2 : 0 0  P.M. 
3 : 3 0  P.M. 
5 : o o  P.M. 

2:OO P.M. 
3 : 4 5  P.M. 
5 :oo  P.M. 

3 : 3 0  P.M. 

9 - 9 - 7 6  2 :15  P.M. 
3 : 3 0  P.M. 
S r o o  P.M. 

BAD MICRWAVB 
OiANNBL 

DURATION 
NO. OF SHOTS 

INTERVAL 

7 MIN/~/- 
7 MIN/~/- 
7 MIN/~/- 

2 f r e q u e n c i e s  o f f  
e v e r y  1 2  m i n u t e s  

4 f r e q u e n c i e s  o f f  
e v e r y  1 2  m i n u t e s  

4 f r e q u e n c i e s  o f f  
e v e r y  1 2  m i n u t e s  

7 MIN/I/- 
7 MIN/I/- 
7 MIN/~/- 

7  MIA/^/- 
7 MIN/I/- 
7 MIN/~/- 

7 MIN/~/- 
7 MI N/I/- 
7 MIN/~/- 

7 MIN/~/- 
7 MIN/~/- 
7 MIN/~/- 

7 MIN/~/- 
7 MIN/~/- 
7 MIN/I/- 

7 MIN/~;/- 
7 MIN/I/- 
7 MIN/~/- 

7 MI ~/l/- 
7 MIN/~/- 
7 MIN/~/- 

7 MIN/~/- 
7 MIN/L/- 
7 MIN/~/- 

7 MIN/~/- 
7 MIN/~/- 

7 MI&/~/- 

R a d i o  c h o c k  o n l y  
I n c r e m e n t  too 
s m a l l  

R a d i o  c h e c k  o n l y  

R a d i o  c h e c k  o n l y  

COhTm3LLED 
COINCIOCNCE 

% 

N/A 
N/A 
N/A 

N/A 

N/A 

N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 
N/A 

N/A 
N/A 

N/A 

Source:  Arizona,  F i n a l  Repor t ,  February 1978. 

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

. ,  . . . 

AVC. LO1\0 
AFTER TEST 
START (a) 

6 1 2  
6 2 4  
6 6 0  

AVC.UXD 
BEFORE TEST 
START ( w )  

6 9 6  
7 5 6  
7 9 2  

L(MD 
AFTER T S T  

(KW) 

. -- 

7 4 4  
804 
9 4  8 

U\LCUlATED 
EASE LOAD 
( N m  A/C K W )  

. . 

- ,  

5 5 7  
5 3 7  
5 7 3  

C4L.CIlATCD 
N A T U W L  

COINZIDINCE 

15.7 
2 4 . 6  
2 4 . 6  

TOlPEIU\TURE 
AT T S T  
START (9) 

10s. 
104. 
103. 

106. 

104. 
103. 

107. 
107 '  
104. 

1 0 0 . 7  
1 0 1 . 3  

97.6 



Ju ly ,  August, and September, and average load before and a f t e r  

the  a i r  condit ioners were t e s t ed .  The reductions were i n  the  

neighbcrhood of 250 t o  300 KW. However, when the  a i r  conditioners 

were turned back on, the  load was grea te r  than before the  t e s t  

started--sometimes i t  was as  much a s ,  150 KW grea t e r .  23 The same 

"rebounding" phenomenon occurred i n  Pac i f i c  Gas and E l e c t r i c  ' s 

t e s t s  of a i r  conditioning con t ro l :  see Figures 6 and 7 .  Figure 

6 i s  f o r  a  one day t e s t  i n  Arizona and Figure 7 i s  f o r  a  one 

day t e s t  i n  Fresno, Cal i fornia  by PG&E. 

A mild summer prevented t e s t i n g  the system through the  f u l l  

r a n g e  of opera t ional  condit ions.  This prevented co l l ec t ion  of 

data  which would have es tab l i shed  conclusive r e s u l t s .  

The da.ily temperatures during the t e s t  period was wel l  
bclow , t ha t  of previous syst.em pe ks . During only one 8 day was the  temperature over 107 F. The previous yeBr 24 
the re  were 12 days with temperatures higher than 116 F. 

Despite the  lack of s u i t a b l e  temperatures f o r  the  study,  one 
s i g n i f i c a n t  f ea tu re  of con t ro l l ing  a i r  conditioning load was ob- 

served. I n  attempting t o  shave a da i ly  peak which i s  l e s s  than a 

maximum system peak, a i r  conditioning load cab rebound and generate 

peaks exceeding those which would be experienced under a non-. 

control led  s i t u a ~ l o n .  Once cen t r a l  con.trs1 i s  undertaken, t h e  

n a t u r a l  d ive r s i t y  of the  a i r  conditioning load i s  i o s t .  TO pre- 
vent a l l  a i r  condi t ion ing 'un i t s  from demanding power simultane- 

ously ,  the  control  must be continued wel l  pas t  the  da i ly  peak, 

o r  a systrtm;it ic plan.  of phased re laxa t ion  of control  must be 

followed. 

Customer reac t ion  was general ly  favorable,  but  the  a typ ica l ly  

Pow temperatures during the  t e s t  probably inval idated most of the  

r e s u l t s .  Eighty-three percent  of the 60 who responded t o  a  mailed 

survey f e l t  no change i n  temperature a f t e r  the switches were i n -  

s t a l l e d  and functioning.  However, 26 percent wished to ,have  the  

2 3 ~ e e  Table 9 .  

2 4 ~ r i z o n a  Final '  Report, l oc .  c i t  . 
/ 



FIGURE 6 

icomparison of a Demand P r o f i l e  of a Test  Run and 
Normal Opqration f o r  Simi lar  Ambient Temperature 
Conditions, Arizona Denionstration P ro j ec t  

Test  Conducted 
22 minutes 

15 .minut August 11, 1976 

Average 
D\emaud / 

{Fer the  

Source : Arizona, .Final  ~ e ~ o r t ,  February 1978. 



FIGURE 7 

Composit Weekday Daily Load Curves for All 
Fresno Long Cycle Test Homes, Pacific Gas 
and Electric, California Demonstration Project 

s Fresno Long Cycle Individual Test Homes 

Diversity Test Day: Max Temp. 186O F --..--...- -. Cycling Test Day: Max Temp. 107 F 

Source: California Energy Commission, '!A Second Year Report 
to the Department of Energy", May 1979. 
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switch removed, 30 percent were unsure and 44 percent indicated 
I 

1 t h a t  they would not  object  t o  retai.ning the  swi.tch permanently. 

~ Four customers had a i r  conditioner problems: one thought i t  was 
. . caused by the switch, the  o thers  were not  sure .  

. . 

The Ohio Project  developed an innovative ' s t ra tegy t o  pre- 

.vent  needle peak rebound from the  control led  a i r  conditioning 

load i n  the  event of a breakdown of e i t h e r  t h e , c e n t r a l  computer 

1 o r  the  data  l i n k  between the  computer. and t ransmi t te r s .  Ohio 

experienced two periods of severe noise  on the  Ohio Bell  cable 

l i n k .  To prevent a s imi la r  in te r rup t ion  from suddenly allowing 

a rebound i n  a i r  conditioning load, the  l i n k  between the  computer 

and the  t ransmi t te r  was monitored. In  each f i v e  minute period 

the  computer in ter rogated the  semi-smart t ransmit ter  system with 

a t e s t  s igna l  which r e s e t  a t i a e r .  I f  no t e s t  . . s igna l  was r e -  

ceived by the  t r ansmi t t e r ,  the  timer completed i t s  cycle,  - s h i f t e d  

the  ' t r ansmi t te r  t o  a pre-scheduled program, and transmit ted '  a .' 

request  fo r  se rv ice  t o  u t i l i t y  personnel. 

I n  Cal i fornia  a number of d i f f e r e n t  rad io  con t ro l  t e s t s  were 

conducted. Among these  was a t e s t  by PG&E of a i r  condit ioners and 

one by Southern Cal i fornia  Edison of r e s i d e n t i a l  hot  water hea te rs .  

I In  the  PG&E t e s t s  both Motorola and Fisher  Pierce  switches 

were used. The u t i l i t y  could not  de tec t  a s i g n i f i c a n t  d i f fe rence  

between the  two switches but it did no t i ce  a d i f ference  between 

batches from each vendor. The quoted del ivery  time of 6-18 weeks 

was usually exceeded. I n i t i a l l y  a s i n g l e  t one  switch was used . . b u t  

t h i s  allowed only ten  addresses,  because the  others.  were already, 

i n  use.  T; expand the  system; two tone rece iver  switches'were 

purchased i n  1979. To the  u t i l i t i e s '  su rp r i s e  the  addressing 

format d i f f e r ed  between the  vendors.  About 3 percent of t h e  two 
25 tone receiver  switches.were defect ive .  

. . 
The base t ransmi t te r  was a 250 watt  u n i t .  On two occasions,.  

i t  experienced a p a r t i a l  f a i l u r e  which reduced the  s igna l  output .  

2 5 ~ a l i f o r n i a  Demonstration P ro j ec t ,  "A Second Year Report . . . I1 

loc .  c i t .  - -  
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There was no monitoring system to detect partial failure. There 
were also repeated failures of leased telephone lines during the 
test period. 

' Hand held transmitters, for checking the operation of re- 
ceiver switches and.verifying the codes set into the receivers, 
were received too late from the vendor to be used in the test. 
There was also a prob1.em of computability between the addressing 
schemes of the two vendors'equipment. 26 

PG&E subcontracted.the installation of the switches. The 
quality of work varied: one contract was cancelled for sub- 
standard work, and some damage was done to customer equipment 
through faulty installation. Bids for thc installation varied 

27 by as much as 500 percent. 

PG&E recommended. that in the future, switches be designed 
so that a flush mounting of the switch would be possible. This 
would lessen some objections ,to units protruding from the wall, 
and reduce the possibility of vibration damaging the switch. 2 8 

Customer acceptance was considered a crucial factor in poten- 
tial air esnditioning control projects. Ovcr 1,700 cuotomcro 
participated in the Demonstration Project. The major design 
features of the program were: 

.Voluntary participation. 

.Incentives to participants. 
*Participation limited to single family, owner-occupied 
homes with cehtral air conditioners.. 
.Pole and individual magnetic tape meters to record demand. 

.Limited number of in-house thermographs and indoor/out- 
door temperature mag tape recorders installed in indi- 
vidual homes. 

As an inducement to customer participation-in the experiment, 

26~alif ornia Demonstration Pro j ect , Proceedings, a. &. 
27~bid. 



PGhE paid , a  ra t ;  reduction of $3 per KW :of i n s t a l l e d  a i r  condi- 
t,ioner capaci ty,  and agreed t o  pay f o r  any a i r  conditioning se rv ice  

required during the t e s t .  In  t h i r t y - s i x  instances such se rv ice  was 
necessa.ry. The average cos t  of the se rv ice  was $55 per  c a l l .  29 

In  1977 Southern Cal i fornia  Edison (SCE) conducted t e s t s  
t o  contro l  resident . ia1 water heat ing.  The purposes of the  t e s t  
were t o  1)  determine average peak load f o r  three  types of dwell- 
ings (apartments, condominiums, and s inglk family residences) , 
2) determine the  load rebound both in  magnitude and durat ion,  
and 3) determine ef fec t iveness  of control  equipment. 

Customer par t ic ipat ion 'was  voluntary but customers were com- 

pensated by a one time payment of $4 and a monthly payment of $3 
during the t e s t  period. As i n  the  o ther  Pro jec t s ,  switches were 

i n s t a l l e d  by e l e c t r i c a l  contrac tors .  During the  t e s t  35 out  of - 
71 switches located i n  s i ng l e  family residences d id  not  Sunction. 30 

Average demand during summer peak periods averaged ,348 KW 

per  customer, which was much l e s s  than the  1 . O K W  which had been 
ant ic ipated .  A ha l f  hour i n t e r rup t  generated a rebound which 

was 2.5 t o  4 times the  normal load,  while a two 'hour in te r rup t .  

created a rebound of 6.5 t o  12 times normal. SCE concluded t h a t  
% peak shaving through hot  water heat ing contro l  was not  s u f f i -  

c i en t l y  economical. Addit ional ly,  the  rebound cha rac t e r i s t i c  was 
considered t o  be unsui table  f o r  implementation. 31 

A fea tu re  unique t o  the  Cal i fornia  study was inves t iga t ion  

of the  da i ly  cycle o f  the  in ter rupt ion.  By t e s t i ng  in ter rupt ions  

of duty cycles of up t o  50 percent and observing the  e f f e c t  upon 
load drop and customer accep tab i l i ty ,  it was possible t o  make 
informed est imates of an optimal s t r a tegy  f o r  implementing load 

controls .  

Figure 8 i l l u s t r a t e s  the r e l a t i o n  between duty cycle (per- 
cent  of f  time) and load reduction.  As  shown by t he  f i gu re ,  o f f  



. . 
. . FIGURE 8 . . 

Observed. and Expected System Load Drop Versus 
Cycle Off.Time, California Demonstration Project 

. . Percent O f  P Time Per ~ a l f  Hour . ' 

Minutes off' P e r  . H a l f    our ,' 
. . .  . . 

. . 
Observed 

Expected ----- , . '  . 
* .  . . 

. . . . . . .  . . . . 

Source : California Energy Commission, , "A Second Year. Report 
. . .  . 

to the Department. of Energy'', May ,1979. . . . . . 
. . :: 



FIGURE 9 

Observed and Expected Customer Participation Versus 
Cycle Off Time, California Demonstration Project 

Percent O f f  T h e  Per Half Hour 
10 20 30 40 50 60 70 80 90 100 

hinutes O f f  Per Half Hour 

Observed 

Expected - - - - - 

Source: California Energy Commission, "A Second Year Report 
to the Department of Energy", May 1979. 



FIGURE 10 

Comparison of Cycling Strategies by Expected 
Customer Participation and Load Reduction, 

California Demonstration Project 

(a) Program offer ing a Single cycling Strategy 

Expected Customer Par t ic ipat ion 

Percent Cycle-Off Time 

(b) Program Offering' a Choice of Cycling Strategy 

Kxpected Customer ParticipatiOri 

15.5 23.3 36.6 43-3 9 - 0  Combined 

Percent Cycle-Off Time , . 
Source: California Energy Commission, "A Second Year Report 

to the Department of Energy, May 1979. 
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.times of up to  25 percent have very l i t t l e  e f f ec t  on load. With 

duty cycles t h i s  low, the e f f ec t  of the in terrupt ion i n  power i s  

to  s h i f t  the time when the a i r  conditioner compressor i s  running. 

No energy i s  saved u n t i l  the in terrupt ion begins t o  reduce the 

running time of the compressor. As  the length of the  interrup- 

t ion  increases and energy begins t o  be saved, i n s ide . a i r  tempera- 

tu re  increases.  Willingness of customers t o  continue a i r  condi- 

t ioning load control  var ies  inversely t o . t h e  length of the i n t e r -  

ruption and the increase i n  ins ide  a i r  temperature. This compari- 

son i s  shown in  Figure 9 .  , . 

A£ t e r  examining the data given here as Figures 8 'and 9,  the 

California Energy Commission suggested tha t  an optimal a i r  condi-. 

t ioning load program would o f f e r  the consumer a  choice of the 

length of in terrupt ion.  Figure 10 depicts the po ten t ia l  energy 

savings in  programs offer ing customers s ing le  cycling s t ra tegy  

and a  choice of the amount of off-time. When the customer can 

choose the length of in terrupt ion,  almost twice as much load can 
be controlled as i n  programs offer ing only s ing le  in terrupt ions .  

VOLTAGE REDUCTION 

The only Project  to attempt a  ~ o n t r o l l e d  voltage reduction (CVR) 
program was California.  The program i n  California was o f f i c i a l l y  

begun i n  early 1977 when the Public U t i l i t i e s  Commission (PUC) in-  

formed u t i l i t i e s  that  they should submit plans for  reduction a s  

soon as possible.  Before the not ice ,  however, the PUC s t a f f  r e -  

quested Pacif ic  Gas and Elec t r i c  t o  make a  s e r i e s  of voltage re -  

duct ion. tes ts  i n  some of i t s  service  areas .  These t e s t s  proved 

t.0 be successful in  reducing the demand for  e l e c t r i c i t y ,  though 

t.here were some problems i n  the early stages which had t'o be cor- 

rec ted.  

In  one t e s t  voltages were reduced by 5 percent or  approxi- 

mately 6 vo l t s .  The t e s t s  were made without not ice  t o  the public. 

No e f f o r t s  wer.e made to  insure tha t  minimum voltages i n  the  serv- 

ices  under t e s t  remained within the ANSI specif ied  standard of 

114 vo l t s .  N& attempt was made during t h i s  t e s t  t o  measure the  



energy savings,  a s  i t  was so l e ly  preliminary. 32 

Another t e s t  t o  measure energy savings was made a t  the  Daly 

City substa t ion.  Here the  se rv ice  a rea  was divided i n t o  control  

segments and t e s t  segments. Each day the  con t ro l  and t e s t  areas 
were a l t e rna t ed .  In the  t e s t  area  the  voltage was reduced by 3 
v o l t s .  Tota l  KWH'S i n  the  control  and the  t e s t  areas  were 

measured by pulse generat ing meters and were recorded on mag- - 
n e t i c  tape. Test periods included September and January--the 

a r e a ' s  summer and winter  peak-load periods. Test r e s u l t s  indi -  

ca ted a 2 .5  percent decrease i n  energy cnnsumed.for a  3 v o l t  r e -  

duction i n '  voltagc . Only one complaint: was received d ~ i r i n ~  1:11e 
33 t e s t .  

Other t e s t s  were undertaken by PG&E: the  stockton d iv i s ion  

r an  a 71-day-reduced voltage t e s t  on t h e i r  own d iv i s ion  head- 

quar te r s  o f f i c e  building.  A 5 percent reduction in  voltage re-  

duced energy consumption by 3 .9  percent .  Three d i s t r i b u t i o n  

c i r c u i t s  were t e s t e d  and i n i t i a l  r e s u l t s  showed a 2 percent de- 

crease  i n  energy cons.umption f o r  a  3 v o l t  reduction in  voltage.  34 

The Stockton d iv i s ion  a l so  t e s t e d  the  e f f e c t  of reduced 
* 

vol tage  on some e l e c t r i c a l  appliances. The r e s u l t s  a r e  repro- 

duced i n  Table.'lO. 

The appliances t e s t ed  were u n i t s  commonly found . i n  house- 

holds and small businesses.  A l l  items t e s t ed  were inductive 

luads ,  Though i t  does not  appear i n  the  t a b l e s ,  i t  i s  possible 

t o  compute the  output of the  appliances i n  approprai te  u n i t s  

r e l a t i v e  t o  the  energy consumed (wat ts ) .  Mercury Vapor Lamp o,ut- 

put was constant  over the  range of voltages t e s t ed .  The f luores -  

cent  lamp's output .per u n i t  energy rose  s l i g h t l y ,  as  d id  the  

t e l e v i s i o n ' s .  The f a n ' s  output  rose  s l i g h t l y  up t o  110 v o l t s  and 

32 Cal i fo rn ia  Demonstration Pro jec t ,  .El e c t r i c  Dis t r ibut ion 
Feeder Voltage Regulation ' f o r  E f  fe'ctive Energy 'Cons'ervat'ion, 
Cal i fornia  Public  U t i l i t i e s  Commission. San Francisco. Cal i fornia .  
January 27, 1978. 
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' TABLE 10 ' 
. . 

' 

~ a c i f  ic Gas and Electric ~esti of 
: .Selected Electrical .Appliances 

. . 

. . California Demonstration Project 

. . 
Voltage .Curren't Watts . .  Light 

Appliance .. . (vac) (amps) ' .(calculate.d) . . Meter 

Mercyry Vapor 
Lamp 124.0 3.70 222.4 56.5 

120.0 3.40 207.1 52.0 
118.5 3.28 199.0 50.0 
117.0 3.18 193.0 48.0 
115.5 3.05 184.6 46.0 
110.0 2.70 163.9 40.0 

Fluores.cent' . .b 
Light Fixture 124.0 

120.0 
118.5 
117.0 
115.5 

. . . .  114.0 
110.0 

C Black & .White 
Television 124.0 ' . 

9 inch 120.0 
. - 118..5 

li7. o 
115.5, 

. . . ' 110.,. 0 . .  - 

100.0 

' d ventilating 
Fan 124.0 1.55 

. . .. . 
120.0 1.. 56. 

. . 
. . 

118.5 ' 1.57 
117 .O - 1 ..57 

. . Kitchen ", 

. ~efri~erator 

(continued) 

RPM 
l m  
1000 
1000 . . 
1000 . '  

' . 1000 
. .  ,920. . . ' . 



TABLE 10 (continued) 

Appl iance Voltage Current Watts Time Required 
(vat) (amps) (calcu.) to pump to 10 

PSI 

- Air compressorf Off . Running 
124.0 119.0 9.1 -589.8 44 
120.0 116.0 8.7 557.0 44 
118.5 115.0 8.5 539.5 

I C 

44 
117.0 113.0 8.3 524.5 46 
115.5 112 .O 0.2 520.2 46 
110.0 107.0 7.6 480.4 48 

Source: California Public Utilities Commission, "Electric 
Utility Distribution Feeder Voltage Regulation For Effective 
Energy Conservation", January 27, 1978. 

a~39- Mercury Vapor Lamp in Holophane Fixture. 120 Volt , 
175 watt,. 3;30 amps. Light meter 4.6 feet away. 

b~~ F-40-CW Main Lighter, cob1 Wh.ite, 40 watt, 118. volt 
1.3 amps. Light meter 4.6 feet away. 

c Sharp Model TM-68P. 100 watt, 120 volt, 60 cycle. Light . . 
'meter 6 feet away. 

''Har~rvll Propeller'Fan, 115 volt, 3.5 amps 60 cycle, 1700 RPM. 
e Dwyer Model E39, 115 volts compressor. 

f~eystone by Dayton, f HP., 10 amp 115 volt. 



then f e l l .  The a i r  compressor used s l i g h t l y  fewer watt  seconds 

t o  a t t a i n  l o p s i .  Since no measure of the  r e f r i g e r a t o r ' s  output 

was included, we assume tha t  the  r e s u l t s  would have been essen- 

t i a l l y  t he  same a s  those of the  compressor. One conclusion of t h e  

t e s t s  was, "As long a s  voltage is maintained a t  114 v o l t s  no s ig -  

n i f i c a n t  de te r io ra t ion  of appliances t e s t ed  r e su l t ed ;  below 114 

v o l t s  performance did f a l l  o f f .  "35 

Cal i fornia  S t a t e  University,  Sacramento, commissioned t e s t s  

of appliance performance a t  reduced voltages.  The t e s t s  were 

conducted wel l  below the  lower l i m i t s  of accepted se rv ice  vol tage ,  

and do not  apply t o  the  range of vol tage  reductions contemplated 

i n  the  conservation voltage reduction program. The t e s t  d id ,  

however, point  out the  problems when motors designed f o r  230 v o l t  

supply a r e  used on 208 v o l t  systems. A l l  th ree  of the  u n i t s  

t e s t ed  were a t  230-208 v o l t s :  t h e i r  e f f ic iency  f e l l  of f  markedly 

a t  voltages below 230 v o l t s .  Since one of few recurrent  problems 

t h a t  resu l ted  during the  CVR program was the  misapplicat ion of 

motors designed fo r  220 power t o  208 suppl ies ,  it  seems t h a t  a 

public  awareness program would be he lpfu l .  Evidently the  e lec-  

t r i c a l  manufacturing and contract ing industry i s  w e l l  informed 

on t h i s  mat ter ,  but  do-i t-yourselfers  and other  amateurs a r e  no t .  

A close  reading of Table 11, espec ia l ly  n o t e ( d )  d isc loses  pa r t  of 

the  problem, but  a b i l i t y  t o  i n t e r p r e t  the  tab1.e appears t o  r e -  

qu i re  t r a in ing .  More access ible  dissemination of the  information 

may help a t t a i n  b e t t e r  working r e s u l t s  with motors. 

The manufacturers indicated t h a t  t h e i r  equipment was no t  i n -  

tended - for  use beiow 197 v o l t s :  a t  19'1 v o l t s  the  motors ran hot  

and s t a r t e d  with d i f f i c u l t y .  Since 2081120 vol t -sys tems a r e  

allowed by standards t o  go a s  low,as  191 v o l t s ,  a mismatch of 

motors designed f o r  higher vol tage  supplies  w i l l  cause problems 

when'operated on 2081120 l i n e s  operat ing a t  the  lower l i m i t s  of 

allowed voltages. These problems were extensive enough t h a t  it 
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was f e l t  t ha t  changes ' in  the codes and i n  p rac t ices  of equipment 

suppl iers  may be necessary. 36 

Emarendole substa t ion i n  San Francisco made a 4 -day . t e s t  of 

a 2 .5  percent reduction i n  voltage on 11 feeders supplying 43 MW 
of load. A 20 percent decrease i n  energy use was experienced, but  

t he  t e s t  was discontinued a f t e r  numerous inqui r ies  and complaints 

by customers. 

In con t ras t  t o  most 'of the  o ther  Demonstration Pro jec t s ,  i m -  

provement i n  l oca l  voltage regula t ion involved l i t t l e  interact . ion 

between the u t i l i t y  and the  customers. Few consumers were aware 

of the  ac tua l  voltages a t  which they were supplied e l e c t r i c a l  

power nor was there  any awareness of vol tage  f luc tua t ions  i n  t h e i r  

supply. The exception was 'during gross : low % voltage conditions 

(brown-outs). Most e l e c t r i c a l  power usage was t o l e r a n t  of con- 

' s iderab le  va r i a t i on  i n  supply voltages without percept ib ly  af - 
f ec t ing  power consumption. Changes i n  voltage l eve l s  and regula- 

t i o n  p rac t i ce  can be made exclusively from the  u t i l i t i e s  s ide  

withoplt e i ther  the  knowledge or  consent of the  customer. How- 

ever,  the  changes i n  voltage l eve l  and regula t ion can be ca r r ied  

out to  t h e i r  f u l l e s t  only with the  cooperation of customers and 

wi th  producers and suppl iers  of e l e c t r i c a l  equipment. 38 

Although PUC s t a f f  s t a t e d  t h a t  customer impact was the  p r i -  

mary concern, no e f f o r t s  were made before the  t e s t  to  de tkmine  

which customers would experience below-standard voltage a d  to  

take co r r ec t ive ' ac t i on  before beginning t h e , t e s t s .  During the  

t e s t  some customers experienced dim l i gh t ing ;  shrinking,  fading 

and f l i cke r ing  TV screen p i c tu re s ;  slow heating times fo r , e l ec -  

t r i c a l l y  heated k i l n s ;  gluing hea t e r s ,  slower p la t ing  act ion;  and 

the  s ta r t -up  of a back-up power generator f o r  an a i r p o r t  conGro1 

tower. .Corrective ac t ions  taken appeared t o  be more responsive 

t o  the  customer a f fec ted  than t o  the  v a l i d i t y  of t h e  complaint. 



The test of the control tower was discontinued ev& ,though the 

voltage was measured at the distribution point as being,sl8 volts. 

The problem for the control tower was not that the vol;age suppliec 
was too low for adequate operations, but that the takeover point 

for the back-up generator was set too high. No corrective action 
was taken for residential customers in several instances, even 

though the voltage supplied was as low as 109,volts. In some cases 
the complaint was resolved by adjusting the customer's transformer 
taps or 'by replacing the transformer. 39 

After the preliminary tests and the PUC's notice, most of the 

large utilities in California identified distribution feeders with 
appropriate loads for voltage reduction and implemented a voltage 

reduction program. As a result of the tests an,improvement was 
made in the method of reducing excess voltages between the test 

phase and actual implementation. In the test phase the voltage 
was reduced at the distribution feeder. In most cases prior exami- 
nation of the feeder network was made, to insure that no customer's 

voltage meter fell below 114 volts. In the implementation, however, 
the sensing input to the feeder's voltage regulation equipment was 
set to read the voltage of the customer experiencing the greatest 
voltage drop. When the regulator was set to supply the end-of- 

line customer 114 volts, it automatically controlled the feeder's 
voltage in order to minimize excess voltage while maintaining all 

customers at or above minimum standards. At this level of imple- 
mentation CVR involved a minimum of additional costs to a utility. 
Most of the necessary changes were made as a part of normal in- 
spection and maintenance. This phase proved to be a very cost 
effective energy conservation measure. 40 

All residential and commercial loads in the Project ex- 

perienced a. decrease in energy consumption, with improved voltage 

regulation and reduction of overall voltage regulation toward 
minimum rather than maximum standards levels. Experiences with 



i n d u s t r i a l  and a g r i c u l t u r a l  loads were mixed. In some cases r e -  

ductions i n  voltage leve l s  resu l ted  i n  s l i g h t  increases in  enhrgy 

consumption. Invest igat ion continued in  t o  categories of indus - 
t r i a l  and a g r i c u l t u r a l  use t ha t  might benef i t  from reduced vol tages .  

There a r e  severa l  d i s t i nc t ions  between r e s i d e n t i a l  comrnerciai loads 

and i n d u s t r i a l  ag r i cu l tu ra l  loads t h a t  might account f o r  d i f f e r -  

ences i n  voltage reductions.  Unt i l  r ecen t ly ,  energy consumpfion 

of r e s i d e n t i a l  and commercial appliances has been unimportant t o  

the  consumer. Therefore, manufacturers of such appliances had 

l i t t l e  incent ive  t o  make e f f o r t s  t o  design items which u t i l i z e d  

e l e c t r i c i t y  e f f i c i e n t l y .  Motors f o r  the  appliances tended t~ be 

over-specified i n  power and consequently d i ss ipa ted  more energy 

than necessary. For any given load,  the  most e f f i c i e n t  conversion 

of e l e c t r i c a l  energy i s  accomplished by a motor i n  which the phase 

of ro t a t i on  of the  motor lags  behind the  phase of alternating cur- 

r en t .  Limitations t o  allowable lags  of the  motor a r e  s e t  by sa fe ty  

margins which insure  t ha t  the  motor has adequate power f o r  var ia -  

t i o n  i n  load without s t a l l i n g .  Reducing voltage leve l s  has the  

e f f e c t  of reducing the e f f e c t i v e  power: r a t i n g  of a motor, in -  

creasing the  phase lag  of a motor under a given load and increas-  

ing the  motor 's e f f ic iency .  Indus t r i a l  and ag r i cu l tu ra l  motors may 

already be c lose  enough t o  optimum design t h a t  reduced voltages do 
41 i l i t t l e  t o  increase e f f ic iency .  

The expenditures i n  the  CVR program by PG&E had been minimal, 

considering the  magnitude of the  r e su l t i ng  energy savings. The 

expenditures i n  1979 were $138,000, and the  t o t a l  i s  expected t o  

increase  t o  $385,000 by 1981. The number of kwh. saved i n  1979 

was about 635 mi l l ion ,  expected t o  increase  t o  649 mi l l ion  KWH 

i n  1981. The 1979 marginal cos t  of a kwh was 6.5 cents ,  so the  

do l l a r  savings i n  1979 was s l i g h t l y  more than $41 mi l l ion .  42 

Further savings i n  energy a r e  ava i lab le  through CVR b u t  they 

involve c a p i t a l  expenditures.  The PUC i s  continuing t o  i den t i fy  

42~e lephone  interview , Steve Reynolds and Byron Tomilson. 
Pac i f i c  Gas and E l e c t r i c ,  August, 1980. 



t h e  e x t e n t  of these  savings and. the  c o s t  involved. One source of 
savings  might r e s u l t  from reducing t h e  a r e a  served by a l o c a l  

f eeder .  A smal ler  vo l t age  drop would be experienced'  a t  end p o i n t s  

i f  t h e  s i z e  of  t h e  l o c a l  ne.t.work were reduced. This would allow 

lower vo l t age  s e t t i n g  without  reducing end-of- l ine customers' 

v o l t a g e  below s tandard .  Other measures would make more use of 
a d j u s t i n g  step-down transformers  a t  t h e   customer.'^ meter.  End-of- 

l i n e  customers would have. t h e i r  t ransformers  ad jus ted  t o  maintain 
minimum-voltage: The r a t i o  of cos t s  t o  sav ings  of t h e s e  and o the r  

4 3 ,  more extens ive  measures .has  y e t  t o  be determiiied. 

S W R Y  

U t i l i t y  i n i t i a t e d  load management techniques discussed i n  

t h i s  c l lapLe~ are: 1 )  r i p p l e  eonerol ,  2) r a d i o  c o n t r o l ,  and 3 )  vol-  

t age  r e g u l a t i o n .  

The Vermont P r o j e c t  i n s t a l l e d  a r i p p l e  system t o  i n t e r r u p t  

power t o  ho t  water  h e a t e r s  and hydronic h e a t  s t o r a g e  u n i t s .  Cus- 

tomer r e a c t i o n  t o  the  experiment was q u i t e  ' favorabl-e: a l l  300 

t e s t  customers v o l u n t a r i l y  remained on t h e  i n t e r r u p t i b l e  r a t e  a t  

t h e  P r o j e c t  ' s  conclusion.  About one-half of t h e  customers r epor ted  

no need t o ,  change h o t  water  use h a b i t s  i n  response t o  t h e  r a t e .  

The l i k e l i h o o d  of consumption change appears t o  have been a func- 

t i o n  of  hot water  tank s i z e  and family s i z e .  

Radio contro,l. sys terns' were' used i n  s e v e r a l  P r o j e c t s  t o  con- 

t r o l  water  h e a t e r s  ( C a l i f o r n i a ,  Ohio), i r r i g a t i o n  pumps (Arkansas), 

and a i r  condi t ioners  (Arkansas, Arizona, C a l i f o r n i a ,  Ohio) . 
The Arkansas P r o j e c t  tes te .d  r ad io  c o n t r o l l e d  i n t e r r u p t i o n  of 

a i r  condi t ioning  i n  218 res idences  and i* r iga t ion  pumping on 12 

farms. Since few t e c h n i c a l  problems were encountered during t h e  

t e s t  t h e  response of both r e s i d e n t i a l  and farm customers was 

genera l ly  favorable .  The u t i l i t y  moved on t o  a f u l l  s c a l e  imple- 

mentation of r a d i o  c o n t r o l ,  and i n s  ta . l led  33,500"switehes by 1980. 

It was es t imated  t h a t  ' f u l l  implementation of a i r '  rondi t ioning  

4 3 ~ a l i f o r n i a  Demonstration P r o j e c t ,  - -  l o = .  c i t  . 



controls  would defer  125 W '  of new peak 'generating capacity,  and 

make 500 MW of load ava i lab le  f o r  emergency shedding. 

The Arizona Project  t e s t e d ,  radio  control of a i r  conditioning 

load i n  96 s i n g l e  family dwellings i n  one development. While 
radio  control  resu l ted  i n  load reductions of between 250 and 300KW 

the re  was a  pronounced "rebound" response a t  the  end of the  o f f -  

phase; load sometimes increased as  much as 150KW above the  l eve l  

reached before the  un i t s  were switched o f f .  

: Pac i f i c  Gas and 'E lec t r ic  Cmpany ( in  t h e  Cal i fornia  Project )  
. . 

t e s t e d  radio  control  of a i r  condi t ioning an.d learned a  deal 
about var ia t ions  . . i n  the  ; qua l i t y  of equipment and.  about the possi-  . . 

b i l i t i e s  o f  incompatibi l i ty between components ordered from d i f -  
' ' 

f e r en t  vendors. I n  t e s t i ng .  radio .  control  of water hea t ing ,  

Southern Cal i fornia  Edison found a  50 percent malfunction r a t e  i n  

receiver  switches i n s t a l l e d  by e l e c t r i c a l  contractors .  T h e  "re- 

bound.effectW i n '  these  - t e s t s  was. g r ea t :  ' a  two hour . in te r rup t ion  

created a  rebound of up t o  1 2 ,  times the  normal load.. The P ro j ec t ' s  

conclusion was  t h a t  radio  control  of water  h e a t i n g  was not cos t  
. . 

e f f ec t ive .  

The Cal i f io rn ia  Pro jec t  s tvdied t i e  re la t ionsh ip  between duty 

cycle and load reduction i n  a i r  conditioning. It was found t h a t  

the re  must be 25 percent off-time before any load reduction can be 

observed. While load reduction i s  a  d i r e c t  function of the  per- 

cent  of off-time, customer wil l ingness t o  p a r t i c i p a t e  lcwers as  

off-time i s  increased. The bes t  s t ra tegy  appears toh be t o  allow 

customers t o  s e l e c t  t h e i r  own duty-cycle: even though load reduc- 

t i o n  i s  l e s s  with the  shor te r  duty cycles ,  increased customer 

pa r t i c ipa t ion  o f f s e t s  the  l o s s .  

When the Cal i fornia  Pro jec t  t e s t ed  voltage reduction as a  con- 

se rva t ion  measure, energy consumption decreased. Tests of the  

e f f e c t  of reduced voltage on appliances concluded tha t  as long as 

vol tage  remained no lower than 114 v o l t s  the re  was no s i g n i f i c a n t  

e f f e c t  on appliance performance. When la rge  s c a l e  implementation 

of vol tage  reduction began (as a  r e s u l t  of the  t e s t s )  d i f f e r e n t  

methods of control  wete employed. The end-of-the-line customer's 



voltage was used as the regulating fe.edback signal. Residential, 

and commercial customers reduced their consumption but. industrial 

and agricultural customers' response to'%oltage reduction varied. 

The program was highly successful and saved about 635 million 

kwh's in 1.979. 



CHAPTER : S m y  
FIVE 

Seven load management techniques were t e s t ed  i n  the  Pro jec t s :  

energy s torage systems, appliance in t e r locks ,  t imers,  end-use 

improvements, r i p p l e  and radio  con t ro l s ,  and control led  voltage 

reduction.  There a r e  a number of c r i t e r i a  by' which these  tech- 

niques can be compared. This repor t  considers customer acceptance, 

d i f f i c u l t y  i n  implementation, ef fect iveness  i n  s h i f t i n g  o r  reduc- 

ing e l e c t r i c a l  consumption, and cos t .  

To simplify the  na r r a t i ve ,  control led  voltage reduction (CVR) 

i s  t r ea t ed  separa te ly  from the  other  techniques: CVR i s  c l ea r ly  

a more e f f ec t ive  conservation measure i n  many respects  and it has 

very l i t t l e  i n  common with the  other  techniques. 
* 

t. Voltage reduction f o r  conservation involves an adjustment i n  
local  feeder voltage regula t ion p rac t i ce s .  Current procedures i n  

s e t t i n g  l o c a l  feeder voltages r e f l e c t  pas t  economies, when f u e l  
* .  

cos t s  fo r  generating e l e c t r i c i t y  were much lcwer. By reducing 

voltage t o  the  low end of the  range (acceptable t o  Plberican engi- 

neering standards) the  energy requirement of most e l e c t r i c a l  

appliances in  residences and commercial establishments i s  reduced 

without a l f ec t ing  t h e i r  use. 

Sa.vings r e su l t i ng  from voltage reductions i n  the  PG&E t e s t  

were 635 mi l l ion  kwh. A t  a. cos t  of 6 . 5 ~  a kwh the . sav ings  was 

more than 41 mi l l ion  d o l l a r s ,  .The cos t  of implementing the  voltage 

reduction,  $138,000, was ,minimal i n  comparison t o  the  savings. , 

The u t i l i t y  experienced no s i g n i f i c a n t  problems in  imple- 

menting voltage reduction. Customers a l s o  experienced few problems. 

One of t he  problems was t h a t  230 v o l t  motors were i n s t a l l e d  on 208 

v o l t  l i n e s .  These motors ran  hot and had d i f f i c u l t y  i n  s t a r t i n g .  

~ Most customers seemed pre-disposed f o favor conservi t ion,  and 
1, .' 

responded favorably t o  most of the  effort 's  made by the  u t i l i t i e s  

i n  the  Proj'ects.. 



End-use-improvements ( r e t r o - f i t  insu la t ion)  and energy 
' i 

s to rage  systems required the  g rea t e s t  2mount of customer p a r t i c i -  

pat ion.  Re t ro- f i t  i n su l a t i on  was qu i t e  successful .  This was due 

i n  p a r t  t o  the  involvement of the  u t i l i t y  i n  developing a program 

which a s s i s t e d  the  homeowners i n  obtaining financing and qua l i f i ed  

contractors  t o  perform the  i n s t a l l a t i o n .  U t i l i t i e s  a l so  offered 

inspections of the  completed work and es tab l i shed  standards and 

a r b i t r a t i o n  'procedures involving disputes with contractors .  This 

ass i s tance  k v o l v e d  considerable e f f o r t ,  and i n  some ways was com- 

parable  t o  es tab l i sh ing  a f ranchise  business.  

Energy s torage systems required a l o t  of customer involvement. 

The disrupt ion t o  a household i n  i n s t a l l i n g  these  systems and t h e i r  
cos t  seem t o  have been enough t o  discourage homeowners from ac- 

cepting the  incent ives  offered by u t i l i t i e s  f o r  t h e i r  i n s t a l l a t i o n .  

D i f f i c u l t i e s  connected with the  Projects  make it  impossible t o  

s t a t e  any r e s u l t s  except t h a t  the  u n i t s  remain unproven. 

Less d i s rup t ive  t o  customers were the  radio  and r i p p l e  sys- 

tems and appliance in te r locks  and t imers.  A l l  of these  techniques 
involve i n s t a l l i n g  a control  on the customer's equipment, aad con- 

sequently involve some common problems. There i s  a reluctance 

on the  pa r t  .of customers t o  tamper with e l e c t r i c a l  devices and 

they often blame f a i l u r e s  subsequent t o  the i n s t a l l a t i o n  on the  
switch. This i s  counter-balanced by the current  mood favoring 
conservation. But educational e f f o r t s  especia l ly  of a i r  condi- 

t ioning servicepersons and e l e c t r i c i a n s  i s  important i n  estab1.ish- 

ing and maintaining confidence i n  the switches . The con t r o l l i n g  

funct ion of the  switches i s  an inconvenience t o  the customers. In 

the  case of timer switches f o r  con t ro l l ing  swimming pool. f i l t e r s ,  

t h i s  may be minimal. Two causes of problems a re  l e s s  customer 

confidence i n  t he  f i l t e r i n g  ac t ion ,  and noise  made by pumps running 

a t  n igh t .  Ripple o r  radio  control  cf  hot  water heaters  may make 

i t  necessary t o  plan dishwashing, laundry and bathing.  A i r  condi- 

t ioning controls  w i l l  increase  i n s ide  temperatures. The amount 

of increase  t h a t  i s  to l e r ab l e  depends i n  p a r t  on how much of a 

r a t e  break i s  o f fe red  as an incent ive  f o r  the  i n s t a l l a t i o n  of the  

switch . 



Energy c o s t s  can be reduced i n  a t  l e a s t  thre; ways: 1 )  by 
reducing t h e  o v e r a l l  demand, 2) by improving t h e  e f f i c i e n c y  of 

energy use ,  and 3 )  by smoothing the   fluctuation:^ i n  consumption 

s o  t h a t  genera t ing  capaci ty  i s  ' b e t t e r  u t i l i z e d .  Some of t h e  tech-  

niques conserve energy i n  more than one way. 

Energy s to rage  systems were employed t o  s h i f t  demand from 

peak periods t o  off-peak.  Phys ica l ly  the  energy i s  the  same bu t  

i t  i s  lower i n  c o s t  s i n c e  it  is  produced off-peak. Whether con- 

t r o l l e d  by t imers ,  r a d i o ,  r i p p l e ,  o r  p a r t  of an appl iance  i n t e r -  

lock ,  siwtches pr imar i ly  a c t  t o  reduce peak load,  b u t  they may 

a l s o  reduce t o t a l  load as  a secondary e f f e c t .  Control led vol tage  

reduct ion  reduces energy consumption by inc reas ing  t h e  e f f i c i e n c y  

of some uses and reducing t h e  demand i n  o t h e r s ,  by e f f e c t i v e l y  

de ra t ing  t h e  appl iances o r  equipment t o  lower output  l e v e l s .  Due 

t o  t h e  n a t u r e  of t h e  d i s t r i b u t i o n  network, however, t h i s  is  some- 

what more e f f e c t i v e  during off-peak than during peak pe r iods .  

Con.trolled vo l t age  reduct ion  would appear t o  be  app l i cab le  

. t c  a l l  u t i l i t y  systems. Costs a r e  low and reduct ions  i n  energy 

consumption a r e  s u b s t a n t i a l .  Other techniques may o r  may not  

have app l i ca t ions ,  depending upon t h e  cha rac te r  of t h e  u t i l i t y ' s  , 

load ,  f u e l  c o s t s  and o the r  opera t iona l  cons ide ra t ions .  Control 

of water h e a t e r s  by switches may n o t  reduce energy consumption 

s u f f i c i e n t l y  t o  j u s t i f y  t h e  expense i n  some a r e a s .  Summer peak- 

ing  u t i l i t i e s  w i l l  very l i k e l y  f i n d  con t ro l  of a i r  condi t ioning  

t o  be f i n a n c i a l l y  f e a s i b l e .  U t . i l i t i e s  wi th  sharp d a i l y  peaks 

may f i n d  a mix of appl iance i n t e r l o c k s  i n  combination wi th  t imers  

o r  c e n t r a l l y  con t ro l l ed  switches of va lue .  

Or.e implementation problem was f a r  more troublesome than a l l  

c t h e r s  combined. Where t h e  u t i l i t i e s  were simultaneously involved 

i n  advancing t h e  s t a t e  of the  a r t  and implementation, thr. d i f f i -  

c u l t y  w a s  insurmountab!.e i n  most cases .  The at tempt  t o  u t i l i z e  

a two way r i p p l e  system f o r  load c o n t r o l  i n  New Je r sey  was a f a i l -  

ure .  No probl.ems wi th  mature technolcgy s e r i o u s l y  delayed o r  

impaired t h e  success  of t h e  P r o j e c t s ,  however. 

Several  P r o j e c t s  did have idif f i c u l . t i e s  wi th  va r ious  kinds of 

l e g a l  o r  i n d u s t r i a l  codes. U t i l i t y  f inancing  of r e t r o - f i t  i n s u l a t i o n  



became a c o n s t i t u t i o n a l '  ques t ion  i n  t h e  s t a t e  of Washington. 

In  a t tempt ing  t o  oversee c o n t r a c t o r s  p r a c t i c e s  i t  was found t h a t  

t h e r e  w a s  no b a s i s  i n  f a c t  f o r  many of  t h e  b u i l d i n g  codes.  Zon- 

ing code r e g u l a t i o n s  r ? s t r i & t i n g  n i g h t  t ime n o i s e  was a p o s s i b l e  

source of  t r o u b l e  i n  a l t e r i n g  t h e  t ime o f  use of swimming pool 

f i l t e r s .  I n  another  P r o j e c t  t h e  misapp l i ca t i cn  of v o l t a g e  s t a n -  

dards became a problem when manufacturers ,  c o n t r a c t o r s ,  and home- 

owners i n s t a l l e d  motors intended f o r  one v o l t a g e  l e v e l  on .equip- 

ment t h a t  was used a t  another  vo l t age  l e v e l .  

Many of  these  problems r e s u l t e d  when l e g a l  codes were app l i ed  
. . .  

t o  changing circumstances.  I n  t h e  P r o j e c t s ,  t h e  p o t e n t i a l  l e g a l  

problems were never a c t u a l  b a r r i e r s  t o  implementation. The goal  

of  energy conservat ion seemed t o  be h e l p f u l  i n  secur ing  favorab le  

l e g a l  t rea tment .  

Costs can be considered i n  a number o f  ways. One way i s  

by po in t  of  a p p l i c a t i o n ,  i . e . ,  by appl iance  c o n t r o l l e d  i n  r a t i o  

t o  r e s u l t i n g  sav ings .  Another way i s  by t o t a l  c o s t  p e r  system. 
I 

Control led vo l t age  reduc t ion  i s  low c o s t  and r e q u i r e s  l i t t l e  

c a p i t a l  investment and a comparatively low o p e r a t i o n a l  expendi ture .  

Energy s t o r a g e  systems and end-use improvcmentc r e q u i r e  l a r g e  

c a p i t a l  investment per  p o i n t  i n s t a l l e d  and a l s o  per  u n i t  of  energy 

saved.  The c o s t  per  po in t  can range i n  t h e  thousands of  d o l l a r s .  

b Cent ra l ly  c o n t r o l l e d  switches c o s t  about $100 pe r  p o i n t  i n s t a l l e d  
i n  t y p i c a l  systems. The o p e r a t i o n a l  budget i s  moderate, the  c o s t  

I 

b per  KW s h i f t e d  from peak t o  o f f  peak i s  two t o  t h r e e  t imes lower 

than new peaking capac i ty .  Appliance i n t e r l o c k s  and t imers  c o s t  

between $40 and $100 and t h e  c o s t  of s h i f t i n g  i s  lower than  t h a t  

of  c e n t r a l l y  c o n t r o l l e d  swi tches .  

Some of t h e  problems w i t h .  t h e  va r ious  t e c h n i q u e s  were due t o  
a l ack  of experience.  But as  more experience i s  gained t h e  prob- 

lems can be minimized and c o s t s  can be expected t o  d e c l i n e .  Most 
of  t h e  techniques t r i e d  were a b l e  t o  s h i f t  o r  reduce l o a d s ;  some 

of them q u i t e  s i g n i f i c a n t l y .  
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TABLE iA 

~lectric utility Demonstration and. Pi1o.t Implementation Project participants 

Pro j ec t 
Location Participants 

Performance Key Project 
Period Personnel 

Arizona Solar Research Commission (SIB 6175-12176~ James I?. Warnock (SRC) 

Arkansas 

California 

I 

Connecticut 

Edmond , 
Oklahoma 

Los Angeles, 
California 

Michigan 

Arizona public service Co . , (u) 
Public '~'ervice Commission (s) 
Arkansas Power & Light ,Co. (u) 

Energy Resources. Conservation 
& Development Comm. (s) 

Public utilities Cornm. ' (s) 
Pacific Gas & Electric (u) 

San Diego Gas & Electric (u) 
Southern 'California ,Edison (u) . 

Sacramento Municipal Utility 
District (u) 
Pub1,ic Utilities Control Auth; . (s) 

Connecticut Light & Power (u; 

City of Edmond (s) 

Edmond Municipal Electric Co. (u) 

Department of Water & Power (u) 

Public Service Commission (s) 

Detroit Edison (u) 

Doug S. Windes (DOE) 

6/75-9177 James F. Herden (APUC) 
Ralph Teed (AP&L) 
Doug S. Windes (DOE) 

7176-P Richard Hairston (ERCDC) 
Roger Levy (ERCDC) 
John Flory (ERCDC) 
Jackalyne Pfannenstiel 
(Smith) (CPUC) 
formerly of Connecticut 
PUCA 
'-Doug S. Windes (DOE) 

6/75-3177 Jackalyne Pfannens tie1 
(Smith) (PUCA) 

12/76-6178 Paul Buntz (EO) 
Doug S. Windes (DOE) 

6/75-9179 ' Dennis Whitney (LADWP) 
Doug S. Windes (DOE) 

8175-12177 Robert Benko PSC 
Jane Chris topher sen (DOE) 



TAELE l ~ ,  (continued) 

. 

Location P a r t i c i p a n t s  
Performance 

Period 
Key P r o j e c t  

personnel 

New J e r s e y  S t a t e  Energy Of f i ce  ( s )  

J e r s e y  Cent ra l  power & ~ i g h t  (u) 

New York Publ ic  Service  Commission ( s )  

Consoli'dated Edison (u) 

North Carol ina U t i l i t i e s  Commission (s) .  . 

Carol ina Power & Light  (u) 

Blue Ridge E l e c t r i c  Merr;b.ership 
Corporation (u) 

I 
'43 
m Ohio pub l i c  Uti l i t ies Commission ( s )  

Dayton Power & Light  Ca. (u) 

Toledo. Edison Co. (u) 

Buckeye Power Co. , (u) 
I 

Puer to  Rico Commonwealth ( s )  

Water Resources Author i ty  (u) 

Rhode I s l a n d  ~ u b i i c  Uti l i t ies Commission ( s )  

Blackstone Valley ~ l e c t r i c  Co. (u) 

c h a r l e i  Rickmen (SEO) 
Paul Johnson '(DOE) 

Joseph Rizzuto (PSC) 
Doug S . Windes . (DOE) 

Anto ine t t e  Wike (NCUC) 
Jane Chris tophersen (DOE) 

, 
Robert Wayland (PUC). 
Jane Chris tophersen (DOE) 
Joseph Wathen (PUC) 

Alberto ~runo-v 'ega (C) 
Paul Johnson (DOE) 

Thomas Chmura (PUC) 
Lewis Bai ley (BVEC) 
Chr i s t ina  Vansickle  (DOE) 

Vermont Pub l i c  Service  Board (s) 11/74-1177 Wayne Fos te r  (PSB) . . 

Green Mountain Power Cc. (u) ~ h a r l e s  ~ l l i o t t  (GMPC) 
Larrv Kaseman (DOE) 
D O U ~ ~  S . Windes ' (DOE) 

(continued) 
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TABLE 14 (continued) 

- 
Project Performance Key Project 
Location Participants Period Personnel 

Washington State Energy Office (s) 
Seattle City Light (u) 

9176-10178 Jacob Fey (SEO) 
Nancy Tate (DOE) 

. . 
Clark County PUC . 

Puget Sound Power & Light Co . (u) 

Wisconsin 

California 

Connecticut 

Grand River 
Dam Authority 

Iowa 

Minnesota 

Springfield, 
Missouri 

Public Service Commission (s) 9175-11180 James Sim~son (PSC) . , 
 isc cons in Public Service Cor? . (u) Richard E: ~ames (WPSC) 

Jane Christophersen (DOE) 

PILOT IMPLEMENTATION PROJECTS 

Energy- Resources Conservation . 10177-12/82. Richard Hairston (ERCDC) 
and Development Commission (s) - Doug S. Windes (DOE) 

Public Utilities Control (s) 10177-9182 C. T. 'Caprina (PUCA) 

Grand River Dam ~uthorit~ (u) 10177-9179 Jerry Taylor (GRDA) 
. . Jane Christophersen (DOE) 

Iowa State Commerce  omm mission (s) 10177-9/80 Robert J. Latham (ISCC) 
Jane Christopher sen . (DOE) 

. . 
Department of Public Service ( s )  10177-9/82 . Larry Anderson (DPS) 

Paul Johnson (DOE) .- 
. . 

City Utilities of Springfield (u) 10177-1/80 John L. . McMahan (CU) 
Jane Christophersen (DOE) 

(continued) 



TABLE .lA (continued) 

.Pro j ec t 
. . Performance Key Project Location Participants Period , .  . Y ~ P I  

' North ~arolina North Carolina utilities Comm.. (s) 10177-lo/-82 Andrew W. .Williams (NCUC) 
f 

' . - Jane -Chris,tophersen (DOE) 

Ohio' ' . Public utilities Conimission (s) . 10/77-3/81' John Borrows (PUCO) 
. ... . . .. Jane .' Chris tophersen (DOE) 

, . 
I 
I South Dakotg ~outh'~akota Public utilities ' ' 10/77-3/78d - Joe Norton (SDPUC) . . ' 

. . .  Commission 
.. . . . . 

I Seattle, Seattle City L.ight (u) 10/77-9/82 Robin Calhoun (SCL) 
Washing ton Nancy Tate (DOE) 

I 
.a Source: Compiled frorn...~lectr.ic utility Demonstration and Pilot Implementation Project . . 
oo. . - Reportq and. documents' and ir-terviews, 1975-1980.. . . 

. . . ,  . 1 .  . .  . \ 
. . . .  . . . 

a ~ r o  j ec t was completed far &s DOE ' involvement was concerned:. The experimental TOU . . 

. 

rates', have continued to date. . . .  . . . . . . . - . . .  
. . . . . . 

. . S~articipating state or ci-tji- agency :: .. .. . 

. . . . d~roject terminated:. . . . 



TABLE 2A 

\ .  
List of Persons Interviewed 

Name .Address 
. . 

Department of Energy Personnel 

M. Larry ,Kaseman U.S. Department of Energy 
Eco.nomic Regulatory Administration 
Division of Regulatory Assistance 

. Washington, D.C. 

Steven Mintz 11 

Gary. Selnow 1 1  

Project Participants and Consultants 

George Brazil Arkansas Power and Light 
' Little Rock, Arkansas 

David Bryant I I 

Charles Elliott 

Paul Hart 

Green Mountain Power Company 
Burlington, Vermont 
Arizona Public Service Company 
Phoenix, Arizona 

Cathleen F. Meyer City Utilities of Springfield 
Springfield, Missouri 

Steve Reynolds 

Jerry Taylor 

Pacific Gas and Electric Company ' 

San Francisco, California 
Grand River Dam Authority 
Vinita, Oklahoma 

Byron Tomilson Pacific' Gas and Electric Company 
: San Francisco, California 

Billy J. Yarborough Carolina Power'and Light 
Raleigh, North Carolina 
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