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A Need for Publ ic-Private Cooperat ion 

T 
h e  . .  e lectric power i ndu uy i goi ng t hrough 
ii mo t rundamemal restrucLUring in a century, 
a re tructuring marked by increa ing compe

t i t ion at a l l  levels of th electric i ty  enterpr ise. Over t he 
next decade, change in the  i ndu t ry are l i kely Lo be 
driven by three com pet i t ive-market demand : e lect ric
i ty  cost reduction , which w i l l  enable U . .  i ndustries to 
compete more effect ive l y i n  global markets; en hanced 
electric rel iabili ty, wh ich wi l l  help meet the  power 
q ual i ty  need of an increasing! digita l  so iet ; and t he 
cu t om izat ion or u ti l i t  ervi , inc ludi ng bot h  the 
diver ification of pricing trucLU res and the conver
gence of tradit iona l ly di L i net con u mer ervices. 

Meeting the cha l lenges of a compet i t ive market wi l l  
require both i nst i t u rional a n d  technological respon 
One example of effort to coord inate these respon es i 
the work of the ecretary of Energy Advi ory Board' 
Eleclricit , y tem Rel iabi l i t y  Ta k Force, of which 1 am 
a member. The ta k for e ha al read prepared a posi
t ion paper deal i ng ,vi th  i n  L i lUt ional i sues related to 
re t rucwring, and another paper-devoted to tech
n ical is ue -is cu rren t ly being d rafted. Together, the e 
pos i t i on  paper will  provide a broad overview of how 
indus t ry and government can work toge t her to bring 
abou t a 11100t h r ran ition to more-compet i t ive elec
t ric i ty markets .  

One of the major i nst i tut ional question addres ed 
I y the  ta k force has b en how LO maintain power ys
tem rel iabil ity al a t ime when th need to reduce co 
is dri ving up the volu me f bu lk power rran actions. 
In e era! par of the countTy, indepe11denL ystem op
erator ( I  O ) are tak ing over co n t rol of transmis ion 
network under agreements wit h Lhe grid own r . 
I n  o the r  regions, uti l i t ies have eparated t heir tran -
mi sion operation from thei r gene rat ion and retai l 
bu i nes . There is consid rable uncer ta in , however, 
abou t whether the onh American ElecLric Rel iab i l i ty 

ounci l ( ERC) has the pO\ er LO requi re 1 0 and 
other t ra n  mi sion owner-operator to com p! )' wi t h  i ts 
Landards. 

To reso lve thi i ue, the ta k force has recom-
mended t hat ongr adopt leg"slation that would 
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enable the Federa l Energy Regulatory omm1 1011 1 0  
i nve t a  e l f- regulat ing organ izat ion-pr �umably 

E R  -with 1he  au thority to regula 1e  the  operat ion 
o( its member . I f  uch au thori ty were granted, ERC 
cou l d make i ls rules and procedures mandatory and 
cou ld t ie ystem rel iabi l i ty to mea urable perfonnance 
standards. 

ucce fu l re Lructuri ng of the ind ust r i n  response 
t market force wi l l  al o requ i r  the  u e of advanced 
technology. l nno ative approache are particularly 
needed Lo resolve t he omerimes con O ie t ing demands 
for I \ er co ts and higher rel iabi l i ty and to suppl the 
cu Lomized ervices demanded b electricity consum
er , who are bei ng o ffered grea ter choice among re t a i l  
ervice provider . A l ready, for examp le, some provider 

are experi men ting wi 1 h  the real-t ime pricing or elcc
triciL and a re eeking way to integrate lect ric P°' er 
ervice with such other services a gas, cable, and te l e

com munications. 
I t hough t he task force pos i t io n  paper addr sing 

uch tech n ical issues ha n t el b en complet d ,  up
port is bu i ld ing for private- ector leadersh ip or elec
tric power R&D ,  \vi t h  the . .  Depart m · n t  of Energy 
mon itori ng this effort and iden t i fying p-1ten l ia l  re-
earch gap . l would l ike to go a tep fu rther by u rg

ing i n creased coordi nation of publ ic and private 
resea rch e ffo rts in thi area. PRl i al read wo r i ng 
wi th DOE and o ther stakeholder on an ElccL ricit 
Tech nology Roadmap ini 1 ia t i  e t hat i designed 10 
extend our technical horizon and encourage a broader 
col labora tive research effort . iven the cope and com
p lex i ty  of the R&D requi red , I bel ieve uch public
private research cooperation v i l l  be vit a l  to en u re 
t hat techno logi • are available to he lp meet the  chal 
lenge o f  more-competi t ive elect ric i L  markets over 
the next decade. 

Karl t ah lkopf 
i ce Pr iden L ,  Energy Deliver and 1.i l izat ion 
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Emerging Markets for Distributed Resources 
(page 8) was writ ten by Taylor Moore , Jow-nal senior 
[ealure writer wilh principal assistance from two 
member o r EPRI '  En rgy Cnnv r ion Divi i on .  

DAN RASTLER, manager for slrategk option , came 
to EPRl i n  1 98 1  as a project manager for fuel cell 

sy rems. Previou ly he pcm five 
year with General Electric Com
pany's Nuc l ear Energy Division ,  
four years i o  the U.S. Air Force, 
and one year wi t h  Toscopet ro Cor
poralion .  Ra tler received a B de

gree. in chemical engi neering from the ' n iversi ty of 
Cali fornia at Davis and an MS in mechanical engi
neerlng from UC Berkeley. 

DO G HF.R IAN manager for fuel cell evaluati on , 
joined EPRl in 1 993 .  Previously he 

pent 1 0  year wi th Pac ific  Ga and 
Electric Company in San T'rancisco, 
where he managed arious engineer
ing projects. Herman received a B 
in mechanical engineering from the 

University of anta Clara and an M in energy and re
sources from the Un i versity of Ca l i fo rnia al Berkeley. 

The Future of Metering (page 1 8) was written b 
cience writer J ohn  Dougla 'lh as isiance from 

two members of EPRrs Energy Del ivery and Utiliza
t ion Div i  ion.  

DAVE RICHARDSON is currently target manager for 
advanced meteri ng activi ties. Before j o ining EPRI i n  
1. 993, he was directo r of e lectrical engi neering at U.S .  

Windpower· du ring his seven-year 
tenure there , he was involved in 
electrical yste.111 design and deve l
opment  for o er 4000 wil ld tur
bine . · ar l ier he was employed by 
Wulfsbu rg Electronics and Black & 

Veatch. Richardson received B degrees in bolh physics 
and e leetricaJ enginee r ing from the Un iversity o[ 

Kansas, an MS in electrical engineering from lhe Un i 
ver i ty of Mis ouri. a nd  a l'hD in electrical engineer
i ng from Kansa State U niversi ly. 

LARRY CARMJCHAEL, manager for distribution 
syslem communicaLions and controls ,  came to E PRl 
after two years as a project manager at Science Appl i 

cations International Corporation. 
Earlier he was a project manager 
a t  5 stems Control and worked as 
a principal engineer al General 
Electric Company's nuclear ul il ity 
operation in San jose ,  California. 

Carm icbael holds a B in chemical engi neering from 
the I Jn iver i ty of Califo rnia at Berkeley and an MS in 
m chanical engineering from Stanford niversiry. 

Environmental Management With ISO 1 4000 
(page 24) was written by science wri ter teven Voien 
wi th technical i nforn1at io11 from two of EPRl's envi
ronmental experts. 

PAU L  RADC L IFFE, manager or env ironmental 
suppon ervices, has been with EPRl si nte 1987, 
working as a project manager in the areas of indus

trial  si te redevelopment, air pollu
tion control technology and eco
nomics and poliuti on prevention . 
Earlier he was wilh Bechlel Cor
poration for 1 8  years, worki ng 
on a vari e ty or fossil power plant 

projecLS, and wi lh Babcock & Wilcox Company for 
2 year as a field service engineer. Radcl iffe received 
a B in mechanical engineering from the I l l inois In
sti lu te of Technology and an MBA from Golden Gate 
Un iversi ty. 

WI TON CHOW, leader of the Land and water 
product l ine join d EPRl in 1979 . Before that, he 

ears as a power plant design engineering 
upervisor at Bechtel Corporation. 

Still earlier, he worked for Raychem 
Corporalion on polymer research 
and developmeo l. Chow holds t o 
degrees in chemical engineering
a BS (rom the n 1versi ly of Cal i

fornia al Berkeley and an MS from San J ose State 
n iver i ty-and an M BA from San F ranci co tale 
niversity. 
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l l Products 
Del iverables now ava i lab l e to EPRI members and customers 

POWERCOACH Lite 

ft l Lhough bu l k  power tran acl ion are Lypically a mall fracLion of 
l"I. LoLal r ven ue for u t i l i L ies, t hey can represent a signi fican t  
fra L ion f neL ea rn ing , adding Lens  of mi l lions of dol-
lar to t he  bottom l i ne .  G iven the growth and acce l -
era t ing pace of today's tradi ng act ivi ty, however, power 
com panie face a di fficu l t  cha l lenge i n  balanci ng prof i t  
opport u n i t ies aga in  t r i  ks. Based on E P R l ' POW - R-

OA H® oft wa re , which has s igni ficant ly  i n n uenccd 
the way many u t i l i t ie th ink  about and analyze power 
ma rket i ng  opponuni t i e  , POWE R OA H Lite is a pread-
hcet program t hat is fa ter, more Oex i b le, and easier to u e 

and cu tomize t han i ts preclece or. Th i Late-of- th  -an 
de i ion u pporl ys t.em he lps t rading analy ts evaluate the 
benef i ts and ri  k of prospect ive deals quickl)' and efficien t ly 
and i ncrea t heir abi l i t  to market the i r  generat ing as ets. 
• For more i11Jor111aU01 1 ,  co11tact Vic tor ic111e e 1; (650) 855-2 744. To orde,; 
cal l  the Elec t ric Power oft i a re cnte ,; (800) 763-3 772 . 

• • 

·- · 
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Insider Heat Pump 

D
eveloped by  o nsol idated Technology orporation of Ol ive H i l l ,  Kentucky, i n  
col laborat ion w i th EPRl and t he  N at ional Rural E lec t r ic  ooperat ive As  ociat ion, 

th i s  h igh ! efficien t , e l f-conta ined heat pump wa origi nal ! designed to provide heati ng 
and cool ing for man ufactu red homes .  Wi th the i ntroduct ion of a new cr ies of upflow 
models ,  use of the I nsider i a lso becoming popular in apartments , condom i n i u ms, hotels , 
and chool . n l ikc conven t ional heat pum p  , which include outdoor uni ts , the compact 
I nsider stem fits ent irely within a ut i l i ty clo et .  Affordable and qu iet, i t  i efficient 
enough to be appropriate for many ut i l i t  incentive programs. De elopers of mult ifamily 
hou ing complexes poin t  to another of the I n  ider's advantage : i t  a l low the energy used 
in i ndividual apartment and condominium to be metered eparately. 
• For 111ore infor111at io11 , contact Carl /-Ii i/er, (650) 855-8950. To orde,; call Consol idated 
Teclmology Corpora t ion, (606) 286-5366. 



Green Pric ing Report 

S purred by cuslomer demand , an i ncreas ing 
n umber of ut i l i t ies have begu n im plemen ting green 

pric ing  progra ms ove r  t he pa t two year . Th rough these progra m , 
custome rs pay a prem iu m to support power fro m renewable energy sources. 

a:::--... 

Green Pricing: Experie11 e and Tedrnology Oplio11s Assessment (TR- 1 09204) pr ems 
an overview of the  La tu  of green pricing programs in L he nited la te and of Lhe 
renewable Lechno logie used in tho e program . l. l gives in ight i n to lhe expand i ng 
ma rket for green ene rgy, exam i ne the lypes of green pricing programs cu rren t l y 
offered around the coun lry, di cusses is ues and barriers as ociated wi lh green powe r 
marketing, and presell\ recommendal ion for those imerested in green market ing 
or i n  creat ing a green pri i ng program . 
• For more i 11formaLio11 , contact Ten Peter on, (650) 855-2594. To order, call the EPRJ 

Distr ibut ion Center; (5 1 0) 934-42 1 2 . 

--
--

-
Office Complexes Gu idebook 

I 
n the ni ted tales ,  office bu i ld ings form the largest component  of the 
commercial ene rgy-u e sector, which spends about $65 bi l l ion annual l y on 

u t i l i ty b i l l · . The Office Complexes Guideboo/1 (TR- 1 09450) provides u t i l i t y  
market ing staff wi th  28  e lectrici ty so l ut ion to  typical problem encountered 
i n  o ffi e bu ild i ngs. Each t rategy i i l lust rated wi th an example drawn from 
actua l e per ien e. The sol ut ions are based on innovat ive electrotechnolo
gies that can i mprove th qual i ty of energy service, reduce energy co LS ,  

enha nce comfort , boost produ t iv i ty, and i ncrease e lec tr ifi  at  ion in 

�=�:;;;;.;;;l;::;.,..;;.a'-'""___ 
exi  t ing and new bu i l d ings . 

� 
• For more i 11fomia l io11 , co11 tac t  Karl Jolrnso11 , (650) 855-2 1 83. To order, al l  t /ie 

EPRI Di t ribu t ion Center, (5 1 O) 934-42 12 .  

Product Life-Cycle Management 

P ro iders of energy ervices are rap id ly  i n t roduc ing a wide 
variety of n w products and e rv ices t hat are rad ical ly 

d i fferen t  from the i r  t rad it iona l o ffering . As a re ul t , these 
prov ider now manage an i ncreasi ngly diver e e t of offer i ngs 
in va r iou l ife-cycle lag . Th i repon ,  Product Life-Cycle 

Management (TR- 1 08984 ), pro idc an u nder Land ing of 
he market ing and management techn iques t hat  are 

appropriate for each t age , al lowi ng energy servi e 
provider LO ex tend the l i fe of ucce sfu l product 
l ines and opt im ize the profi tabi l i ty  of t hei r 
port fol io of offeri ng . The report d raw heavi ly on 
example  fro m other compel i t ive indu t rie . 
• For more i rifonnatiol'I, contact Burh Kalwei l ,  (650) 855-2329. 
To orde,; call tlie EPRJ Dis t ribu t ion Center, (51 0) 934-42 1 2 . 

March/April 1 998 EPRI JOURNAL 5 



Project Startups 
N e w  ve ntures o f  i mporta nce t o  power a n d  service providers 

EPRI Center Aims for More 
Efficient Semiconductor 
Manufacturing 

R
educing energy co ts  for emicon
ductor manufacLUri ng i a key goal 

of one or the fir t projects or the E P R I  
Center for Electron i  Man ufacturi ng. 
Establ ished last fal l  with EMATECH
the nonprofit e miconductor research 
consoni u m-the new center i addres -

ing productivi t y, e nvi ronmental , and en
e rgy is ues in the e lectronics indu try. 
The in i t ia l  project of the cen ter, which 
is located at E ATE H' headquarters 
i n  u t in , Te a , w rn  focu primaril o n  
t he c m iconducLOr indu try. 

M ore t han J 5 emiconductor plan ts 
worldwide ( including fac i l i t i e  in the 

n i ted tates, Taiwan , -outh Korea, 
Fran e, t he  etherlands, and i ngapore) 
are participat i ng in the  project to reduce 
energy co LS .  Each plan t 's energy u e, 
e!eCLr ical ly powered equ ipmem, and 
facility design have been evaluated to 
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iden t i ry opporrun it ies for sav ing . To 
ensure accurate comparisons bet\ een 
plants, pi lot su rveys were conducted at 
two of the faci l i t ie , an energy measure
men t template wa compiled, and a 
weath r normalizat ion model was 
developed. 

B January or thi year, aU the si t e  
had ubmi tted raw da ta fo r  compilat ion. 
A report covering these resu lts and iden
t i fying  the  best pract i ces at the fac i l i t ie 

ched uled to be released t hi 
summer. Also planned is the for
mation of a use rs group for em i
conducLOr man u facturers and thei r 
equipmen t  u ppl iers . Part ic ipan ts 
in the group wi l l  share i n format io n  
and di cu s how t o  redesign manu
facturing equi pmen t  for better en
ergy e ffic iency. 

A final report t hat idem i fi and 
prioritize way to improve effi 
c iency i expected to be relea d 
i n  the fal l .  The report wiJ I  i ncl ude 
recom mendation on equipment 
i n  tal la t ion t echn iques that ca n 
reduce t he co L or wiring, breaker , 
and other electr ical equ ipment .  

Accordi ng to Bi l l  Smith , EPRI  
manager for the new center, the  
goals of th is  project are to p re n t  
s t rategic for reduc ing energy con
sumption a t  the plants by 1 5% and 
t o  hel p ensu re that the  next ge n

era t i on of man ufactu ri ng equipmen t 
wi l l  be designed for i ncreased energy 
effic iency. This part ner hi p between the 
electric power and semiconductor i ndu -
t r i  provide benefits for both: emicon 
ductor manufacturer will ave energy 
dol lar , and the power indu try wil l  gain 
important knowledge about the energy 
con umpt ion patte rn and requ i re ments 
of an important market egmem . 

R ults rrom the project wi l l al o be 
u dul 10 other indust ries that employ 
dean rooms, ays mith . The e i nclude 
phannac · utical manufacturers, biotech-

nology companies, chemical laboratories, 
a r pace firms, and ot her electronics 
manufacturer 

Amo ng the other pr jec ts now under 
way at the  center i one on the use of ad
vanced electrotechnologic -for exam pl 
photocataly t i  ul t raviole t fi l trat ion and 
electrolyt ic deion iza t ion-to he lp  reduce 
the amoun t or water required for sem icon
ductor manufacturing. 
• For more i nformation , conract Bi ll. 111 i t /1 .  
(650) 855-24 15 .  

EPRI Responds to TRI 
Reporting Requ irement 

E 
PR I  is developi ng a comprehen ive 
technical resource gu ide to he l p 

e lectric power com panies accu rately 
est i mate and report thei r di cl1arge of 
to ic hemicals . This project is part or a 
major EPRl effort to help the indu try 
respond to new emissions report ing 
requ i rements. 

tart ing th i year, power prod ucer 
with coa l - and oi l - fi red generat ing plants 
ar required to est imate thei r rel a of 
pec ific chemicals (includi ng arsenic, 

chromium , aod zi nc) i nt o  tJ1e a i r, land, 
and water. This in formation is su bmi tted 
to the U . .  Environ men tal Protec t ion  
Agency o n  its Form R and goes i nto a 
mu l t i - i ndustry database know n as t he 
Toxic Release I nventory ( TR I ) . The PA 
main tains th is database and makes t he 
in formation publ ic ly a a ilable .  The 
i n ten t i Lo enable local emergency re
sponse team to react q uickly and deci-
:ively during accidental relea e and to 

encourage industrie to reduce t hei r 
emi ion vol untari ly. 

A faci l i ty is required to submi t  est i
mates even if the est imat are zero. 
Form R ubmission contai ning 1 998 
data are due to the EPA by J uly 1 ,  1 999 . 
Faci l i t ie t hat fa i l  to fi le the form can be 
fi ned as much as 25,000 per day. 



PRl' T R l  coordi nator, Barbara Toole-
0' ei l , poin ts out L hat the i nvent ory 
documen t  on ly  t he quant i t i es of hemi
ca ls  di charged and doe not add r 
associat ed health risks. The heal t h  ri k 
issue is important to com municate , he 
continue , ince ome ub tance that 
ut i l i t i  generate in large quanti t ies , such 
a ga -pha e acid , are bel ieved to po e 
min imal ri k . 

Effect ive commun ic:n i  n about hea l th 
r i ks is ju t one of the  many i ues t hat 
will  be addressed in t he TRI tech n ical 
resource guide EPRI  is now developing. 
Data qua l i ty, data our  e , and est imat ion 
method w i l l  a lso be covered. The aim i 
t o  he lp make T R I  reporting easier, more 
accurate, and less co t ly. Spec ific ect ion 
of the  guide wil l  be made avai labl e on
Line via EPR! web a the are completed 
later th i  year. 

E P RI and other power indust ry organ i 
zat ion  r e  ponded wi ft l y  when  the EPA 
re lea eel a d raft o f  the  new indu try re
port ing rcquirem 1Hs l a t J uly. EPRl 's 
comments on the draft were carefu l ly 
considered b the EPA i n  revi i ng  t he 
document .  ince then , E PRI h. comin 
ued its effort to en ure that sound 
technical i n formation i avai lable . 

A number of E PRI p roclucts are hel pi ng 
mem ber compa nies l"u l f i l l  the r port ing 
requiremen ts. For instance, EPRI ha 
developed a TRI o ftware preadsheet 
and an ac ompanying report to he lp 
u t i l i t ies rev iew com mercia l l y  avai lable 
T R I  report ing oftware. O ther useful 
product in lude t he Pl E databa e 
and mode l ,  which u t i l i t i  can u e to 
imu late power plan t re leases; the Em i · 

sions Factors Handbooli (T R- 1 056 1 1 ) , 
which provid gu idance on est ima ting 
t ack relea of t ra e u b  Lance ; and 

t he O F  R o ft ware for predict ing the  
chem ical co m po i t ion o f  so l id-wast 
t reams. 

• For more i11formalio11 , ontact Barbara 

Toole-0' eil. (650) 855- 1 005. 

Robot Under Development for 
Removing Manhole Covers 

S moke, fires, and exp losions in 
man holes are problems that ut i l i t ies 

wi th  extensive underground elect r ica l 
systems peri odica l l  face . ln order for 
f:i re-ex t i ngu ishing or o th  r measu r  Lo 
be im plemented in such a si t ua L i on , the 
manhole cover m u  t be removed. W hen 
i t  is removed however, the flow of oxy
gen in to the  u nderground st ructure can 
t Tigger an expl osion. 

According to EPRI ' Ralph Bernstei n , 
e lect r ic u l i l i t ie experience about one 
major even t  (typical ly an exp losion ) for 
e ery 1 0 ,000 manho les per yea r. M i nor 
event , incl ud ing smoke and mal l  f ires, 
are more frequenL , occu rring 10-50 t i mes 
more often .  urrent indu try pract ice is 
fo r worker LO u e metal hooks to r -
move ma nhole cover , but researc her 
are worki ng on a beuer al ternative for 
performing th is ta k:  a remotely con
tro l led robot that wou ld keep a l l  workers 
at lea t 20 feet away from a poten t ia l 
explosion. 

Togeth r with on ol idated Edison 
Compa ny of ew York ,  EPR I  i funding 
the developmen t of a prototype robot 
for removing man hole cover . Earl i n  
M a rch , re earcher L ted a remotely 
con t rol led robot t hat Fo te r-M i l le r ha 
developed to hel p  the  pol ice cli ffu e 
bomb . 1 1  cl t he ferret , t h is robot i 
equ ipped w i l h  a be h l ike t rac t ion ·ystem 
i m i la r  w that of a snowmobi le-a fea

ture t hat enabl i t  to cl imb tairs and 
craw l  over ob tad . 

ays Bernstein , who is ma naging the  
robot project for EPR I , u t i l i t ies would 
l ike to modify the  ferret Lo make i t  more 
rugged , cheaper, and d i rectly applicable 
to manhole work. peci fical ly, t he  new 
robo t  wou ld incorporate an impact de-
ice 1 0  free cover and an elect romagnet 

capable of l i fL i J1g 9000 po u nds. Al o, ays 
Leonard Burshtei n , on ol idated Edi-
on '  manager for the project ,  t he  cl •vice 

would mo t l ike! incl ude wheel o t hat 
i t  could move more swiftly. ' During a 
i ngle eve n t , you m igh t  have e era] 

man ho le maki ng," ex.p la ins Bur  htei n , 
not ing t hat mo t of h i s  ut i l i ty's 225,000 
manhole lie 300-600 feet apart . 

The idea is for the  robot Lo be hau led 
L ike a trai ler a11d parked about 20 feet from 
the manhole of concern. uti l i ty worker 
cou ld  t hen operate the device re mote !  . 
Becau e rad io interferen e is com mon i n  
t h e  den  e l  populated u rban areas where 
th is technol ogy v oukl most hkely be 
us d, a com municat io n cable would 
pro ide the remote ·on trol capabil i t . 

Bur htei n believes ut i l i t ie m igh t al o 
be interest cl in usi ng the  te h nology on 
a rou t ine ba is-even for nonemergency 
manhole cover re mova l .  As he poi nts out , 
a i ngle man hole cover weighs about 300 
pound , and the  d i rt and otJ1er debri that 
get caked in and around a cover can add 
to the difficu l ty of removing it .  

Re earcher are using  the re uh of the 
field t ts early this year to p lan t he proto
type system , which they expect w i l l b 
ready for i t  own fie ld test ing this fa l l .  
• Fo,. more i nforma t io11 , con tact Ralplr 

Bemst i 11 .  (650) 855-2023. 
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TH E STORY I N  BRIEF Producing 

e lectr ic i ty economical ly. efficient ly. and re l i 

ab ly i n  sma ll. geogra ph ica lly d ispersed un its . 

new technolog ies l i ke fuel  cells a n d  m icro

t u rb i nes promise to tra nsform the la n dsca pe 

of p owe r gene ra t i o n  in  a deregu lated . 

com petit ive future energy 

services  m a rket . Such  

d i str i b u ted gene rato rs .  

co u p le d  wi th  a dva nced 

energy stora g e  devices . 

re p res e n t  c r i t i c a l  e n 

a b l i ng tech no logy fo r a 

u t i l i ty i n d u st ry i n  t h e  

process o f  restructu ring .  

So me energy compan ies 

a re a lrea dy laying strate

gic pla ns to use d istrib

uted resou rces to create custom ized service 

offeri ngs that can meet a va riety of customer 

needs . i ncludi ng prem ium power. peak power. 

and  cogenerat ion requ irements .  EPRI offers a 

g iant portfolio of i n format ion a n d  analytical 

tools that can sharpen the com pet i t ive edge of 

uti l it ies pursu i ng the new business opportu

n i t ies posed by the advent  of p i nt-s ize power 

pla nts and other distri buted resources. 

b y  T a y l o r  M o o r e 

T 
he top graphy of Lhe . . electric i t  upply ystem could 
be about Lo cha nge in a big ay. M uch a computer tech
nology has evol ed fr m centralized, mainframe y Lem 
to disrribmed networks of various compu ling platforms, 
the tradit ional paradigm of central- ta t ion utili ty gener

a t ing plants is mak ing room-in ami ipaL i n of a deregulated , 
competitive retail market for en ergy services-for a trategic vi. -
ion of mailer distributed r ources. 

Today, central-station fossi l  and nuclear plan tS supply 87% 
of the elec tric i ty u d in he United tate ; mo t of th i elec

tri i ty i generated by coal- ,  oi l - ,  and 
ga - fired plan ts t ha t ,  o n  average, are 
30 ear old. De pi te i ncrea ing en
vi ronmental constra in t  , these aging 
fossi l  generating plan tS continue to 
provide efficient and reliable ervice. 
l t  is uncertain what form of genera
t ion w i.11 replace t h  e plan a t hey 
are ret i red, a lthough most new capac
ity in t he near term i expected to be 
h igh-efficiency, gas- 6 red co mbined
c le unit producing l ow-co t, com
modi ty-priced electr ici ty. 

Beyond that, beginn ing around the 
year 2000, "i t appear i n rea ingl 
l ikely that smal l ,  di Lri buted generat
i ng  u nits wi l l  emerge, i n i t ia l ly i n  niche 
marketS,'' ays Tony Armor, director of 
ge nerat ion technology development at 
EPRI . ''At the same t ime, new manu
fac tur ing firms wil l  begin to appea r  
that ar focused no t  on larg boi le r 
and L urbi n but on the a embly- l ine 

production of microtu rbi nes. fuel cel ls ,  phowvoltaics, and other, 
yet to be developed, generat ing opt i ons. Th is  clevc lopmenL wi l l  
ignal a change i n  t he power bu ine as revolutionary a the mi

croprot sor was to th computer indu t ry." 
o one is pred icting the  i mminent demise of cen t Tal- ta l ion 

generat i ng plants , which-owing to engineering economies of 
scale-have long produced ome of the lowest-co L electr ic i ty 
a a i lable an)'\ here in t he  world. But new technologi for 
maller- cale, dist ributed general ion promi e to produce elec

tricity as efficiently as Larger plan ts and, in certain appl icat ions, at 
a cost compelitive with cen tral ized generat ion . Moreover, many 
analy t bel ieve that the ut i l i ty i ndust ry' re t rucLUring ( int o reg
ulated distr ibution companies, independent Lran m i  sion ystem 
operator , u nregulated generat ing companies, and integrated en
ergy ervicc provide rs) and the u nbundling  of prices for var ious 
components of ervice ( in  con trast to today' si mpler, regu l ated 
rates) could create many new opponuni t ies for di tribu ted re-
ources. uch re ources cou ld  be applied at or near customer 

si te LO manage mul t ip le e nergy need and to meet increa i ngly 
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rigorou requ i rem ent for power qual
i ty and re l i a b i l i ty. Di t r i bmed genera l rs 
co u l d  al o be cl ployed al u ti l i ty si tes
fo r exa m p l e, al u b  t a 1 ions for l ran m i  -
i n and distr ibu t ion (T& D )  grid u ppor t .  
ome experts predict tha t  20% or  more of 

a l l  new generat i ng capac i ty bu i l t  in the 
Un i ted tat ' over the ne. l LO t o  1 2  year 
could be for di tr ibu ted appl icat ions, rep
r en t ing a p l cnt ial market of everal ten 

r gigav alt . 
Fue l i ng uch opt i mi m abou t  di t rib

uted genera t ion is t he  current or imminent 
commercia l a a i lab i l i ty of mal l ,  low-cost ,  
l ow-emis ions generating tcch nologie , 
bot h co nven t iona l  and advanced .  I n  n u
merou n iche app l icat ion , main ly in com
mercia l  and in clusuial cu Lomer ma rkets, 
such techno l ogie cou ld  offer direct com
peti t ion LO today' regu lat ed retai l e lectric 
rates and to to mo rrow'· u nbundled rate 
s t rucwre . 

Conve n t ional technol ogies for di tr ib
uted generat ion ra nge i n  ca paci t from 
everal ten or kilo alt to tens or hun

dreds of megawatts and i nc l ude recipro
cat ing ga and die el engi ne a we l l  a 
larger ga tu rbin . Emergi ng tech nologies 
include m icroturbi ne of 25-75  kW, fuel 
cel l s  of a fev ki lowat ts  to a megawatt or 
more, and eve n  rene� able -based di trib
u ted ge nerat ion ource -for example, 
photovohai · , wh ich may be i ncreasi ngly 
deployed on i ndividua l roo ftop at the 

scale of a few ki lowal l  as costs con tinue 
fal l .  
Dist ributed resou rces (or DR)  incl ude 

m re t han ju t sma l l  ge nerator , however. 
They al o i ncl ude the  backup batterie 
and mher storage technologies that, i n  
many c a  , wil l  b e  coupled w i th  d i  Lrib
uted generator to prov id r ide - t hrough 
capabi l i ty during mo mentary power di -
cu rbance and to main tain cri t ical load 
d u ri ng  th few econds i t  tak to \ i tch 
from grid power to on- :i te ource or vie 
ver a. Advanced e nergy storage y t e rn 
based on flywheel and u l t racapac i tor  are 
en tering comm rcial u e and cou ld  play 
a igni ficant role. I n  addi t ion , di tr ibuted 
re ource are broad ly defined to inc lude 
cus tomer demand and pea k-load ma nage
ment tech n o l ogies Lhat can minim ize or 
de fer the need for addi t iona l e lect ric i Ly 
from the grid . 

l n t heory, h igh market pene t ra t ion by 
di tr ibu ted r ou rce could lead to far
f lung networks of ma l l , i n terconnected 
genera tor and orher device , enabling 
u Li l i L  terns to serve growing cu tomer 
energ need whi le mi nimizing inve t
men t  i n  and con truct ion of new cen tra l 
generat ing and grid capacit . Bu t before 
that vision becomes a reali ty, improved in
terco nnect ion technol ogies are needed to 
l ink m u l t iple mal l  generator together 
i nto larger networks that incorporate real
L i me co m m unicat ion of market prices and 

Power Generation Value Chai n 

Bu I k resel lers, 
wholesale traders 

Baseload and inter
mediate-load demand 

Commodity pricing 
and returns (percent
ages in the low teens) 

Local d istribution compa
nies, independent system 
operators, energy retai lers, 
municipals, cooperatives 

On-site owners, nearby 
end users 

-������������ 
In termittent and peak 
demand 

Arbitrage and risk reduction 
pricing and returns (per
centages In the midteensl 

On-s ite load following, plus 
specific customer needs 

Customer solution/bund le 
pri cing and returns (per
centages in the high teens) 

A new power generation value chain is  expected to evolve as ut i l ity industry restructuring 

creates niche opportunit ies for distributed resources. In contrast to commodity-priced bulk 

power sold on the wholesale market, logistical power will i nvolve local transact ions between 

retait intermediar ies and specia l ized generation companies that may own some local as well as 

bulk generating capac ity. At the end-user level are sales of retai l  power, some of it generated 

on-s ite at customer premises. Eventual ly, logistica l generat ion companies may offer T&D bypass 

and gas-e lectricity arbitrage services d irect ly to customers, using networks of distr ibuted 

resources to compete with on-site generat ion. 
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cent ral i zed , o r  perhap l oca l , au to mated 
di pa tch . 

"Ut i l i ty i n t e rest i n  t he  poten t ia l  of dis
t ri buted resour es as a basi fo r new retail 
produ t and service offering con t i nue to 
grm , fueled by tech n ica l developmen ts 
and by t he need to fi nd new way of del iv
ering va lue to customer ," explain Dan 
Rast ler of PRr Energy Conver ion Divi -
ion .  who manages two re lated DR target 

areas. " Recent breakthroughs in microtur
b ine and fuel cel l  tech no logie for t ra ns
portat ion and tat ionary applicatio n , cou
pled with the restructuri ng of the elect ric 
power i ndu try, a re focu ing a t tent ion on 
di t r ibuted resou rces a a potent ia l  new re
tai l -acce optio n and a new busi nes op
portun i ty  for electr ic and ga u t i l i t ie . " 

Say h ristophe r Ma loney, vice presi-
dent and general manager of U nicom Re
ource , a u b  id iary of t he  h i  ago-based 

corporation nicom (also Commonweal th 
Edison's pare n t  company) , and head of 

nicom' co rporate devel pment group: 
"We bel ieve that, over t i me, distr ibuted 
generat ion wil l  p lay a crit ical role i n  hap
ing our industry.� 

Un icom fonned an e du ive a l l iance 
la t ear wi t h  l l iedSignal ' power ystcm 
unit to market-in a 1 2- tate region and 
in the Canad ian province of Omario
All ied igna l '  TurboGenerator l ine o( mi
croturbines for di tr ibuted appl ication . 
The a l l iance is one of everal Al l ied ignal 
ha recent !  formed wi th  ene rgy compa
nie to market and di tribute i t  m i crotur
bi ne . The  c pact also i nc lud one  w i t h  
Publ ic ervice E n terpri e G roup which 
cover the northeastern stat , and one 
with ew Energy Ven ture of Lo ngeles, 
wh ich i ta rgeting West Coa t bu ine  
as  custo me r that cou ld u e m icro t u rbines 
to reduce their ut i l i ty b i l l  . Other ven tur  
between u t i l i t ies and major vendors of 
d i  tr ibuted generating equ ipmen t  inc l ude 
Bal lard Generation ystem ( formed by 

e, Jer ey-ba ed G P  and Canadian fuel 
cel l  de eloper Bal lard Power y tem ) and 
Plug Power ( formed by Det ro i t  Ed i on and 
fuel cel l  de eloper Mechanical Technology 
I nc.) . 

"Distribu ted genera t ion ha real ly  be
come a focus for the  comp t i t ive forces 
that are con ergi ng t o  create what man 



Because they offer high efficiency and low 

emissions, fuel cells are well suited for distrib

uted generation applications. Already com

mercially available are 200-kW phosphoric 

add fuel cells (PAFCs}, and molten carbonate 

fuel cells have been demonstrated at the 2-MW 

scale. Solid oxide fuel cells ranging from 15 kW 

to 3 MW could serve as small cogenerators in 

commercial and multifamily residential build

ings. Meanwhile, polymer electrolyte mem

brane (PEM} cells are under development for 

use in transportation vehicles and as station

ary power plants at various sites. Cinergy 

Corporation recently placed the first com

mercial order for Ballard Generation Sys-

tems' 2SO-kW PEM fuel cell; a prototype is 

already operating on the BC Hydro grid. 

believe will be the next revolution 
in our industry," says Maloney. He 
acknowledges that his bullish out
look surprises some in the industry. 
Commonwealth Edison was a pio
neer of large central-station genera
tion at the beginning of this century 
under its legendary founder, Samuel 
lnsull. "Unicorn's interest in dis- � 

$ 
3 tributed generation today is a reflec-

tion that the industry paradigms are not 
only shifting, they're being shattered," Ma
loney adds. 

Structural changes drive 

interest in DR 

The potential and roles of distributed re
sources in a competitive energy market 
will depend heavily on the pace, extent, 
and geographic pattern of regulatory re
form across the country. Alternative paths 
to industry restructuring have been iden
tified in EPRI research and have been used 
to frame various market outcomes and fu. 
ture scenarios for the deployment of dis
tributed resources. 

This work has yielded several insights. 
For example, regions and states where 
electricity prices are above average (such 
as California, New York, the mid-Atlantic 
states, and New England) have the great
est potential for DR penetration. Compe
tition and the freedom of retail customers 
to choose among energy providers may 
evolve more rapidly in those regions, and 
retail service companies and other play
ers will enter those DR markets more 
aggressively. 

Ballard's 250-kW prototype PEM fuel cell 

The most promising customer markets 
are businesses, factories, and various other 
sites needing steam or hot water from co
generalion; distributed generation tech
nologies like fuel cells and small gas tur 
bines are well suited for such sites. These 
and other distributed resources can also 
provide economical peak shaving, high 
power quality, and standby and uninter
ruptible power. 

Distribution companies are expected to 
represent only I 0-15% of the future DR 
market, since they will probably be pro
hibited from mixing unregulated generat
ing assets with regulated T&D assets in 
the same corporate entity. But distribution 
companies are likely to form strategic al
liances with unregulated retail affiliates, 
energy service companies, equipment ven
dors, or other third parties that may own 
or control DR assets. 

EPRJ analyses have identified three 
structural shifts in the electric power in
dustry that are driving interest in distrib
uted resources. First, the shift away from 
command-and-control market regulation 
will result in the deregulation of about 

American Power's 3-kW 

prototype residential PEM 

fuel cell and storage system 

70% of the utility sector's total economic 
value. The generation, trading, and retail
ing segments of the industry will become 
much less regulated, while T&D functions 
will be more regulated. 

Second, an enormous transfer of gener
ation assets from the regulated rate base to 
unregulated enterprises is under way. AL 
least 15 uLilities have already announced 
plans LO divest themselves of more than 25 
GW of generating capacity. By 2001, fossil 
foel plants totaling 100 GW could change 
hands; by 2006, some 400-450 GW of ca
pacity could be spun off from the rate base 
of investor-owned ulilities, most of it sold 
through auctions. 

These shifLs will, in tum, lead to a third 
major shift: the opening of a $500 billion, 
competitive wholesale and retail market 
that includes not only electricity and gas 
but also utilities that can be bundled with 
energy services (e.g., water and cable com
municalions) and such ancillary services 
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as fad Ii ty management and performance Compact combustion turbines 
contraCLing. based on jet a i rcraft engine 

designs and heavy-frame 
industria l turbines are commer
cia lly avai lable in unit sizes of 
1 -1 00 MW. Simple-cycle units 
can provide peak power or T&D 
grid support. Advanced high
efficiency designs incorporat
ing waste heat recuperation are 
ideal for industrial cogenera-
tion (combined heat and 
power) appl ications. � 

marketi ng in many other ser- 1 

vice industTies. 

s a resu l t  of tl1ese major changes, "a 
new value chain will form and new busi
ness models will evolve to seize marker 
opportunities creared by technology inno
vation and by ideas imported from indus
tries that are already largely deregu lated ,  
such as te lecommunications, namra l  ga 
and financial ervices ," notes Howard 
Muel ler, EPRI manager for corporate strat
egy. "Th ls value  chain will be much l a rger 
than the power industry alo ne and wil l  
a im to serve a $ 1  tril l ion customer base for 
a l l  the services-energy, te lecommun ica
t ion , and infrastructure-needed by peo
ple and organization to operate in bui ld
ings. "  Muel ler says there are plen ty of 
sign that customers want to buy bund led 
energy and infrastructure serv ic  , not i ng  
t he popularity of " total customer sol u t ion" 

The new alue chain i Like- ! 
ly Lo have five principal seg- Al l iedSignal 's 1 0-MW ASE 1 20 aeroderivative gas turbine 

Microturbines of 25 to 1 00 kW that can be 
mass produced at low cost are entering 
commercial markets for distributed genera
t ion. They are designed to combine the 
rel iabi lity of auxil iary power systems used 
on board commercial aircraft with the design 
and manufacturing econo
mies of automotive tur
bochargers. The reliabil ity 
and durabil ity of microtur
bines for distributed ap
plicat ions remain to be 
demonstrated. Shown here 
are All ied Signal's 75-kW 
TurboGenerator (below) and 
a SO-kW microturbine core 
originally developed for use 
in hybrid-electric vehicles. 

1 2  EPRI JOURNAL lvl c1n:h/Ap1i/ J 998 

ments . Generating companies 
will focus on producing power under mar
ket condition . Tran mi sion companie 
or n etwork operator wi l l  nm the h igh 
vol lage systems for long-dista nce pm er 
transfers. Trading ompanie will bu pow
er from generating companies and serve 
as intermediaries to ell power to down-
tream customer . Lo al distri bution com

panies for e lectric i ty, gas, tele ommun i-
cat ion . cable ervice, 
and the l ike will be the 
plat forms for del iver
ing electrons, Btus and 
o ther erv ices . Mean
whi le , re tai l  merchant 
companies wil l  ell the 
services to cu tomers, 
bu ing wholesale en
ergy from traders and 
g l t ing it to customer 
t hrough the di 1 Tibu
tion compan ie 

New opportunities in the value chain 
EPRI experts bel ieve the emergence of 
such a value chai n wi l l  coincide with three 
othe.r major trends. Fir t , there will b both 
consolida tion a11d fragmentation in the 
power indu try. The ownership of la rge, 
cen tralized generating plants will be con-
ol idated in order to cu t production costs. 

At the same t ime, new oppornm.i lies will 
appear for local ized and distributed gener
ation in medium uni t  size to complement 
this bulk upply system and to serve as a 
hedging a set to balance uppl and de
mand portfolios. 

Second, there will be an ou tpouring or  
new ervice offeri ngs to meet the needs 
o f  new whol esale and retail customers. 
Wholesale market offerings wil l tend to be 
structured; in the retail market ,  ome cu -
tomers wi l l  want customized so lu tions 
whil most may prefer standardized ,  one
rate ervi c plan . 

Third, new teclmologie , both for gen
eration and for trading and transact ion 
proc sing, ,vill be used Lo help serve these 
n ew cu t omer . "Techno logy w il l pro
fou ndly affect the way eleclricity is gen 
erated and brought to the competi t ive 
market ," notes Rastler. On the genera ting 
side, there will be plant upgrades and the 
reengineering of operation and maime
nance activi ties; enhanced rea l-Lime dfag
n osis and con trol ; advanced ga tu rbines 
and more - flex ib le  operat ing cyc le ; and 
improvements in di tribu ted generat ion ,  
i ncl ud i ng more types of p1ime mover , 
better con trols, lower costs , and increased 
reliabili ty. On the t rading and transact ion 
side , faster tradi ng ystem and bargain 
hun t i ng  expert systems wil l  play a role, a 
w i l l  adva 1 1ced customer knowledge y -
terns and the growing sophistication o f  
erviee offering . 

The new value chain envisioned will in
volve three forms of power. ommod ity
p1icecl bu lk power for wholesale transac
t ions at the power pool or interpool level 
wi l l  be generated by large ba eloacl and in 
term ediate-s ize plants. (The price o f  such 
baseloacl-generated e lec tricity cou ld fall in 
a competitive market because most U .S .  



Solar Turbines' 4.2-MW Mercury 50 recuperated turbine General E lectr ic 's 45-MW LM6000 aeroderivative turbine 

regions cur ren t ly have a capaci t  urp lu . )  
Th econd type of power-for local 

(genera l ly i n t rapool ) purcha e by dlstTibu
Lio n and  retai l  merchan t compan i  -i 
cal led logistica l power and w i l l  b gener
ated i n  ma i l e r  amounts and for honer 
pe riod to help bal ance whol ale uppl 
and reta i l  demand . l l  wi l l  be produced by 
special ized genera t ion  compan ies ope ra t 
ing w i th in  regiona l e lect ricit y network . l o  
each region ,  ha l f  a dozen such pecia l ized 
logi t ica l pn duce r ma emerg , each 
suppl yi ng 40-50 ene rgy compan i  . Th e 
producer w i l l  offer backu p rel iabi l i ty er
vice , peak-managemen t  contracts, an 1 

price rlsk contai nmen t i nsurance. 
The t h i rd type or power, reta i l  powe r, 

wi l l  be old at the end -user leve l a pan  or 
a broader o ffe r i ng (bund led wi th  o ther  
co mmod i t i e  and combi ned wi t h  faci l i t y 
ervice ) .  ome or t hat po\ er wi l l  be gen 

erated a t  cu tomer i l es. E en tua l ly, t he  re
gional logistical companie men t i oned 
above cou ld offer T&D bypass and a rbi
t rage erv ice , u i ng networked and other 
i n t e rconne t ed form or d i  t ributed gener
a t ion LO compel w i t h  on-site di t r ibu ted 
genera t ion .  

" l ndu tr  res t ructuring and th emer
gence o f  a new val ue-added cha in  i n  t h e  
prod uct ion a n d  de l ivery f l ec t ric i ty i 
l i kely Lo lead to an explo ion i n  de t r ic i t  
produc t  i n novat ion ," ay Rast le r. 'D is
t r i buted generation will o ffer the mean 
for pr vid i ng more- prolitab le ,  val ue-added 
cu tom service o ffe r i ngs in t he i nt rmedi 
at whole al and reta i J  markets . "  

Focus on customers 

ne u p hot  of indu t ry re t ru  LU ring along 
a new val ue-added chai n i. t h e me rgence 
o r  an en t i  re l new set of potent ia l  D R  cu -
tomer . Merchan t re t a i l  co m pa n i  m a  
develop l ocal netw r k s  or d i  t r ibu ted gen
era t ion to U [ por t  t h  i r  er i ce  bu i ne 
Di t ri bution compani could become cus
tomers for di tr i butcd ge neral r· in t h e 
1 -2-MW range for operat ion uppon.  En
ergy demand aggr gator ma wan t to own 
i n ter L S  in im i lar-. ize un i t s  LO hel p li rm 
up l oads for bener pric . Lo i t ica l com
pani ma ow11 omc cogcn rat ion  o r  
mal l , di p e r  ed pow r un i t  t o  ba lanc 

a e t  port fo l io and pro id f i e  ' i b i l i t to 
power contract  t ran act io n  . 

G i ven  the  an t ic i pa ted i n  o lvemen t of  
t h  e t ype of pla crs, end u er are ex
pected to acco u n t  for no more than J 5-
25% of t he to t a l  am unt of d i  t ri l u ted 
generat ion t hat i i n. t a l l d. Bu t  e en t hat 
perc n t age range cou ld  t ran late i n to ery 

large n u mbers o f  i n  ta l lat io n i n  vari 
ou l yp of bu i l d i ng • . - P R I ha analyzed 
a ig11 i f ican t  numb >r or key cu L 1me r ma r
ket egmenL i n  le ta i l  and ha identi f ied 
a potemial ma rket tot a l i ng  1 .6 m i l l ion 
ex i  t ing e t.ab l ish me n ts-repr . en t ing an 
aggregate load of 288 GW and annual 
revenues of some 66 b i l l i on-where di -
t ributed re ou rce con ivabl cou ld be 
economica l . 

D R  pen L rat ion  of th e customer mar
k ts i l i ke l y  L O  occur  grad ua l ly. Bu t  by 
t he ime t hat re ta i l lcct ric i t y  markets are 
fu l ly d regu lated Car und 2002-2003) , t he 

equ i va l en t  of 25-30 W of load may be 
ace ·i blc to d is t ribu ted genera t ing un i l  
i n  the  200-kW t o  1 -MW capac i t y  ra nge. 
Dur in t h · t ransi t ion to fu l l  reta i l compe
t i t ion , ome dozen or more u t i l i t ic ma 
inv t in on-si te generat i ng faci l i t i  i n  ap
pl i  at ion o r  1 -2 W a pan or a · t ntegy 
to retai n large r us tomer , reat ing a nea r
t e rm marl  et for d i  t ribut ed genera t ion or 
a much a 2 W. Regu lator ma l i mi t  
uch inve t men t. , hm ever, to p i lo t  pro

grams or Cran h i  to unregulat ed u b
s id iarie , wh i ch  are e pected L o  take the  
lead i n deve lop ing d i  t ribu t c l  r ources. 

Throughout t he tra nsi t ion Lo compct
i t i  e energy markets, the pace or D R  
depl oyment , i l l  b e  t ro ngly affected by 
r gu la t o ry t reaunen t of ut i l i t i  ' st randed 
cost . Th c i nclude not on ly co LS for non
compe t i t i ve cen t ra l - ta l ion powe r p lan t  
bu i l t i n  a regu la ted env ironmen t-plants 
based on demand project ion t hat t urned 
out to be to h igh-but al o ,  i res charg 
for ma i n tai n i ng and operat i ng newl inde
penden t  t ran  mi ion networks. 

''Whet her energy servi e ompanie  
and customers can avo id or b pa these 
wi res charges and capture t he fu l l be ne
f i t  f di t r i bu t  d generat ion is an issue, " 
says Ra t ier. "A crt i a l ly i n tegrated m i l i ty 
can id n t i fy e onomic b nefi LS al l  t h  way 
t h rough i t  y t em ,  from I wer g n rat 
i ng co t to red uced T&D requiremen ts .  
But for a r Lru L U red, d i  aggregated u t i l 
i t  , h w t ho e benefit can b e  cap t u red 
t hrough mark t mechan isms is s t i l l  an 

p n que L ion . "  
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Energy storage devices, including batteries 

and advanced technologies like flywheels 

and ultracapacitors, can be integrated with 

distributed generators to provide peak power 

or ride-through power during transitions be

tween grid supply and local generation. For 

example, Trinity Flywheel Power's 700-kW 

system, which features twin flywheel motor

generators, can deliver electricity on demand 

for s seconds. And Maxwell Energy Products' 

PowerCache ultracapacitor cells can be con

figured in series or parallel arrays to meet a 

range of storage requirements. A 28-cell 

module can provide up to 12.5 kW of power 

for a few seconds, and several modules to· 

gether can provide ride-through capability 

for a 75-kW microturbine. I 
i 

Pollutant emissions with a potential im- s•••-

pact on local air quality could be another Trinity Flywheel's 700-kW system 

wild card for certain disLTibuted generat
ing technologies. Most states are e.,1Jected 
to follow the example of such states as 
California and Massachusetts, which offer 
legal waivers to potentially lengthy per- � 
milling requirements for fuel cell genera- ! 
tors because of their intrinsically low pol- i 
lution and quiet operntion_ State agencies, 

I however, may continue to strictly apply 8 
low-emissions standards for reciprocating 
engines and gas turbines. 

Uncertainties versus potential 

Not every utility is readying business 
plans to pursue rustributed generation. 
Some with low generatjng and T&D costs 
and ample capacity reserves may feel there 
is plenty of time to wait until the full im- � 
pact of deregulation on electricity prices i 
and industry structure- as well as cus- g 
comer responses to those changes�an be ' 
reasonably gauged. Many are frankly skep- � 

I tical that the customer markets for distrib -
uted resources are as large as some ana
lysts estimate. These utilities believe that 
disrributed resources will face wugh com
petition, given the 2 -3¢/kWh busbar cost 
of available commodity-priced electricity. 
Aud they note the numerous and signifi
cant cultural and institutional barriers that 
can easily dampen cuswmers' interest in 
undertaking or contracting for on-site 
general.ion. Still, many utilities acknowl
edge the large potential for distributed re
sources, even as they express doubt about 
how quickly it will materialize. 
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Beacon Power's 1 ·kW /2-kWh flywheel system 

for use in cable TV and standby power 

applications 

-

Maxwell's PowerCache ultracapacitor cells and 

modules 

"We looked at our marginal costs for 
the T&D system several years ago LO see 
what opportunities might exist for defer
ring some costs by installing distributed 
resource options," says John Nesbitt, a 
distribution planning engineer with Wis
consin Electric Power in Milwaukee, "but 

we didn't find any obvious situations 
where we could save a lot of money. We 
can still build distribution capacity pretty 
cheaply. in the range of $100-$150/kW. 
and average generation costs in the Mid
west are pretty low as well. None of the 
distrib1.1ted options available today can 
beat thaL" 

But, continues Nesbitt, who chairs the 
client advisory group for EPRl's DR target 
for energy services and delivery enhance
menl, "there are viable applications for dis
tribu1ed resources even wiLhout restruc1.ur
ing and deregulation, 1f a customer needs 
a high-power-quality, high-re.liability en
ergy sot1rce, has a heating load that can 
maximize the potential efficiency, and is 
willing Lo pay a premium price, fuel cells 
and conventional generating technologies 
are available that can do the job, 

"The difficulty is that we don't really 
know which way prices will go in future 
competitive markets. If it rums om there 
is a wide difference in cost between peak 
and off-peak times of day, some customers 
may feel sufficient incentive to own their 
own generation for peak shaving. But 
there arc a lot of others, including mosl 
small customers, that won't want to deal 
with market price fluctuations and will 
want to lock in a Oat rate. The real oppor
tunities for distributed resources may be 
where t.bey have always been-with large 
customers." 

Nesbitt acknowledges Lhat disuibuted 
generation gives electricity companies a 
way to enter competitive markets beyond 
their traruLional service areas and can 
serve as a market entry vehicle to new 
players with no service area. "l rhink 1ha1. 
for a 1mmber of reasons, there will be 
more distributed generation," he says. 
"The rate at which it expands will largely 
depend on what happens with pricing. 
But while it seems that we're closer than 
ever, it also seems that distributed gener
ation has been just around 1.he. comer for 
a long time. Technology breakthroughs 
that bring costs down considerably could 
cause ii. to really take of

f
. Something 1hat 

can be mass produced inexpensively and 
bought off the shelf has the best chance of 
becoming a real op1ion for a majority of 
customers." 



Optioning customers' generators 

ome ut i l i t i  a l ready ee on their systems 
a s ign i fican t  i nsta l led base of cu t o mer

owned distribut ed ge ne rat i o n  t hat may be 

r ipe for very l ow cost co nversion to d is
patchable , firm peaki ng capac i t y. t i l i ties 

see t h is potential  w hen t hey look at cu 

t omer i t e  that have emerge ncy backup 

generators, most  of wh ich are  rare ly  cal led 

in to  service or even tarted. 

Pac ifi  orp of Pon land ,  Orego n ,  is pu r-

u i ng t he  development of customer-owned 

backup ge nerator a d is t ri bu ted peaking 

capaci ty. Fol lowi ng pi lot tests last year, the 

company i recrui t i ng cu tom ers and ne

gotiating commercial arrangemen ts to pay 

to take over t he opera t ion and mainte

nance of backup gene ra tors at custo me r 
si tes . Pacifi orp w i l l  ret rofit t he machine 

with clo ed- L ransi t ion swi tchgear and  a 

oft ware-based control system to make 

t hem remotely dispatchable and aggregate 

them as a ignificant block of peak i ng ca

paci ty. ust omers wi l l  col lect a fee for the  

conversion and wi l l  be  paid for electrici ty 

thei r generator suppl ies to the grid . 

David Engberg,  t echno logy bus iness de

ve lopmen t d i rector at  Paci fiCorp Energy 
Vent u res, ay the  company is p ursu ing  

th i  form o f  d ist Ti bu ted genera t ion no t  

only becau e i t  pro m i  es  to be  low in cost 

bu t  also beca use Pac i fi orp has a business 
interest i n  the  d ispa tch  and con t rol  tech
nology being used. Th is  technology, ca l .led 

t he Vi r tua l  Power Plan t , is a co m pu ter

ba ed syst e m  developed by Encorp of Fort 

Col l ins, olorado, for t he  remote mo n i 

tori ng, co n t ro l ,  and grid paral le l ing of di 
persed gene rators. 

Conven ing i nstal led backup generators 
to dispatchable, firm peak ing  capacity "can 

be a very low cost al ternative for add ing  

capacity, on the  order or J OO/kW," notes 
Brian Beck , vice presiden t  of Paci fi orp 

- nergy erviccs .  He says t hat correct ly  de

term i n ing t he va l ue of such a cal l  opt ion 

on di tributed generat i ng capaci ty so that 

i t  can be properly compared wi th  a l terna

t ive option is perhap the biggest hurd le 

to using  the  approach .  
"Th is t ype of di tr ibuted generat ion 

vest m 11 1  for wha t is o the rwise a dead as
set ,"  Bec k says.  "We wi l l  u e i t  in the  fu-
ture as one of the resources Lo h e l p  man

age peak de mand."  t i l l  he adds, " i t's not  
going to cha nge the landscape. " He n o tes 

that c losed-t rans i t i o n  switchgear is  nei ther 

standarcbz cl nor commodity priced. I ts 

co t-higher than t hat o f  the si mpler 

swi tchgear commo nl}' u eel for backup 

genera tor  -can make conversion uneco

nomica l for u n its of les t han a few hun

dr cl k i lowaus .  

Integration with the grid 

The ne d for less-e pensive, standardized 

swi tchgear i only one of severa l is ues to 

be addr scd rega rding  the  interface be-

t ween dist r ibu t ed gen eration and u t i l ity 

dist ribu t ion ystems-issues that are l ikely 

to become more pro m i ne nt as DR pene-

t ra tio n increases. A nother is the need for 

broad ly accepted i n terconnect ion stan

dards that ensure per onnel afety and  the 

prot ct ion of customer-owned equipmen t 
from cl i s t ri bu l ion system operat ions or 

anomalies. A l t hough some I EEE standard 

and guidel i nes fo r  co n nect ing dis t ri buted 

resources wi Lh  the  grid have bee n deve l
oped, pan i u larly for photovol ta ics,  com-

pliance is vo l u ntary and  often i nconsis

ten t .  Few u t i. l i  ies have establ i heel ge neric 

procedures fo r communicat ing i n terco n-

nect ion req u i rement fo r  on-site genera

t ion by custom ers. 

In addi t ion , to enable h igher leve ls  of 

grid-con nected d istribu ted generation in 

the  fu tur  , i t  wil l  be neces ary to improve 
power conver ion  and i n ver ion  tech n o l 
ogy through the  u o f  t hyri t ors or o ther  
power elec t ro n ic dev ices.  ome  distr ib

uted power source , · ncl-tttl+ng-fuel--ee�, 

n eed inverters to convert de ou tput to 

grid-qua l i t y  ac ,  w hi le othe r tech nolo

gi es-such a var iou  t u rbogenerator -

requi re ac-dc-ac convert er 

ew, lower-cos t ,  programmabl power 

e l ectronic packages are needed t hat can 

Oexibly serve the conversion and inver

sion requirements for most or all d istri b

u ted power tech n o l ogie , according to 

Frank Goodman a project  manager i n  

E P RL's Energy De Hvery a n d  U t i l iza t ion D i

vision who is directing a startup e ffort to 

pursu such developmen l. "The next gen -

Distri buted Generation Options 

Type 

Diesel engines 

Internal  combustion 
engines 

Combustion 
turbines 

Microturb ines 

Phosphoric acid 
fuel cell s 

So l id oxide 
fuel cells 

Molten carbonate 
fuel cells 

PEM fuel cel ls  

Battery storage 

Photovoltaic arrays, 

F lywheels 

Stirling engines 

S ize 

S kW-2 MW 

1 -l OO MW 

25- 100 kW 

200 kW-1 MW 

25 kW-3 MW 

3-5 MW 

<1 -250 kW 

500-5000 kWh 

<1 -- l OOO kW 

2-20 kWh 

1 -25 kW 

Effic iency (%)* Market 

Standby power for commercia l and 
small industrial customers; T&D support 

33--35 Primary power; commercia l cogeneration 

33-45 Industria l cogeneration; T&D support 

26-30 Standby power; remote power; commer-
cial cogenerat ion 

40 Commercial cogeneration; premium 
power 

4S�S Commercia l cogeneration; primary 
power 

55 Primary power 

40 Residentia l  customers; premium power; 
remote power 

70-75 Power qua l ity; vo ltage regulation; 
premium power 

10-20 Remote power; peak shav ing; power 
quality; green pricing 

70--80 Telecommunications, cable TV; premium 
power 

20 Res idential customers; remote power 

tends l.O get overlooked , but it can be val u- *Generat ing efficiency on ly (excludes recoverable therma l energy); for PV ar rays, sun l ight to ac power. 

able to a u t i l i ty and to ge nerator ow ner  Several recently improved and new technologies will play im portant roles in competitive strate-
because i t  gives them ome return on i n - gies involving distributed generat ion. 
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EPRI Tools for DR Analysis 
PRls two distribu ted resource tar
gets provide funders with a com
prehen ive portfolio of informa

tion ,  technologies, and analytical tools 
for developing and executing new DR 
bus iness strategies. Drawi ng on expert ise 
in three areas-customer y terns, energy 
conversion , and power delivery-th is 
balanced program i creating and deliv
ering products to hel p cl ien ts understand 
and implement cost-effective distributed 
resources. 

The targets cover the spectrum of 
R&D from strategic bus ines assess
ments, i nformation resources, and distri
bution sy Lem i nv tment planning tools 
to th defini t ion and developmen t of 
new D R  techno logy products for r Lai l  
customer markets .  DR appl ications are 
being developed that can  migra te from 
niche markets to mass markets. The 
EPRI  targets o ffer numerou tai lored 
collaboration opportunit ies for di rect 
cl ient part ic ipat ion in pilot tests and cu -
tomer demonst rat ions of emergi ng di -
tributed t echno logies that prom ise sig
n i fican t benefits in critical competitive 
applications. 

One key EPRI informat ion resource 
is a CD-ROM-based DR equi pmen t  and 
product databa e that pre ents detai led, 
vendor-speci fic pe r formance and cost 
i nformation on emerging and com mer
cially available distributed technologies. 
This extensive database conta ins crucial 
information for retail service analysts 
and distribution  planners interested in 
eval uat ing DR option for customer ser
vice applications or in managing DR as
sets. The database can be tapped with 
two EPRl-developed analyt ical software 
products for per onal compu ters : t he D R  
Technical Assessment Guide (TAG-DR) 
and the Distribmed Resources Work
station. Th e Window -based products 
enable cl ients to perform cusLOmer- and 
utili ty-specific calculation to determine 
the cost and performance of various DR 
applications. 

The TAG-DR oftware provid generic 
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cost and performance i nformation on 
di tributed generat ion and storage t ch
nologies , end-use technologies, and dis
t ri bu t ion system upgrade equ ipment .  
Scheduled for general release th i s  spring, 
TAG-DR is designed to serve as a one-
top in formation source and analytical 

tool for pre l iminary planning for DR
related implemen tat ion . It is intended 
primari ly for u e by uti l i ty planners and 
market ing and finance analysts for evalu-

EPRI's considerable work in the area 
of di Lributed r ources includes the 
strategic busines and technology 
assessment documented i n  these 
reports , which are available to 
funder of t he d istributed r ourees 
targets . 

Selected EPRI DR Reports 
Distributed Resources Strategic Review: 
Market Drivers Impacting Future Business 
Prospects (TR· 1 1 0245;  forthcoming) 

Understanding Customer Needs and Markets 
for Distributed Resources (TR-1 09234-Vl ) 

Markets for Distributed Resources: Business 
Cases for DR Applications (TR- 1 09234-V2) 

Assessment of Micro-Generation Technolo
gies for Distributed Generation Applications 
(TR- 1 07634) 

State of the Art of Fuel Cell Technologies for 
Distributed Power: Technical and Strategic 
Assessment of Products, Markets, and Retail 
Competitiveness (TR-1 06620-R l )  

Stare-of-the-Art Assessment of Advanced 
Combustion Turbines for Distributed 
Generation (TR- 1 08862) 

State-of-the-Art Assessment of Polymer 
Electrolyte Membrane Fuel Cells for 
Distributed Power Applications (TR-1 07064) 

Commercial-Sector Solid Oxide Fuel Cell 
Business Assessment (TR- 1 06645) 

Santa Clara 2-MW Fuel Cell Demonstration: 
Power Plant Test  Report (TR-1 08252) 

Internal Combustion Engine Advances for 
Distributed Generation Markets (TR· 1 0886 1 )  

ating various DR options, for both the 
regu lated and Lhe unregu lated sectors of 
the electricity industry. 

To successfu l ly implement distribu ted 
resources as a busine s l ine, energy ser
vice providers must be able Lo offer cus
tomer packaged, turnkey solutions. The 
Distri bu ted Resources Workstation en 
ables u ers to ident ify custom solution 
packages that are best uited for individ
ual cu tomer applications. I t  can evalu
ate DR options for such key energy ser
vices as cogeneration, standby power, 
peak shaving, premium power, and unin
terruptible power. Recen t en hancements 
Lo the software have added capabi l i L ies 
for modeling complex load hapes as well 
as raLe t ructures for purchased energy. 

"The DR Workstat ion enables cus
tomer-specific analysis that can qu ickly 
identi fy the optimum solution for com
bi ning ervices and equ ipment to meeL 
individual customer needs," says EPRI's 
Doug Herman , a project manager in the 
DR area . " I t  provides an analyLical plat
form that can help energy companies 
evaluate all of a customer's option , from 
buying power to instal l ing on-site gener
ation, i nstal l i ng load-control devices, and 
improving energy efficiency." 

On the basis of load and rate model 
ing and the evaluat ion of various technol
ogy and se rvice cenario , the D R  Work
station can generate a report thaL details 
the economics of an opt imum customer 
solution . Because the information is so 
highly cusLOmized in terms of both local 
u ti l i ty rates and customer needs, such re
ports can have great strategic value for 
marketing distributed resources. "Cor
recL analysis of which DR options make 
t he most sense for each customer can 
spel l the difference between a uccessful 
project and an unsuccessful one," notes 
Herman. "Companie tha t  wanL to pur
sue D R  business opportuni Lies have no 
choice bu t Lo conduct this kind of de
tailed ,  cusLOmer-specific analysis . The 
DR Work tat ion greatly simplifies and 
streamlines the process. " o 



erat ion of in crter or pr -
gra m mable operating de
vice for interco nneclion 
cou ld have many function 
besides dc-ac con e rsion , 
such as protec t ive func
tions and the  ca pabil i ty for 
com mun icat io n  w ith ce n
tral con tTOl st ems. I t  wi l l  
be able t o  erve as a n  adapt
able in terface for in tegrat 
i.ng dis t r ibu t  d re ource a t  
h igh penetrat ion l evel s ," 
ay G ood man .  
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t h  undeniable benefi ts of 
I ct r i fica ion  are maki ng 

future pro p c for di t rib
u ted genera t ion brigh ter 
t han ever. "Th re i a ig
ni ficam u l t ura l change 
under \ a L da at many 

as the rapidly 
t ran form t h  i r  bu i nc e 
fr m cent u ry -old el c t r ic  
ut i l i l ies in to ompel i t ive 
energy companies and ser
vic prov ide r , ' ' n o te Ma
loney. "We're begi nn ing  to 
see energy o lution  and '· I f  we bui ld modulari ty 

and program mab le logic 
i n to t h e  e dev ice , e l i m i 
nate i nduct ive components, 
and make t he device com
pat ible wi t h  many appl ica-

EPRl's Distributed Resources Workstation, which draws on detai led vendor- and 

pe rformance con t ract be
i ng wra pped aro u nd the  
electron and the  B l l l ,  and 
for the fi r  I t ime, we're ee
ing cu t omer and a l l  t he 

model-specific data on the performance and economics of various DR technolo-
gies, can be used to analyze and compare alternat ive opt ions for indiv idual  
customer applicat ions. 

Lion (lO i ncrea e manufac-
l llr ing vol ume ) ,  \ e h uld be able to 
drive o t down and im prove rc l iabi l i t  . 
We hope to eventua l ly develop i n  erter 
and other e lect ronics t hat are ma rter and 
ign ifica n t ly cheape r and t hat can be ap

pl ied wi Lh nearly a l l  t pe of dist r ibuted 
re ources . � 

A flexib le energy option 

A l though opinion var widely about how 
rapid l and how exten ively distribu ted 
resou rces w i l l  be developed and deployed 
in the United late during this 
period of power i ndu t ry L ran-

ac l i  e l y  pur  u ing DR project over. a . 
" any of t he manu facturer of di u·ibu ted 
g nerat i ng equipmen t are geu ing a lot of 
i n ter t fro m go ernment  and agcnci 
around the world that don't hav the b i l 
l ion of do l lar n eded t o bu i ld  cen t ra l -
t a l ion  p wer  plan and t ran m i  ion  in

fra t ruct u re ," a Chri topher l a lone of 
Unicom Re ou rces . "Globa l ma rket fore 
are creat ing a need for t h  e technol ogies . '  

Indeed , worldwide, t he conve rgence of  
market co m pet i t ion , custome r choice, and 

energy ervic t hey're d -
mand ing  bei ng co n idercd o n  a par wi l .h 
the  a et ide of the bu i ness. 

"Ut i l i ties clear! ee a p t ent ia l l y ub-
tan t ia l  competi t i  e threa t .  Tho e of us en 

gaged i n  the energ crvices bu ine , 
ho� e er, now see a product or erie o f  
products on the  horizon t hat w e  can bu n
d le w i t h  natura l ga , O&M, and ·uch f i . 
nancial er ice a leasing. L n  addi t ion , for 
the  t en  of t hou ands o customers that 
have cogen rat ion requi rement , � e be
l ieve distribu ted ge ne rat ion i going 10 be 

a very aura t ive e lu t ion .  
''O n l ti me w i l l  te l l  h o ,  

uccessfu l  distri buted genera
t ion p rod uct and erv i ce 
w i l l  be in penet rat ing the  en 
ergy market," concludes Ma
lone . "There are st i l l  many 
chal lenge ahead, but we be
lieve di t ributed generat ion 
wi.11 gi e nico m and other 
ene rgy companies a Ocxible 
energy olut i.on for cu tomer 
that can complement electric
ity traight from the grid ." • 

i t i on , there i l i t t le d ·i agree
ment abou t t hei r  vi r tua l ly  i n
fi n i t e  po ten t ia l i n  developi ng 
cou n t r ie that have l i t t le or 
n o  exi t ing power del ivery 
i n frastnicture .  Moreover, i n  
Europe, rapidly growi ng c u  
tomer marke f r cogener
at io n (combined heat and 
power) are providing opportu
n il i  for dist ri buted genera
t ion. The d ploymem of d i  - i 

t r i bu ted resources abroad i 
expected to he lp reduce costs ,  
which in w rn wil l make the 
technologies more competi
tive in . .  marke . 

Pacifi orp and n icom a re 
among the  uti l i t y  companie  

Encorp's Virtual Power Plant software is  designed to  let users monitor and 
control mult iple remote standby (emergency) generators at various lo
cations via phone l ines or other means of communication. PacifiCorp 
Energy Ventures p lans to use the Virtual Power Plant network to dispatch 
small generators at customer s ites as peaking capacity. 

Background i nfo111wtlm1 J11r  1/ , is m1i
dc was prov ided b Dew Rt1stlcr, Doug 
Hc1111C111. cmd Ton Annor, Encl&)' 

011 \lt 1  sion Div1S io11 : Howard fuel / r. 
Cor,1nra1c Drl'dop11 1n1 t : and fn1 1 1 /1 
Goodman cmd Gop11 lachary Rama
ha11 clra 11 , Energy Drl ivc,)' on e/ t f

l iw1 it111 Divisiv1L 
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t is t he nature of revolu t ion to mak the  famil iar s t range, 
and few customer interfaces are as familiar as the eleclric 
meter. Vinually unchanged for decades, the conventional 
wanhour meter is a common sigh t in both rural and urban 
settings, in mansions and tenements. More than 1 10 mi.I-
l ion residential meters are currently deployed in the United 

States, and 3 . 5  million new ones are manufactured each year
two-thirds of which are used as replacements . At an average 
cost of only 20-$25 apiece, the e simple electromechanical 
devices pose a formidable chal lenge to those who want to re
place them with more-powerful al te rnatives that wi l l  better 
serve utili ties' and customers' future needs. 

PR I  ha accepted thi chal lenge on behalf of its member 
and is pursuing the developmen t  of Oexible ,  low-cost meter 
that will allow greater servic cu rom izadon in both residential 
and commercial/industrial applica tions.  Related EPRI efforts 
involve market surveys to determine customer preference 
for new types of service, standard com munications protocols 
to h lp integrat e advanced m r ers i n to t he  ut i l i ty i n fra t ruc
ture, a nonin L Tu i e load-monitoring sy tern to i mprove end
use data collection, new tools for load profil ing, and pioneer
ing research on en or technologie that could substan tial ly 
lower metering costs and enhance power quality moni toring. 

" l believe that the customization of uti l i ty services wi l l  be 
the driving force in deregulated retail markets," declares Karl 
tahlkopf, EPRl's vice president for energy del ivery and u ti

lization . �And advanced metering provides the key to offering 
such customized services. " 

Meter as cash register 

Traditionally, an electric meter ha performed one basic func
t ion-keeping track of cumulative eleclricity consumption at 
a customer site-and has been read manually by the same util
ity providing t he powe r and sendi ng out the mon thly bi l l .  As 
customized retail services are added, how
ever, the meter will necessarily become 

more of a ca h register-a sophi ticated point-of-sale terminal 
t.hat differentiates between types of service, acts as a gateway for 
mul tiple service providers, and enables real-time communica
t ion between utilities and their customers. In some cases, in
formation from the meter may be obtained by one company, 
proc s d by another, and sent to t i l l  another for bi l l ing-none 
of the three being the company re pon ible for  actually ending 
electrons through the distribution wires to the customer. 

As retail customers are given greater choice among utility 
services and providers , electric meters wi ll have to monitor 
each type of ervice and make the resul t ing information avail
able more readily and efficien tly. Real-time pricing, for ex
ample ,  is expected to become increasingly popular as a way 
to reduce customers' electric bills while improving utility load 
profi le  . Thi prici ng option is based on the fact that the cost 
of providing electric power may be several times higher dur
i ng peak hours than during off-peak hours.  A meter that could 
either record time-of-u e electric ity consumption or commu
nicate real-time consumption levels to the provider would 
enable customers to take advantage of lower off-peak rates . 
Other capabil i t ies might include appliance monitoring for cus
tomer convenience and some form of automated meter reading 
to reduce a utility's dependence on the inefficient manual read
ing process. 

A LL t.he e advanced funct ions, however, require fundamental 
changes in meter design. 1n particular, the traditional electro
mechanical meter is not capable of tracking time-of-use con
sumption and does not lend itself to real-time communication. 
And e lectron ic meters t hat do have these capabi l i t i  - o
called smart meters-have been too expensive ($1 1 0-$ 1 25) 
for rout ine  use with sma l l  or midsize customers. For such 
applications to be cost-effective, the price would have to be 
reduced to the $40-$80 range, according to a majority of util i
t ies that plan to implement advanced metering functions. One 

o( EPRI's first priorities in advanced 
metering research, t.herefore, has been 



lo deve lop a new low-cost al l-electronic 
resident i al meter. 

Meteri ng the home 

ln the development of new meters for res
idential and commercial/industrial appli
ca t ions, two design fea tures have been 
given top priori ty-modulari ty and open 
architecture. Modulatity allows the new 
meters to be customized easily to meet the 
needs of various service providers and cus
tomers. Open archi tecture ensure that 

Providing customized retail 
e lectricity serv ice to residential 
customers will require more
sophisticated electronic meters. 
To make these meters inexpen
sive enough to compete with 
conventional electromechanica l meters, EPRI 
has focused on a design featur ing modularity 
and standardizat ion. The result is the SE-240 
meter, whose platform has a built- in elec
tronic d isplay and a standard interface and 
can accommodate a variety of plug-in mod· 
u les for such functions as communications, 
t ime-of-use metering, and load monitoring. 

modules from di_fferent manufacturers are 
compatible with one. anotber. 

The EPRT SE-140 re identia l  meter is 
Lh firs t result of this eITon. It consisLS of 
a standardized platfo nn, which would or
clinarily be owned by the uti l i ty di tribu 
tion company, and plug-in m dules. which 
could be owned by another service p ro
vider  or even by the customer. Th plat-
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form has a built-in electronic display for 
convent ional energy-use reading and is 
based on a set of open-sy tern protocols 
for data transmis ion so that any vendor 
cou ld manufacture compatible plug- in  
modules. The modules themselves enable 
such cust01nized fearnres as r ime-of-use 
b i l ling, communications, prepayment, au
tomated meter reading, and appliance 
monitori_ng. 

"Our ultimate goal is tO facili tate retail 
service rest ructuri ng by offe 1ing end-to
end open standards for t he whole meter
ing process, from pin connections to data 
management ," says EPRI'.s Dave Richard
son, target manager for advanced meter
i ng. �The SE-240 is a key element in this 
standardization ini tiat ive because it  offers 
an open-archi Lecture me Ler pla t form in-
tcad o r  t he  u_ual proprier ary plat form _ I n  

Lhe future, meter w il l  become the poinL of 
competition for de.regulated retail markets, 
and the best wa to keep costs down as me-

ters become more complex is through open 
architecture tha t  enabks easy upgrades." 

TechnicaUy, tJ1e E-240 is a residential 
form 2 meter, designed for 240-V two
phase, three-wire ervice. Once the meter 
is in fu l l - ca l e  produ l ion ,  i s cost is ex
peCLed Lo be comparable LO LhaL of conven
tional meters . Pilot lo ts  of the SE-240 
are. being made avai lable exclusively to 
EPRI members through the tailored co l
laboration program. Host ut ilities wil l  be 
able to choose pl ug-in modules t hat meet 
their particular needs. Communications 
capabili ties are likely to be the mo L popu
lar option, wi th multiple manufacturers 
a lread commi tted to producing the re
quired modules. 

Severa l  communications optfon are 
currently being considered-includi ng ra
dio fr quency, telephone modem, cellular 
phone, power l ine carrier, and optical sig
na l .  U t i l i ties are expected to choose the 
communications media best sui ted to cus
tomer c.haractetistics. For example , radio
frequency modules for drive-by meter read
ing wou ld probably be chosen for urban 
areas, wh ile telephone modems wonlcl be 
used wilh more-di per ed cu tomer i_ n  
suburban o r  rural areas. For uti l i ties that 
con t inue to read meters manual ly, t he pro
cess could be speeded up  by what is called 
an Opro-Port module, whi h could be 
used wiLh existing handhe ld  reading de
vices. For offering more-sophisticated en
ergy management  services, two-way com
municaLion between cu tomer and Ul i l i t  
cou ld  be  provided b a power line carrier 
module.. 

Two other capabili ties being pursued are 
meteri ng of mul tiple ut i li ty services and 
load monitoring. For combined meteri ng, 
researchers envision a con.figura t ion of the 
SE-240-tentaLively cal led the unified ser
v ice meter-designed Lo record water and 
gas use as well as e lectricity use. So far. 
developmenl work in thfa area bas con
centrated on gas and water now sen ors 
and on in terfaces for existing gas and wa-

� 
� ter me ters. EPR I.  is cooperating with th 
� American Water Works ssociat ion on lhe 
I unified service meter. 
I A load-moni tori ng module could be 
I added to the SE-240 to enable a service 
§ provider to obla in  end-use data for plan -

n ing, rncing, and program development .  
uc.h a capabi l i ty would also allow indi 

vidual cu torners to better control their 
electrici ty consumption patterns and re
duce their  costs and could potential ly de
tec t fau l ty equ i pment .  The new module 
would use EPR['s Non-Intrusive Appliance 
Load-Moni toring System (NIALMS) . Tra 
ditionally, load monitoring has Tequired ei 
ther individual appliance meters or mult i
channel meters with remote sensors on 
appliances-both very expensive options. 
NlALMS determines the  energy consump
tion of i_ndividual appliances in a house
hold by analyz in.g mall chang· i n  the 
vol tage and i n  real and reactive power al 
the meter. 



Commercial and industrial metering 
In preparal ion � r developin th ne L 
generat ion or open-architenure ,  m du lar 
m te r  for commercial and i ndu t rial  
( &I) appl i  a L ion , EPR!  ha onductcd 
three u rve to determine what fea tur 
uL i l i L ie and L he i r  cu tomer requi r  . The 
fir L o f  t he urvey focu ed on the n ed 
or 6 1  member u t i l i t ies, elected to provide 
a wide range of company sizes and loca
t ion . The urvey revealed a ariery of spe-
ific plan for retai l  comp t i l i  n , in l udin 

inn vat ive rat , en rgy i n format ion and 
manage ment  erv ic , and pO\ er qual i L 
crvic . The resu l L  of L h i  urve , ere 

complemented by two survey of & I  cu -
Lamer  - eeking, respect ive! , the v iew
p int fr m orporate headquart er and 
t hat from the fie ld-Lo detenni ne " hi h of 
t h  va l u  -added ervi ce \ ould be of in
ter t to L hem and what t hat m ight impl 
for meter requ i rements. 

u rvey or 2 1  national account cu -
tomer focu ed on the advanced m Leri ng 
need or major retail upermarket ,  r tau
ran t , hea l t h  care ,  lodging, and c nve
n i  nee tore c hains, a wel l  a i ndust rial 
customer and go ernment a encies. T p
icall , national account manager pur ha -
encrg)' e rv ices for major corporat i  n 
, i t h  fa il i t i  throughou t t h e  coun t r  . c -
ord ing L o  the urve , pm e r  broker hnve 

a l read o ffered mo t of th fi rm a l tcrna
t i  c to the i r  t rad i t ional e lecLricit pro
v iders-alLernat iv exp Clcd to yie ld cosL 
avi ngs of 5-30% wi thin five ear . I n  con

nect ion wit h t he e developmen ts, the  na
L iona l  accoun t  manager howed a tr ng 
i ntere l i n  au LOmated m ter readi ng, cu -
tomized bi l l ing, and outsour ing or ener 
anal i and managemen t erv ic  . l n ter-

t ingly, few of the manager repor t ed 
problem wi t h  p wer qua l i l  ,, a l though 
man thought thaL ervice rel iabi l i l  m i  h t  
become a concern i n  the future .  

om wha t di fferen l  p ic LU re m rg d 
from a u r  y of 757 u tomer fa i l i t ie 
manager , , ho are typical l  re p n ibl 
for  han d l i ng i te- pe i fi  rvic . ome 
40% of the e lo al manager r pon d 
PO\ e r qua l i L  prob! ms, and abou t  one
Lhird of t hem e pres ed wil l ingness w pa 
for pr m ium power. uch re pon e a re 
being considered as a strong ind ica L i  n 

Lhat po, er qual i t  ' m n i l  ri n mi h t  be 
an imponant modular fealurc for the  new 

I meter. In add i t ion , -+ 1 % f t he facili 
t i  managers were i n lerested i n  learn ing 
more about real-ti me pr i  ing opl ion , and 
33% aid t her , ould con ideni-i ng a U L i l -
i Ly' com m u n icali n n LW rk obt a i n  
variou in format ion  service , i n  l ucl ing 
energ data, u ri L , nd-u mo n i LO ring. 
and I n ternet ace rvice . 
These re pon e ugge L t he need 
for ariou L pcs o f  om m un ica-

f t h  c f i ndi ng , 
EPRI prepared a prcl i m i nar • re
qu i rement  documcm fl r L hc de
velopm n t  o f  an aclvanc cl & I  
me ter a n d  e n t  the  docume n t  L O  
2 0  manufacturer in rt h mer
ica and urope. l n i l i a l  empha
sis has been placed n the  de e l 
opmcn t of mod u le fo r pm r 
qua l i t  mon i t ori ng, non i n t rusi e 
equipment diagno L ie mon i lor-

111 , en rgy mana m n t , and om m un ica
L ion . More than a dozen fa orable r -
spon have bee n rece ived, and a dcmon-
trat ion project i n  o lv ing pr Lo t  'P of 

the new meter is sc heduled for late tb i  
ear. host u t i l i t , i now bei ng ou hL  for 

the  dem nstTa L i  n u nder EPR I's  Lai lorecl 
col lab rat i  n pro ra m . 

"Much of the  basi hardware ha al read , 
b en  d velop  d fo r an ad anc  cl e1 I m -

l r, wh i  h repre_ en ts a major i m prov -
m nL o er o-ca l lccl t ime- f-u e meler 
t ha t  di fferen t jate nly be t \  een consum p
t ion off-peak and on-peak .� ay proj l 
manage r Larry Carmichae l .  � ur efforts 
are con entrated n cl veloping th appl i
cat i ons softwar n cded to u ppon new 
en rg r ice . We are also oncemed 
abou t  loweri n the  c t o t ha t  t he new 

The abi l ity to tel l  what appl iances in  a home 

are in use at any given time-without having 

to resort to expensive individual monitors or 

sensors-would al low customers to better 

control their electric bi l ls  and would give 

service providers valuable data for use in 

planning and rate design.  EPRl 's patented 

Non- Intrusive Appliance Load-Monitoring 

System (NIALMS) a lgorithms determine the 

energy consumption of individual appl iances 

by recognizing patterns of change at specia l  

meters, l ike the one shown here. 

meter can be u cd in mai ler  u tomer fa
cil i t ic . In add i t i on  we're de e loping a 

L ALM 

ac u ra t  mon i t o ring of uch comp l i  at d 
equipmen t a lar e refrigerat ion and a i r  
c ndit ioning s tem . 

Load profiling 
mi l  Im - o L advan ed meter a re wid ly 

avai lab le , h wever, t her tra Legie wil l  be 
n ded LO nablc mal l  and medium- ize 
cu LOmers LO Lake advanta of r L a i l  mar-
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ket restructurino. One al t rn a t i ve t co l
lecting rea l -t ime data for L ime-of- use pric
ing  is Lo deve lop load pr fi l e  f di fferent 
customer segments. Gi en a part icu lar 
cu Lamer' metered total energy u e and a 
load pro file showi ng the pattern of dai l  
energ u e for t hat cu L mer la , a u ti l i ty 
could est i mate what the cu tomer' hourly 

Lem opera t i  n a nd ma e en I e cu -
tom rs . For exam p le, f f  an al ternative ser
vice provider cou ld  determi ne which of its 
co m pet i tors· customer have u age pa t
tern t hat differ i n  substantial and be.neli -
i a l  w a  s from t heir a signed load profile ,  

the a l ternative provider could offer them a 
more aura t ive rate. 

consu m pL ion wou ld  have been. 
A sma l l  onvenience stor 

n igh t ,  for example , migh t ha 
leve l dail load profile, e x
cept for harp pea] during 
ummer afternoon \ hen iL -

ai r condit ioning load is h igh 
est. Very d i fferen t l oad pro
fi le  wou ld be hown by a 
weldi ng hop or a law f irm . 
Eve n resiclentfal l oads sho\ 
great variab i l i ty :  on ider, for 
example , the di fferences in 
load profi l for a home where 
h i ldren are pr cn l  all clay 

and a home 1hat is usually u n
occupied between breakfa L 
and upper. 

open all 
e a fairly 

"Clearly, load pro fil ing i a n  increasingly 
imp nant and complex i ue for ma ny 
uti l i t ies," poi n ts out EP R l 's jere my Bloom, 

• Clothes dryer 
Water heater 

• Ai r condi tioner 
CoHeemaker 
Wel l  pump 
Blower 
Refrigerator 
Other appl iances 
and residua l  

0.8 
� 0.7 
� 0.6 
.s o.s 
C . E 0 .4 
'f:2 0.3 
.c 0.2 

5.8% 

. 
'\ 

7.6% 

22.6% 

. 

I I ' -

ten i e database on hourly electricity con
su m ption for al l  major  residen t ia l  and 
commercia l  marke t egmen ts . The cen ter 
can also provide i ndividual uti l i t i  wi th  
cu tomi2ed , weather-adju tecl load pr -
fi l e  for eve ry hour of the  yea r. I n  addi
L.ion, C ED ffer a variety of consu lt ing 
services on th use f its data for model-
i ng the  consumption of speci fic cu tamer 
grou ps. 

Uti l i t ies can u e lo d hap from C E ED 
direct ly \n EPRI' Profi1 an
ager oft \ are to elect , and 
1 hen prepare to erve, par-

27. 1 %  

ticu l ar market segmen ts. 
peci fica l ly, on t he b i of 

load profiles of various mar
ket egments, ProfitManager 
can determi ne the sectors' 
margi na l profitab i l i t y  i n  l igh t  
of propo ed service offering . 
I n  addit ion LO tell ing a u 1 i l i ty 
t he l i ke ly  effect o f  lo i ng  or 
gaini ng a customer i n  a pe
c i fic market egme nt ,  Profi t-

A reta i l deregu lat ion pro
ceed Late by tate, an in
creasi ng n u mber o r  custom
e r  w i  1 1  be el igi bl for rat e  
b a  e d  on load profiling. I n  � 0.1 ... t,.. ,.._ j 

r,,, -;- ........ :.. 'I.- � 
\ 

anager can help detennine 
what t pe of rate truct u re 
wou_ ld  provide a u i table bal
ance between the cost of serv
ing a cu 1 omer and t he rev
e n ue received . -

Event ua l !  , mo l u 1 i l i t i  
---..LA A i.. II r_, J ..l 1/L. rv: 'I' '-" 1 1  V 'II. ·- ., • I.I ..... ' 
!L ... � , - . .,,._ e\ Ham p hi re, for e am

ple, u tamer  wi th maxi 
mum dema nd le t han 1 00 
kW can choo e elect r ic i t }' 
suppliers that offer them load 
profil i ng rather than t i mc-of
u e metering. I n  a liforn ia ,  

0 
Midnight 6:00 a .m. Noon 6:00 p.m. w i l l have 10 supplement the 

By apply ing NI ALMS, customers and uti l ities can keep track of appliance use 
and total energy consumption. This profile of household energy consump
t ion for an average weekday, for example, shows an early morning peak 

data obtained from EEO 
by cond uct ing some L i me
recorded metering of elec
t ricity end u e at t heir own 
customer · i tes. h is  proces 
can  be cxpen ive and t l me
consu m i ng, but · P RI offe r 

for a water heater, a later peak for a clothes dryer, and a gradual rise in air 
condit ioner use throughout the afternoon. Aggregating such daily data 
into a monthly cumulative report reveals that together the water heater 

u tomers wi th demands les and the air conditioner account for about half of all the energy consumed in 
t han 50 kW are in i t ia l ly  l i - th is household. (Graphs courtesy Enet ics, lnc.) 
gible for l oad profiling, al-
though mo t or tho e in the 20-50-k 
range wil l eventua lly have IO i nstal l me
ters that record load data for e l ected t ime 
i n terval 

Reliance on load e t imate rat her than 
o n  d i rect metering offer  both advantages 
and ri k . The main benefit i that load 
pro fil ing enable more cu comer 10 par
t icipate i n  reta i l  di rect ace while allow
ing  ur i l i l ie t o  dere r  major i nve t ments i n  
ne\ meter . On the  other ha nd ,  b y  re ly ing 
on approximate load data ,  u t i l i t ie ma e -
peri nee more energy i rnbalanc in y -
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manager for re tail market too l and ser
ices . "We can hel p them in t h ree way : by 

prov id ing load re earch data , i mpl i fying 
the use of t he e data fo r market e lect ion , 
and reducing the amount of ample meter
ing requi red lo create load profiles . � 

To he lp  provide u t i l i t ie wi 1 h  bcner in
formation o n  ustomer load , E PRI ha 
e tabl i heel the  Cen ter for End- e En
e rgy Data ,  o EED-t he only national 

l eari nghou e for the col lect ion , a embly, 
and d i  1 r ibu t i on of high-qua l i t  l oad re
earch re ults. EEO has crea ted an ex-

Re hape, a set of software 
Looi to leverage existing data and minimize 
the need for detai led metering. ReShape en
ables a u t i l i ty  to c n t ruct load hap from 
easi ly obta inab le  sources of in formation ,  
uch as b i l l ing records, customer urvey , 

and mal l- cale meteri ng projects. More
co t i  end- use metering ma t hen be re
quired only for model calibration . 

The need for standards 

The mo t i mportant  unr ol ed is ue re
la t ed  to metering a th u t i l i t y  indu t ry 
prepares for greater rera i l  compe ti 1 ion is 



t he need for standards 011 how meter da ta 
are to be formatted and commu nicated . A 
the fi r  t ta le to give e lectric i ty ervice 
provide rs d i rect acce lo al l  retai l c u  -
LOmers, Cal i forn ia ha be n at t h e  fore
fron t  o f  t he some t i mes content ious pro
cess of adopt ing m ete ri ng s tandards. I n  
May 1 997 , the Cal ifo rn ia P ubl i c U t i l i t ies 
Co mmi  ion ( C P  C) o rder cl the Lale' 
three major u t i l i ty d i  tri but io n com panies 
to hold a workshop wi th other intere ted 
part i t o  develop t he n ecessary standard 
for meteri ng quipmen t and funct ions. 

Endorsi ng the  u e of open-archi tecture 
standa rds, the report from this work hop 
recommended that speci ficat ions for in
terfaces, serv ices, proLOcols ,  and data for
mats be "vendor neu t ra l , publ i heel , free ly 
available" ,md be agreed on " i n  an ope n 
proce s, u nder the  auspice of a recog
nized nat ional or i n ternat ional standards 
body:· The report al o iden t i fied t h r  e key 
me Ler i ng s t e m  for who e i n terfaces the 
u e of op n-a rch itecl ure tandards houkl 
be co nsidered : the  m eter i tself, t he  meter 
data commun icat io ns y Lem , ancl t he  mc
Ler data management en1e r (computer 
sy Lem ) . 

Respondi ng 1 0  t h i  workshop report i n  a 
eparate "j o in t  comments ' u bmitta l to 

t he CP C, o t her i n te rest ed pari i e  , i n 
c l uding E P R L .  reco m m  ·nded t\l o i n ter
face in particular for die a pplicat ion or 
open -arch i tecture standard to facil i ta te 
retai l compe t i tion :  t he i n terface between 
the meler and the meter reading and com
munications ystem and t h at be tween t he 
meter da ta  management server and the  
appl icat io n o ftware u eel  by ervice pro
v iders . The  group noted t hat ta ndard 
a l ready ex i L for th e  phy ical i n t erface 
between t h e  meter and the  meter • oc ke t 
on the  customer premise and aid t hat no 
standards a re curren t l y  n eeded between 
the meter data communications and data 
ma nagemen t  ystems, i nce peci ficat ion 
for t hi l ink could ea i ly be negot iated by 
the companies invo l ved . 

Acting o n  the e and other reco m menda
t ion , t he CP C in ovem ber  1 997 is ued 
a decision covering m eters and meteri ng 
services. The decisio n e ndor eel the con
cep t  of open archi tect u re , e tabl i heel a et 
or i n teri m min i m u m  _ta ndards to be u eel 

du ring the  t nnsit ion period t o  reta i l  direct 
acces , and created a working group Lo 
rec 111 111 nd what perma nen 1  tanJ:ird 
the CPU sho u l d  aclopl .  The work ing 
group was a lso asked lo i ndicate whe1 her 
other standards are CJ  pectecl in the fut u re 
and to 1·ecom me nd a p rocess for reviewi ng 
pos i b le fu t u re chang LO th p rma n  n L  
standards. 

E PR l 's Wil l iam Blai r, ma nager for i n for
mati n and au 1 0 1 1 1 a t ion technol ogy, ex 
plai ns t he imponan e of t he CPU deci
si on for EPR L  members : "At least a dozen 
tat are fol lowing closely the mete r ing 

sta ndards of Cal i fo rn ia, so wha t  we·re ee
ing here i p robab ly  t he  b inh  of de fac to 
nat io na l  t a ndard . I t  n ow appear t hat 
EP R L ' U t i l i l  Com municat ion  A r  h i tec
ture should play a key ro le in p ro id ing 
the techn ica l  basi ror L hese tanda rds, 
since CA includes detai led protocol for 
meter data forma t t i ng  and data om m un i
cal ion . uch open -arch i tectu re standards 
� ould faci l i tate the  ime roperabi l i ty of 
equip ment  produced by d i ffere n t  vendo rs 
and used by energ ser ice providers, me
ter dat a ma nage me n t age nt , and meter 
age nt . U A wo u l d  also e nable t he acldi
Lion or new se nri.ces w i thout  ma iv.: ys
lem u pgrade and provi de greater ecu ri ty 
for cu tom r data . "  

Ongoing research 

Eve n a d iscu ion ahout meteri ng tra t 
egies and standa rds co n t i n ue, a techno
logical wi ld  card ha appeared t h at may 
change ome basic as u mptio n . New cur
rent and vo l t age ensors now emergi ng 
from the laboratory could he lp reduce L he 
co t o f  a l l -e lectro n ic meter enough LO 

make them competi t ive  wi th  e lect ro
m echan ical wa n hour me ters . The ensor 
are created by a s i l icon -e tch ing proce 
and thus can  be bui l t  i n to the i ntegrated 
circuitr of an ekc 1 ronic met er, replacing 
the curren t  transformer now u eel . Re
sea rcher bel ieve t hese sem icond uctor
ba ed e n or may al o make power qua l 
i ty mon i tori ng co t -efTect ive in many more 
i tuat ions. 

l eanwh i l e , PR l  is conduct ing u rvey 
of househo lds to determ ine  th - l i kely re
spon e of res iden t ial  cuslOmer t o new 
type of ervice made possible by ad-

van ced meter . l n par t icu lar, cu Lamers 
w i l l  be asked to i ndicate t h e i r in t e re in 
au tomatic bil l ing to a cred i t  card, i temized 
bil l i ng showi ng e nergy con u m pt i on b 
major  appl ia nces, t ime-of- use rates. and a 
i ngle hi l l i ng f r m u l t i p le u ti l i ty services. 

The resul t s of t. h i  u rvey, l ike t hose of Lhe 
C&l urveys a l ready conducted , wi l l  h Ip 
u t i l i t ie. evaluate cuswmer desi re and w i l l 
i ngnes to pa  for new meters and the  ser
vices they fac i l i tate . 

To h e l p members pre pare for t he me
teri ng change ahead EPRI 's Adva nced 
Met  ri ng Target ha lau nched three new 
I n ternet Web i l e  . One i t e  ( ww. .epri .  
com/pdg/clist /j t a rgets/a m ) p rovides gen
eral i n formatio n and is open t o  t he pub
l ic. Anot her (www.epriweb.com/pdg/dist/ 
j ta rge /am ), open on ly  to E PRI members, 
provid es i n -dept h, market- ensit ive in for
mation on the met eri ng indu t ry. BoLh 
i t e  i ncl ude a database of dome L i e  and 

foreign meter  products and vendor-. new 
abou t  adva nced me te rs a nd auto mated 
meter read ing tec h n ologi , and gu ide LO 

mete ring publ ica L io n  . The third Web si te 
(w.vw. e240 .com) i pri maril for po t en
t i a l  provide r o f  modu les for the  E-240 
mete r. Detai led tech nical speci ficat ions for 
in terfaci ng modu les w i th the E-240 are 
incl uded at thi site. 

" E P R I ' accompl ish ments in Lhe ad
vanced me ter ing a rea i llust rat e t h e  i m
portance of col laborat ive research i n  an 
era of reta i l  com pet i t ion,» concl ude Karl 

ta h l ko pf. " ot on ly a re our  efforts pro
ducing low-cost meter that wi l l  he lp fa
c i l i ta te compel i L ion a t  the reta i l  l eve l , bu t  
we a re al o mal i ng ure  t h ey encourage 
the  u e of open arch i tecture-rathe r than 
p rop rieta ry protocols that coul d lock a 
u t i l i t y i nt o  using t he products of a i ngle 
vendor. Jn add i t ion , our basic re earch  bas 
led Lo the deve lopment of new en or t hat 
coul d fur ther r v l ut ion i ze  mete r ing in 
t he  near fu ture. nd t h rough oopera t ion 
wi t h i nd ividua l u t i l i ty mem ber- and thei r 
state regula tor  , we a re provid i ng tec h n i
cal u ppo rt for the  developmen t of nat ion 
wide ta nda rds for formatt ing and com-
mun icat ing mete r data . '' • 
Oac!1gmw1d i flfonnat io1 1 Jo ,- r / 1 i art i le was provided 
by Dave Ricl1 1mlso11 a11d Larr a1 111 i rlwd, Ei1e 1'&)' 
Ddi "c, , and 1 i / iz.a1io1 1 Di l' is ion. 
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J h e S t O r J i O 8 r i e f ISO 1 4000 is a 

series of voluntary international stan

dards for implementing an effective en

vironmental management system. S ince 

the first standards were issued in 1 996, 

hundreds of companies abroad and 

dozens in  the United States have cho

sen to adopt them and become regis

tered . Two U.S. uti l it ies who moved 

swiftly to do so say that they have real

ized sign ificant efficiencies and cost savi ngs and that their environmental 

stewardsh ip has been enhanced . Questions remain about market acceptance 

of the standards and about the response of regulators and environmental 

groups. But many compan ies see ISO 1 4000 as a way to gai n a competitive 

edge and are acting accordingly. EPRI has a range of field-tested products 

that can help uti l ities implement the i r  environmental management goals-

whether or not those goals are driven by ISO 1 4000. b y  S t e  y e  O V o  i e 0 
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I • 
• 

GE ERATl G FA ILITlES GO,  t h e  M i chigan Ci ty sta t ion-owned by 

o rthern I ndiana Public Serv ic Company-is not unique: i t  consi l s  of a 

500-M W coa l - fi r  d p l an t  and t h ree smal l gas boi ler  . What make i t  
••• intere t i ng i i t  l ocat i on-or, more specifica l ly i ts neighbor . n one 

side  i an ou t l et mal l  bu tling with cu tamer · on  ano ther ide is a 

mari na , w i th an adjo in i ng na t i ona l  park and the blue wa ter of Lake M ichigan tretch

ing beyond. Aero a dogleg o f  the creek that supplie the tal ion' intake wa ter is 

a Coa t Guard fac i l i ty ;  not far  beyond that is an o ffi ce o f  the state Fish and Wi ldl i fe 

D iv i sio n ,  which fal l s  under t h e  au thori ty of the I nd i ana  Departmen t  of Natu ral Resources. 
"You cou l d  a y  w e  have i n t e r  s ted ne ighbors ,"  say J o hn  F l egel ,  environmental and chemical 
compl iance peci a l i  L at I P  0 .  

Becau e o f  t he  M i ch igan i ty plant 's loca t ion ,  N IPSCO has always exercised heigh tened vigi lance 

wi th  regard to env i ronmental i ues-for example, payi ng pedal at tention to tack opac i ty and 

taking a range of measure to cont rol du  t from the Powder River Basin coal that is the plan t's 

ma in  fue l .  Despi te t hese measures and de p i te an excel lent record of envi ronmental stewardship, 

j I P  O cha e i n  eptember 1 996 to go further, launching an in i tiative to at tain 150 14000 regis
i. 
§ t rat ion ,  which i t  ach ieved i n  March of la t year. 
ii; 
§ Moving to  1 0 1 4000 wasn't a d i fficu l t  dec i  ion , acco rd ing to N I P  CO's Arthur  Smi th ,  p rincipal 
� " execut iv and coun el , Envi ronmental A ffa i rs. " doptlng t h  e tandards wa very consisten t with 
g 
� where we were going anyway. Upper managemen t  was a lways supportive. " 
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Smith admits that achieving ISO 14000 
registration was "a bit of work." But he 
says N lPSCO has reaped significant bene
fits in terms of cost savings, reduced envi
ronmental impact, and beuer-managed 
operations-so much so that it has now 
gone on 10 register all four of its coal-fired 
power plants and seven service facilities. 

Smith and other NIPSCO managers be
lieve 150 14000 has been a net plus for the 
company. Management at Niagara Mo
hawk Power Corporation, the other U.S. 
utility to adopt ISO 14000, is equally pos
itive. But are these two utilities the rule or 
the exception? Should utilities that already 
have an effective environmemal manage
ment system (EMS) in place make the ex
tra effort to adopt ISO 14000? Before a t 
tempting to answer these questions, it's 
worth taking a closer look at what 150 
14000 is-and what it isn't. 

In the United States, large companies in the 

chemical, automotive, and electronics in

dustries are leading the way to IS014000 

registration. Most of these- including IBM, 

3M, Du Pont, and the Big Three automakers

have significant international operations. 
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Companies can choose 

150 14000 is a series of voluntary interna
tional standards for implementing an ef 
fective EMS. The standards are designed to 
help manufacturing and service compa
nies of any size-across all industries
develop a uniform set of EMS elements 
that will help them achieve their own en
vironmental goals. Companies that choose 
to adopt the standards make a dear man
agement commitment to an environmen
tal policy, fomrnlate a plan to carry out 
that policy, identify activities that signifi
cantly impact the environment, and train 
personnel in environmental practices. Fi
nally, they create an audit and senior man
agement review system to ensure that the 
program is implemented and maintained. 

A registration audit may then be carried 
out by a third-party registrar that has been 
accredited by a joint program of the Amer
ican National Standards Institute and the 
Registrar Accreditation Board (ANSI/RAB). 
Subsequent surveillance audits, conducted 
once or twice a year, confirm continued 
progress toward environmental goals and 
are a condition of maintaining registra
tion. As an alternative to registration, a 
company may choose to simply declare it
self to be in confom1ance with ISO 14000 
standards. 

Compared with many international reg
ulatory standards, ISO 14000 is a flexible 
set of criteria, one that is aimed at improv
ing the process of environmental manage
ment rather than measuring pollution out
put. Companies or organizations, even 
those within the same industry, may have 

widely differing EMSs and performance 
and still comply with ISO 14000. 

"What's striking about these standards,'' 
says Winston Chow, EPRl's product line 
leader for land and water, "is what they're 
not. They aren't thick, complicated docu
ments that lay out specific measures of 
performance. They aren't regulatory mea
sures with the force of law or a set of lim
its on pollutants or emissions. They don't 
address occupational health and safety re
quirements. Instead, they're short, rela
tively simple principles that encourage a 
company, first, to identify clear goals with 
respect to the environment and, second, 
to find ways to measure progress toward 
achieving those goals. The idea essentially 
is that if everyone adopted roughly similar 
environmental management practices, we 
would all be better off." 

EPRl's Mary McLearn, manager for en
vironmental asset management, notes that 
EPRI has been working for nearly a de
cade to develop a family of tools, guide
lines, and methodologies to allow utilities 
to achieve their own objectives with re
gard to environmental excellence. These 
EPRl products anticipated the emergence 
of ISO 14000 by several years, she says, 
and can be used-either individually or in 
combination-in implementing the new 
standards. 

ISO 14000 includes 20 standards, the 
first 5 of which were released in Septem
ber 1996. The foundation document in the 
series, ISO 1 4001, presents core specifica
tions for developing an EMS and is the 
only standard open to audit for the pur-



poses of registration (also called certifica
tion, especially outside the United States). 
All other standards either support ISO 
14001 or tell how to analyze product char
acteristics. The 14004 standard comple
ments 14001, providing descriptions, ex
amples, and practical advice for imple
menting an EMS. LSO 14010, 14011, and 
14012 contain guidelines for aurut proce
dures and lay out qualifications for audi
tors. The sixth standard-14040, which 
came out injune 1997- presents a frame
work for the application of life-cycle as
sessment principles. FuLUre standards will 
cover environmental labeling, site review, 
and performance evaluation. 

Where do the standards come from? 
LSO, the International Organization for 
Standardization, was founded in 1946 as 
an independent, nongovernmental organi
zation with a mandate co develop volun
tary consensus standards for goods and 
services. ISO's goal is to achieve greater 
functionality of goods and services be
tween countries and to develop standards 
for emerging technologies. The organi
zation's standards cover everything from 

credit card thickness Lo the safety of wire 
ropes to photographic film speed. 150 is 
made up of representatives from more 
than a hundred countries, including the 
United States, which is represented by 
ANSI. Technical work, highly decentral
ized, is carried out by some 2700 commit
tees, subcommittees, and working groups. 
It took four years to develop and gain ap
proval of the ISO 14000 standards released 
to date; a U.S. technical advisory group 
participates in the development and re
view process. 

The 14000 series of standards grew out 
of an increasing global interest in sustain
able business practices-and out of a con
cern that proliferating individual-country 
environmental standards might lead to 
more-restrictive trade barriers. In the late 
1980s, ISO released a series of quality 
management system standards (ISO 9000) 
that have gained widespread international 
acceptance. Adoption of the ISO 9000 
standards is now generally viewed as a 
beneficial business practice; in some in
dustries and regions, il is a prerequisite 
for competing in the marketplace. The LSO 

9000 series is not a model for or 
a precursor of ISO 14000, how
ever; the two sets of standards are 
very different, and the general 
acceptance of one doesn't mean 
the other will be similarly re
ceived. Thus it's worth taking a 
look at how the market has re
sponded to ISO 14000 after the 
first full year of the initial stan
dards' availability. 

The market begins to move 

Acceptance of ISO 14000 has been most 
rapid in Europe and Asia, where registra
tion has been driven by proactive govern
ment support. More than 450 companies 
in Asia have facilities registered. Some 
300 of these are in Japan, whose Ministry 
of International Trade and Industry is ac 
tively promoting the standards; Canon, 
ToyOLa, Sony, and Mitsubishi, for example, 
are all moving rapidly toward registration. 
A number of other Asian countries have 
also adopted ISO 14000. 

ln Europe, more than a thousand com
panies have registered, with the majority 
of these in the United Kingdom, Germany, 
and the Netherlands. The European Com
mission is currently considering whether 
lSO 14000 standards may satisfy the im
plementation requirements of regulations 
now being used in member countries
the Eco-Management and Audit Scheme, 
or EMAS, and the British environmen
tal standards BS 7750. Canada has also 
moved swiftly toward the new standards, 
specifically for the electric power industry. 
The Canadian Electricity Association has 
called for all its members to have an EMS 
in place that is either ISO 14000 certified 
or is consistent with ISO 14000 standards. 
The association will verify conformance 
through random audits, using ISO 14001 
as its benchmark specification. 

The numbers are smaller in the United 
States-something over 75 companies to 
date have registered- but the names stand 
out: IBM is looking at corporate-wide reg
istration; Rockwell and Lucent Technolo-



Imp lementing ISO 14001 
150 1 400 1 speci fies 1 7  elements for developing a cert i fiable environmental manage
ment system (EMS) . These elements are designed to create conti nuous improvement, 
but they do not speci [y how this improvement should take place or mandate specific 

technologies or emissions levels. 

1 ,  Create a plan n ing and action frame
work by defining your firm's com
m itment to pol lution prevention 
and the environment. 

2, Identify the significant environ
mental consequences of your 
products, activit ies, and services. 

3. ldenti [y relevant laws and regula
tions. 

4. Establish envi ronmental object ives 
and targets for your firm that are 
consistent w i th  company policy. 

5. Create an envi ron mental manage
ment program-an action plan for 
achievi ng objectives and targets. 

6. Establ ish management responsibil
i ty and authority as well as finan
cial resources for implementing 
your EMS. 

7. Provide ski l ls and awareness train
ing to employees so that they can 
carry out their environmental re
sponsibili t ies. 

8. Set up procedures for internal and 
external communicat ion abou t en
vi ronmental management issues. 
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9. Establish documentation describing 
the interaction of EMS elements. 

1 O. Ensure effective procedures for 
con trolling and accessing system 
documents. 

1 1 . Achieve operat ional control by 
planning and managing operations 
and activities in l ine with company 
policy and objectives. 

1 2, Identify potential  emergencies and 
establish preparedness and response 
procedures. 

1 3. Monitor key act ivi t ies and track 
performance. 

1 4. Invest igate and correct "noncon
formances" to prevent recurrence. 

1 5. Keep adequate records o f  ongoing 
EMS performance , documenting 
compliance, trai n ing, audits, and 
corrective act ions. 

1 6. Perform periodic audits of your 
EMS to be sure it is operating as 
in tended and providing feedback 
to management. 

1 7. Rev iew the EMS periodical ly to 
effect continual improvement. 

gies are registering e lected faci l i t ies; 

Honda and Ford expect to be registered 

with i n  two year ; D u  Pont, 3M,  Gene ral 
Motors, and Chrysler are also moving to

ward registrat ion .  Accord ing to Pau l  Rad
cl i ffe , a sen ior project  manager at EPRI ,  
i t 's no accident that t hese companies have 

moved o aggre sively :  "Mo L e i ther have 
opera t ion  overseas or com pete in t hose 
market . l f  u rope and Asia are goi ng to 
I SO 1 4000, U .S .  compa nies that operate 
t here wil l have to do the same to avoid be

ing placed at a compet i t ive disadvamage . " 
Radc l i ffe poin ts out t hat this wi l l  have 

ripple e ffects in the domestic economy, 
even for companies that don't operate over
seas. The Big Three automake rs, he ay , 

are already looking er io usly at requi r ing 

t he i r  su ppl iers-including their energy 
suppl iers-to be in compliance wi th 150 
1 4000. To help put 1 0 1 4000 deve lop
men ts i n  perspect ive , EPRL ha recent ly 
p repared a whi te  paper on the  i m pact of 

the standards on the ut i l i ty industry. 

Brian Borofka, sen ior st rategist at Wis

con i n  Elect ric Power Com pany, observe 
that there seems to be steady progre s to
ward market acceptance of I O 1 4000, 

part icu larly in the auto and h igh-tech i n
du tries. "There's a growi ng perception that 
i f  we need to mea u re EM , l O 1 4000 
m igh t  be the be t s tandard to use ." 

Divided regu lators, mixed greens 

l O 1 4000 puts regulatory agencie in 

ometh i ng of a quandary. On one hand ,  
they recogn ize t hat a nexi ble, market
driven a pproach to pol l ution prevention 
may ult i mately prove more effective than 
tradit ional com mand-and-control environ 
menta l regu lat ion ; a the economy grows 
in size and complexi t }', regu lators have 
begu n to real ize they simply don't have the 
re ource to m icroma nage compliance . A 
set of standards l ike I O 1 4000-which ,  

rat her than s i mply focu ing  on what  
comes out of a stack or efnuent pipe, en 
cou rages source red uction pract ices and 
decision maki ng that takes into account 
effect ive l i fe-cycle co ts-makes sense . 

On the other hand , regulators worry 
t hat i f  t hey give pec ia l  recogni t ion or 
preference to regi tered companie , t ho  e 
companies may expect some form of regu-



laLo r  rel ief. This confl ict i evidenL at  
th nvi ronrnental  Protection Agen
c , w h ich has endor eel t he  overal l  goals 
of I O 1 4000 but has been wary of sug
gestions that it grant registered companies 
some form of special u·eatment .  A visible 
fau l t  l i ne  has emerged a t  t h  ag n y be
tween those who ee prom ise in ISO 
1 4000-as a means of reinvent ing govern
ment and harnessing market forces toward 
the goal of pol lut ion reduction-and tho e 
who advocate a more tradit ional compli
ance app roach . 

Late last year, however, the  EPA took a 
step toward adopting a single agencywide 
po i t ion ,  and the 1ep clearly favored the 
reinvemor . ln an internal memo, Depu ty 
Administrator red Hansen declared: "En
v i ronmenta l management sysLems hold 
great promi e ror improving environme n
tal cond i t ion in the Un ited rat a nd in
ternat ional ly. "  Han en gave Chuck Fox, 
asso iate admin istrator for reinven tion, 
lead responsibili ty for E M  pilot , pro
grams, and commun icat ions and d irected 
h i s  team to encou rage EMS panne rsh i p  
wi th states and private- ector group 

A number of states haven't wai ted for 
the EPA but have already begtm to explore 
the benefits of I O 1 4000. M r t han 1 2  
are part ic ipating in a multistate working 
group established last summer. The state 
w iU each nm 5- 1 0  pilot programs and will 
co l laborate to assess the economic and en
vironmental benefits. States see in ISO 
1 4000 the potential fo r  doing a more effi
cient job of protecting the environment 
while at the same L ime helping the econ
omy. According Lo one Wisconsin regula
tor. "accountable devolution"  of regulatory 
auth ri ty is more effective than a central 
ized command-and-control approach-an 
approach , he says, that addresses barely 
L O% or '' Lhe opport un i t ies and problem 
associated with the environment ." 

M i ch igan,  a l though not a part ic ipan t  i n  
the mult istate working group, ha m o  eel 
forward with its own EM -based experi 
m nt .  Compan ies t hat have a g od com
pl iance record, have a formal pollu t ion 
prevent ion program, and are either I 
1 4000 regi tered or have a s imi lar - M  
are i nv i ted LO j o i n  t h e  Clean Corporal  
Citizen , or 0, program. 0 !i nns receive 

Key ISO 14000 Sta ndards and EPRI Products 
Environmental Management System (ISO 1 400 1 )  
• Po l lu t ion Prevent ion P lann ing Guide (TR- 104377) 
• ASAPP2: Accoun ting Software for Pollution Prevention (AP- 1 06564) 
• Information trat gic for Environmen tal Excel lence (TR- 1 07694) 

Environmental Performance Eva luation (IS01403 1 )  
• Environmental Performance Measurement Framework (TR- 106078) ;  being 

revised in 1 998 

Life-Cycle Assessment ( IS0 1 4040) 
• Li� -Cycle Co5L Managemenl ystem (TR- l 05t43 . Vols. 1-3) . software and 

manual ; being revised in 1 998 
• Ufe-C de Decision-Making ystem (TR- 1 05443, Vols. 4-S) . software and 

manual ; being revised in 1 998 

EPRI has developed and field-tested a variety of products to help uti l it ies implement their en
vironmental management goals. Many of these products correspond directly to the individual 
elements involved in IS01 4000 registration. 

pc1mit waive rs for itc const ruction or 
modi ficat i on , get fa t- track perm i lS for air 
quality modifications, and are allov ed Lo 
operate under a p lamwide applicabi l i ty 
limit .  Ford ,  Chrysle r, and General Motors 
ha e enter d the  program ; a nu mber of  
other ompanie are applying. 

Over the com ing ear , t hese ongoing 
dem n ! ration· wi l l  pro i<le l iard ev ide nce 
of , hether I O 1 4000 does in fact make 
good en e for both  t he environment and 
the e onom . Ir th e an wer i po i l ive,  reg
u la tors ·eem prepared to get on board. 
They may not, hov ever, be joined by en-

vironmental organizations. According LO 
Michael 'vlcCloskey, chainnan of the Sierra 
Cl u b, EM standards that focus on im
provi ng process rather than on measuring 
specific pol lu tion outputs are ba eel on an 
assu mpti on t hat firms wi l l be led toward 
doing the right th ing.  But ,  he say , such 
ta nda rds "stop sh rt o f  i nqu i ri ng abou t 

whe Lher  the r ight Lh ing i n  any  given ca e 
actuall gets done. " 

McCloskey acknow l edges t hat a prop
erl y i m plemented l O 1 4000 p rogram 
h ulcl i m prove a company's overall level 

of e nvi ronmental performance, increase 
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Power Corporation was the first U.S. oil/gas

fired electric generating station to adopt ISO 

14001 . After achieving fast-track registration 

for the station in approximately one month, 

the company went on to register three other 

fossil fuel plants and two nuclear plants. 

business buy-in (since it was developed 
under the guidance of the business com
munity itsell), and give market legitimacy 
to environmental goals. He also lauds the 
fact that 150 14000 would set a floor for 
acceptable business operations, something 
that may be of particular value in the 
developing world. At the same time, he 
worries that ISO 14000 registration might 
mislead the public, implying that a given 
firm is minimizing its impact on the envi
ronment when in fact "it's unclear how 
much bad performance can slip through 
the process-oriented net of 150 14000." 
McCloskey also complains that U.S. firms 
are not required to make the results of 
their audits public and that there is inade
quate provision in the ISO 14000 process 
for public participation. 

Some environmental organizations in 
Europe have already come out publicly 
against ISO 14000, assening that firms are 
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in the standards-but other utilities have 
not yet seen- that made them take the 
plunge? 

Christopher Kolarz, director of Niagara 
Mohawk Environmental, says, "We were 
already good practitioners of corporate en
vironmental management, but we felt this 
would drive our compliance program to a 
much higher level. And we were pretty 
sure we would realize a host of improved 
operational eITiciencies and other atten
dant benefits- which, in fact, we have." 

Niagara Mohawk's managers were also 
motivated by market considerations. The 
company is divesting itself of all its non
nuclear generation capacity- fossil and 
hydroelectric assets amounting to 4217 
MW- and sees ISO 14000 registration as 
a way to add value to the plants it will 
place on the market. More broadly, Niag-

ara Mohawk believes that it 
won't be long before compa
nies selling in international 
markets will be required to be 
registered-and that this will 
rapidly work upstream to en
ergy suppliers. 

The Michigan City generating station- a  500-MW coal-fired 

Niagara Mohawk registered 
its first fossil fuel plant in 
April I 997. Kolarz describes 
the process as something of 
a sprint, carried out in about 
30 days and requiring several 
hundred hours of prepara
tion; all the work was done 
in-house, but an ANSl/RAB
accredited registrar was called 
in for the registration pro
cess. By the end of November 

plant bordered by a mall, a marina, and a national park-was 

selected by Northern Indiana Public Service Company as the 

first of its facilities to adopt ISO 14001. It became the first 

U.S. coal-fired plant to be registered to the new standards. 

using it as a means of getting around emis
sions standards. U.S. environmental groups 
are still trying to sort out what ISO 14000 
may mean for the environment, but they 
are watching the EPA and state regulators 
closely for signs that existing legislation 
may be relaxed. As McCloskey puts it, the 
government "should steer clear of gelling 
entangled in ISO 14000." 

Yes, yes, and "not now, thanks" 

Two U.S. utilities, Niagara Mohawk Power 
Corporation and NlPSCO, have moved 
quickly and comprehensively to embrace 
ISO 14000. What did these companies see 

1997, the company had repeated the pro
cess at three other fossil plants and two 
nuclear plants. This year, it is pursuing 
registration for its hydroelectric generat
ing capacity. It is also using its expertise to 
help other companies, including some of 
its customers, implement the standards. 

Kolarz says that many utilities, espe
cially those with a relatively robust EMS in 
place, should be able to do most if not all 
of the preparatory work for 150 14000 in
house. He feels strongly, however, that an 
accredited auditor should be called in for 
the registration phase. "Someone from the 
outside has to take a look. I don't think 



those companies that wholly self-certify 
are engaging in a process that will create 
optimum value for them." 

Kolarz cites regulatory relations as one 
of the positive benefits of ISO 14000. 
"State regulators have applauded our ef 
forts and affirmed our environmental lead
ership in vigorously pursuing voluntary 
international registration," he says. �This 
doesn't diminish their regulatory responsi
bilities, but it may provide them with the 
opportunity to improve turnaround times 
for applications and permits." 

Drawing on Niagara Mohawk's ex.peri
ence, Kolarz has suggestions for utilities 
considering ISO 14000. First, he says, the 
program will go nowhere without a strong 
commitment from top management. Sec
ond, companies should not use ISO 9000 
as a model, since its documentation re
quirements are relatively onerous and 
rigid; the 14000 standards are more Oexi
ble. Third, companies should make maxi
mum use of perfom,ance management ac
tivities already integral to their efforts, such 
as business planning processes, measure
ment metrics, and external relations and 
oULreach. Says Kolarz, "You can cost-down 
this effort by doing most of it yourself and 
by keeping it lean and focused.'' Finally, 
Kolarz suggests that utilities take a hard 
look at the outside registrar they bring 
in, choosing one that has utility industry 
and environmental experience- not just 
someone with ISO 9000 expertise. 

"ISO 14000 is not for the faint of heart," 
he concludes. "It takes commitment and 
some hard work. But we're convinced it's 
been a good thing for us." 

Like Niagara Mohawk, NLPSCO moved 
quickly on ISO 14000, registering more 
than a dozen facilities in 1997; these in
clude a large multiunit generating plant, a 
sizable liquefied natural gas plant, and two 
hydroelectric plants. The company used a 
consultant for the initial analysis, in con
trast to Niagara Mohawk, but it then did 
the rest of the preparatory work in-house. 
Joe Baker, program leader for environmen
tal auditing at NIPSCO, says that out -of
pocket costs--including the costs of reg
istration audits-were relatively small. 
"There's a signi.6cant cost in personnel 
hours, though. We had eight people who 

spent about a quarter of their time on this 
for more than a year." 

N IPSCO's John Flegel, who worked at 
the plant level to help implement the stan
dards, says that the 150 14000 process in
tegrates a host of different programs and 
procedures that once operated separately. 

The environmental and compliance sides 
of the house, he says, are now working 
much more closely with opera1ions. Be
cause of a firm management commitment, 
acceptance has been good, right down to 
the shop Ooor, where people have goals 
and work assignments directly related to 
the environment. �It's moved responsibil
ity for environmental issues from implied 
to defined. People now feel more like this 
is part of running the business, not a sep
arate issue." 

Flegel adds that ISO 14000 has helped 
move NIPSCO plants and facilities out of a 
reactive mode, reducing the chances that 
he has to be a firefighter. "It's so much eas
ier if someone calls and says, 'Something 
doesn't look right on the precipitat.0r; bet-
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ter get up here,' than if someone calls the 
next day and says, 'You won't believe what 
happened."' 

From a corporate standpoint, NIPSCO's 
Arthur Smith considers 150 14000 a use
rul management tool in an area that "has 
not been as effectively managed as some 
other areas:· and he points to concrete 
operational efficiencies and cost savings. 
"We thought our system was pretty good 
already, but as we walked through the 
process, we were surprised at the opportu
nities that arose for better performance." 
Smith says that because NlPSCO is do
ing a better job at getting rid of waste, 
the company has been able to eliminate 
long-term storage facilities, a significant 
expense.. And more dearly defined envi
ronmental goals have resulted in more
focused training programs. 

Like Niagara Mohawk's Kolarz, Smith 
believes ISO 14000 will help his company 
sta}' ahead of the regulatory and market 
demand curves. He also points out that it 
will help in terms of coordination with 

200 300 400 500 

ISO 14001-Aegistered Sites 

The United States lags behind European and Asian countries in the number of sites registered 

to IS014001,as these data from last fall show. Registration by U.S.companies is growing, how

ever, and some industry analysts estimate that for every registered company in this country, 

there are 20 to 25 more that are implementing environmental management systems based on 

the IS014001 standard. 
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po ible acqu1 1 L 1 o ns as 
I P  O grows, and l h at 

i L  demon t rate Lo i nter
ested stakeholders that the 
compan is Finn i c o m 
mined to environmen tal  
i mprovement. When asked 
if I O 1 4000 had iven 

I P  a competit ive ad-
vantage, he ay ye and 
t hen adds, " How much or 
a com pet i t ive advantage , 
of cou rse, wi l l  depe nd on 
cu tomer demand."  

a l i forn ia ' Pac i f i c  Ga 
and l ct r ic ompany a lso 
Sa\ I O 1 4000 regi t ra
t ioo a a po ib le  comp L 
i t ive advantage, part icu
larly � i th  i t  energ market mo i ng to
ward deregulation. Th ree year ago , PG &E 
undertook an E PA-fu nded demon tralion 
proj ect to benchmark its exis t ing EM 
aga i n t developi ng I O 1 4000 tandard . 

After a companywide e l r-as es ment , 
senior ma nager -c i t i ng two maj r chal 
lenge -decided no t to i mplemen t  I 
1 4000 . F i r  t ,  t hey obj c t ed 1 0  what t hey 
saw a a s t rong empha i o n  doc u men
t a t ion, whi h ran counte r to the com
pany' ·' i ngrai ned corpo rate bia to m ini
mize paperwo rk. "  econd , t hey re I L  I 0 
l 4000's plant- by-plan t approach to regi -
t rat ion would be mean ingless, b cau e,  
given the  large n umber and diversi t of 
PG& ' energ ou rce , the company 
would not be able to te l l  cu t o mer " t he 
exact ource of the e lect ron or ga mol e
cu l  we provide .'' nd regi t e ring al l  
1 500 faci l i l ie  , the decided, would create 
adm i n i  tra t ive co ts and bu rden that 
would be u nacceptab le . 

PG& · noted that i t s  participa t ion i n  the 
demon t ra t ion project al lowed i t  to im
prove i ts e ist ing  M and helped po i t ion 
i t  for even LUal  I O 1 4000 regis t ra t ion ir  
that becomes a "val id bu in need. '' For 
the moment,  however, PG&E has cho en 
to \ a i t  and ee.  

An ISO 14000 checklist 

o w here doe t h is leave a u t i l i t y L r  i ng  
to decide whe ther  Lo  take t he  l O 1 4000 
p lunge? Here are some of the co ts , ben-
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During the IS01 4001 process, various 
operating scenarios must be examined in 
terms of the environmental impacts associ
ated with turbines and al l  other power 
equipment. 

efi , a nd down ide a company may wish 
to con icier. 

typical electric generati ng faci l i t  may 
requir 9-12 audit ing day for rcgi trat ion , 
w ith ree run ning approximately $ 1 200-

1 500 per day. Co t for mo t ervice fa
ci l i t ies hou ld be significantly less. I n ter
nal co ts to prepare for an audi L are boLh 
more igni fican t  and more di fficu l L  to 
qua nL if  , ince L hey consi t ma i n ly of e m
ployee hours and  depend on a u t i l i t  ' 
exi  ting E and on the approach taken .  
A t p i ca !  generat i ng faci l i ty should take 
three to six month LO achie e regi t rat ion , 
al t hough , a iagara ohawk ha dcmon-

trated, the process ca n be  carri ed out  i n  
a s  h o n  a ti me a one mont h .  

Pote n Lial i n Lerna l benefit  i n c l ude i m 
proved operaL i ng effi c ie ncies , red uced 
torage and di  po a l  co t , lcs down t ime 

re u l l ing from regu latory act i o n  , fewer 
emergency respon , and fewer employee 
cla im . In addi t ion , a compa n , w i l l  bene
ll  from more-effective managemen t con

trol  of pan of i ts w rking capi tal-what 
an be descr ibed a environmental  a sets. 

Externa l  benefi t may i nclude bet t e r  rela
t ion w i L h  regulators, improved publ ic and 
com m u nit  re lat i o ns, and i ncrea eel al  s 
due Lo green marketi ng. 

In the control room of Niagara Mohawk's ISO 
1 4001 -registered C. R. Huntley steam station, 
operators work from procedures that have 
been mapped to significant environmental 
aspects identified in the plant's environmen
tal management plan. The personnel know 
the environmental impacts of facil ity opera
tion and may, for example, modify operating 
profiles at a given time to keep emissions 
under the levels defined by the plant's oper
at ing permits. 

To Lhe extent I O 1 4000 is perceived as 
reducing the risk of adverse env ironmen
ta l ,  healLh , and afety impact , regi Lratio n 
may reduce in urance rate . One  major 
i n  u rance carrier i reported!  preparing 
a l ower-premium package for registered 
companies. The commercial banking com
muni ty is exam i ning ISO 1 4000 o r  po -
sible use as a factor in loan qual i ficaLion ;  
regi L raL ion may re  ult  i_n beuer and more
f lexible financing term . lnvesLment bank
ers are looking at  I O 1 4000 as i t  relaLe Lo 
merger and acquisition act ivit ies. Final ! 
I O 1 4  00 may become an important stan
dard of due di l igence in legal actions, ince 
i t  e t ab l i  hes a L rack reco rd of consisten t , 
good fai th  efforts Lo manage cnviron men
Lal p rformance. 

What about the downsides of l 14000? 



Ce rta i n l y, i m 1  le ment i ng  the standards r -
q u ires a signi fican t  com m i t mem o( per
sonne l re ource . A ft e r  registra t ion , regu 
lar audi ts req u i re ongoing-a lbe i t  much 
ma i ler-efforts . The standards a lso re

q u i re s ignifican t  documemaL io n . And th i  
docu men tation , a l t hough advantageous 
from i n format ion  managemen t and opera
L ions poi nts of v iew, cou ld  be mis i me r
preted . As l P  O' F lege l poi ms out , a n  
I O 1 4000-d riv n M S  w i l l  d o  a good job 
of docume nt ing any opera t ional n oncon 
formances . A nonco nformance is not ne 

ari ly a regu la ory non omp l iance, but 
1 hat d i  t i ncl ion might not be I ear LO me 
outside Lhe  fie ld . I n  addi tion , ome observ
er have ugge ted t hat I audi t do u
ment might b · used ou t  of ontext by an 
ad ve rsar ial party i n  l i t igat ion . 

Focusing on the best possible EMS 

1 4000, i n  t he end, i a tool .  n r
ta i n t ie rema in a to whether it w i l l  even
t ual l y  be embraced a the  be t po i b l  
t oo l  fo r eval uat i ng  and improving a u 1 i l 
i ly' E M  a n d  whet her i t  w i l l  confer com 
pet i l ive advant age. These unc -rtai n t i  · 
shou l d  1101 obscu re the  fact 1 ha t-l 
1 4000 aside-an effect ive, co mp rehensive, 

At Niagara Mohawk's Dunkirk steam station, 

on-site water treatment is  performed to meet 

the requirements of the plant's discharge 

permit.s .  For ISO 1 4001 registration, a faci l ity 

must meet all relevant regulatory and legal 

requirements; periodic assessments ensure 

conformance. Whether a plant chooses to 

minimize environmental impacts even further 

is  a decision made by management during 

the targets and objectives phase of the ISO 

1 4001 process. 

and wel l- i ntegrated E wi l l  w iLhou t 
quest i on im prove a u t i l i t y ' boLLOm l i n e ,  i ts  
environ mental perfo rmance, i ts market 
posit ion, and i ts relat ion wit h i m portan t  
take holde rs . 

EPR I  has a range of products LO he l p  
members p l an  and  deve lop L h  best poss i 
b le  EMS.  These i nc lude waste-accoun L i ng 
too ls ,  guide l i nes for m a nagi ng chemi als 
and min im izing wa te ,  and m t hod for 
b nchmarking and t rack ing envi ronmental 
performance. The U [c- yde o t Manage
m nt y Lem h Ip t rik  an opt i mal bal
ance between environ menta l  concerns and 
econo mic  real i t ies , e nabl i ng  u t i l i t ies Lo be
com bot h  c l eaner and mor compet i t ive. 

· or 1 998, • P R \ ' Po l l u t io n  P revent ion  
and Envi ron men L a l  E ccl lcnce Target has 
evolved i nto an · n i ron mcn t.a l  As et Man 
agement program-a elev lopme nt renect
ing a shi ft in focu from s im ple pol l u t i on  
prevent ion toward he l ping members man
age t hei r en viron men ta l  a c t s  a corpo
rate busi ne s a et · . I n  add i t ion to provid
i ng tools and met hoclo logics, EPRI w i l l  

con L i n ue to t rack the de
velopment f I O I 4000 
standard , as wel l  a e lv
i ng rnarke and regula tory 
r pon 

In t h ree to five year  , 
many o f  the  remai n i ng 
uncertai n t i  abou t I 0 
l 4000 w i l l  probabl y b 
ironed out .  For some ut i l 
i t i  , ·pec ia l ly tho  e t hat 
a l ready hav robust envi
ron memal p rogram i n  
p lace, the  benefi ts of i m
p l  ment i ng I O 1 4000 
may a l ready ou tweigh t h  
costs, a n d  i t  may n t 
make sense t o  wai t  u n t i l  
a l l t he a n  wer- are i n .  For 

u t i l i t ies that do choo e L v a i t ,  t ak ing a 
ha rd look now a t  Lhei r exist i ng - M and 
ben ch mark i ng t h  m against I 1 4000 
tandards may pr ve to be a h igh ly valu

ab le  exerc i  e. This process wi l l  a l low t hem 
to id mi [y and i mplement i m provements 
in the i r  EMSs and al o to posi L ion L hem-
e lve to make the move L I I 4000 i f 

i t  event ual ly does , a Wi o n  i n  Elect r i c 
Powe r's Br ian Borofka say . 'b come the  
gold t andar I for  t he  i ndust ry." • 

Further reading 

ISO 14000 Environmental Management Standards: 
Impact on the U.S. Utility Industry. EPR I  White 
Paper. March 1 998. 
ISO 1 4000 Srandards for Environmental Manage
ment. EPR I  I ssue Brief PS- 1 09 1 85 . 
Beg ley, Rona ld . "Value of ISO 1 4000 Management 
Systems Put to the Test." Environmental Science & 
Technology, Vol . 3 1 ,  No. 8 (Augus t  1 997) , pp. 
364A-366A. 
"Digging Into Po l lut ion Prevention . "  EPR/ Journal, 
Vol. 1 8, No. 6 (September 1 993), pp. 6- 1 3. 

On-line resources 

I SO 1 4000 l nfoCenter :  www.iso 1 4000.com 
Articles and case stud ies on ISO 1 4000 and EMSs: 
www.trst .com 
ISO Web site: www.iso.ch 
Forum for env ironmenta l  groups interested in 150 
1 4000: www.ecologia .org 
Subscr ipt ion-based service maintained by the 
nonprofi t  G lobal Environment and Technology 
Foundat ion :  www.iso 1 4000.net 

Ba l1g ,ou11d i 1 1Jorma 1 i o11 for 1 / 1 is ,m i r lc was p,ov idcd 
by Wi11stu11 how, Pmd11 I Li11r M11 1 1a.i:e111e 1 1 1  D iv i 
sim1 , aucJ Pau l  Rculcli}fc nnrl Mary Mt Lram,  En i 11m 
n 1c11 1  Di v i sion. 
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I n  the Field 
Demonstration and a ppl ication of EPRI science and tec hnology 

Aeroso l Duct Sealing 
Goes Commerc ial After 
Successfu l Field Tests 

L
eaks in residenLial a ir ducts cost . 
homeowner om $5 bil l i on  a year 

and can re ult in Lhe loss or nearly a quar
ter of the energy used 10 heat and cool 
homes. Ti me-con u rn i ng co n ven r ional 

leak repai r-w h ich requi res test i ng t he 
ductwork , patch ing wi th ma t ic and duct 
tape, and then ret t ing to make u re leaks 
are sealed-i only about 60% effect ive . 

A n  i n novat ive , cost-effect ive tech nol 
ogy that promises to great ly reduce 
leakage from heating and cooling ducts 
in res ident ia l  bui ld ings is enteri ng the  
commercial market after succes fu l fie ld 
tests in about  t wo dozen homes b PRl 
and everal memb r ut i l i t ies. The Le h
nology, aero ol duct eal ing, \ as con
ceived and pate nted by Lawrence Berke
ley at ional Labo ratory ciemist Mark 
Modera. I t  wa developed and tested 
with uppon from - PR! , t he  a l ifo rn ia 
I n  L i t u te for · nergy ffic iency, the  . . 
Environ men tal Protect ion Age nc , and 
the U . .  Depart menL  of Energy. 

Aeroseal , l nc.-an Aust in ,  Texas, 
tart u p  com pany i n  which od ra i a 

pri ncipal-i now marketing the tech nol -
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ogy to ut i l i t ies and ot her poten t ia l  user . 
Mea nwh i le , EPR I  is looking for om 
half-dozen member com panies that are 
inL rested i. n  part icipat ing i n  a tai lored 
col laboration proje t to apply the tech
nology. " ero ol eal ing cou ld ave 
homeowner u p to $ 300 annua l ly  on 
u t i l i ty  bi lls and could i ncrea e comfort 
a a resu lt of more-even heat i ng  a nd 

cooling throughout  a home,"  says 
J oh n Kesselring, E PRI' manager 
for customer heat ing and cool ing 
ystems. 

In the aerosol ea l ing proc 
fine adhesive part icles are prayed 
i n to heat ing and cooling duct . A 
fan uspends the panicle i n  the 
a i rs r ream so 1J1a1 t he don't t ick to 
duct wall . A the a ir tream t u rn  
harply through hole i. n  the  duct 

wa l ls ,  t he  t icky particles adhere to 
the edges of the hole and bui ld up 
eal . Leaks a large as 1 i nch i n  

diameter can be sealed i n  th is way. 
The adhesive ealant u ed is com
mercial !  avai lable and environmen

ta l ly  (r iend ly. The tech nology has b en 
judged are by Und rwri ters Laboratories 
and by Lawrence Berkeley' indoor env i
ronment program .  

l n  t h e  fie ld test , 23 homeowner i n  s i x  
states gave resea rcher  free rein to deter
mine how wel l  the d uct 
eal i ng  t ch nology pe r

formed in t heir h me , 
which represented variou 
con t ruct ion and ba emenL 
types. Logist ical upport 
for the tests was provided 
by i n e rgy orporat ion 's 
P l Energy; GPU ub idi
ar ie Penn ylvania Elect r ic 
and Metropol i t an  ·di o n ;  
O G + E  Elec t ric ervice ; 
and Western Mas achuset ts 
Electric, a subsidiary of 

onheast ti I i  Li . In the  
tests, more t han 80% or 

supply duct leaks and 70% of return duct 
leak were sea led with i n  two hours, com
pared wi th  the several hour that would 
be req uired wi th conventional methods. 
A brochure (BR- 1 07894) on t he tech nol
ogy i avai lable from the EPRJ Distribu
tion enLer, ( 5 1 0) 934-42 1 2 . 
• For more i 11formal ion, conlact jo/111 
Kesselri ng, (650) 855-2902. 

Se ismic Testing Program 
Shakes Out Savings 

I 
n the  past three year , 1 4  u t i l i ties that 
operate nuclear plam have hared 

more than $2.4 mi l l ion in avi ng on t he 
e ismic qua l i fication or over 500 equip

men t  i tem , thanks to a program man
aged by EPRl Plant SuppoTl Engi neer
ing ( P E) in C harlot t e ,  ort h aro l ina. 
Known by its acronym- QU RT , for 
eismic qual ification report i ng and 

test ing tandardizat ion-the program 
wa created to increa. e data haring, 
tandard ize test procedures reduce 

costs, and shorten chedul for ei mic 
qual i ficat ion test ing. The program no\ 
has 22 ut i l i ty participants. 

"Our ost for eismi. a l ly q ualHying 
electr ical i tems dropped dramatical ly as 
a resu l t  of usi ng the SQU RT program," 



ay David i ndley, a i mic engi neer at 
Carol ina Power & LighL . 

t i l i t i  must i mkal ly  qual i f new 
qui pm n L  i t em Lhat ar no t  id mica! 

lo the ob olescem pans being replaced . 
Before QU RT wa e tab l i  hed , man 
d H[erent tech nical req u i remen LS and re-
pon e pectrums were u ed in perform

ing qua l i fication Le LS, and Le t re u l LS 
were reported in variou customized 
formaLS .  There wa onl l imi t ed haring 
of r u lts between ut i l i t ies. The high o L 
of sci mic 1es t i ng  a nd t he t i me requ i red 
o[ten made such Le L i ng a la l re on 
among available qual i ficatio n method . 

QURT has alread achieved i ts i n i
tial goal · . vcr 1 hc pa t 1 h ree year , i t  
has establ i  hed a 1 5-g Le t i n g  r po n e 
pec t rum ,  33 tandard fu n t ional and 

s i m ic  te t i ng proced u re , and a u n i
form report ing format .  Th e standard 
have dri e n  down t he co t of L t i ng and 
increa cd L he usduln  of  the  resu lts. 
They have al o reduced the ut i l i ty effort 
requi red to ge nerate te t p lan and 
accept repor . 

Te t. i t. ems from 111 mber u t i l i l i e  are 
assembl 'cl a nd t ested o n  a i x-week cyc le .  

ach L t sequence is wi tn  sed b a 
QURT uti l i t  L l repr en tat ive, who 

gains substantial experience and in ight 
on equipmen t eismic res ponse. For 
emergency work, u t i l i t ies may u e the 
QURT process t o  accelerate t he  qua l i 

fication of chedule-crit ical i te n  . 
One Q RT memb r ut i l i ty that ha 

t racked the program' i m pact on equ i p
men t dedication co for elect r ical i tem 
requiri ng eismic qual i f ica t ion report d 
net saving of $375 ,000 over a two-year 
period . 

The Q RT l i brary at the P E cen ter 
i n  harlot le cu rren t l y  ha q ual i ficat ion 
report on over 500 i tem . QU RT 
member can reduce future te L ing b 
procuring i tem cove red b the repor\S . 
• For nrorc i nforma t ion, co1 1 l ctct Leona rel 
Lojli1 1 . (704) 547-60 1 0. 

Med ium-Voltage Transfer 
Switch Keeps Ford Parts 
Plant Humming 

F or more than a year a Ford M tor 
o mpany part! plan !  t hat is a critical 

l i nk in the auto maker' ju t - in-t i  me i nven
tory system ha avo ided he vol t age ag 
a nd momemary power d is turbanc t hat 
previou ly cau eel c t i  and  crippl i ng 
production sh utdown . The rea on for 
the change i. a new sol id-state, med iu m
vo l tage sub ycl , load Lran fer wi tch 
developed ror EPR I  and now available 
from Po\ c rDigm y tcm or Ba l l imore. 
Detroit di on i n  tai l ed the thyri tor
based switch u nder a tai lored col labora
t ion project wi th EPR L  and ha al o 
upgraded feeder l ine to the i ndust rial 
ub ta t ion at Ford's m il l ion -sq uar -foot 
he ldon Road plan t .  
l n  respon e LO vo l t age sag or ot her 

d i  turbance , t he  o l id-s tate swi tc h can 
t ran fer the  plan t ' e lectr ical load fro m 
one feeder l ine to anot her i n  4 m i i l i  ec
ond , or a l i t t le as one-quaner of one 
cycle of 60-H z al ternat ing  cu rren t . on
vent ional motor-operated w i t che , i n  

comra t , rcq u i r  everal cycles to com
plete uch a t ran fer. 

a r u l t  of the swi tch's high-speed 
load tran fer capabi l i t y, di t urbances 
t hat previously coul d lead to a plan t 
wide shu tdown ,  w i t h  ri pp le effects 
t h roughout Ford' produ l ion y t ern , 
no longer d isru pt prod u · t ion . The i.n ta l 
lation's succe s i savi ng Det ro i t  Ed i on 
approximately $430, 00 a year i n  rvi e 
guaran tee pa men LS and i he lpi ng the  
ut i l i t )' reta i n 1 he Ford p lant  a a valued 
cu tamer. 

With the  heldon Road plan t i n  ta l 
la t io n, Det roit Edison became one of 
the fir t u t i l i t ic in t he  coumry to i mple
ment t h is u tom Power product for 
improving  cu tomer serv ice re l iability 
and power q ual i ty. EPRI i develop ing  
a variety of us tom Power tool t hat 
provide u t i l i t ie with new ways to iso
lat e  fau lts and mit igate e l ectr ical di t u r
bances on di tribut ion y t e m  . 
• For mo,·e i11formaU01 1 ,  co 111act Dave 
Ricliardso11 at EPRJ ,  (650) 855-233 1 . For 
i nformat ion specifical /  011 ordering, con 
tacl Toe/cl Eucly al PowerDigm ystems, 

(4 1 0) 265-4800. 
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New 
Technical 
Reports 
Requests for copies o f  reports should be directed 
to the EPRI Distribution Ce�r. 207 Cogg]ns 
Drive, P.O. Box 23205, Pleasant Hill, Ca l ifornia 
94523; (5 10) 934-421 2.. 

ENERGY CONVERSION 

Condensate Polishing Guidelines for PWR 
and BWR Plants: 1 997 Revision 
TR- 1 0 1 942-R l ,  Fina l  Report 
EPRI Project Manager: P. Frattin i  

Soil-Structure Interaction Analysis Incorpo
rating Spatial Incoherence of Ground 
Motions 
TR-1 0263 1 ,  Final Report 
EPRI Project Manager: H. Tang 

Predictive Maintenance Guidelines, Vol. 2 
TR-1 03374-V2, Final Report 
EPRI Project Manager: R. Pflasterer  

Qualified Life of Main Steam Isolation 
Valves 
TR- 1 0541 6, Fina l Report 
EPR! Project Man;,ger: J. Carey 

Evaluation of Stress lntensificat.ion Factors 
for Circumferential Fillet-Welded or Socket
Welded Joints 
TR-1 0641 5 , Fina l Report 
EPRI Project Manager: S. Gosselin 

Stress Intensification Factors and Flexibi lity 
Modeling for Concentric and Eccentric 
Reducers 
TR- 1 064 1 6, Fina l Report 
EPRI Project Manager; S. Gosse l in 

Analysis of Steam Generator Tubing From 
Crystal River, Unit 3 
TR-1 06483, Final Report 
EPR I Project Manager: A. Mcl lree 

State of the Art of Fuel Cell Technologies 
for Distributed Power: Technical and 
Strategic Assessment of Products, Markets, 
and Retail Competitiveness 
TR-1 06620-R l , Annual Update 
EPR I  Project Manager: D. Rastler 

Evaluation of a Hydrogen Sensor for 
Nuclear Reactor Containment Monitoring 
TR- 1 0681 8, Topical Report 
EPRI Project Managers: J. Hosler, R. James 

Calvert Cliffs Nuclear Power Plant License 
Renewal Application Technical Basis 
TR-1 06843, Interim Report 
EP,R I Project Manager: J. Carey 
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Preventh,e Maintenance Basis: Project 
Overview Report 
TR-1 06857, Fina l Report 
EPRI Project Managers: R. James, J .  G isdon 

ORAM-SENTINEL User's Manual, Version 3.0: 
All Modes Maintenance and Safety Func
t ion Advisor 
TR-1 0701 8, Final Report 
EPRI Project Manager: P. Kalra 

In-Situ Coating of Condenser Tubes as an 
Alternative to Retubing 
TR-1 07068, Final Report 
EPRI  Project Manager: J .  Tsou 

Field Evaluation of the 200-kW PAFC Unit 
at the Pittsburgh International Airport 
TR-1 0 7 1 26, Final Report 
EPRI Project Manager; J. O'Su l l ivan 

Plant-Specific Optimization of LWR Water 
Chemistry 
TR- 1 0732.9, Final Repon 
EPRI Pmject Manager: P. Mi llett 

Generic Requirements Specification for 
Qualifying a Commercially Available PLC 
for Safety-Related Applications in Nuc;lear 
Power Plants 
TR-1 07330, Final Report 
EPRI Project Manager, J·, Naser 

The Boratlex Rack Life Extension Computer 
Code (RACKLIFE): Theory and Numerics 
TR-1 07333, Final Report 
EPRI Project Manager: 0. Ozer 

BADGER: A Probe for Nondestructive 
Testing of Residual Boron-1 0 Absor�r 
Density in Spent-Fuel Storage Racks
Development and Demonstration 
TR-1 07335,  Topica l Repor,t 
EPRI Project Manager: 0. Ozer 

Evaluating Commercial Digital Equipment 
for High-Integrity Applications 
TR- 1 07339, F inal Report 
EPRI Project Manager'. R. Torok 

Use of FatiguePro Fatigue Monitoring 
System for Evaluation of local Plant 
Instrument Data 
TR-1 07534, F i nal Report 
EPRI Project Manager: S. Gossel rn 

DEFECT (Defective Fuel Element Code-T), 
Vols. 1 -3 
TR· 1 07887-V 1 -V3, Final Report 
EPRI Project Manager: S. Yagnik 

Trojan PWR Decommissioning: large 
Component Removal Project 
TR-1 0791 6, Final Report 
EPRI ProjeGt Manager: C. Wood 

Preventing Biogas Generation in low-Level 
Waste 
TR-1 07933, Interim Report 
EPRl Project Manager,C. Horni brook 

l&C Upgrades for- Nuclear Plants: Desk 
Reference 1 997 
TR- 1 07980, Finel l  Report 
EPRI Project Manager: R . Torok 

PWR Fuel-In Full Reactor Coolant System 
Decontaminalion Qualification 
TR- 107986, Final Report 
EPRI  Project Manager: H. Ocken 

Performance of NOREM Hardfacing in Plant 
Valves: In Situ Application and Leak Rate 
Testing of Feedwater Chec:k Valves 
TR-T 07987, Fina l Report 
EPRI Project Manager : H. Ocken 

Radiation Field Control Manual :  1 997 
Revision 
TR- 1 07991 ,  Fina l Repott 
EPRI Project Manager: H .  Ocken 

Operating Limits for Silica, Calcium, 
Aluminum, and Magnesium in PWRs 
TR- 1 07992, Finell Report 
EPRI Project Manager: P. Frattini 

Design and Testing of a Landfill Gas 
Cleanup System for Catbonate Fuel Cell 
Power Plants, Vol. 1 
TR-1 08043-Vl ,  Final Report 
EPRI Project Manager: D. Herm;,n 

Design and Testing of a Landfill Gas 
Cleanup System for Carbonate Fuel Cell 
Power Plants, Vol. 2: Full-Scale System 
(Proprietary) 
TR-1 08043-V2, Final Report 
EPRI Project Manager: D. Herman 

Use of Spray Dryer By-Product in Road 
Construction: Minnesota Demonstration 
TR-1 08402, Fina l  Report 
EPRI Project Manager: D. Golden 

Proceedings: Fifth lnt.ernational Conference 
on Fossil Plant Cycle Chemistry 
TR-1 08459, Proceedings 
EPRI Project Manager: 6. Dooley 

State of Knowledge of Copper in Fossi l  
Plant Cycles 
TR- 1 08460, Final Report 
EPRt Project Manager: B. Dooley 

Use of Incremental Pric;ing in Coal Supply 
and Transportation Agreements to Achieve 
Power Sales 
TR-1 08476, Fina l  Report 
EPRI Project Manager: J . P latt 

Predicted Tube Degradation for Westing
house Models OS and F Type Steam 
Generators 
TR-1 0850 1 , Fina l  Report 
EPRI Project Manager: A. Mcl l ree 

Pacific Gas and Electric Company's 
Advanced SCR Pilot Plant 
TR-1 08525, F inal Report 
EPRI Project Manager; K, Zammit 



Assessment of Thermal Loading Strategies 
for the YucCiJ Mountain Site 
TR-1 OBS37, Final  Report 
EPRI Project Manager: J .  Kessler 

Advanced Gas Turbine Guidel ines: 
Summary of Overall Operating History 
and Experience From GE 7F in Peaking 
Operation (EPRI Dura�i lity Surveillance at 
PEPCO Station H) 
TR- 1 08607, Rnal Report 
EPRI Project Manager: G . Quentf'n 

Laboratory Investigation of Sediment 
Control at Riverside Water Intakes 
TR-1 08621 ,  F inal Report 
EPRI Project Ma.nager: J .  Tsou 

Guidelines for the Selection, Use, and 
Handling of High-Temperature 
Insulation 
TR-1 08622, Rna l Report 
EPRI Project Manager: J. Tsou 

Turbine Entrainment and Survival 
Database: Field Tests 
TR- 1 08630, F inal Report 
EPRI Project Manager: C . Sull ivan 

High-Resolution Superconducting 
Magnetometry for Nondestructive 
Evaluation 
TR- 1 08649, Fina l Report 
EPRI Project Manager: J. Stein 

Stator Bar Wetness Detector 
TR- 1 0873 3 r Final Report 
EPRI Project Manager :  J. Stein 

Multipurpose Canister Program in Retro
spect: Perspective and Issues 
TR- 1 08736, Fina\ Report 
EPRI Project Manager: 0. Ozer 

Corrosion Studies for Low-NO,. Burner 
Technology 
TR-1 08750, Topica l Report 
EPRI Project Manager: W. Bakker 

Design of the Fork+ Burnup Measurement 
System 
TR-1 08759, Final Report 
EPRI Project Manager: 0. Ozer 

Validation of EPRI Methodology for 
Analysis of Spent-Fuel Cask Drop and 
Tipover Events 
TR- 1 08760, Final Report 
EPRI Project Manager: 0, Ozer 

A Synopsis of the Technology Developed 
to Address the Boraflex Degradation 
Issue 
TR- 1 08761 , F inal Report 
EPRI Project Manager: 0. Ozer 

Electric Motor Predictive Maintenance: 
Draft Guidelines 
TR- 1 0877 3-Vl , Final Report 
EPRI Project Manager: J. Stein 

Achieving an Effective living Maintenance 
Process: A Handbook to Optimize the 
Process and Keep It That Way 
TR-1 08774, Final Report 
EPRI Project Managers: R. James, J .  G isclon 

Hot-Cell Postirradiation Examination of 
Dresden-2 Fuel and Water Rods After Four 
Cycles of Hydrogen Water Chemistry 
TR-1 08782, r ini.il Report 
EPRI  Project Manager: B. Cheng 

Impact of PWR Primary Chemistry on 
Corrosion Product Deposition on Fuel 
Cladding Surfaces 
TR-1 08783, F inal Report 
EPRI Project Manager: B. Cheng 

Requirements Engineering for Digital 
Upgrades: Specification, Analysis, Tracking 
TR-1 0883 1 , F ina\ Report 
EPRI Project Manager: R. Torok 

Improved Water· Jet Performance for Steam 
Generator Upper Bundle Hydraulic 
Cleaning 
TR- 1 08857, Final Report 
EPRI Project Manager: R. Thomas 

Proceedings: 1 6th Steam Generator NOE 
Workshop 
TR-1 08858, Proceedings 
EPRI Project Manager; M. Behravesh 

Internal Combustion Engine Advances for 
Distributed Generation Markets 
TR-1 08861 , Final Report 
EPRI Project Manager: D. Rastler 

State-of-the-Art Assessment of Advanced 
Combustion Turbines for Distributed 
Generation Markets 
TR-1 08862, Final Report 
EPR! Project Manager. D. Rast\er 

PISCES Water Characterization Field Study, 
Vols. 1 -2: Sites A and B 
fR-1 08890-Vl -V2, F inal Report 
EPRI Project Manager: P. Chu 

Water Treatment for Wet Electrostatic 
Precipitators: Conceptual Design 
TR- 1 08926, Interim Report 
EPRI Project Manager:. R. Altman 

Infrared Thermography Anomalies 
Manual 
TR-1 08935, Fina l Report 
EPRI Project Manager: R. Pflasterer 

Biomass Cofiring Guidelines 
TR-1 08952,  Final Report 
EPR! Project Manager: E. Hughes 

Evaluation of Advanced Filters for Compact 
Baghouse Appl ications, Vol. 1: P84/Ryton 
Composite Felt 
TR-1 08980-Vl , Topica l Report 
EPRI Project Manager: A. Chang 

Evaluation of Advanced Fitters for Compact 
Baghouse Applications, Vol. 2: CeraMem 
Ceramic Filters 
TR-1 08980-V2, Topica l Report 
EPRI Project Manager: R. Chang 

Analysis of Cobalt Deposition Mechanisms 
In the Primary Coolant System of PWRs 
TR- 1 09006, Fina l  Report 
EPRI Project Manager: H ,  Ocken 

Flue Gas Conditioning Trial at Rochester 
Gas and Electric Russell Station 
TR-1 0901 1 ,  Topical Report 
EPRI Project Manager: R .  Chang 

Full-Scale Demonstration of a New Flue Gas 
Conditioning Technology for Hot-Side ESPs 
TR- 1 090 1 2 , Topical Report 
EPRI Project Manager : R .  q,ang 

EPRI SCR Pilot Program at NYSEG's Kintigh 
Power Station 
TR- 1 09039, Fina l  Report 
EPRI Project Manager: K. Zarnmit 

Development of New Industrial Ashalloy 
Material Using Fly Ash Cenospheres 
TR-1 09042, Fina l  Report 
EPRI Project Manager: D. Golden 

Assessment of Distributed Resources: 
A Case Study for Tri-State Generation and 
Transmission Association, Inc. 
TR· 1 09043, Final Report 
EPRI Project Manager: D. Herman, D. Rastler 

Assessment of PWR Fuel Cladding Corro
sion for Extended-Cycle Operation 
TR- 1 09047, Fina l  Report 
EPRI Project Manager: B. Cheng 

Environmentally Assisted Fatigue Crack 
Initiation in Low-Al loy St.eels 
lR - 1 090 5 1 ,  Fina l  Report 
EPRI Project Manager :  R .  Pathania 

Photovoltaic Application Experience 
Workshop Results (August 1 997; Denver, 
Colorado) 

0

TR- l 09088, Fina l  Report 
EPRI Project Ma nager : F. Goodman 

FGD Mist Eliminator Replacement Gulde 
TR- 1 09 1 08, Fina l  Report 
EPRI Project Manager :  R. Rhudy 

ENERGY DELIVERY AND UTILIZATION 

Control Center Advisor for Load Manage
ment (C2ALMJ 
TR-1 05 1 87-R l ,  Fina l  Report 
EPRI Project Manager: A. Adapa 

Commercial Kitchen Ventilation Perfor
mance Report, Vol .  1 3: Two Gas Pressure 
Fryers Under Wall-Mounted Canopy Hood 
TR- 1 06493-V l 3, Final Report 
EPRI Project Manager: W. Kr i l l  
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Commercial Kitchen Ventilation Perfor
mance Report, Vol. 1 4: Electric Combination 
Oven Under Wall-Mounted Canopy Hood 
TR- 1 06493-V 1 4, Final Report 
EPR! Project Manager: W. Kri l l  

Commercial Kitchen Ventilation Perfor
mance Report, Vol. 1 5: Gas Combination 
Oven Under Wall,Mounted Canopy Hood 
TR-1 06493-Vl 5 ,  F inal Report 
EPRI Project Manager: W. Kri l l  

Commercial Kitchen Ventilation Perfor
ma nce Report, Vol. 1 6: Gas Underfired 
Broiler Under Wall-Mounted Canopy Hood 
TR-1 06493-Vl 6, F inal Report 
EPR1 Project Manage� W. Krl l l  

Longitudinal Loading and Cascading 
Failure Risk Assessment (CASE), Vol. 2: 
Advanced Methods 
TR-l 07087-V2, F inal Report 
EPR/ Project Manager: P. Lyons 

Longitudinal Loading a nd Cascading 
failure Risk Assessment (CASE), Vol. 3: 
Wood H-Frame Tests 
TR- 107087-V3, F i na l  Report 
EPRI Project Manager: P Lyons 

longitudinal loading and Cascading 
failure Risk Assessment {CASE), Vol.  4: 
Steel Pole Tests 
TR-l 07087-V4, Fina! Report. 
EPRI Project Manager: P. Lyons 

Fast-Food Restaurants Computer 
Simulations, Vol .  1 1 :  Cleveland, Ohio 
TR-1 07205-V l 1 ,  Fina, I  Report 
EPRI  Project Manager : K. John.son 

Fast-Food Restaurants Computer 
Simulations, Vol .  1 2: Toledo, Ohio 
TR-1 07205-Vl 2, Anal Report 
EPRI Project Manager: K. Johnson 

Ful l-Menu Restaurant Computer 
Simulations, Vol. 1 1 :  Cleveland, Ohio 
TR- 1 07282-Vl 1 . Flnal  Report 
EPRI  Project Manager; K.  Johnson 

Evaluation of Distribution System 
Capacitor Switching Concerns 
TR-107332, Frnal Report 
EPRI  Project Manager: D. R ichardson 

Gulde to Successful Implementation 
of Cool Storage Projects 
TR-1 07338, Fina l  Report 
EPRI  Project Manager: M.  Khattar 

Measured Heating System Efficiency 
Retrofits In Eight Manufactured (HUD
Code) Homes 
TR-107737, Flnal Report 
EPRI Project Manager: J .  Kessel ring 
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Rel iability-Centered Maintenance lRCM) 
Technical Reference for Power Delivery 
TR-1 08068, R nal  Report 
EPRI Project Managers: P. Lyons, H.  Ng, D. Von 
Dol leh, P. Vujovlc 

Reliability•Centered Maintenance (RCM) 
Technical Reference for Power Delivery: 
Software User Manual 
TR- 1 08076, Final Report 
EPRI Project Manager : P. Lyons 

Laterally Loaded Rock-Socketed Founda
tion Research 
TR-1 082 54, Fina l  Report 
EPRI Project Manager :  A. Hirany 

Non-Intrusive Appliance Load Monitoring 
System (NIALMS): Beta Test Results 
TR- 1 0841 9, Fina l  Report 
EPRI Project Manager: L Carmichael 

Appl ication of FACTS Devices to Increase. 
the New York State Central-East/Total-East 
Interface Transfer Limits 
TR- 1 08505, Fina l  Report 
EPRI Project Manager: R. Adapa 

Effect of Grout Thermal Conductivity on 
Vertical Geothermal Heat Exchanger Design 
and Performance 
TR-1 08529, Fiha l  Report 
EPRI Project Manager ; C . Hil ler 

Appl ication of EPRl's Transmission Reliabil 
ity Evaluation for Large-Stale Systems 
(TRELSS) Program to BPA System 
TR-1 0881 s, Fina l  Report 
EPRI Project Manager: R Adapa 

Nonl inear Analysis Methods for Sustained 
lnterarea Oscillations 
TR- 1 08821 , F ina l  Report 
EPRI Project Manager : D. Sobaj ic 

Geothermal Heat Pump Potassium An�i
freez:e Corrosion and Thread Sealants Study 
TR- 108860, Fina l Report 
EPRI Project Manager: C .  H i l l er 

Ciuide for Application of Transmission line 
Surge Arresters: 42-230 kV 
TR- 1 0891 3, Fina l  Report 
EPRI Project Manager; 8 .  Cla l rmont 

Soil Thermal Properties Manual for Under
ground Power Transmission: Thermal Prop
erty Measurements, Thermal Stabi lity, and 
the Use of Correct ive Thermal Batkfil ls 
TR- 1089 1 9, Fina l  Report 
EPRI Project Manager: T. Rodenbaugh 

Fiber-Optic Cables in Overhead Transmis
sion Corridors: A State-of-the-Art Review 
TR- 1 08959, Fina l  Report 
EPRI Ptoject Manager :  A .  Hirany 

Disaster Planning and Mitigation Technol
ogy: Interim Technology Inventory Report t 
TR-1 08972, I n terim Report 
EPR I Project Managers: R . Bernstein ,  J. Oggerino 

Using Activity-Based Costing to Manage 
Profitability in the Energy Services Industry 
TR- 1 08983, F ina) Report 
EPRI Project Manager : P. Meagher 

Proceedings: Manhole Event Workshop 
(August 1 997: Lenox, Massacl\usetts) 
TR- 1091 09, Proceedings 
EPRI Project Manager: R Bernstein 

Residential Microwave Clothes Dryer: 
Market Potential and Positioning 
TR- 1 091 1 6, Fina l  Report 
EPRI Project Manager: T. Henneberger 

Deep Cable Ampacities: Guidelines for 
Calculating Ampacities of Cables Installed 
by Guided Boring 
TR- 1 09205, F inal Report 
EPR1 Project Manager: T. Rodenbaugh 

Transients on Transmission Systems: 
SOO-kV Line Monitoring and .Staged 
Switching Tests 
TR- ) 0923 1 ,  Fina) Report 
EPRI Project Manager: M. Wilhelm 

Evaluation of ASD Systems for Electrlc 
Arc Furnace and Argon Oxygen Oecarbu;
ization Refiner Baghouse Fans 
TR- 1 09254, Final Report 
EPRI  Project Manager: B. Banerjee 

Gas Pipeline ASO Application. Study 
TR· 1 09255,  Final Report 
EPRI Project Manager: B, Banerjee 

Charging Circuit Interrupting Device Test 
and Evaluation: Field Test of Level 2 
Connecting Equipment 
TR-1 09366, Final Report 
EPRI Project Manager: L Sandel l  

Data Mining: An Introduction 
TR-1 0945 3, F ina l  Report 
EPR1 Project Manager: S. KondepUdi 

Substation Integrated Protection, Control, 
and Data Acquisition: Utility Communi
cations Architecture-Interoperability 
Test Plan 
TR - 1 09474, Interim Report 
EPRI  Project Manager: J. Melcher 

Enhancements to ANIIIFTLF, EPRl's Short• 
Term load Forecaster 
TR-1 09482, Fina l Report 
EPRI  Project Manager: D. Marat\Jkulam 

ENVIRONMENT 

Life-Cycle Cost Management, Vols. 4 and S 
TR- 1 05443-V4-VS, F inal Report 
EPRI Project Manager: M. McLeam 

Field Evaluation of Comanagement of Util
ity Low-Volume Wastes With High-Volume 
Coal Combustion By-Products: CL Site 
TR- 1 08242, Final Report 
EPRI  Project Manager: I .  Murarka 



Use of a Spreadsheet Program for Modeling 
the Interaction of Low-frequency Electric 
and Magnetic fields With Biological Objects 
TR-1 08473, Final Report 
EPRI Project Manager: C. Rafferty 

Developmental Toxicology Study in Rats Ex
posed to 60-Hz Horizont.tl Magnetic Fields 
TR-1 08946, Final  Report 
EPRI Project Managers: C. Rafferty, R. Black 

Source Reduction Demonstrations for 
Utility Wastes, Vols. 1 -2 
TR-1 09009-Vl -V2, Fina l  Report 
EPRI Project Manager :  P; Radcl iffe 

STRATEGIC SCIENCE AND TECHNOLOGY 

Corrosion fatigue of Water-Touched Pres
sure Retaining Components in Power Plants 
TR-1 06696, Final Report 
EPRI Project Managers: B. Dooley R .  Pathania 

CHAT Plant High-Temperature High
Pressure Expander 
TR- 1 085 1 8, Flnal Report 
EPRI Project Manager: A. Cohn 

Testing Methods for Prediction of Onset 
of lnterarea Split in a Full-Scale Real
World Context 
TR'- 1 08533, Final �eport 
EPRI Project Manager: D. Sobaj ic 

Water Recovery From Humidified Power 
Cycles 
TR- 1 08545, F ina l  Report 
EPRI  Project Manager: A Cohn 

Energy Storage in a Restructured Electric 
Utility Industry 
TR- 1 08894, Fina l Report 
EPRI Project Manager: 5 .  Eckroad 

Moisture Nucleation in Steam Turbines 
TR- 1 08942, Proceedings 
EPRI Projecr Managers: B_ Dooley, T, McC!oskey 

Studies on the Mechanism of EMF Interac
tions With Cells: Cellular Stress Response In 
Magnetic Fields, and Electric and Magnetic 
Signal Transduction in a Membrane Protein 
TR-1 08947, Final Report 
E.PRI Project Manager: C Rafferty 

Review of Type IV Cracking in Piping Welds 
TR-1 0897 1 ,  Final Report 
EPRI Project Manager: R. Vlswanatha n 

Proceedings: Steam Turbine Stress Corro
sion Workshop 
TR-1 08982, Proceedings 
EPRI Project Manager: R .  Viswanathan 

Proceedings: Vear 2000 Embedded 
Systems Workshop 
TR-1 09135 ,  Proceedings 
EPRI Pcoject Manager: J. Weiss 

New 
Computer 
Software 
Orders. for EPRl-developed software should be d i
rected to· the Electric Power Software Center, 
1 1 025 North Torrey Pines Road, La Jo l la, Ca l ifornia 
92037; (800) 763-3772. 

CORETRAN-01 
Version 1 . 4 1  (HP-UX) 
Divis ion: Energy Conversion 
EPRI  Project Manager: Lance Agee 

CPM-3: Core Physics Module 
Version l .00 (Windows) 
Division: Energy Conversion 
EPR!  Project Manager: Jason Chao 

Electricity Book 
Version 0.7 (Windows) 
Divis ion: Energy Delivef')I and Uti l ization 
E.PRI Project M;i nager: Art A ltman 

EOOS: Risk and Reliability Workstation 
Module 
Version 2.6a (Windows) 
Divis ion: Energy Conversion 
EPRI Project Manager: Frank Rahn  

ESPRE: EPRI Simplified" Program for 
Residential  Energy Analysis 
Vers ion 3 .0 (PC-DOS) 
Division: Energy Del ivery and LltifizatJon 
EPRI Project Manager: Karl Johnson 

GTOP™ (Gas Turbine Overt,aul Plan) 
W501 SC 
Version O (Windows) 
Division: Energy Conversion 
EPRI  Project Manager; Robert Fr ischmuth 

NOx LOI Predictor 
Version 1 . l  (Windows) 
Divis ion: Energy Conversfon 
EPRI Project Manager: Jeff Stal l ings 

ORAM-SENTINEL 
Vers ion 3.0 (Windows) 
Division: Energy Convers ion 
EPRI Project Managers: S. Pa l Ka I ra ,  Jeff Mitman 

PISCES: Power Plant Chemical Assessment 
Model 
Version 2.0 (PC-Windows) 
Division; Energy Conversion 
EPRI Project Manager: Barbara Toole O'Nei l 

PQDB: Power Quality Database 
Version 1 . 0  (Windows) 
Division :  Energy Del ivery arid Utll ization 
EPRI Project Manager : Sid Bhatt 

PODS {Power Quality Diagnostic System): 
Event Modification Modi.lie 
Version 1 . 0  (Windows) 
Dfvision: Energy Delivery and Uti l ization 
EPRI Project Managec Sic{ Bhatt 

PQOS: Measurement Module 
Vers ion 1 ,0 (Windows) 
Division: Energy Delivery and Ut i l ization 
EPRI Project Manager: Sid Bhatt 

PQTB (Power Quality Toolbox); Voltage 
Sag Analysis Module 
Version l .O (Windows) 
Divis ion: Energy Del ivery and Uti l izat ion 
EPRl Prefect Manager: Sid Bhatt 

PQTB: Wiring and Grounding Analysis 
Module 
Version 1 . 0  ( Windows) 
Division: Energy Delivery and Utl l i.zatl'on 
EPRI Project Manager: Sid Bhatt 

RBR: Regulatory and Administrative 
Burden Reduction 
Version 1 . 1 (Windows) 
Divis ion: Energy Conversion 
EPRI Project Manager: Frank Rahn 

RCM Te(tinical Reference for 
Power Del ivery 
Vers ion 1 .0 (Windows) 
Division: Energy Delivery and Utilization 
EPRI Project Manager: Paul  Lyons 

RCM Workstation For Power 
Delivery 
Version 1 .0 ( Windows) 
Division; Energy Delivery and Uti l ization 
EPRI Project Manager: Paul  tyons 

SCAAD: Strategic Capacity and 
Analysis Diilltabase 
Vers1on 2.0 (Windows) 
Divis ion: Energy Conversiol"\ 
EPRI Project Manager: Robert Friscnmutll 

SDWorkstation: Substation Design 
Workstation 
Version l .l (Windows) 
Division; Energy Delivery and Uti l ization 
EPRI Project Manager: Ben Damsky 

TIM (Transmission Inspection and 
Mai11tenance) System 
Version LO (Windows NT; Wlndows 95) 
Division :  Energy Delivery and Util ization 
EPRI Project Manager: Paul  Lyons 

TLWorkstation™ : Transmission Line 
Workstation 
Version 3.0 (PC-Windows) 
DiVis ion: Energy Delivery and Uti l izat ion 
EPRI Project Manager: Anwar Hirany 

TRUE: Total Risk of UUlity Emissions 
Version 1.2 (Windows) 
Divis ion: Environment 
EPRI Project Manager: Leonard Lev in 

UTWorkstation™ (Underground 
Transmission Workstation): ACE 
(Alternate Cable Evaluation) 
Version 3.0 (Windows) 
Divis ion: Energy Del ivery and Util ization 
EPRI  Project Manager: Tom Rodenbaugh 
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EPRI Events 

MAY 

4-8 
Cyclone Boller Unit Operations 
Kansas Gty, Missouri 
Contact: Melanie Moore; (800) 745-9982 

5-6 
Secondary-Cable Workshop 
Charlotte, North Carolina 
Contact Kathleen Lyons, (650) 855-2656 

5-7 
Vibration Analysis 
San Antonio, Texas 
Contact: Melanie Moore, (800) 745-9982 

6-8 
Generator Operation, 
Troubleshooting, and Maintenance 
Course 
San Antonio, Texas 
C-0ntact; Melita Guellert. {650) 855-2010  

6-8 
Internet for Plant Automation 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 

1 1 -12  
Continuous Emissions Monitoring 
Progtam (Part 751 Audit Trarning 
Course 
New Orleans, Louisiana 
Contact: Michele Samoulides, 
(650} 855-2 1 27 

1 1 -12  
Power Quality Opportunities In a 
Changing End-Use Malket 
Knoxvil le, Tennessee 
Contact: Martha Powers, (423) 974-8288 

12-13 
Plant Support Engineering Issues 
Meeting 
Charlotte. North Carolina 
Contact: Brent Lancaster, (704) 547-601 7 

1 2-1 3 
Power Plant Optimization Workshop 
St. Louis, Missouri 
Contact: Megan 80yd, (650) 855-79 1 9  

12-14 
Agricult.ural Technology Alliance and 
Food Technology Alliance Joint 
Meeting 
Memphis, Tennessee 
Contact: Chuck Sopher, (703) 737-0401 

1 2-15 
Feedwater Heaters Short Course 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 
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1 2-1 5 
Hydrogenerator Maintenance Course 
Atlanta, Georgia 
Contact: Karen Goodeve, (41 6) 620-5600 

12-1 5 
Turbine Lube Oil/Electrohydraullc 
Controls Working Group 
Charlotte, North Carol ina 
Contact; Brent Lancaster. (704) 547-60 17  

1 3-1 5  
MIDAS TraJnfng/Users Group 
Phoenix, Arizona 
Contact: Susan Mars'land, (650) 855-2946 

1 3-1 5 
1 998 CEM us.,s Group Meeting 
New Orleans, Louisiana 
Contact: Michele Samoulides, 
(6S0) 855-21 27 

1 4-15  
Seminar on  the Prediction and 
Mitigation of Severe Weather 
Loads 
Baltimore, Maryland 
Contact Kathleen Lyons, (650) 855-2656 

17-20 
International Ground-Source Heat 
Pump Technical Conferena 
Sti.llwater, Oklahoma 
Contact: Shelly Fitzpatrick, 
(800) 626-4747 

18-19 
Chemical Decontamination 
Conference 
Greenville, South Carolina 
Contact: Linda Nelson, (408) 255-8079 

18-19 
OASIS Workshop 
Danver$, Massachusetts 
Contact: Cindy Layman, (650) 855-8763 

18-20 
Advanced Power Quality Workshop 
Knoxville, fennessee 
Contact: Martha Powers, (423) 974-8288 

18-20 
Joint DOE/EPRI/GRI Fuel Cell 
Technology Workshop 
San Francisco, California 
Contact: Melita Guellert (650) 855-201 O 

19-21 
Simulator Acceptance Test Procedure 
Workshop 
Kahsas City, Missouri 
Contact: Sarah Vanberg, (81 6) 235-5623 

19-21 
Vision at Low Light Levels 
Orlando, F lorida 
Contact; Larry Ayers, (800) S25-855S 

27-29 
Light Fair 
Las Vegas, Nevada 
Contact: Mark Gabriel, (650) 855-2660 

JUNE 

1 -2 
Symposium on Improving Bulldmg 
Systems 
Fort Worth, Texas 
Contact; Mukesh Khattar, (65Q) 855-2699 

2-5 

Heat Exchanger Performance 
Prediction 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 

3 
1998 Wires Conference and 
Technology Expo 
New Orfeans, Louisiana 
Contact: Melita Guellert, (650) 855-2010 

8-1 1 
PQA '98 North America 
Phoenix, Arizona 
Contact Megan Boyd, (650) 855-7919 

8-1 2 
Structured On-the-Job Simulator 
Training Program 
Kansas City, Missouri 
Contact. Sarah Vanberg, (81 6) 235-5623 

9-1 1 
Predictive Maintenance Program: 
Development and Implementation 
Eddystone, Pennsylvanla 
Contact: Melanie Moore, (800) 745-9982 

9-1 1 
Steam Generator Strategic 
Management Workshop 
Jackson Hole, Wyoming 
Contact: Ulla Gustafsson, (650) 941 -8552 

9-12 
Ste«m Tuf'bine-Generator 
Maintenance and Inspection 
Seminar 
San Antonio, Texas 
Contact Paul Sabourin, (704) 547-(; 1 55 

9-12 
3d International Workshop on 
W.scllng and Repair Technology for 
Power Plants 
Scottsdale, Arlzona 
Contact. Brent Lancaster, (704) 547-601 7 

10  
Water and Energy Conference 
St Louis, Missouri 
Contact: Kim Shilling, (3 1 4) 935�8590 



1 1 -12 
Plant Support Engineering SQURTS 
Meeting 
Richmond, Virginia 
Contact: Brent Lancaster, (704) 54Hi0 \ 7 

15-17 
8th International Joint ISA 
POWIDIEPRI Controls Conference 
Scottsdale, Arizona 
Contact: Melita Guellert, (650) 855-201 O 

15-17 
Symposium on Balanc.-of-Plent 
Heat Exchanger Nondestructlv. 
Evaluation 
Lake Tahoe, Nevada 
Contact: Debbie Pascone, {704) 547-6\24 

15-19  
CHEC Users Group Meeting 
Bel levue, Washington 
Contact: Peggy Amann, (650) 855-2259 

16  
Pridng Strategy and Tactics Workshop 
Washington, D.C. 
Contac:t: Michele Samoul ides, 
(650) 855-21 27 

1 6  
Value-at·Rlsk Workshop 
Washington, D.C. 
Contact: Michele Samoulides, 
(650) 855-2127 

16-18 
Infrared Thermography: Level 3 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 

17-18 
ProfitManager Training Workshop 
Dallas, Texas 
Contact: Lynn Stone,. (972) 556--6529 

1 7-19 
Healthcare lnltlatfv• Confer•nce 
Memphis, Tennessee 
Contact: Kelly Ciprian, (614) 855-1 390 

17-19 
Innovative Approach•s to Electrlclty 
Pricing 
Washington, O,C. 
Contact: Michele Samoul ides, 
(650) 855-2 127 

18-19 
ProfitManager Users Mfftlng 
Dallas, Texas 
Contact Lynn Stone, (972) 556-6529 

20-28 
lntemational Food Technology 
Exposition 
Atlanta, Georgia 
Contact: Myron Jones, (6501 855-2993 

21-23 
Motor Rewind Seminar 
Cleveland, Ohio 
Contact: Melita Guellert, (650) 855-201 0  

22-24 

Reador Pressure Vessel Conference 
Santa Fe, New Mexico 
Contact: Susan Otto, (704) 547-6072 

22-26 
Combined-Cycle Operations for 
Utility Engineers 
Castine, Maine 
Contact: Sarah Vanberg, (8 1 6) 235-5623 

23-25 

Machinery Balandng Course 
Eddystone, Pennsylvania 
Contact: Melanle Moore, (800) 745-998.2 

23-25 

Valve Packlng1 Application, 
Configuration, Engineering 
San Antonio, Texas 
Contact: Melanie Moore, (800) 745·9982 

25-26 

EPRJ Partt1ershlp for Industrial 
Competitiveness 
Milwaukee, Wisconsin 
Contact: BIii Smith, (650) 855-241 5 

25-26 

3d National Green Power Conference 
Sacramento, California 
Contact: Cindy Layman, (650) 855-8763 

29-30 
Ground·Penetratlng Imaging Radar 
Workshop 
Ridgefield, Connecticut 
Contact: Andrea Duerr, (650) 855-271 9 

30-July 2 
6th Annual EPRI Terry Turbine UHrs 
Group Meeting 
Jackson Hole, Wyoming 
Contact: Lmda Suddreth, (704) 547-6061 

JULY 

6-7 
Service water Assistance Progtam 
Coordinators MeetJng 
WIi iiamsburg, Virginia 
Contact: Brent Lancaster, (704-) 547-6017  

8-9 
Improving Service Water System 
Rella�lllty 
WIi iiamsburg, Virginia 
Contact: Brent Lancaster, (704) 547-601 7 

13-14 
3d lntern,itlonal Conference on 
Arsenic Exposure 
San Diego, California 
Contact Janice Yager, (650) 855·2724 

1 3-15 
EPRI/ASME Radwaste Workshop 
Orlando, Florida 
Contact: Michele Sarnoulides, 
{650) 855·2127 

1 3-1 7 
Boller Operating Theory 
Fundamentals 
(astine, Maine 
Contact Sarah Vanbetg, (816) 2"35·5623 

14-17 
Machinery Alignment 
Eddystone, Pennsylvania 
Contact Melanie Moore, (800) 745-9982 

15-17 
1 998 International Low-level-Waste 
Conference and Exhibit 
Orlando, Florida 
Contact: Mlchele Samoulides, 
(650) 855-2 1 27 

20-22 
Stearn Turbine Performance, 
Monitoring and Diagnostics Course 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 

20-22 
Technology Delivery Workshop 
Denver, Colorado 
Contact: Megan Boyd, (650) 855-7919  

20-24 
Drum Boll• Unit Operatlom 
Castine, Maine 
Contact: Sarah Vanber9i (816) 235-5623 

21 
Extending Time Between Generator 
Inspections 
Philadelphia, Pennsylvania 
Contact: Jan Stein, (650) 855-2390 

22-24 
Power Plant Pumps Short Course 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 

27-31 
Supercrltlcal Boller Unit Operations 
Kansas City, Missouri 
Contact: Sarah Vanberg, (81 6) 235-5623 

28-30 
Fluld.fllm Bearing Diagnostics 
Eddystone, Pennsylvania 
Contact: Melanie Moore, (800) 745-9982 
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