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Sequestration : Mastering the Transition Game 

T
he long-tenn prospects for a clean energy fu LUre 
look quite good. We are con fiden t  t hat with 
sufficient R&D inv t ment, we wil l  be able to 

develop and i ncreasingly deploy reliabl , affordable 
carbon - free energ opt ion in t he twenl -first cen tury. 
As thi issue's cover tory oh e rv  , however, we wi l l  
need to con tinue to draw on coal and ot her fo i i  fuel 
as a sign i fican t  pan of our energy r ou rce portfolio for 
at least the next 50 year -a di fficu l t s i t uat ion i n  l igh t 
of concern abou t  carbon diox ide emi io ns. I n  t he 

nited tat , e nviron mental concerns are al read con­
tributing to tl1e inv tment ri k for n w coal power, and 
i f t h  e is ues are not addressed , new coal-fired capa -
i t y  w i l l  be e ffect ively choked off, even plan ts based on 
ad am.:ed dean coal technologies. In thi contex , car­
bon equest rat ion provide an opt ion for t he con 1 inued 
use of our mo I abu ndant energy ource as we make 
the transition to arbon-fr e generation in the coming 
decades. 

The developing world is also pla ing a transit ion 
game , one that involv - economic growth  as wel l  as 
energy. China and India, for exam ple, wil l  u nqu l ion ­
abl u c their larg i nd igenous coal reserves for power 
genera t ion .  since the wide pread a ai lab i l ity of cheap 
elect ric i ty i <.:rucia l  for t heir national economic devel­
opmen t  and for break ing the  cycle of poverty, di ease , 
and hope! . The development of t echnology 10 

cap l ll re and sequester carbon wi l t  be key t o red ucing 
the  environmental i m pa t or thi global growth sce­
nario. In the developing coun tries, a in the n i t  d 

tat , t he  avai l abi l i ty of clean option for t he  con1 i n ­
ued u e of coal would provide much-needed flexibi l ity 
in forgi ng a workable overal l  respon c to cl imate 
hangc i ues. 

Fonuna1cly, work on carbon sequestrat ion is going  
on al l over the w r id . he Japane c program-wl1 ich, 
al around $ 100 mil lion, is probably the  world largest­
i fot:L ed on deep ocea n d isposal : pu mpi ng CO2 down 
3000-5000 feet (900- 1 500 meters) , where it  spreads 
ou t  a a su percri tical l iqu id on the  ·eafioor. A mul t i ­
nation:i l  p i l ot-scale field experiment o n  uch long-term 
deep ocean di po al i chedu l ed to take place o ff the 
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Kona coast of Hawai i i n  the ummer of 2000. Mean­
whi le ,  for the past two years, a European research team 
ha been i nject ing CO2 i nto a deep sal ine aqu i fer under 
the bed of the North ea off Norway. Thi project , 
whi h i being  carried ou t at actual power plant  ca l e .  
i s  providing real-world co t infonnation and best­
practice guidelin for aquifer i njection . L her carbon 
to rage opt ion bei ng pursued include equestrat ion in 

underground coal cams and in o i l  or gas fields, who e 
fuel production l i fe can be signi fican t ly ex tended by 
CO2 i njection. 

A part icu larly interesting research avenue that EPRI 
i i nvestigat ing involves biomim · is, the engineered 
m i m icry of bio l ogica l proces es found  in na ture. Speci f­
ical ly, scie n t ists are looki ng at the e nzyme that al lows 
mollu ks to quickly convert CO2 from eawater iDLo 
the inert alcium carbonate they u e for hel l  growt h . 
There is evidence t hat tl1 is enzyme-found in a wide 
variety of livi ng thi ngs-could be easi ly and inexpen­
sively mass-produced. A sequestration ystem based on 
this concept and loca t ed ar a power plan t  s i te might be 
able to fix carbon from Oue ga in a si ng le tep, without 
Lhe need for separation and concentration. The end 
product-es ent ia l ly l imestone-could be di po ed of 
in a la ndfi l l . 

Th e are just a few of the many approach · to car­
bon capture and to rage that are being studied worl d­
wide and are omli ned in a tech nology compendium 
rec n t ly developed by the U .S.  Depart ment of Energy 
with EPRI  part ic ipa t ion .  The  ne t step wi l l  be to r igor­
ously eva l uate the opt ions again t performance and 
ost cri teria and to narrow the focu w those tha t offer 

the best opportun it ies for si.iccessfu l developmen L 
Con idcring the global impl ica t ion of t he CO2 transi­
t i.on game , uch work de erves a high priori t y in our 
R&D plann ing. 

Stephen M. Gehl 
Di.rector of t rategic Tech nology and Alliance 
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Electricity in the Global Energy Future ( page 8) 
was wri tten by Ta lor oore, Jou nial senior feat u re 
wri ter, wi t h  a i Lance rrom two P R I  taIT member . 

STEVE G · H L, d i recto r or strategic tech nology and 

alliance , bas led EPRI ' Electricity Technology Road­
map I n it iat ive i n ce 1 997 . Ear l ier  he served a d irec­

tor of trategic ynthe i and a a 
manager of generation and nuclear 

power program . He came to P R L  
in 1982 rrom Argonne ational 
Laboratory, where he was a staIT 
metallu rgi t .  Gehl has a bachelor' 

degree i n  metallurgical engineering from the  n i  er-
i ty of otre Dame and a PhD in material cience 

and engineering from the Un iver i ty of Fl rida .  
BRE T BARKER is manager of corporate communi­

cation . Previou ly he was manager of trategic and 
execu tive comm u nicat ion and, for 1 2  year edi tor­

in-chief of the EPR/ Jou ma/. Before 
joining EPRI in 1 977, Barker pent 
four year a a private commu nica­
t ion · ·on u l tant and a an anal t 
for U RS . Earlier he was an ind us­
t rial econom i t and tafT author at 

Rl International and a commercial re earch analy t 
at USX Corporat ion . He graduated in e ngineering ci­
ence fro m J ohns Hopkin Uni  e rsi ty and earned an 
M BA at  the U niver i ty of Pittsburgh. 

Uti lity Communications Go Into Orbit ( page 18) 
was wriue n  by Tay lor Moore , jou mal enior feat u re 
writer, with assistance from two E P R I  staf

f 

members.  
STE E DRE N K E R  manages t he in formation tem 

co m m u nication bus incs area.  H e  previously 
directed the power qua l it and in ­
fonnat ion technology area and  
managed ad  a nced fo i i  power 

plant technology development. 
Dren ker came to E P R L  in 1 978 
from Babcock & Wi lcox om pa ny, 

where he worked in fossi l plan t  engineeri ng. He re­
ceived a degree i n  mechan ical  engi neeri ng from the 
Univer i ty of issouri and an MBA from the niver­
s i ty of anta Clara. 

W I LLIAM BLA I R  project manager for i n formation 
and automat ion tec hnology, managed t he develop-

ment  or t h  ti li t Co m m u nica-
t ions  Architecture.  H e  joi ned E P RL 

i n  1 976 a fter nearly 1 2  year w i th 
R I  I nt erna t i onal  as a research engi­

neer. He hold B and M degrees 
in e lectrical engineering from or­

e i n  elect rical engineering 
from t he n iver. i ty of ew exico. 

The Power to Transcend Y2K ( page 28) wa writ­
ten by science writer Dawn Levy, with assi tance  from 
three EPRI s ta ff members. 

C HARLI E I E BE TH L. ma nager of t rategic a e s­
men t, also ervcs as d i rector of E P R L 's Year 2000 - m-

bedded tern Program . He came 
10 E P R I  i n  19 7 from the Bech te l  
G rou p, where he wa chief proce 
engi neer for it R<:l D opera t ion .  
Previou ly he \ orked at Metca l f  
& Edd and  a t  hell De  elo pment 

Company. iebem hal has two degree i n  chem ical 
engineering-a B from Wa hington  niver i t  a nd 
a PhD from the n iver ity of innesota . 

J I M  FO RTU E is program manager for engi neer ing 
and economic evaluat ion and the operation manager 

for t he Y2K Embedded y te rns Pro­

gram .  H e  joi ned E P R I i n  1 989 a fter 
1 0  year at Vi rgi n i a  Power, wh re he 
wa an engineeri ng proj ect manag r 
and t he director of engineeri ng. He 
holds B and MS degree in engi­

neering mechan ics from Virgi nia Polytechnic I nst i tute. 
J OE El , tech n ical manager for the  Y1K Embed-

ded y t ern Program, prcviou ly managed r earch 
on instrumentat ion, controls, and 
diagnostics for both n uclear and 
fo · i i plan . He came to EPR I in 
1987 after nine ear with General 
Electric in i uclear Power Divi-
ion.  Wei ha a B in nuclear engi­

neeri ng from the niversity of Arizona and an MBA 
from the n ivers i ty of anta Iara. 
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I R  Thermography Guide 

A nalyzing the  thermal signaLUre of  operating mechanical 

and electrical components provid valuable in ight i nto 

t heir cont inued operabi l i t  . I n frared thermography, wit h  i ts 

noncontact ,  remote i n  p ct ion capab i l i t i  i s  very appeal ing 

for n-l ine, i n- erv ice insp ctions and i widely used by uti l i ties 

a pan of pred ict ive main tenance programs. The Inf rared Tlier­

mog,·apliy Field Application G u ide (TR- 107 142) , which supple­

ments an ear l i er  P R L  guide ( P-6973) ,  provides information 

on u ing t he method for transmi s ion and distribut ion l ines, 

ub tations, and nondest ruct ive test ing. Based on in formation 

from uti l i ty thermographer  and other indu try experts, the 

new guide includes specific exampl and am ple imag for 

each appl ication area. 

• For more i nfonnat ion, conta I Pau l  Za icell, pzayicel1@cp1i .com, 

704- 47-6 1 54. To orde,; call EPRJ Customer Service, 800-3 13-3774. 
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Del ivera bles now ava i la ble to E PRI members and c ustomers 
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PV Project Development Gu idel i nes 

T he hundreds of thou ands of photovoltaic power sys­

tems in operat ion i n  the United tales have helped 

uti l i ties reduce thei r co t of ervice, e pand t he i r  cu -

tomer ervice option and cu tomcr ba e, deer a e t h  ir 

erni ion , and cnhan e th ir public i mage. An organ ized 

approach to developi ng u ce fu l P -ba ed proje t and 

enture · pre ented i n  new = P R I uidel i nes ba ed on 

d i re t u t i l i t  exp rien e wi th the technolog . The guide­

l ine  report (TR- 1 1 1 892) describes t he advan tages and the 

mo t effect ive u e of P terns, as we l l  as their costs 

and l imitations. The i n fonnation pre ented wa obtained 

thrnugh interview and from publ icat ion of al l  major 

organ izat ion act ive! involved wi th t he  tech nology and 

i ts appl icat ion 

• For more infonnat io,i , con tact Ten Peterson , tpeterso@ 

epli .com, 650-855-2594. To orde,; cal l  EPRl Customer Service, 

800-3 1 3-3 774. 



ESPRE Windows Vers ion 1.0 

E SP RE (EPR I  impl i fied Program for Residentia l Energy) 
si mulates energy use panems for a variety of residential 

bu i lding designs and can help ut i l i t ies quickly determine building owners' energy cost . 
Developed a decade ago, E PRE ha evol ved Lo the point that it can accurately and quickl y 
analyze in teract ion between a bui ld ing and the  element of i h al i ng, vent i la l ion ,  and a i r  
cond it ion i ng sy  Lem .  E PR 's model i ng power range from structu res w i th  on l y one  t herma l  
zone and one H VA sy tern LO comp lex st ruc t u res wi th mu l t ip l  y terns. The new Wi ndow ver-
ion of E PRE was designed to analyze bui lding l oads and conservat ion designs, H VA sy tern 

performance , water heater energy use, e lectric rate design i mpacts, and demand control st rategies . 
• For more i 11fonnal io11 , contact  Jo/111 Kesselring, jhesse lr@epri.com, 650-855-2902. To orde1; cal l  EPRI 
Cust omer Se,·v ice, 800-3 13 -3 774. 

Turbo-X Software 

E 
PRl 's new Turbo-X decision analysis LOol hel p u t i l i t ies maxi mize the  i merval 
between major inspections and overhau ls of team tu rbine-generators whi le  

ensuring protect io n of the equ i pmen t .  To provide a con fident basis 
for ex tended operat i ng i n terval , t h  oftware perform engin eeri ng, 

economic ,  and ri k analys and determines l i fe con umpt ion ,  
perfom,ance d gradat ion ,  and probab i l i ty of fa i lure for cri t ical 

compon n ts .  The 0&:M and rep lacemen t  power cost sav-
i ng from h i ft ing to longer i n tervals between mainte­
nance outages can total tens of mi l l ion of do l lars for a 

large fos ii plan t .  Turbo-X runs on Microsoft Windows T 4.0, 
Windows 95, and later versions. 
• For more i nfonnat ion ,  con t act  Tom McC/osliey, l mcclosll@cpri.com, 
650-855-2655. To o,·de,; cal l  EPRI u.stomer cn•ice, 800-3 13 -3774. 

Green Power Gu ide l ines 

V o lume 2 of EPR I '  G reen Power Gu idel i nes (TR- 1 09 1 92- 2) de ­
cri bes re earch to as  e s the  market among mall and medium­

ize bu inesses for electric ity prod uced by green, or envi ronmentally 
friendly, renewable e nergy re ourc . (A i m i lar tudy of resident ia l 
cu tomer is documented i n  t he r por t ' first o lume . )  Accord ing  to 
the find i ng , the ma rket fo r green pow r among these bus ines es i 
pot e nt ia l ly  ign i fican t bu t is complex and di fficul t LO a ess because 
of t he sector's d i versity and fragmen ted na tu re. One clear conclusion 
is t hat green programs sel l  better at a discoun t  than at a premiu m in 
t h is sector. The  report outl i nes strategies for incorpora t ing the find­
i ngs i nt o  green power marketing programs and for bet t er target i ng  the 
businesses mo t l i kely to accept a green power product mix . 
• For more informat ion , contact Terry Peterson ,  tpet.erso @epri .com, 
650-855-2594. To ordc,; a l l  EPRI Cuswmer ervice, 800-3 13-3774. 
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Discovery 
Bas ic science and i n novative eng i n eeri n g  at the cutt i n g  edge 

Protective B iofilms Could 

Control Corrosion 

C
orrosion costs the U .S. e lec t ric power 
i ndu try $5 bi l l i on Lo 1 0  b i l l ion a 

year. l n  steam generat ing plants, an est i­
mated hair of a l l forced outages are caused 
by corrosion . Accord i ng to Barry yre t t ,  
an EPRI technical fe l low i n  science and 
technology deve lopmen t ,  the  
COSl of dea l i ng wi th  COTTO ion  
adds more t han 1 0% to t he 
cost of el c t ric i ty-more than 
lO any other . .  product But 
genet i ca l ly engi nee red bacteria 
could change al l  t hat .  

The fir t fie ld  trials of bac­
teria l  film that have been 
genet ica l ly  al t e red Lo co mbat 
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corrosion are expeCLed to begin later this 
year at one or possibly two ut i l i ty sites. 
The trials are contingent on the success 
or i n i t ia l  te t i ng by researchers at the 
U niversi ty or Cal i fornia, Irvine, and the 
U n iver i ly of Connecticut ,  Lorr , in a 
col l aborat ive project wi th  E P R I . 

When exposed Lo mo t process water , 
metal surface at power plan ts become 

A test loop in UC Irv ine's central  

plant ( left) i s  be ing used to deter­

mine the feasibi l i ty of control l ing 

corrosion with bacteria. The col­

ors of the above biofi lm samples 

from the loop are a funct ion of 

the nutrients and indicator dyes 

present in  the media. 

colon ized by microbes t hat 
form a biofi lm . Biofilm are 
often damagi ng. For i n La nce, 
sulfate-reducing bacteria can 
cause pil l ing and other forms 
of corrosion i n  some al loys , 
including normally corrosion­
res istant metal l ike ta in les 
stee l , copper al loy , and al u­
min u m. 

The focu of the E P Rl work, 
notes reu, is to engineer 
biofilms to have a protective 
effect. Under laboratory test 
conditions, aerobic bacteria 
cause a much a a 40-fold 
decrease i n  t he  corrosion rate 
of steel and significan t  de-
crea es in a luminum and cop-

per corrosion rate · they do his larg ly by 
consuming oxygen , which wou ld  ot her­
wise oxidize the metal . " I f, in addit ion , 
these bacteria are genetically engineered 
lO release an antimicrobial substance, they 
can deter the e ffects of harm ful bacteria, 
such as su l fate red ucer ," yren points 
ou t .  "The ant imicrobial substance ki l l s  or 
evere ly  rest ricts the growth of t he  harm­

ful bacter ia ." 
Thoma Wood, a research c ient is t  at 

the University of Connecticu t , is i nves t i ­
gat ing several methods of using bacteria 
to prevent corrosion .  He explains, "Wher-
ver there i water, bacteria are pre enL i n  

t h e  fo rm of a biofi l m , wh ich is di fficu l t t o  
el im inate .  Biofilms are no t  j ust l i me; t h  y 

I 
have a dist i nct and com plex a rch itectu re . 

r; Why not have the e biofi l m  work for u 

1:1 
g 

and be protective?" Wood adds i t  i un ­
l i kely that a single type of bacterium wi l l  
fi l l  the bi l l  in al l s i tuations .  A more l ikely 
ce nar io is that c ient i  ts wi l l  ample bac­

teria already thriving in the biofi lm al a 
pecific si te ,  give them the  genes t o  man u­

fact ure ant imicrobials , and rei n t rod uce 
them at the si te . 

U nder the direct ion of J im Earthman , a 
materials scien tist , initial tests are being 
cond ucted i n  a test loop in the chi l led­
water sy tem of the C Irvine campus. 
Florian Mans feld, a corro ion expert at 
t he  U n ive r i ty of out hern a l i fornia, i 
assist ing wi t h  electroch mical data analy-
is and i n terpretat ion . 

I n  addit ion , biofi lm sam ple are being  
co l lected for analysis from Entergy Opera-
t ion , GP uclear, ew Century Ener-
gies, t he  ew York Power Authori ty, ia­
gara Mohawk Power Corporat ion , and the 
Tennessee Valley Authority. The e analy­
ses will enable collabora t i ng  re ea rchers at 
t he  University of evada ,  Reno-Peggy 
Arps and Lois Tack-LO understand what 
bacteria l populations typical ly exi t i n the 
samples o that the most appropriate ben ­
e ficia l  bacter ia can b e  elected a n d  genet i ­
cal ly engi neered fo r corro ion resi tance .  



The field work plan ned i r later this 
,ear wil l  entai l id -loop test in the er­
vice water or fire protect i n tern of at 
least one of the power plan ts owned b 
the six participat i ng u t i l i t ies . 
• For more i 1 1Jomwt ion, conra t Ba n , rel/, 
b y1rt1@cp1i . om, 650-855-2956. 

Collaboration Advances 
EV Batteries 

T
he U . .  A<lva nccd Battery o nsor­
L i u m-a development program 

fonned in 1 99 1  by . . au to maker . 
PR! , and the  . .  D pan men t  of 

Energ -reports _ ub·t an t ia l prog-
l O\ ard ach iev ing goals for 

baueries that cou ld extend el ec­
t ric veh icle (E ) range and pcr­
fom1ance be ond the  capabi l i t i  
po ible \vi th toda ' lead-acid 
bat tcric . T hank to the  AB "s 
ffon and uppon , ni k I-metal 

hydride ( iM H) baueri have 
been succ sful ly lield-1 t ed in 
protot rpe and are now in 
pi lot - plant pre duct ion. Mean-

The iden t ificat i on  of i H technology 
as the prime m id t erm candidate and th 
in-veh icle l t i n  f N i M H  bauery pac 
from two manufa turer ar among the  
cons nium' ace mpl i  h men duri ng 
Phase l and Phase 2 (whi h extend 
through this year) . I n  addit ion t o  EPR I ,  
omhern o m pan and Edison E are 

i ndu try uppon for the 

The midterm bauery co t and 
performance criteria wou ld mean t hat a 
typi cal pa enger V \ ou ld ha e a  driv­
ing range of 1 00-125 mi le  ( 160-200 km) 
per charge and cou ld acce l e rate from O LO 

-o mile pe r hour (0-80 km/h ) in 1 2  ec-

form:mce defi ned by these goal is consid­
ered the t hreshold for wide consumer 
ace ptance-that is, t he  1 vel needed Lo 
uc ful ly l aun h a n  market in 

ad anc of ach ieving t h  I ng- term . fu l l }' 

t hat m et mo t t1f the  
BC 111 idtern1 cri teria are e xpected lo 

be com mercial l available b the  end of 
th i  year. The tech nolog}' i ex pected t 
u t , i n  the earl}'·adopt cr market for veh i ­

c l ' l ike t he neral otor V l .  u r-
r nL AB e fforts o n  N i  H baucries 
i ncl ude more-e tensive durabi l i ty, abu e 
to l era nce, and veri ficat ion test ing, as \ e l l  
a re  ea rch  aimed at reducing the  bat t er-

ies' co L The pro pecti e L e of 
ad anced bauerie· i n  tat ionary 
( non-E ) appl ication L al o 
b i ng  add re ed. 

Work involving t he l i th ium­
pol mer  technology i · fo  u ed on 
pi lot-planL design and on bauery 
l t i ng and co l red uct ion. " I f the 
urrcn t rate of techni al progre s 

arc mai n tained . E powered b 
l i th ium -pol m r bau e ri a rc 
expected 10 approach the  perfor­
mance of convent ional gaso l i ne­
po� creel chicle within the next 

• fi e years," sa •s Hei m . 

� h i le , l i t h i um-polymer  ba 1 1eri 
continue 10 ho\ the 1110 t 
prom i  e for meet i ng  t h , consor­
t i mn' 10110-1 rm o l and p rfor- Nickel-metal hydride batteries from GM Ovonic are already To capi tal ize on the  ucccss 

ach ieved thus far, the  AB p,�r-commercia l ly available and are be ing used in the General 
Motors EV1 . Shown here is the second-generation, 95-Ah, 1 2-V t ic ipan ts  ar di cu i ng pro. pe l 

for a P ha 3 i n il iat i e, wh i ·h may 
resu l t  in addit ional E PRJ funding 

ince i ts  format ion, the  module the company expects to  begin producing later th is year. 
i n  part ner hip wi th  man co t­
har i ng bauery manufact ur rs--h, a -

cornpl i hed much, hu t  a lot more work 
remain to be done before victor y can be 
declared," ay Eric Heim , PRI' trans­
ponalion area ma nage r and B rep­
resentati e. 'The consonium's co t a nd 
perfonnance goals \ ere ba ed on a rela­
t ive! ingular objective: a ba11ery te rn 
that \ ould give mas -ma rket appeal 
by ach ievi ng com mercial co l pari t and 
acceptable perfom,ance i n  relat ion to in­
ternal combu t ion engi ne vehicl ." 

ond . bau ry pack , ould la t at lea L 

five year and co. t 6000 or les (depend­
ing on product ion volume ). Bat terie 
that meet the  A B  ' long- term cr i teria 
would enable an -V to go 200 mile (320 
km) per charge and accelerate from O to 
60 m i le per hour (0-96 km/h) i n  9 ec-

nd ; t he l i fe of a battery pack would be 
10 ear and it co t under 400 . I nter­
mediate om mercial izat ion goal ha c 
been set as a stepping- tone bet\ een t he 
midterm and long- term cri l  ria. The p r-

for an additional four years ( 2000-200 ) .  
"The part ic ipa nts' p rel i mi nary t h i n king i 
t hat Pha e 3 would eITect i  el)' achieve for 
l i t h i um- polymer tech nology what Pha e 2 
ha ach ieved for iM H Le hnology-1ha1 
i , to bring i t  t o  the  pi lot -plan t tagc of 
pr duct ion," say Heim .  f the propo cd 
Ph e 3 budget of $62 mil l ion . EPRl' com­
m i t me nt � ou ld be approximate!}' · I m i l-
l ion a car for four ears . 
• For mon: i11fo11natio11 . 011/act Ede Hei m , 
chrim@cpri.co111 , 650-855-2 1 62. 
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U S T  I T H E  PA 1 C E  T U RY ,  
elec t r i c i ty h a  become the  foun ­
daLion and  pri me mover of oci­
ety. And over the next century, the 
world faces a surge i n  the demand 
for electricity, driven by such po -

erful force as popu lation growth , urban­
ization , expanding global com merce, and 
the imperat ives of human welfare.  By 2050, 
these forces cou ld  resu l t  in globa l e lect1ic­
ity consumption that is four l i mes greater 
than today's level . 

Such a dramatic i ncrease i n  el ectrifica­
t ion add resses a three-sided di le m ma, or 
'' lri lemma," that promises to define human 
progress in the  twenty- first cen tu ry. The 
t ri le mma is how to s i mu l taneously mee t  
t he energy need of a burgeoning globa l  
popu lation ,  achieve peoples quaHty-of-H fe 
aspirations, and conserve natural resources 
and promote other environmental val ues. 

The threat of climate change i the big­
gest environ mental concern. Ma ny experts 
agree that a prudent goal for the  next cen ­
tury i s  to con t ra in  t he globa l atmo pheric 
concen trati o n  of CO, Lo no more t han 550 

� pans per mil l ion .  This concentrat ion­
� twice the level tha t  existed at the dawn of 
� the I ndust rial Age , or about 50% greater 
; than today' level-may then event ual l y  
i decline. G i  e n  1hc  long atmosphe ric re  i ­
i dence t i me of CO2, i t  would l ike] take u p  
g to a century to rever c t he curren t t rend i n  
� atmospheric concen trat ion . 

I n  uch a ca rbon -con ti-ained energy fu­
t ure , the on ly  ho p for ati fy i ng basic h u­
man need i n  t he  fa t-growing developing 
world-and for ustain ing the  qual i ty  of 
l i fe e nj oyed by the deve loped world-is to 
accelerate 1he  pace and extend the  reach 
of globa l e lectri fica t ion . This approach 
promi e a more equ i table di tr ibution of 
global energy resou rces and t hei r  eco­
nomk ben efi t s  around t he world ,  wi th r -
duced env i ronmenta l impact. A plen t i fu l  
global u pply of electricit has become the 
essentia l  pathway to a sustain able, clean 
energy future. 

A goal of uni ersal electrification by 
20 50 wi l l  mean bri ngi ng electricity in 
ome form to at least 1 00 mi l l ion more 

people i n  t he world every year for the  next 
SO years, or m o re t han t r ip l i ng t h e  rate 
of electri fication o f  the  past quarter cen­
t u ry. J ust to i ncrease average per capi ta 
consumption in developing coun trie to 
the level that exi ted in t he  U n i ted tates 
i n  1950, the world is l i kely to need ome 
1 0,000 GW of new genera t i ng  capaci ty by 
2050. 

Th is accelerated pace of global lect r i fi ­
cat i o n  w i l l  requ i re add ing  t he equ ivale n t  
of L OOO of generating capac i t  every 
one to two days for at least the next 50 
ear , while meeting ever more demand­

ing  e nvironmental and cost con tra i n ts .  
Because hal f of thi new capaci 1y 1,vil l need 
to be carbon-free .  most of the  e power 
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Wood, coal, and oi l  have successively dominated the world's total energy mix in the past, but 

most sc.enarios for future energy supplies emphasize the need for a diverse, balanced port­

folio of resources. The ult imate goal envis ioned by the EPRI Electricity Technology Roadmap 

is  an electricity-hydrogen economy that provides abundant, clean,  low-cost energy. (Source: 

World Energy Counci l . )  
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p lan ts  wi l l  ha e to b ery di ffere n t  from 
those be ing  bu i l t today. 

The d rive 10 tabi l i ze at mospher ic  car­
bon concentrat ions wi l l  requ i re a robust 
port fo l i o  of clean , econ om ical , prac tical , 
and acceptable tech nologies-including re­
newab les,  nuclear power, and hyd rogen­
to manage the LTansit ion t o  a low-carbon 

ne rgy fut ure. The t ran i tion wil l  al o re­
qui re t he deve lopme nt of me h cl for cap­
t ur ing and eques ter ing ca rbon [rorn the 
use of fo si l  fuel . 

I n  the near term , however, pol ic ies man­
dat.i ng reduct ion i n  the u e of fo si l  fuels 
could resul t in signi fican t  economic d is­
locations. uch pol ic ie co u ld  l ead to an 
ove rrel iance on the lowest -carbo n fo i i  
fuel tech nologies curre n t ly ava i l  bl e , l ike 
nat ura l-ga - fired com bu t i on  t u rbi ne , and 
cou ld  reduce i nter t i n  the deve lo pmen t 
of advanced low- and noncarbon opt ion . 
F lexibi l i ty about when and where emis-
ion are reduced wil l  be e ent ial to en­

sure that least-co t reduction are made 
fir t a nd t hat technology i not locked in at 
t oda ·s l evel of perfo rmance. Dela}1i ng re­
ductio n un t i l  lo, e r-co t nonc.:arbon al tcr­
naL i ve. a rc avai lab l e cou ld ut t he ove ral l 
co t of emi ion red uct ion by a m uch a 
two-th i rds. 

Whi le achiev ing such a greatly e, -
panded fu tu re ro l e for electri c i l )' eem 
l ike a daunting cha l lenge, i t  can be done­
and at a co l of I than 0 .5% of t h e  
world' gro clo rn t i c  prod uct. That i t h e  
rea o n e d  concl usio n o f  a wi de- ra ngi ng, 
col laborative i n i t iative cal Jed the  E l ec t ti -
i t  Tech nology Roadma p. pearheaded b 
- PR I , t h i  e ffort has drawn part i c ipa t ion 
from more t han 150 takeholdcr organiza­
t ions . Through a cr ies of worl· hops and 
eminar and the publ i cat ion of a ground­

b reaki ng, mul L ivolume i n i t ia l  roadmap 
progre repor t ,  t he i ni t i a t ive ha forged a 
comprehensive vi ion o f  t h e  opponun i t i  
and chal lenges for c l ect 1i ci ty-related i n no-

a t ion to benefi t  the wo rld . peoples and 
economic . The road map out l in  a erie. 
o f  interdepende n t  goals , o r techno logy de­
velo pmen t  cl t i nat i ons, for rea l i z i ng  t h i  
v i  ion and l a y  o u t  the  R&D path ay_ t o  
reach t hem . 

The road map' u l timate goa l  for elec­
tr ic i ty and energy-re lated industrie i n  the 



twemy- first celllury is to manage t he glob­
al sustai nabi l i ty chal l enge-that is, to sat­
isfy the need of a growing world popu­
la t io n for dean ,  effi c i en t  energy a nd fo r 
t he qual i t  o f  l i fe t ha t  e l e  t ric i ty ma kes 
po ible, wh i le mee t i ng L he techn ica l chal­
le nge of con t ro l l i n g gr en house ga em is-
ions and add ressi ng o ther enviro n memal 

issues. Reach ing t hese i n he remly l inked 
d t inat io ns-in addi t ion to eq ual ly im­
portan t , nearer-term dest inat ion 
-wi l l r qu i re many ubst an t ia l 
break t h ro ugh i n ience and 
tech nology t hat on ly a ma ive l y 
greate r global com mi t men t L o  
energ I and e nvi ro n men ta l R D 
can make po sible .  
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to grow at an average rate of 1 .3% a year 
over the next O year , and the population 
i n  developing region  may con t i n ue co i n ­
crea e beyond midcen lllry, un le  s replace­
ment  fert i l i t y rates ca n be consistent ly 
achieved a round the  world. 

But i t  is not simply population growth 
t hat drives the  proj ected fu ture need for 
energy. U rban izat ion i occurri ng even 
faster, as i mpoveri hed people ee k oppor-

1 920 1 940 1 960 1 980 

Another dimension of t he  demographic 
explosion i t he a i ng of the world popula­
t ion, t he  otherwise fort unate r ult  o[ im­
proved health care and lower bir thrates in 
some countries. As early as next year and 
for the first time in history, the number of 
p ople 60 and older in the developed world 
wil l  exceed the n u mber of tho e 14 and un­
der B}' 2050, the same h i ft w i l l  have oc­
cu rred i n  developi ng coun tri , delayed by 

2000 

only a couple of generat ions. The 
majority of people growing old in 
tho e coumrie , however, will not 
be as fortuna t e  a thei r counter­
parts in the developed world, 
where econo mi have pro·pered 
before the  a ing of t he  populat ion .  

"A the  mo t fuel-diverse-and 
po te n t ia l ly ( t hrough 1ech nology) 
the least ca rbo n - i me nsive-e n­
erg form , e lec t r ic i t  wi l l p lay a 
cr i t ica l ro le i n o lv ing the  t ri­
\ cmma of reconci l i ng popu lat ion 
growt h , economic a pi ra t i o ns , 
and re ou rcc u t i l i zat io n , i nclud ­
i ng envi ron men tal quali ty. " ay 
K u n  Yeager, EPRrs pre idem and 
ch ief  e ecuti e omcer, who con­
cei eel t he E lect ric i ty Tech nology 
Roadmap I ni t ia t ive . "The e l ec-

The continuing decarbon izat ion of world energy over the past 

'The i mplica t ion of t his i t u­
at ion-i n term of bo th the eco­
nomic growt h  needed to care for 
the world's agi ng population and 
the wil l ingne of a younger mi­
nor i ty to su ppo rt a grow ing ma­
jori ty of older people-are very 
i m portant  d r i ver for fu ture en­
e rgy need . " note Geh l .  ' The 
road map ha ident ified a cri t ical 
ro le for lec t ric i t y in provi d ing 
the founda tion needed for inter-

century is primari ly the resu lt of the increasing efficiency afforded 

by e lectricity, combined with the use of a progress ively less car-

hon-intensive mix of primary energy resources, including nuclear 

and renewables. But over the next century, the historical rate of 

decl ine in  carbon intensity ltons of carbon per ton of oil equivalent 

energy) must trip le to contain g lobal  atmospheric concentrations 

of C01 • (Source: National Academy of Engineer ing, 1 997 . )  ge nerational i nvestment .  Elec­
tricity's abi l i ty to increa e human 

producL ivi t}' and faci l i ta te the creat ion of 
j b with i mprov i ng average wage can 
hel p provide a bet ter qual i ty of l i fe and 
crea te a varie ty  of ocial and environ men­
tal i nvest ment  programs." 

t ri c i ty- and h drog,·n -ba ed en -
e rg conomy tha t  t he  roa<l map env i  ions 
for 2 100 cou ld ct the \ o ri el on a pa th  
of globa l u · La inabi l i ty, a l lowing vigorous 
economic- growt h and e nabl i ng b i l l ion 
of people Lo l i ft t hemselve from povert , 
Lo pro peri Ly, h eal th , and hope fo r a bet­
ter l i fe ." 

Susta in ing a world of 

10 bi l l ion people 

The world's popu l at ion has doub led i n  the 
past 50 ear to more than 6 b i l lion peop le 
and wi l l near ! do uble again i n  the nex t  
50 year Lo  abou t l O b i l l ion people . Wh i l e  
globa l  populat ion o e ra l l i n o t  expl oding 
a l  the p rev io u  ra t e  t hat led some peopl '  
in t he 1 970 LO pred i c t  a M a l t bu i an  col­
lap e i n t h  ne I cen t u ry, there are never­
t h e lc s major global demograp hic sh i fts 
u nder way. omc 85-90% of the world' 
e x pected new ci t i ze ns wi l l  be born in de­
ve loping cou nt ries in Asia ,  La t in merica, 
and f'rica. G lobal popu lat io n is projected 

t u n i t  I b m igrat i ng LO a l ready crowded 
cit ies .  By 2050, there wil l  be more than 
60 megacit i es wi t h  populat ion o f  ove r 10 
mi l l ion each-four  1 ime a many uch 
c i l ies as wday-ancl nea rly a l l  of them wi l l 
be i n  t he deve l o pi ng world . E en t ia l  i n­
fra t rucwre capabi l i t ie for hou i ng, an i ­
La L ion ,  hea l t h  c rvice , trans portat i o n, and 
energy are  sorely lacking in mo t of today's 
megaci l i e  . 

I n  additio n ,  the residents o f  developi ng 
coun t ries have a pi rat ion for a bette r qual ­
i ty of l i fe , which are rei n forced by te lev i-
ion image , aclvert i ement and o ther 

comm un icat ion l i n ks w i t h  the deve loped 
wo r l d . .. l n  terms of energy and ot her re­
so urce demand , t h is growth in a pi ra­
t i ons mul t i p l ies the e ffect of global popu ­
latio n growth a n d  sharpens t he i sues 
po eel by the  t r i lemma," notes teve G h l ,  
E P Rl 's manager for trategic tec h nology 
and al l iance and a leader of the roadmap 
i n i tiat i ve .  

For the year 2050, t he roadmap targets a 
per capi ta energy consumption goal of at 
least 1000 kWh per year for the world's 
poore t inhabi tants and a per capita aver­
age of al least 3000 kWh pe r  year for the 
developing , orld a \ hole-a level ju t 
above the  . . per  capi t a  o n  u m ption i n  
1 9 50. A s  noted by Chauncey Starr, E P R l 's 
fou nd ing  p re ide n t ,  1 000 kWh per year 
re pre ent t he  e nergy foundat ion neces-
ary for educat ion, economic development ,  

e nviron mental i m prove men t ,  and in ter­
generat ional  investmen t .  

Everywhere i t  has become avai lable , 
elect ric i ty ha t im u l ated and su tai ned 
economic growt h  and im proved the effi ­
c iency of a l l  factor of production, part ic­
u larly the productivi ty of labor and energy. 
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The o era l l  energy inlcnsi L of economic 
grow t .h is decl i ning a t he e lecL r ic i ty i n­
Lensity of the  world's nergy yst m in ­
creases . l n  ·he ni led Late  . for e, ample ,  
energy inten i ty-Lhe Lot a l  energy re­
qu i red to produce a un i t  of gross dome L ie 
rroduct ( <., D l:')-has drupped by one­
th i rd s ince 1950, wh i l e  e l e  1 r i c i t y' hare 
of LOLaJ e n<:: rg ha i 1 1crea1:ied fru m  15% LU 
nearl y  40%. 

Ove r the nexL 50 years, U .  . energy i n­
tensi l)' i.s expecLed to stead i ly decl ine fur­
ther-by abom hair if eleCLrit: i l)" hare of 
! ota l  energy consump t ion c l imbs to 70% 
through new electro tech no l  gy opportu ­

resul t t h e  3000-kWh average pe r  capita 
electTicity use targeted for developing 
c unlri b 2050 wi l l  go mu h furt her i·n 
[XO ilUng UghLing, space condilioning, iu­
uu  trial energy, computing, communica­
tions, and the l ike than did the same U.S . 
per capita amount i n  1950. Already in 
Chi na, the  product ion of compact ffuores­
Ge.lll l ightbulb is a prio1i t)'. for reasons of 
botJ, energy efficiency and exporl value . 

The portfolio imperative 

Resolv ing Lh e energy-t'arbon chal lenge 
and meeting t he rapidly grmving global re­
qui rements lor energy in L he mo L e.fllciem 

manner-and at the same t ime pr erv ing 
the environmen t-will requ i re a portfolio 
of 1e hnologi u ing the fu U array of n ­
erg n�sources. Developing a diverse, flex­
ible por tfol io l imits the risk that speci lic  
primary resources wi 1 1  become unavai lable 
or too expensive and increases the l i l  e l i ­
hood or ucce f-u l ly meet ing t he uncer­
ta i n ties o f the future.  Moreover, given the 
diversity of market condi t i  ns and l iv i ng 
standards around the world and t h  un ­
even geographic disLribuL iun of re ou rces, 
no i ngle energy ource or techn logy ca n 
meet al l  of the world's energy requi remen is. 

nit ies ,  including some for Lran-­
po rtali.On. I n  a<ldi l i on ,  the e 
electToted1 nology-based innova­
ti ons could double 1 he growth 
rate of economic producLivi Ly 
and e l iminate most inclu trial 
and urban waste cream . Achiev­
i ng  the e maj or L re tch goal 
could add nt least u tri l l ion dol­
lar a year Lo the U .S. G D P. 

At t he  ame t i me, advanced 
elec trolech no logie for va r ious 
industria l and commercial appli­
cations could enable developing 
countTies to bypass the his ton­
cal l  ] , s efficien t  <levelopme11 L  
pathways followed by  roday's de­
veloped nar ions. The growi ng 
panoply o f  e lecLrote hn ologi es, 
i ncl udi.ng i nformati on L echn o l ­
og ie  , can accelerate efficiency 
gai n  an I the deearbon iza t ion or 
energy in many ways-by sub-
t i tu l ing d irect ly for fo ii fuel 

technologie , by perform ing old 
tasks in new ways, or by provid­
ing  new functional capabi l i 1 i cs . 

Tl1e roaclmap's project ion of 
fu ture electri fica.tion suggest I hat 
i t  i indeed pos ib le  lll cut. th 
globa l energy i n tensi ty of eco­
nomic grow t h  approxi mately in 
hal f  by 2050. Greate r end -u  e 

ffi c i e ncy poten t ia l ly could ac­
�O lln t  for about ha l f  of thi- im­
provemem, reducing both energy 
consumptio n and carbon emis-
ions per u n i t  of G D P  by at least 

25% ov r t he  n xt 50 years. As a 
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The portfo lio approach will require far 
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For the developing countries as a whole, the roadmap targets an 
annual per capita electricity consumption of at least 3000 kWh by 
the year 2050, which is slightly h igher than the U.S. per capita level 
of 1 950. For the poorest of the world's citizens, the target is an aver­
age per capita consumption level of at least 1 000 kWh per year by 
2050. (Sources: International Institute for Appl ied Systems Analys is, 
World Energy Council , and EPRI analyses.) 
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The developed countries and the. countries of eastern Europe and 
the former Soviet Union now account for two-thirds of annual global 
carbon dioxide emissions. Bu1 early next century, the developing 
countries' emiss ions of CO2-and their burden for limiting them­
will begin to increase substantially. (Source: World Energy Counci l .) 

more efficient and env i ron men­
ta l ly a<lvanceu technologies for 
converting fos i l  foe ls LO elec-
tric i ty (and, eventual ly, l'or cap­
turing and equestering carbon 
as pan 0£ Lhe proces ). I t  �L 
also requ i re Lhe increa ing u e of 
noncarbon energy source . His-
lorically, the global ra te of the 
cleca rbonization of e nergy u e 
has been graclual--0.3% per 
year. Solving the energy-car'bon 
conflict wi l l  require t ripl ing that 
rate, lo l % per year, even as total 
energy demand continu 10 ih-
crease. 

0 c1• the past 200 years. first 
wood ,  then coa l ,  and more re­
cently o i l  aod oatmal gas have 
dominated as a percentage o f  the 
world' total energy mi ' ,  each 
with p rogress ively less carbon 
per un it of energy. The World 
Energy Council (WEC) envi­
s ions that by 2050 the global 
mbc will include al least even 
ources, none of which il l ha e 

more Lhan a 30% share of 1 hc 
market. 

Only elect ricity can make 
such a diverse supp ly port fol io 
pos ible while 111eeli ng envi ron­
mental demands . Nearly a l l  f 
t he energy cenarios deve loped 
l'or anal zing foturc energy de­
mand en tail sub tanl ia l  growth 
requiremen ts for electric gener­
a t ing capaci ty in order Lo satisf 
the expected growth in popu la-



lion. The WEC and the In ternational ln­
st.i Lu te fo r  A pplied Syslems Analysis have 
de fined a series or such scenarios. 

The Elecrricity Technology Roadmap's 
analysis targets a level o r  economic growth 
equal ing that ·i n  the WECs high-growth 
scenarios-but with a level of primary en­
ergy consumption similar Lo that in the 
cou ncil' envi ronmentally driven scenar­
ios ,  in which carbon emissions ate con­
strained. This is accom plished by i ncreas­
i ng the proj ected level of electTici ty use 
by almost 50% beyond that of the WEC 
high-growth scenarios. Thus the roadmap 
analysis captures the best of both worlds 
envisioned b the WEC scenarios-robust 
economic growth and environmental pro­
tection-through more-aggressive elecrri­
fication. However, the roadmap concludes 
that to realize these goals ,  substantial tech­
nological. advancements beyond those fac­
tored into the W'EC scenarios wiU be nec­
essary 

I n  order LO s upply the energy needed by 
a world or 10 billion people in 2050 whi le 
simultaneously reducing total energy in ­
tensi ry and carbon Loteusity, tbe electricity 
fract ion o r  total pri maty energy use wil l  
have to rise, and con t inuous cliiciency im­
provemenl wil l  be required at  every l ink 1n 
the e lectrici Ly chain of generat i on ,  del iv­
ery, -and end use .  

The road map's h igh-electrification sce­
nario is compatible w i th several differen t  
fuel and pri mary energy portfolios .  Coal­
intensive portfolios are one example . 
These assume that countries with large 
coa l  reserves wil l  cont inue to use coal Lo 
meet their energy needs at the least cost , 
and that  env i ronmental issues will be ad­
dressed by gains in I.he environmental per­
fom,ance o[ coal-based generaLion and by 
tbe development of low-cosL carbon se­
questra tion .  Under such condi tions, the 
world u e o f  coal could co nceivably 
double by 2050, and the use of natural. gas 
could more tban double . Since the high­
electrificat ion scenaiio anticipates that ap­
proxi mately 50% of current petroleum use 
wil l  be displaced by higher-efficiency, elec­
tricity-based propulsion in the transpor­
tation sector, oi- 1's share of primary energy 
use would fal l  from 40% today to abou t 
10% in 2050. 

Poss i b le Portfol ios  fo r a H igh-E l ectr ificat ion Sce nar io  

Natu ral gas for power 
generation 1 1 0%) 

The roadmap proposes a h igh-electrification scenario that integrates accelerated economic 

development with environmental  protection and is compatible with a broad array of fuel and 

primary energy portfol ios. (The scenario is based on a primary energy forecast of 1 7  giga­

tons of oil equivalent and a 70% electricity share.) Assuming that environmental issues are 

addressed, the scenario can accommodate a doubling of the global  use of coal by 2050. In this 

coal-intensive portfolio (left), natural gas use could more than double today's level, and given 

the necessary breakthroughs, nuclear power and renewable energy forms would each account 

for 1 5 %  of primary energy. The high-electrification scenario is a lso compatible with a high 

renewables and nuclear portfolio (right), in which coal use could decline by about 40% over 

the next SO years. 

Even in such coal- i n tensive portfol ios, 
nuclear power mid renewable energy forms 
are expected to make important con tribu­
tions to the energy mix. Each is expected 
to account for at least 1 5% of primary 
energy by 2050 i f  t.he necessary break­
Lbrough i 11 safety, rel iabi l i ty, and pub l ic 
acceptance of new nuclear plants and in 
tbe performance and cosl of renewabl es 
are achieved .  As renewables and nuclear 
power accoun t for progressively larger 
fract ions or to ta l  e lectri ci ty generat ion ., 

global carbon  emissions are expected to 
begin a downward trend in the latte r  hair 
of the nex t  century. 

Several primary energy portfolios that 
arn much les fossil fuel intensive could 
also meet the n eeds of' the roadmaps high­
electrification scenario. For e.xarnple, given 
a portfolio with_ high levels or renewables 
and nuclear power. coal use could decl i ne 
by about 40% over the next 50 years. Tbe 
upshot of the  variety or possible scenarios 
is that the roadmap's h igh-efficiency, h igh­
electrification goal enables tbe broadest ar­
ray of primary energy mixes while fostering 
both accelera ted economic developmen t  
and environmen tal protection .  

"The elecrrificat ion goal pu t  forwa rd i n  

t h e  roadmap is n o t  so much a prediction 
as a stake. in the. ground," notes Bre.m 
Barker. EPRl 's ma nager of corporate com­
mu nications and a key conni butor to the 
roatlrnap i nitiaLive. '' l L is the most prac­
t i cal mean of reducing future demands 
on scarce resources a 11d the en iromnem 
wh Ue max i mizi ng econom ic development ,  
personal opportunity, and education in the 
developing world. This should help mod­
erate the  pressures of popula t ion growth .' ' 

The road.map's ul timate goal-an elec­
t rici ty-hydrogen economy wi th  globa l ly  
abundan t ,  clean , low-cost energy fo r  use 
in fuel -cel l-powe red veh icles, dist ributed 
generating un its in homes and businesses, 
and large gas t urbine combined-cycle 
power plan ts-is feasible . But i t  reqtt ires 
urgent global deploymem or advanced coal­
refin ing technology now, as weU as the 
resources to pursue fundamenta l  break­
throughs in nuclear and renewables-based 
technologies .  

Po 1 en 1 ial  breakth rough goal includ e 
L i r e  tra usforma t iun or the energy and re­
source recovery efficiency of coal-based 
generati on by means o r  conversion tech­
nologies that wil l be compelit ive i n  cost 
and env i ronmental perfonnan e with 11at-
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ural-gas-foeled combined-cycle generation 
in the 20 1 0  Lo 2020 t ime frame. These i n­
clude i ntegrated gasification-combined­
cycle and pres urized f l uidized- bed com­
bustion technologie . Furthe r  out , t he 
roadmap has an efficiency goal of 75% for 
central taUon ga cu rbine combined-cycle 
plants in 2050. Such plants could produce 
electricity al a cost u l l iciently lower than 
today average to support an ove ra l l  road­
map co t goa l :  reta i l  e lec t ric i ty  hair as ex­
pensive as it is today. 

The U.S.  Department of Energy is also 
developing a coal-ba ed technology road­
map for the next century, cal l ed Vision 21 . 
This in lude!> a coal refinery; or "power­
plex," concept combi n ing electri ci ty gen­
eration, hydrogen separation ,  chem i cal  
production , and CO2 sequ t ra c ion .  The 
approach orfers the most efficien t and 
t:omplete use or coal 's L tal resource value, 
bu t major infusions of R&D funding wi l l  
b e  needed i n  order fo r the technology to 
achieve commercial viabi l i ty before 2020. 

Among renewables, solar photovoltaics 
( PV) could have a pro found effect on fu­
ture electric i ty su pply, considering the 
more-than-ample avai lability of the re-
ource. Bu t  accord ing to Terry Pe ter  on ,  

E'PRl manager for solar power, "For PV to 
become a majo r  source of elecLr iciLy wi l l  
require approximately another 5-fold im­
provemen t i .n cost and  pe rformance he­
yond the 1 00-fold i m provement a t tained 
over the pas1 20 years .  The speed wit h  
which this addi t ional i mprove men t  wil l 
happen depends on the pace of con ti nuing 
technology investmenlS . n An example of 
break t h rough PY t ech no logy wou ld be 
25%-efficient, multijunction thin-film mod­
ules that cost $50 per quare meter. 

The renewable technologies o f  wind 
turbines and biomass fuels are already de­
ployed around the world at about  10 Limes 
t lte currently insta l led PY capacity, and 
both have igni.ficam poten tial for fu rLher 
contributi ons to global elec t ri fiL-a l ion.  
Breakthroughs in low-cost, pract ical elec­
tr icity s torage technologies cou ld greatl y 
increase the value of renewable resources 
for dispatchable electrici ty generation . 
Perhap the great est opportunity for di -
tr ibuted power wil l  be i n  bringing elec­
triciry lo rural regions in the de eloping 
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world. ln th i co n text, it can have many 
advan Lages over the more convent ional 
cenLral sta t ion-delivery grid structure in 
providing basic levels of e lecoicity ervice. 

01 her, perhap unexpected, break­
throughs may ult i mately conLribute Lo 
gl obal electrici 1 y upplies, lead i ng, for  ex­
ample, to space- or moon-based PV arrays 
beaming power Lo the earth in the form of 
microwave for ground-ha ed conversion. 
Or Lhe long-sough t  goal of practical energy 
from nuclear (u ion may u l t imately be 
real ized through as-yet-u nknown funda­
men tal ciemific breakthroughs. 

A potential breakthrough techno l ogy 
that cou ld great ly broaden the economi­
cal app lication of nucle­
ar power is the modular 
high-temperature hel i um­
cooled reactor. OriginaUy 
developed i n  Germany, 
l hi lechno logy i being 
considered by ou t h  M­
rica's ESKOM at the 100-
MW scale for distributed 
appl ica1ions that com­
bine heat and power. Be­
cause of it� suitabi l ity for 
a variety of proces hea t 
applications, a compact 
high-temperature reactor 
like this would be a very 
efficient energy ource. Biomass (bagasse) 

Ul timately, suc h ted1.-
nology could power the high-e!Tici ncy 
electrolysis o f.· water during off-peak peri­
ods, producing hyd rogen for use as a peak 
generating fuel in advanced gas turbines 
or as a LTansportation fuel in fuel cell ve­
hicles .  For long-term public acceptance, 
however, the development of an ad­
vanced reactor would have to he coupled 
with engineering advances in cosL , waste 
handling, and prol iferation protection .  I n­
deed, al tering public perceptions of the  
i m portance of nuc lear power may be the 
mosl di fficult challenge iu a devel oped 
world awa h in cheap energy. The precar­
ious nature or global ene rgy security in 
a carbon -constrained world must be bet­
ter appreciated in order for nuclear power 
Lo be broadly considered as an essen t ia l  
option. 

Meanwhil� breakthroughs in such tech-

nologies as fuel cel ls and biomass asifica­
t ion would hel p broaden the array of avai l ­
able energy sources for distribu ted power 
appl ica t ion , both s tat ionary and mobi l.e .  
Contin uous im proveme n t  in energy efEi­
cient:y at the poi.nt of end use may be pos­
si b le if breakthrough can be ach ieved 
ac ross .an array of indu tria l  electrot ech­
nologies, includi ng high-temperature pla.!>­
ma , microwave symh is and processing, 
and electron beam 

Confronting carbon 
Even if developed as rapidly as possible , 
advanced low- and noncarboo energy 
technologies may be i nsufficient Lo pro-

du e the  reducti ns i n  CO2 emissions lhal 
may be needed in the next century. Cap­
ping atmospheric concentrations of CO2 at 
the levels believed necessary to reduce the 
ri k of dimate change wiU require con­
tain ing cumul ative emission in the  next 
century within a budget of S00-1000 giga­
tons or carbon. 

In order to reduce the net global atino­
spheric venling of COz. , carbon sequeslTa­
don technologies that either capture CO2 
at the poinr of energy conversion or re­
move i t from the atmosphere ma be nec­
essary. T he 02 would have lo be ecu rely 
stored over the  long term in carbon si nks, 
such as geological formations, te rrestrial 
ecosystems, or the ocean .  Both the global 
terrestrial carbon reservoir and the ocean 
are la rger s inks than the atmo phe.re. 

arbon seque tration i valuable for 



boLh the carbon reduction it achieves and 
the  r isk mitigation i t  rep resents. By 
el iminat ing or weakening the link be­
tween foss i l  fuel u e and carbon em is­
s ions ,  Low-cost sequestrat ion technologies 
would give power project de elopers 
greater f lexib i l i ty in design i ng and operat­
ing fossi l planLS. Such technologies will be 
essential for en uring investor interest in 
pre erving fossi l  foel opt ions t h rough the 
t ransi t ion to a more diversi fied energy fu­
ture .  any environmemal , chemica l ,  and 
engineering chal lenges remain to be 
so lved ,  howe er .  BreakLhroughs in basic 
scienc as we l l  as in process engineeri ng 
wi l l  he needed to achieve the tec h n ologi­
cal capabil i ty for la rge-scale,  eco nomica J 
carbon sequestration. 

Most scenarios for the world's future primary 

energy mix project a significant increase in 

the use of low- and noncarbon resources, 

including renewables-based forms l ike solar 
photovoltaics, wind turb ines, and biomass 

fuels. Substantial cost and performance 

breakthroughs are essential in order for envi­
ronmental ly preferred renewable technolo­

gies to economically supply a significant 

share of the world's energy needs. 

Solar photovoltaics 

A po sible harbinger of the future cou ld 
come into being in jus l  a couple of  years 
if a 1 300-MW combined-cycle p lant  p ro­
posed by Norsk Hydro is blessed by the 
Norwegian governmen t .  The project aims 
co reform natu ral gas ( in  a process imjJar 
lo that used fo r ammonia productio n) to 
produce hydrogen-rich gas for use 1n gas 
t urbi nes. CO2 , a wast produ t , would be 
eparated out by means or a convent iona l 

absorption process and then injected into 

an o ffshore oil field in the onh Sea for 
enhanced oil recovery. The plant's gas t ur­
bines, modified to accommodate th Fue l , 
would generate 9% o[ Norway1 total elec­
tricity. The l ikely resu l t  would be to reduce 
the need for power from offshore gas LU r­
bines, which now accounL for a l l  of Nor­
way's electricity-related carbon emissions. 
Bu t t:he project also poin ts out a problem 
wit h current carbon remova l technologies. 
l L  is esti mated that because of the ignifi­
L<lnl efficienc penalty for capturing CO2, 
e lecnidty from the project would cost over 
one-third more than electricity from a sim­
i lar natura l-gas-fi red plan t wi th no CO2 

capt ure . 
One of the hokier ideas for the fu tu re of  

fossil fuels-proposed by Jesse Ausubel ,  
who directs the Program for the Human 

Wind turbines 

� Environment at New 

I 
York City's Rocke fel ler  

� U niversity-emails the 
i integration of industr ial 
!l ecology and sustainable 
I electrificauon . The con­
! cept put fort h by Ausu­
� bel and other is baseJ 
' on 5-Gv , u JLracompact 
" (locomotive-size), zero-

emission power planLS .  
These ZEPP would feature a wet  oxida­
t ion process wi t h  c i rcu laLing supercritical 
CO2 Methane would be injected i nto the 
CO2 to react with oxygen and drive an 
ultrahigh -speed, high-efficiency turbine op­
era t ing at very high pr ure. Liquid col 
would be b led off for  sequestration .  Ausu­
be l envisions a Oeet of 500 uch ZEPPs­
s iled near major gas t ransmi ion pipe­
l ines-in peration  by 2050. 

In orway, Aker Mari t ime recen tly an-

nounced an i n i tiative to develop a similar 
Z PP. The developmen t of ZEPP for com­
m er ial  applica t ions , however, wi l l  requi re 
breakthro ughs in tu rbine ti igu0 l t igh­
pressure sy terns, materials for high tem­
peratu res and pressures, and long-term 
CO2 st orage. Any of these breakthTough 
would be valuable for meeting other cri t i­
cal energy technology needs even i f  ZEPP 
are not uccessfully developed. 

The promise of 

d istributed generation 

Certain technologies ma play a strong en­
abl i ng role for more Lhan one destination 
envisioned in the Electricity Technology 
Road map. Among the mo t prom ising of 
these are technologie for disc.ribULed gen­
era tion, which can be s i ted close to end 

user for i ncreased conver ion effi-
ciency and reduced delivery infra­
structu re requ i rements. Mo t distrib­
uted generation technologies also 
have broad potential appli cation in 
areas where no e lectricity Infrastruc-

� ture exists. , including developing 
� countries. 

� Fuel ce l ls are an important distrib-
u ted teclmology, with ha l f  a dozen 
types under development [or power­
ing vehicles or for use as stationary 
generators. These stationary genera­

tor cou ld range from mal l- cale, distrib­
u ted uni ts for on-si te premium power to 
larger modules ideal for coupl ing wi th gas 
turbi nes for central station or distributed 
generation . Combined Fuel cel l-gas tur­
b ine  plants promise the h ighest conver-
ion effici ency (above 70%) or any known 

fossi l  fuel gen e rat ing cycle and, therefore, 
the lowest carbon emissions of any fossi l 
power sy tern . And low-cost fuel cells may 
eventually be coupled wi th PV to form an 
innovative energy storage teclmology. 

With their strong promise of high effi ­
ciency, e merging foe! cel l are an att ract ive 
opt.ion. However, their currentJy high cap­
ital cosL must be reduced by a t  least an 
order of magnitude for them to be w idely 
used for bulk power gene .rll.tion. Cost may 
be a less important factor in distributed 
applicat ions. 

Proton exchange membrane (PEM) fuel 
cel ls are a focu of curren t R&D for u e in 
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advanced elecrric vehi­
cles beginning in the 
next decade. They a lso 
could even tual Jy ee 
wide-scale use in dis­
tributed generation ap­
plica t ions if progres in 
co t reduction and per­
fonnance improvement 
con t inues on track. 

Electric-drive vehicles 
powered by small , lightweight PEM fuel 
ceUs operating at about the boiling tem­
pera rure of water are under developmen t 
by more than a dozen finns worldwide, in­
cludi ng General Motors, DaimlerChrysler 
and Toyota. The PEM fuel cell designs of 
i n tere t to automakers-50-100-kW units 
with 40% efficiency-would also be atLTac­
tive for sta t ionary distributed appLlcations, 
incl1..1cting backup or premium power for 
residences or commercial b1..1 ilcl ing . I f  cosL 
and performance targets for veh icle appli­
cations can be reached, stat ionary PEM 
fue l  cel ls are Likely Lo cost less tban $500-
$700/kW. 

Once fuel cell or bybrid-ekctric vehi­
cles are in common use , the could be con­
nected co bui ldings or local di. tribution 
networks when not needed for travel, form­
i ng an e ten i e di t ributecl power gen-
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Cost reductions and increases in con­

version efficiency, combined with 

innovative application concepts, 
could lead to the widescale deploy­
ment of photovoltaic technology 

over the next SO years. The possi­

bil ities ra nge from PV systems inte­

grated into the exterior wal ls of 

buildings, as at 4 Times Square in 
New York City, to a network of PV 

power satellites in space. First pro­

posed in the 1 970s, power satellite 

concepts are being reassessed as 

launch and PV costs come down. 

Envisioned are arrays capable of 

beaming gigawatts of power to the 

earth as microwaves for conversion 

to electricity. Thousands of square 
meters in area, such arrays would 

require an order-of-magnitude 

reduction in cost to be economical. 

eration and storage network. One million 
such vehicles in use by 2010 could con­
tribute 50-100 GW of generating capaci ty, 
or 5-10% of anticipated U .S. capacity. To 
enable the remote control and manage­
mem of the complex networks, interactive 
communicat ions technologies wou ld a Jso 
have to be widely available. 

Energy R&D requirements 

F r creating the needed energy ponfolio 
of the futu re, the road map targets as im­
perative an increase in electricity genera­
tion and end-use R&:D of at  least $2 bi.I­
l ion a year, lo be shared between [he pub­
l ic and private sectors. The roadmap cal ls 
for these resources to be focused primar­
i ly on knowledge development in the es­
sential environmental sciences, on tech­
nical breakt hrough in noncarbon energy 

sources, and on the more in te l l igen t  use of 
energy through digital con trol and process 
miniaturizat ion. This proposed in rea e i n  
R&D i n vestmem i s  cm1sistem wit.h t.he 
1 997 conclusions of the Energy Research 
and Development Panel of t.he President's 
Committee of Advisors on Science and 
Technology, but the roadmap goes ignifi­
cantly beyond the PCAST panel in Lenn 
of the cope and pace of recomme nded 
research . 

As a first step toward achieving the road­
map's near-, mid-. and long-term goal , tl1e 
participants produced a prel im inary esti­
mate of the U.S. R&D funding needed 
over the next 10 years for progress toward 
Lhe clestinal ions in a l l  areas (not just gen­
e rat ion) .  According to this estimate, the 

total U .S.  funding requiremen t for 
the R&D envisioned i n  the road­
map is abou t $7.7 billion a year, or 
abou t $4.6 bL l l ion a year mor t.han 
cu rren t .S .  funding for energy 
R&D. The needed increase is the 
equivalent of only abom 2% of al l  
cunent  U .S. R&D spending. 

Any reasonable estimate of the 
total research funding requi red 

i globally pales in comparison with 
I the growing gross world product, 

� which now exceeds $30 tr i l lio n a 
i year. This suggesLS Lhat mustering 
� the polit ica l  consensus to invest i n  

Lhe necessary broad-based, collabo­
ralive research program and to implemen t 
i ts results is Likely to be a greateT chal lenge 
than generat ing the n eded financial and 
human resources. The world can afford to 
achieve sustai 11abi l ity if i t  choo es, and i t  
would thrive if i t  did so . Yet .iro un<l the 
world, energy R&D fund ing is on t he de­
cline. More enlightened, forward-looking 
thinking is urgently needed. The required 
R&D commitment cannot wai t for the  im­
minent. crisis. 

Beyond electricity 

The roadmap envisions a sustainable, en-
i .ronmentally benign global society for 

t.he year 2050-a society powered by a ro­
bust, balanced port fol io of supply technol­
ogies capable of providi ng reliable, a fford­
able electricity. Bur ensuring that fu tu re 
requires action now. Achieving the ignifi-



Energy.Carbon Confl ict R&D Fu nding Requirements 

10--Vear Funding (S mill ions/yr) 

Additional Total 
Goals and Technology Gaps CurTent Needed Needed 

Increasing the efficiency of natural gas central 
stations to over 70% 100 1 00  200 

Materia ls  to withstand hig h tem perature and 
pressure in  h igh-efficiency designs 

Innovative cyc le designs 

Reducing emissions of gas-fired distributed 
generation systems by half < 1 00 1 00  200 

Ceramic blades and recuperators for gas turbines 
for increased operating temperature and efficiency 

Materia ls for  high·rel iabi l ity fue l cells 

Improving the thermal and resource efficiency of 
coal-based generation to reduce emissions by half 1 00  200 300 

High·temperature materia ls for u ltrasupercritica l 
steam cycles 

Hot·gas cleanup for gasification and pressur ized 
fl u idized-bed combustion systems 

Commercially viable advanced coproduction 
systems (coal and biomass refineries) <1 00 200 300 

Low-cost air separation and advanced catalysts 
for hig her efficiency and reduced em issions in 
coal  processing 

Coal and b iomass process development 

Carbon capture and sequestration technology 
with a cost of under S40 per ton of carbon 100 300 400 

Low-cost methods for capture at ambient 
temperature and pressu re 

Assessments of feasib i l ity and environmental 
acceptability of fina l storage methods 

Cost-competitive renewable generation 
technologies 300 400 700 

Smal ler footprint, lower-cost solar and wind 
generators through increased efficiency 

Low-cost mass product ion of equipment 

Rel iable, maintenance-free d istributed renewable 
power systems for rural and remote locat ions 

Publ ic  acceptance of a new generation of cost-
competitive nuclear power plants <100 500 600 
Resolution of safety and prol iferation concerns 

High-fue l -uti l ization designs 

Short construct ion times and low in itial cost 

I ntegrat ion with the production of hydrogen for use 
as an energy carrier 

Environmental knowledge base for global 
climate change 700 200 900 

Real istic global  models and assessments of global 
cl imate change 

Strategies and pol icies that protect the environment 
at the least total cost for a l l  g lobal users 

Total funding 1600 2000 3600 

cant global deployment of such technolo­
gies in 50 years means they must be ready 
for introduction by 2020-2025. 

" Realiz ing electricity's ful l  polentia l for 
solving the tr i lcrnrna wil l  require the de­
velopment and deployment of myriad new 
technol ogies-some evo l u tionary, some 
revolutionary," says EPRI's Yeage r. "Suc­
cess will come only from the dedication of 
purpose and commiunent  of resources 
from a broad range of stakeholders .  The 
world needs a visionary program of coor· 
dinated R& D, co l labora tively upported 
by private enterprise and public i nst itu­
tions, 'in order to achieve the broad and 
global societal benefits offered by innova­
tion in power-generating and electrici ty­
based technologies. The time to act is now 
if we are to identify, develop, and deploy at 
the required pace and scale the energy 
technologies the world needs for the 
twenty-first century." 

The initial Electricity Technology Road­
map effort i l l u m inates a pa th to a bet ter 
fut ure-for the Un i ted States and for the 
world. lts vision extends far beyond elec­
tricity as merely a form of energy. It fuses 
power with the in forrnatiou technology 
revolution and the many innovations en­
abled by and dependen l  on t h is new mega­
infrastructure. The road map's integrated 
ponfolio of opportunities and potential in­
novations can benefit humani ty every­
where on the planet .  Success will fuel the 
development of global markets and accel­
erate growth, while protecting global secu­
rity and the envirnnmen t and broadeni ng 
the base of human opportunity. • 
Further reading 
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T H E  STO RY I N  BR I EF New sate l l ite technolog ies and services a re creat­

i ng  i n novative commun ications solutions for energy companies-sol ut ions 

that match the industry trends toward d i str i buted resou rces, two-way cu s­

tomer communications, and business expans ion into new areas. I n  addition, 

ut i l it ies i nterested in d ivers ifyi ng the i r  bus inesses by i nvest i ng in te lecom­

munications have a g rowing number of opportun ities i n  the satel l ite sec­

tor. The high costs and s ignal delays that l imited the use of sate l l ites in the 

• 

past are g iving way to the expanded capab i l it ies of sma l l ,  low-earth-orbit 

(LEO) sate l l ites. These can meet a broad range of operational a nd strategic 

business objectives in energy system management and customer-oriented 

i nformation services. Networks of hig her-a ltitude, b igger LEO sate l l ites are 

an emerging broadband commun ications veh icle that wi l l  be ab le to meet 

the more advanced needs of uti l it ies wel l  into the next decade. 

ore t han hai r  a ce ntury ago, Art h u r  . Clarke pre­
dicted tha t  a revol u ti on , poss ib ly as far-reach i ng 
i n  i ts effects as the  pri n t i ng  and electronics revo­
l ut ions, would resu l t  from the  u e of atelUte net­
works i n  pace for globa l ,  real-time communica­
tion . Today, h is vision i val idated nearly every 
t ime om one watch televi ion ,  pay fo r ga O­

l i ne wi t h  a credit card, or mak an i nternat ional t e lephone cal l . 
Bu t  probabl not even larke could have i magi ned the fu l l  
magn itude of the  explosion ign i t ed a s  atel l i t  have converged 
w i th  o the r  tech n ologies for voice and data com m unications-­
not  j ust wit h  telepho ny and broadcasti ng bu t also wi th cel J ular 
radio and the  Internet. 

Acco rd i ng to the U. . at iona l  Aeronau t ics and pace Admin­
i t rat ion, more t han 3500 ate l l i te now orbit t he  eart h, rel aying 
normou amounts of voice and data traffic in frequen t bur  LS of 

l ow-power, rad io-frequen y I ransmi  sion . Un 1 i l fa i rly recen t ly, 
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t he  high o 15 of arel l i tes, bot h  10 man ufacture and Lo launch ,  
and of the la rge ground La t ions t hey 1ypical ly requ i red had con­
fined the i r  u e to very h igh value appl ication . These inc l ude de­
fense com mun icat ion and in1e l l igence., weather and 0 1he r  envi­
ron menta l  mon itori ng, publ ic communicat ion n twork , a ml 
broadcast and cable 1elevi ion. 

Over the past decade or o, as the respon ibi l ity  for launc hi ng 
and operat ing atel l i te networks has extended beyond mi l i tary 
and government  hand Lo the private ector, t he array of com­
mercial and bu i nes -oriented appl ication has been growing .  
ome of the more fa m i l iar examples arc detailed earth i magi ng, 

remote monitoring of dispersed location , and high ly accurat e 
locat ion and tracking u ing the cont inuous signals of the loba l  
Po ition ing ystem (GPS) .  

atel l i te-based business and personal voice and data services 
are now avai lable throughout much or Lhe world. Meanwh ile, ad­
van es in technology contin ue Lo reduce the size and cost of satel.-
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L i tes and also of ground Lermi nals, some 
cu .rren L exampl es of which are handhe ld  
and cost under  $ 300. 

on h and Sou th  America wi l l  see a 
mammoth new wave of bu ine s and con-
u me r appl icaLion of saLel l i Le communi­

cations i n L h  next fiv to six y ars if even 
half of Lhe proje ts t hat have been an­
nounced come to pass . In just t he past few 
}'ears, major aerospace , electronics, co m­
munications, d i rect satel l i te broadcast ing, 
and l n ternet service companie  have un­
vei led ambi t ious plans to rol l out very 
high peed, very h igh capac i ty  broadband 
data services ( ome with voice) for I n t e r­
net, mul t imedia , and corporate networks .  
ome 1 200 add it iona l  low- and medium­

earL h-orbi L ate l l i tes deployed in large con­
te l lat.ions arc requ i red for these networks, 

which are expected to cost more than $20 

Orbcomm Global operates the first commer­

c ia l  network of LEO sate l l ites for mobi le data 

and messaging communications. The net­

work has 28 sate l l ites in orbit  and 1 S gate­

way ground stations instal led or under 

construction on five cont inents; it is coordi­

nated by a control center in the United 

States. Mult ip le satel l i tes can be carried into 

orbit by a single rocket, either a rocket 

launched from a h igh-flying L-1 01 1 a ir­

plane or an Orbital Sciences pad-launched 

Taurus rocket. A commercially avai lable 

Orbcomm appl icat ion for electric ut i l ities 

features Scientific Atlanta's compact, fixed­

site remote terminal unit for customer meter 

reading and distribution system automation. 
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bill io n ; many of the new satel l i t e  are al­
ready in orb i t .  

The co nverge nce of computers, telev i ­
s ion , a n d  t h e  ln L emet aga inst the back­
drop of an ongoing revolut ion i n  commu­
nications tech nology is rapidly creat ing a 
greed for speed and a virtua l ly  i nsatiable 
appel i Le for bandwidth , or high data ca­
pacity, among users of all sons t he world 
over. Many of the major tech nology com­
panies view satel l i tes as essential for real­
iz i ng the vision of global broadband wire­
less co m munica t ions. 

Sate l l i te  technology, specifically tl1e tech­
nology for sma l l ,  l ow-earth-orbit (LEO) 
satel l i tes, makes it possible to remotely 
monitor and control dispersed equ ipment 
and systems by using relatively i nexpen­
sive rapidly deployable i n frast ruct u re on 
the  ground. The technology's relevance to 
numerous appl icaLions by energy compa­
n ies ha l ong been recognized . Satel l i tes 
are used to a l imited exten t by oil and gas 
companies, for exam ple, to control and 
commun ica te wi Lh far-flung production, 
p i pel ine, and tanker networks. 

Electric uti l i ties, which are major users 
of al l  types of terrestri­

al commu ni­
cat ions tech­
nologies, also 

use some satel l i te 
commu nications. But 
cost (given t he poten-

t ial  n umber of gTOund 
term inals) and the some­
t i mes severa l seconds of 
signal propagat ion delay 
w i t h  geosta t ionary-orbi t 
(GEO) sate l l i tes have 
l i m ited thei r app l i ca­
t ion by electric ut i. l i  t ie 

un t i l  ve ry recen t ly. Typical ly, the econom­
ics have been compel l ing for only a few im­
portant sites, such as remote substations. 
And the propagation delay has made the 
tech nology u nsuitable for applica t ions in­
volving crit ical , real-t i me protection ,necha­
nisms, wh ich abound in ut i l i ty power ys­
tem operations. 

New and emerging L O aLel l i tes-clas­
si fied by thei r ize, operating a l t i t ude and 
frequency, and bandwidth capaci ty as big 
LEO and l i t t le LEOs-effectively cou mer 
the constrai nts of cost and propagat ion 
delay. They are e, pected Lo o ffer e nergy 
com panies a mult i tu de of i n novat ive com­
municat ions capabi l i t i e  that could have a 
h uge impact on the co m pa n ies' abi l i ty Lo 
manage a sets and re ource at remote or 
widely dispersed locat ions. 

The new capabi l i t ies ar h ighly re levan t  
to L he cu rren t  i ndu try trends toward dis­
t ributed ene rgy and i n formation assets, 
improved two-way customer com mun ica­
t ions, and bus iness expansio n beyond t ra­
dit ional boundaries, bot h  nat ional ly and 
globa l ly. ontinued advances i n ate l l i te 
tech no logy w i l l rad ica l ly  ex­
tend t he cope o f  eco nomic 
depl oyment  t hroughou t the 
energy i ndustry, even where 
near-real-L ime system perfor­
mance is required. 

"The increasingly complex 
and data- inten ive energy S}' -
terns of the fuLUre w i l l  requ ire 
co mmun icat ions capabi l i t ies 



that go far beyond tho e of the technol ­
ogies now be ing emplo ed , "  po in t  ou t  

Leve Drenker, area manager for i nforma­
tion sysLem and telecommun _ica t i oa  L a  
E P R l CSG . " 1 e w  generations o [  sat ·U i tes 
are creat ing more opt ion for o l v i ng 
many of the economic and technical  prob­
l ems o f  dispersed, low- in te nsity da La co m­
munica tions. The new satel lites are di­
rect ly appl icable fo r remote moni to ri ng, 
metering and control ,  and portab le com­
munica t ions. 

«E lectric utilities and other energy com­
panie that are divers i fying t hrough i n ­
ve Lments Ln telecommunication ar dis­
covering thaL the at l l i te ector is ri h 
with opportunity A recent  round of l i­
cens ing by the U.S .  Federa l  ommun i ­
cations Commission has brough t  several 
new entrants to the sate l l i te network field , 
and new busines al l iances ar be ing  
formed. ln addition, the  next generation of  
satel l i tes wi l l  grea t !  expand the  u niver c 
of economical , even revenue-generat i ng, 
ommun i ca t ions applica tions for energy 

compan ies. " 

Busi ness context of communications 
Energy companie expect commu nica­
t ions technologies Lo meet demanding 
standa rds o f  reliabi l i ty and avai labili ty. 
And in order � r ate l l i te to b widely 
u ed by u t i l i l i  , t h ey mu  t al i  fy t hose 
requirements at a lower cost than terres­
LTial options, including telephone circuits, 
I n ternet virtual private net, ork , mi­
c rowave radio ,  and t he large broadband 
fiber-optic networks that many u dlit.i es are 
i nst a l l i ng  for t heir most data- intensive , 
corporate-level appl icatio ns. 

A ke determinant of the co t of terres­
trial pti n i the distance t hat signa ls 
m u  t t rave l .  l n  contrast , satel l i tes can pro-
ide wide-area coverage wi th  ci rcu i t  costs 

L 11at a re in en i t i ve to d i tan e. Al o, sat­
el l i te circuits are unaffected b terrestrial 
emergencies, ueh as hurricane , torna­
doe , and flood (a l though ome ignals 
can fade ou t  i n  heavy rai n ) .  And ate l l i tes 
can be combined \ i th t 1-rc trial systems 
to provide econ m ica! coverage t hat meets 
diver e needs. an Francisco-ba ed Paci fic 
Gas and Elect ric for examp le, manages i ts 
mobi le workforce by usi ng a combination 
of 70% terrestr ial wireless data service and 
30% satell ite service . 

l n  an E PRL CSG Lrategic a e smem of 
ate l l i te techno logy for ut i l i ty appl icaLions 

published la t ear, the di rect rele ance of 
sate l l i tes to two cr i t ical  busi ness impera­
t ives for ut i l i ty c mpanies was nigh­
l igh ted .  The lir t or t h e e i mperat ives is 
cost reducl ion.  

"Cost reduction is direct ! related to the 
use of physical and hum.an assets, which 
in tum depend on in formation ab ur s s­
tem or a et late and on 
the abi l i ty LO C0 11 Lrn) that 
rate ," exp lai n  Ron kel -

ton, the computer and communi.cat ions 
con ultan t  and former EPRI employee 
who produced the a essment.  "To reduce 
costs . the power transmission and d is­
tribu tion ystems and the mobile u ti l i ty 
workforce o f  the future wi l l  be highly in­
stru me n ted. With improved sensing and 
da ta processing, i n  the  near future we may 
ee everal orders of magn iLUde more data 

being capLUred and communical d .  The 
t rend toward di t ributed genera tion l i ke­
wise will dramatica l ly increase the number 
of si Les and the amount of in[o rmation re­
quired for monitoring, diagnostics , and 
control . " 

The oncl busine imperative for uti l-
i ty com pan i e  i the need to find and de­
velop 11 w source uf revenue. W ide-area 
communication Lechnologie , e pecia! \ y  
satel l i tes, provide innovative opport uni t ies 
for expandi ng customer bases and offering 
addi t i onal service . ''U 1 i l i t ie are no longer 
constrained by their trad i tlonal service 
areas, and tra tegic p l ans to derive ad­
dit ional rev nue from both national and 
i nternat i onal expan ion a re not u ncom­
mon," notes Skelton . 

J udging from these a umptions about 
the !u t ure , information infrastructu re wi l l  
become more critical LO  companies in 
achieving t heir opera tional and strategic 
object i  e . "The cenarios b ing consid­
ered 'v ould potentially have very large � 
numbers o f  remote, distributed elements, " � 
ke l ton says . "For exampl e , one cou l d � 

imagine every insu lato r or valve havi ng � 
!!I 

a bu i l t - in proces o r  and communicat ions � 
C, 

d vice. Such a topo logy means that t h e  6 
com m unications inrra tructure elements � 
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will always have a major, even dominant, 

inOucnce on what is economically feasible. 

Terrestrial communications infrastructure 

costs are often prohibitive for many of LO· 

morrow's utility applications." 

Wide range of applications 

and options 

Satellite technology is well suited for a 

wide range of utility core business appli­

cations and for providing more-advanced 

support for applications involving two­

way customer communications and ln­

ternet access. Utilities' primary internal 

communications needs are for system op­

eration, telemetry and metering, mobile 

messaging, and data communications in 

support of asset managemeni and work­

force automation. 

As a value-added reseller of Orbcomm USA 

services, Salt River Project markets Spiitia­

a satellite-based system for near-real-time 

communications and the processing of 

remote monitoring and metering data for 

water, electricity, and natural gas utilities in 

the western states. 

Telemetry applications typically involve 

one-way monitoring or two-way monitor­

ing and control modes. Many trends in the 

electric utility industry today- including 

business expansion into new territory 

(e.g., through merchant power or distrib­

uted generation). real-time pricing, and 

national account marketing-involve te­

lemetry. There are also increasing require-
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ments for more-refined metering of power 

nows and sensing of power quality at more 

locations. A key driver for telemetry is 

communication with field personnel for 

dispatch, reponing, and access to the geo­

graphic infom1ation system databases 

used in automated mapping and facilities 

managemenl. 

Relatively small, inexpensive LEO satel­

lites in nongeosynchronous orbit at alti­

tudes of 7 5 0 -1500 kilometers (470- 930 

mi) operate at VHF and UHF frequencies 

below 500 MHz, which allows their sig­

nals to penetrate foliage and some build­

ing Slructures. Liule LEOs offer narrow 

bandwidth but potentially global cover­

age, given a constellation with enough 

satellites to hand off or store and forward 

traffic as they move across Lhe line of 

sight. Each satellite is visible only inter­

mittently and for short periods. 

Little LEO satellites are expected to be 

ideal as a low-cost communications infra­

structure for simultaneously supporting 

telemetry and other applications, particu­

larly in situations where there are no vi­

able alternatives. For example, many oil 

and gas wells in Canada are in remote 

areas where telephone lines do not reach 

and even cellular service is not available. 

The production companies use GEO sat­

ellites to closely monitor pressures. tem­

peratures, and now rates for those wells 

and to open or close them or adjust Oows 
� remotely. The technology is expensive­

costing five times what cellular service 

would cost if it were available- but its 

ability to meet the companies' business re­

quirements is invaluable. Little LEO sys-

tems are expected to offer service and 

equipment at significantly lower cost than 

the GEO technolog)'· 

Metering and connect-disconnect ser­

vices, two utility applications of conven­

tional telemetry that are usually costly 

when performed by field personnel, are 

prime candidates for the use of satellite 

communications. For a typical utility with 

remote terrain, as few as 3% of the meters 

can account for nearly 20% of total meter 

reading costs. Several companies already 

offer, or have announced plans to offer, 

automated meter reading equipment and 

services using Ii Hie LEO satellites. 

Another satellite service, implemented 

in combination with land-based networks, 

gives fleet managers the ability to commu­

nicate instantly with their drivers. The 

voice dispatch service features a push-to­

talk communications channel. A manager 

could even have a real-time desktop com­

puter display or neet activity and location: 

vehicles could be equipped with GPS re­

ceivers and transmitters that would route 

daia to a satellite, which would then relay 

the information, either directly or over the 

Internet, to the manager's computer. 

According to EPRl's assessment, little 

LEOs are the best option for a broad range 

of bidirectional data communications 

when the total amount of data to be trans­

milled is relatively small and the length 

of intlivi.dual messages is short (typically 

500 characters or less). They are also the 

preferred choice for two-way communica­

tions when low-cost terminal equipment 

and low ser\'ice rates are required. Ap­

plications of possible interest to utilities 

include meter reading and load manage­

ment, supervisory control and data acqui­

sition (SCADA) for distribution systems, 

mo11it0ring of field personnel, industrial 

monitoring and control, vehicle monitor­

ing, asset tracking and status reporling, 

emergency communications, security and 

other alarm monitoring, point-of-sale vend­

ing, and direct-to-home interactive services 

(i.e , as a return path). 

Big LEOs have higher capacity and op­

erate at microwave frequency bands above 

L GHz. They arc the best option for mo­

bile voice communications and data com­

municaLions when the amount of data is 

significant and warrants 1he additional 

cost of link setup and takedown Lime. Big 

LEOs can provide continuous regional or 

global coverage like little LEOs, but they 

are generally restricted to applications for 

which higher-cost terminal equipment 

and service rates of S3 per minute can be 

justified. 

As a result of the advent of commercial 

satellite imaging networks, there are new 

possibilities for detailed mapping of utility 

service areas. Resolution is already as fine 

as 5.8 meters (19 ft), and in the near fu­

ture, it will be 1 meter (3.3 ft) in black and 

white and -+ meters (13 ft) in color. Sate!-



How 

Leo One 
Works 

Messages will be sent 0 A communi- e The satel- €) The gateway will forward 

between users-persons cations device will lite will forward the message to the recipient 

or machinei;-when one send a message the message to via the best communications 

or both are equ ipped to the nearest in- a gateway for path-satellite, Internet, 

with a Leo One commu- view Leo One validation and private or publi c data network 

nications device. satellite. optimal routing. (PON), or the public switched 

telephone network (PSTN). 

Leo One USA Corporation has a license to begin operating a 
constellation of 48 high-capacity LEO satellites In 2002. This 
network will provide a range of near-real-time communications 

services to users around the world, including tracking and fleet 

management, monitoring and remote control, two-way mes­

saging, emergency services, and transaction processing. Each 
satel lite's footprint-the area on the earth where it is visible 

at any given point in its orbit-will be roughly the size of the 

United States. The constellation's orbital configuration and 

inclination will provide global, overlapping-footprint coverage, 

with more than one satellite visible to users at all times. Two 
primary gateway ground stations in the continental United 

States are planned, with a third in Alaska. 

lite imaging in combi­
nation wit h  mapping 
and facility da ta and 
GPS igna i qui ck ly  
becoming a powerful  

the United States. Combining navigation 
and communicaLions functions would al­
low rapid posit ion fixing in case of emer­
gen i s , and in tegra t ing G PS and cel l u­
lar radio in single units could al low map 
displays to be embedded i n  hands-free 
mobi le phones. I n  fact, , ithin the next 
cou ple of  year , t he federal Communi­
ca t ions  ommi si on wil l  requ ire al l  new 
ceU phone in the United States to be 
equipped with G PS signal receivers .  

package for asset man­
agement ,  field i nspec­
tion , calibration and 
mai ntenan e, om pl i­
an e reporting, on- ite 
engi neeri ng, and fleet 

management .  Providing messaging capa­
bili Lies to mobile workers equ ipped with 
laptop compu ters or personal digital assis-
1.ants is enabling an unprecedented level of 
workforce management that can be in­
valuable duri ng emergencies.  

Meanwhile, innovative appl ications in 
fleet management and network t ime 
stamping-applications t hat are o f  keen 
interest to u tilities-are emerging for G PS. 
Because they are as accurate a atomic 
dock at a fraction of the cost, GP signals 
can be used for the precise synchroniza­
tion of a variety of voice and data net­
works. Such t iming accuracy could be of 

GPS applications for vehicle navigation, 
which have been booming in Japan and 

u ropc, are now beginning lo take off in 

e In some cases, the 0 Users connected to the 

receiving gateway will wired terrestrial network 

route the message to will also in itiate messages, 

another gateway, from which will be routed to a Leo 

which It will be delivered One gateway and delivered 

via the appropriate via a Leo One satellite to a 

communications path. communications device. 

considerable benefi t  in improving the 
managemen t of the electric power grid by 
making it possible co record system anom­
alies precisely. 

An Information superskyway? 
The ln LerneL is rapidly expanding the 
range of appl ica tions for satel l i te-based 
data communications . Two of the most 
popular of the appl ications are accessing 
the I nternet itself and connecti ng remote 
i Le Lo corporate networks. Some sate ll i te 

system , i ncluding those of  sat l l i te T 
providers, al low users Lo browse Web 
pages and download data-at 400 kilo­
bit per econd (kbp )-through a 2 1- i nch 
(53-cm) roof-mounted dish receiver con­
nected to a personal computer with an in-

Fall 1999 EPRI JOURNAL 23 



Ut i l it i e s I nvest i n  Sate l l i te Commun i cat i o ns 
significan t number of electric uti l­
ities-investor-owned companies, 
rural cooperatives, and public and 
municipal utilities-are using 
satellite communications today, 
primarily for limited telemetry 

and cont ro l  functions at remote substa­
tions. Other application include reading 
remo te customer meters automatical ly: 
managing the power demand of customer 
loads, including hot water heaters and air 
condi tioners; and managing mobile uti lity 
workforce , with satel l i tes typically ser -
ing as a remote extension of cel lular radio. 
Meanwhile, utility use of G lobal Position­
ing System data for mapping and mobile 
location tracki ng is i ncreasingly common. 

To cost-effectively automate the remote 
substations across its large service ter­
ritory, Southern California Edison (SCE) 
developed the world's first ultrasmall­
antenna-terminal commercial satellite sys­
tem licensed by the Federal Communica­
t ions Commission for ub tation CADA 
(supervisory control and data acqui ition) 
applications. Deployed in 1995 , the system 
features fiat-array ground terminals with 
antennas 0.3 meter (1 ft) across. The ter­
minals communicate with a geosynchro­
nous-orb i t  atell i te via spread-spectrum, 
Ku-band microwave at data rate of up to 
2.4 kbps. An external notebook- ize elec­
tronic modu le handles signal tran mi -
sion, conversion, and proces ing. 

SCE's Ross Fernandes, satel l ite commu­
nications program manager and senior con­
sulting engineer, says that the system­
called ltra- etT 1-is used for SCADA 
communicat ions to monitor and control 

terface ard .  h i  capabi l i t y  could become 
a val uabl e tool for e tending a u t i l i ty en­
terpri e net, ork to remote o ffices around 
the world .  

M a n} u t i l i t ie are basing their emer­
pri e st rategy on t he u e of I n ternet tech ­
nologie o n  pr i  ate netwo rk , cal led i n ­
t ran t . he va l ue of the  I n ternet a a 
research LOO I and a vehic le for communi-
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over 1 50 remote substations. The uh­
station remote terminal un i ts a re polled 
every 4 seconds to report any change in 
the status of substation equi pmen t . l n  the 
first year of operat ion , SCE est imated that 
Ultra- et saved it $30 million compared 
with other automation and comm unica­
tions options. 

CE says Ultra- et is the fir t Ku-band 
satel l ite commu nications tech­
nology capable of error- free data 
communications, even during 
heavy rain (exceeding 3 inches 
an hour) . In addit ion to CADA 
for electr ic, gas, and water utili­
t ies and for oil and gas pipe­
line , the system can support 
distribu t ion automat ion, pole­
top monitoring and control , and 
weather or hydrological data 
collection. 

planning to use its atel l ite network and 
equipmen t to mon itor environmental con­
ditions at the Chernobyl n uclear power 
stat ion. ) 

Bruce Hal l i n , director of bu i ness devel­
opment for patia, says SRP i instal li ng 
low-cost remote terminal uni ts  a t  about 
200 sites for its customers, which include 
municipal water systems and electric ut i l -

In another effort, Phoenix­
ha ed Salt River Project devel­
oped and markets patia TM , a 
satel l i te-based y tern for near­
real-time communicat ions and 
the processing of remote moni­
toring and metering data for wa­
ter, electricity, and natural gas 
utilities. SRP markets Spatia­
primarily in the western states­
a a value-added resel ler of Orb-

Southern Cal ifornia Edison uses its Ultra-Net system 

to monitor and control over 1 50 remote substations in 

its service area. Ultra-Net features very small antenna 

(0.3-meter), flat-array ground terminals, which commu­

nicate with a GEO satel l ite via Ku-band microwave. 

comm USA network ervices. 
These ervices are available via the fir t 
commercial LEO (low-earth-orb i t) ate l ­
l ite constellat ion, which was developed by 
Orbi tal Sciences Corporation and Tele­
globe of Canada. (Recently, Orbcom m  an-

it ies, irrigat ion districts, government agen­
cie , min , and other indu trial opera­
t ions. Elect ric ut ility applications include 
remote ub tal ion telemet ry, load profil ing 
and analy is , s stem control , alarm not ifi -

nounced that a l icensee in the  kraine is cat ion, and near-real- t ime moni toring of 

eat i ng w i t h  cu tomer i l ikely to cont inue 
to expand e 'ponent ia l l y. Bu t for many 
compa nies , a l t hough the i r  fi xed campu 
network have uffic ient  bandwid t h  to 
support intranets, their remote office , cu -
tomer , and mobi le  workers general l do 
not . I ntranet requi re powerful server and 
ophi t icated networki ng, and de p i te the 

gain i n  t i me and co t efficiencie they can 

help companie ach i eve, i nadequate band · 
wid th  can make network pe rformance un ­
a ce ptable to u er . 

The  expl o ion o f  the I nternet and the  
World Wide  Web, m u l t i media, t rea m ·  
ing ideo , and com pre eel a udio down­
loads-together wit h the  a l rno L total ac­
ce ptance of remote worker -ha nearl 
exhau ted the bandwid th capabi l i t ie of 



peak electricity use for customers. The 
system can also remotely monitor reactive 
power and temperature and could be used 
for cu tomer billing applications. "The 
business is in a real growth mode, and as 
we work with more customers, we're dis­
covering new applications that we hadn't 
envisioned," says Hall in . 

atellite systems featuring very small 
aperture terminal (YSAT) technology are 
being used by dozens of rural electric 
coopera tives and municipal u t i l ities for 

CADA applications at remote substa­
t ion , for cu tomer 
meter reading, and, in 
ome ca es, for load 

con trol .  everal of 
these u t i l i t ies are us­
ing low-cost (about 
$6000) ground termi­
nals developed by 

ova- et Communi­
cat ions in research 
t hat was supported 
by PR I  and the a­

--"- .... .,... i L ional Rural Electric &!�11�r-;!���� i ooperative Associa-
� lion ( RECA) . ow a 

wholly owned subsid­
iary of tratos Global I Corporation, ova- et 
offer integrated hard­

ware and network e rvices customized for 
CADA applications for the electricity, gas, 

and oil industries. 
Called $CADA- ATs, Nova-Net's all­

weather Lenninals are capable of operating 
with other d istribution system monitor­
i ng and con trol equ ipment because they 
incorporate the E PRI-developed Utility 
Commun ica t ions Architec ture (UCA™ ) .  
«The result , ' says Bill Blair, t h e  EPRI proj­
ect manager for both the SCA DA-SAT and 

the  so-cal led last mile of la nd-based ci r­
cu i t  ( i .e . ,  the  con nect ion to the  user) .  

a re  u l t  the pro pect of a mas i e­
bandwidth , ate l l i te-b eel I nternet ervice, 
planned a pan of vera l major global 
atell i te networks who e deplo men t  wil l  

begin early i n  the ne t decade, is appeal­
i ng to many compan ie 

" I f  a company pay three t ime more for 

UCA efforts, "is an integrated distribution 
automation system." The terminals can 
also be l inked with radio systems to oper­
ate as signal repeaters for communication 
with other remote ites. Models are avail­
able for ac or de (including photovoltaic) 
power. 

A major user of Nova-Net's VSAT tech­
nology is Buckeye Power which began 
applying it nearly a decade ago to moni­
tor and manage lbe  loads ol its member 
distribution cooperatives in Ohio. Duri ng 
periods of peak electricity use, some cus­
tomer loads are remotely controlled via 
radio signals to reduce the need for addi­
t ional pu rchased power. A recen t expan­
sion has brought Buckeye Power' network 
to around 250 ground termi nals . 

Caro l i na Power & Light was attracted 
Lo the ova-Net technology not only be­
cause it costs less and is easier to install 
than leased telephone circuits but also be­
cause i t can wi thstand extreme weather. 
CP&Ls service territory, which includes 
Cape Haueras, was severely damaged by 
Hurricane Fran in 1 996. Land-line and 
cel lu lar  communicat ions to 80-90% of the 
u t i l ity's ubstation were lost , in ome 
cases for weeks. A L I  ground-based com­
munications infrastructure had to be re­
built .  

CP&-L not iced that V ATs instal led by 
the neighboring orth Carolina Munici­
pal Power Agency enabled it to maintain  
SCA DA commun icat ions wi t h  d i  t ribu­
tion sub tat ions through the full cour e 
of Fran's fury. "That impressed us qui te 
a bit ," says $colt Bowen , a CP&-L senior 
tech nical specialist for distribution sys­
tem . "We had looked into satel l ite com­
mu nicat ions i n  the 1 980s, but the co ts 
appeared prohibitive. When we investi­
gated again after Fran, the costs had de-

i ts I nte rnet acce bu t  gets a 10 - fo ld  in ­
crea e in bandwidt h , the  economics could 
be compel l i ng," ay kelton. " I f  atel l i te 
I n ternet ace indeed u her i n  t he level 
of bandwid th  that man atel l i te  expert 
ar ta lk ing abou t , bu i nes user could ac­
lUally i nt e rconn ct thei r local area net­
work aero their in tra nets as a pri vate 
swi tched network .  uch a network would 

di ned enough to be comparable to those 
of dedicated telephone circuits ." 

Bowen explains that "such items as re­
quirements for trenching and fault protec­
tion were continually driving up the cost 
of telephone circuits, and at some point ,  
the curves crossed. We can now install 
VSAT satell ite communications at a sub-
tat ion a lot more quickly and, in many 

cases, at a lower cost than we can a tele­
phone circui t .  Monthly semce costs are 
comparable to those for phone ci rcuits, 
and I expect they will be lower in the 
long ru n . In our experience, the day-to­
day rel iabil i ty has been better than that 
of phone circu i ts ." CP&-L expects to soon 
have about 1 85 YSATs installed at substa­
t ions; units are rout i nely spec ified for new 
substal ions. 

Recently, in half a dozen states, mem­
bers of RECA's Cooperative Research Net­
work part icipated in a successful field test 
of Orbcomm's l iule LEO satell i te commu­
nications for remote meter reading and 
substation monitoring; tenninal hardware 
from Scientific Atlanta was used. One par­
ticipa ting ut i l i ty, East Mi issippi lectric 
Power A ociation , developed a u tom­
ized applicat ion for operating a distribu­
tion circuit recloser at a remote substation . 

"LEO technology looks promising and 
hould be valuable to electric cooperatives 

for remote meter reading, monitoring, 
and, to some extent, control of field equip­
men t ," say Many Gordon , senior pro­
gram manager for the N RECA research 
network. "Al though LEO satell i tes are not 
suitable for use with real-time SCA DA sys­
tems at substations tha t  requi re device 
scanning every few seconds, they can be a 
valuable commu nications tool for an elec­
tric cooperative's distribution automation 
and meter reading efforts." D 

operate at igni fican t l  h ighe r peed and 
lo\  er co  t t han curren t! po i ble w i th  
public data network senrices." 

The consu l t ing firm Booz- l ien &: 
Ham i l to n  forecasts that the global market 
for broadband commun icat ions wi l l  grow 
to nearl 200 b i l l ion b 2005 and t hat 
pace-ba ed tern wi l l  capt u re 1 0-1 5% 

of that market . Th majori t of broadba nd 
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communicat ion will be carried by terr -
trial fiber, local microwave, and digi tal 
cable networks that telephone and cable 
compan i  are already xpanding and up­
grad ing. H owever, the  co t or the r­
vices could be undercut  by operators of 
big LEO satel l i te  networks who, a fter sell­
ing a f irm amount  of reserved capacity, of­
fered di counted bandwidth o n  a nonguar­
anteed ba is. 

Nova-Net Communications pro· 

vides private satell ite networks 

that use VSAT (very small  aper­

ture terminal )  technology for vir­

tually error-free, high-rel iability 

data communications. The com­

pany specializes in SCADA (super­

visory control and data acqui­

sition)  applications for remote 

faci l ities. Its customers include 

oi l and gas pipelines and more 

than a dozen electric utilities. 

EPRI provided support for Nova­

Net's development of a low-cost 

VSAT that is used by several rural 

e lectric cooperatives. 

Satellites and strategic options 
E PR l 's trategic a e ment o f  at ell i t e  
com m u nications for u t i li t ie  i nclude a n  
overview o r  l he tech nology: t he vari ou 
cla or ate ll i te , t heir techn ica l fea­
t ur , and a com parison of the  ra nge of 
p rformance and appropriate appl icat ion 
opt ion . I t  also provides a detai led d -
sc ript ion (curre n t  as of late 1997)  o f  t he 
busi ness plans of various satellite network 
vent ures.  

atel lites reduces the one-way ignal prop­
aga t ion d lay to 6.3 milli econds, wi th ig­
nificanL ly  reduced latency (cumula ive de­
lay) , and al o red u  signal a t tenuat ion . 

hese feat u r  make the ate l l i tes di rect ly 
applicable for some uti l i ty remote moni­
LOri ng and  con tro l funct io ns. Propagat ion 
delay at any alt i tude tends LO be the con­
trolling performance issue for mo t time­
sensi tive uti lity appl icat io ns, uch a di -

t ribut ion y tern SCA DA . 
(One 60- Hz cycle la t 
1 7  mill i  econds . )  

I n  add i t ion , the re­
duced signal attenuation 
mean that ground ter­
minal a ntennas can be 
i m ple ; ome can even 

be a small a the whip 
an tenna of a cell  phone. 

ate l l ite voice service us­
i ng a handheld tenninal 
i expected to be avail­
able from networks of 
litLle LE 

Becau ·e l i t t le LE u e more fue l  LO re-
mai n  i n  pr I r orb i t , their  l i re pans (riv  
t o  seven year ) an be  a l i t t le a h a l f  t ho 
or bigger sat e ll i tes operat i ng at  h igher a l t i ­
t udes. A constel lation of 48-50 l i t t le LEOs 
would be req uired for conti nuous cover­
age of either the world or the continental 
U n i ted tales, dependi ng on their orbital 
pa t t ern and alti wde. 

The only u r re.nl con tel lat io n of l i nle 
L O i perat d by O rbco m m  G lobal, a 

The lower-alt itude orbi t  of l i t t le L ·O jo i n t  ven t u r  of rbi ta l  c i  nee Corpora-
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L ion and the Canadian company I g lob . 
he conste l lat ion con i of 2 atel l i te 

t hat provide i n t  rm itte n t  global coverage 
for two-way communicat ions s rv i ces, in­
cl uding messaging emergency alerts , po­
sitio n reporting, and remote data collec­
tion . Orbcom rn  has a l icense for up LO 36 
satel lites. 

Leo One U A orpo rat ion i plann ing a 
new con Le l la t ion of 48 atelli t  Lo pro­
vid continuou coverage or t h  con i n  n­
ta l  U n i ted Lat . Rec n t ly l ice n ed , Lhe 
co n tellal ion is chedu led to beg in  operat-

i ng by the end of 2000. i ni­
t ial!  wi t h  j u 1 2 atcllite . 
When al l  48 are ope ra t i ng by 
lat 2002, ay the company, 
the Leo One n twork wi l l  
provide near-real- t ime ,  low­
i n tensi ty data comm unica-

• Lion with latencies u nder 30 
econd . 

I n  general, large EO ate l ­
l ite are the y te rn of choice 

for appl icat ions requir ing i t her co n t i n u­
ou rvice or bandw id t h  on demand and 
data rates of 1 . 5 M bps and h igh r .  - s 
ar mo t appropriat for appl i at ions that 
do not requi re mobi l i ty and can accom­
modate dish a nt e n nas of 1-3 meter ( 3 .3-
9.8 ft) in d ia meter. Terminal co L range 
fro m 5000 to $25,000, and mo nth l y  con­
t inuou - erv ice rat or 50,000-$ 1 00,000 
m u  t b j u  t i fied .  

Mo t curr n t  and pla n n  d ne t· 
works i n volve the  u of very mal l ape r-



t u re terminal  ( V  AT) tec h nology, which 
for many u t i l i ty appl ication provid the 
best combination of co t , capab i l i ty, con­
t ro l ,  and coverage. omTier orporat ion 
recen t ly announced that as a resul t  of i m ­
proved electronics design a n d  ignal mod­
ulation , it is developing a VSAT-based LEO 
system that wil l  offer ub tan t ially greater 
bandwidth (for data rat of u p  to 1 55 
Mbps) at even lower cos t ,  e nabl ing mu lti­
ple s i mul Laneou appl ications in a com­
plete enterpri e network . These could in ­
cl ude l ive mobi le video moni toring from 
dispersed remOLe si te , coupled w i th voice 
and data commu n icat ions .  

EP R l 's st rategic a sessment  d i scusses 
the  key terrestrial com m u n icat ion tech­
nologies co m pet ing  w i t h  satel l i tes and also 
offers i nsight on i m portant t echn ical and 
opera t ional issues co n fron t i ng the  com­
mercial ate l l i te erv i ces i ndust ry. One 
problem is that of rocket launch fai lures. 
Duri ng the past year, ha l f  a dozen failures 
invol v ing civi lian and m i l itary payloads 
have resulted in los es total i ng  $3 .5  b i l ­
l ion .  Anot her problem i t hat many an­
nounced satel l i te communications ventures 
are struggl ing financia l ly  becau e of over­
opti m ist ic projec t ion of ea rly customer 
comrnitrnen ts. 

Opportunity and timi ng 

EPRl '.5 assessment of ate l l i te  comm unica­
t ion concludes there is ample opportu­
n i ty for low-r i  k ut i l i ty appl icat ion t hat 
can del i ver bus ines advantages. More­
over, the  s tudy sugg t , t he t i me is r ipe  
fo r  u t i l i ty equi ty  i nvest ments wi th  sa tel­
l i te service providers a st rategic busi ness 
parL ners . 

A clear d i  t i nct ion i d rawn between 
l i t t le LEOs, which are optimized for low­
cost , low-data requirements, and big LEO , 
wh ich are ai med at greater-ba ndwid th  ap­
pl ications. The markets and t h  tech nical 
r i  ks of big LEO a re form idable, and cur­
r n l ly t hei r  ervices are not we l l  a l igned 
wi th the core ut i l i ty bu inesses of electric­
i ty generation and delivery. However, big 
LEOs may provide new opponunit ie for 
broadband com munications for the energy 
industry. 

Regard ing l iu l  LEOs, a di t i nction is 
made bet ween constel lat ions t hat are de-

Uttfe LEOs GEOs 

Satellites 

Altitude 750-1 500 km 7S0-1 1 ,000 km 36,000 km 

Bands and frequencies VH F, UHF  below L and S microwave K microwave 
500 MHz ( 1 .6 and 2.5 GHz) (19 and 29 GHz) 

Weight 40-125 kg 3S0-500 kg Up to 1200 kg 

Com plexity Low High to very high Variable low 
to h igh  

Cost to bui ld, Low Very h igh High to 
lau nch, operate very high 

Terminal  

Power required Low Low High 

Type Handheld or Handheld fixed Fixed and 
embedded and portable porta ble 

Antenna Whip, hel ix, or Helix Dish or phased 
d ipole array 

Location and Medium High Very high 
orientat ion l imits 

Propagation 

Rain attenuation Low Medium High 

Fol iage penetrat ion H igh Low Low 

Bui ld ing penetration Medium Low Very low 

M ulti path interference Medium High High 

Noise background High Medium Medium 

Services 

Position location Yes Yes Yes 

Data com munications Yes Yes Yes 

Voice communications No Yes Yes 

Cost 

Terminals $50-$500 $2000+ $2000+ 

Monthly services Low High High 

Note: LEO stands for low earth orbit; MEO, medium earth orbit; GEO, geosynchronous orbit. 

igned for cont inuous coverage and tho e 
that are not .  The lauer'.5 temporal and spa­
t ia l  gap in commun icat ion w i l l  requ i re 
users to make t rade-offs, which could be 
ign i fican t  for o me appl ications. Li t L le 

LEO meet many of t he  cor telemetry 
need of energy indu t ries now and wi l l  be 
capable of meet ing growi ng requirements 
i n  the  future. The ysterns that provide 
contin uou service wi l l  be the mo t u e ful 
to ut i l i t ies. • 

Further reading 

Worldwide Sotellire Communicotions for  the Energy Utiliry 
lndus rry. EPR ICSG, lnc. Ju ly 1 998.TR- 1 1 1 052 . 

"Satell ites Provide Low-Cost Link to Remote Substa­
tions. "  Electricol World, Vol. 2 1 1 ,  No. 1 2  (December 1 997), 

pp. 35-37. 

Bi-Directional Sate/lire Communicarions Terminal. EPRI. 
December 1 995. TR- 1 03577. 

Bacl1ground i nfonnac ion for ch is arl icle 1�as provided 

b Leve Drenher ( drenl1er@epri . com) ,  E.PRIC G, 
and William Blair (bblair@epri .com), Science and 
Tcclinology Dt'Velopmenl Div i sion . 
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• 

• As the final days of the twentieth century approach, time is running out for dealing 

with the so-called millennium bug, which threatens virtually all commercial computer-based 

systems. For the electric power industry, embedded systems in control hardware­

systems featuring built-in microprocessor chips-have posed the most difficult challenge , 

since the chips are often harder to locate and deal with than software problems . 

The utility industry, assisted by EPRI's Embedded Systems Program, has gotten a firm handle 

on this problem and has now nearly completed its Y2K preparations . • 

h e  deregul at i on o f  the  power i ndu  r r  ha 
spurred u n precedented com pet i t ion . Yet ut i l i t ie are 
showing t hat they can t i l l  cooperate-at lea t when 
faced with a tech nical problem Loo big for any  one 
compa ny to handle a l one. The most pre s i ng uch 

problem is the  year 2000 (Y2K) issue ,  which origi nated i n  the 
dec i ion of early co mputer programmer to take a shortcut  
and en ode year  !ates w i t h  t wo rather  t h an  four d igi t . When 
1 99 pa es i nto the yea r  2000, many digi ta l ly  ba ed ystem 
may mal runction by mi i nterpre t i ng 00 a 1 900, 1 980, o r  
some other defaul t date . 

As providers or a crucial na t iona l  i n fra t rucLUre, elect ric 
ut i l i t ies have taken Y2K eriou ly rrom the tan. The sort ware 
i ue have bee n u nder study and remediat i o n  ince the  m id-
1 990s. ot u n t i l 1 996- 1 997, however, wa it rea l ized t hat 
Y2K prob lems cou ld al o st rike t h  m icroproces o r  tha t  are 

scend 

run indu tr ia l processe and plan L s ,  route telephone cal ls ,  op­
eraL ho usehold appl iance , and perform a my riad or other 
appl ica t ions i n  bot h  t he  home and the  workplace. Embedded 
m icroproce o r-based y tems con t rol and mon i tor electTici ty 
generat ion and now at h u nd reds of poin t  i n  a power p lant 
and a long the  way to end-u e ite . 

Once alerted Lo L l1c po ten t ia l  i m pact of Y2 K on e mbed­
ded y L ems, the ind ustry asked E P R I LO create a col !abora­
t i  e program for shari ng t chn ical i n formation and bui ld ing 
an i nd u  · L J·ywide knowledge ba e. Begun i n  the fall of 1 997, 
t h is e ffo n prod uced an i ndu  t r ' con en u on a essing Y2K 
problem and deve loping o l u t io ns .  As a resu l t , b mid- 1 998 
a l most t he ent i re indu try wa wel l  on the way to re med · 
ing the  em bedded-system problem i n  a cost-effect i ve , t i mely 
manner. On August 3, 1 999, the ort h A merica n Elec tr ic  
Re l iabi l i l }' Council (NER ) sta t ed tha t  " m ore than 99% of 

bu i l t  i n to digi t a l  comro l ,  mon itor i ng, and 
data acquisit io n sy terns-devices used to b y  

the U. · .  and Canadian electr ici ty supply 
D a W n L e  V Y  ystem are ready for Y2K . "  Bu l  some fi nal 



testing and contingency planning remain, 
and as J i m  Fortune, operations manager of 
the EPRI Y2K Embedded Systems Pro­
gram, say , ' This is a problem for which 
you cannot be a second late ." 

The embedded problem 

Embedded ystems based on dedicated 
microprocessors are a major issue because 
of their widespread use in a variety of 
equipment and because of different s tan­
dards for designing and manufacturi ng 
both the systems and the mkroproccssors.  
Worldwide, more than a bill ion embedded 
chips control electronic equi pment  rang­
ing from telephones, thermo tat , and tele­
visi.ons to cars, credit card readers, and CAT 
scanners. 

l n the power indu  try, embedded y -
terns con trol mission-critical operations in 
energy generat ion, transmission , distribu­
tion, and metering. On the generation side, 
for instance they run a plant's distributed 
control systems, programmable logic con­
trol lers, environmental control system , 
and process instrumentation .  On the de-

Embedded microprocessor-based systems 

control mission-critical functions in all 

stages of power production and delivery. To 

identify and remediate potential Y2K prob­

lems in these ubiquitous devices, power 

companies around the world have under­

taken unprecedented equipment testing. 

Generation 

l ivery side, they con trol substation au to­
mat i on , protect ive relays, energy manage­
ment systems, and supervisory control and 
data acquis i t ion systems. 

Wi th embedded systems, clocks may b 
eiilier hard-wired as chips or encoded iu  
software ;  thus, to properly assess potential 
Y2K problems, one must consider both 
t he m icroprocessor and the system in 
which i t  operat  . H the  mi roproce sor is 
suscept ible LO a Y2K fail ure that will  cause 
the system to malfunction or stop run ­
n ing, t he  microprocessor must either be 
replaced r be reprogrammed by replac­
ing the EPROM, a programmable memory 
device. If ne i ther is possible, the entire 
embedded ystem mu  t be rep laced .  But 
many embedded devices i n  the power i n­
du  try are i ntegraced wi th others co form 
large, complex systems that operate in 
concert with complex software routines, 
which themse lves may have Y2K prob­
lems. arly on ,  this s i tuation was a major 
headache for u til ity engineers. 

To deal with embedded sy terns, a com­
pan must inventory every piece of equip­
ment that has a chip in i t-a difficult chal­
lenge in itseH. ln some cases, embedded 
chips a re ina ces ible. And an engineer 
trying to find the clock in an embedded 
system may not be able to see them al l :  
large control ystems can have 60 or 70 
clocks, not all of which are di played on 

Control Centers 

• Distributed control systems 
• Programmable logic 

controllers 

• Communications 
devices 

• Energy management systems 

• Relays 
• Remote terminal units • Meters 
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the operators' screens. h's hard to tel l i f  
some devices even have clocks. 

The next step is to assess the cr i t ical ity 
of each device to the company's bu ines . 
Whether or not a device is mission cri t i ­
cal  depends on i ts importance to ensur­
ing safety, the continuation of business, 
and regu latory compliance, and t hat varie 
from plant to plant .  If a device is found to 
be crit ical, i t  must be tested. That entails 
advancing the buil t-in electronic clocks Lo 
December 31 ,  1999-usual ly while equip­
men t is down for scheduled maintenance 
or refueling-and lett ing the device ru n 
into the simulated ear 2000. Then engi­
neers check Lo see whether the device per­
formed its critical function. For instance , 
i r  it was programmed to n ;p  a swi tch , did 
i t?  1 r  i L  did O ip  the swi tch orrec tly, did 
performance moni tors display the wrong 
date or prin t  ou t  nonsense data? 

The test ing problem is compl icated by 
the fao that there are a number of  date 
both before and afrer December 3L , L999 , 
that can cause Y2K problems, and devices 
must be tested for each of these dates as 
wel l .  Anot her issue is the sensit ivity of 
ome embedded systems to power on/off 

functions; that is, some noncompliant de­
vices may appear to operate properly as 
long as they are powered on, but i f  the 
power goes off in 2000 and then back on ,  
the i r  internal clocks may reset to  1900. 

Transmission 

• Programmable logic 
control lers 

• Remote terminal units 
• Digital fault recorders 
• Communications devices 
• Sequence-of-event recorders 



As util i t ies conducted testing and learned 
more abou t the scope and depth of the 
Y2K problem, they came to appreciate that 
i t  would be impossible to idemify and fix 
al l the pot en tial embedded-chip pro b lems 
in t ime. "Fortunately, a signi fican t fraction 
of the. devices are what we call  date dumb 
-the  date doesn't mat t. er," ex plains Char­
l i e  Siebemhal , director of the EPRI Y2K 
program .  The vast majori ty of Y2'K non­
compliance problems are co metic in na­
ture and do not affect the functional per­
formance of the devices . Therefore .  the 
program participants have focused on 
the most i mportan t  work-deal ing wi.Lh 
mission-cr i t ical devices. This decision has 
served to maintain al l  critical functions 
while sav ing bil l ions of dol lars and several  
years of test ing. 

Response to dead line 2000 

In mid-1997, EPRl Y2K technical manager 
Joe Weiss first warned EPRl and its mem­
bers of the potential for embedded-systems 
problems. In September 1 997, EPRl hosted 
an indu try meet ing in Scot tsdale, Arizona, 
to find ou t  the level of concern about the 
issue .  Power companies responded by ask­
ing EPRL  to take the lead in deve loping 
an industrywide Y2K knowledge base. To 
bu i ld such a ba e,  t he  companies wou ld 
have to put comp tit ion on the back bu rn­
er and share information openly. 

Distribution 

Y2K was a problem the likes of which 
uti l i t ies and their vendors had never seen 
before . They had a L ittle more than two 
years LO find or create solutions-bill no 
experience, books, or blueprints to guide 
them .  Together the industry and EPRI had 
Lo learn in real Lime what the  problem was, 
how b ig i t  wa , and what it took to solve i t . 

" EP RI 's p rogram was designed to pro­
vide a foru m for a coordinated industry 
technical response to the Y2K problem," 
says Sieben tha l .  "J t has served as a focal 
poin t for systema t ical ly collecti.ng, orga­
nizing, sharing, and discussing technical 
information about embedded systems so 
that participants can assess and mitigate 
potential pro blems. " Members get access 
to a continuously updated Lechnical data­
base, a World Wide Web site for the rapid 
dissemination and discussion of results, 
and workshops for educaLion and network­
ing. They also receive a newsletter, system 
and component testing guidelines, reports 
of lessons learned, eonLingency plans and 
reactive strategies, and help in form ing 
col laborative test teams. 

As a result or EPRl's higl1 credibil i ty i n  
the area or embedded systems, program 
membership has grown beyond the power 
industry (see sidebar, p .  34) .  Weiss, who 
had worked with the major con t rol  system 
vendors in EPRI's Instru mentation and 
Control Program, helped build a strong 

network of organizations with good tech­
nical information to contr i bute . This net­
work includes the U .S .  Department of En­
ergy; the U.S. Department of Defense, and 
such companies as Microsoft , Motorola, 
Intel , Hewlett- Packard, DEC (now Com­
paq) , and the l::lig Three car manufacturers .  
''General M otors, Ford, and Chrysler prob­
ably know more about embedded micro­
processor-based systems than anybody be­
cause they've been putt ing them in cars for 
years," says Weiss, who arranged for the 
sha ring of test i nformation berween EPRl ,  
the  automakers , and six large electric util­
ities that serve them. 

"EPRI's Embedded Systems Program is 
a model for Y2K cooperat ion and informa­
tion sharing across company and industry 
l ines," says John Koskinen , chair of Presi­
dent Clintons Council on Year 2000 Con­
version . " lt has helped ut i li t ies deal more 
effec tively and efficiently with this unique 
problem. l am con fiden t that the L i nes o f 
communicat ion establ ished through this 
progra m wi l l  be val uable to the ind ustry 
well a fter January 1 , 2000." 

Bui lding and sharing the data 

The Y2K knowledge base, which contains 
inventory lists , test procedures, and test 
resul ts ,  is at t he  heart of the  EPRl pro­
gram .  Recently the ba e has been ex­
panded to i nclude conti ngency-plan n i ng 

• Global Positioning System • Supervisory control and data • Sequence-of-event recorders 
Ruldentbil Customers 

• Meters 
receivers acquisition systems • Global Pos itioning System 

• lnteruti l ity ties • Programmable logic controllers receivers 
• Relays • Remote terminal units • Load tap changers 
• Meters • Digita l fau lt  recorders • Re lays 

• Communications devices • Meters 
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strategies, both internal and external com­

munications plans, and information about 

facility operations. 

The EPRl -organized Y2K Gateway Team 

facilitates data identification, acquisition, 

and entry into the knowledge base. Team 

personnel work with program members 

on a daily basis through face-to-face con­

tact, phone calls, mail, and the Internet. 

"To ensure the integrity of the knowledge 

base and reduce problems associated with 

Lhe high degree of variability in the data, 

one service we provide is data entry," says 

team manager John Allen. "lts basically a 

quality control function. We input Lhe par­

ticipants' information in a consistent way 

so that it can be efficiently retrieved by 

members using the database." 

minutes from events they were unable to 

attend. They can also use the Web site 

to post information directly to interest 

groups. Although regional and customized 

training is available on request, members 

can consult a complete on-line training 

manual that includes an orientation to the 

Web site and instructions for searching the 

database by company, vendor, component, 

and testing information. All member in­

quiries are addressed within 24 hours. The 

Web site has been such a success Lhat fed­

eral officials have encouraged oLher trade 

groups to create similar Y2K information­

sharing sites. 

Early on, the program expanded beyond 

the Web site and database to facilitate net-

The Gateway Team also coor­

dinates activities of common in­

terest lo members, as when one 

member wants to witness an­

other's test of a particular com­

ponent or system. By facilitating 

the sharing of test information, 

the team helps LO prevent dupli­

cated efforts. For example, since 

the Honeywell TDC 3000 dis­

tributed control system is found 

in both fossil power plants and 

oil refineries, members as diverse 

as Texaco and Louisville Gas and 

Electric could directly use Y2K 

test data on this system from any 

other participating company. 

The Y2K knowledge base cur­

rently has more than 20,000 

items, only a small fraction of  

which have been deemed critical. 

Aggregated test results for criti­

cal items are presented and are 

linked via hypertext to the origi-

assembled-and continually updates­

a comprehensive, international on-line 

knowledge base of Y2K equipment test 

results and other technical information. 

The program also sponsors regular 

quarterly workshops, regional and 

specialized workshops, and Web site 

training sessions to keep its members 

abreast of the latest Y2K developments. 

nal test data. 

Internet communications help mem­

bers get information quickly, and the EPRI 

Y2K Web site has evolved to meet chang­

ing member needs. The technical knowl­

edge base is posted on tbe Web site, mak­

ing it possible for members tO upload and 

download data directly. The site also con­

tains informaLion about the Y2K work­

shops and other program activities. Mem­

bers can register on-line for upcoming 

events or can access presentations and 
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working and the sharing of remediation 

experiences. The program has hosted over 

a dozen workshops- a  general quarterly 

series, plus regional and specialized meet­

ings-with more than 2500 participants. 

"One of the keys to success has been an­

ticipating the members' needs," points out 

Siebenthal. "Each quarterly workshop has 

introduced them LO the next step in the 

process and pushed them to move faster." 

At the first workshop, participants looked 

at the questions, what is the problem and 

what is EPRl's role in solving if? The sec­

ond workshop focused on designing a 

program that would address embedded 

systems. The third, fourth, and fifth work­

shops dealt with technical issues concern­

ing the equipment found in power plants, 

transmission systems, and substations. 

The workshops have covered issues 

with practicality and depth. "For instance, 

transmission and dis1rihution workshops 

initially focused on sharing test plans, pro­

cedures, and results for various specific 

T&D devices and systems," says EPRl 

Y2K T&D manager Bill Steeley, "and then 

moved on to address integrated tests de­

signed to roll over entire substations and 

other parts of the T&D system." 

As more devices have been 

tested and more problems reme­

diated, the program's workshops 

have evolved lO address such in­

terface issues as contingency plan­

ning and supply chains and such 

emerging LOpics of concern as dis­

tributed control systems, boiler 

control systems, and natural gas 

distribution. 

An interface issue that has received con­

siderable attention is telecommunications, 

which early on was recognized 10 be the 

glue that held utility operations and grid 

operations together. While most energy 

companies own and operate private tele­

communications systems to support their 

business activities, they still have critical 

dependencies on public networks for both 

voice and data communications. Thus tele­

communications was added to the critical 

technical areas and has been addressed in 



bo th workshops a nd pilot H igh 
pr grams involving in forma-
1ion shflring and com ingem:y­
pJa1 1 1 1 i 1 1g Lliscussions between 
utilities and t11elr telecommu­
n icar ions se rv1ce pro iders. 

Lessons learned 
11) 
0. 

views and t he co m m u n ica­
l ion t ream at the  micro­
pro es or level. M an)" pro­
gram members helped re iew 
the _ p ci rica L io n _ nd I he key 
equ ipmen t  ve ndor prov ided 
acces Lo t heir proprietar 
commu nications protoco ls_ 

"Th Tran \ ta  test was 
ery amb i tiou ," say 

One of 1. he bigge -t o re, 
learned was Lbat bu i ness 
readi ness is an acceptable 
goa l .  iebenthal  tells of ne 
very progressive pa rt icipa n L 
t hat channeled considerable 
executive and budgetary sur>­
port i nto proactively deal ing 
wi th Y2K: "'Basic.i l ly t hey 
were goi ng Lo fix everyth ing, 
as good engineers do.  But  
when they came into the pro­
gram ,  they discovered t ha t  

Low ��::::!!������������������__J 

"and i t  bo lste red confidence 
i_n 1.he plant te ts pe rformed 
up L i l l  t hen _ While t he  earl i er 
Le ts a es. ed th fu nct ion of 
in Legrated terns. th i  \ as 
the fir  t te ·t to xami ne wha1 
happen Lo each i ndividua l 
ch ip _ "  I n  addi t ion , the L t 
demon mu d the value f 

Low Proba b i l ity of Occurrence H igh 

The goa l  of  the industry's Y2K preparation i s  to  shrink the  field of probable 

events to avoid a high l ikel i hood of serious problems, such as the loss of a 

generator or transmission l ine. Testing and remediation efforts reduce an 
event's probabil ity of occurrence, while cont ingency planning can mini­
mize the impact of any problems that do develop. Low-probabil ity, low· open discussions in lerna1ion ­

a l l  und be1.wee 1J c u  tomer  
and vendors-hal l mark ol  t n is appruach wa not time­

impact events are essentially nuisance problems, such as incorrect dates 

on data screens, that do not impair mission-critical functions.  

or cost-effect ive and rea l l y was not even 
necessary: lnstead, tl1e company became 
comfortab l with the oncept or making 
sy tern bu i n  , -ready" 

nother I ey lesson, a cord ing LO E PRls 
J im Fornme, was t hat companies t hem-

elves are responsible for the  equ ipment 
they use and had be t avoid relyi ng solely 
on informat ion  from ot hers , i n  l uding 
vendors. 

The crucial issue of  ve ndo r respons i ­
b i l i Ly in the Y2 K problem needed L be 
addressed, but  the rear of litigaLion had 
stopped nearly everyone's tongue. N i ne 
months before any federal legislation, EPRl 
legal counsel Barbara G reen pan neg ti­
a1 ed 1 20 s par;,1 1 e  agreemen ts in which 
u 1t:mbe.rs and ve ndors pledged LO share 
Y2 technica l in formation because of Lhe 
naL ional  urgency of the issue .  E P R l  a lso 
faci l i tated a series of works hop to help 
program part ic i pan t ' l:1wye rs bener un­
d r tand Ll1e sigrwi arn:e o( Y2K techni ­
cal is  ues and t h e  va lue of ' i nfo rmat ion 
sharing. To further facil itate the xchangc 
of informat ion , the Edison Electric ln Li ­
cute and the Nationa l Associat ion o f  M:i n ­
u factun:r worked fo r  le.gislal i on--signeJ 
imo law by Presiden t  Cl i mon in October 
1998-tbat provides L iability protect ions 
for organizat ion with respect Lo th ir Y2K 
i n fomrnlion disclosure and tatemen lS. 

Tak ing vendor out o f  t he  adversar ia l  
role and making th m a part of the pro­
gram benefited e erybody, sa · 1ebe11Lhal. 
· P R !  bas rganiz d meeti ngs with many 

equ i pmem endors,  both lii rge and sma l l , 
o that member co nducting Ge ld tests 

could benefit Cro m the i r  i nput .  Such wel l ­
l<nown c mpan ies  a H oi,eywel l , Bai ley 
ContTo l , F xboro , Bentley evada, ABB. 
Siemens,  and l ien-Bradley agreed LO meet 
w i t.h teams of program partici pants, pro­
v ide info rmation for the lmowlcdge base_ 
and make wo rkshop presemations abou t  
L b  i r  Y2K ac1 i v i t ies_ 

"We got L he  vendor i n volve<l to the 
tent  that i f \  e tested a devi ce and it fai led , 
they d idn't have Lo come ou t  and figure 
out why, because w were using the  ame 
te  L program Lhe used . '' ay i hen 1 ha l .  
' In many cases we d ra fted a L t progr;i,m 
and gave i t  1 0  the vendor_ who aid _  yes, 
that �il l  work, or told us hO\ to rn dify J t . " 

EPRI  J oe Weis c i te  anot her  major 
adv<W tage or Lhe prog ra m's col la boraLive 
approach: i ndividual mem bers have pro­
vided de mo nsrralion i Le fo r the ben e fi t  
of 1 he entire mem ber h i p _  I n  ear ly  J u ly o f  
Lhls year. ror example . E PRl he lped Tran 
A l ta U t i l i t ies perform a t est al i ts undance 
unit 6 coal -fired plam near Ed m omon , 
Canada,  to c n firm the  1·el a t ionsh ip  be­
twe n 1 hr d i  rlay.:; rha 1  a p lam operato r  

t he E P R l  Y2K program . 
Do co mpan le.:, jo in i ng L i le program late 

in the game st i l l  benefit? " lf  the 're real ly 
beh ind  t he eigh L bal l ,  there's ::i huge 
amo unt of va lue to t l1em ;· sa s Fort une . 
"The pr gram immed iate ly he lps t hem gc>t 
up LO speed so they can decide what  Lu ac­
cept from Olher c mpan ie  ' tes1i 11g and 
where the ' l l  have to do testi ng of t h ei r 
own. I f  L hey're a head or th ink the 're 
abead ,  i ts a great way Lo bench mark t heir 
effo rts against what others ha e done." 

"The program ha al l owed t he indu t ry 
Lo look at the Y2K issue in a much more 
comprehensive way than a n  individual 
ut i l i ty e er could ,"  says Ric Rud man . 
EP Rl's chief opcraL ing Cficcr and tl1e pro­
gram' ec.:ulive ponso r_ " he compre­
h ensive database has enab led th indu try 

LO qu ic.:l< ly asse.ss i LS mis i on -cr i Lical y -
te rns a nd iden t if areas w here problem 
existed. The quanerly w rl hops have en­
abled rea l - t:i me haring of te t information 
among the program panicipan l  · ,  

Are we ready? 

There is good reason Lo bel i e  that the  
o rth merican power 111du t ry i pre­

pared for the cum of th mil lenni um. In 
genera l , t he  i nd ustry's Y2K l L ing ha· 
gone smootbl  . M re t han 1 00 l'o i 1 plam 
and man tra nsmission faci l i t ies have 
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moved their c locks forward to 2000 w i th­
out any significant problems, and many 
companies have annou nced the readiness 
of key faci l ities. These companies include 
American Electric Power, Bal timore Gas 
and Electric,  Consolidated Edison Com­
pany of New York, Florida Power & Light, 
Niagara Mohawk, Ontario Hydro, Public 
Service Company of Oklaho ma, Southe rn  
Cal i fornia Edison ,  Sou thern Company, 
Virginia Power, and Wisconsi n  lectric. 

On the nuclear side, plant operators 
have generally performed their Y2K test­
ing during schedu led maintenance or 
refueling shutdowns-or during forced 
outages-for economic reasons. (At this 

wr i t ing, a handful of the counrry's over 100 
nuclear power plants still had to complete 
the testing of nonsafety systems; most of 
these. plants are duplicates of types where 
remediation work has already been com­
pleted . )  None of the Y2K problems identi­
fied in nuclear plants have involved safety 
ystems. 

O ntario Hyd ro was one o[ the fi rst uti l ­
i t ies to co nduct large-scale testing at a re­
mediated nucl ear plant , setting computer 
clocks forward at its Bruce unit 5 reactor 
and monitoring the simulated passage into 
the year 2000. The reactor, which was 
scheduled for a routine maintenance out­
age a fter the test , con ti nued t o  opera t e  

without incident at ful l  generating capac­
ity. "Everything worked the way it was 
supposed to," says David Kwan, the util­
ity's Y2K project manager. Two weeks be­
fore advancing the clocks at Bruce 5 , a 
duty shi ft crew had rehearsed the test on a 
simulator. 

There is a lso con fidence regarding over­
all reliability issues. John Koskinen-who 
as chair of the president's Y2K council 
works closely with the Department of En­
ergy, the Federal Energy Regulatory Com­
mission ,  and other government agencies­
says that any outages in the U ni ted States 
will be in the nature of m inu tes or hou rs,  
not days or weeks . N RC, the industry or-

Participat ion C Borders and Industries 

G 
lobally, the Y2K issue is so impor­
tant that it has forced industries 
to look beyond their own geo­

graphic borders and traditional enter­
prises to find good technical in forma­
tion. The EPRI Y2K Embedded Systems 
Program currently has 1 14 participants 
representing over 200 companies in the 
United States, Canada, Mex­
ico , Bermuda, Puerto Rico, 
Barbados, the Cayman Is­
lands, St. Lucia,  Belize, 
Colombia, France, England, 
Finland, South Africa, Israel, 
China (Hong Kong) , Singa­
pore, Taiwan, Japan, Aus­
tra li a ,  and the Philippines. 

"We now represent over 
80% of all electricity sales in 
North America," says pro­
gram operations manager J im 
Fo rtune. Since many electric 
uti l ities are also retail disnib­
u tors of natural gas and since 
most generating companies 
include a significant amount of natural­
gas-fired generation in their product 
mix, natural gas was added to EPRI's 
Y2K program as a major technical area. 
To avoid duplication of effort, EPRI has 
coordinated its activities in this area with 
those of the Gas Research Institute . It has 
also cosponsored a number of contin-
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gency-planning workshops wiili GRI in 
order to ensure that the Y2K efforts of 
the two industries are synergistic . 

ln addi tion to the electtic and gas util ­
i.ties tha t  co nsti LUle mos( 0( EP Rt's mem­
bership, a broad range of other organi­
zations are finding what they seek in 
EPRl's Y2K program. These include in-

ternational energy companies, such as 
Shell, Texaco, Chevron ,  Conoco , Enron, 
and Pemex; independent power produc­
ers, such as Calpine, T n terGen ,  and Si the 
Energies; and even industria1 enter­
plises, such as t,Jewmont GpJ<l an� Lu-

• - e 

cent Technologie,s. All comJti.r1�es, have 
been encouraged tcU¢-n :at �t\�or)!i9rare 

level so that their subsidiaries, both do­
mestic and international, can share the 
benefits and so that the program can 
obtai n  i nformation on a broad range of 
equipment.  To join, a company need not 
be an EPRI member, but it must have 
embedded systems similar to those 
found in the power industry, and it must 

agree to share its Y2K find­
ings with other program 
participants . 

"We've gotten our money's 
worth," says Chevron's Steve 
Stadnicki, an expert on em­
bedded systems. He coordi­
nates all the oil company's 
domestic and international 
Y2K efforts involving these 
systems, which play roles in 
such facil ities as refineries 
and chemical plan ts and in 
operations ranging from oil 
production and pipeline op­
eration to shipping and mar­
keting. "I've been very happy 

with the information-sharing and techni­
cal aspects of the EPRJ program ," he says, 
"especially the detailed information on 
compliance, contingency plan n ing, and 
communications. Our lawyers have been 
very happy with the legal workshops, 
and others have benefited from the proj ­
ect management workshops. " o 



ganiz,llion responsible for managing power 

grid reliability issues in North America, 

agrees. A NERC report indicated that, by 

April, fewer than 3% of all tested compo­

nents needed Y2K fixes. Errors tended to 

be nuisances rather than serious threats; 

most would not affect functions that keep 

lights on in homes and businesses. 

NERC has been intimately involved 

wiLh the Y2K issue since May 1998, when 

it was charged by DOE. acting on behalf of 

the presidem·s Y2K council, to verify that 

the North American elecLric power indus­

try would be Y2K ready by July l, 1999. 

NERC established a monthly survey pro­

cess to monitor the progress of individ­

ual utilities toward the industry readiness 

goal. Also, to ensure that Y2K technical in­

fonmnion is readily available to smaller 

organizations. EPRI and NERC cospon­

sored a series of five regional workshops. 

Over 250 companies- including rural 

electric cooperatives. municipally owned 

utilities, public utility districts, and in­

vestor-owner distribution companies­

participated in these workshops. 

Contingency planning 

Contingency planning is an important part 

of overall Y2K preparedness. ERC spear­

heads comingency planning at the na­

tional and regional grid levels, while EPRI 

focuses on technical issues and individual 

corporate contingency planning. On Sep­

tember 8 and 9. NERC will conduct an 

extensive drill to test backup communica­

tions systems and practice the comin­

gency processes necessary for maintaining 

electricity service in the event of a Y2K 

problem. Utilities have been developing 

contingency plans thal include training 

people to run power plants manually in 

the event of unforeseen malfunctions of 

eleCLronic controls, bringing back retired 

personnel who know how to operate facil­

ities manually, and staffing normally un­

manned substations on the night of the big 

rollover. 

EPRl is working closely with NERC to 

determine what has 10 be done coopera­

tively between now and Lhe end of the 

year, especially in tc.rms of NERC comin­

gency-planning drills, to ensure grid relia­

bility. EPRI is also developing an early 

EPRI has worked closely with NERC, which is responsible for grid reliability issues, to ensure 

that any local Y2K problems will not build into major, wide-area disturbances in the 10  NERC 

reliability regions. The three North American ac power grids-the eastern, western, and Texas 

grids- are connected by de tielines, across which disturbances and instabilities cannot pass. 

warning system to monitor possible tech­

nical failures at international sites where 

clocks will first roll over to the year 2000. 

EPRI and its members also are currently 

assessing the role of the program in the 

post-2000 period. "lt won't suddenly end 

on December 31," says Rudman. "There 

will be a winding-down period as utilities 

continue to test systems and assess their 

performance on other tricky dates- in­

cluding February 29, which causes prob­

lems in certain digitally based equipment." 

Despile some doomsayers, most people 

don't seem all that worried about Y2K. In 

an April 1999 public opinion poll of 600 

U.S. adults conducted by Research Jnter­

national/Cambridge. awareness of the Y2K 

issue was high (91%), but most people 

were not worried abottt Y2K and electric­

ity disruptions. A key finding was that re ­

liable, reassuring information at the local 

level and normal preparedness for winter 

events will help maintain this calm as the 

millennium approaches. 

Siebenthal says that industry officials 

expect the Y2K transition to cause isolated 

blips similar Lo those they handle all the 

time-as, for example, when a rree falls 

auoss a distribution line. incidences are 

expected to be isolated rather than wide­

spread and their impacts manageable. "We 

want to reduce the probability of some­

thing significam happening to the proba­

bility of an ice storm or a hurricane; 

Siebenthal concludes. 

John Ballance manages Southern Cali­

fornia Edison's power grid dispatch and 

operalions. He will spend New Years Eve 

at Edison's grid control center and expects 

a boring evening with few or no problems 

related to Y2J<. Ballance is more worried 

that the tum or the millennium will bring 

out more revelers than usual. resulting in 

an increased number of minor power dis­

ruptions due to cars hitting electrical 

poles, gunshot damage to electrical insu­

lators, and the like. "The real challenge on 

New Years Eve;· he says, ·'will be to pre­

vent all problems from being labeled Y2K 

related :· • 

Bacl1g,v1111d i,afon11atic111 for 1/ris a, tide was p,o,,ulcd 
h.) Clwdir Sicbcnrhal (csicbc11t@rpri.co111). Jlrn for­
t roll' (lrjort11nc@epri.co111) . .Joc Weiss (joflvciss@t'pii. 
com), Bill Steeley (111s1cele_1@cpri.cm11l. and 5usmr 
Mw slaml (:;111nrslcm@cp1i.co111) of 1/ic Scfr11cr am/ 
Talmo/11gy Dewl11p111en1 Di11is1011. 
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In  the Fie d 
Demonstration and app l i cat ion of EPRI science and technol ogy 

River Bend Uses EOOS for 
Shutdown Safety 

aimenance outages at nucle ar 
power plants typical ly entail com­

plex task nerv orks, whose safety impl i ­
cat ions mu t b e  analyzed. To enhance 
safety and horten outages at its River 
Bend nuclear plant in Louisiana, Ent rgy 
Corporation wan ted an analysis LOol � r 

au 1 omat ing ourage sai t y reviews. Sp ci fi­
cal ly, i t  wanted a tool  that would requ i re 
no addi tiona l  trai n ing for ou tage plan­
ning staff and that would have suffic ient 
deta i l  to le t them determine how compo­
nen t outages affect die tatu s o f  outage. 
afety funct ion . Moreover, River Bends 

outage planners could not afford to use 
conservative a sumptions that woLtld 
adver el limi t planning f lexibil i ty and 
force longer outages. 
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Entergy cho e Lo u e EPRl' EOO 
(Equipment ou t  of Service) oftware to 
develop a probabi l istic afcty analysis for 
shutdown operations at River Bend and LO 
evaluate the plam's hutdo, n operat ions 
protection plan (SOPP) . EOOS translates 
a schedule of work activitie into a set of 
color-coded timel i nes, each of which is 
associated with specific admin ist rati e 
guidel in . The program also gen 1<1 1 s a 

risk profile that d i p lays 
the chance of core dam­
age in each shutdown 
concli tion . River Bead 
taff t hen make sched­

ul ing d cision on t he 
ba is of this profi le and 
t he plan t's defense-in­
depth mea u res. 

The River Bend plant 
� as al ready usi ng an 
EOOS model for power 
operations, so extend­
ing t he analytica l meth­
od Lo outage afet 
anal sis o ffered eco­
nomic benefits. The 
shu tdown model u es 
a lo t  of the same data 
as the model for power 
operat ions, for exam­
ple .  As a resul t of this 
data sharing and the 
con i tency between 
the  model , co ts for 
addit ional taff u·ain­
ing and for maintain­

ing two sets or data have b en avoided, 
and meaningful safety comparisons 
between on-l ine and -hutdovv11 opera­
t ions can be made. 

Because EOO can simul taneou ly 
record inputs from both Scheduling and 
Ope.rations points ou t Ente1-gy's David 
Wel ler, the eITects of adding emergent 
work can be moni to red effici ently and 
without delay. "EOOS bet ter enables the 
staff to know what schedul d work Lo put 

on hold in order lO accommodate an 
unp lanned even t  and ensure plan t safety," 
he say . 

'·EOO also operates on a componem­
level mode l .  Th i help us mainta i n a 
hurt outage," Weller adds. " l n  past out ­

age , we had Lo wait for one system work 
w indow to close before openi.ng the next . 
Our EOOS model al lows us Lo cont inue 
work on a ys1em as long as the compo­
oents needed for its afety function re­
main available . " 

With t l1e EOOS shutdown model i n  
place., River Bend staff can quickly evalu­
ate changes in the ou tage schedule. ln a 
few minutes, with e sential ly two click of 
a computer mouse-to import schedu le 
data and to run t he chedu le assessment-
1 he raff can ge nerate an outagew;cle OPP 
safety review. 

The EOOS software (SW- 10587 1 -DK)  
i s  currently in  use at more than 70 nu­
clear plants at 30 u til i t ies ,  including ome 
plants ou tside the Uni ted Sta t  . E ntergy 
is among several util ities that have adopted 
E OS at all their plants for all modes of 
operation .  
• For  mo re informat ion , contact FrC1J1k 
Ra/1 n ,  Jral1 1 1@epri .co11 1 ,  650-855-203 7. 

Manhole Cover Remover Tested 

U L i lity personnel who respond to cable 
fai lures and Ol her pr blem in urban 

underground distribution systems often 
encounter smoke and fire. And the first 
priori ty before fire fighting or other mea­
sures can be implcmcnted-rcmoving the 
manhole cover-can create the most dan­
gerous of conditions: an explosion trig­
gered by t.he rush of oxygen i mo the 
underground strncture. Electric util ities 
experience aboUl one major underground 
even t-typically an explosion-per year 
for every 1 0,000 manholes, says Ralph 
Bern tein, a pro ram manager in EPR1' 
Science and Technology Development 



Div·  ion. mall fi re . mok . and t her 

m in  r e  nL occur  1 0-50 L im more 

frequemly. 

The cu rren t  method of removing a man­

hole cover is lO secure a 2-foot (0.6-m) 

Leel hook i nto an opening i n  the 300-

pound ( 1 40-kg) d i  k and manua l l y  pu l l  

i t  of
f

. aked-on din a nd o ther  clebri 

can make a cover e pecia l ly d i fficu l t to 

r move . For some L ime, t he ut i l i t  i nd us­

try ha ough t a afe r  a l ternat ive to th i  

pract ice . Researcher ha e envisioned a 

r motely contTOl led robotic device that 

cou ld loo en and rel iabl l i ft a t uck man­

hole co er whi l e  a l l  per on neJ remai ned a 

a re  20 feet  ( 6  m )  awa 

Recent ly, P R. I  and on ·o l idated Edi-

on ompany or ew Yo rk fund d t he 

development of a prototype device fo r 

remov ing  manho le  cover . The con t rac­

tor, o ter-Mi l ler, modif ied a remotely 
con trol led robot-called the  ferret-t hat 

was origi nal ly developed to help pol ice 

defuse bomb 

A t ra i ler-mou nted , remotely con t rol led 

man hole co er remo al stem has e olve<l 

i n  th i  work. The sy te rn reat u r  an im­

pac t hammer  cal l ed a RAM and a power­

ful elec t romagn et wi th a l i ft ing  force or 

more than 5000 pound (2250 kg) . Bot h 

the electromagnet and the impact hammer 

are rai  ed and lov ered by banery-p wercd 

l i near act uator . hand held remote co n­

tr  I box i connected to the  sy tern by cable 

but remains a fe ly electrical !  i o latccl . 

Once t he sy tern is ro l led i nt o  po i t ion 

and braked , the operator can quickly en­

gage the  electro magnet and l i ft a manh le 

cover. I f  the cover is wck i n  i t  fra me, t h  

operator ca n h i t  i t  w i th  t h  RA M , \ hid, 

produc a force co m parabl t t hat  of a 

1 2- pouncl (5 . 4-kg) leclg ham mer. 

t February, EPRI and on di on 

person nel observed the ini t ia l  fie ld trials 

of the manhole cover remova l tern i n  

the st reets o f  Bo ton,  where F ter- i l ler 

i bas d .  Becau e the  u t i l i ty d i  t r ibut ion 

y tern in th area i not i t uat d und r-

A manhole cover is  l ifted by the remotely control led system's electromagnet during trials in 
Boston. The RAM impact hammer is  the vertica l cylinder to the left of the magnet. 

ground, the d ic wa L t ed on 2 10-
pound (95- kg) ewe r and telephone y -

Lem man hole c er . 

The devi e ea i i  l i [tecl two ewer cov­

er and a L lephon over. Lt i n i t ia l !  had 

di fficu l ty v i t h  anot he r  te l ephone cover, on 

which there wa and .  fter the and was 

bru hed of
f

, hm ever, t he electromagnet 

held on t the cover, and i ts l i near act ua­

tor-with a pul l ing fo r  e of 3500 pound 

( 1600 kg)-pu llcd t he co er up .  Piero 

Brentan i  of o ter- i l l  r not e , " I n  om 

ca cs, l i k  thi one. the l i near actuator' 

pul l i ng force is enough LO break a co er 

l oo e from the  mou n t ing ring wi thout the 

ope rato r' having t o use the RAM." 

Bren tan i  a l  o empha izc L h  clcctri a l  

· o lat ion of th handh Id c n t ro l box a 

afety � a tur f t h  ove r removal 

y tern. The box i ne i t her grou nded nor 

on nected LO  any pan of the wiring; a l l  

t he onnecLions to wi tches are through 

double- i nsu lated , au tomotive-type rela •s , 

w i th  a m in imum insula tio n to ground 

of 500 . The 1 25- (ac) \vi t ch  th m-

e l  are rated L o  m i l i tary p ci rtca t i  n . 

"Thu lh po ibi l i t  t hat the switch 

lever  or th co mr I box e nclo ure vvi l l  

becom energized i practica l l y  n i l ,' B ren­

Lan i  a 

rt er the i n i tial  trial in Bo t n, the 

proLOLype manhole co er remo a l  sy tern 

was min ported Lo ew York City, where 

on Edi on' underground dist ribution 

crews ,vi i i  u e i t ,  as needed in actual er­

v ice .  "We wi l l  be get t ing feedback from 

t he f ie ld opera t io n  ere as t he become 

fam i l iar ,vi t h  t he y tern ," ay Leonard 

Bu r h t ein , on Ed i on' manager for the 

projec t .  "A Lhc ere\ respond to even ts, 

u e of the  ystem ha lO be incorporated 

in to the equence or tep the are t ra i ned 
in and rout i ne! fol low. nt i l  our per on­

nel are fu l l  fami l iar w i t h  t he y tern, i t  

wi l l  be u ed i n  t reets t hat do not hav 

hea tra ffic . " 

PRI ' Be rn te i n a t hat  afLer te t ing  

i completed th is ear, a protOLype of the  

manho le  cover removal system could be  

avai lable Lo ot her ut i l i t ies and,  if  there i 

enough demand,  a com mercial ver ion  

could b dev loped. 

• For 1110,·e i nformat ion , contact Ralph 

Bernstein , rbernste@epri . com, 650-855-

2023, or Walter Zc11ge1; w,engcr@epri .com, 

650-855-8943. 
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I ns ide EPRI 

EPRI Customer Assistance Center 

Delivers Solutions  

D
el ivering the products, re ources, 
and expen ·  e t ha t customer need­

when t h  n ed t hern-i the  primary 

purpo e of the  P R l u tom r i tance 
Cen ter. E tabl i h d in 1 99 , t he  cen ter i 
de ignecl to treaml ine t he  crucial transfer 
or EPRI techno logy to ensu re that solu­
t ion are readi l ava i lable i n  toda ' com­
pet i t ive env ironmen t .  Over 1he  pa t year. 
i t  ha helped more than 1 2 ,000 cu tomer 
on a wide range of energ -re lated i ue . 

" e et up the  u LOmcr i tance 
Center as a real one-stop, fu l l -service 
resource:· Cll.l)la in  center manager Rob 
G lover. " I n many a·e , a l l  t he cl ie n t  
needs i qu ick i n i  m1at ion abou t an EPRI  
product or publ ica t ion .  But when the  
problem i · more involved-and i t  often 
ls--our u tomcr er v icc team can work 
as i n -depth faci l i ta tor to ensure that it  is 
solved. Thi means \ ork ing lirectl wi th 
the clienL to ident f f) t he E P Rl kno\ ledge, 
tool , or e11.1Jerti e t hat wi l l  addr the 
problem , making sure that t he  technology 
or information i. act ual ly del ivered, and 
a. i t ing in i r  arpl i  a 1 ion , f f  nece sa ry. 

ur goal i compl · te cu tomer at i fac­
tion, wi th  part icular at tent ion to quick 
rcspon e and clo ure ," ay love r. 

The center' i n l'orma1 ion ho t l i ne  is 
the star t ing poin t  fnr its rvice provid­
i ng cu tomcr a · i ngle-poi n L  ent r} vay 
into the  EPR I  organ izat ion . te hn ical 
r o urce p ia l is t  I rks w i t h  the c-a l ler 
and arrang for a re pon  c fr m the  
appropriat techn ical rnff m mber wi th in  
-rn hour . The cen ter  fie ld i nqui ries on a 
range of topic , from t he latest advance 
in fuel cell tech nology Lo nuclear plant 
water chemist guidel ine . u tomer an 
also acce Lhe  ce n ter b • - mai l  or fax . i f  
t he , prefer, and get t he  amc per onal ized 
ervice . 

I n  many i n  tan e , pr id ino i n forma-
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News and i nformation high l i ght ing EPRI staff and operat ions 

L ion i on ly t he  fi r  t L p i n dea l ing wit h  a 
cal ler' problem . When funher, hands-on 
anivi t • is requi red , Lhe cemer J ump tart 
program can help cl ients with the design 
and i m plementation of custom projects i n  
the field. ln addi t ion Lo tapping the e ·p r­
ti of EPRr i n- hou e ta ff and technol­
ogy cen t  r for uch projects , J ump tar 
allm cu tomers to draw on preappro ed 
comrnctor , who ha e demon trated their 
capabi l i t ies in the area of i nter 1 .  tan­
clardized com ract term make i t  po ib le 
t o  tan up project in one  or t o day , 
and be au e center t a ff hand le t he  paper­
\ ork, cu tomcr. an � cu on t echnical 
i ue and ta on chedul e . 

un f l ower Electric Po er Corporat ion 
turned Lo the u tomcr s i tance enter 
for help in fast - t ra k i ng PDE ( ational 
Pol l utam Di charge E l i minat ion tem ) 
perm i t  appl icat ions .  The project wa put 
i nto a l i  n , ' t hou t  c t i)' dela th rough 
the J um p Lan pro ram. A perm it appl i ­
cat ion for  un rLower wa filed wi thin two 
month of project tanup, and the com­
pany was granted a pcnn i  t in L ime to 
restart t he  generating units in ques t ion 

sched u led. 
To fu rt her peed t he tartu p of proj ­

ect . cu tom r can manage the fundi ng 
u nder the ce nte r' depo i t  account pro­
gram ,  wh ich hold an undedicated mem­
ber clepo i t  i n  an accou n t  admin istered 
by PR! taf f. When the company needs 
fund -to co er the costs for J ump tart 
proje t , t ra in ing ·e ion  . ta i lored col­
laborat ion projects. or any other E P RI 
e rv icc-i l ha i m med iate ac e 10 i 

accou n t , th reby t reaml in ing the  procc­
clu r  i n  olved i n  project i m plementat i  n .  

urrem ly, E PR! members have e tab­
l ished 39 deposi t  accou n ts. 

The center al o offe r cu tomized c l ient 
c rv ices in the publ ica t ion and tra in ing 

area . For example,  it helped i on in 
Ele tri · Po, er ompan}' repackage PRI 
infom1at ion a a document 1ai lored for 

Lhe u t i l i ty' own cu tomers .  " Cc m er taff 
coordi nated the publ icat ions custom iza­
t ion and distribu t i on Lo our  cu tamers by 
market segment," sa s Julie Thor en of 
Wi o n  i n  Electric . ·'They real ly , em out 
of th ir wa to tai l r EPRI i n fo rmat ion to 
our need . ·· 

u tom izcd , ork hop ::me\ cmi na 
are al o avai lable through t he  cc11 l  r t  
help members appl , E PR I products l'or 
ma imum value. A company can . encl em­
ployees to cour  es o ffered b E P R I  offi ce 
or 1 ech nology faci l i t ic around t he coun ­
t r , arrang to br ing t ra i ner to i t  wn 
i t e  , or work wi t h  e nt r per onncl to 

de,•e lop pecia l clas es on i u of h igh 
priori t to t he com pany or i ts cu tom r . 

olving i ndividual problems i. t h · c · n ­
ter' da i l  chalknoe, bu t i t  has a longer­
tcnn focu as � e l l .  " e pay a lot of atten ­
t ion to what the ho t l ine cal ler arc ask ing 
for, incc i t  giv u both br acl -bru h 
and detai led i n fonnat ion about memb rs· 
need :· ay Liane Free man E P RI '  dire -
tor of com m u nicat ions a nd cu tomcr er­
vicc . .. uch kno ledge not on ly help u 
respond more effectively to future rcque·t 
bu t al o pro ide u_ w i th a k ind of feed ­
back abolll , hat we could pend more 
effon on. I t' rca l l }' another I ay EPR I  1 i  -
t e n to i t  - cus to mer ." 

How to Contact the EPRI 
Customer Assistance Center 

Hotl ine: 800-3 1 3-3774 (press 4) 
or 650-855- 2 1 2 1  (pr 4) 
E-mail :  a kepri@epri.com 
Fax: 972- 556-652 1 

Cu tomers outside the nited Lat 
can access the center b dialing the 
AT&T toll - free access code for the 
appropriate coun t ry and then dialing 
or asking the operator for 00-3 1 3-
3774. 



� Technica Reports & Software 
;J 

To place an order, call EPRI  Customer Service at 
800-3 1 3 -3 774 or 650-855-2 1 2 1 ,  and press 1 for 
software or 2 for techn ical reports. 

Energy Del ivery 

Mult imode Transportable Battery Energy 
System for Salt River Project, Vol .  1 :  Des ign 
and Installation 
TR- 1 1 0859-Vl 
Target: D istribut ion Systems 
EPRI  Project Manager: S. Eckroad 

PTLOAD (Power Transformer Loading Soft­
ware) Version 5.0 for Windows 95/NT 4.0: 
User's Manual 
AP- 1 1 1 247 
Target: Substation Operat ion and Maintenance 
EPR I Project Manager :  S .  Eckroad 

Aging of Polymer ic Distribut ion I nsulators 
TR-1 1 1 5 1 5-V l 
Target: Distr ibution Systems 
EPR I Project Manager: B. Bernste in 

Distr ibution Cable Contain i ng Moisture­
Resistant, Liquid-Crysta l l ine Polymer 
TR - 1 1 2238 
Target: Underground Distribution I nfra­
structure 
EPR I Project Manager :  B .  Bernste in 

Rel iabi l ity-Centered Maintenance for 
Distribution Systems and Equipment: 
Four Application Case Studies 
TR- 1 1 2924 
Target: Dis tribution Systems 
EPRI  Project Manager :  H. Ng 

.. DTCR: Dynamic Thermal Circuit Rat ing 
Vers ion 2.0 (Windows 95 , NT) 
Target: Su bstation Assets Uti l ization 
EPRI  Project Manager : A. Edr is 

.. LPDWTM 5.0: Lightning Protection 
Design Workstat ion 
Vers ion 5.0 (Windows 95 ,  NT) 
Targets :  Overhead Tra nsmiss ion; Distribut ion 
Systems; Underground Distribution I nfra ­
st ructure 
EPR I  Project Manager :  V. Longo 

.. PTLOAD: Power Transformer Loading 
Softwa re 
Vers ion 5 .0 (Windows 95, NT) 
Target: Substat ion Operation and Maintenance 
EPRI  Project Manager: S .  Eckroad 

.. XVisor:  Expert System for Transformer 
Assessment 
Version 1 .0 (Windows 95, NT) 
Target: Substation Operation and Maintenance 
EPR I Project Manager :  B. Wa rd 

Energy Uti l ization 

A Business Guide to Foodservice 
TR - 1 0684 1 -R l  
Target: Foodservice Fac i l i t ies Solut ions 
(EPR ICSG) 
EPR I Project Manager: J. Kuegle 

Green Power Guidelines, Vol .  2: Assess ing 
Sma l l - and Medium-Sized Business Market 
Segments 
TR-1 09 1 92-V2 
Targets : Understand i ng Energy Markets 
(EPR ICSG); Renewable Technology Options 
and Green Power Market i ng  
E PR I  P roject Managers: B .  Ka lweit, T. Peterson 

Bui lding Successful Customer Relationships 
(Tra in ing Course Through the Reta i l  Market 
Assistance Center)  
TR-1 1 1 432 
Ta rgets : Understanding Energy Markets 
( EPRICSG); En hancing the Success of I nnova­
t ive Customer Technologies (EPR ICSG); Pro­
duc i ng Successfu l Retai l Products and Services 
EPRI Project Ma nager: L. Ness 

Power Qual ity for Electr ical Contractors: 
Appl ications Guide, Vol . 1-Power Qual ity 
Fundamentals 
TR- 1 1 1 762-V l 
Ta rgets :  Power Qua l ity for Sat isfied Commer­
cial and Resident ia l Customers; Power Qual i ty 
for Improved Industr ia l Operations; Power 
Qual i ty Bas ics (EPRICSG) 
EPRI Project Managers: M. Grossman, 
W. Moncr ief 

Power Qual ity for E lectrical Contractors: 
Appl ications Guide, Vol .  2-Recommended 
Practices (Revision 1 ) 
TR-1 1 1 762-V2Rl 
Ta rgets :  Power Qua l ity for Sat isfied Commer­
c ia l and Res idential Customers; Power Qual i ty 
for Improved I ndustr ia l Operat ions; Power 
Qual i ty Bas ics (EPRICSGJ 
EPR I  Project Managers: M. G rossman, 
W. Moncrief 

Forward Price Forecasting for Power 
Ma rket Valuation: Excerpts Introducing 
Valuation and Forecasting Approaches 
TR- 1 1 1 860-R l  
Ta rget : Power Markets and  R isk Management 
EPRI Project Manager: V. Niemeyer 

2 1 st Century Customers, Vol .  1 :  Industry 
and Manufacturing 
TR- 1 1 1 91 8-Vl 
Target: Technology Innovation and 2 1 st 
Centu ry Strategy (EPRICSGJ 
EPR I Project Manager: T. Henneberger 

21 st Century Customers, Vol .  2:  Bus i ness 
and Commerce 
TR-1 l l  9 1 8-V2 
Target: Tech nology I n novation and 2 1 st 
Century Strategy (EPR ICSG) 
EPR I  Project Manager : T. Henneberger 

I ndependent Restaura nts: An Introduct ion 
to Business Characteristics, and Energy-Use 
and Decis ion Cr iter ia 
TR- 1 1 2005 
Ta rget: Understanding Energy Markets 
(EPRICSG) 
EPRI Project Manager: R. Gi l lma n 

Methods for Customer Information System 
and Bi l l ing Evaluat ion: Advanced Bi l l ing 
and Customer Operations Su pport 
TR-1 1 2067 
Target: Advanced B i l l i ng and  Customer 
Operations Systems (EPRICSG) 
EPRI Project Manager :  D. Ca i n  

Ant icipating Competitor Response i n  
Retai l Electric ity Pr ice Design 
TR·l 1 2087 
Target: Power Ma rkets and R isk Management 
EPR I  Project Manager : A. Faruqu i  

The Smal l  Office Market: Size, Business 
Divers ity, a nd Energy Choices 
TR-1 1 2097 
Target :  Understand i ng  Energy Markets 
(EPRICSG) 
EPR I  Project Manager :  R . G i l lman 

User Guide: ESPRE Windows 
Version 1 .0 
AP- 1 1 2 1 1 9  
Targets: A l l  res identia l targets 
EPRI Project Manager: J .  Kesse l ri ng 

Assess i ng Changes in the Residenti a l  
Telecommunications and Electric Market­
place: Parts 1 -3  
TR-1 1 2 1 25-P 1 -P3 
Target: Understanding Energy Markets 
(EPRICSG) 
EPR I  Project Manager: R . G i l lman 

Manufactured Housing Heat Pump 
Demonstration Program 
TR-1 1 2340 
Target :  Res ident ia l  Heat Pump Technology 
EPR I  Project Manager : S .  Sa leh 

Power Electronics in the Healthcare 
Industry 
TR-1 1 243 1  
Target: Power E lectronics (EPR ICSG) 
EPR I  Project Ma nager: B. Banerjee 
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Power Electronics in the Semiconductor 
Fabrication Industry 
TR- 1 1 2432 
Ta rget :  Power E lectron ics (EPR ICSG) 
EPRI Project Manager : B .  Banerjee 

Pulsed Power Technology and Appl ications: 
Scandinavia 
TR- 1 1 2566 
Target: Cu stomer Power Condit ion ing 
Sol utions (EPR ICSG) 
EPR I Project Ma nager :  C. Mansson 

Waveform Characteristics of Voltage Sags: 
Stat ist ical Analysis 
TR- 1 1 2692 
Target: Power Qual i ty for I m proved Energy 
Del ivery 
EPRI Project Manager :  A .  Su ndara m  

Load Profil ing a nd Settlement for 
Retai l  Markets Methods Assessment 
Study 
TR- 1 1 2785 
Ta rgets: Understand ing Energy Markets 
(EPR ICSG); Load Data Analys is for Power 
Market ing (EPRICSG) 
EPRI Project Manager :  R .  G i l l man 

II Market Forecast ing Workstation 
Vers i on 2 . 1  (Windows 95, NT) 
Ta rget: Producing Successfu l Reta i l  Prod ucts 
and Serv ices 
EPRI Project Manager: B .  Kalweit 

Environment 

Review of Methods for Source Apportion­
ment and Sensit ivity Analysis in Three­
Dimensional Air Qua l i ty Models for 
Pa rt icu late Matter 
TR- 1 1 2070 
Target: Atmospher ic  Particu lates and Precursors 
EPRI Project Manager :  M. A .  Al la n 

Users Guide for LARK-TRIPP Version 1 .0: 
A Toxic Release Inventory Estimation Tool 
for Land Release Estimat ing and Record 
Keeping at Power Plants 
AP-1 1 237 1 
Target: Groundwater a nd  Combu st ion By­
Products Management 
EPRI  Project Manager :  A .  Quinn 

1 998 Summary of Consortium on Alkal i ­
Aggregate Reactivity in Concrete 
TR- 1 1 2453 
Ta rget :  Combust ion By-Product Use 
EPRI Project Managers: C. Dene, D. Golden 

Power Plant Val idation of the Mercury 
Speciat ion Sampling Method 
TR- 1 1 2588 
Target: P lant Mu lt i media Toxics Cha racteriza­
t ion (P ISCES) 
EPRI  Project Ma nager: P. Chu 

Proceedings: 1 998 EPRI Clean Water Act 
Sect ion 3 1 6  (b) Technical Workshop 
TR- 1 1 261 3 
Target: 3 1 6  (a) and (b) F ish Protect ion I ssues 
EPRI  Project Managers :  D. D ixon, K. Zammi t  
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Generic Sampl ing and Analytical Plan for 
Mercury Speciat ion Stack Sampling 
TR-1 1 2687 
Target: P l an t  Mult imed ia Toxics Characteriza­
t ion ( P ISCES) 
E PR I Project Manager :  P. Chu 

II PISCES: Power Plant Chemical Assess­
ment Model 
Version 3 .03 (Windows) 
Target: Plant Mult imedia Toxics Cha racteriza­
tion (P ISCES) 
EPRI Project Manager: P. Ch u 

II RAMAS GIS: L inking Landscape Data 
With Population Viabil ity Analysis 
Vers ion 3.0 ( Windows 95, 98, NT) 
Target: 3 1 6  (a )  and (b) Fish Protection I ssues 
EPR I  Project Manager: R .  Goldste in 

II RA MAS Risk Cale: Risk Assessment With 
Uncertain Numbers 
Version 3.0 (Windows 95) 
Ta rget : 3 1 6  (a) and (bl F ish Protect ion I ssues 
EPR I  Project Manager: R .  Goldste in 

Fossi l  and Renewable Generation 

Proceedings: 1 996 EPRI Workshop on NO. 
Controls for Ut i l ity Boi lers (August 1 996; 
Cincinnat i ,  Ohio) 
TR-1 07629 
Ta rget: Coa l Bo i ler Performance/Combust ion 
NO, Control 
EPRI Project Manager :  J .  Sta l l ings 

Cost Benefit Analysis for Mai ntenance 
Optimizat ion 
AP-1 07902 
Targets: Ste am Turb ines, Generators, a nd  
Ba lance o f  Pla n t; P l an t  Ma i ntenance Opti miza­
t ion (E PR IGEN) 
EPRI  Project Manager: R. Pflasterer 

Predictive Maintenance Program: Develop­
ment and I mplementat ion 
TR- 1 08936 
Ta rget: P lant Mai n tenance Optimization 
(EPR IGEN) 
EPR I Project Manager: R. Pflasterer 

Value-Based Maintenance Grid for 
Assessing Work Management 
TR- 1 08937 
Targets :  Steam Turbines, Generators, and 
Ba lance of P lant; P lant Maintenance Optimiza­
tion (EPRIGEN) 
EPR I  Project Manager :  R. Pfl asterer 

Green Power Guidelines, Vol .  2:  Assess ing 
Small - and Medi um-Sized Bus iness Market 
Segments 
TR- 1 09 1 92-V2 (see l i s t ing under Energy 
Ut i l i zat ion) 

Im proving Exist i ng Fossi l-Fired Power 
P lants: Industry Discuss ions-Vol.  1 ,  
H ighlights; Vol .  2 ,  Detai ls 
AP- 1 09342 
Ta rget: Steam Turbines, Generators, and 
Ba lance of P lant 
EPRI Project Manager : A .  Armor 

Cyclone NO, Control : Technology and 
Issues Assessment 
TR- 1 1 0499 
Ta rget :  Coal Boi ler  Performance/Com bust ion 
NO, Contro l 
EPR I  Project Ma nager :  D. O'Connor 

Turbine-Generator Maintenance Outage 
Interval Extension: Turbo-X Vers ion 1 .0a 
User's Ma nual 
AP-1 1 0998 
Target: Steam Turb ines, Generators, and 
Bala nee of P ia nt 
EPR I Project Manager : T .  McCloskey 

CMMS Implementation at Cinergy: 
Computerized Ma intenance Management 
System 
TR- 1 1 1 1 5 1  
Target: Plant Maintenance Optimization 
(EPRIGEN ) 
EPRI  Project Manager: R. Pflasterer 

Superheater Corrosion in Ultrasupercrit ical 
Power Plants: Long-Term F ield Exposure at 
TVA's Gal latin Station 
TR- 1 1 1 239 
Target: Bo i ler Life and Ava i l ab i l ity I mprovement 
EPR I Project Manager: W. Bakker 

Achieving NO. Com pl iance at Least Cost: 
A Guidel i ne for Select ing the Opt i mum 
Combinat ion of NO, Controls for Coal-Fired 
Boi lers 
TR-1 1 1 262 
Ta rget: Coa l Bo i ler Performance/Combust ion 
NO, Control 
EPRI  Project Manager: G.  Offen 

How Competit ive Market Dynamics  Affect 
Coal, Nuclear, and Gas Generation and  Fuel 
Use: A 1 0-Year Look Ahead 
TR-1 1 1 506 
Target: Fuel and Power Supp ly 
EPR I Project Manager : J. P latt 

Fuel  and Power Pr ice Volati l ities and 
Convergence 
TR- 1 1 1 564 
Ta rget: Fuel and Power Supply 
EPR I  Project Manager :  J. P la t t  

Robust Control ler Design for Simultaneous 
Control of Throttle Pressure and Megawatt 
Output in a Power Plant Un it 
TR·l 1 1 629 
Target: l&C and Automat ion for I mproved 
Plant Operat ions (EPR IGEN) 
EPRI  Project Manager: R. Torok 

Proceedings: Workshop on Intelligent 
Sootblowing Appl icat ions 
TR- 1 1 1 63 1 
Ta rget: l&C and Automat ion for Improved 
P lant Operat ions (EPR IGEN) 
EPR I  Project Manager: R. Sha n k a r  

Photovoltaic-Based Projects and  Ventures: 
Development Gu idel ines 
TR-1 1 1 892 
Target: Renewable Techno logy Options and 
Green Power Marketing 
EPR I  Project Manager :  T. Peterson 



Maintena nce Optimization Project at 
Merom, Vol .  1 :  Work Cu lture and Process 
Improvements 
TR-1 1 1 897-Vl 
Ta rget: P lant Mai ntenance Optimization 
(EPRIGEN) 
EPR I Project Manager: R. Pflasterer 

Maintena nce Optimization Project at 
Merom, Vol. 2:  Heat Rate Improvement 
TR-1 1 1 897-V2 
Ta rget: P lant Mai n tenance Opt imization 
(EPR IGEN) 
EPRI Project Manager: R .  Pflasterer 

Pre l iminary Economic and Engineering 
Evaluation of the Foster Wheeler Adva nced 
Pressu rized Fluidized-Bed Combustor 
Technology With Advanced Turbine System 
(ATS) Gas Turbines 
TR-1 1 1 9 1 2  
Ta rget: Coal Power Systems Development 
EPRI  Project Manager: J. Whee ldon 

Sodium Phosphate Hideout Mechanisms: 
Data and Models for the Solubility and 
Redox Behavior of Iron ( I I )  and I ron ( I l l )  
Sodium Phosphate Hideout Reaction 
Products 
TR- 1 1 2 1 3 7  
Ta rget :  Bo i ler a n d  Turbi ne Steam a n d  Cycle 
Chemistry 
EPRI Project Manager: B. Dooley 

Hydro Relicensing Forum: Preferred 
Practices Guidebook 
TR- 1 1 2 1 68 
Target: Hydropower Operations, Re l icens ing, 
a nd  Env i ronmental Issues 
EPRI Project Manager: M. B lanco 

Distr ibuted Generation Market Study: 
Advanced Turbine System Program 
TR- 1 1 2 1 74 
Ta rgets: Emerging D istri buted Resou rce 
Technologies (EPRIGEN) ;  D is t r i buted 
Resources Informat ion and Tools for Bus i ­
ness Strategy Development 
EPR I  Project Manager: D. Rastler 

Survey of Instrumentat ion and Control 
Practices in the Process Industries for 
Appl ication to the Power Util it ies 
TR-1 1 2230 
Target: l&C and Automation for I mproved 
P lant Operations (EPRIGEN) 
EPR I Project Manager: R .  Torok 

Proceedings: Distributed Resources 
Week 1 998, Strateg ies  for Successful 
I mplementation 
TR-1 1 2300 
Target: Dist r ibuted Resources Information and 
Tools for Bus iness Strategy Development 
EPR I Project Manager :  D. Rast ler  

Proceedings: Third National Green Power 
Marketing Conference-Sel l ing Green 
Power in Competitive Markets 
TR-1 1 23 1 5  
Target: Renewable Techno logy Options and 
Green Power Market ing 
EPR I  Project Manager :  T .  Peterson 

Nuclear Generation 

Recommendations for an Effective Flow­
Accelerated Corrosion Program 
N SAC-202L-R2 
Target : Nuclear Power 
EPRI  Project Manager :  B. Chexal  

Guidel ines for PWR Steam Generator 
Tubing Specifications and Repair, Vol .  2,  
Revis ion 1 :  Gu ide l ines for Procurement of 
Al loy 690 Steam Generator Tubing 
TR-0 1 6743-V2R l  
Target: Nuclear Power 
EPRI  Project Ma nager :  A .  Mcl l ree 

Guidel ine for Sampling in the Commercial­
Grade-Item Acceptance Process 
TR-0 1 72 1 8-Rl 
Target: Nuclear Power 
EPRI  Project Ma nager: L. Aparicio 

PWR Primary Water Chemistry Guidelines, 
Revision 4, Vols .  l and 2 
AP· 1 057 1 4·R4 
Target: Nuc lear Power 
EPRl Project Manager: P. Mi l lett 

Valve Application, Maintenance, and 
Repai,r Guide 
TR - 1 05852-Vl 
Target: Nuc le a r  Power 
E P R I  Project Manager :  V. Va rma 

GERS Formulated Using Data From the 
SQURTS Program 
TR· 1 05988-V2 
Target: Nuc lea r Power 
EPRI Project Manager :  R . Kassawara 

Infrared Thermography Field Application 
Guide 
TR- 1 07 1 42 
Target Nuc lear Power 
EPRI  Project Manager :  P. Zayicek 

Air-Operated Valve Evaluation Guide 
TR- 1 07322 
Target: Nuclear Power 
EPRI  Project Manager: J .  Hos ler  

F iber-Optic Sensors in Nuclear Power P lant 
Radiation Environments, Phase 1 
TR- 1 07326-Vl 
Target :  Nuclear Power 
EPRI Project Ma nager :  R. Shankar 

Steam Generator In Situ Pressure Test 
Guidelines (Revis ion 1 )  
TR- 1 07620-R 1 
Ta rget: Nuclear Power 
EPRI  Project Manager :  M. Mer i lo  

Experience With Depleted Zinc Oxide 
Injection in BWRs: 1 999 Progress Report 
TR- 1 0874 1  
Target : Nuc lear Power 
EPRI  Project Manager :  H . Ocken 

Use of Chemical Pretreatment to Enhance 
Liquid Waste Processing 
TR- 1 09437 
Target: Nuc lear Power 
EPRI Project Ma nager: C .  Horn ibrook 

Uti l i ty Use of Constant Scaling Factors 
TR-1 09448 
Target: N uclear Power 
EPR I  Project Manager: C. Hornibrook 

Guidel ine for the Evaluation and Treatment 
of Corrosion and Foul ing in Fire Protection 
Systems 
TR- 1 09633 
Target: Nuc lear Power 
EPRl Project Manager: T. Eckert 

F low Meter Gu idel ine 
TR- 1 09634 
Target: N uclear Power 
EPR I  Project Manager: T. Eckert 

The Boraflex Rack Life Extension Computer 
Code, RACKLIFE: Verification and Val idation 
TR - 1 09926 
Target: Nuclear Power 
EPR I  Project Manager: R. Mahin i 

Eva luation of Combined-Cycle Combustion 
Turbine a nd PWR Nuclear Plant 
TR- 10996 1  
Target: Nuclear Power 
EPRI Project Manager: J. Ca rey 

Design and Test ing Descr iption of an 
Application-Specific I ntegrated Circuit for 
Reactor Protect ion and  Control 
TR- 1 1 0044 
Ta rget: Nuclear Power 
EPR I Project Manager: J. Naser 

Experience-Based Interview Process for 
Power Plant Management With a Pi lot 
Application to Aging of Outage Support 
Equipment 
TR- 1 1 0089 
Target: Nuclear Power 
EPR I  Project Manager: G. S l iter 

Eddy Current Test ing of Service Water Heat 
Exchangers for Engineers: Guidel ine 
TR·l 1 0392 
Target: Nuclear Power 
EPR I  Project Manager: K. Krzywosz 

ORAM-SENTI NEL Demonstration at I ndian 
Point 3 
TR- 1 1 07 1 6  
Target : N uclear Power 
EPR l  Project Manager: J. M itman 

Proceedings: Embedded Pipe Decontami· 
nation Technology Wo rkshop 
TR·l 1 1 277 
Target: N uclear Power 
EPR I  Project Manager: R. Thomas 

Secondary Degradation of Defect ive Fuel  
Rod: S imulation Test at the Halden Reactor 
(Part 1 :  I FA-600) 
TR-1 1 1 590 
Target : N uclear Power 
EPRI  Project Manager :  B. Cheng 

User Manual: Al loy 600 in PWRs Database, 
Version 2.0 for Microsoft Windows 
AP-1 1 1 607 
Target :  Nuclear Power 
EPR I  Project Manager :  R. Patha n ia 
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ORAM™ Version 4.0 Functional Specifica­
tion Outline 
TR· 1 1 1652 
Target: Nuclear Power 
EPRI Project Manager: J. Mitman 

Proceedings: 1997 EPRI International Low­
Level-Waste Conference 
TR-1 1 1657 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Evaluation of the Decontamination of the 
Reactor Coolant Systems at Maine Yankee 
and Connecticut Yankee 
TR· 1 1 2092 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 

Characterization of Ringhals-3 Tube 
Support Plate Crevice and Tube Deposits 
TR-1 12110 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

PWR Restart Ramp Rate Restrictions 
TR-1 12140-Vl 
Target: Nuclear Power 
EPRI Project Manager: 8. Cheng 

Effect of Startup Ramp Rate on Pellet­
Cladding Interaction of PWR Fuel Rods 
TR·l 121 40-V2 
Target: Nuclear Power 
EPRI Project Manager: B. Cheng 

Boron Control and Monitoring for a PWR 
Fuel-In Full System Decontamination 
TR-112145 
Target: Nuclear Power 
EPRI Project Manager: H. Ocken 

Spent Fuel Pool Cooling and Cleanup 
During Decommissioning: Experience at 
Trojan Nuclear Power Plant 
TR- 1 1 2351 
Target: Nuclear Power 
EPRI Project Manager: C. Wood 

Proceedings: 1996 EPRI Surface Chemistry 
Workshop 
TR-1 12481 
Target: Nuclear Power 
EPRI Project Managers: A. Mcllree, P. Millett 

Proceedings: 1997 ASME/EPRI Radwaste 
Workshop 
TR-112658 
Target: Nuclear Power 
EPRI Project Manager: C. Hornibrook 

Capsule Corrosion Tests on Alloy 600 
Steam Generator Tubes in Acid 
Environments 
TR- 1 12748 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

A Parametric Study of the Lead-Induced 
Stress Corrosion Cracking of All!)y 690 
TR·l 12775 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 
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Film Analysis of Alloy 600 
TR-1 1 2776 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

Circuit Breaker Timing and Travel 
Analysis 
TR·l 12783 
Target: Nuclear Power 
EPRI Project Manager: J. Sharkey 

Isolated Phase Bus Maintenance Guide 
TR-11 2784 
Target: Nuclear Power 
EPRI Project Manager: J. Sharkey 

Proceedings: 1999 EPRI Workshop on 
Startup Oxidant Control 
TR-1 12815 
Target: Nuclear Power 
EPRI Project Manager: A. Mcllree 

IPEEE Seismic Insights 
TR- 1 12932 
Target: Nuclear Power 
EPRI Project Manager: R. Kassawara 

W EOOS: Risk and Reliability Workstation 
Module 
Version 2.6b (Windows) 
Target: Nuclear Power 
EPRI Project Manager: F. Rahn 

Strategic Science and Technology 

Volatility of Aqueous Sodium Hydroxide, 
Bisulfate, and Sulfate 
TR-105801 
Program: Strategic Science and Technology 
EPRI Project Manager: B. Dooley 

Steam, Chemistry, and Corrosion in the 
Phase Transition Zone of Steam Turbines 
(Vol. 1; Vol. 2, Parts 1 and 2) 
AP-108184 
Program: Strategic Science and Technology 
EPRI Project Manager: 8. Dooley 

Capacitors for Electric Utility Energy 
Storage 
TR-1 08888 
Program: Strategic Science and Technology 
EPRI Project Manager: S. Eckroad 

Home Networks and Personal Access 
Devices: A State-of-the-Art Assessment 
Study 
TR-1 1 1 375 
Program: Strategic Science and Technology 
EPRI Project Manager: J. Kesselring 

Compressed Air Storage with Humidifica­
tion: An Economic Evaluation 
TR-1 1 1691 
Program: Strategic Science and Technology 
EPRI Project Manager: A. Cohn 

Measurement of Creep Crack Growth Using 
Miniature Specimens 
TR-1 1 1716 
Program: Strategic Science and Technology 
EPRI Project Manager: V. Viswanathan 

Covolume Simulation of Thermal-Hydraulic 
Phenomena on Two-and Three-Dimensional 
Unstructured Grids 
TR-1 1 2000 
Program: Strategic Science and Technology 
EPRI Project Manager: L. Agee 

Reference Manual for On-Line Monitoring 
of Water Chemistry and Corrosion: 
1998 Update 
TR -1 1 2024 
Program: Strategic Science and Technology 
EPRI Project Manager: B. Syrett 

A Dynamic Information Manager for 
Networked Monitoring of Large Power 
Systems 
TR-11 2031 
Program: Strategic Science and Technology 
EPRI Project Manager: N. Abi-Samra 

Colloids in Saturated and Partially 
Saturated Porous Media: Approaches 
to the Treatment of Colloids in Yucca 
Mountain Total System Performance 
Assessment 
TR-112135 
Program: Strategic Science and Technology 
EPRI Project Manager: J. Kessler 

Vapor-Liquid Partitioning of Sulfuric Acid 
and Ammonium Sulfate 
TR-112359 
Program: Strategic Science and Technology 
EPRI Project Manager: 8. Dooley 

Real and Reactive Power Tracking: Proof of 
Concept and Feasibility Study 
TR-112416 
Program: Strategic Science and Technology 
EPRI Project Manager: N. Abi-Samra 

Decentralized Damping of Power Swings: 
Feasibility Study 
TR-1 12417 
Program: Strategic Science and Technology 
EPRI Project Manager: N. Abi-Samra 

Optimal Control of Nonlinear Systems With 
Neural Networks, Vols. 1 and 2 

TR-1 12422-V1- V2 
Program: Strategic Science and Technology 
EPRI Project Manager: D. Sobajic 

Multilayer Nanoscale Thermal Barrier 
Coatings 
TR-1 1 2440 
Program: Strategic Science and Technology 
EPRI Project Manager: W. Bakker 

Creep Strength and Fracture Resistance 
Evaluation for High-Temperature 
Materials 
TR - 1 12778 
Program: Strategic Science and Technology 
EPRI Project Manager: W. Bakker 

Gas-Phase Formation of Water-Soluble 
Organic Compounds in the Atmosphere: 
A Retrosynthetic Analysis 
TR- 1 1 3096 
Program: Strategic Science and Technology 
EPRI Project Manager: A. Hansen 



EPRI Events 

September 

1 5-1 7 
Value and Risk Management:  Essent ial  
Ski l ls  
H i lton Head, South Caro l ina 
Contact: Cara Lee Braithwait, 888-332-8258 

20-21  
Condit ion Assessment a n d  Fai lure 
Mit igation of Spl ices and Connectors 
Las Vegas, Nevada 
Contact: Gayle Robertson, 81 7-439-5900 

20-2 1 
Switch ing Safety and Rel iabi l ity Conference 
Denver, Colorado 
Contact: Debbie Ma rc in , 41 0-379-8020 

20-24 
Combined-Cycle Operations for Util ity 
Eng ineers 
Kansas City, Missouri 
Contact: Cassa ndra Maslowski, 81 6-235-5623 

20-24 
Operat ions Training for Nonoperators 
K ingston,  Tennessee 
Contact: Sherryl Stogner, 704-547-6 1 74 

20-0ctober 1 
U ltrasonic Examination Technology: Level 1 
Char lotte, North Carol i na  
Contact: Sherryl Stogner, 704-547-6 1 74 

2 1 -22 
Power Transformers Working Group 
Port land, Oregon 
Contact: Barry Ward, 650-855-271 7 

21 -23 
Introduction to Hydro Asset Optim izat ion 
Da l las, Texas 
Contact: Carolynn Santos, 650-855-2889 

2 1 -24 
Steam Turbine Performance Monitoring, 
Diagnostics, and Improvement 
Eddystone, Pennsylvania 
Contact: Melan ie Moore, 6 1 0-490-32 1 6  

22-24 
High-Voltage Current Transformers and 
Bushings:  Fa i lure Prediction and Prevention 
Portla nd, Oregon 
Contact: Cindy Layman, 650-855-8763 

23-24 
3d Gas-Electric Partnership Symposium 
Houston, Texas 
Contact: Lynn Stone, 972-556-6529 

27-28 
4th Ann ual  Global Cl imate Change Seminar 
Col umbus, Ohio 
Contact: Chr istopher Gerlach, 650-855-85 79 

27-29 
RCM Users Group 
Las Vegas, Nevada 
Contact: Lora Cocco, 650-855-2620 

27-0ctober 1 
Orum Boi ler Unit Operations 
Kansas City, Missour i 
Contact: Cassandra Maslowski, 8 1 6-2 35-5623 

28-30 
Infrared Thermogra phy: Level 3 
Eddystone, Pennsylvania 
Contact : Melan ie Moore, 6 1 0-490-32 1 6 

29-30 
Valui ng Generation Assets in Competit ive 
Markets 
Cambridge, Massachusetts 
Contact: Cheryl Mumm, 61 7-864-7900 

29-0ctober 1 
Detection and Control of Flow-Accelerated 
Corrosion in Foss i l  Power Plants 
Da l las, Texas 
Contact: Doug Munson, 650-855-2573 

October 

Industry Overview Courses: Petrochemicals, 
Petroleum Refin ing 
TBA 
Contact: Sam Woi nsky, 281 -41 9- 1 1 22 

4-5 
Containment Inspect ion:  Visual 
Examination Training, Level 2 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

4-8 
Cyclone Boi ler U n it Operat ions 
Ka nsas City, Missouri 
Contact: Cassandra Mas lowsk i ,  81 6-235-5623 

5-8 

Pressure Rel ief Valve Appl ication, 
Maintenance, and Testing 
Orla ndo, Flor ida 
Contact : Melan ie  Moore, 6 1 0-490-32 1 6  

6-8 

ASME Section XI F law Evaluation 
Charlo tte, North Carol ina 
Contact: Sherry l Stogner, 704-547-61 74 

6-8 

Substation/Switchyard Predictive 
Maintenance 
Eddystone, Pennsylvania 
Contact: Melan ie Moore, 61 0-490-321 6 

1 1 -1 2 
New Product Development for the 
I mpending Energy Market 
Scottsdale, Arizona 
Contact :  Lynn Stone, 972-556-6529 

1 1 -1 3 
Air -Operated Control Va lve Appl icat ion, 
Maintenance, and Diagnostics 
Or lando, F lor ida 
Contact: Melan ie Moore, 6 1 0-490-32 1 6  

1 1 -1 4  
Boi lers and Boi ler Controls/Burner 
Management Systems 
Kingston,  Tennessee 
Contact: Sherryl Stogner, 704-547-6 1 74 

1 2-1 3 
Power Quality Interest Group 
Clearwater, F lor ida 
Contact: Marsha Grossma n, 650-855-2899 

1 2-1 3 
Simulator Specificat ion and Procurement 
Workshop 
Kansas C ity, Missouri 
Contact: Cassandra Maslowski ,  8 1 6-235-5623 

1 2- 1 4  
Va luation, Pric ing, and Risk Management: 
Energy Book System Training 
Aust in ,  Texas 
Contact : Ca ra Lee Bra ithwait, 888-332-8258 

1 3- 1 4  
Healthcare I n it iat ive Conference 
Charleston, South Carol ina 
Contact : Kel ly C iprian, 61 4-855- 1 390 

1 3-1 4 
Live-Working Workshop 
Lenox, Massachusetts 
Contact : Judy MacPherson,  4 1 3-499-5 70 1 

1 4- 1 5  
Capital iz ing o n  the Load Management 
Opportunity 
Palm Beach,  Florida 
Contact: Wi l l iam Smith, 650-85 5-241 S 

1 7-20 
Gasification Technologies Conference 
San Francisco, Ca l ifornia 
Contact: Barbara Freel, 650-855-2253 
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1 8-1 9 

Motor Rewind Semina r 
Farmington,  New Mexico 
Contact: J a n  Ste i n , 650-855-2390 

1 8-20 

Transmission Inspection and Maintenance 
(TIM) System Users Group 
Dal las, Texas 
Contact: Gayle Robertson, 8 1 7-439-5900 

1 8-22 
Operations Traini ng for Nonoperators 
K ingston , Tennessee 
Contact: Sherryl Stogner, 704-547-61 74 

1 8-22 

Visual  Examination Technology: level 1 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

1 9-20 

Instrument Monitoring and Calibration 
Users Group Meeting 
Harr iman, Ten nessee 
Contact: Vicky Buchanan,  704-547-61 58 

1 9-21  
Power Qual ity Technical  Training 
Kno><v i l le, Tennessee 
Contact: Wi l l iam Berry, 42 3-966-5429 

1 9-22 
Maintenance and Repair of Heat 
Exchange Equ i pment 
Eddystone, Pennsylvania 
Contact: Melanie Moore, 6 1 0·490·32 1 6 

20-22 

1 999 Distr ibuted Resources Conference 
Phoen i x, Arizona 
Contact: Cindy Layman, 650·855-8763 

2 1 -22 
Municipal  Water and Wastewater 
Program Meeting 
Nashv i l le, Tennessee 
Contact :  Kim S h i l l ing, 3 1 4-935-8590 

24-27 

Managing the Marketing Research Process 
in a Deregu lated Environment 
Dal las, Texas 
Contact : Lynn Stone, 972-556·6529 

25-26 

Workshop on the Appl ication of 
Transmission Line Nonceramic Insulators 
Lenox, Massachusetts 
Contact :  Judy MacPherson, 4 1 3-499-5 701 

25-November S 

Ultrasonic Examination Technology: Level 2 
Charlotte, North Caro l ina 
Contact :  Sherryl Stogner, 704-547-6 1 74 

26-27 

Gas-Electric Partnership Workshop 
Hou ston,  Texas 
Contact :  Dick Schmeal, 7 1 3-963-9307 
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26-27 

Tra nsmission Tra nsfer Capabi l ities 
Workshop 
B i rmingham, Alabama 
Contact: Peter  Hirsch, 650-855-2206 

26-29 

Protective Coatings 
Eddystone, Pennsylvania 
Contact: Melan ie Moore, 6 1 0-490-32 1 6  

28-29 

Power Electronics Experts Conference 
Monterey, Ca l ifornia 
Contact: Teresa Boykin, 9 1 9-859-50 I 0 

28- 3 1  
Worldwide Food Expo '99 
Chicago, I l l ino is 
Contact: Barry Homier, 4 1 9-534· 37 1 3  

November 

1 -2 

PQS01 : Power Quality Business 
Opportunities 
Knoxvi l le, Tennessee 
Contact: Wi l l iam Berry, 423-966-5429 

2-4 

Second EPRI European Conference 
Vienna, Aust r ia 
Contact: Stephen Lee, 650-855-2486 

8-1 1 
Advanced Structu ra l Analysis and 
Design Methods for Electric Power Line 
Upgrading 
Has let, Texas 
Contact: Gay le Robertson, 8 1 7-439-5900 

9-1 0 

Center for Waste Reduction Technologies­
EPRI Water Management Workshop: Issues, 
Technologies, and Solutions 
St. Louis, M issouri 
Contact: Sam Woi nsky, 28 1 -4 1 9- 1 1 22 

9-1 1 

PQ301 : Advanced Power Qual ity Workshop 
Knoxvi l le, Tennessee 
Contact: Wi l l iam Berry, 423-966-5429 

1 1 -1 3 
Root-Cause Analysis 
Eddystone, Pennsylvan i a  
Contact :  Me lan ie  Moore, 6 1 0-490-3 2 1 6  

1 S-1 7 

Service Water Corrosion: CHECWORKS 
Cooling Water Appl ication Training 
Palo Alto, California 
Contact: Doug Munson, 650-85 5-25 73 

l S -1 9 
International Conference on Sea l i ng  
Technology and P lant  Leakage Red uction 
Charlotte, North Caro l ina 
Contact: Brent La ncaster, 704-5 4 7-601 7 

1 5 -1 9 
NDE for Engineers 
Charlotte, North Carol ina 
Contact:  Sherryl Stogner, 704 - 547-6 1 74 

l S -1 9 
Visual  Examination Technology: 
level 2 
Charlotte, North Carolina 
Contact :  Sherryl Stogner, 704-547-6 1 74 

1 6-1 7 
Power Qual ity for the Polymer Processing 
Industry 
Charlotte, North Carolina 
Contact:  Pam Helms, 704·602-41 00 

1 7-1 8 
Operational  Reactor Safety Engineering 
and Review Groups 
San Antonio, Texas 
Contact: C indy Layman, 650-855-8763 

29-Dece m ber 3 

Ultrason ic  Examination Technology: 
Level l 
Char lotte, North Carol ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

30-Decem ber 2 

Nuclear Uti l i ty Procurement 
Charlotte, North Carol ina 
Contact: Sherryl Stogner, 704-547-61 74 

December 

6 -7 

Second Workshop on Intel ligent 
Sootblowing 
Las Vegas, Nevada 
Contact :  Brent Lancaster, 704-547-60 1 7 

6-1 0 
NOE Technical Ski l ls Training:  Level 3 
Basic/Specific 
Char lotte, North Caro l ina 
Contact: Sherryl Stogner, 704-547-6 1 74 

7-9 

PQ3 1 1 :  Advanced Power Qual ity 
Workshop 
Knoxvi l le, Tennessee 
Contact: Wi l l iam Berry, 423-966·5429 

8-9 

Maintenance Rule Users Group 
Scottsda le, Ar izona 
Contact: Brent Lancaster, 704-547-60 1 7 

1 3-1 7 
Operations Training for Nonoperators 
K ingston, Tennessee 
Con tact: Sherryl Stogner, 704-547-6 1 74 

1 3- 1 7  
Visual Exami nation Technology: 
Level l 
Char lotte, North Caro l ina 
Contact: Sherryl Stogner, 704-54 7 ·6 1 74 
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