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.A4s 1 . . � . d '1 
P. R:Q.D ��q_[f.�i, j EPRl-sponsored deliverables now available to utilities and their customers 

An ideal olution for the trenching need of utilitie and their 

cu tamer , TUFCO is a convenient, lightweight replacement 

for the heavy steel trench covers typically u ed in con trnction 

- ome of which require crane to in tall. Developed under 

th sponsor ·hip of EPRI and the American Water Work 

As ociation, the T F O cover plate are made of durable 

fib rgla com po ite and weigh onl 150 pounds each. The 
modular unit are de igned to span a -foot trench and can 

withstand load of up to 32,000 pound . Each unit is ea ily 
handled by two people, so there i no need for crane . Indi­

vidual unit can be joined securely to cover larger area . 

--
For 111ore i11for111ntio11, co11tnct Tom Rorle11bn11glt, (415) 855-2306. 

To ordet� cnl/ D011 Cnn11icltnel nt Com posit Air, (805) 389-4600. 

• 

Information Superhighway: Business Opportunifies and Risks 

The new telecommuni ation and information technologie 

of the information uperhighway-forrnall kn wn a th 

ati nal Information Infrastructure ( 11)-off r utilities th 

opportunity to become more competitiv . Yet along with 

such opportunity comes risk. And it is important for utilities 

to under tand the potential long-term impact of telec mmu­

nications trategi before th y make any major d ci ion . 

Thi r port (TR-104539) offer an in-depth analy i of the 
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t chnology, mark t, r gulator , and financial· u utility 
d ci ion maker mu t con ider a they inv stigate th 

opportuniti s of th lJ I. Th r port defines five major stra­

tegic options and di cusses uch m asures a phased imple­

mentation and forming alliance t help manage ri k and 

reward. 

For 111ore i11fon11ntio11, co11tnct Ro11 Ske/1011, (415) 855-8753. 

To orde,� cnll the EPRI Di-trib11tio11 Ce11ter, (510) 934-4212. 



MarketTREK 2.0 

The decision to latmch a new marketing program, promote 
a new technology, or offer a new energy service involves the 
ca reful eva luation of co t and benefit  . To make the righ t  
choice , u t i l i ty deci ion makers need to know which pro­
grams and services me t cu tomer need . EPR I ' MarketTREK 
softwa re, a M icrosoft Wi ndows-based analysis tool, provides 
a framework for predict ing U,e choices customers wil l  make, 
ana lyzing U1e i r  decis ion-making proce es, and s im ulating 
the effect of uti l i ty marketing acti i t ie on thei r deci ions .  
MarketTREK's flexib i l i ty a l l  w u er to customize market 
forecasts on the basi of avai lable data. Market planner can 
produce "back of the em elope" forecasts using expert-

·-------. -· --

j udgment techn ique· or undertake more-rigorous ana ly es 
based on ma rket research and primary data collection. 
For 111ore i11fon1 1ntio 1 1 ,  co1 1tncf Pn1 1 /  Menghe1; (41 5) 855-2420. 

To order, en/I tlie Electric Power Softwnre Ce11ter, (800) 763-3772. 

Global Warming Video 

Profitable Rate Options 

The greenhouse effect i a continu ing sou rce of concern for the 
electric util ity industry, s ince carbon dioxide, a major green­
house ga , i released in the burning of fo si l fuel  . As a wa 
to ounteract some of thi CO2 r lea , ci ntists have as ess d 
the poten tia l  for usi 11g halophytes-plant species that th r i ve 
on sal t  water-to absorb large quan tit ies of CO2 from the 
a tmosphere.  This video (VT-10353 ) exa mines the po tent ia l  for 
using ha lophy te farm to seque ter CO2 and  showca es a test 
fa rm in Puerto Pe,iasco, Mexico, wher . cien t i. ts from the 
University of Arizona, the a l t  Ri er Project , and EPRI have 
conducted experi ments to learn more abou t halophytes. For more infom,ntiol l ,  contnct 

U.J l l is Fite/kn, (415) 855-2969. To order, en/I t/1e EPRI Distrib1 1 t io11 Center, (51 0) 934-42 12 .  

i n forma tion on a rea- ,md t irne-spe i fic costs can  enable a 
u t i l i ty to design innovative rate options that decrease cus-
tomers' e lectr ic bi l ls w h i l e si mu l tru1eousl y increasing ut i l i ty 
earnings.  This report (TR-1 04375) describes one u t i l i ty's use 
of a rea- and t ime-specific costs to develop uch ra te options. 
The uti l i ty, Central Power and Light Company, identified 
potentia l high-tran mi ion-co t a rea a nd e lected rate 
option offering i ncen ti es for customer in tho e area to 
shi ft theix electrici ty use from high-cost time period . The 
report i nclud es a des ri pt ion of the proce u ed to e al uate 
the ut i l i ty's margi11 on the ba is of a rela t ively sma U  set of 
data . Such data a re ava i lable to nearly a l l  ert ically integrated For 11 1ore i1 1formnlio1 1 , co1 1 tncl Grny 01 1 Heffne1; (202) 293-6340. 
investor-owned ut i l i t ie . To orde1; en/I tire EPRL  Disl rib 1 1 t io11 Cen ter, (51 0) 934-421 2 .  
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Next-Generation Photovoltaics 

he most-promi ing photovolta ic (PV) technologies 

for cost- ffective, near-term util ity applications 

i 11clude high-concen tration PV with sma l l , high­

effic iency crystalline silicon cel ls and mul tijunction 

th jn-fi lm PV with less-expe1 ive but lower-effi­

ciency amorphous silicon modules. Ten to 1 5  years 

in the future, however, attention wil l  likely be focu ing on a 

new generat ion of PV devices now appearing on th r search 

horizon . Tlus adva nced technology promises to have the low 

cost associa ted with thi n-film manufacturing while featu ring 

efficiencies as lugh as today's best crystalline cells . 

Two fu ndamen ta l change from today' PV devices w i l l  

be involved . Fi r t, t he  new technology will not be silicon 

ba ed; rather, device wi J I  be created from thi n  film of 

compound emiconductor al loys, uch a tho e ba ed on 

copper ind ium d i elenide ( IS) .  Second, the microstructur 

w i l l  be pol ycry tal l ine-that is, composed of crystal grain 

a bou t 1-5 micrometer in dia meter. In compari on, today' · 

silicon cel ls are made from huge single crystc1 l u p  to 8 inches 

acres , and cu rrent amorphou silicon films c1re homogeneous 

with thei r iii on atoms ra ndomly arranged. 

To explor the commercial potential of uch polycrys­

tall ine  rv 111c1terial  , EPRI 's trategic R& D Bu ine s nit i 

spon oring an i ntegra ted program of re earch a t  fou r univer-

i ties . Scien tists at the U 1uvers i ty of Sou th Floridc'I  11 re tudy­

ing materia l problem t lrn t li mit the performa nce of I 

alloys. At Pennsylvania Sta te  U 1uversity, researchers are 

condu cting compu ter imulations of CIS-based PV d evices to 

better und er tand them .  I mproved way to grow polycrys­

tall i ne thin films are being investiga ted at th Univer ity of 

Delawa re. And resea rch r at the University of I l l inois a re 
usi J1g theis mater ials-characterization tools to help the other 

centers better w1derstand l fi lm and mc1ke m1proved th in ­

film sa mples and devices. 

This re earch has now reached a stage in which scientists 

ca n crea te materials with good optical a nd electronic proper­

t ies and  can make decent ingle-junction PV devices . I n par­

t icular, Don Morel and hi colleagues at th Un i versity of 

South lorida have found ways to tai lor these properties by 

elect ively ub t i tut ing ga l l ium for ind ium a11d u Jfu r  for 

elenium in the polycry talliJw ClS thin film . The next major 

tep will be to crea te m u lt i junction PV cells, wltld1 ca n in-

crease conver ion efficiency by ab orbing d i fferent We ve­

lengths of l igh t  in each layer. 

"Ou r tea m approa h to this complex field of resea rch has 
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Copper indium diselenide film 

proven very ucce sful," ays Terry Peterson, EPRI ma nager 

for the project. "A lot of work remai ns to be d one, bu t we' re 

very opt imistic about eventually crea t i ng a uperior, competi­

t ive prod u t. Amorphous th in-film PV modules a re expected 

to be a va i lable soon in an 8-squa re-foot ize with a net conver­

s ion efficiency of over So/, , evolving to efficiencies of 1 Oo/. to 

1 2%. Wi t hin a few year , they may aclt leve EPRl's 15o/. target 

efficiency for flat-plate PV. However, polycrystallm thln-film 

mod ule eem a good bet to eventually achieve about the 

ame manu facturing co t-bu t  with effic iencies of ov r 25%." 

• For more 111fo1wntio 1 1 ,  contact Terry Peterson , (4 15 )  855-2594. 



Finding New Superconductors Faster 

I 
n the decade since the discovery of so-called high-tempera­

ture superconductors, a variety of such materials have been 

identified. An ongoing problem for research in this area, 

however, has been the difficulty of identifying just the right 

combination of elements needed to produce the best results. 

Out of thousands of possible proportions of the constituent 

materials, only a few may exhibit superconductivity. Now, 

with EPRI fundtng, Professors Sheldon Shultz and [van 

Schuller and their colleagues at the University of Califom.ia, 

San Diego, have developed a novel procedtLre to allow rapid 

scanning of a wide range of candidate superconducting 

compounds. 

First, the research team deposits the components individ­

ually but simultaneously in a thin film on the surface of a sub­

strate. By the use of multiple evaporators and the continuous 

adjustment of substrate position, these materials are spread 

out in graduaUy varying concentrntions across the sample-

creating a wide variety of combinations. Next, the sample is 

scrumed to detect signs of superconductivity in particular 

areas, as i ndicated by microwave absorption. By this method, 

a region of superconductivity can be pinpointed to within a 

cubic micrometer, and the particular set of element concentra­

tions iJ1 that region can be determined to withi n a few percent­

age points. 

Using this phase-spread alloy thin-film (PSATF) method, 

the researchers examined a variety of yttrium-nickel-boron­

carbon compounds and determined which combinations were 

superconducting. TI,e lanthanum-nickel-boron-nitrogen series 

was also examined, and no superconductivity was found, 

thus eliminating that series as a source of new superconduc­

tors. Work continues, using the PSATF method on new ele­

mental combinations in the hope of finding likely compounds 

for the next round of high-temperature superconductors. 

• For more iiifomintio11, ca11tnct Pnul Grn11t, (-J.15) 355- 2234. 

How to Make a Better Ice Cream 

I 
n many commercially produced foods containing dairy 

products- such as ice cream, milk chocolate, white sauce, 

and salad dressing- water must be removed from the raw 

ingredients because the total solids content of the finished 

product needs to be relatively high. Typically, some thermal 

process, such as heat evaporation or oven drying, is used to 

remove the water. Such processes, however, create unwanted 

flavors, whid1 are usually masked by adding additional 

flavoring-for example, by putting more vanilla in ice cream. 

Now EPRJ has received a patent on the use of freeze-concen­

trated dairy products to improve the flavor and other proper­

ties of these manufactured foods. 

Freeze concentration involves cooling a dairy product, 

such as milk, below its freezing point and then removing ice 

crystals as they fom1 on the surface of a heat exchanger. The 

total solids content of the remaining liquid product cru, be 

varied from 20% up to about 50%. EPRJ received a patent on 

this basic process in 1990 and licensed the technology to NlRO 

Process Technology, which built a commercial-scale process 

dt:?Velopment unit capable of removing about 1000 pounds of 

water per hoLLr from milk. The resulting mHk concentrate-

whose trade name is Snomilk- was consistently judged supe­

rior in taste to the nearest comparable commercial product, 

evaporated nulk. 

Research attention then shifted to finding out how freeze­

concentrated dairy ingredients could be used in commercial 

food products. Blind taste tests yielded the following resuJts. 

fee cream containing Snomilk had significantly better overall 

taste with less need for added flavorings. Creating milk ci1oco­

late from skim milk solids made by the freeze concentration 

process improved the aroma, overall flavor, and flavor bal­

ance and produced better "melt in mouth" characteristics. 

Improved taste was also demonstrated in cream cheese, sour 

cream, and soft-serve ice milk. A patent on the process for 

producing these improvements was issued in August 1995. 

• For more ii,for111ntio11, co11facf A111111i A111amnth, (415) 855-2548. 
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7 7- !E 70/?Y I BR1 Deregulation qf the bulk potl 'er market is prompting ma1 1y electric uliliti · to 

reexam ine their older frrsil generating un its to see how they/it into the company s ouera /1  operating 

strateg) and whether they should be retired or mod[/1ed to help the company become more competil iL •e. 

t:PR! �, Fo:sil ssets Management methodologies pro ide a formal oalue-ana(v:is process/or determin­

ing which investment and utilization opt ionsforfossil plants prouide the greate t benefits at the co,p 

mte lece/. Three major opes qf as ·et mcnzagement d cisions are hzmh ed: how to deploy each 1 1 1 1 il in a 

1 1 1  i!iz i , s .fossil plant fleer. what ince:tments . b 1 1 ld be made at specific plcmt . and hou to mod!fj i  opera-

l ion and maintenance pra lice::, in l ieu • of pre e11t  equ ipment condition .  EPRJ ha · also deL •eloped the 

t rategic Asset Wanagement methodology, which focuses on  even broader altemat iuesfor a/locating 

budgets and ta.ff time acros · the u t ility. The FAM and AJ\11 methodologies can be used together to 

mza�y e a full su ite q/ c,, ·set mcmctgement decisions. ra 1 1gi 1 1g fi ·om co1porate-let 1el reorga 11 izat ion to keJ 

eqzupment pu rchases at specific plants. 

fo·rrtL 
VN!T 1 

by Jol:m Douglas 

Fos s1L  AssETs MANAGEMENT 

Making Decisions an 



L. 
f!VMAN CNVLRONMENTAL 

REQUIR.EME.NTf 

Older Plants 
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hen the Fed eral Energy 
R gulatory ommi sion i -­

sued its March 1 995 o­

tice of Propo'ed Ru lemak­

ing (NOPR), p rov id i ng open acce to uti l ­

i ty  tra n •m i · ion networks for whole a le  

tra n actions by th i rd part ie , the effect 

were fel t  far beyond the bu l k  power ma r­

ket. Of particu lar  concern to many utili ties 

is the problem of stranded as ets-that i -, 

th� lo s of asset valu for faci l i t ie tha t  

would n o  longer b e  competiti ve in , dereg­

ulated electr ic i ty market. Al though FER 's 

"Mega- OPR"-so cal led beca use of i ts 

ize and  com p lexHy-pmpuses a l low ing 
ut i l i t i s to recoup their losses in prudent l y 
acq u i r  d assets, the actual magn itude of 

potential los es and recoverie remains 

highly uncertain and con trover ia l .  The 

pro p ct of adding state- le e l  deregu lat ion 
f d i  tributi n 

the ;ih.1ation . 

terns hU'ther compl icates 

Older fo sil genera ting uni ts  �m pe­

c ia l ly v ulnerable .  Rough ly 7711/o of the cur­

ren t  u ti l ity fossi l fleet is m r t han 20 yea r 

ol d, and  many of U1e w1its a re exh ib i ting 
de lining p rformanc�. I n  fact, th� heat 

rates of the-e old r plants can run 20-30% 

higher than those of more-modern faci l i ­

tie . Furtherm r , with a erage capacity 

factors for fo · i J unit hovering a nw1d 

50%, many of the ulder plant  are not b -

i ng ba e loaded; the re ·u l t  i a ignifica n t  

add itional hea t rate pena l ty. 

St i l l ,  Tony rmor, director of EPRJ ' s  Fo -

si l Power Plant Busine s Unit, be l ieves that 

most of the e oldt r units a re un l i kely to 

rep re en t  a la rge strand ed a pital invest­

men t for u til i t ie  . ''There 's l i t t le m, t tand­

ing ca p i tal  debt left on the·e o ld fo i i  

plc1nt  ·, " h e  ·a . "The rea l i ue i ' uperat­

i ng co t . A u t i l i ty n ed s to ca refu l ly as­

se th co t of genera t ion from each fo -

s i J  Lmi t  t .ee wh ther fmther inve · tment 

or cht1 n ge i n  opern t ion ,u,d main tenr u1ce 

pract ices a re requ i red in order to maintt1 in 

or lower production co ts to ach ieve 0111-

peti tivc levd . But ana lyzing those deci-
ions r qu ires good c st data,  market ai,d 

h1cl forL•casts,  and other key deci ion in­

format ion_ PRJ pro ides as et ma nage­

ment methodologies that enable a ut i l i t  

to und rstand the va l ue ,1 Lmi t  pro id 
to the com pan and tha t  u port deci-
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ion 1m1king about what to do wi th older 

plants.'' 

Several options 

For those u ti l i ties eeking to upgrade ex­

isting power p lant so that they can com­

p te in a deregu l a t  d market,  s veral op­

t ions are ava i lable .  Some older uni ts, of 

course, w iJ l  continue to genera te power at 

a competiti ve co -t for ome year to come. 

Others can be made competitive through 

upgrad i .ng or by addu,g new equ ip ment. 

Repowering-for exam pl , by adding com­

bustion turb ines and h at recovery steam 

genera tor -ca n  i m prove heat rates by a 

m uch as 50% at some older units, while si­

m ul ta neously 1·educing � leveJ by more 

than half. F r other units, ea nal peaking 

op�rat i  n ma y pro e to be th most eco­

nomica l ly a t tracti ve al tema ti e. And at 

ome plan , a manageable reduction in 

O&M co ts can make the dj fference be­

tw en a stranded asset and a compet i tive 

genera ting un jt. 

Tradit iona l Jy, deci ion about which of 

the e opti on to ch o e ha e been made 

i n  th conte t how regulators wou ld  
treat the  i Jwestment d u ring a rate ca e. 

Furfhermore, i.n a regulated envi ronment 

with fi ed b nefil , ass t management ha 

ernpha ized retro pect ive, cost-ba ed bud­

geting. u h methods,  however, are al­

read y u1adequa te for deal ing wi th the chal­

lenges of com pet it ion, w here new revenue­

enhanci ng opporttmitie must be balanced 

aga in I co t cutt ing. A uti l i ty may, for ex­

ample, identify additional off- y. tem sale. 

a a viable way to increa e revenues ru,d 

use more pow r from an older pla11t . ln th.is 

case, more-inclusive asset management 

m thodologil!S a re needed to determ ine 

what le el  1f additiona l investment in the 

plru1 t cou l d  be j ust i fied by the new bu ;. 

ne opporttU.1 i ty-� bi le al taking into 

account the greater uncerta i n t ies invo lved .  

Abov� al l , such d�cisions must b e  based on 

how an ·pecific plant investmen t w i l l  con­

tr i bu te to overa l l  corpora te goal . 

"Go d busin practice demands U1at 

decisions abou t i .n ve  ti ng in power p lant 

asset be , ell upported, docu mented, 

and de.fen ible," ay Michele Blanco, man­

ager for · P R I '  Fossi l  A set anagement  

(FA M )  ta rg•t. " Wi thout a f rmal va l ue-

analysi proces , u ti l ities may find them­

selve thr wing g od money a fter bad .  

Wha t  our  FAM tools provide is  an approach 

tc ana lyzing plan t investment and ut il iza­

tion options on a companywide ba i to de­

termjne which of U1e avaj Jable a l ternati ves 

crea tes the mo t va lue f r ,, I I  corporate 

takeholders. " 

Blanco outl ines th r e major, in terr lated 

t pe of plant a et managemen t decisions 

U,at ne d arehi l crutiny. fl et deploy­

ment decisions det rm ine the be t k ng­

term investment and operation stra tegy­

ru 11, reh1rbi h, rep wer, retire-for each 
un i t  in a u ti li ty's fos i l  plan t fleet. Wi thi.11 

this context, resource ,  ! l o  ation deci ion 

determine the appropriat level  of capita l 

and &M inve tmen t at a sp ci fi plant in 

order for i t  to fu lfi l l  its role i n  the overal l  

fleet tra tegy. Fina l ly, gi ven the level of in-

estment a a i lable for an individua l  un i t, 

decisions can be made about how t m id­

ify O&M p ractices in l ight f pre ent quip­
ment cond ition. 

For thi a et ma nagement proce to 
work ffi ctivel y, l inkages ar clear ly ne d­

ed between the t ps j u  t described .  Re­

ised O&M costs, for ample, must be con­

idered i n each i tera t ion of resollfce alk1-

cation deci ion for a u nit in order to make 

sure i ts condition can be mainta ined ap­

propriately. Sim i l a rly, the resource a l loca­

t ion proct: m ust provide feedback for 

fleet deploym nt decision o tha t  overa l l  

stra t gy is a l igned w i th t h e  real ities of cur­

rent and fu t u re wut cost and performa nce. 

Developing core concepts 

111 su pport of the spec ific gu idelines a nd 

oftwa re being prepared for i.>ach p of 

a sel management decision, two case tud­

ies were conducti.>d to develop what Blanco 

ca l ls "co re concepts" rela ted tu how u ti l ity 

d ecisiun are made i.11 gen ra l .  These con­

e pts h lp determine the req uiremen ts for 

a u ti l i ty  d ci'ion su pport ystem and  a lso 

prov ide a better understand ing of how the 

people and processes i J, a part icu lar  corpo· 

ra te culture can affect a deci ion outc1 m�. 
The a e study cond ucted a t  an Diego 

Ga & Ele tric Company fo us d on a cap­

i ta l  b udget ing proce that had become 

s ta l led becau e t radi t ional analysis did not 

adequa tely re late a proposed retrofit proj-



ect to long-term goals for the plant in­

volved .  Th proj ct had b en initiated to 
replace ob olete pneuma tic control equip­
ment at five generating unit with modern 

distributed control systems. Company en­
gineers were unable to gain approval to 

make the improvem nts, however, u n t i l  
they cou ld provide an explicit link to the 

companywide goa l of making older plan ts 

cost-competitive. In part icLtlar, they lacked 

a way to balance th perceived benefit of 
retrofi t, uch a improved heat rate and 
greater operator flexibil ity, against the per­

ceived risks, such as the possibility of cost 
overrllnS or the effect of a la ter deci ion to 

r power. 
One of the first tasks of decision analysis 

in this case was to clarify and quantify 

ome of th i ntangibl  benefits who e 
value had b en ques t ion d .  The ben fi t 
of improved operat r flexibility, for exam­

p le, was clarified by rela ting it to the ability 
to operate u nits afely at lower minimum 

power. This advan tage was then quanti­

fied in term of the dol lar saving realized 

from minimum load red uction. The analy­
sis also revealed a cr itical missing l ink in 
the decision chain-an overall moderniza­
t ion strategy that would tra nslate corpo­

rate competi t ive goals into specific pla n t  

improvement objectives . Once these and 

other factors had been taken into account, 

the analy is ind ica ted that the proposed 
retrofi t would be co t-effective only at 
units not targeted for repowering. On the 

basis of this result, the company was able 
to realize estimated savings of more than 

$7 million by revising plans for the di trib­

u ted control systems retrofit pr ject. 

The econd core concepts tudy, con­

d ucted a t  M inne ota Power Company, fo­

cused on how to apply a particular ana lysis 
technique-cost mapping-to utility asset 

management decisions. A cost map is a 
type of influence diagram that graphically 

depicts the major factors that can affect a 

decision outcome and indica tes by arrows 

how they affect each other. Cost maps can 
serve as templates to help guide the initial 

formulation of a decision, ca n then help 
build spreadsheets during the evaluation 
phase of decision making, and can fina lly 

summarize the important relat ionships 
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Energy value ------

Spinning capacity value 

System demand Revenues 

Anci l lary services value 

Envi ronmental value 
Net present va lue (NPV) 

-100 

Unit cosl performance Costs 

Un it generation 

High 

Fue l price 

Nonluel O&M costs 

Change in Net Present Value {$ mi l l ions) 
-50 0 + 50 

Low 
Fuel pr ice •••••••••••c============] 

Low High 
System demand ········•=========:] 

Low High 
System marg inal values ····•====:J 

Low 

Nonfue l O&M costs 

+ 1 00 



M A N A G E M E N T  

way to determine the corporate-level value of investment a lternatives at each 
generating unit. 

Expected 70 
NPV 

-1 00 

System Demand Fuel Price 

High 

25% probabi lity 

High 1 68 Base 

25% probabil ity 50% probability 

Low 

25% probabi l i ty 

H igh 

25% probabi lity 

Base 66 Base 

50% probabi l ity 50% probability 

Low 

25% probabi l i ty 

H igh 

25% probabil ity 

Low -20 Base 

25% probabi l ity 50% probability 

Low 

25% probabil ity 
Range of Asset Value 

Cumulative Probabi l ity (%) 
1 00 

75 

-50 0 50 

Retire 

Expected NPV 

1 00 
Asset Value ($ mil l ions) 

1 50 

1 48  

1 68 

1 88 

66 

82 

-20 

-8 

Range of Asset Value 

Re power 

200 250 

'PROBABILISTIC ASSESSMENT 
'A· decision tree makes it possible to 
.calculate tile probable range of the 
'pla_nt's asset value in l ight of the key 
variables identified in the sensitivity 
,analysis.  In this example, the decision 
'tree is·for the alternative of continu­
;ing to operate the plant as in the past, 

:i. •. : • • . •  '.'!'ith ,minimal addit ional capital invest-
, in�n.t. At the outset, the plant has an 
expected NPV (from the value map) of 

:'�.io 'million; possible changes in system 
•dema·nd and fuel price could reduce the 
�piant's asset value to as low as -$35 mil• 
. li�ri.or increase the value to as much as 
$188 million. 

:RISK,RETURN OF ALTERNATIVES 
Ass·essments like the one above can·be 

,run'for various alternative investment 
, <'."·".d ·dispatch strategies and the oul• 
.comes compared to give a better picture 
•of risk and return for all  options.  In this 

' ·example, continuing to run a plant in its 
·current state has a higher expected 
value than retiring the plant, but main• 
'taining the status quo also has a higher 
chance of a negative outcome. Repower­

;ing the plant could produce the highest 
�.5.-_- . '  
'N.P.Y,' but·this option also involves the 
,greatest level of r isk. Other options that 
c�uld be assessed include switching the 

,pian_t to seasonal or cycling operation, 
,mothball ing it for a fixed period, or · -.- - ----- -·· · . - . -

·;µpgrading, p lant systems to lower 
J�pe�a�!rig and maintenance costs. 



u ed i n  mathemat ical  models i n  the ap­
pra i ct! pha e. 

The work on cost maps in the innesota 
Power case study revealed thei r usefu lness 
in bowi ng, how u t i. L i ty decision with dif­
feren t time frames cc1n b related to each 
other. For exa mple, , hort- term decision 
c1bout  whether to repair a defective piece 
of equipment  imm d iately or to wait un.t il 
the next c.hed u led maintenance period 
can have important med i u m-term con e­
quence for a power plan t, uch a i 11ereas­
ing the risk of c1 for ed ou tage. Duri ng the 
tudy, co t maps were u ed to a nalyze de­

ci ion re.la ted to i ncreasing off- ystem en­
ergy sales, provid ing au tomatic generat ion 
con trol for load fol lowing,  and i .nvest ing 
i n  a cool ing-tower upgrade.  In the la t ter 
cc1sc, for i n  tance, , cap i tal  in vestmen t of 
$1 . mil l ion in a vc1riable- peed motor for 
the co J i J,g tower wa found  to produc an 
, nmrn l short- tern, net va lue of $675,600 
(mcl in l  through red uced fuel costs) and an 
anticipated va lue of medium -term benefits 
of more t han '"'.6 mil l ion (mainly through 
a reduction in forced outage ) . 

Fleet deployment 

D ciding how to deploy th div r e fo sil 
u n it in a uti li ty' genera t ion fleet i a n  in­
her n t ly complex proce . Thi · is prtrtku­
laTly an is ·ue when determining wha t  to 
do wi th  margi nal or a t-r i  k tutlt . The at­
t racti ent s of d i ffer nt c11 terncl tives may 
be viewed from con flict ing persp ct iv by 
variou ·tak holders-cu tamer , hare·  
holder · ,  employe , and society. Each deci­
s ion at thi  level will have import a n t  impli· 
ca tions for 1t ng-lerm opera tional plans a t  
ind ividual u n its . And nu meral lmcertai n­
t ies have to be taken into arcount, from im­
media te co  t s  to  futu re ha nge. i n the bu si­
ne s nvironmen t . n, AM methodology 
for fie·  t d eploymen t i thu d ,;igned to 
providi:  a u t i l i ty w i t h  cri tica l i nfom,a liun 
on the va lue of each generat ing unit, how 
change in each un i t  wi l l  affect i ts value, 
and  how the_e changes,  in turn, can a ffect 
the va lue of other u nits . 

One valua t ion measu re used by the FA!v1 
method ology to ful fi l l  the e requf rcments 
is net i nsta l led value  (N JV)-the net chru1ge 
in tol:al system value attribu table to lrnving 
the uni t  a va i lable for use. How the I V  of 
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a w,it  on a pa rticu l a r  system is calcula ted 
depends prima rily on the size of the sy, -
tern. For 1rn1J l  yst m 

I a y tern opera­
tion model-u ual ly ba ed on a production 
cost ing simulc1t ion-is n1 11 r pe<1 t  d ly to 
see how to ta l  cost change i ncremen ta l !  
with each propos d i n v  stme.nt or operat­
ing modifica tion at a particu l a r  pl;mt .  Thi 
"bu ndled" method of unit va lua tion i le s 
rel iabl e a nd som ti me m i  · lead ing for 
larger ut i l i ty ystem (becRt1se of the in-
ensi ti v i ty of most prod uct ion c st ing 

mod I to rel a t ively mal l  change i n  one 
u ni t ) .  An u nbtmd led method has been de­
veloped that rel ie on epara t ing the unit  
change from the larger y tem analy i . 

The bund.Led method of u n i t  valua t ion 
for ma king fleet deployment decision wa 
u ed in a case study at Cenb·a l LI I inois Pub­
l ic enrice Company, wi th a particular  em­
phasi� on what  to do about underp rform­
ing un i t  . everal  options were considered 
for e ight unit by u ing EPR J 's MIDA pro­
d ucti011 cost i ng model to d etNmjne the 
y te.mwide effect of proposed chang � · a t 

each pla nt .  Du ring the i n i t ic1 l screen ing 
ph, e, which considered nly the  u t i l i t  
sy  tern in i t s  present sta te, two pla n t s  
(Grand Tower and  H u t  on  vi l le)  were iden­
t i fied a underperforming plant a nd the 
mo l L ike! ca nd ida te· for removal from 
service. 

A ub equen t sensi t i v i t  analy · i  · r -
veal1::d , however, that an increase in off­
sy tern ale cou ld  make the two pl a n ts 
profi tab le. p cific cenario for va rious 
sa les options were t hen con idered for each 
pla n l .  ll wa - determined U1at U,e best d eci-

ion Wl1uld be to c ntinue to opernte both 
pla nts whi le pu r u ing 300 MW in add i ­
tional ff-s stem al es . The  fact  tha t  64  pro­
du t ion cost i ng run of the M I DA code 
were n eded to perform the sen i t i vi ty 
analy is for each plant is an indicc1t inn tha t 
t his bu nd led val ua t ion method i S lL i t a ble 
mainl. for considtc:ring change a t  a smal l  
number of gener11 ti ng uni ts . 

The fu l l  u nbund l d methodology for ust• 
wi th large u ti l i ty sy� tems is now ready for 
u t i l i t  demon ·trn ti on, and a key P oft­
ware elemen t-the A set U til iza tion Tool­
WclS the ubject of a case tudy al onsoli ­
da ted Ed i on Compa n of e1\T York.  I n  
thj study, on Ed ison wanted to ev, l u a te 

lo11g-term opera t ional pla ns for a part icu ­
l<1r u ni t  in l igh t  of i t  con tr ibut ion to sys­
tem wid e  va lue at a time w hen energy d e­
vel opmen t  projects a re xpected to lead to 
e ce s generating mpacity in the orth­
east .  Six options were con ·idered: ·ea anal 
opera t ion during summer p ak m nths, 
cont inued opera t ion without capi tal  im­
provemen ts ,  ret i rement,  mothbcl l l ing for 
five yea rs, capi ta l  invesh11ent for heclt ra te 
im provement  and  l i fe extension,  a nd re­
pow ri ng.  

Using data on Con Edi on' · foreca t de­
mand, foe! cost , and the c t of envi ron­
menta l ext rna l i t ies, the A et U ti l iza t ion 
Tool calcu la ted a bclse-case N J V  for ea h of 
the ·ix open1 t ing option . The dear win n'-"'r 
wa sea onal opera t ion,  prov iding fa r more 
value than the ccond-nmked <1 l terna tive, 
which wa to con t i nue opera t ion without 
capital  improvements . W hen a ensit ivi ty 
analy is wa · conducted , howe er, i t  be­
ca m cl ar tha t there were severa l key va ri­
< ble d riving the deci'i n ou tcome. U ne, -
pected ly h igh demand or low fu el  co ts, 
for example, cou ld m<1ke repowering tht' 
pr ferred option. Lower-than-e.,'Cpected de­
mand, on the other hand, wou ld r su i t  i n  
a preference for retiring the plant .  A deci-

ion tree wa as mbled to ind ica te N I V  
for a l l  pos ible ou tcomes a · c1 h key vari­
able changed fr m t he bnse case to i t  high­
e t and !owe t e t imc1ted va l ue! . Fi na l ly, cl 
probabi l i t  d i  t r ibu tion wa as·es ed for 
the IV of each option to indica te th · 
expected va lue of e, h option and  trade­
off between ri k and ret u rn .  TI1 is a nalysL 
howed tha t, wh i l e  the repower ing opt ion 

hc1- a higher u pside poten tial than  easona l 
opera tion, i t  a lso has a 'i0% chcl nce of actu­
a l ly  losi11g mone -compared 1.v i th  only a 
2 % chance of l os es wi th  seclsoncl l  opt:ra­
t ion and virtual ly nn Joss potent ia l wiU, im­
med icl te  hu tdown. 

"The o n  Edison c11se tudy clear ly i ! Ju · ­
tra tes the pow r of e en R l i m i ted appl ica­
t ion of ur fleet deploy men t methodol­
ogy," accord i ng to l iche le Bla nco. "Under­
sta nd i ng the rel<1 t ive va lues of a l l  the 
options cla r i fied t he  deci  ion for the tud y 
team;  then trea ting uncertc1inty i n  cl way 
tha t hawed the ra nges of poten t ial  ou t ­
comes provid ed the necessa ry i nsi gh t  to 
move the deci i on fonvclrd . We a rc now 



working on the next tep with everal u ti l­

ities-looking at multiple unit in a large 

y tern ." 

Resource al location 

Once unit deployment goals have been e 

tablished, the challenge of resource alloca­

tion is to ensure tha t  the company makes 

the b st inv stm nt of capital and O M r -

ource to keep w1i ts performing in accor­

dance with the e goals. Structuring the 

optimal portfol io of projects and acti vitie 

require choo ing among diver proj ct 

that could each improve value, but perhap 

in very different ways. One project, for 

example, might improve the heat rate at 

plant A; a second might lower O&M costs 
at plant B; and a third might increas avail-

abi lity at plant C EPRI's work in resource 

a l location ha focused on identifying a 

common ba i for evalua ting such candi­

date projects, incorpora ting both tangible 

and intangible value and uncertain t ies in 

technical, financia l , a nd system va riables. 

As in other FAM methodologie , the fo­

cus here is on comparing th attractivenes 

of specific projects in terms of their mar-

Hutsonville plant 

Grand Tower plant 
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_gina l  va lu  to the compc1ny a a w hole, are ei ther imported direct ] from o t her mu 't-d proj cts) wa instal !ation 1)f a new 

and on treil t ing the uncertainty inherent 

in d cision variabl . Such an � · panded 

appr ach first requires a yst rnati  eval ua­

tion of each projecl in terms of i ncrem n ta l  

improvement- i n  bc1sic a ttribu tes. such s 

ca pacit increase or a fety i m provements .  

Margi nal  va lue analysi.  is then u d t 

h·an late these attributes in to  y tern-level 

va lue measures, general ly e"-pn,s. d a 

benefi ts and d ollar cost. . ln add i t ion, a 

sensi t i vity ana ly is is performed to how 

how alculated benefi t m ight b affected 

b cl11mges in the attribu te improvemen t 

fr m tho e a  sumed for a ba e ca e. Fina l ly, 

pl'oject ran be ra nked on the basi of thei r 

ben fi t /co t ra t ios, takin!'.!; i n to ace unt 

their ensitivi ty to a th·ibu te Lu1cer taint ie . 

Th is gen ra l m thodology ha been a p­

plied in two case studies. AL Pu blic crvic 

C mpa ny of Colorad o, the prima ry con­

e rn was how to increa e the efficiency of 

the capital budget ing proce , wh i  h wa 

considered too time-con umini:; a nd overly 
influenced by ubjecti e ad vticacy. B u -

ing the resource al loca tion a proach just 

de cribed, the compan wa. able lo · im­

pl i f and tanda rdize it bud geting pro­

ce s, a demonstrated in a ide-bv-jd e 

compa rison wi th  the old method duri ng 

planning for the l 995-1 99 budget cycle. 

A ca Ludy at orthem I ndiana Public 
rvice Compa ny focused on c l 100 i ng 

cnpi ta l  project wi th th gr at t ut n tial  

to i no-easc profi t margin .  The EPR l -u l i l i t  

tea m developed simple spread h t mod ­

el. to l i nk each project 's effec t on plan t a t ­

t r ibu r to lhe  presen t  va lue  of re -u l t i ng 
change in the profit margin. In applying 
t h  · model · to the 1 99� budget c cl -•, the 

c mpany moved fn m an ann ua l  budget 

even t to a 11 improved , p er-reviewed bu i ­

ne -orien l ed process for both capi t o l  and 

O& M investments. 

Out  of the work from both case st L Ld ies 

has >merged a oftwar pn: idu t-th · R -

·our  e A l l  cation Tool ( RAT) - now ava i l ­

ab le  to  - PRI members for u e on Wi ndows­

ba - d P . Thi tool i n tegrates infonna t i  n 

from variou data source a J1d provid · s a 

gra ph ical in t rface tha t  a l low - u t i l i t  man­

ager to review a nd prioritize projects on 

the basi of customized company pr h, r­

ence . Econom ic benefits for RAT 11na l  si 
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models o r  cal u la ted inside R AT  wi th bene­

fit tables created by ther model . In either 

ca e, user. need not learn new calcu la t ion 

tool to use the program.  

A d monstra lion f the RAT progrnm 

was hosted by Ka nsas i ty Power & Light 

ompa ny for ca pi t a l r s urce a l locat ion at  

i t  La Cygne pl ant .  The ut i l i ty supplied a 

Ii t of 30 pr jeets to in Jude in the tudy, 1 2  

of which were a lready con idered must-do 

budget i tem . The remaining proje t var­

ied widely in cost and a t tributes.  Repl11ct.."" 

men� of a .feed water heater tube bundle, for 

e ample, would co t on ly 7000 and re­

d uce O&M expend itw-e by about  l Sli,000 

a ea r. Ex ten ive instru ment r placements, 

on the  olher ha nd ,  would cost more t ha n  

31 7,000 a n d  increase plant availability by 
0.6'k whi le red uci ng O&M co t by 0,000 

a year. fn addi tion, the new in tmm nt. 
would contribu te i mportan t  inta ngible a t­

tributes, which were judged on a fi e-poin t  

Til le. O n  this ca le, ·afety i m pact were 

given a score of 2, a nd envi ron mental i m­

pact · , a core of 4. uch intangible a ttri­

butes were then incorpora ted into benefit / 

cost calculc1ti ns b a. igning a do l l ar  va lue 

to each core poi nt on th ba i of deci­

sion maker wi l l ingn ss t pay for th - p r­

cei ed benefi t .  

Benefi t table. for the two La ygne u nits 

wer constructed by using a prod uct io11 

co t ing model, whid1 tran lated impro e­

m nts in hea t rn te, plant availabi l i ty, a nd 
capac i t  i n to d, 1l la r  11ved by the tem 

per yem for the n L 1 a r  . Wh n th 

and other relevant  data were inh·oduced 

i n to the RAT mod el ,  it prod uced a J jst  of 

project. priorit ized by pl' en t-val ue b ne­

(it /cnst rat io . At the top of t l1e J i  t (after the 

fced water hea ter extraction va lve with a 

benefit/co t ra tio of 48. l ns trumenta t i  m r 

pla ement ra nked tenth, w i th a benefi t / 

cost ra tiu of 4 .2, whi le  Fe d water heater re­

placement-al though the lea L exp nsi , 

project on the l is t-earned a benefit /co t 

ra t io of only 1 .5-1 .9, depending n which 

u nit  was selected . 

Th RAT portfol io management  apabil­
i ty is now being i ncorp rated i n to the 

m re c rn pr hensive Re ource Al l catim1 

Frnmework (RAF) ,  which wi l l  include l ink­

age lo cost ing and financial models. Th i 

is a c 1llabora tiv effor t  involving eight u ti l­

i t ies to da te .  

O&M practices 

On m a u rt! uf just how hmdamenta l l  

thing a re ch<1ngi11g i n  the elec t ri power 

i ndustry is t he  extent to whid1 the effect of 

compet i t ion and shifting load factors are 

i ncrea ing pre ure to improve O&M pra c­

tic s at ind ividual fo sit pla n t  . Specifica lly, 

many old r ba eload plants .a re bein , c n­

vert d to e ·l ing uni t  , which may requ i r  

•, t ns i v  plan t modifications and chang 
in th way equ ipment i main tained . 8 -

Cil ll .' of the d iver i ty  of analy • n ed •d to 

gu ide  decision maker in planning &M 

practices for epc1rate plant  , the FA ap­

pr 1ach i n  this aTea ha been to crea te a 

toolbo of prod uct that ca n be a pplied to 

meet a u t i l i ty's particular needs. 

A n  u nderly ing methodology for th is 

toolbox and the RAT model is th ' Plan t  
ModHicat ion Opera ti ng Sa v ings (PM 

mode l .  PM is  a software package that 

a l h,w pla n ner · to calcu la te  t he  benefits 

of va riou pl an t  modification on lhe basis 

l f thei r contribution to y temwide mar­

ginal va lue, a · di ·cus -ed earlier. A major 

ad a ncc in the de·ig,1 of PM S i  tha t ,  un­

lik trad i t i  nal  meth d I it can t ak  i n t� ac­

cou n t  both the d i rect benefi t  of modi fica­

tions t0 a plan t  (such as lower opera t i n g 
co t ) 11 t1d the indirect benefi ts (such as 

i;rt!a ter dispatch flexibil ity). The· benefit 
a re ca l u l a ted by PMO i.n term of hange, 

in the n t t Jpera t ing valu ( 0 ) of a plant 

-t ha t i I the value to the u t i l i ty system a a 

who le  of having the pl,rn t  on- l ine .  Using 
this in formation, PMOS can t h  n calcula te  

benefit/cost rat io and pa back periods for 



d i fferen t propo ed mod ification o that  
they can be ranked by deci ion mak r . 

A case tudy using PMO to ra n k  candi­
date plan t  modifica ti n a t Wi con in Pow­
er and  Ligh t  Company d m n tra t d both 
the ad vantages of this software tool and the 
i mportanc of taking inctir ct benefi ts  into 
accoun t .  The ut i L i ty wa pa rticu larly inter­
ested i n  modi fying Id r hssi l  pla n t  to 
improve their cycl ing capabi l i ty and d -
crease the ir  opera t ing co t . At on plant , 
for e. ampl , th re wa · a pr po al tu in-
ta l l  ad ju  table- peed d ri e on ans and 

pu mp to reduce au xi l iary pow r con-
umpt i  11 and yield a corre. pond i ng hea t 

nte impro ement .  I t  wa a n ti ipated tha t  
·u h i m provement  wou ld lead t o  m re­
ex t nsi u e of the plant .  PMO calcula ted 
tha t  a 0,000 i n vestment  in ad justable­
spe d dri e wou ld yield a 320,000 im­
provemen t  in  NO and , ould pay for i t  elf 
in abou t one and a half year . 

Overal l ,  the u til ity u ed PM to evalu -
ate more t han a dnzen u n i t  mod i fi  a t i  11� a t  
f u r  fo· i l plan ts and c mpar d the re�ul t 
of thi  arn1 I  · is with im ilar rn lcu la t io1 
11111de w i th  previ u ly sta ndard methods. 
The company determined that the PMO 
approach, beca us i t  i m >r c mprehen-

efficiency and then t d V P I to construct 
a decision tree tha t balanced th co t of 
maintenance again t the co t f pum.p fa i l­
u re a t  variou t ime . a r su i t  of this 
ana lysis, the uti l i ty determined tha t the 
highest-value stra t . for the current f d­
pump wa to r bui ld  i t  in about one a nd a 
hal f yea r . The , · tudy I o concluded 
tha t def rri ng ma i n t 'nance on the pump 
might  be th mor attrac t ive opt ion at a 
plant with a low r capacity factor and,  
more g nera l ly, tha t t h is sort of alue­
centered approach ca n provide ri t i  a l  help 
in cho ing  the righ t tra t g . 

"Ou r ne t tud i n  th & 
area is nOI being I u nch d wi th  

hav to make on the basi of their effects on 
corporate value. Thi Stra tegic et Man­
ag m nt ( AM) methodology focusc on 
even broad r a l terna ti  e for a l loca t ing 
bud get and ·ta ff time-comparing, for e -
ample, th v, lue trade-off i n volved in an 

rga niza t ion, I rea l ignment .  I n  J1 cas 
tudy, a n  'tl t i re d ivi ·ion of a -u t i l i ty wa re­

orga nized from technica l area to cu tomer­
focu d groups, and SA M was u sed to rea l­
loca te r ou rce to reduce co ts w h i l  in­
creasing cu tamer a tisfac t ion. 

FA I are complementary," 
lark, dire tor of EPR1 ' Ubl­
Pla nning & Man, gement  

Bu in  - n i t .  " ome u t i l i t ie  ma want  to 
use �AM first to consider change. in their 
O \  era ) !  bu i 11es and then u FA.i\11 to de-

ide h w bt: t to make capital  improve­
ment in the fos i J  portion of th e  fleet. 

ther u tiliti may u AM first t dev I p 
a cost map of rela t ion hip among th fac­
tor · that  detcm,ine genera t ion co t a nd 
t h  n use these a. inpu t to s tra tegic deci-
ion ab ut how to plan for future genera ­

t ion ex pansion . Be ond developing the 
two m thod ologie , EPRI' AM a nd FAM 
project teams h, w mai nta ined a lo e 
wmking r Ja t ion.hip i n c nducting uh l ity 

. ive, calcula ted additional c1ving of -l.4 Power, in t h '  nited Ki ngdom," ichele ca tud i  · ."  
m i l l i  n from the modi fi a t i  n 

I 
whi h 

would not hi! e been realiz d u ing on­
venti  nal analy · . The c e tudy also con­
cl uded lhat con ven t iona l m thod , by fo. 
cu ing on ly on d i rect cost reduction · , could 
seriou. I u nder • t i  mate the i nd ire t bene­
fit du to in rea ed o perating fle ibil i ty 
-wh ich be ome increasi ngly importa n t  
when a pla n t  i t c  b u ed f r y l ing du ty. 

case Ludy at Du ke Power ompany 
'bowed how PM can a l  o be u ed to e ·­
ped ite a program of enhanced mai ntenance 
a t  old r fo si l  pla n  . l n  thi appl icat ion, 
PMOS ca lcu la te  the NOV of a un i t  and 
shows how i t  an be i mproved b variot 
main tena n a t ivi tie . Working wi th E PR I , 
Duk develop d the a l ue- en t red Pre­
ventive Mai n tenanc ( PM)  model , which 
takes the 1 \I ou tpu t  from P O a nd u es 
it to evaJ u n te a l t  rnat ive s t ra tegies for opti­
mizing main tenance. For example, to eval ­
ua te options for repa iring or rebu ild ing a 
boiler feed pump, Duke calcuJa t �d the t 
of a pla nt a t  d i fferent le els f f ed pu mp 

Blanco con l ud . " l n th,1 t  stud. , we \•,i l l  be 
developing ii methodolog, for va l ue-ba ·ed 
ou tage chedu l ino.  Tooether \ · i th the tud­
ie u ing PM , thi  · w rk wi l l  contribute 
to the O&M to !kit we wil l  supply to m m­
bers. l n  11dd i t ion, d u ri ng th n xt a t� ou r 
F M R&D wi l l  fo u on bui ld i ng an i nd u. -
try e p rience da ta ba'e rela t  d to plant cy-
l i ng and ·ta rtup, make refi nemen t in ou r 

Resource l loca t i  n Tool , e tend the Re-
ource l loca t ion Framework, mid beg in  

case tudies rt.:!ated to determining the  co  t 
of provid ing anci l lary ·ervi e r qui red b 
the Mega-N PR.  W wi l l  pon or a n  indus­
t rywid on fer n e that w i l l  enable u t i l i t i 
to e how the vari u AM component 
ca n b i n tegra ted in to t h  ir  genera t ion 
bu ines plann ing . "  

Strategic asset management 

Whi le the F M pr jt'ct wa b ing d evel­
p d, a c mpa ni  m pr j t wa appl ing 

the am kind f method log to other 
kind of deci ions u t i l i t i  s increa ingl  

Tony rmor agrees: "A u t i l i ty must be 
clear about  how it want lo opera te  as a 
c mpany and mu t ident i f  wha t busine 

pp rtu n i t ies i t  ·hou ld  pur u i n  the fu ­
ture .  ur F M met hodologie can h Ip a 
u t i l i ty  ma e l h ·ce t ra tegic d ecis ion� b 
a ·es i ng the value t the company of a n  
aging fo i i  ncet. Thi va l u e  ass ssmen t 
lead tu such tact ica l d eci  ions a hm� to 
deploy the entire fleet of unit · and how 
pe i fic u tl i t  inv · · t men t deci · ion should 

be made. I bel ieve tha t ·u h vc1 lue-bc1sed 
de · · ion making · a prerequi i t e  to su -
ce i n  the n w era of deregu la tion and 
c m p  t i tion . "  • 

Background ,n ,ormataon for lh.s an,cle was prov ided by 
M ichele Blanco . Tony Armor and Dave O Connor of lf1e 
Generation Groop·s Fossil Powe, Plants Busroess Unit and 
by Charles Clark of the Power Oelrvery Grouo·s Uulrty Re­
source Plann,ng & Management Bus,ness Unit 
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A
the end of a century that has 

been wh
.
olly transfom1ed by the 

development of new technolo­
gies, our nation-and our in­

dustry- finds itself engagf;'cl in an unex­
pectedly fierce debate. As the competition 
for capital continues to grow h1 our con­
strained economy, the long-held idea that 
research is intrinsically useful in all areas 
and circumstances is giving way to a more 
discriminating assessment of its benefits to 
business and society. At issue is whether 
thousands of research and development 
initiatives, both public and private, across 
the country will continue to be ftmded. lt is 
important U1at we resist the impulse to 
merely defend Lhe status quo-that we in­
stead become actively involved in helping 
to renegotfate the ''social contract" for sci­
ence policy. Still, to those of us who have 
been intimately involved in tJ1e work of 
technological progress, such basic ques­
tioning of the R&D process is deeply dis­
turbing. 

At no other time in history, it would 
seem, has the value of science and technol­
ogy development been more evident. Dur ­
ing the last half of the twe11tietb century 
alone, R&D has yielded a broad range of 
critically important advances, from the 
harnessing of solar and nuclear energy for 
power to the development of computers 
and lifesaving vacci.nes and medical diag­
nostics. In an era when robots take over 
hazardous tasks, satellites relay sight and 
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AND THE 

D I M EN S I ON S  
OF 

BY KURT YEAGER 

sotmd anywhere in the world instanta­
neously, and organ tnmsplants are per­
formed regularly an<.l successfuUy, the 
place of R&D in our society would seem to 
be assured. 

But in fact what we're seeing is a sort of 
ctisenchantment with research as a concept, 
and tl'us feeling is leading lo widespread 
policy changes, at least in U1is country, On 
the government side, growing budget def-

icits have compelled policymakers to scn1-
tinize any and all progrnms that can be 
trimmed or eHminated. In recent months, 
we have seen both the Department of En­
ergy and the entire national laboratory sys­
tem face wrenching attack and d1ange. 
Federnl fimmcing of nonmilitary scientific 
research in the United States is expected to 
decline by one-third within seven years, ac­
cording to a recent report issued by the 



American Association for the Advance­

ment of Science. The report notes that deep 

cuts in R&D projected over the next decade 

represent "the most significant across-the­

board funding cuts to the research and de­

velopment enterprise in the post-world 

war era." 

Similarly, technologically intensive com­

panies, facing burgeoning competition from 

around the world, are carefully evaluat­

ing every dollar spent, including every dol­
lar invested in research and development. 

For the utility industry in particular, the 

question of R&D value has gained urgency. 

Competitive pressures are relatively new to 

our industry, and as deregulation becomes 

increasingly inevitable, many utilities find 

themselves running out of time in the 

struggle to find a competitive edge. As a 

result, the focus at many companies has 

sharpened to near-term concerns over cut­

ting costs and developing new markets­

and virtually nothing else. ln this environ­

ment, R&D investments must be justified, 

and not just for the long term. Indeed, as 

competition intensifies, strategic planning 

horizons are sh.rinking. For many utilities, 

it's a question of how an investment will 

pay off not three or five years down the 

road but over the next six months or year­

in cost savings, costs avoided, or expanded 

revenues. 

The importance of controlling costs in 

a deregulated environment is undeniable. 

Even when utilities enjoyed a "natural mo-
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nopoly" Latus, this wa an im portct n l  ta r­

g t of EPR I re earch , and a !Temend ou 
amoun t of the valu e E PRl hos d ! iv red 
over the eo rs has come from re earch re-
it l t  tha t  h .. we lowered th ind u try' 

costs. The d;ingcr comes when th problem 
at the top of the l i  t total ly edips1: al l  other 

concern and c pportu n i t i es. By fo u i ng 
too harply un the most i mmediate value, 
or th value that is asiest lo quant i fy, we 
can ea i i  mi the boal on what gives the 
gn:,11 (•: t val ue. History has hown over and 
over tha t the fcutune of indu Lry are much 

011 r 0 com le and ubtle than thl' t a t  · 
ment of quarterly earning • .  

Par t  of the problem tod ay's d c i  ion 
mctkers facl'! is t ha t  while the cost of R&D i 
easy lo measu re, i ts value i not. I believe 
tha t  if  com mon ground exist  bdween the 
im pera t ive of economic pressu res on the 
one hand and the importance of technolog-

a t i  n are largely bu ilt on a ub trat of 
t chnological d lopments . The a lue of 
the e d velopments cctn be traced through 
a broad web f beneficiaries, tarting wi th  
the  company that inve t d in the  re'earch 
and bra nch in g ou t  to lmger a nd larger se -

ment of ocicty. 
A ca e in poi n t  would be a pha rmaceu­

tical compa ny tha t develop a su cce ful 
drug based on some p ioneering r c;e rch. 
How would one gauge the va lue of th i s  
developmen t? To the company in q ue tion, 
the benefit would be the cwnulative ·trea m 

of profit in compari on with the cu mula­
t ive · trea m ( 1 f  inv tment  in research. To 

th pharmaceutical  i ndu try a a whole, 
the rea l value of this research m igh t  be t he 
basic advances in knowledge tha t pu r  
other d i scowries or appli a tiom, tha t  ad­
w111ce the industry at la rge. To society, the 

benefi ts would i ncl ude the va lue of ind i-

� r aut motive tee! decrea d and low r­
cost i mp rted ste I b came a vai lable tu 
U . . man u factur rs. Th e failur> cwrely 
depres ed t·he economy of the northern 

idwi; t and the living standard of it  pop­
ulation for two decades. W l1 i le  U.S .  a u to­

ma kers and teelmaker hav come ba ck 
strong i11 the 1 9<JOs wi th  great ly increased 

qua l i ty and  forward-looking technica l im­

pr vem nts, Big Steel has ceded ·ome ke, 
markets to agi le, high-teduni llimiJl  

uch a ca cadu,g effect ,  po i t ive or negct· 

t iv , u nder c re the important  of captur­

ing the ful l pectru m of beneficiaries i n  
considerat ion of R&D a l ue. T h i s  v ry 
concern-th importance of science and  
tt>clmology to the  social and business fab­
ric of the cmmlry-ha led the American 
Associat ion for the Advancemen t l f Sci­
en e to warn in it  rep rt that "the long· 

term effe ts of d i  ma11 tl ing a coher nt 1 -
ical prugres on the other, it mu t be fou nd vid u;il liv saved and  heal th re.tored, th� entific en terpri  ·e c iu l d  b very ha rmfu l ." 

in a broader, more-thoughtfu l con idera­
t icm of the true value of R&D. Let m pro­

posi; a framework i ncorpora t ing three d i ­
men illll of  value t hat go beyond the quar­
terly arning report. The fir t dimen · ion i 

br ,1d t h  c f  va lul!-the mu ltipl icity I f  b n 
fic ia rie for a teclmica l  ad a nee. The " c­
und L t i me-the compow,ding va lue  a nd 

p,1 11 ion of application and benefit. over 
all extended period . TI1e third i · the incl u· 
iun of in ta ngible a well as langibl bene­

fi ts. Although 11 1 1  t h ree f th e d imension 

picil l ly come in to play with technologica l 
advances, kt me g ive you a i,w d iscre te 
exam ples of each. 

The b readth dimension 

Breadth  of alue relat1:· to the e · pc1nd ing 
ar r  of beneficia rie for r search re. u l t  . 

lm pr ov 'ment  i n  env i runm ntal qual i ty 
arc often cited a. an example of the broad 
reach of rcse;, rcl1 va l ue,  with 

ubsequ nt value of the e i n d i  idua l  ' con­
tr ibu tion t society, ctnd  the ov ra l l  effect 
uf a h  al thier workforce on economic pros­

peri t . 1 11 Lhi. case, t he  benefi t .  realized b 
the pharmaceu tical company a re not Olll 

t hos that fl w back di rect! in shor� order 
bu t t ho·e t h a t  tlow back ind irect ly over 
time through ot her pilthway u1 the econ­
omy. 

A · a wel l-known >..ample how , fnih l l "I' 

to i nnova te  can al l have a pa - thnlugh 
effect on society. Jn the 1 70s and J 9  Os, 
the U .S. ilu tomubi l e i ndustry m issed im­

portm, t cue to inc rpora te ad vanced tech­
nology in i t s  man ufacturi ng and busi ne 

practice . A a resu l l , the qua my f i t · 

prod uct _u ffered in cnmpa ri-01 1  wi th Ja­

p,1ne  e c,  r , and the .S .  compani Jo�t 
critica l market bar . Meanwhile, the Amer­

ican te 1 i nd ustry, a l  t) wed d d tu ou t­
mod ed tc h nol gy, flound ered a rd rs 

good rl'nson :  we a l l  br a t hc 
the 11 i r, we a ll d rink  the wa­
t r. But we al. o work for a 

The impor·tance of controlling costs in a 

The time dimension 

TI1e L i.me d im nsion captur e  the cumula­
tivic a nd e pan. iot1ary na ture of technolog­

ical ad vancemen t over an extended pt'ri id . 

I f  y 11 buy a mi rowave oven to save t imt' 
fi , ing dinner, you ave time every t ime you 
u ·e it, n 1 1  ju ·t on the day you buy i t . im.i­
larly, r111 adjustabl · peed dli e in. ta i l ed to 
increa e th • effic iency of an as embl l i ne 

ave  money every day th l i ne operates. 
Ad anc d · stems- ven those ffcring 
only incremental  improvemenls-11re qu iet  
but relen t  I . ss pr vider of value, a ! though 
they arc ra rely apprecia ted as uch. 

The cum u la t ive aspect goe · further ver 

t ime, however, a new appl ica tion a r  

dev l p d tha t multiply the value uf t h  
original d i  cm· r . For e ample,  t h e  mo t 
u nusua l a pect of laser when they wer 
first dt.e?vclopi:d was that they ould pr ject 

very strajght, t ight beam of 
light for long di-lance · ; a· 
a re·ult, their primary va lu  

l iving, we bu ,md u prod­

u t · , we are concerned wi th 
the w •l fare of our  fa milies . 
I n  hurt, we a re inve ted in 
our q ua l i ty f l ife. And in th i  
modern age, our  busi.ne es, 
ht:nlth,  po s : ion , ,md recre-

deregulated environment is undeniable. The 
wa::; seen to be in ad vanc d 
surveying instru ments. Their 
fa r grea ler va lue as a new 

danger comes when the problem at 

the top of the list totally eclipses all other 

concerns and opportunities. 
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foundation technology fo r  mi­
crosurgery, preci  ion I e ld ­

ing, data torage, and fibi;r­
optic i n forma tion lra n · 1nis­
• iun came a go d deal lilter. 



This inability to correctly 
gauge the future value of a 
new deve1opment is not un­
usual. Indeed, the history of 
technology is rife with ex­
amples of researchers who 
grossly w1derestimated the 
value of their work because 
they could not see beyond 
their immediate concern-an 
individual product. Cellu­
loid, the first polymer plastic, 
was developed specifically as 
a cheap substitute for ivo­
ry in making billiard balls. 
Nylon, the granddaddy of 
all synthetic fibers, for years 

A nan·owing of focus also narrows peripheral 

vision, and that is where the potential for 

huge advancement lies. Developm.ent of 

broad as well as deep knowledge, integration 

Niagara Falls in 1885, a sig­
nal that a regional, even a 
national, power grid might 
someday be possible. But a 
larger value lay just out of 
sight over the horizon: no 
one could have anticipated 
the effect of small, electri-

of concepts, synergy between advances in caJJy powered unit drives, 

different scientific disciplines-these are the 
which 1,vould revolutionize 
industrial production in the 
1920s; nor could anyone 
have foreseen the develop­
ment of the electronics that 

tools that, over time, exponentially increase 

the value of research. 

was used as nothing more crucial than a 
substitute for silk in stockings. The fast 
computer scientists doubted that their new 
programmable machines would find appli­
cation outside accounting functions and 
military operations research. 

These examples tell us something impor­
tant about R&D focus. Solving immediate, 
sharply defined problems is typically of 
critical interest, but more often than not, 
the value of the advancement is incremen­
tal. One reason is that a narrowing of focus 
also narrows peripheral vision, and that is 
where the potential for huge advancement 
lies. Development of broad as well as deep 
knowledge. integration of concepts, syner­
gy between ad\•ances in different scientific 
disciplines-these are the tools that, over 
time, exponentially increase the value of re­
search. And they provide the connections 
involved in the third and perhaps most 
powerful dimension of value-intangibles. 

The value of intangibles 

This dimension involves lhe value not 
of products but of ideas, basic discover­
ies, knowledge, and expertise- concepts 
Uke hybridization in agricult:ure, quantwn 
mechanics in physics, parallel processing 
in computer science, DNA structure and 
gene splicing in biology, satellite relays in 
communications. Each of these ground­
breaking ideas revolutionized entire indus­
tries. But as valuable as individual break ­
throughs are, it is the combination, syner­
gy, and building of ideas that provide the 
most-powerful advances. 

The development of the computer pro­
vides an interesting example. It's not at all 
surprising that early computer engineers 
faj)ed to predict the eventual capabilities 
and reach of thei_r invention. After all, the 
expansion of the computer's usefulness 
has been largely a question of reducing 
its physical size, and how can you envi­
sion a pocket-size computer when the 
only element of your ruom-size machine 
that will fit in a pocket is l of its 17,000 
vacuum tubes? The invention of the tran­
sistor, advances in materials science, the 
concept of microminiaturization, the cre­
ation of the integrated circuit, the devel­
opment of information theory-foresee­
ing all these and more would have been 
required for a vision of what computers 
would become. This is ho,v R&D works: 
the resuJts of technological rl:!search be­
come enabling tools for further technolog­
ical progress. 

This integralion r.1nd building of con­
cepts and applications can deliver tremen­
dous value. The strongest example I know 
is, in fact, the seminal development in 
our industry's history- Thomas Edison's 
development of a prnctical incandescent 
lightbulb and th!:! electricity deli\'ery sys­
tem needed to support it. Just imagine lry­
ing to assess the future value of Edison's 
electric system from the \'antage point of 
1899, 20 years after the lights first went on. 
Certainly the growing infrastructw-e and 
increase in producti\·e capacity that was 
taking shape hinted at important benefits. 
Long-distance transmission had begun at 

have led to today's informn· 
tion age. None of this could 
have been seen in 1899, but 

looking backward today, we realize that 
the cumulative value that sprang from Edi­
son's work is almost beyond measure. 

One reason is the richness of the intan­
gible value. Edison is important to us not 
because he invented the electric light- a  
product-but because he invented the con­
cept of electrification. The first electricity 
supply system was, in a sense, only an en­
gineering detail required to make light­
bulbs salable. Within a decade, electricity 
itself was the product, spawning the birth 
and development of our industry. But even 
tl1is was not the article of great value. It 
was the incredible capability of easily acces­
sible electric power to improve our lives on 
so many fronts- in business, industry, and 
our homes-that transformed modern so-
ciety. Virtually every endeavor in modern 
society is powered by electricity. This capa­
bi Ii ty for enabling progress is still potent 
t0day, with electrification being generally 
seen as one of the key requirements for the 
economic and social development of Third 
World countries. 

Why do ideas and other intangibles have 
such an impact? Paul Romer of the Univer­
sity of California, Berkeley. suggests one 
reason as he draws a distinction between 
the "rival" and "nonriva]" goods generated 
by research. Tangible items, he points out, 
tend to be rival goods, which individuals 
compete for c1nd diminish through use­
for example, food, a new car, a day's labor. 
Ideas, knowledge, physical laws, and so on 
are nonrival goods that can be used by one 
individual without diminishing their use 
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TH E EDISON L EGACY 

Over the past century, 

the benefits and 

beneficiaries of 

Thomas Edison's 

resea rch have grown 

exponential ly, with 

innovation bu i lding on 

innovation. H i s  

development in 1 879 

of a practical 

i ncandescent lamp 

a nd an electric ity 

del ivery system not 

on ly changed l ighting 

technology forever, it 

a lso revolut ion ized 

i ndustry and had a 

substantial influence 

on transportation. 

The curiosity known 

as the "Edison effect ," 

discovered du ring his 

lamp resea rc h, was 

the basis for the 

vacuum tube, which 

opened the door to 

modern electron ics, 

telecommunications, 

and the information 

age. 

E L E C T R O N I C S  

E D I S O N  E F F E C T 

L I G H T I N G 

E lectric street l ig hti ng 

E l ectr ic home l i gh t i ng  

I N D U S T R Y  

Ch lo ri n e  product ion 

E lectrothe rmal p rocesses 

S i l i c on  carbide p roduction 

T R A N S P O R T A T I O N  

Tralf i c  lig hts 

Tungsten-f i lament lamp 

-
Electric arc fu rnace 

Fused a l umina production 

E lect r ic railway tra i ns  

I ndust rial e l ectr ic tra i n s  

1880 1 890 1900 1 9 1 0  1 920 



Radar 
Magnet ron 

H igh-power incandescent lamp 

Mercury-vapor lamp 

Assemb ly l i n es i n  common use 

P lastic i nject i on mold ing 

Se rvomechan isms 

1920 1 930 1 940 

Commercial mainf rames D i str i buted i ntelligence 

E lectron ic d i g ital computer Pe rsonal computer 

r
Transistor ----•_- Integ rated circu i t  -- Microprocessor ------------• 

1 

Min icompute r Supercomputer 

S O L I D  S T A T E 

Mic rowave oven L 
Pe rsonal electron i cs 

Transistor -•--•1111- lnteg rated circuit -- Microprocessor ------------• 
Copy mach ine 

Pocket rad io VCR Home video camera 

Videotape reco rder 

Laser Sod ium-d ischarge  lamp 

High-power xenon-d ischarge lamp Tungsten-halogen lamp Compact l l uorescent lamp 

Programmable logic cont ro l le r  

Electron-beam welding 
Second-gene rat i on robots 

Elect r i c  fleet veh i clts 

High-speed e l ectr ic rai l  

1 950 1 960 1 970 1 980 1 990  



by another. These tend to 

benefit society broadly and, 

through time, lower costs 

and improve life for every­

one. 

The broader aspects of R&D value are more 

salient than ever, not despite but because of 

change. In a deregulated environment, 

of the growth of environ­

mental regulation. That will 

continue: whereas provision 

of electric service will be-

come ino·easingly deregu­

Efforts to measure the 

value of research have tradi­

tionally focused on the tangi­

ble attributes of rival goods. 

But according to Romer's 

research, outlined in a 1993 

Brookings Institute paper 

("Implementing a National 

many of the issues that used to be listed in the 

public-good category now shift squarely to 

that of self interest. 

lated, environmental com­

pliance-for utilities as well 

as other indush·ies-almost 

ce.rtai.nly will not. In addition 

to regulatory demands, and 

perJ1aps eventually eclipsing 

them in urgenC)� is the threat 

of litigation on environmen-

Technology Strategy with Self-Organizing 

Industry Investment Boards"), ''Economists 

are beginning to uncover a great deal of ev­

idence suggesting the economic impor­

tance of nonrival goods . . . .  First, the social 

rate of return to investment in the broad 

class of noruival goods is qu.ite high, on the 

order of 30- 50% [per year]. Th.is level of re­

turn confirms the claim that these are in 

some sense the most important kinds of in ­

vestments that can be made. Second, the re­

search demonstrates that the social rates of 

return are significantly higher than the pri-

vate rates of return." 

Industry and the future of R&D 

Rome.r's first observation in the above quo­

tation is a welcome benchmark for the 

value of  researcl1 and innovation. But his 

second observation, comparing social and 

private rates of return, is the sticking point 

for the future of R&D: ii the largest value of 

research is so broadly disseminated to soci­

ety, who should be responsible for ftmd­

ing the work? Current political thinking­

that industry ought to shoulder this re­

sponsibility alone and that research should 

be another endeavor left to market forces­

might generally work for rival goods, but 

the market Jacks crucial profit i11eentives 

when it comes to nonrival goods, those 

most important to society and ones typi­

cally beyond proprietary control. Nomi val 

goods are simply not sold in the market­

place. ln light of this public-benefit aspect, 

many people bel.ieve that R&D is too im­

portant to be left entirely in the hands of 

narrow interests. 

The utility industry is clearly wrestling 

with such issues as it moves towaJ·d dereg­

ulation. Can utilities afford to be concerned 
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about a broad base of beneficiaries and in­

tangible value when competition is such a 

threat? Are these considerations still rele­

vant to our industry? Does R&D have a fu­

ture in a11 industry that is being forced to 

d1ange so rapidly? In my view, the broader 

aspects of R&D value are more salient than 

ever, not despite but because of change. It is 

tempting to define the benefits of R&D in a 

continuum from basic self-interest to broad 

public good, and in times of stress, it may 

seem prudent to restrict concern to the for­

mer. However, in a deregulated environ­

ment, many of the issues that used to be 

Listed in the public-good category now shift 

squarely to that of self-interest. 

The most immediately important shift in 

the continuum, of course, involves provid­

ing power to the public at the lowest possi­

ble cost. That has always been an impor­

tant goal for utilities, and researcl1 a11d 

technology have consistently delivered cost 

reductions that could be passed through to 

the benefit of ratepayers. But while being 

able to offer low rates has in the past pri­

marily been a matter of a utility's profit 

margins, regulatory concerns, or customer 

relations, w1der deregulation and competi­

tion it becomes a smvival issue. Being the 

low-cost provider of power is the most cer­

tain way to ensure a healthy position in an 

open market. Even more important, low­

cost power is a way to ensme that the mar­

ket continues to exist and flourish and is 

not killed off by global competition. Thus 

the utility serves i�self by serving its cus­

tomers and their customers in turn. 

Another of U,e traditional public-good 

areas for research, environmental protec­

tion, has really been a self-interest issue for 

utilities for more than two decades because 

tal issues. Lawsuits over postulated health 

effects of electric and magnetic fields 

(EMF), for example, have already surfaced, 

with utilities named as defendants. Re-

search in th.is area, much of it fortunate­

ly perforn1ed long before EMF became a 

hot-button issue, has been instrume.ntaJ 

in keeping EMF from becoming a public­

interest whipping boy in the media and 

the courts. Sound scientilic researd, on 

this and other envirornnental issues pro­

vides valuable insurance. 

Competition will, by definition, move 

utilities closer to their customers, creating 

another shift in the self-interest continuum. 

As discussed earlier, keeping costs low, a 

proven result of a11 effective R&D program, 

will be one key to utilities' competing suc­

cessfully. In fact, it provides precisely th� 

same advantage to utility customers-par­

ticu !arty the large industrial customers that 

mean so much to a utility's future. But R&D 

can provide another benefit often over­

looked. Tn addition to lowering power 

costs, it can move advanced technology 

into utility customers' businesses, boosting 

their productivity and sending a new wave 

of economic benefit out into the economy. 

To my mind, we need to go much further 

than reducing costs. We need to develop 

broader and more-valuable service options 

to help our customers d1ange their busi­

nesses in flmdamental ways through tech­

nical innovation. The potential for improv­

ing the competitive position of customers 

through technological means is very high. 

In fact, in the work that won him the 1987 

Nobel Prize for economics, Robert Solow 

of the Massachusetts institute of Technol­

ogy demonstrated conclusively that tech­

nological progress is the overwhelming de-



lerm inant of economic growth in bu ine  

peci fica l ly, uti l itie can  go beyond giv­

ing adv ice on l ighti ng and space-condi­

tioning systems to promoting improve­

ments in the technology that lie a t  the 

core of an indu:.trial company's prod uc­

t ion p roce es. R&D i devel ping a wide 

variety of i nnova ti e applica tions for la er, 

pla ma, electrolysis, microwa ve, and other 

el ctrica l l  powered technologie tha t can 

fundamen ta l ly  improve energy efficiency 

and prod uct iv i ty while often reducing en­

vironmental concerns. These are advance 

that can g ive a c mpany a crucial ad \ an­

tage in the marketp l ace.  Working w .ith cus­

t mer to ta ke advantage of uch elecb·o­

technology appl ications, premium pow r 

qua l i ty op tions, innovative load manage­

ment a pprm1d1 s, and even environ menta l 

c leanup technologies can mean a grea t deal 

to the futu re f the cu tomer, the u t i l i ty pro­

viding the erv ice, and the general popu la­
tion of th area. 

R&D and the future of uti lities 

th e a rnples given abo e uggest, tech­

nology and the R&D that fuels i ts develop­

men t  w i l l  be cruci a l  to ut i l i t ies in the nea r 

term beca u-e it i a powerfu l d i fferent ia tor 

and m u lt ip l ier  of cu tomer alue in a com­

peti t i ve phere.  This point i not d im in­

i ·hed by l ikely changes in indu try truc­

ture-the brea kdown of ert ica l ly inte-

grated u ti l i ties in to  companie pe ial izing 

in d i  crete port ion of h11d itiona l  ervic s, 

u h as genera tion, tran mission, or di t ri ­

bu tion. [n fac t, tech n ical capabi l i ties be­

come even more i mportan t  to util i ties that  

pecia lize, beca u e greater, more-focused 

e--:pertise i expected. And,  f cour e, u t i l i ­

t i  s tha t go in the other direction, e ·pand­

ing to ffer energy rvice 

vaJ ue, and wi l J  have to d o  w i th develop­

ments that we ca n on ly g l impse today. We 

have just as m uch d i fficu lty peering ahead 

into the twen - f i rst  century a Edison 's 

contemporaries had looking into the twen­

tieth. Stil l ,  the d elopments we rn11 see a re 

terri fical ly excit ing and have tartl ing con­

gru nee w ith th ne d of the n w u ti l ity 

ind ustry tha t  appea r to be develop i ng.  

Op n acce s to u ti l i ty  transmi io 11 fac i l­

ities is no longer in quest ion, for e ample. 

The tremendous in rease in e l  ctron traf­

fic that thi development implie wil l  de­

mand switching and contr I technologi 

far more ophi ti a ted than tho e currently 

in p lace. Power lectr n i c  devices, now 

being d man tra ted on u ti l i ty system , wi U  

b e  critical to t h e  uperfast switching and 

substant ia l ly i ncreased l ine load i ng needed 

to keep the grid opera ting-technica l ly 

and bu ine w i  e-in the future. Even i f  

we con ider onl , th capabi l i ty of thi tech­

not gy to avoid add i t i  nal l ine con truc­

tion, th payoff i • enormou . lf  the demand 

for power doubles over the next 35 year a 

expected , power elect ron ics cou ld  save 

300 bi l l ion in construct ion costs and right­

of-way procurement in thjs cou ntry a lone. 

When the tech nolog i ful ly tra n ferred 

from the Iran m i ssion to the d i stribu t ion. 

Le e l ,  U1e tota l  bene i ts to ociety world­

wide may top a t r i l l ion d liar . 

The o-cal Jed inf rmation uperhighway 

i an ther devel  pment certain to a ffect the 

i J1d ustry' · fu tu re. Thi rev lu t ion in com­

mu nica t ions, i n forma t ion proc sing,  and  

remote con t rol  wi l l  d rama tica l ly change 

the way bu i nesses re l ate to their custom­

ers, ma king true rea l - t ime interac tive ser­

v ice po ible for the fir t t ime. The devel ­

opment of an el ctronic comm unication 

ga teway to ind i v idua l customer premi·e 
-now under way-w il l  unleash a ho t of 

consu mer in forma t ion capabi l i tie and a 

broad range of unbundled nergy ervic 

options to help utilities compete ffeclively. 

And the connection i tself opens opportuni­

tie or diversifica tion into telecommuni­

cation markets, currently a l ued at some 

200 bil l i  n per yea r and growing rapid ly. 

The compan i  s tha t po. ition them Ive on 

th i highway t be t manage the ervice 

choice in terface with their cu tomer w il l  

also be in  the be t posit ion to control th ir 

own destinie 

u perconductiv ity, wh ich remained l i tt le 

more than a c ien t i fic curi si t for more 

than 50 yea r , i poi ed to brea k through to 

broad pract ica l app l ication wi th  the con­

t inuing refi nemen t of high-tem pera ture 

superconduct ing ma t rials .  Th po sibi l i ­

tie for sub tan t ia l ly upgrad ing traclitiona l 

p wer equipment with lo\. - lo s genera­

tor , torage units, cab] s, and wire ha e 

been clear for some lime. But w hat makes 

the h.igh-tempera tu re ·u percond uct i  vi ty 

d velopmen t o e citi ng i the u es tha t  ar 

more broadly mb d ded in our  cu l tu re­

app l ica t ions i n  motor , computer d1 i p  , 

and consumer electronic , for e am ple.  E -

sentia l l  everything that  rn n s  o n  elec tric­

it -the w hole of Edi on's electrification 

legacy-may in th futur have supercon­

d ucting e lements. Beyond thi are e lectrica l 

, pplica t ion , processe , and technica l on­

cept tha t  have not even b en on i der cl 

becau e they wou ld be pos ibl  only w i th 

no- lo elech·onics. Like p l a  tic. and i i i ­

con, su perconducting ma terial have the 

potential to transform soci ty. I 'm not say­

ing aJJ this w i l l  happen-we can't ·ee o er 

the horizon-bu t  i t  has the right .feel. How 

it  plays out is largely in lhe  

hand of  the  R&D en terpri and technology int mation­

a l ly, face ome f th taugh- When we view the benefits of research com-
Investing i n  the future t c mp titor in th wor ld .  

Succe·s in these endeavors 

demand a knowledge and 

technological resource ba e 

tha t  is on the cutting edge. 

imp rtant as R&D may 

be for the near fut ure, i t  ben­

efit � i l l  b much greater 

o er the l ong run, owing to 

the expa11ded dimen ion of 

prehensively-including the full array of 

beneficiaries, over time-the true return on an 

ome people con ider th 

horizon problem to be one of 

divin i ng the fu tu re.  I bel i  e 
that ,  more than th i , it i a 

te t of our con.fidencl:! in slinp-investment in research is two to three orders 

of magnitude greater than the numbers 

traditionally show. 

iug the fu ture. bu ine  

p op le a nd as ind iv id ua l ', 

we l ike to ·ee where we're 

h aded, especia l ly in times of 
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ch,mg and turmoi l .  But  the i nability t 

clearly ·ee our pecific destination hould 

not d ter u • from moving in what we know 

to be the right direction. Hi tory ha d mon-

tra t d again and again that  technological 

innovation is a powerful force for progress; 

recent business cycles have hown tha t it 

is also e ential for economic survival. The 

pro per i ty of our nation and its ability to 

c mp te intemati nally depend n u -

ta in d, up rior pr ductivity. Electricity, w1-

para l leled a an enabli ng teclmology, ha a 

unique capability to provide thj produc­

tivity a nd rebu ild the competiti e founda­

tion of America through a powerfu l ar nal 

of electricity-based innova tion·. Such revi­

ta liza ti n is n t automatic-it r quire the 

best ideas we rnn gather and the commit­

m nt to en·ure their developm nt  through 

tra tegic inve tment. 

s con ervators of thj trru1 formative 

power, we in the utility i.ndu try face great 

respon i bil i ties and great chaJleng . We 

kn w that in the future the ground rule 

for doing bus ine s will be d i fferent. W 

knO\ that many of u will have to r think 

our ore bu ine es and repo ition our-

Ive i11 the marketplace. We know that 

th · change wil l  requir new inve tment .  

ln this con text, the ca e for inve tment in 

R& D i clear to me. It enable u to lower 

the co t and  improve the quali ty of ervice. 

I t  op n opportunitie to expand into n w 

and developing market . I t  lets u ant ici­

pate and pr pare teclrnologica l ly for the fu­

ture chal lenge of the ind ustry as a whole. 

nd in the broadest term , i t  generate ca­

pabilitie and benefit that are di tributed 

widely aero the fabric of our ociety. 

I b lie e, and I hop I have d mon­

stra ted , tha t  when we vi w the ben fits  

of re· a rch omprehen i vely-includ ing 

t h  fu l l  a r ray of b neficiari , ov r time­

th t ru  r turn 011 an inv stm. nt in re­

sea rch i · two to three orders of magnitude 

greater than the numbers trad it iona lly 

h , . I urg y u to con ider thi a y u 

f rm ur inve, tment plan f r the futu re. 

R&D i · not the only tool tha t u ti l i t ie · will 

ne d in the coming decades, but for those 

who see i ts  ful l  value and take advantage 

of its unique power, it i ure to be an out­

sta nd i ng performer in a uti lity's i nvest­

ment portf l io. • 

ttempt to d cument the value of 

EPRI' resea rch re ult tarted in the 

early 19 0 , f ! lowing traditional lines: the 

dollar vaJu of th fir t (or an early) appli­

cation of an EPRl-d •v loped technology at 

a sp cific uti l ity. Th e evaluations, ba ed 

on m thods stabli hed by the utility in­

volved ( to ensure bjectivity), were pub­

lished in documents i 1tit ia lly called First 

Use and later kn wn a 11movators. These 

document w r u pplemented in the mid-

1 980 with th Benefit As ment Pro­

gram, in which interested utilities took an 

in-depth look at  al l  the EPRI results they 

had applied and then calcu lated the return 

on their R&D inve tment. 

A T h r e e - D i m e ' 

The re ult were encouraging. The utili­

tie that performed benefit asse ments 

generall found a benefit-I -co t ratio of 

3:1 or 4 : 1 ,  with ome ranging as high a 

1 5 : 1 .  A for t h  /11 1 ,ovntor , an evaluation 

of only the 550 documents produced in 

the five years between 1990 and the end 

of 1 994 gave an aggregate value of about 

1 7  bil l i  n, an impr ive number. Even 

s , tru total-ba ed n ingle-utility u e of 

1 7% of the lnsti tute's current pr ducts­

repr ented onl a thin l ice of the value 

of EPRl's resu l t  . ln enc , the number 

considered no breadth of beneficiaries-not 

even an e tra polation acros the industT 

a a wh le--and a ver limited accounting 

of the time lement. Vutually no intangible 

b nefits were captured in this rolJ-up. 

In an attempt to develop a more reali  tic 

accounting of th breadth dim n ion, EPRl 

did an expanded analysis of the lm10vntors 

data in early 1995 and found tha t when ex­

trap lated to nationwide application, the 

alue to electric utiliti i approxima tely 

$3 3 billion in potential aving plu $30 

billion in increased revenue. Thjs total ,  

while again representing only one-sixth of 

EPRl's research result , amoun ts to a la tent 

return of nearly 7000% on the tota l uti l i ty 

investment in EPRI over its 23-year hi tor . 

Even if the extrapolated benefits were de­

valu d by a factor of 10, they would till 

have a value many time higher than their 

cost. AJ1d these number still do not reflect 

benefits to utility customer and society at 

large. 

EPRI' value has i ndeed readied far 

beyond the indu ·try it elf. The ln titute' 

work on energy efficiency and advanc d 

end-u tech.nologie , f r e ample, ha· 

provided broad social ben fit by r duci.ng 

waste, irnproviJ,g productivity, and lower­

ing energy bills. As society continue to 

E P R  B E N E F I T S 

Return Horizon Beneficiary Magnitude of Return 

Short term ( 1 year ) 

Midterm ( 1 0  years) 

Long term (20-40 years) 

An individual EPRI member 

All EPRI  members 

Global power industry 
and its customers 

Society 

3 : 1  return on investment 

$ 1 -1 0  b i l l ion per year 

$ 1 0-1 00 bi l lion per year 

$5- 10  t r i l lion cumulat ive total 



s i o n a l L o o k  a t  E P R l ' s V a l u e  

rely on electricity-ha ed technol gy for 

i nnova tion and productivity, electricity' s 

fraction of t tal energy is l ikely to grow 

from 39% today to 45% by 2010. Th re­

sult will be to cu t the overall  owth in 

primary energy t roughly one-half the 

gr wth of the U .S. ec nomy. In foel av­

ing alone, t lu would ave roughly JO bil­

l ion a year, a total more t l1an match d by 

the valu of productivity improvements. 

A 1 992 analysi of EPRI end-use product 

b a rs this e tima te out. Again using only 

a fraction of EPRI' research output and 

very conservative a umption ( including 

only a 1 % market p netration rat for mo t 

new product ), the tudy determin d the 

pre nt value of EPR l's end-use work to 

b 36 billion. 

The abov example is just the beginning. 

EPRI ha been the major player in two high­

value areas discu ed earlier-power el c­

troni development and EMF re earch. I n  

addi tion, the [nstitute ha played key roles 

in the area of clean coa l teclmologie , 

nuclear afety, r newable energy, el ctric 

vehicles, and dimat science, just to name 

a few tha t have broad benefit for the indus­

try a11d beyond. 

F R A M E W O R K 

A for the intangible d i  men ion of value, 

EPRl' ability to work effectively in uch a 

wid sp ctrum of technologies and disci­

plin s is one of a number of benefit that 

have distinguished EPRI a an exc ptional 

provider of R&D ervice . Thr ugh coordi­

nati n of thousand of topflight res archers 

fr m universities, ma.nufactu r rs, priva te 

r s arcl1 compani , and government lab­

oratori , EPR I has buil t a global network 

of diver e, highly pecialized talent that 

develops new knowledge for util i t ie and 

bring fre h appr ache to tl1 ir problems. 

Ov r t11 year , thi re rvoir of xp rtise 

ha h lp d the u ti l ity industry mo e its 

capabi l i t i  s b yond th constraints of me­

chanical and el ctrical engineering to em­

brace advance offered by chemical, nu­

clear, and y tern engineering, a well a 

environmental , information, and ma terials 

cienc . The abil ity t exploit th ynergy 

among the e di ci plin s has made a great 

difference in our progress toward becom­

ing a tru ly high-tech indu try. 

Such broad capabil ity permits pu r tut of 

another intangible ben fit :  h Ii t ic problem 

lving. EPRI' integrated per p ctive on 

tough indu try problem can be s n in 

Basis of Return Examples 

Member Benefit Assessment calculations 
and Innovators ser ies 

Aggregated Innovators benefits 

Ex t rapo lated benefhs from work on: 
• Energy and economic efficiencies 
• Environment. health, and safety 
• Resource uti l ization 

• Fuel markets/prices 

Clusters of EPRI  techn ical work, each with 
the potential to return more than $1 tril l ion 
In benefits to society within 40 years 

Return of 3.6 ; 1  for West Texas 
Util i t ies 

$9 bil lion per 1 993 Innovators 

Wor ldwide IGCC use 

Clean coal techno logy 

Nuclear safety wor ldwide 

Foundation of FACTS technology 

Leadership in  env ironmental science 

Advanced electrotechnologies 

ev rything from advanced pow r plant 

de ign a11d power y t m con trol to a set 

and fuel managem nt, but i ts expression 

has perhaps b en mo t vident in the en­

vironmental area . A part of i ts acidic de­
po ition r earch in the early 1 9  0 , PR! 

built an entirely new interactive m del f a  
lak ' water h d, l inking v rything from 

tree canopy to oil ,  bedrock, and wa t r 

chemi try. This model, which introduced a 

new standard of realism for environmenta l 

modeling, demon trated tl1e trong buffer­

ing eff ct of the wa ter hed i L f on acidi­

fied rai J1wa ter. 

The up hot of th.i work wa not just 

new insights into acid ic deposition bu t a 

new integrated approacl1 to studying envi­

ronmental issues. Similar pioneering work 

has since been carried out on tran port 

mecl1anisms for a i rb me ga e and pa rti­

cle , the mov m nt of chemical through 

oil and groundwa t r, and-mo t recently 

-the potential eff cts and cost of globa l 

warming as a result of greenhouse gas 

emissions. Large-scale, holist ic, coopera­

tive research of this rt i e en tial ly 

the only wa t pr due reali tic, er ctible 

knowledge n complicated i ue . With 

regu lation being written by dee· ion mak­

ers who often come from outsid th scien­

tific sphere, cred ible, well-documented ci­

enti fic information is of enormous value to 

the indu-try. 

Thes are far fr rn the only intangible 

benefi t EPRI provide . For example, the 

In ti tu te has shown a w1ique capabi l ity to 

transla te and focus u ti l ity n eds for ven­

dors and commercia l  developer , helping 

those group open up new applica t ions, 

accelerate the <level pm nt of techn l gy, 

and provide a b  tt r ba e for co·t-effect ive 

oluti ns and hard war , EPRl ha provided 

cont inui ty and a cri t ical mass of expertise 

for the industry to plLr ue e entia.l but  ex­

p nsive t chnology, oft n leveraging utility 

investment with r our e · and funding 

fr m out ide th indu  try. And th ln ti­

tu te ha been able t pursu mul tiple ap­

proache to problems a11d opportuJ1i ties i n  

parallel, e entia lly providing alternative 

pa ths to the future for util itie ; the real ben­

efit of thi· approach i now b coming ap­
parent as the indu try pur ue divergi ng 
tra tegi ba ·ed on EPRJ dev lopm nt . o 





B Y  T A Y L O R  M O O R E  

THE STORY IN  BRI E F  With a new era o f  competition approaching i n  the 

electricity supply industry, uti lities are getting closer than ever to thei r 

industria l customers, in many cases making direct all iances as partners 

to help customers become more efficient, productive, and competitive . 

The EPRI Pa rtnersh ip for Industr ial Competitiveness-EPIC-program aims 

to help Industrial customers address critical priorities in environmental 

impact, efficiency, and productivity with the ult imate goa ls of long-term 

profitabil ity and job retention. By offering in -plant consultant evaluations 

of systems and processes, EPIC helps industrial customers develop 

strategic i nsights into their operations and leverage technology and 

productivity solutions for competitive business advantage. 



P 
aying c lose atten t ion to cu -
tomer has a lways made good 
bu ine  s sense, bu t the new era 
of competit ion among u ppliers 

of I ctri i ty ha- rai ed the s t;ike consid-
erably for u t i l i t ies .  l ndu trial customer 
ar of particu lar importance, not only b -
cause they repre ent large blocks f e lectri­
ca l load bu t al o because they a re expected 
to be the fir_ t cu tomers u nder deregu la­
t ion to be able to choose their own energ 
upplier- . A. a re u l t, u t i l i tie are begin­

ning to forge a l l ianc with k y i n d u, tri a l  
u tomer to  help en  u re the  L ong-term 

su rvi al of those customer a profi ta ble 
busines es in a n  increasi ngly lobal mar­
ketplace. 

Th new a l l ia nce are a s ignifica nt tep 
beyond util i ty energy efficiency and de­
m;ind-sid , management (D ) progrn m , 
uch  a thos · th;it encou rage custom r 

adop tion of energy-efficien t te hnologics 
l i ke new motors, l ighting, and ad ju table­
speed drive by offering fina ncial i ncen­
t i ve tha t  cover ome of the incremental 
cos t .  ver the past 1 5  ear , u t i l i tie have 
pu t in plac a n umb r of uch rogr m fo-
ll d on bn ad-based technology applica­

t ion . The c effort , which h,I \  e tend ed to 
be pre_ r ipt ive, have met with va rying de­
gre o f _ ucce' ·, ;ind their re u l t  hav of­
ten be n d i fficu l t  to qu a n t i fy. 

I n  t h e  I n  t t h ree yea r , however, nearly 
two d zen util i t ie have begu n  to inve t in 
their cu tomer ' com peti t iven t h rou gh 
participn t ion i n  the E PR I Partner. hip for In­
du tria l omp t i t iv 0ne (EPI  ) pr grnm. 
" Erl  k· to bl nd th indu tria l  cu -
tom r '  - key priori t ies of sa fety, environ­
men ta l  impact, and prod uct i vity wi th  th 
u ti l i t  r's customer obj c t ives in an approac h 
de igned to maximize customer and  -oci -

t a l  h ncfits-. u h ns pr fi tabi l i ty and job 
r t n t ion," expla i ns Will i am M .  m ith of 
the l nduslTial  & Agri  ultural  
1i chnc logies & ervi es Bu_ i-

tomer l rnve le s th;in 5'7c of 
their operating  budget · t ied 
up i n  nergy co·t , wi th much 
bigger fract ion of their bud­
get goi ng for labor and ma te-
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rials. o they are focu ed on quality and 
prod uctivity, b ca use th y are in busi ness 
to make a prod uct and a profit, and they're 
font ed on the co t of complia nee with en­
vironmen tnl  regu l a tion . Prod uctivity and 
en ironmental concern are two major d riv­
ers of com pet i t iv  n s for mo t of them," 
add provide a brid ge, or 
com mon ground ,  between wha t u t i l i t ies 
want to accom pli  h-to retain their ind us­
tri11 1 customer and the revenues from their 
elect ricity use-and \ ha t the cu tamer 
wan t, which i to i mprove productivi ty 

EPIC Utility Participants 

I Centerior Energy 

J Central Hudson Gas & Electric 

Cincinnati Gas & Electric (1 992-1994) 

Commonwealth Edison 

Duke Power 

East Kentucky Power Cooperative 

Florida Power & Light ( 1 992) 

INlnols Power 

Niagara MohaWk Power (1 992-1 994) 

Northam States Power 

PECO Energy 

I Pennsylvania Electric 

Pennsylvania Power & Light 

' Salt River Project 

San Diego Gas & Electric 

Seattle City Light 

South Carol ina Electric & Gas 

Southern Callfornla Edison 

Tennessee Valley Authority 

Union Electric 

Wisconsin Electric Power 

and r duce th • cost of environmenta l com­
pl iance." 

mith sa · that under the new competi­
t i ve pa rad igm for su pplier of electr icity 
to industrial cu tc mer , "i t  i impera tive 
that ut i l i t ie und r tand wh;i t their cus­
tomer do; how thei r cu tomer ' proce ses 
opera t ; what speci fic environmental , effi­
ciency, and prod uct i vi ty is uc they foe ; 
and wha t is bei ng done a bou t tho e i -
sues." EPI provides a stmctured and ys­
tenrn tic a pproach to ga in in  such fu nda­
mentill u nder · tanding and to leveragi_ng 
thi  i n  ight i nto cu tomiz d tra tegic and 
ta tica l solut ion tha t  ca n mak a bottom­
l i ne d i fference in a cu tamer 's compet i tive­
ne . 

Recipe for success 

Through EPI , member ut i l i tie find PR I  
ar focu ing on  helpi ng cu  tamer i n  
c l e  ted ind ustries i d  n t i fy stra t gic op­

portu n i ti es to enhance prod uct i vi t  ,, im­
prove efficiency, and reduce envi ronmen til I 
impacts .  To <.fa te , EPIC part icipa nts have 
work d wi th  firm- repre.en t i ng over a 
d z n k i n d u  tr ie . Th i nclud plA. ­
t i - and m tal  fabricati n, pulp and pap r, 
ore proces ing, metal foundrie  , forging 
and he<1 t treating, t ' t i l  man ufactu ri ng, 
pri n t i ng, and compu ter chi p a nd circui t 
board milnufoctu ri ng. I ndustries cu rrently 
target d for development  11re ba king, food 
c;i n ning and  freezing, meat prod uct , and 
. oft d r inks. 

Ba i <1 l ly, EPI helps u t i l i tie id nt i fy key 
i mprov1cm n t  opportun i t ie for ind ustria l 
u tom �r that may be in dang r of b om­

ing un ompet i t ive bec,mse of poor prod uc­
t ivity or r is i ng co ts of bus ine  i'lnd t hen 
provid expert  con u lta t ion abou t those 
opportu n i t ie  . Ut i l i ty i iwe·tor in EPI re­
ceiv tw key re urce relat ing t the . e­
lect d indu tr ie -ind u tr ma nual and  

act ion guides-in add i t ion to 
on- i t e  plr1n t  su r Y- of 
lected cu tomer by EPR I ­
.. ponsor d tea ms of q ual ified 
i ndu tri a l  onsu l tants . The in­
du try mamrn l  provide broad 
overage of an indu t ry, with 

in forma tion on variou ctor· 
l in ked by a focus on unit  op r­
a t ion . The m a n u a l  can serve 



a u eful refer nc tool wi th applicabil­

i ty aero several processes and prod ucts 

within an industry. The actio11 guides de­

scribe procedu res for developing recom­

mendations to improve ind ustrial compet­

i t iveness on the  basis of data collected d ur­

Lng the plan t urvey • .  

EPIC draw on EPRL '  industrial center 

and office , whose ta ffs are recogn ized 

experts .  Team members a lso come from. 

01e.i11 Systems and the Ari x Group, two 

consu lting firms serving as project contrac­

tor . Lnd ustry experts are often retained di­

rectly by large and med ium-size industria l 

firms, but EPRT member util itie , through 

EPI , are making 'uch experti e avail i1ble 

to mal l  and mediu m- ize companie wi th 

typical electr ici ty demand of 3-5 MW. 

For a11 ind ustria l  plant su rvey, whicl1 

u ua l ly invol ves two days of on-site in-

pection a nd discussion, an EPfC team is 

joiJ1ed by plant per onn I and util i ty mar­

ket ing repre entati e ' . The urvey team 

con iders a variety of factor in as e -

i ng a nd priorit izing recom menda tions for 

enhancing competi tivene s. Am ong these 

factors are plant equipment, product qual­

i ty ( i J1 l ud ing yie ld a nd rework rate), man­

u factu ring proces e , wa te minimization 

and trea tment, materia l  recycl ing and re­

covery, and energy effi iency considera­

tion · ( including electrot chnology process 

a l t  r.natives, D M option , and energy 

ource options) .  Two review-feedback 

loops d uri ng the preparation ,of the plant  

urvey report for the customer are aimed at 

hel ping buj Jd  cu tamer receptivi ty to im­

plementing the identi fied impro ement 

trategie ·. The pla nt 'mvey and reporting 

proced u r  s have been considerably refi ned 

on the basi  of u tility and customer feed­

back during the ini t i a l  EP I efforts .  

E P IC experts who are intimc1tely familic1r 

w i t h  pa rticu lar industry sectors can bridge 

a cred ibi l i ty ga p l hc1t may re ult from the 

difference in bu ' ine per pecti ve of utili­

t ie· c1nd many indu trial cu tomer , note 

K nneth tern o f  Chem Sy terns. As an ex­

ample of that d i fference, Stern n ote thc1 t 

ut i l i ties hc1 e often tended to trunk in terms 

of energy and demaJ1d red uct ions, wh i l e  

ind ustric1l firms th ink in term of  co  t re­

duction, whj h can sometime entail in­

crea. ed energy con umption. 

"From the perspect ive of t he i J1d ustr i a l  

custom r, the uti lity often has very l i t tle, 

if a J1y, knowledge of its process, pla nt , 

needs, or constraints-nor should the u til­

ity, to the customer 's way of thinking, s ince 

these a re not the uti lity 's busine ," ex­

p l a in  Stern. "A a result , vi rtually any  

i nitia tiv tha t g es  beyond offeri ng more­

efficient ligh ts and motors will be viewed 

wi th skepticism b i.nd us t ria l firm 
I 

u nles 

the util ity can demonstrate i ts credential 

for participating in a more sub tantiv 

d ic1logue. EPfC provides c1 lev I of cred i­

bili ty that u t i lities often find d i fficu l t  to 

achieve with their indu trial Cl.lstomers 

directly. Consequent ly, EP I  hc1s ea rned 

broad support Ln both the u ti l i ty and i n ­

du trial communities." 

John voboda of EPRJ '  Fou ndry Office i 

EPIC' expert for customer in the foundry, 

i ted two fou nd ries thc1t later decided, in 
part a a result of the E l  IC u rvey result , 

to go ahead with the pu rchase and in ta L­

ia ti n of new electric crap melters ." Seat­
tle Ci ty  Ligh t  and Duke Power Company 

still count t hose fou nd ries as customers 

today. 

' 'The electric utilities that have ba nded 

together with El Rl have found that the 

EPfC recipe ca n, indeed, provide the results 

de ired ," say William Smi th. "EPr 's suc­

ces rests on i ts abil i ty to uncover win­

wiJ1 opportunities that represent common 

grou nd between th divergent sets of pri­

orities held by Lndustrial firms and u tili t ies. 

Bui l d ing on thi common grou nd is the 

way to acll ieve EPIC' bottom line: getting 

i J1du trial cu tomers to take action on the 

opportUJ1i ties iden tified to achieve greater 

com petit ive advc1ntage." 

EPRI Partnership for Industrial  Competitiveness 

AREAS OF FOCUS 

forging, a J1d meta l hea t-treating i ndustrie . 

He ha conduct d over l 4 on- it plant  sur­

veys o far and is averaging abou t  I a 

month. Svoboda notes tha t  patience ,md 

per evera nce are essentia l in EPIC u t i li ty­

customer partner hip beca use U1e .iJ1cuba­

tion period between the cu tomer '  receipt 

of a fina J  EPIC plant urvey report and tJ1e 

actual implemen tat ion of recom mended 

improvement can be lengthy. 

L n  fou ndrie , for instance, a re ommen­

dation to upgrade to more-efficien t melt­

ing equ jpmen t to Lm prove prod uc t  quality 

or prod uct ivi ty cou ld  en tai l  a capital e 

pense of severa l hundred thou and dol lar · . 
"Most foundrie c1 re small  operation and 

don ' t  h, e a  lot of capi ta l in their operat i J1g 

budget ," 'a y  Svobod a. "So it ca J1 ta ke a 

whiJe to mak a decision to spend that kind 

of mone . Bu t i t  d es happen . We ha ve vis-

mith point · ou t t ha t  EPIC approaches 

energy effic iency i ue from aJ1 over­

a l l production efficiency perspective and 

is neu tral as to energy source. "The goa] 

of the EPI program i to identi fy wha t­

ever make the mo t sense for the indus­

tritll custom�r. Thu the EPJ tea m could 

eqw1 lly as easi ly recommend a new use 

of electr icity ( uch a an electrotechnol­

ogy ) ,  a imple work-flow rearra ngement, 

or a na turn l-ga ·-fi red heat ing tecru1ology, 

depending on whid1 would help the cus­

tomer become more com peti t ive." 

Since th r commendation that emerge 
from EPI plant urv y are prioritized by 

the customers themselve according to the 

potent ia l for t he  greate t improvement at 

t he  i ndustr ia l  p l ant level, EPI offer, a new 

paradigm for i mproving cu tomer c mpet­

it iveness-a top-d own, hol i  · t ic, and trate-
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EPIC SURVEY EXAMPLE: SUMMARY OF OPPORTUNITIES This abbreviated summary of efficiency, productivity, and environmen• 

tal improvement opportunities identified in an EPIC team survey of a foundry customer illustrates the range of possibilities 

considered and the magnitude of potential gains. The list was prioritized in consultation with the customer, which may choose to 

implement only the highest strategic priorities or those with the greatest anticipated benefit. 

Recommendation Impact Areas Estimated Investment Estimated Payback Anticipated Benefits 

Scrap reduction program Efflclency. productivity $20,000 8 months 

gic examination of plant activities, rather 
than isolated and sporadic evaluations i n ­
volving individual technology improve­
ments. Notes Smith, "While the latter ap­
proach may result in a stand-alone success, 
the improvement may actually rank sixth 
or seventh on a customer-prioritized list. 
The industrial customer may risk diverting 
attention and resources from opportunities 
of higher priority for overall plant success 
and longer-term profitability. Short-term 
gai11s have little value if the customer ulti­
mately goes out of business because it is 
uncompetitive." 

Nothing succeeds like success 

Of the more tha11 66 industrial customers 
visited by EPIC team and utility service rep­
resentatives as of the middle of last Sep­
tembe,� 58 have received plant survey re­
ports as of this writing. Smith estimates 
that so far about 15 of these customers have 
implemented one or more of the survey 
recommendations-reflecting the incuba­
tion period described by Svoboda. Yet 
every implementation represents a success 
story to the extent that it enhances the cus­
tomer's competitiveness. And the list of 
EPIC successes is growing. 
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The success stories can be relatively sim­
ple. h, response to an EPIC survey recom­
mendation, a metals fabricator in the orth­
east enhanced its productivity by changing 
from staged batch processing to continu­
ous processing to eliminate piles of work in 
progress. The change decreased both the 
use of floor space and the production cy­
cle time. The EPIC survey also showed the 
customer how to enhance its competitive­
ness through the use of activity-based cost 
accounting and concurrent engineering to 
integrate product design, manufacturing, 
and marketing and thus reduce product 
development time. The customer has, in 
addition, proposed to its parent company 
the pttrchase of an EPIC-recommended 
automated infrared system for drying 
powdered coatings and paints. 

As a result of another EPIC plant sur­
vey, a northeastt:!rn plastics fabricator and 
customer of PECO Energy Company (for­
merly PhiladeJphia Electric Company) dis­
covered that substituting infrared lamps 
for incandescent lamps in a heating process 
for plastic bottles will save 50- 70% on 
costs- or about $50,000 a year. The savings 
on electricity will repay the cost of such a 
substitution in about six months (only the 

lmpr0\/8d quality 

lamps, not the fixtures, will need to be re­
placed). 

The PECO Energy customer is also mov­
ing ahead on two other EPIC recommenda­
tions. Techruques for quick die changes in 
blow-molding machines will cut inventory 
buildup during long production runs by as 
much as half, freeing up floor space and la­
bor. Insulating the electric resistance bands 
used for heating raw plastic will lower by 
20% the energy use associated with six 
heating barrels at U1e plru,t. 

A copper processor in the Southwest 
is saving $340,000 a year by using finer 
screens for crusher discharge, a recommen­
dation from its EPIC evaluation in partner­
sh.ip with the Salt River Project. The sav­
ings will pay back the cost of that measure 
in one year. Meanwhile, the processor is 
considering two other recommendations. 
The first, to shut down one of two under­
loaded mills and consolidate ore feed in 
one mill, would reduce electricity demand 
by ,lQO kW and save 3.3 milHon kWh a year 
(worth $160,000 a year); the payback pe ­
riod would be less than a year. A second 
EPIC recommendation, to substitute tita­
niwn ru1odes for the lead anodes used to 
collect copper from solution, could save 



another $770,000 annually, with pa back 

in two years. 

Central Hud on Ga & Electric Corpora­

tion in ew York ha u ed the EPIC plant 

urvey program a a key part of it En rgy 

Solutions program for indu tri a l  cu tomer 

ince EPI 's inception .  Th u t ili ty ha been 

conducting pla nt su rveys since 1 993; by 

the end of 1 995, it  had completed work on 

igh t .  Ac ord ing to fltt Ru h, manager of 

the Energy Solu t ion program, "The EPIC 

urver have been a great b n fi t t C n­

tral Hudson, r su lting in a higher I el f 

customer atisfaction with u as the ener­

gy provider a nd in significant i ncremental 

increa e in net revenues, decrea ed u nit 

c t for mami facturing cu tomer , and re­

due d cu tomer overhead co ts." 

Adds Ru h, "We r ceive good va lue from 

our i n ve tment in the P l  program.  Th 

program' abi l i ty to provide recogn iz d 

experts in a particu lar ind ustry goes far 

beyond what we ca n offer in-house. I n  

ome case , w e  e e  a revenue enha ncement 

that off ets the co t of participation in EPI . 

W al o ee D M benefit  and load r d uc­

tion , and, although i t  is tough to quant ify, 

the ultima te value of cu tomer retention i 

tremendou . EPIC is helping our ut i l i ty po-

ition i t ·el f in a competitive ma rketplace." 

Rush rela tes three EPI ucce tori . 

AN EPIC SUCCESS FOR D U K E  POWER 

IEM Plastics, a manufacturer in Duke 

Power Company's service area,  is  one of 

the largest suppl iers of plastic contain­

ers and the only one that can make them 

from 1 00% postconsumer waste.  Duke 

Power worked with the customer 

through an EPIC plant survey to deter• 

mine how productivity could be improved 

and costs reduced. IEM has begun 

implementing changes suggested as a 

result of the survey that could save it  

over half  a mill ion dollars in the next 

decade. In addition, Duke now del ivers 

i ts waste plastic to IEM as source 

material and has introduced several new 

suppliers to the company. And the uti l ity 

is also helping I E M  with a power expan­

sion that w i l l  increase the plant's recy­

cling capabi l ity. 

A plan t  survey for a pla t ic injection­

molding customer that ma nufactures com­

mercial lighting fi tures r commend d im­

provement in proce control, the use of 

qu ick mold change , and variou wa te 

mi nimization mea ure . ln re pon e, the 

customer implem nted a plan f r plant re­

configuration and  equipment modifica­

tions that wil l  lower unit costs by red ucing 

throughput time. The proce improve-

Greg Lollin 

m nts will a lso reduc the g n ra tion of 

crap wa te. 

The decision by a manufactur r of archi­

tectural lighting product to in t I I  a n  i n­

fra red paint-curing oven in i ts a embly 

l ine as a re ult of an P l  plant u rvey led 

to increa ed reven u  for Central Hud on 

and to reduced uni t  costs for the cu tomer. 

And th customer 's adoption of activity­

based co t accounting and concurrent engi-
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FOUNDRIES 

At some foundries, the installation of 

new electric scrap melters has reduced 

operating costs and the need for waste 

disposal .  Other low-cost measures like 

improved ladle reheat and pouring 

practices can yield gains in efficiency 

and productivity with very short payback 

periods. Higher-cost improvements l ike 

induction melting can produce major 

savings in energy consumption, while 

electrotechnology-based sand reclama­

t ion systems promise to substantially 

lower waste disposal costs. 

neering will have an even greater effect on 
i ts manu1ach.uing productivity and com­

petitivene s . 
Another Central Hudson customer, a 

small foundry operator specializing in a 

variety of small  and medium-size prod­

ucts, lacked the capital for long-term in­

vestments .  The EPIC team worked with the 

customer to develop a list of affordable op­
portunities that could be readily imple­

mented for short-term payback. The most 
significant improvement resulted from a 

reconunendation to increase the capaci ty of 

the plant's compressed-air system to en­
sure that sufficient quantities of air were 

avai lable at the required pressure. This im­

proved the usefulness of certain tools and, 
in turn, reduced product tluoughput times, 

with payback in one year. 

South Carol ina Electric & Gas Company 
counts two success stories so far as a result 
of the five EPLC plant surveys completed in 

TEXTI LE MANUFACTURING 

Capacity control lor a ir  compressors can 

reduce energy consumption and pay 

back the required investment in less 

than two years.  Payback in less than one 

year may be possible for membrane 

separation systems for finishing wastes. 

Heat recovery systems for waste 

streams from bleaching and dyeing can 

lower disposal costs and improve 

efficiency. Ozonation and ultraviolet and 

electrolytic treatments offer alternatives 

to biotreatment in certain source­

reduction measures-



METALS FABRICATION 
Changing from staged batch processing 

to continuous processing el iminates 

both inventory and work in progress, 

reducing the need for floor space and 

cutting cycle time. Quick-change tooling 

and automated fabrication tooling can 

involve significant investment but 

produce multiple benefits in productivity 

and efficiency. Automated infrared paint­

drying systems reduce environmental 

emissions and energy costs while 

improving product quality. 

it ervice area as of mid-September 1 995. 

Lewi We inger, indu trial accou nts man· 
ager, ay that one of the earl iest EPIC ur­
vey for the u til ity involved a fou nd ry cus· 

tomer tha t u d the re ults in deciding to 

replace a n  aging ind uct ion mel ti ng furnace 
wi th  a more ffic ien t el c t ric furnac a nd 
a new, smaller ind uction fu rnace . . "We feel 

tha t, as a result of this action and beca u e 
of the relfl tionship we developed in work­

i ng w ith th i  customer, we have gone a 
long way toward helping th rnstomer b 
more profitable. If a day of decision came, 
I th ink we w u ld tand a good chance of 
reta ining thi cu tomer becau e of whc\t we 
ha e d one for them through EPI ." 

The second uccess story involv d one 

Paul Kennedy/liaison 

tainer and the only m a n u facturer capa­
ble f making conta i ner from 100% po t­

con umer wa t . In addit ion to it ongoing 

goal of improving prod uct ivity and  r -

o far, lEM ha begun implementing the 
pred ict ive main tenance program, made 
ome change in i t  plant layout ,  and  re­

duced inventory by changing orne of its 
of the tmrny text i le companies in Sou th d u  i ng  o ts, I EM had a pecific need for marketing method . Du ring the E PI ur-
Carol ina  Electric & Gas's service terri tory, 
a gray-goods man ufacturer. Thi ucce s 

u ld be mult ipl ied many t ime over if the 
va riou mea ure identified in the u r­

ve can be appl ied by some of the u ti l i ­
ty's other tcxtiJe manu factu ring cu ·tamer 
' 'We thi n k  EPI i a good progra m, a nd 
we have already benefi ted from it," says 
We inger. " Utilities that aren ' t  t ak ing  ad­
vantage of it a re mi ing the boat be au e 
there are good opportunitie ou t there for 

i mproving bu - ine s rela tion hips with in­
dust ri a l  customers." 

They treat us l ike we're 

number one 

One of the highe t-value E PIC succe s to­
rie · to d a te is an effort  between Du ke 
Power Company and I EM Plastics, one of 
the nat ion' largest suppliers of pla tic con-

more source material for i t  prod uct . And 
Duke Power, as a part of effort  to work 
wi th ta rgeted growth i n d ustrie in it terri­
tory, wa eeking a way to identify oppor­

tu n i ties for I E  
Through an EP I  plant survey, D u k  

b lped I E  det rmine  h o w  prod uctivity 

could be improved and  co ts reduced . E P IC 
constl ltan t  from the A rlex rou p joined 
Du ke cu tomer ervice r pre en ta t ive for 
two day a t  I E  ' Reid vi lle, orth Ca r­

olina, fac i l i ty, ob · rving  proced ure and 
in t  rvi wing ernploye . Th con td tant ' 
reco mmenda t ions i nclud ed imp lement ing 
a Loral  qua l i ty ma nag men t  progra m to im­
prove cycle t ime- and lower product co ts, 

a total pred ictive maintenanc program to 
a d d re I E ' ·  h igh m. intenanc cost , and 
an oi l -recycling program to cu t  o i J  pu r­
cha ·e and dispo al  co t 

vey, Du ke noted tha t  !EM was having t rou­
ble obtai 11ing u fficient sou rce ma terial ;  it 
arranged to have its wa te pla tic delivered 
to IE -u p to 700,000 pou nd per yea r­

and i ntr d u  ed veral n w ou rce mate­

rial  su ppl iers to I EM .  Duke is al o helping 
th plastics compa ny wi t h  a 1 -MW power 
expansion that wil l  increa e t he pla nt '  re­
cycl ing ca pability to O mi l l ion pound  per 

year. 
I E  e ti mate tha t  i mplementa t ion of a l l  

t h e  E P I  plant u rvey r commenda tions (at  
a cost of abou t $65,000) could ave the com­
pany 56 ,000 (pre ent val ue) over t he next 
10 years in reduced downti me, decreased 
labor costs, improved plant prod uct ivi t 
c nd lower prod u t co t . I a l  o benefit 

from the new ource of recycl d materia l 
and from Du ke's a sistance in planni ng i t  
power e pan ion. Du ke, in turn,  w i l l  bene-
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PLASTICS FABRICATION 
Savings of 50% to 70% on process 

heating costs can be achieved by 

substituting infrared lamps for incandes• 

cent lamps. New techniques for quick 

die changes in blow-molding machines 

can cut inventory buildup during long 

production runs. Improvements to 

materials-handl ing, vacuum, and com• 

pressed-air systems can pay back their 

cost in less than six months in reduced 

energy and maintenance costs. 

fit from the increased revenue when the 
customer ' s  expansion is completed . 

"We know we' re not Duke Power 's 
biggest customer," says C.  H. Lee of IE 
"bu t  they treat us l ike we' re number one." 

Kathleen Mullen, an energy analysis prod­
uct manag r with Duke, says, "We want 

our customers to be more competit ive so 
that ele tricity k p flowing into their 

plants." 
Adds Mullen, "Because our markets and 

the competition are changing, utility sales 

repre entatives will need to change their 

relation hips with customer . When indi­
vidual or organizations change th ir style 

or approad1 to others, they will be tak­

ing some risks u ntil they acquire experi­
ence. Working with EPRI's consulta11ts un­

der the EPIC program provides us with 
fail- afe opportunities for our repre en­

tative to practice their business develop-
ment skiUs." • 

Background rnrormalion for lhis arlicle was provided by 
Wi l liam Smith ol the Cus1omcr Systems Group's I ndustrial & 
Agricultural Technologies & Services Business Unil 

MIN ERALS PROCESSING 
Copper and other ore processors can 

reap substantial savings in some cases 

by using finer screens for crusher 

discharge. Consolidating underloaded 

mills and replacing lead anodes with 

t itanium anodes are among other high. 

priority opportunities with rapid payback 

in efficiency and productivity. The 

installation of adjustable-speed drives on 

certain pumps can have a major impact 

on operating efficiency. 



ARMOR BLANCO 

\ 

O'CONNOR CLARK. 

YEAGER SMITH 

F ossil Assets Management: Making 

Decisions on Older  Plants ( page 6) 

wa writ ten by cience writer John Doug­

las with the a i ta nce of member of 

two EPRI bu in - u n it , Fos i l  Power 

Plan ts and Utility Re ource Pl anning & 

Management. 

Anthony Armor, d i rector of the Fos ii 

Power Plan ts Busine U nit, came to 

EPRI in 1 979 after 1 1  yea rs at Genera l 

Electric, where he held po i t ions in th 

Large Steam Turbine-Genera tor a nd En­

ergy System Divi ions.  Before tha t , he 

wa a prof es or of engineering and ma th­

em a ti at London Pol yt chni (now th 
U niver ity of Westminst r) . Armor r -

cei ved a BS in mathematic and a n  M in 

min ing engineering from the Univer i ty 

of ott ingham.  

M ichele B lanco, team manager for fo -

s i l  p lant opera tions in the Fos ii Power 

Plan ts Busine Unit, i re pon i ble for 

resea rch targets involving plilnt ma int -

na nce co t redu tion, p lant operation 

im provemen t  and training, and fo ·s i l  

plant a ·  t management. Before joining 

PRJ in 1 9  9, Blanco spent seven years at 

Pacific Gas and Electric, working both a 

a power prod uction engineer and  as a 

de ign engineer for plant ret rofit piping. 

She hold c B in mechan ical engi neer­

ing from Marqu ette Unjver i ty and a n  

M BA from t h e  University o f  San Fra n­

cisco. 

Dave O'Connor i manager of a ·set 

management  tool in the Fossil Power 

Plants Bu ·ines nit  and a l  o manage 

fueL work wi thin the unit. Before join­

ing - rRJ  in 1 9  6, he worked for six yea r 

at Bechtel Group a a r earch engineer, 

providing anaJy i and  test ing services 

for coal -based energy ven ture . O' on­

nor has a B i n  m ining engineeri ng from 

the ou th Dakota chool of in and 

Tech nology. 
Charle Clark L t am manager for the 

Ut i l i ty Resource Pl anning & Manage­

ment Busi ness Un i t .  Before joiniJ1g the 

I nstitu te in 1 99 1 ,  he wa a vice pre ident 

at Decision Focus Incorporated and wa 

ea rl ier employed by AR 0, orthrop 

Corpora tion, Rockwell L n ternationa l , 

a 11d RI l n ternat iom1 l .  I e hold a B 

from the University of California at Los 

Angele , an M BA iJ1 production manage-

ment from the Univer ity of Penn y l ­

va nia' WJ,arton School of  Business, and 

an I in opera hons re e,uch from Sta n­

ford U niversity. • 

R&D and the Dimensions of Va lue 

(page 16 )  was a u thored by Kuxt 

Yeager, the l nsti tu te's executive vice 

president a nd chief opern ting office r. 

Prior to a u ming his curnmt po it ion, 

Yeager erved as sen ior vice pre iden t 

for strn tegic d evelopment and before 

tha t as senior vice pre ident of technical 

opera t ions, with re pon ibil i ty for the 

integrated rnanagem nt of 111 1  E PR I  tech­

nica l progra m . Before coming to EPRL in 

1 974, he wa the d i rector of energy R&D 

plann ing for the EPA Office of Research 

11nd t i l l  earlier was associate head of the 

E nvironmental Systems Dep, rtment at 

M ITRE Corpora t ion. Yeager re ei ved a 

B in chem istry from Kenyon Col lege 
11 1 1d d id  graduate work in chemistry and  

phy i .- t Ohio State Univer i ty a nd a t  

t he Univer ity o f  Ca l i fornia a t  Davis, 

where he earned an MS. • 

Industria l Paxtnexships Yie ld  EPIC 

Results (pag 26) was written b Tay­

lor Moore, Journal enior fea ture wri ter, 

with a istance from Wi l l iam S m i th, 

executive project manager in the l nd u, -

h·ia l & Agricultural Technologies & Ser­

vices Busine Unit. 1ni th joined E l RI in 

1 98 <1s manaoer of demand - ide pla n­

ning and information after eight yea r 

wi th  Paci fic Gas and Ele tric, wh re he 

helped shape P &E' demand-side man­

agement efforts. Smit h received a B i n  

phy ic and  MS and Ph D d egree in a -

trophysic from the tate Univer it of 

ew York at Stony Brook. • 
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Hydropower 

Consortium Spurs Develop­

ment of New Diagnostic Tools 

The smooth and cost-effective operation of 
hydro pl,mts today is heavily dependent 
on operations and maintenance personnel 
who analyze vast quantities of detailed 
data from a variety of sensors monitoring 
such parameters as oil, temperature, and 
vibration. With the electric utility industry 
moving into a competitive environment, 
which has resulted in staff downsizing, 
some observers are concerned that if these 
personnel leave tbeir companies, much of 
the knowledge and am,lytical skill they 
have attained will be lost. 

A new consortium is working to prevent 
such a problem by funding the develop­
ment of diagnostic tools that wilJ help hy­
droelectric personnel trnnslate the volumi­
nous data gathered by hydro plant sen­
sors into useful informc1tion. The Bonne­
ville Power Administration, British Colum­
bia Hydro, EPRI, Idaho Power Company, 
Manitoba Hydro, and the Tennessee Valley 
Authority lrnve joined together in a four­
year, $7 million program to enhance diag­
nostic capabilities. "ln an era of cost cutting 
.,t utilities, you risk the chc1nce of losing a 
lot of these minds," notes Jim Birk, man­
ager of EPRl's Renewables & Hydro Busi­
ness Unit. "In order to capture the intelli­
gence they have, you're going to need an 
intelligent system." 

The consortium, fom1ed iJ1 late 1994, 
issued a request for proposals last August 
for the development of the diagnostic tools. 
According to Birk, the group seeks the de ­
velopment of  three modules (focusing on 
bearings, generators, and turbines) that 
will receive and analyze datc1 from hydro 
plant sensors, as well as a master module 
that will provide cross-module correlation 
of data and diagnostics. The system is ex­
pected to operate on commercial hardware 
platforms and to use standard communica­
tions protocols. 
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As well as maki11g hydro pla11ts less de­
pendent on specific personnel, these ad­
vanced diagnostic tools will offer other 
benefits. The additional information they 
provide will enable utilities to run the 
plants at higher capacity when necessary 
and to better predict needed plant over­
hauls-benefits that will reduce costs and 
increase electric energy output. 

Even though more than one contrnctor is 
expected to be involved in the develop­
ment of the dic1gnostic tools, the modules 
will have a common graphical user inter­
face, says Birk. Tbe consortium aims to 
award at least one of the contracts early 
this year. The group is still open to new 
members, who ,-vould participate in speci­
fying the technology, get early access to the 
products, and receive royalties on the com­
mercialized products. 
• For 1110n' i11fom1nlio11, co11/nct fi111 Birk, 

(415) 855-256'2. 

Indoor Air Quality 

EPRI Aims to Improve HVAC 

for Schools 

Ensuring adequate ventilation in school 
buildings can be challenging, since these 
facilities are typically more densely occu­
pied than other buildings, sud, as offices. 
ln foct, while the occupancy of an office 
building might average one person for 
every 150 square feet, it is not u11usua] for a 
school to average 1 0  times that occupant 
density, says Mukesh Khattar, EPRl's mc1n­
agcr for space conditioning and refrigera­
tion. 

Adding to the challenge of providing 
adequate ventilation in school facilities, 
communities across the country are begin­
ning to <1dopt more-stringent ventilation 
codes th,:lt at least triple the amount of 
ventilation c1ir required in a building. The 
more-demanding requirements, which are 
being implemented at local, regional, and 
stc1te levels, are based on a standard for 
indoor <1ir quaUty that was established by 
the American Society of Heating, Refrig­
erating, and Air-Conditioning Engineers 
(ASH RAE) in 1989. The standard applies to 
all new commercial building types, includ­
ing retail stores, supermarkets, and office 
buildings. 

As Khatt<1r points out, the standard not 
only will drive up customers' electric bills 
but will also result in deteriorating load 
factors for utilities. In response, EPRI is or­
gc1nizing an electric utility effort to develop 
and demonstrate energy-efficient electro­
technologies for effectively meeting the 
new st,mdard. Educational faciJities are just 
one customer segment that will benefit 
from this effort. 

Already, EPRl has developed strrltegics 
and conceptual designs that are being in­
corporoted by manufacturers and major 
end users. ln one project, EPRJ is extending 
a commercialization agreement with the 
manufacturer Climate Master to apply to a 
school environment the concept of an inte-



grated air quality system developed for a 

Wal-Mart supercenter in Oklahoma. 

This project is the latest in EPRl's series 

of school-related heating, ventilating, and 

air conditioning (HVAC) efforts. Also under 

way is a project with Hawaiian Electric 

Company in which a cool storage system 

will be installed at the lolani School in 

Honolulu. The system, which will be mon­

itored for one year, is expected to save on 

cooling costs and to achieve a lower hu­

midjty level despite a high ventilation rate. 

In another effort, a ground-coupled heat 

pump system in operation at New Jersey's 

Stockton State College since late 1993 is 

being monitored. A variant of water-loop 

heat pump ted,nology, the 

system uses heat from the 

ground and is inherently 

very high in efficiency. In the 

past two years of operation, 

the unit has not required any 

backup gas heating. 

"What we're trying to do," 

says Khattar, "is to take the 

best of alJ these educational 

facilities projects and devel­

op an integrated system for 

school buildings that will 

meet the new ASHRAE stan­

dard." Data resulting from 

EPRl's school-related HVAC 

projects will be combined 

with information on water­

heating, lighting, food ser­

vice, and other technologies 

and published in a guide­

book specifically designed for 

utility marketing personnel, 

says Karl Johnson of EPRI, 

who is managing the book's 

production. The guidebook 

will serve as a reference that 

the marketing specialists can 

use when calling on educa­

tional facilities. 

• For more i11formnlio11, co11/act 

M11keslt Khaltnr, (415) 855-2699. 

Drinking Water 

Researchers Explore New 

Methods for Arsenic Removal 

EPRI researchers have teamed up with 

experts at the Water Department of Fort 

Worth, Texas, to explore the feasibility of 

using an electrotechnology- ozonation­

to enhance the removal of arsenic from 

dri_nking water. 

A carcinogen that occurs naturally in 

some soils and minerals, particularly in the 

Southwest, arsenic can also be introduced 

by unnatural sources, like industrial dis­

charge. Currently, water departments rely 

on conventional coagulation to remove ar -

seruc from drinking water. But the Envi­

ronmental Protection Agency has indicated 

that it is considering lowering the limit on 

arsenic content from the current standard 

of 50 micrograms per liter to as low as 2 mi­

crograms per liter. Water quality experts 

say that current treatment technologies are 

not effective at removing arsenic at such 

low levels. 

In the coagulation process, ferric sulfate, 

ferric chloride, or aluminum hydroxide is 

typically used to draw out contaminants. 

Through EPRl's project with the Fort Worth 

Water Department, researchers will try in­

creasing the amounts of these substances to 

enhance coagula.tion. They will also test the 

use of ozonation in addition to the coagu­

lation process to determine the effect of the 

combined treatment on coagulation and on 

arsenic removal itself. 

In the ozonation process, ozone is pro­

duced by an electric corona discharge 

through air or oxygen. The ozone is then 

bubbled through water in order to inacti­

vate various microbiological contaminants 

and destroy organic materials and herbi­

cide residues. Commonly employed to dis­

infect drinking water in Ew-ope, ozonation 

has just started to catch on in the United 

States. 

Bench-scale tests of the new arsenic re­

moval processes got under way last sum­

mer. Pilot-scale testing will provide a re­

ality check for the bench-scale results and 

help determine the electric power require­

ments of ozonation equipment. The pilot­

scale tests are expected to be completed by 

mid-1996. The city of Fort Worth will then 

determine whether to proceed with a full­

scale demonstration of a chosen method 

for arsenic removal. 

Although the EPA has not indicated pre­

cisely when it will adopt its new regula­

tions on arsenic content, the agency has 

indicated that the more-stringent regula­

tions are imminent. 

• For more i11formntio11, co11/ncl Keith Cnms, 

(314) 935-8598. 
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Members Sought to Host Demonstrations of Distributed Mobile Gas Turbines 

E 
PRI is seeking one or more member utilities to participate 
in collaborative R&D projects to demonstrate the use of 
3- to 5-MW mobile gas turbines in high-value distributed 

generation applications. The projecb, each involving tht> 
installation, lease, operation, ,md maintenance of a small 
mobile gas turbine as a distributed generation resource at a 
utility or customer site, will develop criticc1l information for 
the participating utilities on the use of currently available 
small gas turbine technology to improve their competitive 
advantage. 

Stm1d-c1lone or integrated use of small, modula1� dispersed 
generation technologies like gas turbines can potentially 
benefit the overall reliability of the utility system, the reliabil­
ity of service to specific customers, or both. (Fuel cells and 
internal combustion generator sets are other examples of gas­
fueled distributed generntion options.) Utility case studies 
examining the potential for distributed gas-fired generation 
have generally identified two applications as the most attrac-

customer energy partnerships. 

T&D grid support involves the siting of modular generation 
w1its at substations or near primary feeders to enhance the 
use of existing T&D assets, defer T&D capital expense, and 
improve service reliability. Typical three-year deferral values 
can be $474-$790/kW for a 53 million to $5 million T&D 
investment in areas experiencing l MW of incremental load 
growth per year. 

Utility-customer energy partnership programs are designed 
primarily to retain customers and to offer value-added 
customer services. On-site modular generation can be used to 
enhance service reliabiUty, provide for combined heat and 
power services, and improve T&D asset utilization in certain 
situations. 

Although the benefits of modular generation have been 
theoretically estimated, the EPRl-utility R&D projects will 
address the need for validated information on the perfor­
mance, operation and maintenance, emissions, interconnec­
tion, and dispatch and control of small mobile gas turbines 

and will help establish ii set of 
:,;-"::"�C:::'1:::�111,::::::::::=1 best practices for their use as 

Allison Engine Company's mobile unit 

distributed generation resources. A one- to 
three-year test program, with quarterly reports and analysis, 
is envisioned for each participant. 
• For more i11formnfio111 cc111tnct Dn11 Rnstlc,; (415) 855-2521 .  

PECO Energy Uses Streamlined RCM to Reduce Preventive Maintenance Costs 

L 
ike many other electric utilities that operate nuclear 
power plants, PECO Energy has used reliability-centered 
maintenance (RCM) techniques since the early 1990s to 

optimize programs for preventive maintenance, which 
account for a large portion of plant operating and mainte-
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nance costs. In work with EPRI over the past several years, 
PECO Energy has developed and demonstrated a streamlined 
RCM process that wiJl save an estimated $61 million at the 
company's twin-unit Limerick and Peach Bottom stations by 
eliminating many maintenance tasks or reducing their fre-



PECO Energy's Limerick station 

quency. The streamlined RCM process also reduces by a factor 
of 4 the time required to perform an c1verc1ge RCM system 
analysis, yielding additional estimc1ted cost savings of $3.8 
million. 

ln c1n early phase of PECO Energy's RCM project with EPRI, 
12 systems at each of the four units were c1nalyzed by using a 
standard RCM approach. But the utility sought a more cost­
effective approach for c1nalyzing the remaining 58 systems 
over the following two and a half years. The PECO Energy­
EPRI project team identified various potential improvements 
and combined them with elements of successful RCM pro­
grams in use in the industry. The techniques were vc11idated 
on severnl plant systems and then implemented for the re­
mainder of the RCM project. The goc1l was to demonstrate that 
a streamlined system analysis could be performed in less thc111 
two person-months per system without sacrificing quality. 
The streamlined techniques have been used to analyze 35 
systems, with an average c1nalysis period of five person-weeks. 

"I believe that streamlined RCM analysis has been extremely 
cost-effective in enabling PECO Energy to optimize the utiliza­
tion of our limited maintenance resources," says David 
Helwig, the utility's vice president for power delivery. Adds 
Steve Hess, who was an RCM manager for PECO Energy 
during the project, "The development of streamlined RCM 
analysis techniques hc1s grec1tly enlrnnced our ability to 
perform system c1nalyses and reduce c1nalysis costs while 
mc1intaining high-quality results." 
• For more i11for111ntio11, co11tnct John Gisclon, (415) 855-2571. 

Duct Retrofits Cut Leakage and Boost Heating-System Efficiency 

E 
PRI-sponsored retrofits to six homes in the Pacific North­
west have demonstrated thc1t significc1nt energy savings 
can result when lec1ky residential ductwork is sealed. A 

recent technical report (TR-104426) describes field testing at 
the homes and documents the potential improvements in 
energy use, indoor air quality; and comfort that can be gc1ined 
from aggressive duct sec1ling. 

As engineers have recognized for years, residenfo1l forced­
air them1c1l distribution systems with c1 mc1jor pc1rt of the duct­
work outside the conditioned space inctu-sig.nificc1nt thermc1l 
losses in duct air lec1kage. To assess the effect of duct-sec1ling 
retrofits on heating-system efficiency, six homes known to 
hc1ve signifirnnt duct lec1kage to the outside were selected for 
the project. Initial tests for duct lec1kc1ge and heating-system 
efficiency were conducted on all the homes before aggressive 
retrofits using mastic and fiberglass tape were performed. The 
homes were then measured again for duct leakc1ge and heating-

system efficiency to determine the effectiveness of the duct 
sealing. 

In the six homes sh1died in the test, the duct retrofits sub­
stantially improved hec1ting-system efficiency: c1verage effi­
ciency rose from 69% to 83o/c. Duct lec1kc1ge to the outside wc1s 
reduced by an avernge of more than 70% . 

Homes with the majority of ductwork in w1eonditioned 
spaces and with fairly high 
energy use hc1ve been found to 
be the best candidates for duct 
retrofits. ln c1ddition to review­
ing the use of mastic c1nd 
fiberglc1ss tape for duct seal­
ing, EPRI is c1lso iJwestigating 
the use of c1n aerosol spray. 
• For more infor111nfio11, co11tncf 

/0'111 Kesselring, (415) 855-2902. 
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RESEARCH UPDATE 

Applied Science and Technology 

Clean and Superclean Steels for Turbines 
by Vis Viswanathan, Strategic R& O Business Unit 

T 
he mechan ical propert ies of steels 
currently used in steam turbine rotors 

and d isks necessitate stringent controls on 
start/stop cycles, l imi t  operat ing tempera­
tures and generat ing effic iency, and short­
en component l i fetimes. Perhaps the most 

important performance- and l i fe- l im i t ing 
property of turb ine steels is fracture tough­
ness. U nfortunately, most techniq ues for 
improving toughness . l ike heat treatment or 
the mod if icat ion of a l loy conten t .  have a 
deleter ious effect on creep strength , an­
other important mechanical  property. 

The re l a t ionshi p between impur ity levels 
and toughness is the key to an a l ternative 
means of improving turb ine steels . The ad­
verse effects of i m pu ri t ies-phosphorus 
( P ) . antimony ( Sb). t in (Sn ) , arsenic (As ) , 

su l fur (S) , oxygen (0) ,  and the deoxidants 
alumi num (Al ) and s i l icon (S i )-on the me­

chanical propert ies of steels have been 
known for many decades. P. Sb ,  Sn ,  and 
As , acting synerg i st ica l ly  wi th S i and man­

ganese (Mn) ,  cause temper embritt lement 
and lead to reduced fractu re toug hness 

and i ncreased duct i le- to-br i t t le f racture 
appearance trans i t ion temperature (FATI) .  
The presence of su l f ide inc l usions and of 

nonmetal l ic oxide inclusions conta in ing Al 
and Si  can reduce c reep duct i l ity at h ig h 
temperatu res and  f ractu re toughness at 
lower temperatu res. 

Since the mid- 1 970s . EPRI has spon­

sored and catalyzed research to im prove 
rotor steels by reduc ing impur ity levels du r ­
ing th e manufactur ing p rocess. 

Research objectives 

ln ittal EPRI efforts focused on character iz­
ing and q uanti fying the benef its of c leaner 
steels-steels havin g red uced impurity 

levels . A ser ies of projects was conducted 
to demonstrate both the advantages of re­
mov ing steel impur it ies and the technolog­
ical and commercia l  v iabi l i ty of produc ing 
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fu l l -sca le com ponents wi th extremely low 
impu r i ty leve ls . 

On the basis of EPRI resu lts . manufactu r­

ers have developed advanced techn iques 
for removing i mpu rit ies and d eox i dants 
during stee lmaking operations. The major 
advance involves secondary steel ref in ing 

via lad le furnaces . in conjunct ion with vac­

uum degass i ng in the ladle and du r ing 
cast ing (F igure 1 ) . C lean steels wi th impu­
rity and deoxid ant levels as low as 20 ppm 
can be produced with th is process. At 
these levels . Mn is no longer necessary to 
f i x  S in order to avoid su l f ide i nc l us ions; 

th us i t is poss i b le to p roduce su perc lean 
mater ia ls-reduced- impur ity stee l s with as 
l itt le as 0 .02% M n . 

Subsequent EPRI research has focused 
on apply i ng clean-steel technology to gen­
eration and has addressed the di fferent 
performance requ irements of var ious pow­
er p lant steam turbine rotors: h ig h- , in ter­
mediate- , and low-pressure (HP,  I P ,  and LP.  

respect ively) rotors and HP/LP s ingle-shaft 
rotors . For al l rotor types, the use of th is 
tech nology has been demonst rated to sig­
n i f icantly improve fracture toughness. FATT, 

immun i ty to temper embritt lement , and re­
sistance to p i tt ing corrosion whi le main ­
ta in i ng or enhanc ing creep strengtl1 and 
duct i l i ty. I n the case of su perclean LP rotor 

steel s , improved stress corrosion cracking 

(SCC) res istance has also been demon­
strated . On the basis of the resu l ts of these 
projects and other work , EPR I  has prepared 
for ut i l i ty use a superc lean-steel  gu ide (GS-
66 1 2 )  that summar izes a large body of 
avai lab le literature and provides a samp le 

composi t ional spec i f icat ion . 

HP and IP  rotors 

HP and IP rotors typica l ly  operate at a max­
i mum temperature of 540-565°C .  which 
occ urs at the steam inlet end; the temper­
ature at the steam exit end is about 345°C .  
For temperatures up to 540°C , a chro-

ABSTRACT Impurity levels strongly influence the fracture toughness of 

steam turbine materials and thus their performance and reliability Since the mid-

1 9 70s, EPRI has been sponsoring R&D to manufacture and evaluate clean and 

superclean steels-steels with reduced impurity levels-for turbine rotor appli­

cations. This work is beginning to come to fruition: improved fracture toughness 

characteristics have been conclusively demonstrated; and in Japan, Europe, and 

the United States, components constructed of steels manufactured to EPRI 

guidelines have been installed to increase steam turbine reliability, cycling abil­

ity, and efficiency while lowering operating and maintenance costs. Current R&D 

activities focus on increasing the use of emerging clean and superc/ean materi­

als for steam turbine rotors and on establishing the suitability of these materials 

for new applications, such as combustion turbine disks. 



Figure 1 Impurity removal occurs throughout a 
typical superolean-stee l manufacturing process, 
f rom scrap select ion to casting . Carefully se­
lected scrap is melted and relined under oxidiz­
ing conditions ln an e lectric arc furnace. Further 
refin ing occurs in a lad le furnace under reduc ing 
and vacuum conditions; argon is bubbled through 
the mel t  to stir it and to maintain an inert env i ­
ronment. F ina l ly, a vacuum technique removes 
impurities when the stee l is poured Into molds. 

mium-molybdenum-vanadiu m steel  ( 1 Cr-
1 Mo-0.25V) is general ly used , wh i le var ia­

t ions of 1 2% Cr martensitic steel a re em­

ployed for tempe ratures up to 565°C . 
The f i rst EPRI project deal ing with clean 

stee l s (RP 1 343) was begun in the wake of 
the catastrophic fa i lure of the Tennessee 
Val ley Authori ty's Gal latin un i t  2 HP/I P rotor 
i n  1 974 , a fa i lure blamed tn part on the 
presence of sul f ide I nc lus ions at the bore. 

Three advanced steelmaking technologies 
-vacuum carbon deoxidat ion, e lectroslag 
remel t i ng , and low-su l fur vacuum s i l icon 
deoxidat1on-were used to produce fu l l ­
s ize (30-ton ) 1 Cr- 1  Mo-0.25V rotor forg i ngs, 
whic h were then instal led at th ree 520-MW 
U .S . power p lants . Compared with conven­

tional forg i ngs, these c lean steels exhib­
i ted improved fracture toughness, creep­

rupture strength , and ruptu re duct i l i ty. 
Recent ly, c lean-steel HP/IP rotors made 

by vacuum carbon deoxldation have been 
used with good success in several fossi l  

p lants. The production of superc lean 1 Cr-
1 Mo-0.25V rotor steel , however. appears to 
be impract ica l (RP2060) :  lower ing the M n  
content t o  superc lean levels reduces hard­
enabi l i ty. A l loy modif ications made to re­
store hardenabi l lty have led to the devel­
opment of a superclean steel incorporating 
n ickel (2 5N I -C r-Mo-V) that may be appl i ­
cable to HP/LP s ingle-shaft rotors . 

Toward the goal of improving the fractu re 
toughness of 1 2% Cr HP and IP rotor steels 
at and above 565°C, EPRI has pub l ished 
a report (CS-5277 ) that summarizes avai l ­
able informat ion on what appear to be 

clean-steel composit ions . Superc lean ver­
s ions of 1 2% Cr steel have not been stud­
ied for steam turbine appl icat ions . How­
ever, according to two recent non-EPRI 
evaluations of superc lean 1 2% Cr steel for 
combust ion turbine d isk appl icat ions ,  su­
perclean mater ia ls show excel lent t racture 
toughness as wel l as immunity to embrit-

SUPERCLEAN-STEEL PROCESS 

Melt ing in 0
2
-b lown e lectric arc 

furnace: cont rol of Sb, Sn ,  As by 
scrap select ion 

Oxidizing refin ing :  removal  of Mn,  
Si, P fn presence of oxidizing slag 

Tapping or molten steel and oxidizing 
s lag 

Ar 

Transfer to refining ladle : complete 
removal of ox id izing slag to prevent 
return of P and Mn 

Add i t ion of l ime (to create slag of 
h igh basicity and low O activity) and 
lerroalloys (for Cr content) 

Ar 

Heating and adjusting of reducing 
slag 

Vacuum treatment: removal of S. O 

Ar 

Fina l  adjustment of chemistry and 
temperature 

Pouring: vacuum carbon deoxidat ion 
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Figure 2 Stress versus crack initiation ti me for con­
ventional and superclean 3.5Ni -Cr-Mo-V steels in a 
30% sodium hydroxide solution at 1 oo•c. These re­
sults I l lustrate the greater stress resistance of su­
perclean steels. which trans lates into increased 
component lifetime under baseload and cycl ing con­
ditions. (A data point wi th an arrow indicates that no 
cracking had occurred as of that t ime.) 
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Time to Crack Initiat ion ( h )  

tlement. a problem that p lagues conven­

tional 1 2% Cr steels. 

LP rotors 

LP rotors are typically made of 3.SN i-Cr­

Mo-V stee l .  which s i nce the ear ly 1 960s 

has been produced with low FAns and 

adequate toughness. However. the possi­

b i lity of in -service temper embritt lement 

has l imi ted the max imum operat ing tem­

perature of rotors of this material to about 

370°C . EPRI research has focused on e l im­

inat ing temper embritt lement in order to in­

crease operating temperatures and thus LP 

turbine efficiency. 

In 1 987 ,  1 00-200-kg 1 ngo s of super­

c lean 3. SNi-Cr-Mo-V steel were made ,  

forged . and evaluated in laboratory tests 

(RP2060) . Results showed that. compared 

with convent ional N i -Cr-Mo-V rotor steel , 

the su perclean composit ion offered supe­

rior ducti l i ty. oughness. and h igh- empera­

tu re creep strength. 

In response to these f indings, EPRI 

cosponsored the product ion ot three tr ia l  

LP rotors using superclean 3.SN i-Cr-Mo-V 

steel in 1 99 1  ( RP 1 403- 1 5) Sections of 

these rotors were distri buted worldwide. 
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under EPRI sponsorsh ip, for demonstra­

tion purposes. Subsequent analyses 

ver i f ied the ear l ier results for laboratory 

heats . with superclean materia l exh i b i t­

ing lower FATis. h igher f racture tough­

ness. immunity Lo temper embr i ttlement . 

i nc reased creep strength . and greater 

resistance to sec in i tiation (F igure 2) . 

These propert ies trans late into longer 

component l i fetimes under steady and 

cyc l i ng cond i tions .  as wel l  as h igher a l ­

lowable steam temperatures. 

The potentia l  of superclean 3 . SNi-Cr­

Mo-V steel is now widely recogn ized for 

LP rotors, for LP disks i n  both fossil and 

nuc lear un i ts . and for HP/LP si ngle-shaft 

rotors at max imum steam temperatures 

of 500°C . One Japanese steelmaker 

a lone reports hav ing produced and 

shipped 28 superclean rotors . These 

have been insta l led both for increasing 

operat i ng temperatures to improve effi­

ciency and for improving resistance to 

stress corros ion at lower temperatures. 

At one 700-MW un i t .  for example .  an LP 

rotor of superclean 3.SNi-Cr-Mo-V steel 

a l lows LP in let tem peratu re to be main­

tained about 30°C higher than at p lants 

with conventional  LP rotors : the result is an 

improvement in thermal eff ic iency of about 

0.  1 %, with no changes in turbine operat ion 

or inspection interval .  

In this country, two recent LP rotor retro­

f its for Duke Power's River Bend stat ion 

were manufactured of superclean 3. 5Ni­

Cr-Mo-V steel : at both 1 33-MW un i ts . per­

formance has met expectat ions And in Eu­

rope, superc lean 3 .SN I-Cr-Mo-V composi ­

tions have found extens ive use in combus­

t ion tu rbine disk and other appl icat ions. 

H P/LP single-shaft rotors 

The most critica l  performance cr iter ta for 

an HP/LP s ingle-shaft rotor are h igh creep 

strength at one end and high toughness at 

the other. In t he  past six years . EPRt has 

sponsored two major clean -steel develop­

ment efforts for these rotors. Results are en­

cou rag i ng ,  but fu rther work wi l l  be neces­

sary to demonstrate conc lus ively the ad­

vantages of clean steels in  this app l icat ion . 

In the in itial EPRI work ( RP 1403-21  ) , re­

searchers in 1 989 opt imized a c lean ver­

sion of a 2Cr-Mo-Ni-W-V steel by evaluat-

i ng laboratory heats ; they produced a !ria l 

HP/LP rotor using th is composit ion and as­

sessed i ts materia l propert ies . (A  super­

clean version was not attempted because 

of hardenabi l ity concerns. ) Prel iminary re­

sults ind icate that the optimized steel wi l l 

most l ikely meet expectat ions regarding i ts 

mechanical propert ies .  

I n  the second project (RP 1 403-55 ). con­

ducted in 1 994 , a trial HP/LP rotor shaft of 

superclean 2 .SN i-Cr-Mo-V steel was pro­

duced as a fol low-on Lo laboratory work .  

Tests conducted on the rotor revealed that 

the creep-rupture strength of the HP sec­

t ion was equivalent to that of convenl ional 

Cr-Mo-V rotor steel and that .  in genera l .  

other characterist ics (e.g . .  fat igue proper­

t ies and fracture toughness ) were equal or 

superior to those of the standard material . 

Current R& D  

Si nce 1 986. EPRI has sponsored work­

shops to evaluate the techn ical and com­

mercial status of c lean and superc lean 

sleels . The most recent, held in London 1n 

March 1 995 ,  was attended by 80 dele­

gates from 1 0  countr ies. Nearly 25 papers 

on appl ication and manufactur ing experi­

ence were presented . Proceedings wJII be 

publ ished by the I nst i tute of Mater ia l s  

(United Kingdom) in ear ly 1 996 and wi l l  be 

avai lable to EPRI members . The next work­

shop, Lo be held in 1 997, wil l focus on the 

performance potent ia l  of 9-1 2% Cr  steels 

for uti l i ty  applications. 

EPR I work to advance steelmaking tech­

nology and demonstrate the benefits of 

clean and superclean steels has cata lyzed 

an industr y  move toward the use of im­

proved steels .  Superclean Ni-Cr-Mo-V 

steels have found widespread acceptance 

for LP rotor appl ications in Japan and for 

gas turbine disks 1n Europe, and U .S. steel­

makers are beginn ing to instal l  fac i l i t ies for 

the manufacture of clean and superclean 

stee ls .  Although clean and superclean 

components have a higher in itial cost. their 

benefits-increased fracture toughness , 

FATI. and creep strength: immuni ty to tem­

per embnltlement: and improved resis­

tance to sec i n i t iat ion-can be expected 

to result in significant cosl sav ings and per­

formance improvements over the l i fe of a 

component .  
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CW04240- 1 )  
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18 months 

$99.500 
24 months 

$ 1 24.900 
15 months 

$ 1 36 .400 
9 monlhs 

$99,800 
9 months 

$90 1 00 
1 1  months 

$90,000 
16  months 

$ 1 00.000 
1 0 months 

$249.500 
1 5 months 

S83.900 
17 months 

$239 1 00  
1 months 

$7 1 ,200 
5 month& 

$ 1 35 .700 
l<! montns 

$ 1 1 7 , 700 
5 months 

$86,400 
5 months 

$ 1 56,000 
10 monlhs 

$80,000 
1 8 months 

SS0.000 
3 months 

5 1 99,900 
9 months 

Contractor/EPRI 
Pro1ecl Manager 

Dec,s,on Focus I 
D. O'Connor 

Sargent & Lundy I 
D. Herman 

ADA Tccnnolog 1es/ 
R Chang 

Dec1s1on Focus/ 
M Mcleam 

Wisconsin E lec1nc Power 
Co ID Golden 

Yankee Atomic Eleclnc 
Co. IS Gosselin 

Siemens Power Corp . / 
R Yang 

VECTRA TecMolog1es/ 
J Kessler 

OES J F  Rahn 

Yan�ee Atomic E tectnc 
Co I M Mer,/o 

Structural Integrity 
Assoc,ates /L Nelson 

J A Jones Applied 
Research Co I H Ocken 

Warren Eng1nee11ng I 
N H,ro/a 

Kiran Consultant s /  
J Carey 

CenTec-21  / 
C Horn,broo� 

MPR AS1>0C,at�s/ 
J Sharkey 

J A Jones Appl ied 
RcsMrch Co. / J Gilman 

Modeling S Computing 
Se,v1c s IL No/son 

Sartre Corp I 
S Gosselin 

Structural l ntcg1 1 t y  
Associates IS. Gosselin 

AECL Technologies/ 
R Mah1m 

S levy I R  Mah1n1 

Oom1n 1on Eng ineer ing I 
K Ramp 

Dev Team One / /<.  Ramp 

S 1 1ucturaf I n tegrity 
Associa tes IR Caller 

General E lectnc Co I 
H. Ocken 

General E lect r,c Co I 
L. Nelson 

West i nghouse Etectroc 
Corp./M Be/iravesh 



Pro1ecr 

NondestrucUve EvaluaHon Supp0<1 for 
Welded Tube Repair (WOS530- 15 )  

Tube Integrity Me tnodology lor 
C i rcumferan�a l C rack ing (WOSSS0- 1 9 )  

Tube Integrity Methodology lor 
C lrcumlerenllal Crack ing (WOS550-20) 

Mechanism of Hydrogen Picl<up ,n 
Zorconlum-Base Alloys (WOX 1 03-2) 

Dynamic Safel y Syslem (WOX 1 03-25 ) 

Power Del ivery 

Advanced Marg inal Cost,ng m 
Transmission Networks (W03S8 1 ·5) 

As.sessmem and lnspec�on Methods 
Phase 3 (W03621 -4 ) 

TLWorks lat ion Framework Modu le 
Conversion  (W03928-B) 

Five•Wtre D is1r1but 1on System (W03968- 1 ) 

UCA 2 .0 Deveiopmenl Support 
(W03977-2 )  

Severe Sto rm and Lightn ing Research 
(W03978- 1 ) 

Conduc1or Drag Coalf ician1 Da tabase 
(W04016· 1 ) 

De,elopmem of a Ground -Pene1ra1 ing 
Radar System (W04029- 1 )  

Lightning P101ec1 1on Desig n Worksta t ion 
Ve rs, on 3.0 Oeve1opmen1 (W0409B· I ) 

Deve lopment of a Gas Momtni !or 
Underground Electr,c U1 , 1 , 1y  Vau l l s  
(W04 1 42·2 ) 

Satel l i le Commun ications l or Remote 
Substa tion Mon i tonng and Con t rol and 
Voice Applocalions (W04 1 72· 1 ) 

Electr ical Systems Software l ntegrauon 
(W04 1 74- 1 ) 

Transm,ss1on Line Surge Arresters 
(W04207-1 ) 

Un,!ied Power F low Controll e r , l 11 1 1 ial Tas�.s 
(W07006·2) 

Su l fur Hexafluo1 1de Database (W07007· 1 )  

Distrlbu1,on Sta 1 1c Compensation 
Demonstra t ion (W07023- 1 )  

UCA ln legratlon . Proteot1on , Con tro ls .  and 
Data Acqu,s,tion (W07085· 1 )  

Solid-State Transfer Swi tch (W07 1 02· 1 )  

Relall Se rvice Design and C-VALU Bela 
Test (W07802- 1 3 ) 

Strateg ic  R&D 

Rough-Fuzzy Contro l lers for Comple.< 
Systems (WDSO 15·8) 

Va lue of Improved Short· t rm Load 
Forecasts (W08015-9) 

Env11onmenla l  B 1odetox1 t ,cal,on 
Mechan isms (W08021 ·9) 

Sensors for Dn-L 1ne Measurement ol 
Flame Rad icals and Gas Tempera 1 ,ore 
(W08031 -5) 

Advanced Expenmen lal and Compula· 
ttonal Tools for Unburned-Ca roon 
Pred ,ct,on (W08032·4 ) 

Fvndmg/ 
Dura/Ion 

$1 05 .700 
9 months 

$961 , 000 
12 months 

$ 1 81100 
12 monlhs 

$375 ,800 
26 months 

$493 ,200 
28 months 

5226 , 100 
5 months 

$88.900 
3 monihs 

$226. 100 
6 months 

$555,000 
32 mon lhs 

$96.400 
1 0  months 

$263,000 
24 months 

$234 1 00 
24 months 

$449.900 
B months 

$80,900 
5 months 

S 1 B7 .800 
9 months 

$ 1  1 77 ,000 
1 3 months 

$ 1 43.500 
1 2 months 

$ 1 57.000 
1 7  months 

$708,000 
10  mon ths 

$291 400 
26 months 

$390.600 
9 months  

$52 000 
6 mon ths 

$588.000 
24 montt,s 

$64 000 
7 months 

$196,600 
23 months 

$ 131 ,000 
23 mon!hs 

$150,000 
39 months 

$144 ,000 
7 mon ths 

$255.000 
34 months 

Con/racfor/EPRI 
Pro1ec t  Manager 

J , A . .Jones Applied 
Research Co . I 
M Behravesh 

West inghouse Elecmc 
Corp . I D  Steininger 

Packer Eng,neerlng I 
o_ Stemrnger 

Commissaria l  a l 'Energ ,e 
A tomiq ue / S. Yagnrk 

AEA Technology /  
S. Yagnik 

Chr istensen Assoc,al es/ 
C Clark 

J A Jones Power 
Del i very IP Lyons 

J A. Jones Power 
Det ,�ery I A 1-/,rany 

New York State EleC1rlc & 
Gas Corp . /H. Ng 

Tamarack Consulli ng I 
W Blair 

Geomel Data Services I 
R Bernstein 

J _ A. Jones Power 
De l ivery IP. Lyons 

Lockheed Missiles & 
Space Co. I R  Bems1e,n 

D1s1r1 buted Energy 
Syslems Group / 
R Bernstein 

Carnegie Mol lo,; 
Research Ins titu te/  
R Berns/em 

Southern Ca l i fornia 
Ed ison Co. / 
D Richardson 

BSG Consu l t ing / 
P Hirsch 

J A . Jones Power 
Del i very /A Hrrany 

West inghouse E lectnc 
Corp. IA Edns 

AA I Resea,ch and 
Oell!llopmen t / 8. Demsky 

Wcs1 ,n9nouse E lectr ,c 
Corp . IA Sundaram 

Duke Power Co. / 
J. Melcher 

Si l i con Power Ne1work� 
Partnership I 
D Richardson 

Christensen Assoc ,ates I 
C Smyser 

San .Jose Sta re Urnversuy 
Foundati on /  
M. Wr!dberger 

Case Weslorn Reserve 
Urnvers,ty ID Sobajic 

Un1vers 1 ly ot Massa-
chusetts /R Golds/em 

Foster-M Ii ier I 
R Fnsc/Jmuth 

Brown Unlve1s1 ty / 
A Mehta 

Funding/ Contractor I EPRI 
P,o,ect Dural/On Pro1acl Manage, 

Revers,bi l uy ol Combushon Processes $1 79,500 Dartmouth College I 
(W08032-6) 29 months J Maulbetsch 

V1bralton Suppress ion ,n ln1elligen1 $296, 1 00 Pennsylvania State 
St ructures (WOS033-2l 41 months Universit y I T.  McCloskey 

Th ir>-Film Elec t ro lytes lor Solid-Oxide Fuel $50,000 Lawrence Berke ley 
Cells (W08062- t 1 )  1 3  months National Laborator y /  

W Bakker 

Sol1d-E lectrolyle Prolon Conduclors $ 1 87,500 Urnvers,t y  of 
(W08062-1 2 )  60 months Washmgton / R. Golds/em 

Vl s lbl e-L1ghl ·Em1 tt ing Diodes Fabrica 1ed $64,300 U n1versil y of C altforn , a , 
rrom Soluble Semiconducting Polymers 12  months Sama Barbara IP. Grant 
(W08067- 1 )  

Techrncal Issues , Methods,  and Tools ,n $298 .700 Putnam, Hayes ll 
Emerg,ng Energy Mar et Struc tures 7 months Bar1let1 /A  Vo/dam 
(W08501· 1 ) 

Increased Ell ,cacy of Incandescent Lamp $ 100.000 New York Slate Energy 
F 11amen 1s Wtth High-Temperature 5 months Research I K. Johnson 
Coal ings fW08S03· 1 )  

Preparation and Evaluat ion o f  Acti ,ated· $ 1 80,000 Urnve rs,ly of llllno1s , 
Carbon Functional Groups lor Mercury 22 months Urbana /A C/1ang 
Removal (W08505-4) 

AC Loss Measurements on H igh· $ 1 50,000 Los Alamos Sc1c,n l 1lic 
Temperatu re-Superconductor Cable 12 months Laboralory/P Gran/ 
(W08506-2) 

Development ol Llght-Conirol led Silicon $99,900 Energy Compression 
Sw1lches lor Elect ric Ullhly App l i cations 4 months Research Corp , I 
(WOB5 1 0· 1 ) J. Melcher 

Development or Advanced MOS- $68,800 Harris Corp . /8. Damsky 
Cont rolled Thyri stor Devices (WOB5 10-2) 6 months 

Power Eleclron 1c  Bulldong Blocks $4 000.000 Harris Corp . I B. Damsky 
(W085 10·3 ) 48 monlhs 

High -Vollage High.Power Diamond $ 1 00,400 Alameda Applied 
Sw,lches (WOB5 1 0-4 ) 9 months Sc,ences Coro . /  

D Richa,dsorr 

Novel New Chemicals and Mix tures as $200.000 Clemson Un,vers,ty I 
A-22 Alte rnatives (W0851 1 ·2) 29 rr,011l 11s W. Krrtl 

Untapped Poten t ,a l or CO, lor Vapor $63 ,200 ORF R&D/S. Kondepud1 
Comprcss,on HVAC Systems (W085 1 1 -3) G months 

Kineti c Model ing ol Advanced-Cyc le- $50.000 Energy and 
Turbine Pollulanl Formatton (WOS512-1 ) 9 monlhs Envi ronmental Research 

Corp . IA Cohn 

Improved Performance and Stability for $200,000 Pennsylvania Stale 
Sl l lcon-Based Materia ls and Dev,ccs. 9 months Unive rsi ty /  r Paterson 
Fabncahon, Measurement. and Computer 
Model ing Acli vi11es (W08513-2) 

Appl1ca11on ol D , lfercnhal SensHiv1t y $50 ,000 Computer S1mulalion 
Ana lysis Theory (W09000·33) 6 mon t l1s and Analysis / L Agee 

Tes! ing -Based Appl 1ca 1 ion-Specolic $50 .000 ECR laboratory I J Naser 
ln legraled C1rcu,t Design (W09000-34 )  4 months 

App1tca11on 01 Nonl ,near Dynamics Lo $307 .400 On10 Stale Umvers1 1y 
Ut,ht y·Related  Ma ter ials Prob lems 16  months  Research Fund I 
(W09000-35) J Strrnger 

Mathema1 ,m11 Modeling  of lhe Dynamics $50.000 Un,vers,ty of l l l lno,s , 
of Magnet1c-Field- ln l luenced Free-Radical 4 months Urbana / M WIidberger 
Llp•d Translormauons (W09000-36) 

Processing of Meta l -Clad , Powder-F,l led $ 1 10,300 Oh,o Stale University 
Compos,1e Wires and Ribbons by the 16  months Research Fund I 
Cont ,nuous-Tube-Form1ng-Fi lhng Me1hod J. Stringer 
(W09001 -6) 

Apphcalton o! Chaoti c Time Ser ies $ 100.000 Babcock & W11c:o� Co I 
Ana lysis lo Low-NO, Burner Technology 7 monlhs J. Sra/1111gs 
(W09002- 1 7 )  

Mulhleyer Thermal Barrie r Coa t i ngs lor $675 ,000 Bat1clle Pacil,c Northwest 
Gas Tu rbine Engines (W09002-1B) 36 months Labora1ones/ W 8akl,or 

Burner Rig Tests 10 Assess Waterwa l l $ 1 94 .600 un,vers, ty oi Leeds 
Cor1os1on (W09002- 1 9) 20 monlhs Innovat ions/ A Mehta 

Advanced Coating Deve lopmon 1 s  for Gas $ 1 63.900 Southwesl Research 
Turbine Componenls (W09005-3) 10  months l ns1 1 1u te/V Viswanathan 

Ouan l ltat1ve Assessmenl of Trace E lement $390,000 Urnvers1 1y ol Kentucky 
Forms and Concentrat,011s (W0999B· 1 )  18  months Research Foundation I 

A Mehta 
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New 
Technical 
Reports 
Reques ts for copies of reports shou ld be di rected 
to the EPRI Distribution Center. 207 Coggms Drive . 
P O  Box 23205, Pleasant  H i l l , Cal i fo rn i a  94523; 
(5 10 )  934-4212 .  EPRI members that fund the busi­
ness un it issuing a repor t can receive the report 
free of charge (or, in  the case or bulk orders , for a 
nominal price). Domestic organizations not el igible 
for EPRI membersh ip pay the l isted pr ice. Others 
should contact the Dist ribut ion Center for fu r ther 
in formation . 

CUSTOMER SYSTEMS 

Measured Efficiency Improvements From Duct 
Retrof its on Six Electr ically Heated Homes 
TR- 1 04426 Final Report (RP35 1 2- 1 2 ). $200 
Contractor: Ecotope, Inc . 
Bus iness Un i l .  Residential & Smal l Commerc ia l  
EPRI  Pro1ect Manager : J . Kesselring 

CLASSIFY Prof i les, Vol. 2: Commercial and 
Industria l Customer Needs and Energy 
Decision Mak ing 
TR- 1 04567-V2 Final Report (RP4001 -3 ) ; $200 
Contractor : Nat ional Analys ts .  Inc. 
Business Unit: Retail Market Tools & Services 
EPRI Project Manager T. Henneberger 

CLASSIFY Profi les, Vol. 3: Trade Al ly Needs and 
Inf luences on Ut i l ity Customer Decis ions 
TR- 1 04567 -V3 Final Report (RP4001 -3), $200 
Contractor· National Analysts . Inc. 
Business Unit · Retai l Markel Tools & Services 
EPR I  Proiect Manager: T Henneberger 

Performance Evaluation of the Hydronic Heat 
Pump System, Vol. 2 :  Cool ing Season 
TR- 1 04891 -V2 Anal Report (RP2892-27); $200 
Cont ractor: GEOMET Technologies . Inc. 
Business UnlL Residential & Smal l Commerc ia l 
EPRI Project Manager· J. Kesselr ing 

Bui ld ing a New Understanding ot Customer 
Loyalty and Satisfact ion 
TR- 1 05 1 50 In terim Repcrt (RP4001 -3). $200 
Contractor: National Analysts, Inc 
Bus iness Uni t ·  Retai l Market Tools & Serv ices 
EPRI Project Managers: T Henneberger, R .  G il lman 

Winning Reta i l  St rategies: Beyond Innovative 
Rate Design 
TR- 1 05226 Final Report (RP2343- 1 4  ) ;  $200 
Contractor: Barakat & Chamber lin , Inc. 
Business Unit: Reta i l  Market Tools & Services 
EPRI Project Manager : P S ioshansi 

The Chal lenges of E lectrolechnology Research, 
Development, and Deployment 
TR- 1 05267 Final Report (RP3557) : $200 
Business Units : Power Qua l i ty & Information 
Technology : Resident ial & Smal l Commercia l 
EPRI Proiect Managers: C. Ge l l ings . M. Blatt 
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ESPRE Compact User's Guide: Residential 
Energy Analys is on a Palmtop Computer 
TR- 105282 Flnal Report (RP35 1 2-23) : $200 
Contractor: Analysis and Control of Energy 
Systems, Inc . 
Business Unit : Residential & Sma l l  Commercial 
EPRI Project Manager : J _  Kesselring 

Developing Customer Service Opportu nities :  
A Case Study Employing Advanced Metering, 
Communication, and Information Techno logies 
TR- 1 0538 1 Final Report (RP3084- 1 7) ; $200 
Contractor: Levy Associates 
Bus iness Un it Retail Market Tools & Services 
EPRI Project Managers :-F' Meagher. J _  B loom 

ENVI RONMENT 

Exposure to Residentia l  Electric and Magnetic 
Fields and Risk ot Chi ldhood Leukemia 
TR- 1 04528 Final Report (RP2964- 1 ) ;  $200 
Contractor : Un iversity of Southern Cal i fornia 
Bus iness Un i t :  Environmental & Health Sciences 
EPRI Project Manager · L. Khei fets 

Management Practices for Used 
Treated Wood 
TR- 1 04966 Final Report (RP2879-2) $200 
Contractor · Te t ra Tech. Inc. 
Bus iness Un i t :  Environmental & Health Sciences 
EPRI Pro1ect Manager I Murarka 

Inter im Report on the Fate of Wood 
Preservatives In Soi ls  Adjacent to In -Service 
Utility Potes In the Uni ted States 
TR-1 04968 lntenm Report (RP2879-9, - 1 2 , -35 ) ;  
$200 
Cont ractors: META Environmental ,  Inc.; Atlantic 
Environmental Services. Inc . ;  Utah State U111vers 1 ty; 
Sc ience and Technology Management, Inc. 
Business Unit : Env i ronmental & Health Sciences 
EPRI Project Managers: I . Murarka , A. Quinn 

Geochemical Investigation of Pyrite Codisposal 
With Slu iced Fly Ash and Impl icat ions for 
Selecting Remedia l Actions 
TR- 1 05065 Final Report (RP2485-8 RP2879-2 
- 1 2 ); $200 
Contractors. Battel le  Pacific Norlhwesl Laborato­
ries; Tet ra Tech , Inc. 
Business Unit :  Enwonmenlal & Health Sciences 
EPRI  Project Manager : I Murarka 

Acid Deposition and Air Qual ity Related 
Values In North Centra l Colorado 
Wi lderness Areas 
TR- 105 1 92 Final Report (RP2377-4) ; $200 
Contractor: University ot Calitorrna. R1vers 1de, 
Center tor Env i ronmental Research and Technology 
Bus iness Un i t: Environmental & Heal th Sciences 
EPRI Project Manager: R . Brocksen 

Land Application Uses tor Dry Flue Gas 
Desulfur ization By-Products 
TR- 1 05264 F inal Report (RP2796-2) : $200 
Contractors: Ohio State Un ivers i ty, Ohio Agricu ltural 
Research and Development Center : United States 
Geological Survey 
Business Unit: Envi ronmental & Health Sc iences 
EPRI Pro1ect Manager: I . Murarka 

Mlcroscale Solvent Extraction Methods 
for the Analysis of Solids and Liquids, 
Vols. 1 and 2 
TR- 1 0531 7  · V 1 .  TR- 1 053 1 7  · V2 Final Report 
(RP2879- 1 2 ) ; $500 for set 
Contractor: META Environmental , Inc . 
Business Un it Envi ronmental & Health Sciences 
EPRI Project Managers : I. Murarka. A. Quinn 

G ENERATION 

Guidel ines for Flue Gas Flow Rate Monitoring 
TR-1 04527 Final Repor t (RP1 96 1 - 1 3}: $1 0 ,000 
Contractors : Fossif Energy Research Corp . :  ATrf low 
Sc iences Corp, ; RMB Consult ing & Research 
Business Un i t :  Environmental Control 
EPRI Project Managers: E. Petril l ,  C. Dene 

Kingston Contro ls Upgrade Retrof i t  Study:  
Appl ication of E PRI  Products and Controls 
Guidelines 
TR- 1 04538 Final Report (RP27 10-27) , $1 0,000 
Cont ractor- Gi lber t Commonwealth , Inc. 
Business Ur n t :  Fossil Power Plants 
EPRI Project Manager· J Weiss 

FGD By-Product D isposal Manual , 
Fourth Edition 
TR- 1 04731 (RP2807 - 1 ); $ 10 , 000 
Contractor: Baker Env i ronmental (under  subcon­
tract to ICF Technology, Inc. ) 
Business Uni!: Environmental Control 
EPRI Project Manager D Golden 

Options for Handl ing Noncombust ion 
Waste , Third Edition 
TR- 1 051 52 Final Report (RP3006-2)  $ t 0,000 
Contractors: Mittelhauser Corp. ,  Roy F Weston 
Inc.· P recor Corp . 
Business Unit Environmenta l Control 
EPRI Project Managers ·  M. Mclearn . P Radc l itte 

Review of River-Bed Sediment Problems 
at Intakes 
TR- 1 0520 1 Final Report (RP3456) , $ 10.000 
Contractor. Un iversity of Iowa 
Bus iness Unit · Fossil Power Plants 
EPRI Pro1ect Manager : J Tsou 

Guidel ines for Convers ion From Coal and 
Oil to Gas Fi r ing 
TR- 1 05230 (RP28 19-23); $ 1 0.000 
Cont ractor : Stone & Webster Engineering Corp 
Business Unit: Fossil Power Plants 
EPRI Pro1ect Manager: E .  Petrl l l  

Proceedings: 1 994 EPRt  Fossi l Plant 
Cycl ing Conference 
TR- 1 05382 Proceedings (RP1 1 84) : $ 1 000 
l3usiness Unit· Fossil Power Plants 
EPRI Project Managers. D. O'Connor. D . Broske 

Hydraul ic Turbine-Driven Boi ler Circulation 
Pump: Fie ld Testing at  Southern Power Plant , 
St. Petersburg, Russia 
TR- 1 05532 Final Report (RP1 403-25): $ 10.000 
Cont ractor: Joseph Technology Corp . . I nc . 
Business Un i t :  Foss i l  Power Plants 
EPRI Project Manager : W. Plulle 



NUCLEAR POWER 

Steam Generator Reference Book, Revis ion 1 ,  
Vol. 1 
TR- 1 03824-V1 R 1  (RP2858. RP4004 ) , $ 1000 
Business Unlt: Nuclear Power 
EPRI Prolect Manager: P Paine 

Documentat ion of Probabilist ic  Fracture 
Mechanics Codes Used for Reactor Pressure 
Vessels Subjected to Pressurized Thermal 
Shock Loading ,  Parts 1 and 2 
TR· 1 0500 I Final Report ( RP2975-5). $200 
Contractor · Westnghouse E lectric Corp . 
Business Un i t : Nuclear Power 
EPRI Pro1ect Manager : R. Carter 

Experience With Inhibitor Injection to Combat 
IGSCC In PWR Steam Generators 
TR- 1 05003 Topical Report (RPS40H . RPS4 1 6- 10. 
RPSS I 0-2) ; $1000 
Cont rac tor NWl Corp . 
Business Unit Nuc lear Power 
EPRI Pro1ect Manager: P. Paine 

Proceedings :  Jo in t  DOEIEPRI Internationa l 
Conference on Cost-Effective Instrumentat ion 
and Contro l Technology Upgrades tor Nuclear 
Power P lants 
TR- ! 05 1 48 Proceed ings (RP3373) : $200 
Business Unll :  Nuc lear Power 
EPRI Pro1eot Manager : D Wilkinson 

PSA Appl ications Gulde 
TR-1 05396 F inal Report (RP3200- 1 2J : $200 
Business Unit: Nuclear Power 
EPRI Project Managers: J Sursock. J. Haugl1 

POWER DELIVERY 

Development of an Oi l Deteriorat ion Test 
Method to Moni tor the Condition of High­
Pressure Fluid-F l i led Paper Cable 
EL-7488-l Fina l Report (RP7895· t ) :  license 
required 
Contractor . Detroll Ed ison Co. 
Business Urnl Transm1ss1on 
EPRI ProJect Managers: T. Rodenbaugh ,  
D Von Dollen 

Development of Advanced Composi te 
Materia ls for Ut i l i ty Appl icat ion ,  Phase 1 
TR- 1 04830 Final Repor l (RP3229- 1 ): $5000 
Contractor: Fos ter-Mi l l e r. Inc 
Business Unit· D istribution 
EPRI Pro1ecl Managers : l Kendrew B Berns tein 

Robust Interior Point Optimal  Power F low 
TR- 1 0508 1 Final Report (RP3788- 1 ) : l icense 
required 
Contractor . Howard University 
Business Un i t  Substallons System Operations & 
S orage 
EPRI Pro)ecl Manager· R Adapa 

L lnemen's Protective Equipment 
TR-1 05 1 84 Fina l  Report (RP2239-2) ltcense 
required 
Cont ractor; Batlel le Columbus Laboratories 
Business Un l l Dfst r 1buOon 
EPR I Pro1ect Managers : T l<endrew. B . Bernste in 

DRUMS Leak Detection for HPFF P ipe-Type 
Cable Systems 
TR- 1 05250 Final Repor t (RP7900- 1 ) : $5000 
Contrac tor : Underground Systems. Inc . 
Business Un i t ;  Transmission 
EPR I Pro1ecl Managers: t Rodenbaugh. F. Garcia 

Flexible AC Transmiss ion System (FACTS) : 
System Stud ies to Assess FACTS Device 
Requirements on the Entergy System 
TR-1 05260 Final Report (RP3789-2) :  $5000 
Contractors: Entergy SeNlces , Inc . : Genera l 
E lec tnc Co. 
Business Ur n ! :  Substations System Operations & 
Storage 
EPRI ProJect Manager :  R . Adapa 

Basic Breakdown Study of HPFF and Extruded­
Die lectric Cables 
TR· 1 05301 Final Report ( RP7879- 1  ); $5000 
Contractor : Underg round Systems. Inc. 
Business Unl t :  Transmiss ion 
EPRI Project Manager: T Rodenbaugh 

STRATEGIC R&D 

Flu id-E last ic  Exc itation in Heat Exchanger 
Tube Bundles 
TR· 1 03507 Final Report (RP8006- 1 2) : $200 
Contractor · Ok lahoma State Urwersny 
Business Uni t: S t rategic R&D 
EPRI Projec t Manager : D . Ste in inger 

Proof of Pr incip le of the Sol id-State 
Transtormer :  ACIAC Switchmode Regulator 
TR-105067 Fina l  Repor t  (RP8001 - 1 3) :  $5000 
Contractor San Jose State Un iversi ty. Power 
Elect ron ics/Control Laboratory 
Business Un i t : Strategic R&D 
EPRt Project Manager . R. Richardson 

High-Efficiency Flame Retardants for 
Polyolefins 
TR- 1 05254 Final Report (RP8007- 1 8); $5000 
Cont ractor: Polytechnic Un iversity 
Bus iness Unit : Strateg ic R&D 
EPRI Project Manager. B. Bernste in 

New 
Computer 
Software 
Orders for EPRl -developed software should be d i· 
rected to the E lectnc Power Software Cente 1 , 1 3601 
Preston Road. Su i te 800W. Dal las . Texas 75240; 
(800) 763-3772. EPRI members can receive . free of 
charge, software developed by the bus iness un i ls  
to wh ich they subscribe Others should contact 
EPR l 's Licensing Office at (4 1 5) 855-2974 

ABC: Advisor on Blade Coatings 
Version 2 .0 (PC-DOS) 
Contractor Southwest Research Inst i tute 
Business Unit Fossil Power Plants 
EPRI Pro1ec t Manager: George Ouenlin 

Desk BookT"':  Residentia l End-Use 
Technologies 
Version 1 .0 (PC-DOS/Windows) 
Contractor: Energy In ternational , I nc . 
Business Ur n t : Res ident ial & Small Commerc ia l  
EPRI  Project Manager · John Kesse lr ing 

EGEAS: Electr ic Generation Expansion 
Analysis System 
Vers ion 7 .3 1  (PC-DOS/Windows) 
Contracto r : Slone & Webster 
Business Unit : Substations . System Operations 
Storage 
EPRI Project Manager: Ram Adapa 

ESP: Expert System for Power System 
Planning and Engineering 
Vers ion t O (DEC-ALPHA) 
Contractor ABB Systems Control 
Business Unit: Substalions. System Operations & 
Storage 
EPR I  Project Manager · Ram Adapa 

ESPRE Compact : Residentia l  Energy Analysis 
on a Pa lmtop Computer 
Vers ion 1 0 (PC-DOS) 
Contractor Ana lysis and Control of Energy 
Sys tems. Inc. 
Business Un it .  Residentia l & Sma l l  Commercial 
EPRI Project Manager John Kesselring 

GasPlan : Gas Procurement and Operations 
Planning Tool 
Vers ion 1 5 (PC-DOS) 
Contractor App l ied Dec1s1on Analysis 
Bus iness Unit. Util i t y  Resource Plannlng & 
Management  
EPRI Project Manager ' R ichard Goldberg 

LPDW™ : Lightning Protection Design 
Workstation 
Version 2 .0 (PC-DOS) 
Cont ractor· Power Technolog ies. Inc. 
Business Unit . D ls t r ibul 1on 
EPRI Project Manager . Ralph Bernstein 

PMOST'-':  P lant Modification Operat ing Savings 
Vers ion 2.0 (PC-DOS/Windows) 
Contraclor· Dec is ion Focus Inc. 
Bus iness Unit . Fossil Power Plants 
EPRI Pro1ecl Manager· Dave O'Connor 

RIVRISK 
Version 2.0 (PC-DOS/Windows) 
Contractor : Tetra Tech .  Inc . 
Business Un i 1 :  Envi ronmental & Hea lth Sciences 
EPRI Proiect Manager: Robert Goldstein 

SURIS : Demand-Side Survey Informat ion 
System 
Version 5.0 (PC-DOS) 
Contractor: P lexus Research 
Business Urnl Rela i l  Marke t  Tools & Servtces 
EPRI Projec Manager  Paul Meagher 

TLWorkslation™ : Transmiss ion Line 
Workstation 
Vers ion 2 4M (PC-DOS) 
Contracto r : BSG Al l i ance/IT, Inc. 
Business Urnt :  Transmission 
EPRI Project Manager· Anwar Hlrany 
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EPRI Events 

MARCH 

7--8 
EPRI Partnership for Industrial 
Competitiveness 
Chattanooga, Tennessee 
Contact: B i l l  Smith , ( 4 1 5) 855-241 5  

1 1-1 5 
Steam Turbine Blade Life Evaluation 
Rochester, New York 
Contact: Jeannie Blanchard , 
( 7 16) 424-20 1 0  

1 2-1 4 
Disaster Preparedness 
New York, New York 
Contact: Susan Bisett i ,  (4 1 5) 855-79 1 9  

1 8-1 9 
Cascading-Fa i lure Risk Assessment 
Workshop 
Haslet , Texas 
Contact: Jon Ferguson , (8 1 7) 439-5900 

1 9-20 
Managing for B iodiversity: Emerging Ideas 
for the Electric Uti l ity Industry 
Wi l l iamsburg ,  Vi rg in ia 
Contact: Christine Lil l ie , ( 4 1 5) 855-201 0  

1 9-21 
Seminar: Comanagement of Util ity Wastes 
Wi l l iamsburg ,  Virg in ia 
Contact: lshwar Murarka, (4 1 5) 855-21 50 

20-22 
Power Plant Automation Technologies 
Eddystone, Pennsylvania 
Contact: John Niemkiewicz, (610 )  595-5922 

27-29 
Innovative Approaches to E lectricity Pricing: 
Managing the Transition to Market-Based 
Pric ing 
San Diego, Cal ifornia 
Contact: Lori Adams, ( 4 15) 855-8763 

APRIL 

8-1 1 
1 996  lntemational Fossi l  Simulation and 
Training Meeting 
New Orleans,  Lou is iana 
Contact: Ron Gr iebenow, (81 6) 235-5622 

9-1 1 
The Future of Power Delivery 
Washington, D.C. 
Contact : Christine Li l l ie , (4 1 5) 855-2010  

9-1 1 
1 996  Electric Food Service 
Symposium 
Nashvi l le, Tennessee 
Contact: Susan Bisett i ,  (4 1 5) 855-79 1 9  
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10-1 2 
Pol lution Prevention Seminar 
Denver, Colorado 
Contact: Michele Samoulides, 
( 4 15) 855-2127 

16-1 8 
Mixed-Waste Training Course 
Boston, Massachusetts 
Contact: Denise Wesalainen, (41 5) 855-2259 

17-1 8 
Decision Analysis for Environmental 
Risk Management 
Washington, D .C. 
Contact: Robert Goldste in , ( 4 1 5) 855-2593 

MAY 

8-1 0  
CEM (Continuous Emissions Monitoring) 
Users Group Meeting 
Kansas City, Missouri 
Contact: Lori Adams, ( 415 )  855-8763 

22-24 
1 996  Heat Rate Improvement Conference 
Dal las , Texas 
Contact: Susan Bisetti , ( 4 15) 855-791 9 

JUNE 

3-4 
Motor Rewind Course 
Atlanta, Georgia 
Contact: Denise Wesalainen, ( 4 15} 855-2259 

4-5 
Repowering Workshop 
Washington, D .C .  
Contact : Christine Li l l ie , ( 4 15) 855-20 1 0  

EPRI Reactor Pressure Vessel Inspection 
Conference 
Squaw Val ley, Cali forn ia 
Contact: Susan Otto, (704) 547-6072 

10-1 3 
Balance-of-Plant Heat Exchanger Workshop 
Jackson Hole , Wyoming 
Contact : Kenj i Krzywosz, (704) 547-6096 

1 1-1 3 
Interaction of Non- I ron-Based Materials 
With Water and Steam 
P iacenza, Italy 
Contact: Michele Samoul ides, 
(41 5) 855-21 27 

1 7-1 9 
6th I nternational ISA POWID/EPRI Controls 
and Instrumentation Conference 
Baltimore, Maryland 
Contact: Lori Adams, ( 415 )  855-8763 

25-27 
Service Water Systems Rel iabi l ity 
Improvement Seminar 
Daytona Beach, Cal i fornia 
Contact : Susan Otto, (704) 547-6072 

JULY 

22-24 
1996 lntemational Low-Level-Waste Conference 
New Orleans, Louisiana 
Contact: Michele Samoulides, 
(4 1 5) 855-21 27 

24-26 
ASME/EPRI Aaclwaste Workshop 
New Orleans,  Louisiana 
Contact: Miche le Samoulides, 
(4 1 5) 855-21 27 

29-August 1 
Fossil Plant Maintenance Conference 
Bal timore, Maryland 
Contact: Lori Adams, (41 5) 855-8763 

AUGUST 

4--8 
4th International Conference on Mercury 
as a Global Pollutant 
Hamburg , Germany 
Contact : Don Porce l la , (4 1 5) 855-2723 

5-7 
Turbine Generator Operation 
Redondo Beach, Cal i fornia 
Contact: Den ise Wesalainen , (41 5) 855-2259 

7-9 
International Conference on Sustainable 
Thermal Energy Storage 
Chicago, I l l inois 
Contact: Beverly Speer, (608) 262-8220 

26-30 
Condenser Technology Seminar and 
Conference 
Boston, Massachusetts 
Contact: Lori Adams, (4 1 5) 855-8763 

OCTOBER 

3-4 
Decision Analysis for Environmental 
Risk Management 
Palo Alto, Cal i forn ia 
Contact: Robert Goldstein ,  (4 1 5) 855-2593 

7-1 0 
Hydrogenerator Maintenance 
Seattle, Washington 
Contact: Den ise Wesalainen, ( 4 1 5) 855-2259 

NOVEMBER 

1 3-1 5 
Sol id-Particle Erosion 
Nashville, Tennessee 
Contact : Michele Samoul ides, 
(4 15 )  855-2 1 27 

FEBRUARY 1 997 

22-26 
Environmental Concerns in Right-of-Way 
Management 
New Or leans, Lou isiana 
Contact: Myra Fraser, (4 1 5) 855-2507 
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