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Market Transformation : Learni ng to Like Our Vegetables 

o man)' or L , ve etah l • re an acqu i r  cl ta 1 . 

ch i ldre n  we ma have been forced or bri bed 
1 0 cal t hem , but a adu l ts we\,e ome to appre­

cia t e t hem not on l)' for t h e i r  n u t r i t iona l  va lue but for 
t heir taste and t he ba lance t he bri ng to o u r  m al . 
[nerg)' cI

T
icicn is i n  ma ny wa the  vcg·tabl por­

t ion of our energy consumpt ion .  We knO\ i t ' g od for 
u , hu t  we"ve typica l ly been a lot more inter 1cd i n  t he  
n t her t u fT  0 1 1  u r  p la tc-pan icu larl , lo, electri c i ty 
h i l l s  and enough power on demand to run u r  incrca -
i ngly e lec t ric l i le l r l e  . I n l e r  the  h igh ly regu lated Ltl i l ­
i t  L rucl ure of t he recen t I a t .  energy efficie nc wa 
managed b u t i l i L i c  , Jar cl t h rough demand- icle 
managemen t  (D · M ) progr.11 11 . The co t or t hes pro­
gram was recouped, wi th  regu latory approva l , 
t h rough ra t - .  

1 ow, wit h  power ge nerali rn and energy ser ice 
qu ick ! )' d i \·erg ing and prq aring to operate in open . 
mmpel i t ivc markets, new approach a re ne ded .  Wh i le 
D programs were e ffec t i ve  u nder regulat ion . they 
have kc d rawba ks i n  t h  emergi ng business en  i ron­
ment . F i r  t , t he  l pica l l i n vo l e hon- tern, mar­
ke t i ng e ffort w i t h  i nd i v i dual cu Lomcr and depen d 
on financial incen t i ve 10 keep program part i c ipa n t 
i n t e r  t ee! . Effic iency ga i n  tend to disappear when t he 
i ncentiv arc ci r  ppcd . ccond, power p rovider have 
110 profi t  mo tive ror encourag ing energy em ·ien , un­
der an open marke t : i t . c;< t remel , d i f

f
icu l t  10 make 

more mone>' by r i l i ng le s prod uct . 1 ew ah crna 1 i vc 
l o  D m ust b · fi rm ly markct - ba ed. 

There i n i \ a 1 0  bu i ld  a rea l  marl el fo r en - r y 
dlki ency wi thout  translat i ng  i L  i mo 1 angibl e be ne f i t s  
t hat con umers can re late t o  . .  onuna te ly, eneri:w effi ­
c iency brings v 1 t h  i t  an en rmou opp nun i ly: t h  
potent ia l  i r a 20--1-0% rcd u  · t ion i n  e nergy consump-
t ion carr i a clear bu ·11 advan tage for an ,one 
who can make such e f

f
1c icnc gai ns work � r t he  cu -

LOmer's bot tom l i ne .  The ke is to under tand marke t 
t ransforma t ion-t he pro e r mak i ng a rundam n Lal 
hange i n  the market for encrgy-e ffic i Il l prod uc 
ervices. and pract ices in -uch a way t h at the cha nge 

becomes permanen t . upp l icr  of - nergy aod  · n rgy 
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e rvi es who I arn Lo u market t ransformat ion e ffec­
t i ve l y  w i l l  succeed i n  a ompct i t ivc marketplace. 

ome Late regu la tor  arc an · iou to find me ha-
n i  ms to accelerate t he l ra n  format ion f energy e ffi ­
ciency markets, and a few La te . i ncluding Cal ifornia, 
ar on ideri.ng i nv  sl i ng publ ic fund in privately man­
ag d program . I n  i ts  mo l e f

f
ect ive form . t h is market 

t ran format ion approach i- h igh l  collabora t ive, inv 1lv­
ing coope rat i  n among man u fact u rer , retai ler . u t i l i ­
l i  , t andards- c1 1 i ng l rgan l zat ion , governmen t, and 
pub l ic- in tere t group . Bccau e the  energy-effic ie n t  
tech no logies and  method produ eel i n  market Lran . 
f rma t i on  effo rt n t h  ize d ta i led market re card, 
resu l ts wi th t he concern and i n no at ivc idea o f  man 
pan ic !pams upstream o f  the  bu)r i ng i n te rface . the 
Lend to have a great dea l  of cu Lomer pul l  and a good 
chanc of tab l i  h i no  a permanen t  rre ence in t he  
market place \ i t hout t hc need for ongoing i ncem iv 

As this i sues cnver tory i l l u  Lrates, E PRI has i ncor­
po ra t ed market tran forma t ion techn ique for man)' 
ea r i n i ts devclopmem and commercializa tion o f  

ad  an ed  encl- u e tcchnologic:-s. I n  add i t ion , EPR I  
recemly  joi ned w i t h  the  a R card, I n  t i tu t c and  t he 
ar h i tect-engineer i ng fi rm of Dan ie l , Mann, Johnson 
& M e ndenhal l  t o form , loba l  Energ)' Pa rt ner. , a com­
pany de igned Lo adm ini te r marl  ct t ransfonmnion 
pr je L n beha l f  o f  ta lc rcgu la101 agencie and 
ot h r i m i lar l i n tcre ted pan i . G loba l E nergy Part­
ne r  i looki ng rorwa r l Lo worki ng w i t h  our  mem bers 
or stakchol<l r · to a i t i n managi ng and aclmi.n i  ter­
ing market tran format t  n .  I b l i  ve we are e pecial l 
we l l  qu i pped LO do t h is-ou r  effort t o  c reate new 
recip for effic ien t ne-rgy use in a broad range of ap­
pl ica t i o n  have been q u i t e u ce fu l .  A nd when )'OU 
ucceed i n  devel p ing pal ,  t ab le  op t io ns, those vegeta­

b le can go down v f)' ea i ly. 

l a rk  W Ge l l ing 
Vice Presiden t . l ie n t  Rela t i o n. 



Sel l ing Customers on Energy Efficiency ( pag 
wa r i ucn  b 
, i t h  technical a 
J eremy Bloom.  

M ORT N B  

cicn wr i t e r  C h risto pher  R. Powick i , 
wnce rrom M non 81 ::m and 

TT , d i rector o the  E nergy De l i c ry 
and U t i l iza t ion Division, p revi o u  l I mana eel P R I ' 
Re idcnt ia l  and  · mal l ommerc ia l  Bus i n n i t .  Be-

fore com i ng to E P R I  i n  1 9  5, he 
, a manager of end - use elfic ien 
pr gram at icnc ppl .icat ions 
l m ernat i  na l  orpora t i on . Blau 
hol I a bachelor's degree in me-
ch ni a l  engi neer ing fro m OJ er 

U n ion . a n  M S  i n  i ndu t rial e ngi nee r i ng from cw 
Yori in bu i n  admi n is t ra -

n ive r i t  
. manager r t he  market a n a l y  i 

and r our  managemen t product  l i n  . joi ned E P R I  
in 1 99 2  1 0  lead i i  i m cgra ted re ou rce p l a n n i ng p ro­

gra m .  B � re t ha t ,  he spem 1 0  year 
at G eneral Publ ic U t i l i t ies, where 
h pecia l izcd in demand- icle plan­
n ing. Bl m pre i usly taught 
opera L io 1  re_ • r h at  rnell n i-
v rsi ty for four }'Car · . H rn cl n 

B degree in elect rica l engi neeri ng r m amegic 
Mel lon n ivcr. i t y  an I and Ph D degrees in l pcra-
t ion r ar h from t h  assachuse t LS J n_ t i t UL o r  
Tech nology. 

Power Precision With UPFC ( page 1 8) wa wrinen 
b Ta lor Moore, Jou nwl en ior feat ure wri ter, � i t h  
tech n i cal , · La nce f r  m bcle l - L , d r i  of E P R I' 
E ne rg ' Del i very and t i l izat ion  Di is ion . 

B D EL - TI EDR I  i manager for F i e. i b le 
Tran m i  ion  y Lem ( F  T ) techno l og . He j i ncd 

EPR I  in 1 992 a ft e r  1 2  ear w i t h  
BB -ea Brown Bove ri in  weden 

and the n i tecl tau�s. whcr he 
work d in  t h  de c lopment and ap­
pl i  ·at i on of rea t i ve pO\ er com­
pensa t ors a nd h igh -v l t age de 

t ra n  m i  i n . Edr i  rece i eel a B degree from a i m  
n ivers i L  '. a n  M from 

Egypt. and a Ph D fro m 
no logy i n  wedcn .  

i n - hams 
ha lmers 

n ivers i t  in  
n ivcr· i t}' o r  1i  ch-

The Electricity Tech nology Roadmap ( page H) 
d cribe · a h igh ly eo l laborat i  e long- t erm R&D 
pla n n i ng i n i t ia t i ve current ly bei ng ma naged b E P R I '  

L e Geh l and Bre n t  Ba rke r. 
T E  E G E H L, as d i rector of st rategic Le h nol ogy 

and al l ia nces, has led  t he road map i n i t ia t ive si n e 
1 997 . Pr v iou  ly he e eel as di rector of st rategic 

n thc  i and as a manager o f  
genera t i o n  and nuclear po\ e r  
programs. Before comi ng to E P RI 
i n  1 9 2 , he \ a t af

f 
metal l u r-

gi t al rg nne  a 1 i  nal  Labo­
ra t or ,, � here he conduned re-

ea rd, o n  n udca r fuel perfo nnance. e h l  rece ived a 
bache l o r' degree i n  me ta l l u rgical e ngi neeri ng from 
the  ni er i ty of 01 re Dame and a Ph i n  mat ria l 
c i cn  a nd engi neer i ng rrom the  n iver it of 

· l orida .  
B R E  T B  R K E R  i manager r 1 ra1 egi c .  nd xecu­

t i ve eom m u n i  a t i  n . - arl ier h erved for 12 yea rs as 
d i tor- i n- ·h ief of the  · PR / Journal. B for joi n ing  

EPR l  i n  1 977 , Barker spen t  four  
a pr i  a t e  comm unica t i o ns 

con u h a n l  and as a n  ann ly  t for 
RSA , an econom i • con u l t ing 

fi rm . H e  al o worked ilS an 
i ndu t r ia l  conomi  l and taff 

au t h o r  at RI l nte rnat ional  and as a com mercia l  
r earch anal >' 1 a t  orporat ion . H graduat cl 
in engi neer ing cicnce from John Hopki n ni-
ver i t y and  earned an MB a t  t h · n i  e r  i t  of 
P i t tsbu rgh . 
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THELMA 

T h is J O-vol ume r port , The High- Efficiency Lau 1 1 c/ 1y Metering 
a1 1 c/ l arl,et i ng A nalysis (THELMA) Project (TR - 1091 47) , 

provid es a readable overview of a fou r-year P Rl s tudy of the 
market pote nt ia l o f  e!Tic ient re iclen t ia l  washing machi nes . 
The report offers a market analy i template appl i-
cable to any ty pe of product or service offer-
ing. lt lays out a coordinated st rategy 
for acquir ing val uab le in formation 
from consumer , man u facturers, dis­
t ribmor , and ret a i ler to en hance mar­
ket assessment , d i st r i but ion analysi 
and i mpact anal ysi . The data-gat her i ng 
tech nique discus eel include ma i l  and 
phone urveys, focus groups, product 
demonstrat ion , and in-home i n ter iew . 
• For more i nfonnalion, co11 1 a c ( Joh1 1  Kesselring, 

(650) 855-2902. To ord 1; ca// t h e  EPRI Dist ribu-

l ion Ce1 1 te 1; (925) 934-42 1 2 .  
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Del iverables now ava i lab l e to EPRI members and  customers 

-

Forecasting Reports 

A s t he electric power i ndust ry moves rapidly 
toward com pet i t io n, the  role of forecast i ng  i 

changing dramatical ly. Market- re lated activi t ies, such 
a pr ice foreca L i ng, market share analysi , and the 
pred ict ion of compet i tor ' co ts , are becom ing i ncrea -
ingly important .  Tackl i ng the  e new activi t ie wi l l  
require approaches bet ter suited to t h e  more competi­
t ive environ ment .  Future Forecasl i ng Direct ions in the 
Evolving Elea ric Power Indust ry (TR-109056) identi fies 
the indus try's key forecast ing need and discusses the  
methods, too ls ,  data, and ski l ls essentia l f o r  meeting 

t hem. A usefu l compa n ion L O  t h is report is Forecast­

ing in a Compel i t i.vc E/e l ri c i ty Marlw (TR- 1 10424) ,  
t he proceedi ngs of EPRl' e leventh electric ut i l i ty 

forecast ing ympo i um .  
• For more informat ion, co1 1 t ac r  Ahmad Faruqu i ,  

(650) 855-2096. To ore/er, ca// 1 /ie  EPRI Dislribu-

Uon Cen te r, (925) 934-421 2 .  



LightPAD 2.0 

T he rapid growth or l igh t ing on r at ion. program i n  
rec n t  year h a  r ul t ed in i ncrea e d  demand for l igh t ing 

audits . P Rl' Ligh t PA D o ftwa re i design ed to im prove the 
speed and accuracy of t hese audits . l t  may b u ed to quickly 
esti maLe a bu i ldi ng's l igh l ing ene rgy consumpt ion and cu rre n t 
l ighting levels or Lo define and compare alternative l igh t ing 
system . For ease of u e at the work site, LightPA D  2.0 i 
de igned to operate on both desktop and portable compu ter , 
i ncludi ng notebook and l ightweight , pen-ba eel tablet compu ter . 
• For more informa t ion, contact EPR I 's  Light ing l 1 1fonnaUon Office, (800) 

525-8555. To o,·der; call t h e  Elect ric Power Softwa re Center; (800) 763-3772. 

PQ Database for the Healthcare Ind ustry 

T he ophi Licat d ho pita! environ men of today 
are fu l l  of advanced e lectronic devices that can 

be vu l nerable to power qua l i L }' problem . E PRl 
developed the Power Qua l i L  Databa e for the 
H a l t hcare l ndustr}' (CD- 1 09 1 29) to help ut i l i t ies 
and t h e i r  customers iden t i fy, solve, and prevent  

such problem . h i  product i t he  fi r  t indu try-
peci fic power qual i ty and electromagnet ic compati-

bi l i ty reference da taba e to be de eloped . De igned 
for u e w i t h  EPRI' broader PQ Databa e, al o avai lab l e on 

compact disc, the databa e is a searchabl e f i le cont a i n ing 21 case studies and four 
sets of sy te rn com pal ib i l i ty Le t reports . A documen t tem plat e customized for 
medical fac i l i t ies i included o that u ers can deve lop t he i r own case stud i es . 
• For more informa t ion , contact Sid Bhau, (650) 855-875 1 .  To o,·de,; cal l t h e  Elec t ric 

Power Software Cen te r; (800) 763-3 772 .  

Digital Smart Ground Multimeter 

I
ncreased com pet i t ion ha l ed to more sales and purchases of ele t ric ut i l i t y  
substat ions. The  digital man Ground Mu l t imeter ( GM)  offer powe r com­

panies a fast , accurate way to a es ub tat ion de ign ant i  in tegri ty t o  en ure 
the soundness of the i r  i nves tmen t  as wel l  a the  afety o f  t hei r worker . i ng 
advanced cu rren t- inject ion Le h n i ques and digita l s ignal pro e s i ng, t he  GM 
can quickly and easi ly measure t he ground im pedance on substal ion ground­
ing  systems-regardless of wheL11er they are energized or de-energized . The 
SGM can also mea ure touch vo l tage, step vol tage, o i l  resist ivi ty, tower 
ground resistance, t ra ns[ r voltage, and low i m pedance/con t in ui t y. 
• For more i , iformat ion, conta t jeny Melc/1e ,; (650) 855-2299. To orc/e,; ca l l  Lyn 

Cosby al rlood-Pa 1 t erso1 1  & Dewa ,; (404) 296-5990. 
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Around the World 
Focus on internationa l projects and a l l ia nces 

International Interest in 
Y2K Project Rises 

A 
growing n umber of i n L ernaL iona l 
companie are Joi n ing w i lh  .S .  

fi rm i n  P R !' Year 2000 (Y2K) Embed­
ded y Lem P roject , which a i n  LO he l p  
part i c ipant get a handle n t h e  Y2K 

problem before the fa t-approach i ng d ad­
I ine of January l .  2000. 

o fa r, t he  program part ic ipants  inc l ude 
com pan ie from us t ra l ia ,  Barbados, 
B nnucla, anada, t he ayman l land . 

h i na, olombia, ngland , Fi n la nd, 
France, I rae l ,  Mex ico, t h  Ph i l ippine· . 
Puerto Rico , t .  Lucia, and oll lh  frica . 
M ore in ternat ional companies are e, -
peel ed t o  fo l low u i L  i n  t he coming 
month ; among tho e t hat have e.xpre ee l  
i n terest are compan i  i n  Egypt , Ger-
man , Hol lancl , Japan , Korea, and Ru ia. 
l n  adcl i t i  n ,  man , Y2 1  program part ic i -
1 ants based i n  t he Un i ted lates ha e 
opera t ion in outh  America , urope , 

u tra l i a ,  and ia .  
The PR! program w tablish cl in 

October 1997 to add ress the Y2K · ue i n  
embedded computer · y  tern (computer 
hardware and finnware ) . Th is um mer, i t  
was e ·paneled to incorporate the concerns 
of nat ura l gas transm ission and distr ibu­
t ion com panies. As o f  mid- ovember, 
1 1 0 companies had jo i ned the  program , 
i nc l uding ut i l i t ie , maj r o i l  compan ies, 
ga pipel ine operators, te l  ·communica­
t ion compan ie , and mi ning firm . 
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EPRI's i n it ia t i  e i designed LO i ncrea e 
u nderstand i ng o f  t he Y2K issue i n  em­
bedded com pu ter s tems. The part ici­
pan ts can u e Lh is u nderstand i ng to 
en hance t heir own remediat ion work . 
Y2K is an  i n fra t ruct ure problem t hat has 
t he p te nt ial to impa t EPRl  member , 
their upplier · .  and  t hei r cu tamer . The 

aL ion for the power indu -
t ry cou l d be sign ifi can t ,  

wi th  proble ms rang­
i ng from ystem 

ou t age to re­
duced p wer 
qual i t  i f t he  
i ue i not  
appropriaLel 

add re ed. 
The program 

membe rs share i n -
f rmat ion  th ro ugh u h ave nue a. q uar­
terly \ orl sh p- and  E PRI' Y2K Web i te . 

parti ipan i n  t h  program,  ompa­
n i  can maxi mize the  va lue  o f  t he i r  i n ­
hou e re ource b avoiding dupl i  ate 
effort , and the can b nefit  from the les-
ons learned b ot her companie . Over­

a l l ,  t hey can acqu i re a br ade r  pe r p c­
t ive on the Y2K prob le m , t he abi l i ty to 
ben h mark the i r  e fforts, a greater vo ice i n  
the  vend r co m m un i t , and  t he capacit 
Lo accel erat t he i r  own rk .  

s joe Wei of · P R L  c. pla i n , i n terna­
t ional companic u c m uch of t he amc 
operat ing e 1u i pmen t  t ha t . .  com pan ies 
u c . "A l t hough t here arc ca in which 
t he  equipme n t  i s di fferen t t he  methodo l ­
ogy a nd  approach be i ng hared i n t he 

PR I program are d i rect l y  appl icable, '  
e i  , , ho heads up the tech nical 

a p ct of the pro ram . "The Y2K is u i 
j u  t a re l evan t  1 0  t h  i n t  rnat ional com­
muni ty. Eve on i , rki ng LO keep the 
l igh ts on , keep L hC oi l n wing, and 
maintai n the pr duct ion of fu ndamental 
commodit ie  . "  
• For m o re  i 1 1fon11a t io 1 1 ,  cvnta t ]oc Weiss , 

(650) 855-2 75 l .  

New EPRI-ESKOM Center Targets 
Power Systems 

A new PR! en t er. conceived to 
add res the many transmi  ion and 

clisnibU L ion chal leng outh frica fac 
i nce eme rging from its period of pol i L i ­

cal , economic, and techn ical l olat ion , 
j ust completed it first year of operation .  
Launched jo intly by EPR I  and E KO M-
ou th  Africa' l a rge t l ec t ric ut i l i ty­

on o emb r 3 of la t year, the ou l h  
A frican Power tems tudi l n. l i t u te 

P I )  focuses on trai n ing and re earch 
i n p � er t 111 anal si , p l ann i ng, op-
era t ion , and con t ro l .  

I n  ou th  frica' now- normal ized 
pol i t ica l env i ronmen t , engi n e 'r mu t 
plan for the  intercon nec t ion  of previ-
ou  I i olated regiona l  L ransmis ion net­
work . uch in t erconnect ion a re t ak ing 
place a t  a rapid ra t  . t the ame t ime, 
co L pre ures and other facLOr mean 
t hat more power i r qu ired to now alon 
e · i t i ng t ran  mi sion corridor . clding 
to Lhe chal lenge i a big pu h for elect r i -
1ea t ion t hroughou t the  coun t r  and 
outhern Africa in genera l ; t he  de l i er 

network mu. t be expanded to p rov ide 
t he addi t iona l energy at de rea i ng co t 
per connection . And the emergence of 
ne-. compe t i ti ve and coopera t ive power 
pool requ ire t hat nerwork design , 



control , and operation must be weU 
understood. Power qual i ty is also a 
growi ng co n cern. 

Clearly, engi neers in southern A frica 
must take extraord iuary care in design­
i ng and operat ing the region'  fu ture 
power del ivery Hetwu rks. Huweve.r, the 
kills needed to tackle the new Lechn i ca l  

chal lenges are not abundant in the re­
gion. SAPSSI (which is not to be con­

fused with  a not her EPR T - E KOM cen ter, 
the Sout.11 Arr ican Cent re for E enl ial 
Conununi ty Services) was created to 
bridge th is gap. I ts main goal is Lo hel p 
enable the region's electric.il-y industry 
Lo optimize and expand its transmission 
and  di uibution net works. SA PSSJ is 
worki ng toward this goal through for­
mal train i ng and educat ion , supported 
by rechno log uansfer, appl ied research , 
aod teclmical consultation . 

The key priority i n  the cen ter's first 
year was to train practicing engineers in 
the application o [  EPRl R&:D rel evan t to 
the i sues t hey face.  l n  al l , 22 training 
courses, seminars, and workshops were 
held , wit h  most of the attendees from 
South A frica. he LOpics ranged from 
sys tem !abi l i ty to Flexible AC Tran m is­
sion System, or FACTS , technology. 
Ult i mately, the center aims to establish 
itself as the  "inst itute of choice" in. power 
system traini ng and research ror al l o f  

sou thern A frica. 
Once SAPSSl's training 

and research plan has met 
its objectives, EPRI and 
ESKOM wi l l  consider start­
ing a for-pro fi t  consu lting 
and troub l eshooting sub­
sidiary. The EPRI - ESKOM 
part nership has agreed to 
finance the center for th ree 
years, after which i t  will be 
self-supporting. 
• Fo,· more inf omiat ion , con­

tact Ray Lings, (650) 855-

2 1 77 .  

EPRI Ramps Up International 
Loan-In Program 

R ecogniz ing Lhe great value that inter­
national personnel bring, EPRl is 

working to enhance the program whereby 
employees of i ts i n ternational member 
companies are loaned to EPRI for as ign­
mems ranging from six months to two 
years .  E P R T  has a l ways valued a world­
wide pe rspec tive; i ts  internat ional loan-
in program dates back 20 years . But 
through EPRT l nternati onal a new d iv i ­
sio n lau nched last January, EPRI has 
placed increased emphasis on formaliz­
ing thi program. 

As part of this e ffort, in Ju ly .EPRI 
establ i hed the T n terna l ional Loan-in 
Forum-a series of bimonthly meetings 
at which the loan-i n employees discuss 
their needs and provide valuable insights 
on the international market. (The foru m  
i s  cochaired b y  Robert Holmes , a loan- in 
employee from PowerGen of the Uni ted 
Kingdom, and Manha lcNeal ,  EPRI 
l n temational 's genera l manager o f  sa'les 
opera tions.) And this fa l l ,  fo r the  fir L 

t ime . EPRI asked the international loan­
in personnel to review some proposed 
research targets in order co a e Lheir 
po t e nt ia l  val u e L o  the in t ernat i onal 
comm u n ity. 

" Having these employees on- ite ha 

been a tremendous bene fit , '' says G reg 
Lamb , a customer service manager for 
E P RI l n temational. "They o ffer us a very 
effective way Lo become more fami l iar 
w i th  our members' needs." 

As of early overnber, EPRL had 1 7  
in ternat ional loan-i n employees from 1 0  
coumries (Argen t i na, Fi nland , France, 
Japan .  Korea, Mexico, Poland, South Af­
rica, Sweden, and the  United Kingdom ) ,  
Typica l ly, their salaries are paid by Lhe 
member com pany, wi t h  E PRl ubsidizi ng 

so me or t he housi ng expenses. Most o[ 

the employees are middle- level managers 
and are responsible for overseeing their 
compan ies' relationship with EPRI . 

When the loan-i ns arrive at EPRl , t hey 
are given in formation on and assistance 
with housi ng, as wel l as help i n  obtain­
ing a dri.ver's l icense. EPRI also strives to 
as isl the loan-ins wi th cul tu ral  adjust­
ments-both to the U nited States and 
to the EPRI work environment. ln addi­

tion, it o ffers Engli h c lasse for these 
employees . 

l n  1 999, with i nput from the l nterna­
Lional  Loan-in Forum,  EPRl p lans LO help 
the loan-ins better define their daily re­
sponsibi lities while working at EPRI . 
• For more i nformat ion, contact Ma rt ha 

Mc ea / ,  (650) 855-2922 . 
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S T O R Y  I N  B R I E F  

Desp ite energy efficiency's 

i nherent economic and  

env i ronmenta l advantages, 

most res ident ia l ,  com mer­

c ia l ,  a nd  i ndustria l custom­

ers pay it l itt l e  heed in  

the i r pu rchas i ng  dec isions .  

Often ,  a concerted effort i s  

requ i red to t ran sform ex i st­

i ng  ma rkets-to find ways 

of overcoming ba rr i e rs to 

the adopt ion of energy­

effic ient prod ucts, services, 

and practices. I n  add ressi ng 

th i s  cha l lenge, EPR I  inte­

grates customer resea rch 

w ith techno logy deve lop­

ment, engag i ng  the rig ht 

combination of sta keho ld­

ers to produce l asti ng 

effic iency ga ins  in im por­

tant ma rket sectors. 

by Chr i stopher  R .  Pow i ck i  

magine you r  e l r working [or a major appl iance manufacturer i n  th 
early 1990s. The  U . .  Depa rL ment o f  Ene rgy has j ust indicated that 
it wou l d propo e new energy e fficiency tandards for resiclen L i a l  
wash i ng machine . The  e standa rd wi. l l  effect ively require you  to  
prod u ce and  s I I  a fron t- l oad i ng hori zo n tal-axi (H-a is) washer 
sim i lar to tho e fou nd in commercial l aundro mats . U n fortunatel y, 

93% of con u mers u rve eel expre a strong pre ference for convent iona l , top­
l oadi ng vert ical -axi (V-axi ) machi ne . 

Do you to corpo ra t e  t e �  a rd h ip out t he wi ndo� and aggressive] cha l l enge 
the t andards? Pu t  your head i n  the  sa nd ,  hop i ng t hat ot her manufacturers wi. 1 1  
develop an acce ptabl H -a xis washer t h a t  you can knoc k off and explo i t  a s  a fast 
econd? Or do ou part ner wi t h  an organizat io n that special ize in bringi ng 

energ -efficien t  technologie to com merc ia l  real i t y, revisi t  consumer p rce pt io ns, 
and take a shot at tran fo rming the  e ' i  t ing market wi th the  de e lopment of a 
t ru l  uperior machine? 

The  last opt ion  i ob iou ly t he  preferred alterna tive. But i t ' obviou only be­
cause the ept u ne fron t - loadi ng J-1-axi washer codevel oped by M aytag and EPRI 
is C Tyi ng off howrnom Doors at re tai l out lets across the cou n try. I ron ica l ly, DOE 
ha yet to offic ial I propose new wa her s tandard , but the bri k sales of the  ep­
Lune and ot her dome L ica l ly man ufact u red H -axis machin es are quickly ! ic ing 
imo the ove rwhelmi ng market hare of  the l ess-efficient V-axi mach i nes. 

"The ongoi ng t ra n  format ion  of the re ide n l ia l  washer market is just one ex­
ample in P R l 's long h i  tory of marry ing market research with the development 
and t ran fer of energy-e ffic ien t tech nol ogies and p ract ices, '  says Jeremy Bloom,  
manager o f  EPRis  market analysi and reso u rce management product l ine . 

1 

1 

1 



"There is no simple recipe for achieving 

lasnng change, because each market car­

ries its own umque problems and oppor­

tunities. Our success has come from find­
ing Lhe critical paLh for an innovative 
prod1.1ct or technology and then bringing 

to bear technical and business acumen, a 

detailed understanding of customers and 

markets, and an unrivaled iuternat10nal 

presence in energy efficiency. Once EPRl 
identifies an opportunity for substantial 

effi.ciency improvement, all aspects are an­

alyzed in detail to develop an integrated 
course of action for overcoming barriers 
1hroughout the producL cycle. By bringing 
togetht>r the right combination of stake­

holders, we intervene where necessary to 

enable lasting market effects." 

Transformation basics 

Market transformation is a fundamental 

objective or every entrepreneurial organi­

zation, from inventors tinkering in the 

garage to multinational corporations look­
ing to launch new products or services. AL 

its heart is the creation of a new set of cus­
tomer c,tpectations or needs-a vacuum 

that the entrepreneurial organization hopes 

lo be uniquely qualified lo fill . 

.. Conceptually, market transformation is 

a very simple process; it's a m,1uer of un­

derstanding and influencing the behavior 
of customers and other market actors,� 

notes Bloom. ''But making IL happen can 

be extremely challenging, as generatiOU,.'­

of entrepreneurs well know. There is no 

uniformly applicable formula. Because 

barriers come in multiple fonns, shift over 

time, and pop up in unexpected places, 

many d1r£erem types of interventions can 
be required lo achieve lasting market ef­

fects. And the watershed events in a suc­

cessful transformation are usually easier to 
identify in hmdsight than before or as they 

occur." 
Market transformation is emerging as a 

central policy objecuve of publicly funded 
energy efficiency programs. Tr-adition;illy, 

lhe emphasis has been on utility-directed 

efforts to minimize Lhe need for new gen­

erating capaClly The Califomta Public Util­

ities Commission (CPUC). for example, 

has long required the state's investor-owned 

electric utilities to offer programs helping 
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customers in their service territories im­

prove energy efficiency. As has been the 

case ln many other states, the California 
utilities have offered rebates and low­

interest financ111g, performed edttcaLional 
campaigns, provided on-site technical as­

sist.ance, and conducted other market in­

terventions to reduce barriers lo the adop­

tion of e-nergy- effment technologies and 

practices. 

Once retail competition began in the 

stale on March 31, 1998. however, the Cal­

iforrua utilities were released from the 
obligation to plan for and acquire energy 

resources for a captive sec of  customers. As 

a consequence, the costs of energy effi­
ciency programs can no longer be automat­

ically recouped tluough a regulated rate 

structure, weakening incentives (or utili­

ties to offer and manage effective pro­

grams, Tn response to these changes, the. 

CPUC detern11ned that ruture ratepayer­
funded energy efficiency programs should 

emphasize lasling market transformation 

and that program administration and im­

plementation should be open to both util­

ities and other organizations. 
From an energy efficiency perspective. 

there are four basic types of transforma­

tion: increment.al improvement of com­

mercially avai.lable products, redesign or 

reengineering of mult1component systems 

or multistep pmcesses, modif:icauon of the 

behavior or practices of  customers and 

othn 1narket a<'lnr<., and 1111ro(h1cti1)U of 

new technologies. Successfully trans­
formed markets are characterized by in­

creases in the demand for or use of more� 
efficient options These increases result 

from interventions that reduce barriers to 

the options and help bring about changes 

in market structure or fn the behavior of 
market actors. Transformation can be tem­

porary, pamal, or complete, depending on 

the. degree to which market effects last 

after lhe interventions have been elimi­

nated, reduced, or changed. In completely 

transformed markets, further intervention 
may be unnecessary. The products, ser­
vices. or practices have reached a thresh­

old-tJ1e so-called tipping point- beyond 

which they become self-sustammg. 

"EPRl has been in the business of  trans­

forming energy markets since its incep-

tion, � says Morton Blatt, djrector of EPRI's 

Energy Delivery and Utilization Divislon. 

"Identifying, developing, and commercial­

izing energy-efficient technologies and 

practices are EPRl's core functions. but 
knowing what LO pursue and how to pur­

sue H are not e-nough. Experience 11as 

shown thaL, for most cuswmers, energy ef­

ficiency is not a fundamental expect<1tion 

or need. To achieve success in the markeL­

place, most energy-efficient products or 

services must satisfy other primary needs. 

for example, they may imrrove the pro­

ductivity, enhance the quality, reduce the 

cost, or mitigate the environmental impact 
of manufacturing processes. Or they m.ay 

demonstrate environmental stewardship or 

enhance the comfort and functionality of 

home and workplace environments. ln ad­

dition to packaging efficiency with other 
preferred attributes, we need to make cus­
tomers desire energy efnciency in and of 

itself-to elevate its position 111 their hier­

archy of needs- because of its economic 

and environmental advantages. These con­
side.auons are absolutely critical in prod­

uct design, development, and promot10n. 
and they are major challenges to lasting 

market transformauon." 

First cost is also a common problem: the 

purchase price of energy-efficient products 

is often higher than that of comparable less­
efTictent ones. Unlike economists, most con­

sumers do not consider product life-cycle 

costs, ::111d long-teem energy savings are 
less certain than scicker-p1ice differentials. 

The natural reluctance to adopt new, un­
familiar, and unproven technologies and 

practices is an obstacle in all sectors. Split 

incentives are another s1gnilicant barrier 

throughout the commercial sector and in 

certain residential developments; for ex­

ample, builders or owners typically pay for 
energy-elTicient improvements, but it i.s 

the tenants who benefit from the lower en­

ergy bills. These are just a few of the many 

possible technical, instimLional, economic, 
,1nd perceptional barriers. 

EPRl's successful transformation efforts 

consist of several elements. The needs, per­

ceptions. and motivations of customers 

and other market actors guide product 

design, development, and commercializa­

tion. Alliances with government agencies, 



industry groups, major manufacturers, 
trade allies, and OLhers leverage resources, 
provide valuable feedback, and facilitate 
the identification and ellmination of im­
porlam barriers. Technology transfer acliv­
ides-including unbiased demonstrations 
and multifaceted educational and training 
programs- effectively neutralize many 
others. Given rhe inherent complexity of 
market behavior aod. the fact that energy 
efficiency is usually not a major customer 
expectation, the importance of innova­
tion and persistence throughout the 
process cannot be overestimated. 

Partnering pays off 

Working directly with major manu­
facturers to develop state-of-the-an 
products is a powerful approach For 
delivering the advantages of energy 
eCficiency to customers, primarily be­
cause manufacturers already know a 
lot about their markets. From the out­
set, the Neptune washer's develop­
ment was driven by customer percep­
tions and market conditions. 

than 98% of U.S. residential washer sales. 
From an operating perspective, however, 
H-axis teclmology makes sense only in a 
front-loading configuration; a top-loading 
machine would require an inconvenient 
two-door design, with an external door 
providing access LO a curved internal one 
in the tub itself. 

"We were nying in the face of conven­
tional wisdom, given stated consumer pref­
erences, buc we thought I-I-axis Lech:nol-

''ln lhe early 1990s, lhe re.c;iclential 
laundry market stood out as a segment 
ripe for rapid u·ansition to higher-effi ­
ciency technology," says John Kessel­
ring, EPRl project manager. "DOE was 
beginning to look at 11ew standards, 
and the Lechnology platform required 

Digging below the surface of customer research re-

to meet them was already available. 
But the high-eITiciency H-axis wash­

vealed that consumers were not averse to energy­

efficient front-loading clothes washers per se but to 

the bending and stooping they seemed to require. By 

configurations and LO gain further insight 
into consumer beliefs. 1n parallel, EPRI, 
DOE, the U.S. Bureau o[ Reclamation, and 
26 electric, gas, water, and wastewater 
utiJilit:.s (primarily in the western Un.ited 
Slates) launched The High-Efficiency 
Laundry Metering and Marketing Analysis 
(THELMA) Project in 1993 to analyze per­
ceptions or washer technologies and fea­
tures through focus group discussions, 
nationwide consumer surveys, and imer­

\�iews with manufacturers, dist1·ibu­
Lors, and retailers. 

"Careful interpretation of market 
research is a must, because cusLomers 
don't always say exactly what they 
mean," explains Kesselring. "We 
quickly learned that customers were 
not saying Lhey would never purchase 
a front-loading washer. Instead, they 
were expressing dissatisfaction with 
the bending required to load and un­
load laundry lhrough the small door 
typical of conventional front-loaders. 
Ergonomics became a major design 
issue.·' 

Other identified harriers to residen­
tial market peneLracion included con­
Sltmer satisfaction with V-axis wash­
ers, unfamiliarity with H-axis tech­
nology, concerns about capacity and 
cleaning performance, and higher 

ers that dominate European markecs 
were attracting scant domestic inter­

working out new technical solutions to this ergonomic 

problem, EPRI and Maytag created the extremely suc­

cessful Neptune washer. 
est. Clearly, we needed a better under­
standing of consumer needs and percep-

costs. None were perceived as insur­
mountable; rather they provided crit­
ical feedback for technology develop­
ment and market imerventions. 

The Neptune incorporates major 
ergonomic innovations: LO facilitate 

loading and unloading, the tub is tilted 15 
degrees from the hori.zontal and is ac­
cessed �hrougl1 an extrawide, "slant-front" 
door. Tn addition. the tub has a capacity of 
2.9 cubic fcct-20% more usable capacity 
than in standard Lop-loading machines. 
Further important selling points for the 
Neptune and other H-ax:is washers were 
quantified in  THELMA field tests sup­
ported by DOE: H -axis machines use 65% 
less energy and 40% less water than V-ax.is 
machines and are 25% more effecl'ive at. 
soil removal; they also remove up to 30% 
more waler during the spin cycle, for 
shorter drying cycles and addiLional en­
ergy savings. 

tions in order to develop H-axis machines 
cbat would move in the U.S. marketplace. 
Tbe alliance with Maytag in 1992 provided 
immediate access to application-specific 
inlormation about customer beJie(s. And 
there were other advant<1ges: attaching a 
brand name to oew teclwologies can help 
overcome consumer confidence barriers, 
and established marketing, sales, and ser­
vice infrastructure c:an eliminate barriers 
to commercial success." 

Maytag's market research had uncovered 
an extremely strong preference for the top­
loading configuration characteristic of the 
Y-axis machines that account for more 

ogy was wonh pursuing because future 
energy efficiency standards would virtu­
ally ensure a significant market share," says 
Maytag's Dick Stilwell, director ofR&D en­
gineer1ng services. "We joined olher man­
ufacturers in expressing concern over the 
standards, bu1 we had a small project go­
ing on i.n the background, just Ln case. 
EPRl's interest in a joint venture piqued 
managen1ent interest, and the more we 
looked at the tecbnolog)', the more enthu­
siastic we got." 

To guide the development· of an accept· 
able and workable design, Maytag con­
ducted surveys to evaluate responses to 
wooden mock-ups with various loading 
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Maytag introduced the Neptune to resi­
dential consumers in a nationwide markel­
ing campaign in June 1997. Meanwhile, 
under THELMA. electric and water utili­
ties in the Pacific Northwesl collaborated 
with dealers on promotional and educa­
tional programs For high-efficiency wash­
ers. The utilities also designed incentive 
programs on the basis ofTHELMA recom­
mendations, offering cash rebates of up to 
$150 at rhe point of purchase. 

"All across the counlry, consumer re­
sponse to _ Lh�1:cw�o_era_ tion of high­
efficiency machines has far exceeded ex­
pectations," says Kesselring. "The Pacific 
Northwest utilities, which had set aside re­
hate funds (or about 2800 washers during 
the first year, had 10 dig in LO their poc.:kets 
for almost four times lhat amount to meet 
the demand, which represented a 10% 
jump in market share for H-axis machines. 
On a national level, the Neptune's sales fig­
ures look very good- Maytag has bad to 
double planned production volume-and 
ocher domestic manufacturers of H-axis 
machines are benefiting from increased 
consumer awareness. Tl IELMA research 
indicated that U.S. consumers would buy 
high-end, high-efficiency washers iJ lhey 
were American made, and experience is 
bearing thal out." 

Adds Stilwell, "AlthoLtgh the Neptune 
has carved out a pretty good niche, there's 
an even great.er opportuniry within sight. 
We recently proposed an industrywide 
collaboration with environmemal groups 
to reach consensus on DOEs standards. 
We've come full drcle: the anticipated 
standards that looked like a threat just a 
rew years ago now represent an orponu-
11ity for greater market share. The sooner 
they are in place, the more dramatic the 
market transfom1ation, and the better it 
will be for Maytag." 

Raising the bar on efficiency 

Notwithstanding Lhe Neptune's triumph as 
an example of market transformal.ion via 
new product introduction, simply working 
wi.th major manufacturers to build a better 
mousetrap is no guarantee of success, as 
EPRI's work on another residential tech­
nology-electric heat pumps-illustrales. 

EPR1's interest in increasing heat pump 
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market penetration through incremental 
technology improvemem dates back to the 
late 1970s. By combining space heating 
and cooling capabilities. heal pumps are 
often more efficient than the standard 
two-technology solution-heating via 
electric resistance units or gas furnaces 
11ncl cooUng via electric ,1ir conditioning 
units. The HydroTech 2000 heal pump 
was commercially introduced in January 
1989 by EPRI and Can·ier Corporation 
after an eighl-year joint development pro­
gram. ln addition to being 30% more effi­
cient at space cond.iLion-i ng than conven­
tional air-source electric heat pumps, the 
Hydro Tech 2000 offered water beating and 

The most advanced electric heat pump of its 
time, the Hydro Tech 2000 failed commer· 
dally because of its high initial cost. Never­
theless, the HydroTech's unprecedented 
efficienq and innovative features were too 
important for the marketplace to ignore and 
were soon incorporated into other, more suc­
cessful commercial products. 

a host of new comfort, control, and reli­
ability features. 

"From a purely reclmologkal stand­
poinL, Lhe development effon was a suc­
cess, producing lasting market e[ectS," re­
calls Kesselring. ''Within a couple o f  years, 
virtually all electric heat pump manufac­
turers were offering units approaching the 
HydroTech 2000's efficiency; penmmently 
raising the bar for the technology. Also, 
such innovative features as mulLiplc-speed 
indoor fans, self-diagnostic capabilities, 

and integrated water heating and space 
conditioning began popping up in orheT 
commercial products. The problem was 
that we advanced heat pump technology 
beyond whaL the market would bear, pro­
ducing a unit with unprecedenred effi­
ciency, performance, and comfort but at a 
cost prohibitive to all but the most avid 
technology en1husiasrs. This experience 
emphasized tl1e: importimce of market re­
search in setting technology development 
goals and in devising eITeccive <.:ommer­
cialization strategies, and we've certainly 
taken the lesson to heart." 

EPRl's subsequent heal pump activities 
have focused on major market barriers: 
have targeted specific market segments, 
such as manufactured homes and multi­
family buildings; and have been guided by 
cuslomcr oeeds, including affordability as 
well as comfort and reliability. In the early 
1990s, for example, research revealed a 
stubborn market barrier LhaL was substan­
tially limiting the penettation of all heat 
pump products: although the lechnology 
offered some clear advantages over tradi­
tional c;pace conditioning options. i1s sales 
and service infrastructure was lagging be­
hind. Salespeople tended to recommend 
rhe conventional systems they knew best. 
Consumers who did buy heat pump equip­
ment sometimes experienced problems be­
cause of faulty installation or inadequate 
maintenance-problems that sullied the 
technology's reputation, 

In response, EPRI initiated a market in­
tervention effon to increase customer sat­
isfaCLion wirh heal pump technology by 
promoting the development of strong sales 
and service networks. Support from Lrade 
groups and major manufacmrers and sttp­
pliers was enlisted to form rhe North Amer­
ican Technician Excellence (NATE) pro­
gram, which provides certification. services 
for technicians who work will1 electric 
heal pumps and other heating, ventilation, 
and cooling (HVAC) systems. 

"By increasing the competence of tech­
nicians, the NATE program is expected 
to enhance the quality of heal pump in­
stallations and maincenance," says Nance 
Lovvorn, manager of marketing training al 
Alabama Power. ''This will allow the tech­
nology to perform as billed, which at pres-



e n t  i far more i mportan t o n  t he h w­
room floor t han any add it iona l  efficienc 
gai ns. Dealer who know t hat cu tomer  
expectat ions wil l  be  met are l i ke] lO pu h 
electric heat pu mps more aggressive! 
than they have i n  t.he pa L , a nd sat i fied 
cu tomer  arc l ike ly  10 boo t word-o r­
momh a I . " 

The power of advocacy 
Energy-efficien t refrigerat ion ha 
great co t- av i ng potent ia l  for uper­
markets, since rerrigerat. ion y tem 
account  for the majori t  I of th L r  
el ctr ici ty co t s .  Bu t  when EP R I ' ef­
fi c iency i m p rove men t  program was 
in the formative tag in t he  mid-
1 980s, Lhe  in i t ia l  chal lenge wa to re­
open the l ines of n m munica t ion be­
twee n supe rmarket com pan ies and 
electricity providers. "The appear­
ance and l i fespan of perishabl e food-
t uff -which t rongl i n O ucncc 

store profi tabil i ty--de pen d on rel i ­
able refrigerat ion and u n i n t e r ru pted 
e rvice , "  ay .uke h K hatlar, PR I  

a ceptancc. To overcome the  performance 
uncertai n ly  barrier, we gave t he industry a 
major  rol in dcsign i  ng a fie ld demonstra ­
t ion program that w u ld prov ide the  rea l ­
world ope ra t i ng  da ta requ i red for i n­
formed techno logy dcci i n maki ng. ·· 

In 1987 ,  a s t a te-of- L hc-an refrigerat ion 

project manager. 'The upermarket 
i n du  try had formed a negat ive per­
ce pt ion of ut i l i t i  because of t he ad-

er e effect - of un fore cen power i n ­
terru pt io ns, eve n  t hough the)' were 
in frequen t ." 

refr igeration equipment 
facing a hard sel l at super­
markets, EPRI proved the 
technology's reliabil ity 
and cost savings in a com­
parative demonstration at 
a busy Safeway store. The 

E P RI sponsored a na t ional work-
hop to brca l  t he i ce, br ingi ng to­

get her the uti l i ty, supermarke t ,  and 
refrigera t i n indu t r ies to ·tabl i h a  
j i n t  t echnology plann ing  and devel­
opment proc s .  t t h i  \ ork hop, 

convincing performance results, widely dissemi­
nated by supermarket organizations, ut i l i t ies, and 
other al l ies, helped increase the market share for 
high-efficiency equipment from less than 5% to 
more than 50% within two years .  

t h · 
capabi l i t ies o r  ome r cen t !  devel oped 
high-efficiency re fr igerat ion yst cm were 
des ri bcd b equipment man ufact u rers, 

u t  u permarket repr enta t ives xpr eel 
d ub about field effc ti nc and  re l i ­
abi l i t y. 

" P Rl' or ig i na l p lan was L o  pur ue the  
de  elopment o[ new refrigerat ion tech no l ­
ogy, but we found tha t  ignificant el'ftciency 
gains cou ld be rea l ized j u  t b i nc rea i ng 
t he use of certa in  recen t ly i n t r  d uced 
equipmen t," recal l Khau ar. "Bul because 
refrigera t ion y tems are mis ion cr i tical , 
'laboratory test resu l ts and man u facturer · 
rel iabi l i t and effici ency clai ms were 11 0 1  
enough t o  gai n  t h e  supermarket i nclu t ry's 

s stem \ a i nstal led i n  the  mac h ine r om 
of a busy a l'ewa ' s tore i n  cn lo Park, 

l i fornia, r igh t ne t 10 a conventional 
com mercial ·y tem . The Lv o sy tems were 
opera ted imc rchangeabl , enab l ing quan­
t i ficat i o n  and comparison o\ '  c l e t ric i t y  
co nsum pt ion  under t h  . amc fie ld cond i­
t i o ns .  The new system-which i ncl uded 
such feature a a mu l t iple 'eel com pres or 
cl ign ,  e a pora t i  e condcn er , noat i ng 
head pr u re, h t-ga cl rro L ing, mcch 11-
ica l and ambien t  u bcool i ng. and l i qu id­
to-sunion heat exchangers-red uced peak 
demand b 30% and u eel 13 '  le s energy 
overa l l .  I n  add i t io n ,  o nccrn about 
t em i n t cgrat ion we re :H i ficd ,  and re­
q u i rement.  as ociat ed w i t h  re l iabi l i t  , ease-

of perat i 1 1  and maintenance ,  and food 
quali l} were me t  or e ceeded. 

The fi nding were disseminated through 
i ndust r chan nels .  The al o recei ved a 
sta m p  o f  , pprova l  fr m a de ign revi w 
pan  1 L h a t  was fom1ed by PR I  and i n­
c l ud d stor wner and operawrs, ut i l i t ie , 
and ot her market actor . 'A l t hough the  su­
p rma rk t i ndu t ry's response was gradual , 
the re u l t s  were dramat ic . arly i n  ta l la­
t ion in a r i ous o perat ing environ men t 
proved ucce.s ful .  boo t i ng con fidence 
and adding lO t he momen t um .  Wi t h i n  two 
yea r , t he  mar e t  hare for high-efficiency 
re frigera t i  n equipment i ncreased from I · 
t han 5% 10 ove r 50% , " a Khattar. " u -
1omcr i nvo lvemen t and advocacy ruc led 
thL t ran fom1a t i o 1 1 ,  as gro e tor · and 
ene rgy com pan ies worked togeth r toward 
com mon goals . " 

The superma rke t i ndu  t ry's needs con­
t inue LO gu ide _P R I ' effo r t s  to i n rca e en ­

erg e fficiency. ew 
high -e!Jic ienc , t o re 
designs and Le lmo l ­
ogies such a s  i mel l i ­
gen t de frost i ng and 
dual - path 1-1 A s s­
tem are bei ng de­
veloped and dcmon -
t rat ed i n  col l ab  ra­

t ion with major 
food re t a i le r  , e ne rgy co m pan ie , equi p­
ment  man u facwrcr , com ponen t u ppli­
e r  , and other market actor · . Wo rki ng 
wit h t he  major grocery chai n -a dozen to 
da 1 e-i an importan t  e l  men t  i n  PR I '  
t rategy, bccau e proven e ffi c ienc gai n  i n  

on to re an lead 10 corporaLc- level de-
ign changes \ i th r gional or nat io nal 

be ne fi ts .  ·arcwa , for example, has wid I 
adopted cost-effecL ive effic i  nc m a u rc 
on the  basi o r  the  te t tore dem 11 t ra­
L io n  re u l l 

"We l ook at energy effic iency , a great 
opport un i ty ror pro fi t making-anyt h i ng 
t hat cut .s costs wi t h  ut impac t ing ale 
goes s t raight to the  bot tom l i ne:· a '  Rob 
Uhl ,  re fr i gera t ion manager for a feway. 
"Bu t  we a rc i nheren t ly  su piciou o[ man­
ufa t u rer ( ffer ing h igher-efficiency tech­
nolog . - PRJ eparat e the  w heat fro m th 
chaff by demon ! rat i ng  new eq u i pment  
u nder real -world condition , producing 
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the performance data we need for effective 
technology evaluations." 

Elevating awareness 

In some sectors, participants are so lo­
cused on meeting a single business objec­
Live that they become blinu to other op­
ponunilies for improving performance, 
such as increasing energy efficiency. Mu­
nicipal water and wastewater (MWW) util­
ities share one overarching gonl: to 

protect public am.I environ111e111al 
health by meeting regulatory re­
quirements. In complying wir.h c.x­
lsLing and emerging standards, wa­
ter supply and wastewater treatment 
facilities use huge. and growing, 
amounts of electricity. These facili­
ties currently account for about 
2 - 3% of total U.S. electric power 
consumption. To increase Lheir en­

'' The !a"ct or's single-minded emphasis 
on meeting regulatory standards had over­
shadowed tJ1e consideraLion of energy 
costs," says Jones. "By raising municipal­
ities' awareness of Lhe economic ramifica­
tions of energy use, we thought we might 
bt> able lo create the impetus for more-effi­
cient operation." EPRl's market interven­
tions, combined with lightening municipal 
budgets and the trend toward plam priva-

"Once Lhey have a foot in the door, utili­
ties can oiler facility-specific operating 
strategies, incentives for Lhe purchase of 
more-efficient equipment, or rate pro­
grams that yield utility load management 
benefits as well as energy and cost savings 
for the customer," 

On the basis of detailed audits, payback 
peiiods can be calculated and staged im­
plementation plans developed for imme­

diate, low-cosL operational mocli-
6catio11s and longer-term, capital­
intensive improvements. Common 
recommendations include the re-
scheduling of 11011critical opera­
tions, the purchase or standby gen­
erators to reduce peak demand, and 
the installation of more-eITicien t 
equipment and modem instrumen­
tation and control systems to opti­
mize energy-lmensive operations. 

"Energ)' surveys have been per-ergy efEiciency, EPRl initiated a co­
operative MWW program in 1990. 

''Going in, we knew that trans-
terming this market to promote 
wiser energy use was rossible but 

On,site energy audits, new design standards.and system 

optimization guides are helping to increase the energy 

efficiency of ozonation facilities and to dispel the miscon-

lormed at more t.han 50 facilities in 
our service territory since 1994.'" 
says Elizabeth Kimmel, industrial 
and commercial market manager ar 

ception that ozone technology is a prohibitively expensive 

that we had to take into account a 
solution for municipal water disinfection. 

few intrinsic challenges," recalls l::PlU:S 
Myron Jones, then project manager. 
"\.\'hen you are dealing with publk am.I 
environmental health issues, some degree 
of ovcrconscrvatism In system engineering 
and operations is necessary. So we had to 
determine where, and hy hriw much, en­
ergy efficiency coulJ be. increased without 
compromising safety. But Lo have any im­
pact in the marketplace, EPRI first had Lo 
position itself as a credible source of tech­
nical infonmHion and expertise- as lln or ­
ganizalion that understands che municipal 
water and was1ewa1.er industries and can 
worl< within their insliwlional framework 
LO meet regulatmy requirements in a more 
co�t- effective, energy-efficient way." 

Collaborative alliances were established 
with EPRJs counterparts in the water and 
wastewater fields, the American Water 
Works Association Research Foundation 
and the Water Environmem Research 
foundation. respecLivcly. Through Lhcse 
and other industry connections, market 
research was conducted to iclentif)' signifi­
cam energy efficicn<:y O[)ponunit.ie.s and 
barriers. 
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tization or contract operation, are over­
coming these ins1i1u1ional barriers. Simple 
wnsdousness-raising was the first step. 
Thousands of brochures and educational 
materials were distributed to help plant 
managers and oLher l<ey municipal deci­
sion makers understand electricity pricing 
andl to give tbem infonnation on the po­
tential cosl savings and operational advan­
tages associated wilh efficiency upgrades. 

In addition, the technical services of­
lered b)' EPRl'.s MWW program were 
widely publicized. This program, adminis­
tered by the Communiry l:.nvironmental 
Center (CEC) at Washington Universiry in 
St. Louis, performs energy audits anJ 
helps optimize the use o[ existing and 
emerging energy-intensive technologies 
andl practices. 

Audits have been conducted at numer-
ous MWW facilities Lo determine where, 
how much, ancl how efficiently electricity 
is used. frequently, audits are subsidized 
by the local electric utiliLy. "Audits are a 
grear. way to learn more about important 
cmtomcrs," says Keith Carns, MWW pro­
gram manager and director ofEPRl's CEC. 

PECO Energy. "These surveys have 
awakened facility managers to opportuni­
ties for significanL bortom-line savings and 
have led to the implementation of energy­
efficienl technologies and practices by 
many of our customerc;. In acldit·ion, the 
surveys have positioned us as energy con­
sultants who know Lhe water and wasLe-
-..vater business." 

EPRl's technology-based efforts comple­
ment the auditing aCLivities in promoting 
awart:ness of, and confidence in, more­
efficient processes and practices. These er ­
forts focus on energy-intensive operations 
identified in prior market research. such as 
pumping, aeration of wastewater, and 
ozone disinfection of drinking water. Mar­
ket intervemions take the form of technol­
ogy innovations, performance evaluations, 
(ield testS, large-scale installations, operat­
ing guidelines. technical reference materi­
als, conferences, and training semjnars. 

For pumping systems. new operating 
strategies, supervisory c011trol and data 
acquisitit)n systems, and a<ljustable-speed 
drives are reducing overa.11 energy use al 
many MWW facflities. In aeration-based 
wastewater treatment, fine-bubble dif-



fusers and feedback control systems arc 
decreasing electricity consumption with­
out sacrificing treatment performance. 
One example is a new, high-erfkiency fine­
bubble dif

f
used-air system known as the 

Biomixer, which EPRI has helped overcome 
performance unccnai nty baiTicrs. 

�EPRl's structural and process engineer­

ing review, pcrfonnance testing, and subsi­
dized installation have been absolutely 
critical in gaining market acceptance," Sa)':> 
Wayne Bailey, president and CEO of Bio­
mi.xer Corporation. "With EPRI's backing, 
we reenginecrcd our rroduct LO maximize 
operating and energy ef

f
icienC)' advantages 

for customers and then conclusively dem­
onstratcJ them in the ricld. The Biomi.xer 
is now perceived as a proven aeration so­
lution, as evidenced by increased market 
interest and a growing number of com­
mercial installations.'' 

In some cases, the problem is not in sdl­
ing the advantages o f  a technology hut 

and quality To get a true handle on opn­
ating costs. we've helped optimize existing 
installations by matching ozone produc­
tion to disinfection requirements and b)' 
improving mai ntcnancc practices.'' 

EPRl's reference and optimization 
guides for ozonation facilities arc being 
widely applied to help improve operating 
efficiencies, yielding average energy sav­
ings of 10-15%. Design standards are b e ­
ing developed t o  minimize oversizing and 
promote s1aged construction and thus to 
reduce installation costs. Also, new geo­
metric configurations for contact basins 
$how promise for improving energy effi­
ciency by minimizing the amount of ozone 
required to treat a unit volume or waler. 

Industry analysts 
precl ict that cl u ring the 
next 10 years, facilitie.!> 
producing over LS% 
of U.S. drinking water 
will switch to ozone 

• • 

in correcting misconceptions. 
Ozone disinfection S}'Slcms 

for drinking water facilities 
provide an example. The in­
stallation of these systems 
is largely being driven by 
tougher regulatory require­
ments to eliminate persistent 
pathogens, such as C1yptu· 
sporidium, :111d 10 control b)'­
products o f  traditional chlo­
ri na1 ion disinfection, such as 
trihalomcthanes. Ozone wa-
ter treat men l should be an 
eas) sell, since it's the only 
technology that can effec­
tively deal with both chal-

The development of a mobile demonstration unit was the 
key to promoting highly efficient membrane technology for 
by-product recovery and recycling at food processing plants. 
Designed with the support of utility and food industry or­
ganizations, the unit lets food processors try out dozens of 
commercially available membrane products to identify the 

lenges. "But ozone systems 
most effective system for site-specific needs. 

have a reputation for being tremendously 
cosily to install and operate, causing water 
treatmem facilities to think twice hcforc 
committing to the technolog}�� explains 
Carns. 

�Transforming the water uisinfcction 
market requires that we eliminate the de­

cision-making barrier createtl by cost mis ­
eonccpLions. The problem is that ozone 
systems are typically overbuilt, and en­
ergy-intensive ozone generators arc com­
monly run nonstop at full capacity, with 
no regard for variations in water quantity 

disinfection. EPRJ's unbiased assessments 
and practical guidelines are facilitating 
this market transfurmation b)' making the 
decision 10 switch easier from an cco· 
nomic perspective. 

Taking the mountain to Mohammed 

lnnovative interventions can be as impor· 
tant to lasting market tra11sfon11a1ion as 
sound, energy-efficient technology, as dem­
onstrated by EPRI',; efforts IO increase the 
use of membrane technology for the re­
covery and recycling of hy-products in the 

food processing industry. ln  the early 
1990s, selling the bouom-line advantages 
of by-product recycling to this sector was 
not the challenge. Transforming typically 
dbcardcd by-products into useful process 

inputs reduces the consumption of raw 
materials and increases total process effi­
ciency: cuts waste treatment and disposal 
costs; rrduccs the regulator}' responsi­

bilities associated with the discharge of 
efnuents and the landfilling of solid,;; and 
demonstrates corporate environmental 
stewardship. 

Moreover, membrane filtration systems 
are more compact, modular, and selective 
than conventional evaporation and clislilla.­
tion systems. Anc.l I hey afford riglobal" en­

ergy efficiency bene­
fits: in-plant increases 
in  elect ricit) use (due 
lo the pumping energy 
required to force cer­
tain products through 
a membrane) are more 
than of

f
set by reduced 

energy consumption 

for delivering process water and other raw 
materials and for treaLing and disposing 
of wastes. 

Still, with all its advantages, food pro­
cessors have been reluctant to try mem­
brane technology. According to EPlffs 
markcL research, the problem-as in the 
case of ozonalion- was a bad reputation. 
A couple of unsuccessful experiences with 
membranes in the food proct.!>sing indu::.­
try had been widely publicized. These ex­
periences were mosL likely Lhe result of 

improper membrane selection. Mem­
branes arc available in a bewildering array 
or con figural ions and materials, and the 
performance of em:h commercial product 
varies widely, depend, 11g on process sl ream 
characteristics. Unfortunately, manufac­
turers provided customers with liLLlc help 
in identifying the optimal membrane for a 
specific application. 

l:PRI determined that changing Lhi.s 
negative perception would be dif

f
icult: 

successful membrane applications had not 
been puhlicizcd in the past, and were un­
likely w be in the future, because of the in­
dustry's proprictarr nature. ··we de1.:ided 
that the only way LO get individual food 
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processors to revisit their opinions abouL 
membrane technology was through unbi­
ased, on-site performance testing of a wide 
variety of commere1al products,'' recalls 
Ammi Amarnath, EPRl project manager. 
"Developing a cost-effective testing pro­
grnm was going to be a challenge., and slrn­
ply trying to coordinace the efforts or 
membrane manufacturers wouldn't work. 
lnstead, we conceptualized a novel market 
intervention for promoting the technology 
as a whole and then engaged other trade 
allies to successfully execute 1t.'' 

Amamath came up with the itlea of a 
portable, self-contained applicauon. test 
system for on"site ex'Perimencation with 
various membrane products at food pro­
cessing plants. With support from three 
California utilities, the National Food 
Processors Association, the California 
League of Food Processors, and others, a 
mobile trailer demonstratio11 unit was de­
signed and built, and commercial mem­
branes were procured from manufacturers. 
Application studies were performed at 
eight plants in 1992, mvolving the analysis 
of process water, the identification and 
testing of potentially appropriate mem­
branes, and the evaluation of perfonnance 
data to determine technical and economic 
(easibility. 

Several participating food processors 
subsequently contacted membrane manu­
facturers for more-detailed testing of spe­
cific: procluct.o-, li>acli11g 10 a numher of 
installations. One example involved an 
Oberti Olive Company plant that was un­
der severe regulatory pressure to address 
environmental issues associated with waste 
ponds and sol.id wastes. Pilot tests per­
formed with the mobile demonstration 
unit indicated that all process by-products 
could be recovered and recycled, and uhi­
mate1y a full-scale, zero-discharge mem­
br-.me and wastewater reclamation system 
was designed and implemented, eliminat­
ing the threat of plant closure. 

EPRl and other participants publicized 
Lhe mobile units success, attracting the in­
terest and support of several national trade 
associations. These groups in turn pro­
moted the unit's testing capabilities to food 
processors throughout the Uniced States. 
Under EPRl's aegis, membrane technology 
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has been investigated at more than 100 
food processing plants since 1992. Re ­
cently, on the basis of promising test re ­
sults, EPRI performed a complementary 
market intervention to furlher the tech­
nology's prospects: membranes are now 
approved by the U.S. Department of Ag1i­
culturei; Food Safely Inspection Serv.tce 
for chilled-water cleaning and recycling at 
poultry processing plants. 

Although the increased penetration of 
membranes ln the food proc:;essing sector 
cannot be quantified because of confiden­
tiality agreements, EPRI's collaborative ef­
forts have produced lasting market effects, 
The industry clearly looks at the technol­
ogy in a much more favorable light. ln 
addition, membrane manufacturers fre­
quently donate new; state-of-the-art mem­
brane modules to secure a spot on the 
mobiJe unit and introduce their wares to 
potenual customers and new apphcations. 

"l.nnoval1on, collaboration, impartiality. 
and credibility-embodied by the mobile 
demonstration unit- have helped put rhe 
best foot forward for membrane technol­
ogy." says Amarnath. nThe turnaround in 
the food processing industry's percept.ion 
represents major progress toward endur­
ing marl<et transformation, with signifi­
cant energy efficiency and environmental 
benefas." 

Persistence pays 

Elecmc vehicles (EVs) represent· one of 
the great opponuniries for energy effi­
ciency and environmental improvement in 
the twenty-first century Japan's lnsutule 
of Applied Energy estimates that EVs 
would be over 40% more efficient for con­
gested urban driving than conventional 
automobiles, and significam air quality 
benefits are anticipated from widespread 
EV use, even if today's fossil fuel-heavy 
electricity generation mix is maintai11ed. 

Despile its tremendous potential, mod­
ern EV technology has faced daunting tech­
nical and market barriers. Ftrsl, it seeks to 
Sl1pplant a ubiquitous and strongly en ­
trenched technology-the internal com­
bustion automobile-that has well-estab­
lished and fundamentally different fuel and 
maintenance infrastructures. ln addiuon, 
consumer expectations for automobiles, 

especially with regard to driving range and 
acceleration, are extremely high. 

During the oil crises of the 1970s, inter­
est in EV technology rose substantially, 
and consumer surveys iudjcated that the 
environmental and efficiency goals of EVs 
were valued by much of the public. But in­
terest faded when fuel prices (ell, and ma ­
jor auto companies questioned whether a 
real market existed or could be developed 
for EVs. With much technical work to be 
done and 1.he lack of a finn commitment 
from the auto mdustry, the push for EV 
development was essentially dead by the 
end of the 1970s. 

Transfonning such a market requires 
patience, tenacity, and a sharp eye for the 
critical path. Since its initial involvement 
in EV technology in 1977, EPRI bas played 
an ever-changing array of roles to address 
shifting political conditions, technology 
development needs, and market barriers. 
"Over the last two decades, EPRI has ex­
hibited an unflagging commitment to 
bnngl,Jlg EV technology to the market­
place," says Ed Riddell, EPRl product line 
leader. "We've been the catalyst for con­
strucnve dialogue and collaboration be­
tween key market actors. We've bridged 
the gap when support from other major 
research sponsors has lagged, and we've 
provided continuous leadership, focusing 
attention and resources on the most criti­
cal technical challenges at any given time." 

One ki>y mile;;ronl" in FPRH, s11,;1::1ined 
EV development and market transforma­
tion programs occurred in 1983, when 
EPRI and electnc utilities formed the Elec­
tric Vehicle Development Corporation 
(EVDC) m response to a drastic reduction 
m DOE funding for EV research. DOE, in 
collaboration with so-called converter 
companies, had just completed a series of 
unsuccessful vehkle testing programs; the 
EVDC was founded to engage major U.S. 
automakers in vehicle prototyping and 
testing. "We needed to reestablish the 
credibility of EV technology in the eyes of 
the government and other stakeholders. 
As original equfpment manufacturers, au­
tomakers know a lot more about develop­
ing successful vehicles than converters can 
ever hope to,'' recalls Riddell. "The other 
objective was to establish a working rela-



tionship between automakers and electric 
utilities. the two must important players in 
building viable EVs and the requisite sup­
port S)'SLems." 

ln J 984, guided by EPRI market seg­
mentation research and a collaborative de­

sign feasibility study with DOE, the EVDC 
initiated efforts to develop and deploy 
electric delivery vans in service neets. This 
niche-focused strategy was considered 10 

be ideal for field-proofing 
the state of the art in EV 
technology because limited 
range, sluggish accelera­
tion, extended charging 
Lime. and other character­
istics were not showstop­
pers for utilities and other 
ncet-operating businesses. 
Under a joint E P R I -Gen­
eral Motors program, 128 
full -size G-Vans were 
placed in utility service, 
and companies that recog­
nized the technology's lim­
itations were able to suc­
cessfully integrate the vans into their Oeet 
operat:ions. Similar work with Chrysler re­
sulted in the development of the TEVan, 
which was also tested in neet applications. 

·'By 1990, the G -Van's performance in 
the field, encouraging results from DOE's 
renewed testing and demonstration pro­

gram, and GM's unveiling of the Impact 
concept car had combined to signal that 
commercially viable EVs were within 
reach," says Riddell. "The California Air 
Resources Board responded with a major 
market push. mandating that the seven 
largest automakers introduce production 

EVs by the tum of the century. EV tech­
nology had been advanced to the stage 
where automakers were ready 10 assume 
the lead in vehicle development, and it was 
time for EPRI to shift its focus Lo other 
critical issues-infrastructure and EV per­
formance. Regarding infrastructure., au­
tomakers were content to let EPRI repre­
sent their interests in resolving the chal­
lenges associated with the fender-to-grid 
interface, which they didn't understand." 

EPRl formed the lnfrastructure Work­
ing Council (IWC) in 1991 to help steer 
research to develop and standardize the 

connection between EVs and the util it>' 
grid. lWC participants include automak­
ers, utilities, battery and component man­
ufacturers. and support groups such as 
Underwriters Laboratories. Infrastructure 
sLandardization breaks down a major mar­
ket barrier for all stakeholders by elimi­
nating compatibility concerns. Article 625 
of the 1996 National Electrical Code­
largely written by the !WC- provides the 

first safety and installa­
tion guidelines for EV 
charging equipment, and 
technologies, codes, and 
standards are being de­
veltiped to address other 
interface issues. 

To upgrade EV perfor­
mance, EPRI, together 
with major U.S. auto­
makers and DOE, also 
established the U.S. Ad­
vanced Battery Consor-

criteria for the focused pursuit of mid- and 
long-term batteries. and in the last seven 
years. manufacturers have made significant 
strides." 

AclvancecJ nickel-metal hydride batter­
ies that meet the USABC's midtem1 perfor­
mance standards are now commercially 
available. and cost reductions cominue to 
be pursued. Assuming that the current 
rates of technical progress an<l USABC 
funding are maintained, within the next 
fi,·e years lithium-ion and lithium-pol}'­

mer batteries will be commercialized, en­
abling EVs to approach the performance of 
conventional gasoline-powered vehicles. 

"The persistence required 10 transform 
the EV market might represent the ex­
treme. but we recognized long ago that so­
ciety is Lhe ultimate cust0mer for EV tech­
nology," says Riddell. "Although some 
significant barriers lie ahead, the energ)' 
efficiency. environmental, and national se­
curity benefits that will be realized from 

the reduced use or gasoline­
powered vehidcs and reduced 
dependence on foreign oil jus­
tify the intensive effort." 

The Epic minivan was based on the Chrysler TEVan, one of 

several electric vehicles developed for niche applications 

with support from EPRI in the 1980s. When automakers 

showed renewed interest in EV development in the 1990s, 

EPRI shifted the bulk of its market transformation efforts 

Adels Bloom. "Despite its ad­
vantages. increasing energy ef­
ficiency is never as straightfor­
ward as one might hope. Mar­
ket transformation can take a 
long Lime, require multiple in­
terventions, involve the entire 
value-added market infrastruc-
ture. and consume significam 
resources. What makes EPRI 
unique is its demonstrated 
ability to meet this challenge 
by analyzing all aspects of an to the advancement of battery and infrastructure technol-

ogy, including vehicle charging stations. 

tium (USABC) in 199J. Battery technology 
has long been the primary constraining 
factor for EV technology, limiting driving 
range. acceleration. cost-effectiveness, and 
other imponanl charac1eris1ics. "Battery 
manufacturers have never had large R&'D 
budgets, and in the absence of a viable EV 
market. chey've had little incen1ive to in­
vestigate anything other than incremental 
improvements to the existing lead-acid 
technology platform," says Riddell. ·'The 

USABC supplies significant funding and 
provides detailed technical an<l economic 

opportunity for efficiency gains 
and Lhen systematically imegrating market 
research with technology development. By 
com:cptualizing and implemenLing collab­

orative, coordinated intervention strate­
gies, we can strongly in[luence the behav­
ior of market acLOrs-to the benefit of 
customers, industry. milities, and society 
as a whole." • 

Bacl,grouml i11{ormatio11 for this ,miclc 1,cts p1uviclrd 
b1· Murl,111 B/1111. Joh11 Krssc/ri11g, M11/1fsh Klwtt111. 
Mym11]n11c�. Kt'it/1 Carns. a,1d Ammi Amanuu/t c,J rite 
Enrt:[\ Ddi11·1'.'' and l'tllizalfo11 Div1�io11 1111djm·1111• 
Bllllllll wul Ed Riddell of t he P,oduct Lim· Ma11a.�c-
111rnr Div1sln11. 
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n a r mote corner of ea tern Ken tuck 
near t h  border , i t h We l Vi rgi nia , the 
worl d's most advanced e l  ctron ic 
power ran mi sion con t rol ler is he l p­
ing American Electric Po, er u a n w 
1 38-k l i ne and other  t ransmission as-

sets to more rel iably deliver more elect ric­
i ty to mee t the  demand of u tomer , in­
c luding e era[ undergr und coal min 

a i led the n i fied Power · low Con t ro l ler 
( U PFC) , th equ ipment  enable t ran mi -
sion operaL r at AEP 's I nez ub talion to 
do ometh ing tha t  i u npreced nted in the 
e lect ric u t i l i t  indu try world, ide: s imul­
taneou I , i n  Lantaneously, and i ndepen­
dent l y  con t ro l  a l l  t h ree param ter -im­
pedan e, vol tage , and p h .a  e angle-t hat 
d term i n · the  d i rect ion an I mag­
ni ud of b h rea l and r active 
po\ er f low n a t ran  m i  ion l i ne . 

Th  t h i rd-generat ion  embod i ­
ment  of EPR l 's evolvi ng vi ion for 
Flex ible A Transm is ion 
( F  T ) technology, the 
he ra ld a ea change in t he u t i l i ty 
i ndu t r  ' abi l i ty to make l ec t r i c­
i ty  00\ as desi red. I L  repre ents a 
tech nology sol ut ion Lo a basic chal­
lenge raised by the i n creasingly 
comp  L l l !V upply marke t : h \ LO 
ac om modate t he growing d mane! 
for wheel ing and open tran mi sion 
a c whi le pre erving th tabi l ­
i ty and  re l i abi l i ty  of h igh-vol tage 
grid t hat  were not cl signed t o  
erve a an i n t egra ted i n ter ta le  

highwa y Lem for e le L ric i L . 
Al t h e  I nez PFC's ded i a t ion 

last u n e, the significan of t h is 
a lvance i n power tran m i  ion  

The world 's first UPFC, in­
stal led at American Electr ic 
Power's Inez substation in  
eastern Kentucky, provides 
dynamic voltage support and 
flexible, independent control 
of the flow of real and reac­
t ive power on a new 32-rr.ile 
( 5 1  ·km) 1 38-kV transmission 
l ine between Inez and the 
util ity's Big Sandy substat ion. 
Housed in a steel-frame bui ld­
ing, the UPFC's two back-to· 
back ±1 60-MVA inverters can 
instantaneously control trans­
mission voltage, impedance, 
and phase angle, the parame­
ters that determine the direc­
t ion and magnitude of real 
and reactive power flow. 

con t ro l capabi l i ty and ope rat i ng AEP's Inez substation 
nex ibi l i t y  , a eviden t  in t he re­
mark of executi es from P, P R I ,  and 
t he forme r  e t i nghou e Electric Corpo­
rat ion d ivi ion t hat  man ufact u red th on ­
L ro l lcr ( now pan of iem n PO\ er Tran -
mi i o n  and D i  t ri bu t ion ) . o r d id t he 
importance of the  momelll or the  dev ice' 

: sLU n n i ng techn i ca l  pe r formance e cape 
• the at te n t ion of e ecu t ive from ot h r i n -

Lerest cd ut i l i t i i n  at tendance ,  some of 
\ hom , ere a l ready con idcri ng hO\ t he 

PFC or a im i lar device cou ld ben efit 
;:, t he i r  t ran mi ion y Lem . For ome L i me 
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Lo om , ut i l i t y  eng ine r from a round t h  
world \ i l l  a lmo  t certa in ly  b e  trooping t o  
I nez to wi tn e  the  future of po\ er L ran -
mi sion i n  pcra t ion .  

''Th ro ugh the ta i lored c l labora t ion of 
P, - PR I , and e t i nghou e, we have 

successfu l ly rea ted the power technology 
of tomorrow, and we have i t  up and run ­
n ing today," said i n n Draper, EP '  
chaim1a n,  pre i clen l ,  and ch ief  execu t i ve 
and the chairman of EPRI' Board of Di­
rector . · The n i fied Power Flo, Con-

t ro l l e r  is without quest ion , one of the 
mo L ign i fican t tech nologica l advances in 
the  h i  tory of the e lectric i ty i ndustry" and 
an  example of '' Lhe advanced electronic 
tool t hat wi l l  take energy del ivery into the 
new m i l lenn ium," Draper told the dedica­
t i on  a t tendees. He added that ,  on a practi­
cal level , the PFC is the rea lizat ion of a 
decade- long d ream of AEP enginee rs for 
"a black bo device that wou ld es ent i a l l y  
a l l  , u t o  d ia l  i n  t he de i red now of 
power on  a t ransm ission l ine ." 



Dedication guests view one of the UPFC's 

three-level, 48-pulse inverters. 

The U PF C's successful operation at Inez 
is a milestone in the evolution of a robust, 
solid-state FACTS-based power delivery 
system- the focus of a broad initiative 
launched by EPRI in cooperation with 
member milities nearl)' a decade ago. 
"FACTS technology will enable the deliv­
ery infrastmcture to reliably and nexibly 
meet the needs of a competitive electricity 
market, which is demanding greater con­
Lrol and precision in response to an ever 
more complex marketing function and 
to a digital microprocessor -based end-use 
market that is increasingly sensilivc to 
power quality issues," noted Kurt Yeager, 
EPRI's president and CEO, at the dedica­
tion ceremony. 

''The UPFC represents a fundamental 
paradigm shift in power delivery technol­
ogy from a mechanically comrolled trans­
mission system reOecting 1950s technol­
ogy to an instantaneous. electronically 
controlled system providing speed and 
precision previously impossible," Yeager 
continued. "FACTS can literally transform 
today's power grid into a smart system ca­
pable of precisely moving power long dis­
tances among a diverse group of market 
participants." 

Electronic valves 

control flow 

The UPFC and other advanced 
FACTS controllers use high­
power, silicon semiconductor­
based switching devices called 
thyristors. Multiple thyristors, 
conneCLed in series and cou­
pled with related hardware 
and digital control systems, 
can switch megawall levels of 
power within milliseconds LO 
synthesize a smooth, sinusoidal 
voltage waveform-the elenri­
cal components of which arc 
independently variable. The 
FACTS comrollers employ var­
ious configurations and com­
binations of thyrisLor-based i n ­
veners for specific applications. 

According to Bruce Renz. 
AEP's vice presidem for en­
ergy delivery support, today's 

emerging family of FACTS controllers 
function analogously to the control valves 
and variable-speed pumps in a water dis­
tribution sysLem of reservoirs, pipes, and 
faucets. Along with surge-absorbing stor­
age tanks, these valves and pumps enable 
improved overall control of water flow 
patterns. Power systems-in which volt­
age and electric currcnL correspond LO 

water pressure and rate of now, respec­
tlvely-need the electrical equivalents of 
valves, pumps, and storage. ·'Without 
such tools, it is not possible to fully uti­
lize the inherent capacity of any complex 
electrical transmission system or to realize 
the financial gains associated with the i n ­
creased throughput they may allow," con­
cludes Renz. 

On a transmission network, power nows 
according Lo Lhe laws of physics and noL 
necessarily along Lhe shortest route be­
t ween the point� tlefincd in a comracwal 
transaction. Unimended loop flows of 
electricity beyond a contractual path are 
increasingly the cause of transmission bot ­
tlenecks that can limit power transfer ca­
pability, particularly if an area has Loo few 
transmission lines and hence is capacity 
constrained. Because, in most areas. new 
transmission corridors are difficult to sltc 
and costly to build, most utilities are f'o-

cused on increasing the capability, control­
lability, and flexibility of existing transmis­
sion facilities. 

ln the case of the Inez substation, the 
surrounding rural area was dependent on 
long, heavily loaded 138-kV transmission 
lines serving a power dem;md of approxi­
mately 2000 MW. The voltage stability 
margin for system conLingencies during 
normal operations was very small. Volt­
ages at some locations could be 95% of 
nominal, which is considered the lowesL 
acceptable level for supply reliabiliLy. A 
single contingency outage of a 765-kV line 
in the area would result in severe volt­
age drops and the thermal overloading of 
other lines. The loss of a second line could 
cause an areawide blackout. 

AEP wanted to build a new 32-mile (51-
km), high-capacity, double-circuit 138-kV 
line between its Big Sandy and lnez sub­
staLions, but the amount of power that 
would actually (low on the new line was 
still golng to be constrained by impedance 

and other ac transmission system parame­
ters. Dynamic \'Oltage support and reactive 
power compensation, along with high­
speed control of power now on the new 
line, were needed to enable use of the line 
at full capacity. 

The $30 million UPFC is part of a com­
prehensive $90 million area-reinforcement 
plan implemented by AEP. The plan in­
cludes the new 138-kV line, series reactors 
to limit loadings on existing thennally 

loaded utility facilities, and a 345/138-kV. 
600-MVA transformer at the Big Sandy 
substation. The UPFC regulates the Ynez 
138-kV bus voltages and controls six 138-
kV shunt capacitor banks al lncz and three 
other substations. 

In the UPFC, two identical :!: 160-MVA 
voltage-sourced inverters connected to 
two sets of de capacitor banks provide a 
control range of :!:320 MVA. These modu­
lar inverters, along with a spare shunt 

transformer installed at the substation, 
give AEP significant flexibility in configur­
ing and operatLng the UPFC. The system 
can operate in full UPFC moue lo control 
power flow with independent conirol of 
real and reactive loads, and the series in­
verter can be switched to double the shunt 
rating to :!:320 MVAR. IL is also possible to 
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decouple Lh invener al L 11e com mon de 
bu and operaLe L hem a i nclepend em 
sh u nt and se.ri conuollers .  The U P F  ' 
con trol logic is j ust as adapt.able as the in­
stal led con figurat ion. 

Dti r ing n orma l  opera t ion , one o r  t h e  
Inez inverters fu nc t io ns as a s t a ti c.:  co m ­
pen aLO r, or STATCOM , providi ng vol tage 
support . Ln the  eve.Ill t hat ei ther inve rter is 
out or service, t he other can be discon ­
nected Erom Lhe de-bus switches and op­
e ra ted i ndependen t l y for react ive power 
support .  The STAI COM component of the 
U Pf( 15 the evolutionary t in lO Lhe pre­
viou gen eration of FA T device . The 
G. rsL T TCO rt , ra ted :!: 100 VA R, has 
been opera t ing ucce sfu l ly at t he  Ten ­
nessee VaUey Authority's S u l l ivan ubsta­
l ion since late 1 99 5 .  

Located near J ohnson Ci ty in northeast­
ern Tennessee ,  on t he e<lge of TVA' erv ice 
terriLOr , the ul l i vao u bstat lon erves 
se en local distribuwrs and one large in­
du tria l customer. sed i n coordi nation 
wi t h  84 MVA R  of mechanica l l y  wi tched 
capaci tor banks tJ1,H exte n d  i ts capacit ive 
range, Lbe ST. TCOM unit protects again t 
unacceptable vol tage drop on T VA' s  161 -
kV and 500-kV network in the even t thal 
the substation's mai_n transformer bank is 
lo t during wi nter peal cond it ions. 

The STATCOM uni t has al lowed TVA 
Lo ave $ 14  m i l l ion by deferring the co ts 
of ei t h er i nstalling a second transformer 
bank at Sul l ivan or const ructi ng a fifth 
16 1 -kV l ine in to 1 he  area. l n  addi tion .  t he 
uni t  has reduced TVA's need LO use load 
tap ch anger · to h1cremen ta1 ly adjust volt­
age , 1 hereby mi n im iz ing 1 he pote nt ia l for 
a lTansfom1er f ai l ure that wmi ld typ i_cal ly 
cost abom $ 1  m i l l i on  to repai r. And si nce 
' l oad tap c hanger operat ion hav d ropp cl 
From 250 a month to 6 a 111011 th ,  ma in te­
nance co LS for the Lap change r� are ub­
stantia l l 10\ er. " TATCOM i an out-
Landing examp le o l· how new technology 

can hel p maximize the  use o r  ex i  t i ng 
transmission facili t ies on a co t -ef

f
ecl ive 

basi ," ay T VA' s W J .  M u  el.er. 

Mu ltiple functions multiply benefits 
Abdel-Aty Edrls , the manager for FACTS 
tec b t1o logy in EPR l 's En ergy Delivery aud 
U ti l izat i on Div is ion ,  notes the fu nct io na l 
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The UPFC's excel lent dynamic performance is illustrated by these results from a 1 00-second 
test on the Big Sandy-Inez l ine. As the flow of real power was varied, the UPFC shunt inverter 
automatical ly compensated to mainta in near-constant line reactive power and constant volt­
age at the I nez bus. The UPFC's voltage support capabi l ity protects against voltage col lapse in 
case two transmission l ines in the area are lost, and its power flow contro l  capabi l ity enables 
optimal transmission system uti l ization. 

nexibi l i Ly made po ibl e by the U P F  s 
n1ti l t i p le compensa tion capabi l ities-its 
abil i ty to control l ine i mpedan ce, phase 
angle, and transm ission voltage-and co n­
cl udes that the connol l e r  h ·· enormous 
potent ia l for so lving many of the system 
operations problems faci ng t he u t i l i ty i n ­
dusuy." 

I n  a draft of a paper prepared for pub­
l icat ion i n  a professi onal journa l ,  Edris 
summarizes the e pected benefas o[ the 
I nez U P FC and quantifies i ts impact on 
power trans!"er capabili ty and vo l tage qual­
i ty. The bottom line: an increase of more 
than 100 IW in power tran · fe r over L he  
new 1 38- kY B ig  Sandy-I nez l i ne an d ex ­
ce l len t  vol tage support a t ·  the  l nez bus .  
Th is dynamic vol rnge su pport is expected 
LO ave rt an area bl ackou t in r .he even t  of 
cloublc-con ti ngency conctitions (the los 
of two L i nes) and to provide superior 
power qual i ty throughout the area. 

The Oexible independe nt control of real 
and react ive power [lo\ on the new l i ne 
enables op t imal u t i l izat ion o r  the exist ing 

t ransmissi on faci l i t ies in the  area . More­
over, say Edris, referring to informatio n 
prov ided by AEP, the overa l l  system rein­
forcement frees up previously unusable 
transmi i on  capacity, wh ich is expected to 
accommodaLe years of load gro\ Lh . nd 
the UPFC's reduct i on-by more than 24 
MW-of real power losses on AEP facilities 
in 1 he region is t he  equivale n t of reduci ng 
carbon dioxide e m issions a t  generat ing 
plants by more than 85,000 tons a year. 

Evolution of innovation 
Conceptual development or the UPF as 
well a · demon r ral ion of i ts  techn ica 1 and 
economic (easi bi l i Ly, began in late 1991 in 
work joi m l y  sponsored by EPRl , the West­
ern Area Power Administration, and West­
inghou e .  In that R&D, re earchers at the 
West.i nghou e cience & Techn ology Cen­
ter near Pi nsburgh cond uc ted de monst ra­
t ion tests and analysi s usi ng a Transien t  
�eLwork Analyzer cale  model . M ore re­
cen t ! , the U PFC i m pact on power sy -
tcms has been extensively studied with 



EPRI's comprehensive stability simulation 
software-PSAPAC (Power Systems Analy­
sis Package). This software provides for 
severc1l types of steady-state and dynamic 
analyses of systemwide phenomena, in­
cluding the effecls on power Oow patterns. 

Now, as pan of Siemens Power T&D, 
the former Westinghouse energy manage­
me-nt division is gearing up to market the 
UPFC and similar FACTS devices LO utili­
ties and Lransmission system operators 
everywhere. "The UPFC installation at tl1e 
Inez substation 1s the first application of 
a device that will be mar�eted to power 
companies worldwide. There is already 
much interest overseas m FACTS," says 
John Kessinger, general manager of the 
Siemens Power T&D FACTS and Power 
Quality Division. 

''As the most advanced high-power con­
lroller ever deV1se<l, the UPFC opens up 
enonnous possibilities- so enormous that 
utility operators are abandoning much of 
what they've historically used as guide­
lines and are embracing a new era in trans­
mission control. Once again, technology 
has provided a solution at a lime when it's 
needed most,u adds Kessinger ·'The cor­
porate commitment to fACTS will be sus­
tained at Siemens, and as part of Siemens 
Power T&D, we expect to be able to offer 
tbe utility industry an even broader set of 
solutions because we will have access to 
add11ional power delivery technologies 
that can be integrated wnh power elec­
l'ronics like fACTS." 

In the North American market alone, 
Kessinger estimates, every major utility 
that operates a transmission grid has -at 
least one bottleneck that could immedi­
ately be improved with a UPFC. "A high 
percentage of these bottlenecks will likely 
be dealt with over the next 5 to 10 years 
as wholesale bulk power nows increase. 
That's a big market for the UPFC and 
other FACTS devices right there," says 
Kessinger. 

AL the Inez dedication, AEP's Draper 
noted that the UPFC and other FACTS de ­
vices are likely to play a cntical role as new 
elecrric1ty market mecl,amsms and trans­
mission system operators assume greater 
prominence in transmission planning and 
oversight, cost conLrol, and delivery sys-

tern reliabilicy. ''It may be in the context of 
the independent systetn operator [[SOI 
that the UPFC and other advanced tech­
nologies will make especially significant 
contribuuons in the new era of power de­
livery," he said. 

"Ensuring the transm.issicm flexihil1Ly to 
meet new and less-predictable supply and 
demand conditions in the competitive 
marketplace will be a very real challenge," 
Draper pointed out. "Advanced power 
electronics w1ll be a bi.g part of the solu­
tion. Highly automated transmission­
with centralized conL.ol, greater speed, 
and more flexib1lily-wil\ be essential to 
address the increased demand, the need 
for greater access and expanded chmce, 
and the intense competitton en the new 
electriclly market." 

AEPs Renz added, "In the lSO�based 
world of the twenty-first century, the 
broad and integrated applic.'alion ofUPFC 
and related FACTS technology w11l allow 
maxi1m1.m use of transmission grids and 
provide the new control tools critically 
imporcant to rehable operation in a much 
less predictable future." Re11z. parenthen­
cally noted that AEP 1s considering as an 
addi11on to the lncz UPFC a large super­
conductmg magnetic energy storage de ­
vice that would collect, store, and release 
electricity on the gnd, much as a surge 
tank does with water. 

The next generation of FACTS 

The stibstantial existing utility market for 
the UPFC notwithstanding, plans are be­
ing laid to take the next slep in develop, 
ing FACTS technology L1st September, 
the New York Power Authority approved 
$35 million for an EPRJ-managed project 
with Siemens Power T&D to bulld and 
mstall a first-of-a-kind convertible static 
compensator (CSC) at the Marcy substa­
uon near Uuca, New York The $48 mil­
lion NYPA project, which is being co­
funded by EPRL Siemens, and 13 other 
utilities (includmg AEP}, will proceed in 
two phases, with completion by the end of 
2002. NYPA expects the CSC to increase 
by 240 MW the now of electricity from 
upstate New York, where most of its gen­
e-ration plants are located, to the down­
Slate areas of heaviest use 

NYPA -and EPRl have evaluated the con­
cliuons and limits or the two major inter­
faces of the New York state transmission 
system to 1denufy the capabi\iues needed 
by the CSC FACTS conuoller, The con­
troller is to serve initially as a shunt device 
for voltage Sltpport and eventually as a se­
ries device for power now management as 
well. To be composed of several 100-MVA 
inverter blocks, Lhe CSC offe.rs even 
greater flexibility in configuration and op ­
erauon than the UPFC. I t  will be able to 
control power Oow simultaneously on two 
oT more transmission lines at the Marcy 
suhstation and to run in at least five modes, 
including as a STATCOM or a UPFC. 

EPRl's Edris esumales rhat the shunt 
portion of the CSC w.ill increase the power 
transfer capability of New York state's To­
tal-East interface by 120 MW and that of 
the Central-East interface by 60 MW Us­
ing the senes and shunt elements in com­
bmatwn could add another 120 MW of 
transfer capability to the Total-East inter­
face and another 60 MW to the Central­
East interface The CSC will also improve 
voltage control, reduce system losses, and 
enable the maximum use of New York's 
transmission system. 

"The CSC will help cost-effectively gee 
power where its needed in New York slate," 
says Karl Stahlkopf, EPRI vice president 
for energy delivery and utilization. "Like 
AEP with the UPFC, NYPA is showing 
great leadershJp in applying this innova­
nve technology for the benefit of its cus­
tomers, and we are pleased to be of assis­
tance. As industry restrUcturing makes 
new demands on power transmission sys­
tems, power electronic FACTS controllers 
ltke the UPFC and the CSC offer the most 
cost-elTective way lo increase the amount 
of power that can be transferred.'' • 
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The Electricity 
Technology Roadmap 

T H E  S T O R Y I N  B R I E F  

With more than 150 participating organi ati ns to date , the 

Electricity Techn logy RoadmaJJ Initiative seeks to develop a c mprehen ·ive is ion-through 

the middle of the next century---of opportuni ties for electricit -related inn vation to 

benefit society and business . Th roadmap will als translate that vision into a set of technology 

development milestones and identify th R&D pathwa s b which the can be reached . EPRI 

i leading this effort-intended to be an ng; ing a tivity with broad participation-as an 

inves tment in the future and as guidance fi r  br ad-ba ed public and privace R&D inves tment .  

This article proo. ide a brief overview of the initiati e ;  de tailed articl s o n  the roadmap -

progress and c ntent will appear in sub equent issue of the Journal . 

T
h ro l o[ I c tnc power has grm n Leadi ly i n  b t h  

op a nd  imponance ove r the  past cen tury. Develop­
men in key technologies-i ncl ud i ng electri l igh t i ng, 
motor , com puter , nd L l ee mmu n ica t i o ns--have 

con d n uou ly reshaped Amcric n l i fe  and i nc reased the  produc­
t ivi ty of i ts commercial and industrial foundat ion .  H ist o rica. 1 1 , a 
technology has advanced , e l ccni i L  ha accoun ted fo r a 
progressi e ly  larg r share of t otal e nergy nn u m ption . 
I t  is now nearly 40% of the LOta l  in t he Un i ted ta le 
and i n  o the r  coumries with similar le L of economi 
development . Thi growt h reJ l  cLS the fact t h  t c l c­
t ri c i ry-based i nnovation l i es at t he hean of cc nomic 
progres . I t  i a l so t he ke to u ta i nable con m ic 
growth and opponun i t  i n  t he de e lop ing , orld . 

Over the pa t ear, EPR I  ha he ld w rksh p and ind i­
v idual  di cus ions � i t h  represen tat i ves rrom mo re t h an  150  o r­
ganizat ions i n  variou stakeholder com m un i t ie -inc l ud i ng i n ­
du t ry, govern men t , the pub l i i n tere L a nd env i ron men ta l  area 
and t he R&D communi ty-to iden1 i fy po ib i l i t ie for i n r a -
i ng elect ric i t  ' va l ue LO ciety The  e a  t i vi t ic , 1 h e begi n n ing  of 
the lect r ic i t , Tech nology Roadmap l n i t i  t i ve . ha e ie lc lcc l  a et 

o goa l . o r  roadmap I t i nat ions, hich i nclude the  fo l l O\ving: 
• Devel opment of a mor e ffi c ie n t , c l cc t ronica l l  contro l led pov -
er de l i very s t 111 t o  uppon  t h  qua l i t  , ecuriL , and competi t ive 
marke t  r quircm nL of 1 hc t wcnt - fir t cemury 

• reaL ion o f  in tegrated , cust omer-managed ervice networks to 
p ro id a growing arra or cu tomiz d p t ion and i n te l l ige-m 

end-u e capabi l i 1 ie 
• Maim nance of . .  econ mic  pro per i l  and leader­

hip, ustained b innovat i n-b, d produc1 ivi ty growth 
• ITect i  e rnanagemern of t he oming cen tury's global 
u tai nabi l i t is ue t h rough t chnology that resol ves 

conOicts beLv ccn popula t ion gr wth, economic devel­
opmem, and r ource a ai labi l i ty, i n  lucl ing environmen­

ta l  t eward h i p  
Part of 1 he road map i n i t iat ive proces h a  been to ident i fy 

capab i l i ty gaps that m u  t be bri dged i f  t he desi red de L i  nat ions are 
to be reached. The e gap p sc key R D, i nvc tmen t ,  a nd  pol iq, 
cha l ien , . ien t i fic and technological de clopmenL roadmap 
i now be ing crea ted 10 addre the e gap· and cha l l enge . I t i l l  
b con t i n uous l y upda ted to keep pace wi th  ad anci ng knowledge 
a nd v i. i n . 



Transforming the power system 

T he road m:1p's p:1 r h w  y 1 0 t he fu 1 u re be­
g i ns with one o[ the 11 1 ost fu ndame nta l  
e lect r ic  mil i ly func t ion  : get t i ng e lectr i c ­
i 1  from the  po int o f  gen erat ion t o t h e  
r i n t  of  1-\SC_ Power de l i very �ias bet.II pan 
of  t he uli l i ty f ndusLTy fo r so long Lhat i t  is 
h:1rd Lo i magi ne tha 1 we ha c not a l ready 
optimized the process. However, t he pow­
er cl l ivery func:t iM is becoming more 
com pl x w i t h  t he o nset of o pen power 
markt:LS, the introclu t jon r modem dis-
1 r l b u 1ed gen e rat ion and se l f-gener11L io n 
'Y t em , and  the sa t ura l ion o f" t he exist­
ing  tra nsm ission and d isl1ibution r id . As 
a resu l t , Lhe re l iabi l i ty or power del i v r 
may decrea e, and I sses due t o  L ransmi -
i on and  d istr i bu t ion u tages may far ou1-

1 dgl 1 the hoped-for cust omer benefi t of 

m i les being addetl an n ua l l ,' is d ec lin i ng. 
·rhe . - .  e lect ric power tetn is one  or 

the largest and most com plex struc ru re o[ 
Lhc tt'chn o logical age . I e :<pan  ion wi l l  
requ i re a la rge increase in com mun ica­
t ions ,  control , and starus-monitoring n et­
works, thus  creating further complexily 
and pos ing addi t i  ml risk to t h  in [t'a-
t ru ctu re.  l mproved model and tools wi l l  

he nerdrJ t o  dea l wi t h  this increasing s -
tern comp I ·xity beca use , u naided , p ra­
t ions staff w i l l  n 1 be able l o  respond 
quick[ enough 10 d t eCL  and correct prob­
lems. The large-scale, rea l - t ime dts l r ibuted 
c011 Lro l req uiremen ts of the rower syst em 
wi l l  con t i nue l� ch l l enge the t.al of Lhe 
an i n  dis t ributed s tem managemen t .  

An addit ional o ncern i s  t l1aL  a l l  ther 
i n f  rasrruct ures-in eludi ng transport..alion . 

manage an exponent ia l !  gro� ing n umber 
f commerc.ial 1 ra n. att inn . T he backbone 

of t i  e giid e n v isioned for 2010 w i l l  bt> 
high- te mperature superconductin ,me\ 
adva nced polymer cnble ystems; power  
now management will be  based on f lexi­
ble C Transm ission Sy tem FA S) 
techno )og and wide-area comm u n i  a­
t ions and contro l tecb nologi capable or 
eliminat ing bo l l len ecks i 11 the t ran 111 i -
sion stem . 

Th n w grid wi l l l i nJ, power generat ion 
t o  the cu tamer ove.r l nger d istances, 
t h u  c mribut i ng LO  suppl  Oexi bi l i t  . l t  
wi l l  a lso b e  capable of pro id ing cu 1 om­
en, a ·ce s 10 111 re-d i ver i fied g n ra t ion 
our e and 1 0 energy re  ource t ha 1  
ou ld  thenvi c be  wast d ( for example, 

Oare ga rrom Ylexico and th Ala kan 
a ompe t i t ive power 1nd ustry. 0 .4 ....----------------------. Nort h Slope) . Wi t h  prop - r  i n ­
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cu tmners wo u ld  have- acce 
to the p wcr qua n t i ty and 
qua l i ty needed at  any t ime of 
day. nr over. increased un ­
dergrouncli ng o f  t ht: Lrnnsmi -
si n i n fra t ruc t u re wou ld  r -
d uce outa  es and vu lne rabi l i ty 
t ho tile lemenLS, reduce ex-

I n  the U n i ted Sall e \  the fo, 
cu is on nev power de l i very 
tech nologie 1 h a1 wi l l  enable 
i n tegral i o1 1  r t he urt l 1  A mer­
ican power delivery gri d under 
i ncreas i ngly broad con trol ca­
pabi l llie and wi l l  a lso make 
po ible major  t ran fers of" low­
C05L p wer ove r h nge r  di "­
Lan ces to mee t the needs or cus­
tom ns. H owever, co ncern is 
growi ng 1 ha1  u n les tech nolo­
g ies  w upgrade the powe r  grid 
arc deployed 4ui l ly, 1 he i n­
creasing d · mand for tran mi -
sion resources ma�· th re.i t n the 
net wo rk's relia bi1 i Ly. 

posu re to e lec t ii c a11d mag­
n · tic field . and l imi t  the i sua l  
i m pac 1 of t he power ystem.  A 
n ev equi l ibrium betwee n  ac 
and de power tran mission 
cou l d  a l  O resul t  rrom the 
tech nolookal advances . 

Electricity's unparalleled flex. ibi l ity, precision, and end-use efficiency have 
a powerful effect on productivity. As e lectr ic ity's share of total world 
energy increases, the amount of energy (tons of oil equivalent) required 
to generate a unit of gross domestic product will fall substantially, 

ln adcl i l i  n to t ran for m i ng 
the  LI . . gr id ,  technol ogi al advan es 
·u u kl 5p ·arhead t he cremion o f  a l l -new, 

les cost ! Lrnnsmission systems in the de­
ve lopi ng nat ion , i n c l u d i ng bot h  I ng­
cli tan c and urban de liver apabi l i ties .  
The! e i n novat ions would enabl e new husi­
ness µponu m l t  in power market 1ng, 
long-dis 1 a nce p wer L ran mi sion .  and 

Th e m agni t ude of bulk pow er  Lrnnsac-
l i ons in L he  U n i Led ll.l tcs has i n c reased 
fo u rfo ld i n  1he la t decade,  w it h about 
() 1 1  - ha l f  or all dom est ic genera t ion now 
hci ng sold on tht> w ho l esa l e market before 
it i s delivered 10 customer� . T his growlh  
oc u rs at  a t i me when  many parts o f  the 

o r l'h American t ransm issio n ne tworl 
are a l ready opera t i ng close t o  " t a bi l i L )' 
l imi ts ,  as i l l usLrated by re en t ,. idespread 
oULag s i n t h e w sLe rn Late . Trad i t ion­
a l l y. nl i l i t ies wou ld be adding new traJ1S-
111 i i on  faci l l lle lO handle th expected 

, l oad in c n:as , bu t  beca u e or t h  di ff ic u l ty 
i n  obt ain ing permi t  and  the unce rta in ly 
of real i z ing an adequate return on i n  ·1 -
men t . the  n L1 m  ber or t ransmiss i o n  i ,· ·uit 
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telecommunicat ion . o i l  and ga�. and fi ­
nancia l 5 S lems-d .pend on Lhe  elec l r i c ­
i t  i n l rast ruct u re to pm e r  and co n t rol 
t l le i r operat ion . The i n �erdependence of 
r ile various inrrastructure means t haL fal l­
u , ·es i n  one can easi ly propagate to th r<; , 
mu l L iplying Ll1e damages assoc iat d , i th  
ysLem l"ai l ur . S nergie among Lh  e i n­

rras t ruct. u res can also be exploi t ed by i n-
1 wvatiu 1 1s  that create operat i ng e fficie-nci 
t h rough m t egratio n . 

The new grid 
By 20 1 0 , a un iftl'd , dlgi La l l y ontrol led 
tra 1'\smission grid w i l l be needed L move 
large amo u n t s  of powe r  p rec ·  el y and r l i ­
abl  thr ughou1 l ori h A merica and to 

nd-uscr services in  the  most rapid l y 
growi ng region o th!:'. world .  

l mprovemen i n  Lhe .5 . power del iv­
ery ystcm v UI a lso become cruc i a l  i n  the 
tom i n g  decades .  indust rial and com­
mercia l  cust0mers become more depen­
den L  on digi ra l  mfcrnproces r s t erns, 
Lhe i r  power CLUal i t)' and reliabi l it ' Tequ ire­
menLS ire becoming more rigorou. , and a 



market for high-qual i ty, " prem ium" p wer 
is developing. B 2010, th i  demand i 
l ikely to pervade every sector of t h  n­
omy and society. The roadmap there fore 
envi. ions a s Lem able to de l iv r e lectri 
power of any \ .we.form , qLla l i Ly, and re l ia­
bi1ily at a price that provides higher net 
va lu to t he u er. 

T his system must be able LO funct ion 
wi t b  a wide ly  imp lemen ted, nrid- n ­
nected array of di t Tibu ced re ourte -fuel 
tel ls, m icroturb ine , rene-wables , and n ­
crgy iorage- ys t em�. Wi t h  ade4. uatt· i 1 1 -
ves tment ,  tech nical i nnovat ion now on  
the  horizon could make poss\bk th - en­
tire ly new level o f  system rntegra tion wi th­
in 1 0  yea rs . Tha t  in r um wou ld a l low rh  
di tTi bu t i_on  system Lo bcco1 1 1e a corn pre­
h I ive com mon arrkr as retai l compe t i ­
tion expands and energy and telecommu­
nica t ions ervices continue Lo con erge. 
The fai lure Lo levelop such LOOI io paral­
lel wi t h  the new sou rces of dist ribut ed 
genera t i on  wi l l  pose evera1 threa ts: the  
disruption and possi ble rragmen tati n or 
tranding or the disLribution Lem ; 

highe r i nJ ra Ltuc1u re co Ls l n  pm u_it  of 
l ower qua l i t  and re liabil i ty; h ighe r costs 
1 1  the end-use customer; and signi t<:ant ly 
red uced economic productiv i ty grow th . 

Putting the customer in charge 

The customer l oad is also undergQing a 
tec h nological revo l u tiotL WhaL's changing 
i. the growing i n t e l l igence of t h is load and 
t he n eed Lo adapl LU this i n lel l ige m.:e. As 
micropr ce or become embedde<l i n  
every appliance and a s  this distributed ln­
L e l l igen  e becomes incrca i ngly l i nked t o  
i ri t t· l l igen l con t rol ler_ r har pnwide d i rect 
acce.s!> to the l mcrneL, the  coun t ry's ele 
trici l a.nd info rmat ion s •stem wi I I  effec­
ti e l be j oined and, in ti me, wi l l  be able 
m functio n as a ingle integrated nelworl . 
I n  1 he marl houses o [ the nO L-too-dlstam 
fu tu re, for examp le, con Lro l lers could au­
to matical l y  search the I ntern t for acces 
LO d ie  lowe t-cost power or s ek power 
w i t b  o t her valued au ributes ( for example, 
green pow r or high -Tel iabi l iry  power (or 
c r i t i ca l appl ica L ion-) .  A con tTOl lcr cou l d 
be programmed to take advantage of L ime-

f-day pricing that energy-in ten ive 
act iv1 t ies l ike c lothes drying would be pe r-
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World population has doubled since 1 950 and is expected to reach 1 0  billion by 2050. Popula­
tion growth, driven almost entirely by increases in the developing world, is the single greatest 
threat ·to global sustainabi l ity in the coming century. (Source: World Energy Council and Interna­
tional Institute for Applied Systems Analysis, GlobQ/ Energy Perspectives to 2050 and Beyond.) 

fanned during off-peak J eriods. The sy -
tern migh t  a l  d iagno e problem with 
household appliances and rec mmend 
e rvice if needed . 

Tbe elec u -icity indu t ry is al ready ex­
-panding f rom i ts t rad i t ional genera tio n , 
ransmission, and di tr i hu t ion  d jmensions 

to incl ude en rgy serv ices, power mar­
keti ng, and infom1at ion 1 .echno l ogy-based 
serv i ces and products-al l  of , hich are 
de igned lo pro ide. greate r customer 
value . Wi th greater i nve tmcn t, igni fican l  

new b L  iness opponuni r ies could b e  tre­
ated by taking the n t r ep: the  comp le te 
L ransformalion of the t r:.id i l ional. power 
supply network i n to a tru l  customer­
managed ervi c ne 1 ,; ork . Offerfog rhe 
cu l01 1 1cr con tro l of e lect ron wou l d  be 
a powerfu l change, h i ft ing the power 
pro;r ide r  from sel l ing a cost-pl us energy 
commodit L fun t ion lno a a Oexi. b le 
''v i rt ual u t i l i ty'' t hat would u l t imately pro­
vide a wide arra o f  i n t e l l igem, individ­
ual ized a lue-added e rvice . 

When electrons and in te l l igence are 

merged and con t ro l led i 11 a i ng le n ow, 
customers arc i n  :1 posi t ion 10 build cus­
t omized ervices t ha t  a rc c losel y tai l ored 
to l h e i r  part icu lar needs. T he rest1 I L i ng 
su 1  ersman electric energy v ou ld be 
comp le te ly llex i bl e  and comrol lable; i t  
could b e  con figured t o  a n  desi red wave 
form t h rough u l  the  elec t ron pa t h  and 
opt irn iz cl for speci fic nd-use. r q u i re­
menL _ Mnreover, it wou ld ut nmat i c:a l ly 
�el f- co rre<.: t for an cl islmb,m es. 

IL is l ike ly t ha1 t h is ti-anslormcd network 
-ba ed on the tontept  of a c u_ tomer­
managed virt ual uti l i t  1-w u ld  ope n the 
gate a)' to a Ooocl of new imelligem elec­
lr n serv ices ,  or " i n te l lect rics," that cou l<l 
pla c ne l eve l  o f  com fort , convenience , 
pee.cl, effi c iency, a 11d adapt i ve i ntel l igence 

al t he Ct\sLQme r's finger( i�. But t hne • re 
p rhaps even larger economi c benefi ts I 
be gained. To t he exLcn L that the ne twork 
spreads L l1Toughout tht> economy and tak 
on t he cha rac t rist its of an ins t an t anrnus 
et:0110111 ie " nervo us )'Sleru," it would be­
come an im portant condui t  fo r i nt roduc­
ing new technologies both upst ream and 
downs tream of I he cust omer I ad. I t  woulJ 
also increase energy effitien y t h roughout 
by l ink ing the larger sy ·temwid e i n t e l l i ­
gence wi l h Lhe imeU igence  em bedded i n  
the cu t0mer load .  

From commodities to  services 

The t ran formation to an i n tc l l i  1em ,  cu -
tamer-managed ervi c n twork wou l d 
move the bu in s d narni.c of the el cctTic­
i l y  enterprise wel l  beyond elect ric i Ly a a 
ommocl i t  . Th i  i in I eepino w i lh  t he 

paradigm hift i n  busi n e s toward rendl.'r­
ing a ervi.ce of fm· greater value  tha n t he 

rlgin:1 1 prod uct . Du Pont , for examplr , i 
beginn i ng LU be paid for the pai m i ng o f  
car . rather than for t h e  gallon or pai n t  i t  
del ivers t0 Lht au tomaker's door. This pt\ L 
Du Po11 1 i nside the factor , working wi th 
t he amo compan  Lo improve t he qua l i ty 
and osl of ·ar pa i n t irtg. l t  h i fts the v ork 
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Lo Lhe supplier and shifls Lhe financial in­
cemive of Lhe supplier toward selling less 

paint rather than more. Similarly, a chem­
ical company might make more money 
selling crop protecLion to farmers rather 
than more pesLicides. 

1 n the same vein, during the era of end­
use planning, the electric utility industry 
was initially faced with the business irony 
of being asked to sell less of iLS product 
while receiving revenues only for selling 
more. The eventual resolution gave binh 
to the energy services industry, in which 

utilities were paid for provable savings in 
energy use. In Lhe future, while electricity 
in bulk will still be needed at the whole­
sale level, the customers' value chain will 
shift the most lucrative energy business 
Loward providing tailored services. The 
development of enhanced energy services 
within a customer-managed network will 
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will be shortchanged withoul a sufficient 

infusion of R&D to bring down the cosl 
and increase the capability of Lhe key in­
terface technology- interactive metering. 
Advanced meters fo1m the connection nec­
essary for customers to make their needs 
and decisions known to the service com­
munity and for microprocessor-controlled 
processes and appliances to be linked to 
a growing variety of alternative service 
providers. 

This is a chicken-and-egg situalion not 
unlike that experienced with early televi­
sion. The new meter will be of marginal 
benefil if there are no new services to be 
delivered, and new services won't emerge 
until the market density of meters can jus­
tify Lhem. Service providers may have to 
subsidize advanced meters in Ll1e home to 
jump-start the residential market. It's i n  
industrial and commercial environments, 

2000 2050 

World energy use has tended to be dominated by single fuels- in the twentieth century, coal, 

oil, and natural gas successively. While gas will continue to be the fuel of choice for the near 

future, the world will move toward a much more balanced portfolio of energy options over the 

next 50 years. (Source: World Energy Council and International Institute for Applied Systems 

Analysis, Global Energy Perspectives to 2050 and Beyond.) 

lead to substantially higher value for the 
energy consumer and society, increasing 
productivity and resource efficiency while 
reducing environmental effecLS and over­
all cost. 

New possibilities for services may ex ­
pand beyond the management or  energy to 
the management of comfort, convenience, 
security, ambience, privacy, entertainment, 
education, and caretaking. But the vision 
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however, where the strategic advantages of 
advanced metering and the new imegrated 
network will become most evident. There, 
they will result not only in the delivery of 
new intelligent services to Lhe customer 
but also in the delivery of innovation, pro­
ductivity, and efficiency from business to 
business and the interlinking of business 
processes into new webs of urban and in­
dustrial ecolog)'· 

The economic payoff 

Economic growth and productivity have 
received strong boosLS in the pasl from 
both short-Lenn and long-term invest­
ments in R&D. and such payoffs are likely 
to increase with the advent of intellecuics 
and a greater customer orientation. With 
sufficient investment, new and emerging 
electricity-based technologies could revo­
lutionize manufacturing and many service 
i.ndustries. The goal is to develop highly 
efficient enterprises-thinking factories 
and their counterparts in the service sec­
tor- \vith self-adapting processes to re­
design and change proclucLS and services 
on demand, to minimize waste, to self­
diagnose and self-repair, and to specify or 
create appropriate forms of energy input. 

Such technology innovalion could make 
possible some major stTetch goals for the 
U.S. economy, including doubling labor 
productivity, cutting energy iOLensily in 
half (that is, halving the amount of energy 

needed to produce a dollar of gross do­
mestic product, or GDP), and eliminating 
mosl waste streams. 

The roadmap initiative participants have 
identified four enabling Lechnology plat­
forms that have the polential to signifi­
cantly improve productivity in the next 
20 years across a range of critical manufac­
turing and process indusLrles. These tech­
nology plaLfomis would also contribute to 
Lhe comfort, convenience, and capabiUty of 

the intelligent home of the future as well 
as the aulomated workplace. The four plat­
forms are new materials, advanced sensors 

and contTols, microminiaturization, and 
infonnation systems. They are reflected in 
the Electricity Technology Roadmap be­
cause elec11icity is essential to their devel­
opment and advancement and because 
they will become integral components of 
all fulure energy -consuming industries. As 
such, they are essential "infratechnologies" 
on which U.S. productivity and strategic 
compelitive advantage depend. 

Breakthroughs in these areas would sig­
nificantly impact many sectors of the 
economy, including the electricity indus­
try itself. For example, advances in carbon 
fullerene materials could lead to structures 
and systems with ultrahigh electric con­
ductivity, high strength-to-weight ratios 



( 100 limes the strength o[ steel al one­
sixth the weight), and h igh resistance Lo 
corrosion .  The same class of ma t erials 
could be manufactured Lo have semicon­
ducL l ng behavior, excel len t  l igh t-ga thering 
capab i l i ty, and other properties that wou ld 
be  usefu l  i n  a variety of industrial applica­
tions i u  addi tion to the conduction of e lec-
1 ri i ry. The pot ent ial payoff to industries a 
wide-reaching as aerospace , computers ,  
and energy wou ld j ustify a t  least a dou­
bling of the R&D effort on advanced ma­
t ria ls  over the ne. t decade. 

Becau e of the  widespread use of sen­
sors, miniature machines, and i.nforma­
Llon systems, advances in these technolo­
gies would yield extensive, compounding 
benefits lO the U.S. economy-t hrough in­
crea es in productivity and competilive­
ness, energy cITicicncy and resource u ti­
l izat ion, GDP  growrh, and environmemal 
protection . The fai l ure to pursue 1 h ese op­
portun i L ies i n  au aggres ive  and l imely 
R&D effort is l ikely to result  in a number 
of penalties to Lhe nation, inclucli ng slower 
economic growth ,  lo s of j obs, greater 
waste of natural resources, loss of techni­
cal leader hip in areas highly significant to 
Lhe future of the global econOID}' and re­
du ed resilie nce in dealing with the uncer­
tainties and threal5 of the future.  

The challenge of global sustainabil ity 
Because it  is dilTicult lo see the global sus­
t.ainabi l i ty problem hol istical ly, there has 
been a tendency LO take a narrower point 
of view: food, family planning, structural 
reform, law, cl imate, business, energy, eco­
nomic  development, biodiversiLy. Unfortu­
natel}; di Jlicuh.ie in all these area will be 
driven by the seemingly inexorable in ­
crease in a si ngle variab le-global popula­
Li.on. The world is experiencing the great­
esl demographic expansion i n  history. I ts 
populat ion has doubled s i nce 1950  and 
w il l  do uble again  by 2050 to about  10 bil­
l ion people . .Beyond thal dat e , anyt h ing i 
possib le: the population cou ld stabi l ize or 
continue i t s  rapid rise . Population growth 
is cb greatest challenge facing t he world 
today, the greatest economic opportuni ty 
in history, and society's greatest blind spot .  

Popular ion growth will spur a substan­
tial need for economic and i n frastructu re 

Power Delivery 

Superconducting cable 

FACTS technology 
Advanced distribution 
automation 
Superconducting magnetic 
energy storage 
Stationary fuel cel l s 
De d istribution network 
Advanced metering 
Underground distribution 
construction 

Power Supply 

Natura l gas (centra l stations) 

Natural gas (distributed 
generation) 
Coal (central stations) 

Coal (coproduct ion) 
Nuclear energy systems 

Renewables (central stations) 

Renewables (coproductlon) 

Cost reduction; cable length, insulation, and refrigeration 
requirements 
Cost reduction; nonsil icon devices 
Sensors and software for rapid ly detecting and 
correcting system problems 
Increased storage capacity; reduced cost; grid integration 

Scaling; thermal-cycling capabi lity; electrolyte improvements 
Ddac conversion; superconducting cable 

Meters and communication systems; multiple-utility "virtual meters" 
Polymer cables; underground corridors for integrated utility 
services 

Reheat and intercooled turbi ne designs; h igh-temperature, h igh­
pressure turbine designs; oxygen/methane and a i r/hydrogen turbines 
Ceramic blades and recuperators; sol id oxide fuel cell systems; 
integration of combust ion turbines and fuel cells 
High-temperature a l loys; component development; carbon dioxide 
capture 
Process development; systems deve lopment and integration 
Modular ization; advanced man-machine interface; hydrogen, 
production; high-fuel-util ization cycles 
Direct-drive, variab le-speed wi nd turbine design and grid integration; 
low-cost photovoltaic materia l s  and process ing 
Biomass gasification process development; cata lytic feedstock 
production 

Economic Growth and Productivity 

Distributed controls and data Distributed intelligence; integration with sensor networks 
analysis 
Smart materials Dynamic structures; integrated condition monitoring; biomedical 

systems; micromachine technology 
In sltu sensing 
Expedited prototyping 
Smart sensors 

Miniaturization; throwaway designs; distributed computing 
Paral lel processing and advanced computing; high-fidelitY simulat ion 
On-board intel ligence; optical, biolog ica l, and quantum computing 

development .  To upport a sustainable fu­
ture, development  must lake place over 
t.hc next century at a pace of at least 2% 
pe r year. L 'his ha been characterized as 
the  2% solution , a si tua 1 ion i n  which a 
number o f  factor -inc luding productiv­
i ty, energy e fficiency, agricultural yield , 
emissions reduction ,  and water consump­
tion-improve across the board at a rate 
of 2% per year or better. T his wi l l  not 
be easy, but i t is in l ine wi th the  cumula­
tive pace o f  advancement in  the United 
States during the past celltl lry. If sustained 
on a global scale through the twenty-first 
cen tu ry,  these trends wou ld al low robusl 
economic development while sparing the 
earth . They should a l low u LO stabi l ize 
world popu lation (to the  e ten t  t h a t  
wealth i s  a pri mary de terminant  of popu-

lat ion growth) ,  avo id at mo pheric l evel 
of greenhouse gases above agreed-upon 
strat gi c limits, provide sufficient  food for 
the bu lk of the world's people, and return 
signi ficant am unts of land and water Lo 
t heir na tural tates. 

The implications for energy product ion 
and use are profound. As populaL ion and 
gros world product i ncrea e, the world 
wi l l  need more energy than we curren t!  
consume. How much more depends on 
the comm itment to global electrification . 
Because o f  the emciency and precision o f  
electric end- use techJ1ologies, doubl ing 
electrici ty's fraction of t.he world's total en­
ergy consumption can reduce demand for 
new energy by one-lhtrd, and this new en ­
ergy can he produ ced from increasingly 
carbo n-lean sou rces. 
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At lea L 8- LO m i l lion M W  of e lectric: 
gencr.1 t i ng capaci ty wfl l  be needed by 
2050 lo real ize th is advan tage, and even 
1 ha t  wi l l  on l y  prov ide gl ohal pe r c;:i pi ta 
e l ect r ici ty consu mpt ion  equal to tbat o (  
the U n i ted ta l es a fter Wo rld War 1 J .  I L  

ould mean bringing on line t h e  equiva­
l em o r  a large ( 1 000-M W) power plan L  
every th ree r four cl. a  . for t h e  n ext 0 
yeat . Morea e-r, to Lab ! l ize atm ph eric 
carbon concen t rat io11s a t  the leve ls pro­
posed b t he n i ted at i on l n lergovern­
mernaJ Panel on  Clirna L<.' h ange. at least 
ha l [  of that new capaci ty wil l  have to be 
carbon free, and the average efficiency of 
fo55i J  power gencrati01i would have to r' se 
10 50%, ti p fmm 35% wday 

Powe r i n rra t ructure deve l o p me m w i l l  
be part icu lar! importan t for the develop­
i ng wo rld , where large numbers f 11coplc 
arc m igrat i ng from rural to urban areas in 
earch f e onomic oppn rt u n i ty. The  fra -

L ion o f  the world's popul .1 L ion l i v i ng i n  
urban areas will •row from 50% loday 1 0  
.1bou1  15% by 205 . wit h mo t r the 
change occu rr ing in 1l1c unde rdevelo ped 
nat ions .  This growth wi l l  s uhc;tan t ia l ly 
b\ i rden u rban i n rra.stru · t u r and lead to 
� o r ened heal t h  :i nd welfare prob1ems 
un less per onal ancl civ ic prosperity can be 
seeded thr ugh affo rdable electric power 
-nomina l l , al 5<!:/k  h or l s .  

The exploding global dem nd for ele 
t r ic i t,y mc<1n t ha t  we w i l l  need all the 

option we 
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the need for addi t i  nal capa it largely 
with gas-fired combus1 ion turbines, whi l e 
the deve loping world w i l l  continue lo re ly 
on indigen us r ou1·ce . p:ini u larl coal 
in the case o[ China and India. Continu­
ing to push t he eITiciency of combu l ion 
tu rbine t echnology is a high R&D priority 
because lhe turbines lhemselve i l l  be 
key cnmpon n t s  in every adv:'lnced com­
bu Lion s ·stem of the fu tu re , regan.ll of 
foe.I . 

The peri od from 2020 to 2050 w i l l  offer 
a cri t ica l windo of oppommity for sig­
ni fican t  h i f  ts in gl obal e rrergy _ uppl , pro· 
vided t hat urgen tly needed R&:D in esL ­
rnenLS are made in Lb ne:'lr term.  This 
longer L i. me rrame al lows for large-scale, 
cos t-effecr ive 1 u rnover of capi ta l  equip­
m n t  and for maximum u t i l iza1 1on of  
tcchn i  a l  breakt h rough , which wil l  cer· 
tai nly occu r  i i" we make the R& D i nvesl­
m n ts  n w . .  dvances in fuel ce ll technol­
ogy, pa ·ve n uc lear plan1 s , and renewable 
eneral ion option not only will im:rea e 

fue l  ficx ibi l i ly but wi l l  also ield ub ta n­
t i a l  m icn y and env i ron mcmal ben e­
f its. The end re u l t  could be an elecu·icit 
bytlr ge l l  globa l e nerg econorn in the 
oming ccnr u ry, which wou ld provide 

abundant , c lean ,  sustai n bk energy , h i lc  
expanding t he otherwis l imi ted avai la bi l -
1t · of fr hwa 1 er worldwide. 

The arbon- Cn:e purt iu H of t he power  
generation po rtfol io wil l become progres-

trend of dec l i ni ng carbon concen t r:nion i n  
t h e  globa l fue l  mix . C:nsui-i ng t h is i like l y 
lo requi re !I. 10-f'old increase in R&D Lo de­
velop noncarbon genera t ion tech n logies 
a wel l  as methods of removi ng carbon 
dioxide from power plant ef

f
l uent  and the 

a tmosphe re and equcsteri ng i t .  

The  central role of  the environment 
Environmental i sues cu1 acro·s a l most a l l 
t he  roadmap discussions-an indicat ion 
of t hei .r cen t ra l role in energy de e lopmen c  
i n  the co ming en tury and the need l o  a -
re l erate work 1 n  l he environmen tal ci ­
ence Lo gu ide bo th policy and technology 
t rate.gie , Ib val ue of gain i 11g a better 

scientific understand i. og of l,cy c n viron­
memal is ues  w i l l  grow as pol icy propos­
als wi rh grea t f'r and great r con mic c n-
equence are deba ted . 

The roadmap places the bighe L priorily 
on coming to a better undersLancling of 
cl imate change. Th i�  unde rstandi ng is im­
portan t b cau < f t he l ong- term r' l, a -
sociated wi t h an uncon t ra ined rise in aL­
mosphe1ic gree n hou  e ga concen tra tion 
and becau e of" the potenLial econo mit 
cost to ociet i f htrge near- term reduc­
tio n s  i n  greenhou e ga emi slons ar 
deemed urnent . Work is needed on the sci­
ences re lated to cli mate change proce e 
and e ffect , s , e l l  as on an i n tegrated 
global analysi Lhat weighs proposed con­
trol costs and t he i r  distribut io n against the 

ively larger-con tinu i ng the  l ong· t erm os 1 s of c l imate change effects. I n  addi-

1 920 1 940 1 960 1 980 2000 

l ion . a tech no l ogy trat egy is 
Wood = 1 .25 needed 10 ident i fy and evalu­

Coal = 1 .08 

Oil = 0.84 

Gas = 0.64 

2020 2040 

al · ped fic opt ions for mo ·­
i 11g away from Oremitri ng 
power product ion systems 
and fossil rue l-ba ed uan -
portal.ion systems. 

pt:1c 1 ic:d e l ect r ic generating 
can find , a long with enor­
mous increa. es in e ff i cienc 
throughout t h '  en lire energy 

cl1a in .  A robust portfo l io of  
advanced power e nern t i  n 
upt ion  -fo. i l ,  re newabl , 
and nuc l ear-wi.l l  be essen­
tial to meet t hese g,ow t h re­
q uireme111s, bCll'h domesti­
ca l ly and g 1oba l l  . Wh i l e  t he  
task may seem daun t i ug, L i l e  
annual cost of ad1ievi ng true 
global elecLri ficac ion over the 
next hal f-century is I ss than 
the  world pends toda on 
cigare t t e  and alcohol, on­
sumpt i on . 

0 er 1 he next 20 ears, the 
deve lop d world wl l l m et 

Minimizing the potential for global  climate change requires a continued 
subst itution of carbon- lean fuels, such as natural gas, for those high in car­
bon. (Carbon i n tensity is expressed in tons of carbon per ton of oil equiva­
lent.) Achieving an electricity-hydrogen energy economy through the 
development of advanced, carbon-free power generation opt ions Is  the 
ul t imate goal. (Histor ica l  data from the National Academy of Engineering.) 

The transpo rtat ion issue i 
pankularl imponanL . I n  the 
con t-ext of demographi and 
env i ron m ntal qufll i y, e lec­
tri.fied t ran porta1 io11 is rap­
id ly becoming a necessity, 
not just an opt ion . nd fue l 
diversi fication , wh1ch an be 
ach i eved pr imari l  th rough 
!he use or e lectricity, wil l  he lp 
moder.-itc the  global compet i ­
t ion for petrol um as clevd-
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oping count 1ie, build thei r tran ponat ion 
y Lems.  .onve n li onal oi l product ion i 

l i .l  el to peak by the sernnd quarter of the 
coming ccn rury u nder a l most a l l  re-
ource scenarios-j ust at the t ime 

t hat emerg ing economies in Asia, 
Lat in meri ca , and Africa wi 1 1  1 00 -l-'--������������--1'!1� -
be adding at least 40 mi l­
l ion banels a day to global 
demand .  Comp t i t ion for 
the world's h ighly geo­
graphica l l y  conce.nLrated 
petr leum reserves could 
lead 10 i nc reasi ng global 
in iabi l i ty, d istorti ng glob­
al securi ty an<l mi l i ta ry 
po l icy Lo an eve r-greater 
ex tent o er the next sev­
era l decades, unl ess a l ter­
na t ives are avai labl e . 
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L11 fa t: l , Lhe [u L U re of 
ele t rici t ' role in Lran -
portati011 looks particu­
lar l y bright .  Consideri ng 
recrn l advances in vehkle 
and bat tery de eloptnem, 
i t  i qu i te  possibl e  t hat 
emi.ssiool s el ectric , hy­
brid ,  and fuel ce l l-pow ­
ered vehicles wi l l  compete 

The magnitude of the g lobal sustainabi l ity problem can be seen 
as the product of world population, economic development, 
and primaty energy consumption. Th is sustainabi lity "footprint" 
has grown by a factor of 1 00 in the last SO years and by 2050 
wil l be 1 000 times as large as in 1 950. E lectricity can help mod-
erate this growth. 

aggressive ly in the marke t fo r pers nal 
transpcma t ion b 2020. Self-gu ided vehi­
cl may also become ava i lable to free up 
transponation l ime for work or le i  ure ac­
ti viti . The relationshi p be tween trans­
P rt a t ion yslc.m and  the electric power 
indu try cou ld even be revo lutionized by 
L h · devel opment or sel f-generat ing e lectric 
( fuel ce 1 1-powered) vehides that e rve as 
mobi le power ources, providing electric­
i ty  1 0  1 he grid dul'ing t h e  90% or t he  t ime 
Lhal they. l i ke most cars, a re not on the 
road . 

Working for the future 
The defining chal lenge o[ the  coming cen­
tu ry wi l l  b lo balance t he "trilemma'' of 
in terlocking sustainabi l i ty is ues-the 
econornic aspirations of rapidly expanding 
popu la tions in 1 he d velopi ng worl d ,  en ­
v iron mental qua l i ty, and natural resou rce 
avai labi l i ty. Technolooy innovauon i the 
b -L pr spect for re olvi ng o nO ict be­
tween popu latio n prosperity, and po l l u-

Lion. \Ve have seen inn vati.v technology 
de elopmem es emial l  y mak the fortunes 
of the world's great econom ic powers over 
the l asl cen tu ry. Wi th  mud1 atlvancetl 
technology now maLu re and ready for ap­
phcaL iou i.n o ther pa ns o r  t he globe, the 
developing world can leapfrog t he slow 
r echno logy drvelopmen l proc s and e n ­
j o y  a vastl y imprnved qua l i ly o( L i fe-wilh 
much higher resource. e.ffkiency- h i le 
further advances are pursued . 

ln fact, the enure history of technology 
s1 rongly supports thi cen t ra l  premise of 
the  Ele ui i ty Te hno logy Roadmap lni­
t iaLive: With aggressive R&D mvestmen t ,  
fu t ure e.lectrici t -ba ed tedmol gica l in ­
novations can contribute to much-needed 
improvements in virtual\ every a pect of 
life in Lhe coming centu ry. But merely 
lden tifying the dest in;1 t i ons of our pre­
fe rred futu re is on ly the beg inning o f  the  
roadmapping process. tdemi [)' i.ng and 
e l im inaung th t echno l og aps that are 
obstacles to our t rnve ling the road sue-

ce sfu l ly i a tough r prub­
lem-one that the init ia­
tive participants are n w 
wrest l ing with. 

ol i ng th:JL probl m 
w i l l  requ i re t: en bnrnt.ler 
participat ion by publ ic and 
private organ izaL i ons ,  i n­
cluding federa l a nd  state 
legisla t ive bodjes, national 
laboratories, acade111ic i n­
stitu tions, ancl private i n ­
dustry as wel l a s  the elec­
Lrici[)' emerprise. Fundi ng 

20 and carrying out  the R&D 
itself wi l l  require a stro ng 
extension of t his co l l abora-
L ion, as nei ther the gove rn­

ment nor  industry can fulfil l  
lhe roadmap's vision alone . Cre-

a1 ing con onia Lo work on speci fic 
ke)' tec hnologies wi . 11  be an important 

pan of fu mre work as wil l  working wi t h  
government groups 1 0  create i ncen t i ves r r 
widespread inv lvemen l in technology <le­
vel pment  and applicat ion . 

The re u l LS o f this work promi e lO have 
a .;;t rong i n fl uence on the f1-1 m re . An i nt e­
gra ted punfolio of i nnova1 iu 1 1s w i l l  fuc:I 
an unpreceden ted growth. in gl oba l  mar ­
l ets and ec noin i.es, leadi .ng to a new e ra 
of human opportunity. Cl sel ' linked t0 
th i  vision of econom ic and ocial progre s 
w i l l  be a 1 1ew era o f  global env i ronm 11-
ta l  and pol i t ical t abil i ty arising from 
breakt hroughs i.11 global energy effic iency 
and con ervaLion .  

The  roadmap propose t hat a usta in ­
.1ble � orld can  be achieved in 1 hc coming 
cen t u ry, casing t he great tensions between 
populat ion grm th and na tural reso u rce 
l imi ts now predi ted .  The technologi al 
ad ances needed are wi thin om gra p, ancl 
wi th commilmems from i.ndu try and go 
emmenl .  L be  R&:D resou rces to produce 
them can be fou nd. Regreuabl , ho1, ever, 
toda th i  e sen t i a l i nv  t men t i n  i n n uva­
L ion i bei ng sacrificed. The roadmap i n i ­
L iati c eeks to restore Lhose cornm i tmen 
on the ba -is of de tinat ions defined b the. 
take.holder themse lve . • 

Bacl,g,·u111 1 1 I i 11jo,'l11cl!io11 Jo,- / /, i s rt ic l c- wa., p n>1 • i 1 ! ,l 
/,y B ii·n t  a, . . . 1'er. Sl l'(l( <'�ic w,d fu , , , , vc 01 1 1 / P I UIOIC(I • 

l f1111s. mul -,eve Gdi l, St rateg ic Ted,., 1/ogy Ii i 111 es, 
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I n  the Field 
Demonstration and  appl icat ion of EPR I  sc ience and technology 

Onli ne  library of Power 
Qual ity Solutions 

E lecL ric u t i l i t ies face a grm in , chal­
le nge i n  d a l i ng � i th cu tomer power 

qual i ty problem created by elect rical d i  -
tu rbance- and ystem inco mpaL ib i li t ies. I n  
many c a  es, viable ol u t i  n- a n d  recom­
mended pracL ices for avoiding power 
qua l i ty  problems hav b e n  documen t c l  
and made avai lable lo i nd iv idua l m i l i t ie 
and the i r  u tomer , but t he r  i urr 11 l l  
no  general clearinghouse for such i n for­
mation . The r ult  i t hat ul i l i ty per onnel 
omeL ime spend need) t ime and effort 

r earching power qua l i L  pr blem tha t  
ha  e al ready been solved . 

I n  re pon e, EPRI' Power E lect ron ics 
Appl ications enter (P ) ha a. em­
b led a l ibrary of more t han 65 techn ica l 
d cumen ts that member u t i l i t ie can 
acce s from per onal computers to h elp 
Cl l  L0 111er apply Lhe  late I res u l ts ol "  
laborat ory and fie ld i nve t iga1 ions 10 
_o lve t hei r power qual i t  problems. The 
l i bra ry i ncludes documen ts from PE 's 

r ic of publ i at ion on power qua l i t  
problem and . l u t ions and  fro m a quar­
ter ly newsletter on S}' t e rn compat i bi l i t y 
re ca rch .  1 1  is avai lable o n  E PRl 's elcc-
tr n ic i n format ion network, E PR l wcb, 
and a lso on CD-ROM for both Wi ndow 
and aci n t osh compu ters .  U er ca n 
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br w e th rough t he pub l i  at ions or card, 
for a spec ific topic, u i ng the Adobe soft ­
ware incl uded on t he Web i t e  and t he 
C D. Docu men ts may b prin t  cl from a 
laptop compu ter-in the office or in the 
field-and d i  Lr ibuted LO customers at 
remOLe l ocation 

Uti l i t ies using the PE Onlin Library 
est imate that i L  ave 2 hour a mon th p r 
person i n  a customer service or technica l 
suppor t  group. The projected savi ngs in 
cu tomer u pport t ime range from S6000 
to 60,000 a year, depend i ng on the ize 
o f  a u ti l i ty's custom r CTVice group. 

Uli l i t ie may customize the library to 
co n ta i n o n ly the documents t hey wan 
and docu men t  an be d i  t ribu t  c l  to 

cu tamers , i th ut i l i ty-speci fic 
logo and gra phics .  The l i b rary 

can easil be i ncl uded on a 
companys imranet. providing 
employee ace from vi rtua l ly 
anyv here. Ut i l i t ie can also load 
the  l i brary onto the I n ternet, 
a l l owing cu t omer direct acce s . 
"The customized l i brary i act ly 
what we wamed ," ay - ran k 

in icola of on olidated Edi on 
ompany o r  cw York. "We are 

offer ing it on o n  · di on' imra­
ne t  a nd have al o i ncl uded it on 
our l mernet Web site . "  

The PEA Onl ine Library, includi ng the  
most recen t  publ ication , can be  accessed 
through the  EPR lweb power qual i ty page 
(www.epriweb.corn/c g/pq) .  The CD-ROM 

ava i l a  l e from Lhe P R I  us t omer 
si tanc Cent r, (800) 3 1 3-3774. 

New Surge Protection Measures 
for Appliances 

H ou ehold arc using an increasi ng 
n umber of m icroproces.or-ba eel 

electron ic appliances-from personal 
compu ter , en tertai nment c mers, and 
microwave oven to LOves, heat pu m p  , 

and u ri ty stems. Overvol tages caused 
by electrical wi tching tran ien ts and 
l igh t n i ng t rikes can damage or destro 
t he e popu lar, h igh-value appliances. 
Even when the applianc survive a 
power urge, they may t i l l be affected, 
uch as in a computer lockup. Ligh tn ing  

alone i s  estimated Lo  be  respo nsible for 
hal f  a b i l l ion dol lars i n  . .  property dam­
age annua l ly, accord ing to the at ional 

even: tonns Laborato ry. u rge damage 
may account for 80% of claimed lo e , 
wi t h  di rect L ightn ing str ikes ace un t ing 
for the  rest 

Most propeny las es attributed to 
urges can be preven ted b addi ng _ urge 

protect ion e i ther at the appl iance or in 
the power and communica t ion wi ring 
systems. Even appliances wit h  everal 
v iri ng systems can be protected from 
surges. For a growi ng number of case 
however, u rge protect ion in formation 
and devices supported by a nat ional ly 
recognized code or randard are 1101 
read i l  avai lable .  

I n  a f1r L step LOward min imizing u rge 
damage and associa ted losses, Late Farm 
In urn nce Com panie , J l l inoi Power, and 
1h EPRI Pow r E lec t ron i s A ppl ica L ions 

ente r (PE C) joined fore to create a 
document  called " Recom mended Pract ice 
for R idcntial urge Protection . "  After 
analyzi ng input from a ariety of techni ­
cal ex perts, the col laborators reached 
con en u on en t ial elemen of u rge 
prate t ion , in l ud ing wi ring and ground­
i ng. U ing  pract ices developed in th i  
proj ect, I l l i noi Power i hel p ing i ts re i­
dcnt i a l and sma l l  commercia l  cu tame rs 
protect L heir electronic appliance and 

t her v, l uable pr perty from urges. l n  
addition , resu lts from the cooperative 
effort wi l l  enable E PRl and i ts member 
t o  promote bet ter nat ional and i n terna­
t i  nal tandards related to end-u e u rge 
protect ion . 

"Wi th  t h  h Ip o r  our  cu tomcr - L al 
Farm I n  u ra nce, we a re now better able 



lO respond to a l l  customer ' concern 
abou t  su rge protect ion," sa Jim May of 
I l l i nois Power. The i n  u ranc c mpany. 
meanwh i le . i xpl ring ways LO educate 
p l icyholder . emplo ee , and agent 
about  thi  is ue. Roger \i i L of tate Fa rm 
sa s that t he  re u l L S  of the engi neering 
e ffo rt w i t h  P and l l l i noi Power 
"cou ld he lp heck the  recent growt h in 
damage loss claims for va luable e lect ronic 
equipment . " 

The next s tep beyond the  recom­
mended-prac t ice document is a con­
sumer-orie n ted pub l ication addr ing  
peci fic met hods o f  res idential urge 

prot ec t i n. Th a t i onal I n  L i tu te of 
tandards and echnology is working 

wi th the proj t team LO develop this 
consumer guide . 
• Fo,· more infomwt ion , contact Mar ha 

G wssman, (650) 855-2899. 

Benefits of Util ity-Customer 
Collaboration Highl ighted 

To raise awareness of th benefi of 
act ive part ner h ip bet\ een u t i l i t ies 

and their ustomers in o lv ing common 
problem , · P R !.' mmun i ty - nvi ron-
menta l Center r c mly documemed 
P CO n rgy' development of a new 
operating st rategy and the r  energy man­
age menL measures for one of Phi lad 1 -
ph ia's major wastewater L reatment plants. 
These measu res have IOI ered peak 
demand, redu ed pump ing o t . and 
improved energy effi cienc 

The out heast Water Pol l u t i on  on t ro l 
Plam proce an average of l I O  m i l l ion 
ga l lon of waste, a ter per da , (-+800 L/ ) . 
F low rat increa e qui k l  during tom1s, 
i nce man e\ rs in o lder pa rLS of t he  

ci t )' carry bot h dome t ic wa tewat r and 
tom, runoff. Peak f lows ma la L for 
nl hon peri d but  mu t be pump d 

and proce sed at Lhe treatmen t  plan t  LO 
meet discharge pem1 i t requiremenLS. 

-h p  qu i pme n t  
w a  t w a t  r and 

pu m p  t reated effiuem imo th Del aw re 
River. hon i n terva l of h igh demand ,  

P O Energ)' part ne red wi th the  c i t y t o  
ident i f  a plan for 111 d i fying t he p l an t ' 
operat ion t o  red u e i p a k  e leC L r i i t , 
demand and ave t he c i t  mon , h i le 
mai n taiD ing e ffiuem qua l i ty. 

PE Energ anal zed mont h ly de-
mand profi le fo r  the  t reat me n t  plant to 
ident i f  recurrent deman I pea k and 
Lhen produ d a det a i l d out l i n of the  
plan t ' bi l l ing � nn ula Peak demand I a 
correlated \ i t h  ra i n fal l  even LS. l temative 
ope rat ing t ra tegie to reduce demand , 
e l  t rici t y  consu m pt ion ,  and  p r t ing 
co eme rged from a t ucl of t he b i l l i no  
fonnula. 

Ke feawre of the  dopt cl t ra t egy 
i ncluded an i n  truct ion pro ram to im­
prove plant  operator ' und r Land i ng of 
ho energ ma nagem ent  could be i n te­
grat ed i n to t reat rnem procedu res .  Opera­
tor al o learned h ow t u e the plan t  
pr ces com pu ter to moni lOr real- ti me 
opera t ing data and pred i · t when \ et1 e l l  
o erf low l evels I ou ld b e  rea heel o t ha t 
t hey cou ld  fine-wne the  t i m ing of pump  
startup  and  hu tdow n . 

l n  addi t ion , a load-shedd i ng chedu l 
t hat co er a rious f low regi mes dur ing 
on- and off-peak period wa developed 
fi r t he  p lan t .  Op rat r a lso inst i tu ted a 
p l an  for maxi miz ing w twcl l and i n f l uem 
ewe r torage capacil to reduce pump-

i ng co and cu t power consumption . 
The ou t hea L Wa ter Po l l u t ion on t rol 

P lant i n w in i LS econd ear of energy 
on er atio n opera t ion . Duri ng t he fi rst 

five months of opera t ion u nder t he new 
t ra t e  , the plan t  rea l ized a 1 -+% reduc­

tion i n  power d mand charg . lec t r ic i c  
consumption decrea ed by 1 0%, and av­
i ngs on t he pl an t ' cle t r i c  b i l l avcrag cl 

1 6,000 per mon th . 
' '\! e cou ld  not have ach i  vcd the  e co t 

reduct ions wi t hout PE O Energ}" a • is­
tance ," says Andrew herman .  pcra t ion 
supervisor at t he t reat m  I l l  p lan t .  " PE 
ident i fied t he r i t ical bi l l ing areas where 
ma, imum avi ng could be real ized w i th 
m i n imum e.lTort. � The u t i l i t  ' De nahuc 
con adds, "Modi fying bi l l i ng demand 

,. i t hout aff ct i ng t rcau11ent  pe rformance 
pa id b ig d i vidend for the ci ty of  Phila­
delphia and created a happ)' customer fo r 
PE O Energ . "  

EPR!' t udy do  ·u ment ing t he energ , 
monitoring and manage me I l l  effo rt  is 
avai lable fTOm the EPRl Customer 

si tance en t e r, (800) 3 1 3-377-+ .  
• For more i 1 1format io11, con ta t Kci t /1 Ce111 1s, 
(3 1 4) 935-8598. 
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� Technica l  Reports & Software 
JI 

To order reports, contact the EPR I  D ist ribution 
Center, 207 Coggins Drive, P.O. Box 23205 , Pleas· 
ant  H i l l , CA 94523; (925)  934-42 1 2 . To order 
software, contact the E lectric Power Software 
Center, 1 1 025 North Torrey Pines Road, La Jol la, 
CA 92037; (800) 763-3 772 . 

Energy Conversion 

Im pact of  Powder River Bas in Coal on 
Power a nd Fuel  Markets 
TR- 1 09000 
Target: Fuel Supply Management 
EPR I Project  Manager :  J .  Platt 

Guidelines for the Fluid Dynamic Design 
of Power Plant Ducts 
TR- 1 09380 
Targets :  Coal -F i red Bo i ler Performance 
Optim izat ion and Combustion NO, Control; 
Pr i mary Part icu late Control 
EPRI Project Ma nagers :  J .  Mau l betsch , 
G. Offen 

CORETRAN Tech Transfer Workshop 
TR- 1 0962 1 
Ta rget: Nuc lear Power 
EPRI  Project Ma nager :  L. Agee 

I nternat ional RETRAN Conference, 1 998 
TR- 1 09622 
Ta rget: Nuclear Power 
EPRI  Project Manager: L. Agee 

Condenser Configuration and Performance 
Evaluation Us i ng Computational Fluid 
Dynamics 
TR- 1 09725 
Targets: Steam Tu rb ines, Generators, and 
Ba lance of P lant; Repowering Strategies 
EPR I  Project  Manager: J .  Tsou 

Streamlined Reliabil ity-Centered Mainte­
nance (SRCM) Program for Fossi l-Fired 
Power Pla nts 
TR - 1 09795 
Target: P l ant  Mai ntenance Opt imizat ion 
EPR I Project  Manager: R . Pflasterer 

EPRI Report on Boraflex Seismic 
Assessment 
TR-1 09927 
Target: Nuclear Power 
EPR I  Project Ma nager : R. Mahin i  

Streamlined Reliabi l i ty-Centered Mainte­
nance at MidAmerican Energy's Counci l 
Bluffs Energy Center, Unit 3 
TR- 1 09989 
Ta rget :  Plant Maintenance Opti mization 
EPRI  Project Manager :  R .  Pflasterer 
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Streaml i ned Rel iabi lity-Centered Mainte­
nance at Montana Power Co.'s Colstrip 
Unit 1 
TR- 1 09990 
Target: P lant Ma i ntenance Optimizat ion 
EPRI  Project  Manager: R . Pflasterer 

Reactor Pressure Vessel Flaw Distribution 
Development: I nspection of Shoreham 
RPV-Progress Report 
TR- 1 1 0 1 43 
Target: Nuc lea r Power 
EPR I Project  Manager : S. Ros insk i 

The New Environmental Drivers: Chal­
lenges to Fossil Generation Planning and 
Investment 
TR-1 1 026 1 
Target: Fue l  Su pply Management 
EPR I  Project Manager :  J . P latt 

Power Plant Tol l ing:  Profits at the Point 
of Convergence? 
TR-1 1 0262 
Ta rget :  Fuel Su pply Management 
EPR I  Project Ma nager :  J .  Platt 

Computer ized Maintenance Management 
System and Maintenance Work Process 
I ntegration 
TR- 1 1 0272 
Ta rget: P lant Maintenance Opti mizat ion 
EPRI Project Manager: R. Pflasterer 

Coal Qual ity I mpact Model™, Version 2.0:  
User Manual 
AP- 1 1 0502 
Target: Coal -Fired Boi ler  Performance 
Opt imizat ion and Com bustion NO, Control 
EPR I Project Manager: D. O'Connor 

Laboratory Invest igation and Model 
Development of Flue Gas Mercury 
Adsorption Using Sol id Sorbents 
TR- 1 1 0533 
Target: A i r  Tox ics  Contro l 
EPR I Project  Manager :  R. Chang 

Assessment of Coal Ha ndling for Fuel 
Flexibi l i ty 
TR-1 1 0957 
Ta rget: Fue l  Supply Management 
EPRI Project Ma nager :  D. O'Connor 

Proceedi ngs: 1 998 Feedwater Heater 
Technology Symposium 
TR- 1 1 1 046 
Ta rget :  Stearn Turb ines, Generators, and 
Ba lance of P l ant  
EPR I  Project Ma nager: J .  Tsou 

Proceedings: 1 998 Heat Rate Improvement 
Conference 
TR- 1 1 1 047 
Target: Coal -F i red Boi ler  Performance 
Opt imizat ion and Combustion NO, Control 
EPR I Project  Manager :  J. Tsou 

Small CHAT Plant: Transient and Part-Load 
Characterist ics 
TR- 1 1 1 1 93  
Targets : New Combustion Turbine/Combi ned· 
Cycle Des ign  and R isk Mit igat ion; Atmo­
spheric Part icu lates and Precu rsors 
EPRI Project Manager :  A. Cohn 

Template for Submission of Risk- Informed 
In-Service Testing Program for Pumps 
and Valves 
TR-1 1 1 204 
Target :  Nuclear Power 
EPR I  Project Ma nager:  F. R a h n  

Hydro Operational  Restrict ions Forum: 
Agency and NGO Workshop Summary 
TR- 1 1 1 248 
Ta rget : Hydro Performance Opt imizat ion and 
Asset Ma nagement 
EPRI Project Ma nag er: T.  O'Shea 

Proceedings:  2nd Annual  EPRI  Workshop 
on Power Plant Optimization (May 1 998) 
TR- 1 1 1 3 1 6  
Target : Coa l-Fi red Boi ler Performance 
Optimization and  Com bustion NO, Control 
EPRI Project Manager: J .  Sta l l ings 

II PISCIS: Processor and Interact ive System 
for Core Intelligent Simulation 
Vers ion 1 .0 (HP·UX) 
Target: N uclear Power 
EPR I Project  Manager :  L. Agee 

II RPVDATA: Reactor Vessel Materials 
Database 
Version 1 .4 ( Wi ndows) 
Target: N uclear Power 
EPR I Project  Manager :  S. Ros in sk i  

II wasteWORKS '98 
Vers ion 1 .0 (Windows 3. 1 , 95, 98, NT) 
Target: Nuc lea r Power 
E PRI Project Manager :  C. Hornibrook 

Energy Delivery and Uti l ization 

The High-Efficiency Laundry Meter ing 
and Marketing Analysis (THELMA) Project, 
Vol .  7: Product Users-Field Monitoring 
TR- 1 09 1 47-V7 
Target: Res ident ia l  Appl iances 
EPRI Project Ma nagers: J .  Kesse lring, R. G i l l man 



Distr ibution Automation Pilot Project at 
Georgia Power Co. 
TR- 1 09486 
Ta rget: Dis t r ibut ion System 
EPR I  Project Manager: W. B la i r  

Add-On Heat Pumps: A New Market ing  
Perspective 
TR- 1 09735  
Ta rget: Res identia l  Heat Pump Tech no logy 
EPR I  Project Ma nager: C. H i l le r 

Near-Optimal Cool Storage Control ler 
Development: Field Testing During the 
1 997 Cool ing Season 
TR-1 09767 
Ta rget: Com mercial Bu i ld ing Thermal  Storage 
EPRI Project Manager: M.  Khattar 

San Diego Environmental Service Depart­
ment's Ridgehaven Green Build ing 
Demonstration Project: Case Study 
TR- 1 098 1 0 
Ta rget: Commercial Bu i ld ing Heat Pu m p  
Tech nology 
EPRI Project Manager :  M.  Khattar 

Unitary Cool Storage Field Demonstration 
TR- 1 09924 
Target: Commercial Bu i ld ing Thermal  Storage 
EPRI Project Ma nager : M.  Khatta r 

The Evolving Role of Marketers in the 
Restructured E lectric ity Market 
TR- 1 1 1 004 
Target: Power Markets a nd  Resource 
Management 
EPRI Project Manager: A. Altman 

Ground-Source Heat Pump Bentonite­
Based Grouting Research: Review of 
Literature on Existing Bentonite-Based 
Grouting 
TR- 1 1 1 035 
Target :  Res ident ial Heat Pump Technology 
EPR I  Project Manager: C .  Hi l ler 

Written-Pole Motor Generator Technologies 
Appl ication Guide 
TR- 1 1 1 036 
Target: End-Use Power Qual i ty M i t igat ion 
Systems 
EPR I  Project Manager: B .  Banerjee 

Modeling Development of Converter 
Topologies and Control for Back-to-Back 
Voltage Source Converters 
TR- 1 1 1 1 82 
Target : Substat ions 
EPR I Project Manager: A. Ed r is  

An Evaluation of Web-Based Residential 
Energy Bi l l Disagg regat ion Software 
TR- 1 1 1 1 92 
Targets: Res ident ia l  Heat Pump Technology; 
Res ident ia l  Water Heating Technology;  
Res identia l  App l iances ; M u ltifa mi ly  Hous i n g ;  
Manufactu red Hous ing; Promoting Energy 
Products for Mass Ma rkets 
EPRI Project Manager: J .  Kesse l ri n g  

Proceedings: Substat ion Equipment 
Diagnostics Conference V 
TR - 1 1 1 282 
Target: Substat ions 
EPR I Project Manager: S. L indgren 

Proceedi ngs: Substation Equipment 
Diagnostics Conference VI  
TR- 1 1 1 3 1 4  
Target : Substat ions 
EPR I Project Manager: S. L indgren 

Iii EDC: Engineering Design and Cost ing 
Model 
Vers ion 1 .0b (Wi ndows 95) 
Target: D istribution System 
EPRI Project Manager: S. Chape l  

II E lectricity Book 
Vers ion 0.75 . 1  (Windows 95 ,  NT) 
Target : Power Markets and Resou rce 
Ma nagement 
EPR I Project Manager: A. Altman 

11 PAD: TLWorkstat ionTM 3.0 Module 
Vers ion 3.0 (Wi ndows 3.1 , 95, NT) 
Target: Overhead Transmiss ion 
EPR I  Project Manager: A .  H i rany 

Iii PQDS (Power Quality Diagnostic 
System): Simulation  Module Production 
Vers ion 1 .0 (Wi ndows 95, NT) 
Target: Power Qual i ty  
EPR I Project Manager : S. Bhatt 

Iii UTWorkstation: CABLEFUN (Cable 
Ampacity Fundamentals Program) 
Vers ion 3 .0 (Wi ndows) 
Target: Underg round Tra nsm ission 
EPR I  Project Manager :  T. Rodenbaugh 

Iii UTWorkstat ion: CABLEREF (Cable 
Reference Database) 
Vers ion 2 . 1  (Windows) 
Ta rget: Underg round Transm iss ion 
EPR I  Project Manager : T. Rodenbaugh 

II UTWorkstat ion: PCFIELD 
Vers ion 3.0 (Wi ndows) 
Ta rget: Underg round Transmiss ion 
EPR I  Project Manager :  T. Rodenbaugh 

Iii UTWorkstat ion: PULLPLAN 
Vers ion 3.0 (Wi ndows) 
Ta rget: Underground Transmiss ion 
EPR I  Project Manager :  T. Rodenba ugh 

Environment 

Site 24 Compact Disc Containing Environ­
menta l Data, Photographs, and Graphic 
Displays: User's Guide 
TR- 1 1 0830 
Ta rget: MGP S i te Remed iation and Health R isk 
EPR I Project Manager: A. Qu inn 

Smal l  CHAT Plant:  Trans ient and Part-Load 
Cha racteristics 
TR- 1 1 1 1 93 ( see l i st ing u nder Energy 
Convers ion) 

EPRICSG 

National Accounts Manager: Design 
Study 
TR-1 09726 
Target: Information and Energy Management 
Services for Mass Markets 
EPR I  Project Manager: D. Ca i n  

Assessments of Emerging Tech nologies 
for Wireless Communications 
TR- 1 1 0 1 2 5  
Target: Wi re less Appl icat ions  and Services 
EPRI Project Manager: S .  Drenker 

Listening to Small and Medium Bus inesses: 
Opinions, Attitudes, and Decision Making 
in Open Energy Markets 
TR- 1 1 0406 
Target: Understa nd ing Energy Markets 
EPRI Project Ma nag er: R .  Gi l lman 

Getting Closer™ : A New Way of U nder­
standing the Cultural  Values and Rituals 
Surrounding the Use of Energy 
TR- 1 1 081 7 
Ta rget: U nderstand ing Energy Markets 
EPRI Project Man ager: R. Gi l lman 

Util ity-Customer Communicat ions Options 
for the "Last Mile" 
TR- 1 1 1 023 
Ta rget :  I nformat ion and  Energy Management 
Serv ices for Mass Markets 
EPRI Project Ma nager: S .  Drenker 

Wor ldwide Satell ite Communications for 
the Energy Uti l ity Industry 
TR-1 1 1 052 
Ta rget: Wi re less App l ication s  and Services 
EPRI Project Ma nager: 5. Drenker 

An Evaluation of Web-Based Residential 
Energy Bill Disaggregation Software 
TR- 1 1 1 1 92 (see l i s t i ng under Energy Del ivery 
and Uti l ization) 

Strategic Sci ence and Techno logy 

Internet Energy Management: A Security 
Analysis 
TR- 1 1 1 0 1 5  
Program: St rategic Sc ience and Technology 
EPR I Project Manager: S. Drenker 

Value of the Sma l l-Punch Test for Evaluat­
ing Fracture Toughness of Nuclea r Pressure 
Vessels 
TR- 1 1 1 1 42  
Program: Strateg ic Sc ience and Technology 
EPR I Project Manager: V. Viswanathan 

Infl uence of Silicon on the Corrosion 
Resistance of Stainless Steel in Coal 
Gasification Env i ronments 
TR- 1 1 1 1 8 1  
Progra m: Strateg i c  Sc ience a n d  Technology 
EPR I Project Manager: W. Bakker 
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EPRI Events 

February 1999 

1 -2 
Containment Inspection: Visual 
Examination Training, Level 2 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1-S 

Supercritical Boller Un i t  Operations 
Kansas C i ty, Missouri 
Contact: Sarah Ma l inowski, ( 8 1 6) 235-5623 

3-5 
ASME Section X I  Flaw Evaluation 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

8-1 0 
Electric Motor Predict ive Ma i ntenance 
Or lando, F lorida 
Contact: Megan Boyd, (650) 855-79 1 9  

8-1 2 
Cyclone Boiler Unit Operations 
Kansas C ity, Missouri 
Contact: Sarah Ma l inowski, (8 1 6) 235-5623 

8-1 2 
NOE Instructor Tra ining 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

9-1 0 
Workshop on COSTAR (Concrete Structures 
Aging Reference) Manua l  
Char lotte, North Ca ro l ina  
Contact: B rent  Lancaster, (704) 547-60 1 7 

1 5- 1 9  
Magne-81ast Circuit Breaker Users Group 
Clearwater Beach, Florida 
Contact: Brent Lancaster, (704) 547-60 1 7 

1 6-1 7 
Gas-Electric Partnership Meeting 
Houston, Texas 
Contact: Dick Schmeal, (7 1 3 )  963-9307 

1 6-1 7 
Simulator Specification and Procurement 
Kansas C ity, Missouri 
Contact: Sarah Ma l inowski, (8 1 6) 235-5623 

1 7-1 9 
EPRI Healthcare Initiative 
Denver; Colorado 
Contact: Ke l ly Ciprian, (61 4) 855- 1 390 

1 7-1 9  
Service Water Engineer Training 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 
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2 1 -24 
7th Substation Equipment Diagnostics 
Conference 
New Orleans, Louis iana 
Contact: M ichele Samou l ides, (650) 855-21 27 

22-25 
Microbiological ly Influenced 
Corrosion 
Char lotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-61 74 

23-25 
1 999 Condensate Pol ishing Workshop 
Santa Fe, New Mexico 
Contact: James & Co., (707) 829-3500 

23-25 
Simulator Acceptance Test Procedure 
Workshop 
Kansas City, M issouri 
Contact: Sara h Mal inowski, (8 1 6) 235-5623 

24 
Water and Energy Conference 
Sarasota , F lor ida 
Contact: K im Shi l l i ng, ( 3 14 )  935-8590 

25-26 
Municipal Water and Wastewater Program 
Meeting 
Sarasota, F lor ida 
Contact: Kim Shi l l i ng, ( 3 14 )  935-8590 

March 

1 -5 

Boi ler Operat ing Theory 
Kansas City, Missou ri 
Contact: Sarah Mal inowski ,  (8 1 6) 235-5623 

8 - 1 2 
Turbine Operat ing Theory 
Kansas City, Missou r i  
Contact : Sarah Mal inowsk i ,  (8 1 6) 235-5623 

8- 1 2  
Visual Examination Technology: Level 1 
Char lotte, North Caro l i na 
Contact: Sherryl Stog ner, (704) 547-61 74 

1 1 - 1 2  
Work!;hop on Ground-Penetrating 
Imaging Rada r 
R idgefie ld, Connect icut 
Contact : And rea Duerr, (650) 855-27 1 9  

1 5-1 8 
Advanced Structural Analysis and Design 
Methods for Power Line Upgrading 
Haslet, Texas 
Contact: Kathleen Lyons, (650) 855-2656 

1 5-1 8 
Generator Monitoring and Diagnostics 
Orlando, F lorida 
Contact: Don Mason, (61 O) 490-32 1 2  

1 5-1 9  
Basic Electrical Theory for Power Plants 
Kansas City, Missouri 
Contact: Sarah Ma l inowski, (8 1 6) 235-5623 

1 5-26 

Ultrasonic Examination Technology: Level 1 
Charlotte, North Ca ro l ina 
Contact: Sherryl Stogner, (704) 547-61 74 

1 7-1 8 
Health Facility Planning, Design, and 
Construction 
Tampa, F lorida 
Contact: Kel ly C i prian, (61 4) 855- 1 390 

22-26 

Generator Operating Theory 
Kansas City, Missouri 
Contact: Sarah Mal inowski, ( 8 1 6) 235-5623 

28-3 1  
1 999 EMF Science Seminar 
Denver, Colorado 
Contact: Robert S. Banks Associates, 
(6 1 2) 62 3-4600 

29-April 2 
Designi ng, Developing, and Eva l uating 
Fossil Plant Training Programs 
Kansas City, Missouri 
Contact: Sarah Mal i nowski, ( 8 1 6) 235-5623 

April 

5-9 
Simulator Instructor Techniques 
Kansas City, Missouri 
Contact: Sarah Mal inowski, ( 8 1 6) 235-5623 

8-9 
Workshop on AC Losses 
Palo Alto, Ca l ifornia 
Contact: Kath leen Lyons, (650) 855-2656 

1 2-1 4 
Power Quality Chal lenges in the 
Semiconductor Industry 
Tempe, Arizona 
Contact: Karen Forsten, (423) 974-829 1 

1 2-1 4 

Transmission Inspection and Maintenance 
( TIM) System Training Class 
Las Vegas, Nevada 
Contact: Kath leen Lyons, (650) 855-2656 



1 2-1 5  
Conference on Power Plant Impacts on 
Aquatic Resources 
Atlanta, Georgia 
Contact: Cindy Layman, (650)  855-8763 

1 2-1 6 
NOE  for Engi neers 
Charlotte, North Caro l ina 
Contact: Sherryl Stogner, (704) 547-6 1 74 

1 2-16 

Simulator Instructor Station 
Operations 
Ka nsas C ity, Missour i  
Contact: Sa rah Mal inowski, ( 8 1 6) 235-5623 

1 3-14  

Forecasti ng Symposium 
Denver, Colorado 
Contact: Pa ige Po l i shook, (650)  855-201 O 

1 5-1 6 

TIM System Users Grou p Meeting 
Las Vegas, Nevada 
Contact: Kath leen Lyons, (650) 85 5-2656 

20-23 

Structured On-the-Job Tra ining 
Program Design, Development, and 
Implementation 
Kansas C i ty, Missouri 
Contact: Sarah Van berg, (8 1 6) 235-5623 

27-29 

Preserving Equipment Qualification 
Char lotte, North Ca ro l i na  
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