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Hydropower Guidebook 

lntelliVAr 

An advanc d ta tic volt-ampere-reactive c mpen ator ( VC) for the cti tribution 

system, Int lliVAr i designed to mitigate frequent, nonoutage power line distur

banc , uch a voltage flicker. Dev loped by Power Quality Systems, lnc., under 

th ponsor hip of EPRI and the ational Rural El ctric Cooperative A sociation, 

IntelliVAr u power I ctronics-ba ed t chnolog to control oltage fluctuation 

and improve power fa tor. The device is small enough to be mounted on a platform 

or a pol . Anoth r advantage i that it can b conn ct d directly to the di tribution 

line rather than requiring th pad-mounted coupling transformers typically u ed 

with SVC at di tribution voltage . IntelliVAr i adaptable to three-pha e or ingle

phase power and an a Uy b rel cat d to other it when load chang . 

For more i11formolio11, co11/ac/ A hok S1111d11ra111, (650) 855-2304. To order, call Power 
Quality System , (412) 464-1295. 

Pow r u tamer , boaters, angler , environmental groups, and 
\ 

\ 
\ ative merican tribes ar am ng the di er e takeholders 

who e need must be considered in r lie nsing hydro lectri 

plant . EPRJ r earch ugge that improved communication 

and earl and frequent interaction with these takehold r an 

help r duce the controver y and d lay a ociated wiU1 tradi

tional r licen ing approache . This report, Water Resource 
Ma11agc111e11t and Hydropower: C11idebook for Collaboration and 
Public /11volve111e11t (TR-104858), help power c mpanie e tab

Ii ha robu t and effective public outreach program. U ing thi 

\ 

- ' 

ref r nee, a company can proactiv ly inv Ive a cro ection of takeholder representing all water r ource inter ts (rather than 

ju t agencie and intervenor ) and can develop a water management plan that reflect the intere t of the community it erves. 

For more infor111atio11, contact Ch11ck Mccowin, (650) 855-2445. To order, call t/1e EPRJ Distribution Center, (510) 934-4212. 

Nuclear Waste Guidelines 
Prop rly characterizing all low-Lev I ractioactive waste treams is 

an ntial el ment of an ff tiv wast management program. 

Thi rep rt, Low Level Wa le Clinrnctcrizalio11 Guideline (TR-107201), 

is design d to lead utilities through the waste characterization 

and d umentation proces e . lt pr en an overview of wast 

characterization, empha izing representative ampling, th u e of 

laboratory data to de eJop caling factor , the determination of 

radionuclide content and wa te cla i.fication, and future rad-

wa te manife t requirements. With the help of these guidelin 

utilitie can reduce totctl characterizcttion progran1 co t , avoid 

overreporting key nuclid acti ities, and make informed deci-

ions that take into account ultimate wa te management. 

For more i11formatio11, co11tact Carol Homibrook, (650) 855-2022. 
To order, call the EPRJ Distrib11tio11 Centc,� (510) 934-4212. 



RIV RISK 

Thi interactive Window -ba d model for per onal com put r 
imu lat th fl w of pow r plan t r lease in to ri ers o that 

power companie can b tter manage u h relea e . With RJ VRI K, 
u ers can pred ict the con entra t io · of chemical relea es, the 
chang in water t mpera ture r ul t ing from thermal releases, 
a nd the p tential human hea lth and cological risks of release . 
Th progra m contains an nv i ronm ntal chem-
istry modu l  to h lp us rs det rmine th 
ff ts of va r iou environmenta l processes 

on ch mica I r lea ed int riv r . The 
p ciation of m tal in a river can al o 

b inv t igated by usi ng RIVRlSK's 
m tal sp iat ion database. 
For more i11for111al io11, contact 

Robert Gold tein, (650) 855-

2593. To order, call tile Electric 

Power Sofhuare Center, (800) 763-3772. 

------

Market Reports 

Telecomm unications companie , a i rl in 
banks, and many other bu in ha 
u ndergone der gula tion in re ent yea rs, and 
e l  tri uti l i t ies can lea rn l ot from th ir 

xp r i  nc s.  EPRI' Best Prnctices in Strategic 

Market Mn1 1ageme11t (TR- 10  043) offer detailed 
ca e · tudies of compan ies from variou in-
du trie tha t  have ucc ful ly completed th 
tran it ion to retai l  comp t i t ion. A companion 
report, Five Essential Tests uf Market Strategy 

"' (TR-1 063 9), detai l fi e ·trategi market 
1 
w management princ ip l  tha t power mpa-
"' 
< 

! 
I 

nie can u e to keep their marketing plans on 
th right track. 
For more i11for111atio1 1 ,  co1 1 /act Tllom Henneberger, 

(650) 855-2885. To order, call the EPRJ Di · trib1 1 -

� tion Center, (510) 934-4212. 
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New Center Tests EPRI Soft
ware for Asian Markets 

A new Center of ExceUence (COE} has been 
established at the University of Hong 
Kong's Department of Electrical and Elec
tronic Engineering to demonstrate and mod
ify EPRJ power delivery software for use in 
Asian markets. Asian power systems are 
the fastest growing in the world, and there 
is an increasing need to analyze them with 
the most soph.isticated computerized tech
niques. However, these power systems dif
fer significantly from the North American 
systems for whid, the EPRI software was 
originally designed. Work at the Hong Kong 
COE, led by Professor FeUx Wu and Associ
ate Professor Elsie Ni, will focus on identify
ing and resolving potential problems in ap 
plying the software to Asian power systems. 

Asian and American power systems 
have major differences in planning and op 
erating standards and in  data collection 
practices and formats. Also, As.ian utilities 
use a mix of locally manufactured and im
ported equjpment with widely varying 
characteristics. At the same time, some ad
vanced technologies-such as Flexible AC 
Transm.ission System (FACTS) controllers
are being deployed in Asia. Modifications 
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to the EPRT software are therefore likely to 
include provisions for data format conver
sion, different operating considerations, 
and the modeJing of FACTS devices and 
other equipment in the Asian context. 

Initially the Hong Kong re.searchers wilJ 
concentrate on using EPRJ software to ana
lyze two major representative Asian power 
systems. One is the East Ch.ina Power Sys
tem, which typifies a large-scale, fast grow
ing, heavily loaded network with extensive 
interconnections to other large systems. 
The other test system is the Hong Kong 
Island Power System, which represents a 
geographically confined network with very 
high load density and security demands. 
Eventually other Asian power systems will 
also be analyzed, both to provide informa
tion useful in creating software enhance
ments and to help the utilities involved ad
dress some of their most pressing system 
needs. In addition, the COE will hold short 
courses for academics and utility personnel 
from throughout Asia on how to use the 
EPR1 software. 

According to David Becker, EPRl's man 
ager for the COE, the computer programs 
to be tested include PSAPAC, for static and 
dynamic analysis of bulk power systems; 
DEWorkstation, for designing distribution 
systems; the Operator Training Simulator, 
for training both system operations and 
planning personnel; TLWorkstation, for an
alyzing and upgrading overhead transmis
sion Unes; UTWorkstation, for analyzing and 
upgrading underground transmission sys
tems; and EMTP, for simulating high-speed 
transient effects in power systems. The cen
ter's first workshop, covering PSAPAC, is 
slated for mid-February of next year. 

"Asian utilities face some daunting chal
lenges as they try to keep up with demand 
growth while maintaining power system 
security," says EPRJ's Mark Lauby, director 
for international development in the Power 
Delivery Group. "As a result, many of them 
are anxious to use EPRI's software, which is 

widely considered to be the industry stan
dard. Work at the Hong Kong Center of Ex
cellence wUJ help make these computer 
programs more available and applicable to 
Asian power systems." 
• For more i11for111ntio11, contact Mnrk Lnuby, 

(650) 855-2282. 

EPRI Tool Helps With 
Transmission Pricing in Poland 

Like many electric utility industries around 
the world these days, Poland's is in the 
process of privatizing. As part of this pro
cess, the Polish Power Grid Company 
{PPGC), the country's sole transmission 
provider, wants to restructure its system of 
charging for transmission services. In a re
cent project, EPRJ researchers used an EPRI
developed software tool to support the Pol
ish company as it does just that. 

Currently PPGC charges all purchasers of 
transmission services a flat fee per use-a 
fee that does not vary with the distance the 
power travels. ln an effort to aid PPGC in 
its goal to make this transmission pricing 
more efficient, EPRI researchers implement
ed a software code called MCTN (Marginal 
Costing Within Transmission Networks). 
Developed recently for use in the United 
States, the code was specially designed to 
analyze transmission economics. 

The researchers used MCTN to conduct 
an economic assessment of the Polish 
power grid and to analyze alternative tar
iffs for the system. The study included an 
analysis of a two-part transmission tariff 
that incorporates both efficient, location
based usage pricing and an access fee. The 
access fee provides enough revenue to pay 
for the significant investment that has been 
made in the transmission network, while 
the usage fee increases the efficiency of the 
network during periods of peak demand. 
The two-part approach is based on EPRl's 
research on real-time pricing tariffs for re-



tail service employed by a large number of 
U.S. utilities today. EPRI also conducted a 
two-day seminar at PPGC to help experts 
there learn how to use the software. 

Charles Clark, EPRJ's manager for the 
project, reports that PPGC's response to the 
study has been very favorable. Actual im
plementation of any new pricing system, 
however, would have to be approved by 
the cow,try's energy ministry. Clark notes 
that the analysis of the two-part tariff that 
EPRl designed in this project wi!J be of in 
terest to utilities in many other countries. 
• For more i11for111ntion, co11tnct 01nrles Clark, 

(650) 855-2994. 

Braced for the Big One 

There has never been a major earthquake 
in the vicinity of a nuclear power 
plant. Nevertheless, U.S. plants
and most plants worldwide-have 
been specifically designed for that 
possibility. EPRI has closely studied 
seismfr activity over the past 10 
years and has co!Jected data to help 
ensure the continued integrity of nu
clear power plant components. 

Through an ongoing project in a 
seismically active region of Mexico, 
EPRJ is focusing on the seismic per
formance of mechanical and electri
cal equipment commonly used in nu
clear power plants, such as pumps, 
valves, electrical switching gear, and 
battery chargers. ln collaboration with 
the Centro de Instrumentaci6n y Re
gistro Sismico-a nonprofit Mexican 
researd, organization that installed 
a seismic early-warning system for 
the Mexican government after the 
earthquake that devastated Mexico 
City in 198S-EPRJ has installed so-

being used to determine how the faciU
ties' equipment performs in a strong earth
quake. 

Installed in 1992, the monitoring instru
mentation has already collected data from 
several sma!J earthquakes and one large 
one. So far, the news-as expected-is 
quite good, says Robert Kassawara, EPRJ's 
manager for the project. "This effort has 
verified the industry's work over the last 20 
years, which has shown that mechanical 
and electrical equipment in nuclear plants 
is very seismically robust." 

Data from the large earthquake that oc
curred in ManzanilJo on October 9, 1995, 
are included in a detailed EPRI report (TR-
108478) to be published this fall. These data 
were recorded by instrumentation installed 
at U,e Manzani!Jo power plant, a large oil
and gas-burning plant owned by Mexico's 

national utility, Comisi6n Federal de Elec
tricidad. Similar instrumentation is also in 
place at a steel mill in Lazaro Cardenas and 
at a cement plant in Oaxaca. As Kassawara 
explains, these sites were chosen both for 
their location in seismic gaps (places where 
major earthquakes are anticipated) and for 
the similarity of their equipment to that 
used in nuclear plants. 

Kassawara notes U,at the firsthand ex
perience gained through this project is a 
critical contribution to the industry's un
derstanding of earthquake effects. In fact, 
EPRJ's work in this project is part of its 
ongoing validation of a new method for 
verifying that safety-related nuclear power 
plant equipment is adequately designed to 
withstand a major earthquake. Approved 
by the Nuclear Regulatory Com.mission in 
1992 for application in older U.S. plants, 

this method uses data from actual 
earthquakes rather than relying on 
expensive tests and analyses. Ulti
mately, this method will greatly re
duce the cost of seismic qualification 
of nuclear plant equipment and will 
actually improve safety margins, says 
Kassawara. 

The 1995 ManzanilJo earthquake 
measured 7.6 on the Richter scale, 
but as Kassawara points out, that 
scale is not always a good predictor 
of damage to structures and equip
ment, since it does not provide any 
measure of ground acceleration at a 
specific location-the major cause of 

! earthquake damage. The instrumen
f talion insta!Jed for the Mexico proj
� ect is specially configured to record 

the acceleration of the ground and 
the resulting movement of the build
ing and its installed equipment. 
Monitoring at the three sites will 
continue. Results will be assessed 

phisticc1ted monitoring instrumenta- The 12-story Costa Real Hotel, located just north of 

tion at three industrial sites in Mex- Manzanillo, collapsed during the earthquake on 

and reported annually. 
• For more informatio11, contncl Robert 

Knssnwnrn, (650) 855-2775. ico. Data culled from these sites are October 9, 1995, killing 40 people. 
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Fighting Frost in Heat Pumps 

U 
tilities recognize that heat pumps play an important 
ro.le in retaining and increasing electricity's share of 
the commercial and residential heating, ventilating, 

and cooling market. Whjle each season can cause special 
problems for heat pumps, winter poses the biggest concern, 
since the pumps often exhlbit reduced airflow and limited 
heat exchange owing to the extreme weather conditions. As 
frost forms on the surface of a heat pump evaporator, airflow 
passages between the evaporator's fins become blocked, and 
the pwnp must be switched to the defrost mode. At the end of 
the defrost period, the pump switches back to U1e heating 
mode and the process begins again. Studies have shown that 
the defrost cycle can degrade performance by as much as 
20-30%. Although it is known that ice does not form as 
quickly or adhere as strongly on a hydrophobic surface as on 
an uncoated one, no studjes have been done specifically on 
hydrophobic coatings for heat pump applications. 

To assess the performance of such coatings on heat 
exchanger surfaces, EPRI commissioned a research team at 

j Texas A&M Uruversity to study the effects of a silicone-based 
i coating and an acrylic coating through bench tests and tests 
? on actual heat pump evaporators. The researchers gathered 

� extensive qualitative and quantitative information on drop-
,. size distributions, measured heat and mass transfer coeffi-
� cients, and performed digital microscopy on the condensed 
8 droplets. 
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The coatings were sprayed on an already assembled heat 
exchanger, and their performance was compared with that of 
an untreated aluminum surface. The silicone-based polymer 
coating provided a superb hydrophobic surface, and both the 
polymer and acrylic coatings were found to reduce the 
adhesion of water droplets. 

In one test, a small section was cut from a single-row 
split-fin-and-tube heat exchanger. The section was submerged 
in a pan of water, withdrawn, and then allowed to drip-dry 

for 1 minute before being weighed. Compared with the 
w1coated heat exchanger section, the silicone-coated section 
showed a 38% reduction in the ammmt of water retained. 
With one exception, all tests showed the two types of coating 
to result in longer frost buildup times, faster defrosts, and 
higher integrated coefficients of performance. Adrutional 
research into the endurance of the coatings is needed to 
ensure that they will adhere to heat exchanger surfaces for an 
extended period of time. 

TI1e Texas A&M researchers also studjed whether acrylic 
or silicone-based coatings would make heat exchanger surfaces 
resistant to corrosion and whether the coatings could enhance 
the removal of moisture from the coils of air conditionjng 
units. Initial tests have documented that the coatings result in 
a 1 0 -15% increase in the rate of condensate shedding. In one 
possible application, the coatings could be used on the heat 
exchangers of ajr conditioning units aboard commercial and 

U.S. Navy ships. They also have great potential for 
units in large apartment buildings, corporate 
office buildings, and even residences-especially 
those in extremely humid climates. And the 
defrost cycle of commercial freezers could be 
shortened by retrofitting their heat exchange units 
with the coatings. 

There is a great deal of support for the use of 
hydrophobic coatings to increase system efficiency. 
In fact, new second- and third-generation coatings, 
now being manufactured by leading U.S. and Asian 
comparues, may be even more effective for heat 
pump and air conditioning units than those tested. 
• For more informntion, contnct Sekhnr Kondi:pudi, 
(650) 855-2131. 

Laboratory tests show that hydrophobic coat• 

ings applied to a heat pump's evaporator coll 

can significantly reduce the kind of frost buildup 

shown here. 



Inorganic Membranes for Gas Separation 

P 
urified gases, such as oxygen, are found everywhere
on board planes, in ho pitals, and in doctors' offices. 
However, many who use oxygen, nitrogen, helium, 

and other purified gases are not aware of the energy-intensive 
nature of the gas separation process required to produce 
them. A study conducted in 1991 found that of the total 
energy consuriled by the chemical and petrochemical industry 
(5 .8 quads a year), nearly half was devoted to the separation 
of gases. Consequently, the indu try is extremely interested in 
finding faster, less expensive means of separation. Doing so 
wou ld translate into lower overall  co ts for the 
industry and m ight a lso resu l t  in cost savings for 
the end ust!r. 

The gas eparation industry -now rel ies pri mar-
ily on distil lation and cryogenic separation pro-
cesses, both of which are energy-in tenslve. To 
improve efficiency, the ind u  try wou ld prefer to 
use membranes for purificat ion. A membrane 
works basically like a sieve, allowing some mole-
cules to pass through its urface while blocking the 
passage of o ther, larger molecules. For membranes 
to be an efficient means of separation, tbey mu.st 
have high mechanical strengtb, a wide operating
temperature range, good select iv i ty, and good permeabi l i ty. 

Organic membranes, while effective i:n some uses, are not 
universally applicable, since they have low mechanical 
strength and are limited in terms of opera ting temperature. 
Although existing inbrganic membranes show good stabil i ty  
and strength, thei.r pore s ize-in  the 5-nm range-is too large 
to al low good selectivi ty. In order for inorganic membrane· to 
be competitive, their selectiv ity must be improved by signili
ca ntly reducing theiI pore size-without sacrificing perme
ability ( i.e ., wi thout reducing the a mount of gas that can flow 
through the membrane). 

RPRI, the Gas Re ea rch Inst itute, and the ationa l Sci nee 
Found a tion's Divis.ion of O,emkal and Transport Systems 
jointly funded a study at the University of New Mexico to 
develop :more-effective inorganic membranes. The objective of 
thls effort was to develop rugged inorganic membranes 
combining good selectivity and permeability with thermal, 
d1emical, and mechanical stability. The resul ts proved o 
promising that EPRl and the Universi ty of New Mexico have 
jointly submitted a patent applica tion for considera tion. 

On the basis of laboratory work, the New Mexico re
searchers have proved that a silica-based sol-gel process can 
produce very thin inorganic, polymeric membranes that, upon 

drying, can develop the req1.1 !red fine pore size distribution 
and can withstand high temperatures. These fabricated 
membranes have opernted consistent ly at temperatures up to 
200°C, which is ideal , <1nd they can also withstand harsh 
d1emical environments and aggressive cleanup .ifter fouling. 

u ing carbon dioxide and methane as the model gas 
mixture, the researcher found that at each level of permeabil
ity, the s electiv i ty of the inorganic membranes wa� at least one 

Mem brane Mesoporous 
laye r 

Porous 
support 

order of magnitude greater than that of organic membranes. 
Titanium-modilied films also showed very high nilmgen
methane separation factors (above 20) at tempera tures be
tween 120° and 220°C; organic membranes have a separation 
factor of only 3. Final ly, t:he inorgani membrnne were 
deemed stable in hot, humid air for at least two and a half 
montl1s. 

Ther are a va ri.ety nf potential appllcations for rugged 
inorganic membranes. In tl1e d1em.ical and petrod1e.mica1 
i.ndustr.ies, they could separate impurities from natur?I gas . 
1n hospitals, small on-site oxygen generator would be far 
easier to transport and u e than large metal tan.ks 0£ m.ygen. 
As for utili ties, lower-cost air separation would be beneficial 
in coal gasification-combi..ned-cyde plants. The membranes 
might also be used to separate nitrogen oxides from the flue 
gas of conventional power plants, provi ding a low-cost way 
to decrease o, emissions to a much lower level than is 
currently pos ible . 
• For more injol'mation., contact Wate Bakker, (650) 855-2462. 
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risk-based retai l pricing structures and 

strategies for corporate-level risk management 

by John Douglas 
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With annual sales of almost S300 billion, electricity represents the country's 

fter decades of enjoying regula ted 
monopoly markets and relatively 
stable financial returns, electr ic 
u ti l i ties . uddenly fac ri . ing com-
pet i tion, unpreceden ted market 
uncertainties, and ub tan tial fi.. 
nanci.al risks. How wel l th y 

handle these risks will largely determin 
which utili.tie surv ive and prosper in the 
new era of deregulation. 

For a regu la ted business, the range of 
probable returns on investment is usual ly 
quite narrow and almost never negative: 
as long as regulators deem an investment 
prudent, there is very L i ttle chance of los
ing money. Risk is essent ially passed along 
to consumers through ra te adjustments, 
which compensate for market w1certain
ties l ike fuel price fluctuations. For a busi
ness ir.1 a highly competitive market, how
ever, the range of poss ible retu rns is m uch 
broader-with more opportun it ies to i n
crease profits but  also a significant poten
tial for suffering financial loss. U ltimately, 
the burden of risk is passed on to in
vestors, not customers, and risk manage
ment become a d aily busi ne. concern. 

Risk is especial ly high in volat i le com
modity markets, where prices may fluc
tuate widely and quickly. And as de
regulation makes electric ity more of a 
commodity, the growing spot market fo r 
wholesale power promises to be consider
ably more volati le than other energy ma r
ket . Because electricity .is not readily stor
able and must be generated 

wag pu ts it, ' 'We can't give a busy signa l") .  
With annual sales of almost $300 bi llion, 

electricity represents the country's la rgest 
commocli ty  market-bigger than the mar
kets for na tu ra l  gas a rtd crude oil com
bined. I t 's no wonder, then, that deregu
lation of the U .S. transmission grid has 
already at tracted a large number of inde
pendent power marketers and produced 
stunningly rapid growth in wholesa le 
transactions-from less than 10 million 
MWh in 1 994 to nearly 1 40 mi l l ion MWh 
two years later. Utilities thus find them
selves exposed not only to the inherently 
greate1· risks of a deregula ted market bu t  
also to  competition from a new breed of 
ophlsticated, aggressive market players . 

Enron Corporation, for examp le, tJ1 e na 
tion's largest independent power mar
keter, recently increased its transaction vol
ume more than sixfo l d in a s ingle year-to 
some 200/c, of the wholesale ma rket . 

How can electric util itie manage such 
unaccustomed levels of financial t isk? A 
variety of ana lytical tools for assess1ng and 
limiting risk have been developed over the 
pa. t two decades for use in commod i ty  
market . A s  electric power become more 
of a commodity, these risk management 
techniques need to be adapted for use by 
u ti l ity power marketers. The Power Mar
kets & Resource Management (PM&RM ) 
Thrget in EPRl' s Power DeLive1.y Group has 
become a leader in th i product develop
ment area . 

Betting the ranch 

Everyone engages in some form of risk 
management .  One of the most common 
risk management stra tegies, for exa mple, is 
purchasing home insurance-that is, pay
i ng  someone el e to accept the financial 
risk of your house's burning down or be
ing burglarized. Because the cost of replac
ing a house is relatively large, most people 
are unwil l ing to "bet the ra nch '' by relyi ng 
solely on their own re ources, although the 
probability of fire or theft is small . Even if 
a person can afford to rebuild the house 
and replace its contents, elf-insurance has 
a hidden cost: keeping enough fw1ds on 
hand to cover such an emergency would 
mean forgoing in vestment opportunities. 

E lectr ic u ti l i ties facing deregulated mar
kets will have to adopt new stra tegies of 
risk managemen t, often using unfamilia r 
financial instru ments orig ina l l y  developed 
in other markets . Tn the past, u t i l i t ies used 
overcapac i ty as a form of insurance, pass
ing the cost on to customers, and also kept 
enou gh capital. ava i lable to hand le rou
tine fu1ancia l obligations. Using uch tradi
tional risk management  method to cope 
with a volati le, competitive market for elec
tric power, however, is the business equiv
a lent of betting the ra.nd1. Compan ies tha t 
can' t  manage the new risks successful ly 
may lo e money and evenh1ally be taken 
over by sb"onger market pla ye.rs. In a dereg
ula ted environ men t, capi tal tha t formerly 
might have been set aside for sell-insur-

ance or new facilities can be 
in virtually instantaneous re- What Makes Electricity Prices So Volatile? invested in nonelectric enter-
spouse to changing demand, it  prises. For example, there is 
can experience larger swings No ma}or reserves are avat labla to smooth out already a trend among some of 
in price during a single day the peaks and valleys ot demand. the financially strongest pow-
than oi l or gas may encoun ter Instantaneous Generation In response to continuously dlanglng er companies to make invest-
in a whole yea r. Other factors avai labl l ity demand leads to wide lnt raday prk:e 8INlhgs. ments enablli,g them to offer 
contri buting to high volati J-

Geographic Because or transmission system constraints, I� 
customer innovative service 

ity include constra ints on the packages that combine elec-variability cost power f rom one region may not be avallable 
power de l ivery network (sur- to meet demand In anothtlr region. t rici ty, ga ' te lecommun ica-
pllts power in Wa hington sta te Weather Elec\ricity supply and demand both change tions, and Jnternet access. 
cannot be used to alleviate a substantlally from season to season . Among the new risks that 
su rge i n  demand on hot days Absence of market Prices tor elecirlclty, both for Immediate sale and could tlueaten a company's ex-
in Georgia, for example) and history for sale in the future, are han:l 10 establlsh, In part istence, one of the most press-
the need for almost Limitless because a lectrlcltys hlS\Ory as a mat�-traded ing involves stranded inve t-

commodity ls so short. 
avai labi l i ty (as one indushy men ts . The book va lue of elec-
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largest commodity market-bigger than the markets for natural gas and crude oil combined. 

tric power industry assets, which is based 
on constntction costs and expected retum 
under regulated rates, is close to $1 trillion. 
However, the assets' market vaJue, based on 
the expected return from future electricity 
sales in competitive markets, may be very 
different and is often significantly less. A 
nuclear power plant with rates based on 
amortized construction costs and high in 
terest payments, for example, wouJd have 
to be devalued in order to reduce its rates 
to currently competitive levels. Such devaJ 
uation could mean that some utilities would 
be unable to recoup their investments. 

Although federal and state regulators 
are examining ways to allow recovery of 
stranded investments, utilities will still be 
faced with strategic questions about what 
to do with the facilities involved: early re
tirement, life extension, repowering, refur
bishment, or mothballing. In such cases, 
risk management requires carefully assess
ing the market value of existing assets and 
considering various ways to enhance their 
overall value. Risk-based valuation meth
ods that explidtly incorporate U1e value of 
uncertainty represent a significant advance 
over traditional approaches. EPRJ has pub
lished a set of reports summarizing these 
techniques: Valuing Generation Assets in Un
certain Markets (AP-107748). Ongoing work, 
described later, will also be applicable. 

Other major risks are more directly asso
ciated with trading in deregulated whole
sale power markets. Pricing risk, for exam
ple, occurs because utilities are exposed to 
price swings in the substantially indepen
dent spot markets for electricity and fuel. 
A similar risk, called basis risk, involves 
exposure to two related markets that differ 
in a significant attribute, such as geogra
phy. Quantity risk results from an imbal
ance between power supplies and sales 
at a given time. To manage such market
based risks, utilities can choose among a 
growing variety of financial instrwnents. 

Hedging your bet 

Technically, risk management means de
ciding how much financial risk to accept 
and how to limit (hedge) the rest. For risks 
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A VOLATILE COMMODITY The Dow-Jones weighted average prices for on-peak 

power delivered at the Callfornla•Oregon border show wide swings, both dally and 

seasonally. On any given day, prices that individual utilities face may peak at an 

amount several times the average. 

that arise because of market price expo
sure, hedging involves undertaking a re
lated exposure with offsetting risk. Usu
ally the second kind of exposure entails a 
contract whose value depends on the price 
of the underlying commodity; hence tl1e 
contract is called a derivative. 

There are two basic kinds of derivatives: 
forward contracts and options contracts. In 
the case of electricity, a forward contract is 
an obligation to sell (or buy) a specified 
amount of power at a predetermined price 
on a particular date. By selling a forward 
contract, a power suppLier hedges against 
the risk that prices on the spot market may 
fall to unacceptably low levels on the day 
in question. Conversely, the contract buyer 
hedges against the risk that prices may rise 
unacceptably. The agreed-on price reflects 
what both parties consider an acceptable 
level of risk-a compromise that symmet
rically limits upside potential and down
side losses for both parties. 

Such forward contracts have, of course, 
long been used by individual utilities and 
their customers. What's new is the rise of a 

futures market, in whid1 inslrumenls ve1y 
similar to forward contracts can be traded as 
independent entities by third parties. These 
exchange-traded instruments are called fu
tures contracts. The New York Mercantile 
Exchange (NY MEX) now provides a futures 
market for electricity contracts written for 
delivery at two locations: the California
Oregon border and the Palo Verde generat
ing complex in Arizona. The ever- changing 
value of these contracts is quoted daily in 
the Wall Street foumal, along with quota
tions from other commodity markets. Be
cause of the constraints facing power de 
livery systems, NYMEX is expected to soon 
establish markets in futures contracts for 
delivery in other regions of the country. 

In contrast, options contracts provide a 
right to buy or sell rather than the obligation 
carried by forward or futures contracts. A 
call option confers the right to buy a given 
amount of power at a specified price- the 
strike price. A put option confers the right 
to sell at a specified price. (If a put or a call 
can be exercised onJy on a designated f u 
ture date, it's called a European option. If it 
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Electricity has a young futures market and lacks the history of market-based 

can be exercised anytime before that date, 
it's called an American option.) 

Unlike forward and futures contracts, 
individual options create asymmetrical lim
its on risk. Since a call option cannot be ex
ercised profitably unless the spot price for 
electricity rises above the strike price, it is 
used to establish a price cap. Such a risk 
management strategy would be attractive 
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need to discover patterns of change and 
thus forecast future prices. 

Derivatives that are even more sophisti
cated can be created by combining multi
ple basic contracts. A trader concerned 
about diverging gas and electricity prices, 
for example, can buy a so-called spark 
spread, which essentially equates a h,ture 
quantity of natural gas with its Btu equiv-
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1997 1998 

NARROWING UNCERTAINTY The value of hedging to reduce risk can be indicated 

by confidence intervals that represent uncertainties in cash flow over time. An 

unhedged market exposure, with 80% confidence intervals shown in black, has a 

wide range of uncertainty and thus considerable risk. The use of forward contracts 

can significantly reduce the risk, as shown by the confidence Intervals in red for the 

hedged position in January through March. 

for a major consumer to use to insure against 
the risk of high prices-without losing the 
ability to take advantage of lower prices. 
Similarly, a put option establishes a price 
floor. Used together, puts and calls can es
tablish both upper and lower limits on risk. 

The trick, of course, is determining how 
much to charge for an option itself .  The 
option seller is essentially offering insur
ance to the buyer and expects to receive a 
premium in return. If the option isn't exer
cised, the seller makes a profit by keeping 
the premium. Setting a fair option pre
mium requires in-depth knowledge of 
market volatility for both spot prices and 
futures contracts. The task is particularly 
difficult in the case of electricity, which has 
a young futures market and lacks the his
tory of market-based pricing that traders 
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ale.nt of electricity. Most electricity op
tions and combination derivatives are 
now traded between individual parties, 
but a more comprehensive secondary mar 
ket is expected to grow rapidly. Shannon 
Burchett, senior· vice president of Duke/ 
Louis Dreyfus (one of the top three power
marketing firms), predicts that "electricity 
derivatives will become one of the largest 
commodity markets, riv a ling or exceeding 
volumes of other energy products." 

Obviously, trading in derivatives can 
also create new risks. These instruments 
are highly leveraged; that is, their value can 
change greatly with modest swings in the 
underlying commodity price. As well as 
being used by commodity buyers and sell
ers to hedge existing market exposure, 
derivatives can be traded by third-party 

investors to take advantage of what they 
perceive as market imperfections. Because 
third-party investors generally do not have 
access to an independent supply of the 
actual commodity in question, however, 
they have no falJback position and thus 
can lose everything. One of Britain's old
est banks, for example, recently collapsed 
because of speculation by a single trader 
in an overseas branch office. To use elec
tricity derivatives wisely, both utilities and 
other investors need a risk assessment and 
management tool specificalJy designed to 
handle the volatility and uncertainty in to
day's electric power market. EPRl has re
cently developed a software product that 
can meet these requirements and more. 

The Electricity Book 

In the parlance of financial markets, a book 
is an account of assets and obligations. 
These may include tangible assets, such as 
a power plant; commitments to buy and 
sell; and hedging instruments, such as op
tions. EPRl's Electricity Book is a computer 
program that provides a database for such 
information and combines it with market 
descriptions to calculate the market value 
of cunent assets, project future cash flow, 
and reveal exposUJ"e to various financial 
risks. The Electricity Book can be used by 
utility financial officers, power marketers, 
and resoUJ"ce planners to develop invest
ment and risk management strategies in a 
competitive market. 

Specifically, the Electricity Book enables 
managers to answer questions like these: 
What is the overall risk exposure of my ex
isting portfolio of resources and contracts? 
Which of these risks do I need to hedge? 
What's the most effective financial instru
ment to provide the hedge? How large a 
hedging position should I take? How fre
quently might r need to change it? And are 
the available hedging instruments fairly 
priced? The Electricity Book addresses such 
issues more directly than traditional tools 
in that it deals more explicitly witl, uncer
tainty and uses option valuation theory and 
simulation techniques derived from Wall 
Street commodity-trading experience. 



pricing that traders need to discover patterns of change and thus forecast future prices. 

Providing answers that are appropria te 
to a particular company requires not only 
computa tional capacity but al  o j udgment .  
Electr ic u t i l i t ies va ry widely i.n their r isk 
management preferences, and an attrac
tive feature of the Electricity Book is that it  
provides graprucs that clearly i l lustrate the 
risk exposure inherent in current and pro
j cted portfol ios . 

One of the most convenient ways to 
view risk is a graph that presents a cumu
lative probability distribution of the net 
present value ( PV) of future cash flow. 
The lower tail of this $-shaped curve shows 
instant ly how much chance there is of los-

ing money. Trad itional ly, util i ty cash flow 
curves rose steeply at the expected value, 
indicating l ittle probabil ity of going much 
high r or lower. With deregu lation, how
ever, the curves have broadened consider
ably, with tai ls that cross the zero- PY 
level-indicating the probabi l i ty that the 
current portfolio will prod uce negative 
ca h flow. As a manager tries out various 
hedging scenarios, the Electricity Book in
dicates how each of these would affect the 
shape of the N PV curve. For example, a 
utility might buy a put option to el imina te 
the risk of having to sell power below a 
critical price-thus shifting the PY curve 

to the eight o that it  ta i l  no longer ex
tends .into negative territory. 

Another important way to demonstrate 
the effects of va rious risk management 
stra tegies is to plot expected cash flow 
through time and indicate uncertaintie 
with vertical bars showing a likely range 
of fluctuation. A manager could use this 
type of graph to see how hedging instru
ments could reduce uncerta in ty for spe
cific periods by locking in higher profits or 
reducing potential losses. 

The Electricity Book supplies a utility 
manager with two key parameters for 
judging the adequacy of a hedging sb·a t-

Hedging With the Electricity Book 

A
simple example illustrates how the Electricity Book can be 
used by utilities to hedge financial risk. 

Consider the case of a generation facility with one 110-
MW gas-fired baseload unit. Such a unit is fully exposed to 

the uncertainties of spot markets; that is, profits at any moment de
pend on the difference between the spot prices for electricity and 
fuel.  Assuming a monthly fixed cost of $40,000, a forced-outage 
rate averaging 1 0%, and a heat rate of 7000 Btu / kWh, the Electric
ity Book calculates a median monthly cash flow for the unit of 
slightly less than $200,000. Average market prices are assumed to 
be $25 per on-peak MWh and $12.50 per off-peak MWh for elec
tricity and $2.50 per mi l l ion Btu for gas . The market forward price 
term structure, the volati l ity term structure, and market correla
tions have also been estimated and input to the database. 

With unhedged exposure to a single power market and a single 
gas market (red line), such a plant exhibits a broad range of possi
ble outcomes. Profits are expected to exceed $400,000 over 20% of 

The source of profit uncertainty in this case is the 10% outage rate, 
which results in some modest exposure to spot markets. 

Alternatively, the plant owner can remain exposed to spot markets 
but purchase options as insurance against disappointing price 
swings. A call option on fuel will limit the price the utility might have 
to pay, and a put option on electricity will ensure that a minimum 
price is received for its product. Put and call options can be used to 
reduce or nearly eliminate the possibility of loss wlule preserving the 
upside potential for profit, but they can be expensive. In this case 
(green line), in which the options cost is figured into the evaluation, 
the essential effect of the options package is to cap the potential loss 
at around $180,000 while preserving most of the profit potential. 

Further experimentation with the Electricity Book in combining 
forwards, options, and exposure to the spot markets wil J  enable 
this utility to find a set of hedges that creates a risk strategy con
sistent with its corporate objectives. In fact, utili ties can use the 
software in developing corporate risk profile objectives. o 

the time, but they w il l  be less than $50,000 about 35% of 1 00 
the time; losses exceeding $200,000 have about a 5% like- ,-------i---r=:::;::;;

==
---:=:_;;;:;::::=9 

lihood. The plant generates a zero cash flow during forced 
outages because of its lack of prearranged commitments 
to buy fuel or sell power. The Electricity Book can be used 
to evaluate ways to hedge market risks (i.e. , modify the fi
nancial risk profile) for this genera ting unit without sig
nificantly changing the median cash flow. 

One hedging stra tegy (blue l ine) wou ld be to use for
ward contracts on both power sales and gas purchases in 
order to lock in the median expected cash flow. Such con
tracts would reduce the risk of negative cash flow to un
der 10% but would also mean that the plant would make 
more than $400,000 less than 1 % of the time. This form of 
hedging trades upside potential for downside protec tion. 

:0 "' 
.0 

0:: 50 
(1) 
-� 

§ 25 
(.) 

Hedge with 
options 

- 200 0 200 400 

Unhedged 

Hedge with 
forward s 

600 

Cash Flow for One Month ($ thousands) 
800 



In a commodity market, forward curves serve as the critical benchmark of value ... 

egy. The first of these---caUed delta, follow
ing the standard teaninology of financial 
markets- indicates a portfolio's exposure 
to market volatility. Sometimes known as 
U1e hedge ratio, delta is defined as U1e 
change in portfolio value resulting hom a 
change in the price of the underlying com
moctity. Generally speaking, a larger delta 
suggests a greater need to hedge a portfolio 
against risk from market exposure. The 
second parameter, called gamma, indicates 
the stability of a hedging strategy itself. 
Gamma is defined as the change in delta 
for a given change in the underlying com
modity. A large ganuna suggests that ad 
justments should be made in the hedging 
strategy to make it more stable. 

"Given the complexity of bulk power 
markets, utilities need a tool like the Elec
tricity Book to assess their current risk ex 
posure and evaluate alternative hedging 
strategies," says Art Altman, manager of 
wholesale risk management research. "But 
I want to emphasize that the Electricity 
Book represents only one part of EPRl's 
risk management package. Our customers 
need to develop an integrated set of mar
ket capabilities in order to maximize prof
its while accepting an appropriate level of 
risk. For this reason, we are sponsoring a 
series of seminars on market participation, 
decision analysis, and risk management. 
These seminars have been running at full 
capacity, and we're scheduling more as 
quickly as we can." 

Utility case studies using the Electricity 
Book are now under way, and there are op
portunities for additional shtclics. 111.csc 
case studies give the participating utilities 
a chance to benefit from working with F.PRT 
experts to customize the new titdmiques to 
meet their individual needs. In addition, 
the Electricity Book will be updated in 1998 
to include generation valuation. 

Forward curves 

In order to apply the Electricity Boo.k, a 
user must supply not only detailed infor
mation about a particular utility portfolio 
but also a so-called forward curve of prices 
for both electricity and relevant fuel mar -
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kets. A forward curve presents a set of for
ward prices for a commodity- that is, the 
set of current market prices for the sale of 
the commodity at specified times in the 
future. 

For established commodity markets, 
fonvard curves are readily constructed. In 
the case of electricity, however, deregula
tion has come so recently that much of the 
pertinent market .information is not yet 
available. EPRi has thus undertaken a proj
ect to help utilities construct and use for
ward curves based on limited available 
data. In  addition to supplying critical in
put to the Electricity Book, these curves are 
useful in calculating the market value of 
current assets and in creating a profitable 
mix of retail product-s. 

In a commodity market, forward curves 
serve as the critical benchmark of value. 
Projections of higher future prices increase 
the cw·rent value of production facilities 
and purchase agreements. Conversely, a 
declining fo1ward curve increases the 
value of existing sales agreements and a 
utility's customer base. 

22 

14 

A forward curve, however, is not the 
same as a price forecast. As Vlc Niemeyer, 
PM&RM's manager for power markets, ex
plains, "Price forecasting, as such, is not 
that usefuJ for risk management. A for
ward cmve is like a price forecast with the 
cost of risk management factored in. Lots 
of vendors are currently engaged in price 
forecasting. Our work with constructing 
forward cwves differs in l:.hxee ways: we 
take risk into accow1t explicitly; we incor
porate estimates of market uncertainty in 
ways that will be most useful for decision 
making; and we work directly with utility 
members to help them i.ntegrate forward 
curves into their own analytical models." 

How one constructs a forward curve
that is, how one determines the present 
value of electricity to be debvered in the fu 
ture-depends most heavily on the time 
frame involved. In the short term (up to a 
few months), the price of electricity varies 
greatly witl, d1anges in the weathe1; gener
ation w,it outages, and interregional pow
er flows. For such a case, some guidance 
is offered by historical spot price data, to,. 
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FORWARD CURVE On a given day, the cost of contracting to purchase a month's 

worth of electricity sometime in the future is based on the forward curve of prices 

for delivery at a major transmission system reference point. This forward curve 

shows prices quoted on May 1 ,  1997, by the New York Mercantile Exchange for 

power delivery at the California-Oregon border, Seasonal variability results from the 

need to use more-expensive generating units during periods of peak demand, 

Because electricity prices differ substantially among particular markets and re• 

glons, EPAI Is helping utllltles develop customized forward curves for their own use. 



A forward curve is l ike a price forecast with the cost of risk management factored in .  

getber with deterministic system model
ing. Medium-term price fluctuu tions (up 
to a few years) are determined primarily 
by load growth, hi ft in fuel prkf', and 

us lomer re ponse to r tail price d1anges. 
Bujlding a forward curve in this case 
involves studying futures and options 
prices and using probabilistic ystem mod
eling . Long-term electricity price changes 
(over several years) are a lso infl uenced 
by load growth and fuel price shifts, but 
they are igniflcantl affected as wel l  by 
performance improvements made possi
ble th rough th use of new generat ion 
technology. ln this case, market da ta pro
vide l i tt le d i rect ion, and forward curve 
construction is based largely on probabilis
tic sy tern mode.ling and asset investm nt 
and retirement analysis. 

The current focus of EPRI 's re ea rch in 
this area is to develop protocols for con-
tructing forward curves for a variety of 

ci rcumst nee . Rather than Gsu.ing a new 
computer program, EPRl wi l l  work di
rectly with its members on regional case 
tudies, usi ng the uti l ities' own analytic<1I 

ttlOI . In a recently held work hop, th fir, t 
i.n. a prnjected sel'ies, EPRJ sta ff and con
tractors showed utility representatives 
how t bui ld forward cw·ves and use them 
for pricing electricity for various kind of 
retail load shapes. 

Retail risks 

As deregulation reaches the retai l  level
giv ing custo01e.rs a choice among electric
tty provider -utilities wil l  face a whole 
new set of market risks. "Retail electricity 
may prove to be the riskiest commodi ty 
marke r of all," says Rich Goldberg, who 
manages PM&RM's prici ng and tisk man
agernen t work. "T t' virtua l ly a different 
commod ity every hour, ond hedging is in
herently difficult because consumption rep
r e11 a n0n liqu id  ri k. You don ' t  know 
wh ' 1  a CLI tomt!r b going to turn un the 
l ights, yet ou've got to be ready for it  
even if that  means generating more power 
a t  a higher cost. There's no true econda ry 
market to compensate for that sort of un
certainty. Rather you have to design a pack-

age of reta i l  prices that lake both your cus
tomers' preferences and your own risks 
into acc0tmt. 11 

For purpOSP.S of risk management, vari
ous reta il pricing struct u res can be ana
lyzed in terms of financial market equiva
lents. Trad itional flip-the-sw i tdl service, 
for example, i particularly risky from the 
provider ' point of view, since i t  ets a 
fixed price for an indefini te quantity of 
power, available on demand. Even in a 
regula ted environment, this kind of ser
vice can have a perverse market impact by 
effectively encouraging con umption a t  
times when t h  c o  t o f  generating power i s  
highest-for xample, i n  the middl o f  a 
hot afternoon . In comparison, a l:\o\•o-part 
real-time-pricing (RTP) program (with a 
variable price above a ba ic demand level) 
is equ ivalent to combining a forwa rd con
tract with acces to th spot market. 
Adding a price cap to the RTP ra te is like 
selling the ret ai l  cu tamer a call option. 

To enable util itie to a ess and manage 
the risk of their retail portfolios, EPRI is 
creating an enhanced version of the Elec
trici ty Book tha t can ana lyz the potential 
losse and ret urns a oda ted with a rious 
rate structures. This version w ill also show 
users how to manage specific retail r isks 
by hedging In the whole.ale market. For 
example, in anticipation of having to meet 
i.ncrea.sed demand 011 hot Augusl days, a 
u ti l ity might purchase forward contracts 
on either the bulk power market or the 
natural gas market. 

Risk management, however, represents 
only one aspect of retail rate design. Cus
tomer preferences mu t also be consid
ered. A new software product that wi l l  of
f r thi capabil ity-called Prodt1ct Mix-i 
chedu led for prototype test ing la ter thi . 

year. Product Mix cal cu la tes probable cus
tomer response to various rate options on 
the ba of known cu tomer preference . 
[n addition, it predicts the market share for 
each option, models the resulting cus
tomer loads, and projects uti l ity revenues. 
An inlportant featu re of Product Mix is 
that it calculates customer profi tability and 
risk exposure in a reta jJ m.:1rkel for use as 

inpul to the Electricity Book. l11e two soft
ware products have been designed to use 
consisten t descriptions of market data, 
sud, a forward curves. 

Corporate risk management 

Ultimately, the responsibility for u il l i ty risk 
management rests at the corpora te level . 
Part of the reason I i  s in the new fiduciary 
f ·pon ibil i l i  s that wi l l a ffecl electric utili
ties as a re ult of deregulatio11. In addition, 
however, yi1ergies exist among the risk 
managemen t strategies of dilierent  busi 
nes, l i nes. Por example, when electricity 
price on the pot market a re high, retai l 
profits may be adversely affected .  T11is ex
posure can be offset by more-aggressive 
participation b1 the whole a le maTket and 
by trading in electric power derivative . 
Such balancing of risk requires explici t 
identification of a utility' corporate pos
ture regarding risk, however, arid mu t 
be g1lided by senior management. To help  
its members develop corpora te-level risk 
management strategie I EPRI i developing 
new methods and protocols, wh ich will be 
delivered next yea r_ 

"Our goa l is to help utilities manage risk 
at aU levels ," concludes PM&RM Target 
Manager Charles Clark .  "In particular, our 
products are designed to be used together 
so that our  members can iden ti fy poten 
t ial ly profi table dea ls a t  both tht! wholesale 
and retail lev s and then manage the ri ks 
associated with each. Powercoach Lite, for 
examp le, can be used to pick out attractive 
wholesale transactions; then the Electiicity 
Book wi l l  show how to hedge the resulting 
market expo ure. Similar! , at the reta i l  
Level, Product Mix will help identify rate 
package that wil l  plea e cu tomers; then 
the Electrici ty Book can be applied to man
age the accompanying risk. Meanwhile, 
our work on f01ward curves provides the 
glue that holds all th se tools together by 
providing risk-based estimates of prices 
and present values." • 

Bac�ground onlormalion ror 1 ,s article was provided by Art 
Allman, Vic Niemeye , Ric11 Goldberg. and Charle� Clark of 
1110 Power Ma,ketS & Resource Manaaement Business 
Area/Tar gel. 
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ext time you fly into 
an airport et in a resi
dential area, close your 
newspaper and take a 
look at the houses be
low the airplane-at the 

cookie-cutter roofs and neatly laid-out 
yards, with only th occa ional swimming 
pool to break things up. If you spot a few 
tiny human figures, they won't be recog
nizable as individuals. 

This, essentially, is the perspective elec
tric utilities have had for decades. With a 
mandate to deliver a commodHy producl 
to a captive market, they were free to focus 

part, will find themselves confronted with 
-and somewhat bewildered by-a wide 
range of ch ic 

To thrive in this new era, utilities will 
have to shift quickly from the airplane 
view down to the street level, where the 
houses look as individualized a the peo
ple in ide them. They will have to find out 
more about the needs, desires, and pref
erences of their newly freed-up customer 
base. And they wil l  have to begin market
ing themselves not to a monolithic con
sumer but  to a range of ind ividua ls-ind i
viduals who ometimes mak d1oices on 
the basis of irnpul e and less-than-perfect 

information. 
ONE INTO SIX Developed from data obtained through the F i rst and foremost, 

this m an developing 
informa tion-gathering 
systems of formidable 
proportions. But sheer 
volumes of data won ' t  
be  enough. Utilitie 

ReQuest I l l™ survey, these customer groupings are a useful 
way to break down the residential population. The questions 
asked In the survey yielded a range of Insights Into cus-
tome, demographics, intentions to switch service providers, 
Interest in advanced services, and attitudes toward deregu0 

lated util ities, such as long-distance phone companies. 

IOC a Dance 

The moat restless of the groups, these 
Individuals feel their electric blll ls 
too high. 
• 29% of population 
• General age ranges 
• Lower income 
• Widowed, separated, divorced 
• Renters, three-person households 
• Eager to switch 

their efforts on generation, delivery, and 
quality of service. Customer reten tion and 
acquisition simply weren't part of the 
equation. 

To say this will all change, and soon, 
would be the wildest understa tement. 
New England is already in rapid motion, 

i California is set to experience a deregula-
� tory "big bang" of enormous proportions I on January 1, and most of the rest of the ! country wil l have signed on to thi revo- � 
.., lution by the year 2000. i 
� � 
� Existing utili ties wil l  suddenly find � 
� themselves just individual player in a � 

� J crowded retail market. A multitude of .., 
<I) 

� competitors, some with vastly greater ex-
e perience in a deregulated environment, 
0 

a: w i l l  b mus l ing in .  Custom rs, for th i r  
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Distance Bunn 

Well educated and In the nest-buikllng 
phase of llfe, these are the Informed 
decision makers. 
• 21% of population 
• 25-44 in age 
• Wel l  educated, h igher income 
• Married, four-person households 
• Wil l ing to adopt new technologies 
• High willingness to switch 

wil l  fLnd tha t the information they gather
as recent EPRI research shows-sometimes 
yi Ids more paradoxe than d tini tive an
swers. A stated intention to switch service 
providers, for example, may differ d ra
matically from actual switching behavior; 
customer satisfaction may turn out to have 
li t tle relation to loyalty; loyalty itself will 

prove to be an elusive measure of cus
tomer behavior; and price discounting, 
whil an important tool, wi l l  not necessar
ily be the most important one. 

Richa rd Gil l.man, who manages EPR.T '  
r earch on understanding energy mar
kets, ays, ''The most crucia l ab.i l ity for a 
successful utility in the new era will be the 
capacity to determine which customers it 
shou ld keep, whkh it can ignore, and 
which i t  mu t go after. This requires an un
derstanding botll of how customer make 
choices and of the economics of engaging 
th m. Ultimately, th value of a custom r 
is the retu rn a retail pro ider can earn over 

Got My MTV 
In general, this group hasn't nested yet; 
most own a home computer and an 
entertainment center. 
• 1 2% of population 
• Under 35 years old 
• Average education and income levels 
• Never married, rent their homes 
• Moderate users of utility services 
• Above-average will ingness to switch 



Gro 
S.H .. mployed skeptics, the- lncllvldu· 
als - homeowners with a moderate 
willingness to adopt new technologies. 

• 1 7% of populatlon 

• 25-44 In age 

• Medium education and Income levels 

• D ivorced or never married 

• Four-person households 

• Moderate wil lingness to switch 

the cost of acqu fring and r taining that 

customer." 

How does one determine va lue, exact ly? 

We' l l  get to that ,  but we must fir t take a 

hard look at information . 

Brea king "the customer" into six 

It' now w idely und r tood tha t  uti li ti 

mu t cha nge from sim ple providers of 

electrici ty to databa e-d riven marketing 

firms-firms that, in ·ome ca es, will offer 

electricit a only one of a bundle of ser

vi es. Understand ing a new i mp ra t ive i 

not the a me as i mplemen ting it, however; 

most u ti l i t ies don' t y t have the informa

tion they need to und rstand the dynamics 

of ustomer choice. 

EPRI ha led the way for el tric u ti l i ti 

in th i. a rea through, among other research, 

its part icipa t ion i n  a contin uing, broad

ba ed tudy of mor than 30,000 hou e

holds acros the cou n try. The most recen t 

results are detailed in ReQ11est l ll™: As-

e ing Cltn11ge in t/1e Residenlinl Teleco111-
1 11u 1 1 icntio11 mid Electric Mnrkelplnce ( EPRI 

TR-107631 ) .  On th basis of respons s to 

a rang of u rvey q uestion , thi r port 

pr en on possibl  way t brea k down 

th monolith ic re id ntial electricity popu

lation-by attitude toward witching 

electr icity prov iders, re pon es to price 

discounting, and attitude towa rd other 

u tility service , uch a long-dista nce 

f3 phone rvice and  ca b le television . 

J Th R Que t T i l  res arch identifies six 

I 

clusters that, on the ba is of w i tching in-

tention, an be thought of in two rough 

group : switd1ers and loyali t . Three of 

the six clusters have a di  tinct ly higher-

.i than-average intention to chang electric-

�o. ity prov iders one retail competi tion 

TV 
Many In this group are empty nesters, 
still In their pemk -ming and discre
tionary Income years. 

• 14% of population 

• 45-64 In age 
• Higher education and Income levels 

• Married homeowners, two-person 

households 

• Open to n- technologies 

• Moderate will ingness to switch 

introd uced; the remaini ng thr e are re la

tively d i  inclined to do so. Sine the faith

ful types ma ke up only a bout a thi rd of the 

urvey population, two-thirds of the mar

ket looks to b at · ignifi ant ri ·k. 

Usefu l information, a l ready. uti l ity at

tempting to retain its cu tomer shou ld  

clearly de ote its marketing efforts to  the 

at-ri k group · above the ·wi tching mid line 

and worry less about the group below it. 

And since other ReQuest I l l  data how 

ome correla tion betw en switching inten

t ion and a t isfaction level-the three dus

ters w ith th highe t willingnes to sw itch 

have the lowe t atisfaction levels-the 

goa l of these marketing efforts, one as

sume , hould be to rai e atisfaction and 

thereby im prove retention. 

A do· r look at the data reveals everal 

problems w ith such a tra tegy. First, tar

geti ng the three likely-to-swi td1 group 

may not be a imp! ,  as it sounds, b caus 

the demographi of th ix dusters don't 

alway break down along trad itiona l lin 

of age and income. Compare two groups, 

one that might be described a well in

formed abou t their decision making (D is

tance Runners) and another that could b 

de cribed a elf-employed and skeptical 

(Home Grown). The two group ' demo

graphi -age 25-44, four-per on hou e

holds, med ium-to-high income -appear 

nearly identi  al, and yet th ir  stated inten

t ions to switch a re very cliff rent. Thus 

next-door neighbors, with sim ilar in om.es 

and homes and w ith children in the same 

chool, might have totally d ifferen t switch

ing intentions. 

Second, stated intention to wi tch ha 

to be factored down in order to be a reli

ble indicator of actual switching b hav-

Sta tu 0 

This group hH the low• lncoffles 
auoclated with retl........t and hes low 
electric bllls. 

• 7% of population 
• 55 and o lder 

• Lower education and Income levels 

• Married or widowed, one- or two-per9on 

households 

• Little Interest in n- technologies 

• Reluctant to swl1ch 

ior. When the stated intentions of AT&T 

u tomer were compared with their b -

havior, for example, it wa found tha t 

while roughly one in four cu tomer said 

they planned to swi tch d uring a given 

year, only about one in ten actually did o. 

Fina lly, it tum out that higher levels of 

customer satisfa t ion-counterintuitively 

-do not necessarily re u l t  in customer re

tention.  Vol u me of market research, in

cluding work done by Xerox in the early 
ninetie , have demon trated that, a busi

ness writer Thomas t wart w rote in For

h111e magazine, "Sa t isfied customers often 

don't come back." Satisfaction, i t  seems, 

creates loyalty in only a small percentage 

of consumer , tho who ar not merely 
ati fied bu t are wi ldly happy about their 
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experience wi th  a given company. Sa tis
faction may be a useful standard for mea
suring the slate of the customer relation
shjp, but i t  ca J1not b used as a key driver 
when designing a stra tegy t attract and 
retain customeLs. 

Pa ul R.appoport of PNR and Associa tes, 
whi.ch conducted th ReQuest studies used 
by .EPRI, ays, "Doe a l l  thjs mean that 
market egmenta tion, swi tch ing int ntion, 
and satisfaction levels are unimportant 
metrics for a uti lity? Not at a l l . What it 
means is tha t  the e metrics, in and of 
themselves, won't be enough to get the job 
done. Util i ties wil l have to ma ter these 
and move on. "  

SWITCHERS OUTNUMBER 

LOYALISTS Three of the 

six ReQuest Ill customer 

groups show relatively high 

levels of Inclination to 

switch electricity providers, 

even without incentives. 
Give Me 

My MlV 

Thus in a competitive 

environment nearly two• 

thirds of the customer base 

may be at Immediate rlsll. 

The largest utility bil l  

Cost, without question, will be a major con
sideration for most consumers in choosing 
their electricity provider. Wh n cu tomer 
willing11e s to wi tch at price breaks of 
0%, 1 0%, and 20% was looked at, the ef
fect across a l l  ix segment was d rama tic. 
For every group, a 10% price ruscount cre
ated a spectacu l a r  increase in wi l l ingness 
to switch, with a further leap at 20%. The 
elf-employed keptic (Home Grown), for 

example, express only a 4% willingness to 
switch at no discount but vault to a 51°/t, 
willingness at a 10% discount . Other Re
Quest I l l  ctata show that for most residen
tia l customers, their mon thly electric bi l l
often !he larges! u l i l i ty biU they rc."Ceive-is 
such a major factor they wou ld be will
ing to make trad offs in other a ttributes 
(qua l i ty of product and service, for exa m
ple) iii order to receive a d i  coun t. 

Long-d i tan e providers, already wel l  
into th e  deregulated era, have found-tel l 
ingly-that the effect of discounting holds 
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true not only for stated intention to switch 
but a lso for actual witching behavior. 
Sprint, MCI, and AT&T have competed bru
ta lly on a cost basis, both wi th one another 
and with an army of smaller competitors. 
Cost has the cardinal virtue of simplicity, 
which makes it an a ttractive standard both 
for uti lities trying to develop a coheren t 
marketing pla n  and for customers faced 
wi th  a con.fu ing array of choices. 

Does this mean utilities can throw thei r 
other marketing metrics ou t the window 
and compete on cost alone? For most, the 
answer is no. To begin with , str.ictly in 
terms of the bottom line, su h a tra tegy 
would be difli ul t lo implement .  Existing 

providers are l i kely to face at least one ag
gressive competitor willing to slash prices 
down to or below profitabi l ity  levels . This 
sort of competitor wil l  have the advan
tage of entering the market "clean"-that 
is, without tranded costs and without 
having to overcome a perception that  i t  
i s  expensive and bu reaucrati , a percep
t ion some consumers have of lhelr cur
rent utility. 

Even a uti l ity tha t  does choo to d is
tinguish itself by off ring rock-bottom 
prices may find tha t  its customers don't 
get the m ag . More than one pilot proj
ect has shown that ordinary consumers, al
lowed to choose among everal electricity 
retailers, mo t often poinl to cost as their 
prime decision-making factor-and then 
promptly scn tter their choices among sev
eral of tbe ava ilable providers. Further in
ve tiga tion has hown tha t  few of these 
customers did the nece ·ary homework to 
ma ke an effective co t compari on. Th us It 
won't be enough for a provider to be the 

cheape t; i t  will have to be perceived as the 
cheapest. And in a market fi l led wi th a 
wel ler of competing cla ims, tha t  w i U  be 
difficult  to pul l  off. 

Most analysts agree that utilities will 
have to compete on cost but that cost alone 
won't make them competitive. "The mosl: 
recent work we're doing takes a look a l  
whether p rice, in  and of itself, is an ade
quate indicator of whether customer are 
likely to change electricity providers,'' says 
E!PRJ's Gill man. "What we're finding is that 
people want more than just low cost. They 
want value, good service, and a quality 
prod uct, and many are willing to pay a 
premium for these." 

C r.b 

Price Discount 
Group 0% 1 0% 20% 

1 0i,: a Dance 64.5% 97.4% 98.7% 
Distance Runners 35.6% 96.5% 98.3% 
Got My MTV 32,3"/o 90.5% 95.0% 
Home Grown 4 . 1 %  51 . 1% 71 .2% 
Give Me My MTV 8.3% 43.9% 67.9% 
Status Quo 2.0% 14.5% 23.0% 

The two faces of customer loya lty 

If co t by itself is not the answer, should 
existing utili ties focus instead on loyalty? 
After a l l, when the big bang goes off, 
they'l l  be standing at ground zero, already 
in possession of the en tire residen tial mar
k t. A ut i l ity that succeeds in cultivating 
h igh loyalty levels among its customers 
should, i t  wou ld seem, succeed at retain
ing most of its customers, even in the face 

f competi tion. 
The difficulty wi th choosing loyal ty as a 

marketing goal becomes cl a r  the moment 
we Lry to define i l .  Instincti vely, we might 
say loyalty is the tendency of customers to 
stay with their current provider, even when 
the market offers a l ternatives. This is in fact 
a good description of loya lty behavior, but 
H fa ils utterly to get a grip on loy11 l ly mo
tivation . A recent EPRI conference paper 
points ou t that customers are usual ly loyal 
ei ther to offe.rs or to brands. Residentia l 
electricity custom r who appear to be loyal 
to th i L  existing provider may not actual ly  



be motivated by brand loyalty; they may 

simply feel tha t  their uti lity is currently of

fering them the be t dea l .  Such loyal ty to 

an offer may disappear the moment ome 

telemarketer offers them $50 to swi tch .  

What about loyal ist to  a brand ,  those 

who-driven by a temperamenta l disinc l i

nation to sw i tch---consisten t ly stay w i th 

thei r long-dista nce phone company, fi

nancia l services provider, dry clean r, 

and grocer? A it  happens, these custom

ers make up only a sma l l percen tage of 

the market. And in spite of the i r  i m mo

b i l ity and brand loya l ty, new competitors 

w iU be gunn ing for their business. In the 

words of one observer, these customer 

a re "hard to get hold of but good to have. " 

This in no way m ans that  loyalty can be 

d ism issed or tha t brand names are u nim

portant .  Even cu tomer dr i  en by offer 

loya l ty often use brand names as a short

cut to identify pr ferr d p r  d uct packages. 

Thus a util i ty tha t  con i t nt ly provide at

tract ive product p, ckages may fi nd tha t 

long-t rm bra nd l oya l ty doe begin to 

emerge. At th i p i nt, a fu rther q uest ion 

ari e : l a loya l custom r nece sa r iJy a 

good customer? 

Value: the sum of all  i nformation 

According to Gi l lman,  t he  answer is " ot 

necessa ri ly. From a busi ne s poi n t  of v i ew, 

Switching I ntention Versus Behavior 

r d i t  rati ngs, sol id incomes, and regular 

ca rd usage.  A com petit ion in the bank 

ca rd bu iness grew more cutthroa t, some

one not i ced that many of these custom

er -who pa id thei r b i l l  every month and 

th us in u rred no in tere t charge -weren't 

actua l ly  generat ing much return. Acquisi

t ion efforts began h ift i.ng toward cu -

tomers who were l i k  ly to pay their bi l ls 

even tua l ly  bu t  who, in the meantime, of

ten ca rr ied monthly ba lance a nd th u 

g nera ted greater return. 

" Rather tha n trying to attract loyal cu 

tomers," says Gil l man, " ompanie' should 

focus on a ttract ing customers w i th the 

grea test l i fe-cycle va l ue-in other words, 

SHOW ME THE SAVINGS 

For all the ReQuest Il l  

groups, the willingness 

to switch electrlclty 

providers goes up 

dramatically with a 1 Oo/o 

price discount. A further 

leap occurs at a dis• 

count of 20%. 

"I Will Change " I Changed Actual/ 

WILL THEY OR WON'T THEY? 

Stated Intention to switch a 

util ity provider may differ 

markedly from actual switching 

behavior, as shown by the 

experience of long-distance 

providers in the deregulated 

telephone market. These time-

Providers" Providers" Expressed' 

AT&T customers 27.5% 1 0 .0% 36% 

MCI customers 46.6% 28.9% 62% 

Sprint customers 37.2% 21 .6% 60% 

Others 38.6% 24.9% 64% 

• Actual switchers as a percentage of those expressing an Intention 
to swit.ch . 

va l ue, not loya l ty, shou ld b wha t is em

phasized ." 

Va l ue, a a oncept, i · most oft n used to 

descr ibe what a customer migh t receive 

from a busine s; yet businesse must be

gin maki ng the same determinat ion wi th  

regard to the i r  customer . To make th is  

point, G i l l man returns to the ReQuest I l l  

results and the brea kdown of customer 

into loya l ist and swi tchers .  A ut i l ity might 

as u me a loya l i  t to b a good cu tomer 

and a witcher to b a bad one. I f  the loy

a l ist  has such low usage ra tes tha t  the 

account fa i.ls to genera te even a min ima l  

return on i nvestmen t, however, and  th  

switcher-w h i le admi tted ly expensi ve to 

If) a ttract and reta in-uses igni ficant amoun ts 

J of e lectr ici ty d u ri ng pea k month , then 

!.¥ loya l ty, as a m tric , doesn ' t  te l l  the who ! 
� 
If) 

� 
� 
� 
� 

tory of these u tamers' rea l  worth .  

'I-: t another example come from the fi-

nancia l serv ices industry. ive years ago, 

ba n k  ca rd com pa nies focused th •ir acqu i

i t ion efforts on consumers wi th good 

series data show intended 

versus actual behavior over a 

one-year period. 

those who ontribute most to the bottom 

l ine ." Va l ue, i t  tu rns out, is a mu l tid imen

· iona l cone p t  tha t  pu l ls together cus

tomer re pon es to price, to competing of

fers, and to variou anci l l ary fea ture , then 

measu res these aga inst the co t of cus

tomer acq uisi t ion and reten t ion over t ime. 

As a benchmark, va l ue i both the mo t 

usefu l and the most d i fficu l t to calcula te; 

e en t i a l ly  it moves a u ti l j ty i n to a brand

new rea lm .  

EPRI i s  implementing a nu mber of stud

ie tha t  w i l l a l low uti l i ties to make increas

ingly a cura te determina t ions of customer 

va l ue.  One of these, an intensive round of 

sma l l focus groups, i digg ing deep into 

the underly ing determinan ts of customer 

loyal ty. A second round of focu groups, in 

combi nation with a fol low-on survey of 

20,000 household , is  looking at how cus

tomers d fine green power. The results 

w i l l  help predict how many m ight be in

ter •stcd i n  green pow r an w i l l provide 

rough esti ma tes of the p remi u m  they 
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Look, Then Leap: Two Providers Take the 
or  existing uti lities, one of  the 
most llllSettling aspects of d reg
u lation is that they will have to 
make decisions about how to po--

ition them elves, company-transfomtlng 
de i ions, before they know where the mar
ket is going. This may be busines as usual 
for a company l ike Boeing-which, given 
massiv and long-term development costs, 
v irtually bets its survival on ead1 new 
m deJ of aircraft-but it's something new 
in th e lectricity busine s. 

wo existing utilities have accepted that 
they cannot be a l l  things to al l customers 
and have begun to d i fferentia te them
selv s by becoming-well , di fferent. Each 
i going flat out to create a viable niche for 
itsell by building on existing corporate 
strengths. In effect, each has chosen to cre
ate loyalty, be it the offer variety or 

part of the market by becoming exactly 
what that part of the market wants. 

UtiliCorp United, based in Kansas City, 
has chosen to compete on the concept 
of simpl ification th rough bundl ing. The 
company has joined with PECO Energy to 
create EnergyOne, a freestanding enter
prise that brings together a portfolio of 
services, including electricity, gas, long
distance telephone (AT&T), and home se
curity (ADT) services. EnergyOne will sell 
thi portfolio not to residential customers 
but rather to the utilities that serve those 
customers. 

Util iCorp spokesman Jerry Cosley says 
participation in EnergyOne will al low a 
utility to jump-start the proces of becom
ing a broad-spectrum provider. "The util
ity won't have to start from cratch build-

ing relation hips and negotiating contracts 
with other providers like AT&T. That's ex
pensive and laborious. Even if utilities had 
the money to do this on their own, they 
don' t have the time." By the end of the 
year, says Co l y, EnergyOne hopes to 
combine all these services on a single bill. 
"That won't be easy, but i t's the goal. ft' 
what the customer wants-simplicity." 

Green ountain Energy Partners, in
stead of offering a broad spectrum of er
vices, has focused on a single color band
green. Beginning with a pilot project in 
New Hampshire, the company has fash
ioned a proenvironmental image through 
such tactics as sending ou t spru e ap
ling (Green Mountain i now widely re
ferr d to as "the people who give the seed
ling away") and offering EcoCredit in-

th brand variety, in a particular  MARKETING AN IDENTITY Existing utilities, as well 

as new providers, are already marketing themselves 

aggresslvely to many different niches within the overall 

market. In the process, they are transforming their 

corporate identities. 

How do we ti r i n g  o u r  cus t ome r s  coo o l  
t h e  l c w u l  e l e c t r l c  c o s t s  I n  A m e r i c a ?  

sour:cre';.,.,., 

COURTESY SOUTHERN COMPANY 

Rcmi dcr number 

ONE: 
nothing creates mo • possibil ities 

than partnership 
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would be willing to pay for i t .  
These projects, in combination with the 

homework utili ties should already be do
ing to understand their own markets, wil l  
allow for better customer predictabi l i ty 
and the development of ever-more-sophis
t icated marketing tools. Gillman notes, 
however, that these tools wil l  have to be 
kept harp through con tan t  us . "The 
'customer' is a moving ta rg t," he ays. 
"By the time we've run our da ta through 
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the computers and reached conclusions, 
the customers we' re studying have already 
begun morphing into something new." 

One customer tra i t  emerging from com
parative data on long-distance phone ser
vice may w rk to the advan tage of exi ting 
utilities. A settl ing-out factor appears to be 
at work among ome cu tomers. After 
years of playing the long-di tance market, 
customer feel they've "been there and 
done that" and are ready to stick with one 

prov ider. This willingness is related Lo a 
broader sentiment, expres ed increasingly 
i n  focus groups, that people are simp ly 
tired of making choices. Alert utilities wil l  
watch this sort of trend and factor it into 
an evolving determination of a custom
er 's va lue. 

Adding up the future 

AT&T may be the standard by which elec
tric utilities should measure themselves 



Positioning Plunge 
ducemen ts. Th e  strategy h a  been a win

ning one, placing the company at the f re

front of retailers offering environm ntally 

friendly power. 

Green Mountain is dead seriou about 

capturing a izable chunk  of Ca l i forn ia's 

$20 biJ lion resident ia l  electricity ma rket, 

ay Ju lie Blund n, r gional director for 

the company's California affi liate, Green 

Mow1tain Energy R ource . "W exp ct 

to have broad-based app al," sh says, "by 
ma king it c lear to our cust m r that th 

money they send through u g s d irectly 
to uppl iers of ren wable en rgy. In effect, 

we'l l  let customers vote with their dollars 

for a change in the way en rgy is pro

duced in thi cow1try." 

Industry analyst Bi l l  H us , who is con

ducti ng a broad study of pilot en rgy pro

grams, note that while each of the mar

keting approaches describ d abov w i l l  

g t r su i t  , each enta i l s  risk. " o one has 

tudi d bundl ing and ingl b i l l ing y t in 

p a a 

any pilot program," he points out. "And 

we're seeing some resistanc to the idea. 

People l i ke th idea of a single bi l l ,  but 

they worry abou t getting 'ca ptured' and 

paying too much for one or more of the 

servic s on tha t b i l l ."  

With regard to Gr n Moun ta in, Huss 

says that wh ile the ompany has crafted a 

successful approach, i t  won't be alone in 

tha t  approach. A number of solid competi

tors-Working Assets, for example-w i l l 

be attempting to squeeze into th ame 

niche. And even if that niche proves Ja rg 

enough to hold more than ne provider, it 

may be self-limiting in t rms of growth. 

"In a flat market for resident ia l  l ctric ity," 

Huss says, "that could prove costly over 

the long term." 

Are compani l i ke Util iCorp and Green 

Mountain I aping too soon, taking on un

necessary risk? Some keptic point out 

that electricity i a c n erva tive and com

plex business and that change may come 

more slowly than anticipated . But the evi

dence from Calif rnia sugg ts otherwise. 

In July of thi  y ar, when new electric ity 

reta i lers bega n  r g ist r ing wi th th Cal i

fornia Public U ti lities Commi sion, m r 

than 30 c mpany name were on the 

books almo t imm diately. The incl uded 

Gr n Mountain, P &E En rgy Servic s 

( Pacific Ga and Electric's a ffil ia te), a nd 

En ron, a w I I  a compani · ·uch a 

Friendly Power Company, Afflu nt Ta rg t 

Marketing, Thri fty Power, and he P o

pl ' Pow r Company. Some of the name 

on the I i  t a r tiny players that won't  last 

long or mak much of an impact on the 

ma rket. Other , however, a re rea l competi

tor who bel iev th big bang is for r al

and aren't hy about telling you they th ink 

the in it ia l  p riod of deregulat ion wi l l  offer 

the gr a t  t opportunity t o  acq u i re new 

custom rs. Exi t ing uti l itie who av id 

risk by ta king a wait-and-watch approach 

may f ind them elve watching their cus

tomers walk out the do r. o 
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as they enter reta i l  competit ion .  On a 

monopoly, AT&T successfu l ly  deve l oped 

broad information-ga thering capacit ie 

and a range of effect ive ma rketing ap

proache . Despite yea rs of ferocious com

peti t ion, AT&T cont i nue to be the domi

nant  p l ayer in i ts industry and has become 

adept at recapturing customers who, a fter 

swi t  hing to another prov id r a t  some 

poi.nt, have become d is i l l usioned and a re 

wi l l ing to return. 

The succe s fu l  u t i l i t ies, i. n  the end, w i l l  

be  the compan ie that are able to  b ui ld on 

the posi t ive aspects of their current brand 

i nlages, coUect huge amounts of in forma

tion and a sembl i t  into a portra i t  of cus

tomer va lue, and  make bold positioning 

and ma rketing decision on the basis of 

tha t determina t ion of va l ue. The rewa rds 

for this kind of corpora te transforma

tion-as AT&T has demon · ti·c ted-wi l l  be 

substant ia l .  

COUflTESY ENRON 

Further reading 
Residen11al Customers · Percephons Abour Ut,/try Providers 
and Elecrr,c Swirchmg Intentions Final report by PNR and 
Associa1es July 1 997 . EPR I TR- 1 08465 

ReOuest 111 11•· Assessing Changes in rhe Res,dent1al Tele
commumcat,ons and £/ecrdc Marketplace F,nal report by 
PNR and Associates December 1996 EPRI  TA- 1 0763 1 

ReOuesr 11 1"· An lnvesriga11on of Consumer A lritude 
Towards Telecommun,car,on and £/ecrnc Services Final 
reporl by PNR and Associates June 1 996 EPRI 
TR-106166. 

Background ,nformal ion lor this articl e was provided by 
Richa,d Gillman of the Reta i l  Markel Tools & Serv,ces Busi
ness Area. 
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THE STORY IN BRIEF Electrification, 

a prime force for global development throughout 

the last century, will be especially importan t for 

fast-developing Asian economies over the next 

20 years . Such economic developmen t is the key 

to greatly improving the quality of life for many 

of the world's poor. The challenges and oppor-

tunities involved in 

extending electricity 's 

reach were the focus 

of "Global Electrifica

tion: The Next Dec-

ades, " an international 

forum hosted by EPRI 

in March of this year. 

The forum was orga

nized and chaired by 

Jack M. Hollander, a professor emeritus of en

ergy and resou rces at  the Un ivers ity of Califor

n ia at  Berkeley. This article, which examines the 

prospects for electricity growth in China and 

India, was adapted from a paper by Hollander 

that captu res the discuss ions and conclu ions of 

the forum 's participants, including EPRI s taff 

and invited guests . 

by Jack M.  Hol l  nd r 



Ch ina i s experiencing especia l ly  rapid 
growth.  l t s  GDP has grown a t  an ann u a l  
ra te of 9 .2% over the p a  t 1 5  years-four 
t imes the growth ra te of the large in
d ustria l economies-a nd over the next 
decade, annual growth of 7% i expected . 
By 2030, Ch i na's economy wi l l b the 
world ' largest, s urpass irig tha t of the 
U n i ted States, accord ing to a forecast by 
th Ch ine e Academy of Socia l Sciences. 
Chi na's energy u e may grow only half as 
fast a its GDP b ca use of effic iency i m
provemen ts, but the figures st i l l  imply a 
doubl ing of energy con um ption in two 
decade . 

oday China's per ca pita electricity con
sum ption i on ly 8% of that of the United 
States. Over the next two decades, China 
is p l ann ing to add 1 5-1 8 CW of power
genera t ing capacity per year, about three
qua rters of which wi l l  be coal fi red. Even if  
China uc e'ds in a maxi mum-innovation 
scena rio that pushes every alternat ive--in
e luding clean coal technology, Western 
levels of ind ustria l efficiency, aggres ive 
indigenous ga resou rce development, ex
ten ive hyd roelectric development (equiv
alent to evera l dams l ike the Three Gorges 
complex now bei ng bu i l t), and advanced 
nuclea r technology (a m uch as 30 GW)
its per ca pita electricity use would still be 
onJy 15% of the current U.S. l evel. 

China' plan ned grow th in power-gen
erat ing capac i ty w il l  require 200 bi l l ion of 
investmen t cap ital to 2010,  at least a third 
of which must come from foreign ources. 
With the n umber of independent power 
producers growing rapidly, 20% of China's 
electricity in 201 0  may b generated by pri
va tely own d insta l l a t ions. 

China's la rge coal re erve uggest that 
most generating-capaci ty addi tions wi J l  be 
coa l fired . This new capacity ca n be made 
both technically efficient and environmen
tal ly  tolerable if Ch ina is wi l l ing and able 
to invest in advanced generating technolo
gies tha t  a re now reach ing the stage of 
commercia J viabil i ty in Western countries. 

For hina to pu rsue a development 
strategy a imed at decarbon izing i ts energy 
use, however, extensive substitution for 
coal wou ld be necessary, a long with la rge 
a mounts of hyd ro, ga , and n uclea r power. 
In particula r, instal led nuclear generat ing 

26 EPRI JOURNAL September/October 1 997 

capaci ty wOLi ld have to grow from 2 GW 
today to at least 30 GW i n  2020. Ach ieving 
such a level in 2020 wou ld require h igh 
leve ls  of commi tment  to projects and f i
nancing in the nex t  few year . A compl i
ca ting factor i that some propon n ts of 

decarbonization are oppo ed to n ucl ar 
power as an alternat ive.  And even if a de
carbonization pa th were fol lowed, the best 
tha t  China cou ld do over the next two 
decades would be to red uce the expected 
growth in total carbon emi sion from 
three time the curr nt level to double the 
cu rren t  level .  

Contrasting models of development 

What kinds of model can be t gu ide the 
development of the global electr ic ity in
d ustry? Two very di fferent visions of the 
future are appa rent. A Western model t l1at 
can b characterized as a "customer pow
er" model pictures an ind ustry with l i ttle 
regula tion, open com petition, and wide "' 
customer choice. An Asian model some- i 
times referred to as da Imo ("big flame" ) I 
describes an enterpr ise driven by a sen e 
and tradi t ion of social  equity. l n  th is v i -
s ion, th electr icity ind ustry is not left to  if 
market force a lone: governmen t a su me 
re ponsib i U ty for stable suppl ies of elec
trici ty. Th is  model is strongly embraced in 
mo t of the rapid ly developing conomi 
of Asia .  A cr i t ical is ue is whether dep nd
able and affordable energy supplies can be 
based on Western ma rket mode ls in the 
developi ng wor ld .  

Meeting the req uirements of  Asian elec
tricity development i n  the context of these 
two ki nds of models i a cha l lenge ca l l ing 
for unpreceden ted i nnovation. The cap i tal  
requirements a re da un ting, changes in  pol
icy and  institu tional stru tu re are essential, 

and innovati ve technology is fundamen ta l 
to achi ving efficient a nd env i ron menta J Ly  
sow1d lectr ification. 

Approx imateJ y $1 50 b i l l ion annua l. ly-
1 0% of total global inve tmen t-is needed 
for electr ic ity deve l opment in China, In

d ia,  Korea, and Southeast Asia . 
u l t i l a tera l insti tutions l ike the 

China's determined push to become an 

economic giant in the Far East Is highly 

dependent on increased electrification; 

much of its new power capacity will 

come from coal•flred generation. 

World Bank and the Asian evelopment 
Bank cou ld supply, a t  most,  abou t  $7 bi l
l ion per year (a l though they can play other 
useful roles, such as guaran teeing private 
i nvestments,  disseminating credible infor
mation, and eva luating the re ults of com
pet i tion in terms of cost, reliabi l i ty ctnd  ser
vice, and protect ion of the env i ronment ) .  



A business-as-usua l tra t 
egy w i l l  not work . Private 
capital m ust fi l l  the gap, im
plying a profound change in 
the rel a tionsh i ps between 
govenu11en ts ,  energy indu -
tries, and  the pr ivate ector. 
L i g h t i n g  the way a re the 
severa l la rge, priva tely fi
nanced power project tha t  
h a v e  been ucc ssfu l i n  
Asia .  I nnovative  financi ng 
must  be found, however, for 
smaller projects (u nder 50 
MW) i1wolving ogenera
tion, coa l gasi fica t ion-com
bin d-cycl , industrial  hea t 
recovery, and wind turbine 

te hnologi s .  The n eded ca pi ta l w i l l  be 
forthcoming only if  investor perceive tha t  
the opportunities, r isks, and pricing truc
turcs are al l  favorable . 

Al though in Asia energy has been con
sidered a social  good provided by govern
men t-owned, -opera ted, -regu Jated, and 
-fina nced monopolies, today a new pa ra
digm is emerging.  P ople ar I oking less 
to govern ment and more to the ma rket 
sys tem and the private sector as the main 
in truments of energy u pp ! y. The struc
ture of policy and  U1e organjzat ion of 

the energy indu try wor ldwide 
m u  t adju t a  ord ingly. ln Asia, 
as el ew her , profound insti tu
tiona l innova t ion is needed . 

In Ch ina, where the elec t r ic
i ty system has been highly cen
t ral ized and government con
trolled , w ith a strong sense of 
social equ ity ( the da /1 1 10  pa ra
digm), th ' trend toward decen
tra l iza t ion, deregu la t ion, and 

competition ("cu -
tomer power") i i n  
t h e  early tages. T h  ' 

ro trend is also j ust  be-
� ginni ng in the Phi l -
� i ppine bu t i s  fur
� U1cr along in Indoneo 
i sia, Si ngapore, and 
a Malaysia. 
! Electric ity pr ice 
� structures a rc a lso 
:s 
< changi ng in Asi a .  

Hi torica l ly, the price o f  e lectricity h a  
been low, w ith govern ment ubsid ie 
keeping it below product ion cost (e .g . , 
4 .71t/kWh in Lnd ia and 1 .9¢/kWh in hina, 
com pa red w ith 1 9¢/kWh i n  Japan and  
9rt/kWh in the U n i ted Sta tes) . P ressu res 
for fu l l - o t e lech·ici ly pr ic ing a re com ing 
from the in c rea i ng n u mber of foreign in
vc tor in the Asian  power sector. How
ever, the fi nancia l i nst itu t ion n eded to 
br ing about U1ese pricing changes a re not 
yet well e tabl ished . 

Electrification on a broad front 

A ou tl i J1ed in forum d.iscu ions led by 
Fel i x  Wu of the Un iversity of Hong Kong 
and by David Jh irad ,  cri tica l syst m 
change -such as the con truction of new 
transmission in terconnections-a re al o 
occu rring in Southeast Asia . S i nce 1982, 
memb r of the As ociation of Southea t 
Asian Na tion have ooperated in bu i ld
i ng transmission interconnect ions, with 
major l ines a i r  ady com pleted from 
Malay ia to Singa pore and from Ma laysia 
to Tha i l a 11d . 

Ch ina is build ing a large transmission 
and d istr ibut ion ·ystem that w i l J  red uce 
system losses a nd bet ter use domest ic coal 
resources and hyd ro facili t ies, i nclud i ng 
the 1 8,200-MW, $24 bi l l ion Three Gorges 

hyd ro comp lex under constmction on the 
Yangtze Riv r, pla 1med t begin operat ion 
in 2009. Since 1 992, hina bas a lso been 
on idering interconn ction going be

yond its nationa l b r ers. 
Electrifi d t ra nsporta h011 ystem w i l l.  

play a key role in the As ian electri ficat ion 
programs as new in frastructure are devel
oped . Ouna, Si nga pore, and Indonesia a r  
pla nning e lectr ic tr  l ley systems, w h i l  
Taiwan i s  developing e lectric cooter . 

I n forma tion tcc lmologies a re a lso being 
incorpora ted i11 Asia's developing e lectr ic
ity system . Moving rapid ly in U1 is aPa, 

h ina is employing ta te-of-the-art com
puter system for the control of power 
plants, rea l- t ime power dispatch, and op
t im ization of d istr ibu tion sy terns. 

Fund ing the new electrificat ion project 
raises some cha l lengi ng sociopol i ti ca l  
quest ions. Becau e of the  parad igm of  o
cia l equ i ty tha t  has hi torica l ly  governed 
electr i .fica t ion in Asia, there is re istance to 
t he idea of corpora tization, which in Asia 
ba ica l ly mea n mov ing tale a ets i11 to 
private hands. This i in cont rast  to the 
West rn concept of market Uberal ization, 
which means  ra t iona l iz ing cost and pri  -
ing t ructu res .  

It  is an open quest ion whether the pol i t
ical w i l l ex ists i n  Asia to develop pric ing 
structures that wi l l  produce the huge 
amount of cap i tal  n eded to accomplish 
the a mbitiou electr ificat ion plans being 
propos d. Mo t of the pr ure for hang
ing pricing st ructu res is  coming from ou t
side i nvestor . Pol i t ic ia ns i n  Asian coun 
tries ba l ance these pre u res w i th interna l  
pol i t ical pre · u re to  keep the pr ice of  elec
tricity low. 

Outside i nves tors a lso face the long
sta nd ing so ia l h·ad it ion guid ing per onal 
a nd busi ness i nterac t ions i n  Asian  oci
et ie , which a re foreign to most Western 
bu ine peop le .  Whether new ways of 
worki ng can be d veloped that w i l l  a t i  fy 
ext rna l  investors is an open question. 
Members of the U.S. business communjty 
who understand Eng l i  h and Asian lan
guages as wel l as the socia l tradi tions of 
both cu l tures enjoy a grea t advantage in 
develop ing business rela tionsh i ps in Asia .  

uclear power doe not figure strongly 
in the curren t electr i fication schemes of 

EPRI JOURNAL September/October 1 997 27 



most Asian countries. Although China is 
building some nuclear plants and includes 
nuclear power in its decarbonization sce
narios, coal appears to be the fuel of 
choice. Most other Asian countries are tak
ing a wait-and-see attitude toward nuclear 
power. Taiwan, which had a strong nu
clear program, has backed off in the nu
clear area . 

Education and training are critically 
needed in the Asian countries to prepare 
people for work in the rapidly expanding 
electricity industries. Many companies in
vesting in electricity in Asia also build ed
ucational centers stressing management 
training as well as technical education. 
Mitsubishi Heavy Industries, for example, 
recently established a technical training 
center in Beijing. 

China's leaders face difficult strategic 
and financial issues as they plan their 
country's energy future. Coal use, today 
about equal to that of the United States, is 
projected to climb to twice the U.S. level in 
15 years. atural gas use is expected to in
crease fourfold . Financing must be found 
for the heavy investments that wi l l  be re
quired for clean coal generation. 

E pecially vexing will be China's pro
jected oil imports, which could grow to 8 
million barrels per day by 2015 (equal to 
today's U.S. oil imports), even with ag
gressive domestic oil and gas exploration. 
The ma ive hard currency requirement 
for these imports will be met from exports, 
many to the nited States, which may cre
ate serious tensions in the U .S.-China trade 
relationship. 

U .S. trade policy on energy technologies 
may be seriously challenged . Capacity ad
ditions in China wi l l be huge-some 15-18 
GW per year, more thall 'the likely capacity 
additions in the United States, Canada, 
and Mexico combined. An enormous mar
ket for efficien t and envi rnnmentally supe
rior energy technologies wi l l  be created. 
The U.S. energy industry has an obvious 
stake in this market. 

Bu t  significant political impediments 
hinder the U.S. energy equ ipment trade. 
The U.S. government allows fewer conces
sions in financing (e.g. ,  export credits and 
loan ) than the Japane e and European 
governments. American companies are 
prohibited from selling nuclear technolo
gies to China, which has purchased two 
plants from Canada and five from France 

Electrlclty Consumption per Capita 
by Region, 1 993 

Projected Non-OECD Electricity Consumption 
by Region 
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ELECTRICITY USE IN ASIA'S DEVELOPING ECONOMIES 
The advanced Industrial economies of Canada, the 
United Statu, and western Europe are the largest per 
-pita consumer• of electrlclty today. But China, India, 
and the rest of Asia other than Japan are expected to 
experience the largest growth In electricity consump
tion over the next 15 years of any region worldwide, 
with more than half of the growth projected to occur In 
China alone. Coal I• expected to remain the fuel of 
choice to meet the region'• rising demand for electric
tty. (Source: U.S. Department of Energy, Energy Informa
tion Administration, lnfematlonal Energy Outlool< 1998, 
Washington, D.C. ,  May 1 996; DOE/EIA-G484[96],) 
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Improvements in efficiency and 

integration across the entire power 

infrastructure are key to making 

electricity available to more of 

India's population. Foreign invest, 

ment in new power plants,  such as 

the one shown here-the 2450-MW 

Dabhol plant, being built by Enron 

near Bombay-will also help. 

and is considering Russian plants. 
And government restr ictions on such 
agencies a the U .S.  Agency for I n ter
na tional Developmen t prevent them 
from undertak ing projects in hina . 

At a minimum, the Unj ted States 
should establ ish a coheren t and con

ist nt trade re l ationship wi th  China 
and remove barr iers that 
inhibit energy investments 
by U .S. firms in Cruna.  The 
con t i n uing viabj J j ty  of the 
U .S.  energy i ndustry de
pends i n  no sma J J  measu re 

"' on i ts abi l i ty to compete I 
in the h uge and grow ing 

I 
Asian nergy market. � 

The subcontinent 

of India 

Forum discussions led by 

I 

I 
energy analyst Karl Knapp and by Jayant 
Sathaye of Lawrence Berkeley ational 
Labora tory outl ined the even more d iJfi
cu l t set of cha l lenges con fronting the ad
vancement of electri fic<1 t ion on the Asian 
ubcontinent. The Indian e lectrici ty system 

is plagued by i neffic ient operation and an 
unrealistic price structure. Resid n t ia l elec
tric ity is sold below production cost; many 
homes are i l legal ly connected to the sys
tem and pay nothing. F<1rmers pay almost 
nothing, and  informa tion on the tota l 
amount of electricity they use is poor. ln 
contrast, industria l  customers pay h igh 
tariffs for serv ice that is  often of poor qual
ity; a a result, they generate much of thei r 
electr icity themselve , often i neffic ient l y. 
Tra nsmission and d istr ibution losses, al

though not precisely known, a re u ua l ly 
gre<1ter than 20%. Performance of ind ivid
ual genera t ing p lants is typica l ly  poor, 
with load factors lower than 55°/., in most 
a reas. 

Bu t the ineffic iencies 
of the present imp l y s iz
able retu rns on i nvest
ments tha t  can improve 
power qual i ty. The po
tential i far higher than 
tha t for power system in
vestments  i n  the U n ited 
Sta t s .  

Current Lndian gov
ernment plans ca l l  for a n  
i ncrease by 2006 of a t  
le<1st 84 W of i nsta l ied 
capacity beyond the presen t  92 w. The 
est imated co t of the add i tiona l capacity i 
$86 bil l ion ($1 30 bi l l ion i f  tran mis ion < nd 
d istribut ion costs are i ncluded) . rea t av
ing could potent ia l ly  resu l t  from technica l 
and insti tu tional hangcs tha t  wou l d i m 
prove l oad factor in the exist ing capacity, 
thereby red uci ng the need for new capac
ity. Si mi lar sa v i ngs ou ld  be obtained by 
i n tegra t ing the grid sy tern. 

Although the officia l 
p lan  ca l l  for 65% of 
the new capacity to be 
genera ted tnrough the 
p riva te se tor, re en t 
experience in l nd ia  in
d icates this ex pecta
tion to be unrea l ist ic . 
The probl m is not one 
of technical  adequacy. 
Ra ther the poor inve t 
ment  prognosis is tied 
to the cumbersome In
dian administrative in
frastructure.  The need 
to overcome current 

in frastru ture ba rr iers resu l t s  in a h igh 
level of risk aver ion among poten tia l in
vestor and  ext raord i n a ry demands on 
ra te of ret urn. 

For p l a n ned technica l adva nces to be
come rea J i ty, I nd ia 's ent i re electricity sys
tem needs to be restructur  d. The ystem 
m ust be privatized, generat ion epa rated 
from d istribution, and i J l ega l  connections 
el im ina ted. Successful  privat izat ion re-
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quires that a stronger shareholder culture 
be developed in which equity markets can 
function properly. This will require many 
current business norms and practices to be 
replaced by a regulatory apparatus that 
ensure greater financial disclo ure. 

Implications for energy secu rity 

The globalization of energy markets cre
ates new risks . Relying on market mecha
nisms ai1d the international market system 
to dea l adequa tely with energy security in 
the tv,,enty-first century is fraught with un
Ct!rtainty, t!Specia Uy in view of the increas
ing foreign ownership of energy facilities. 
Di1ferent countr ies will probably impose 
different limits on foreign ownership, and 

they also pose ignificant risks, because 
the regions with the mo I promising pos
sibilities for cooperation-for example, 
long-distance electricity transmission grids 
in China and Southeast Asia and long
distance natural gas pipelines in Russia 
and the Middle East-are also the region 
where the potential for future political and 
mil itary conflict is greatest . 

ome may even consider renational ization 
in times of conflict. 

The major shifts in pol i t ical and eco
nomic power toward Asia over the next 50 
years will have significant security and 
r isk i mplications for the globa I energy sy 
tern and interna t ional en�rgy trade. The 
question is what levels of trust and coop
eration will develop between the key coun
tries in the energy arena to avoid major in
tema tiona J conflicts over this power shi ft. 

Energy supply systems witl1 pipelines 
and transmission L ines that cross national 
boundaries will play an important role in 
global electrification, especially in the de
velopi ng coun tries of Southeast A5ia. But 

A key to sustainable development 

Popu la t ion, as always, is the key mu l t i
plier for resource use and energy demand, 
noted forum participant Jesse Ausubel of 

ew York City's Rockefeller Universi ty. 

Visiting Forum 
Participants 

Anatoli l Afanaslev 
Deputy Director, Nuclear Safety 
Institute, Russian Academy of 
Sciences , Moscow, Russia 

Jesse Ausubal 
Director, Program for the Human 
Env1 ronment, The Rockefel ler 
University, New York, New Yorll 

Ged Davis 
Head. Scenano Processes and 
Applications. Shell International 
Ltd. ,  London , England 

Kamo Demlrchlan 
Deputy Head , Department of 
Physical and Technical Problems 
of Energetics, Russian Academy 
of Sciences. Moscow. Russia 

Jack M. Hol lander 
Professor Emeritus of Energy 
and Resources, UnlverSity of 
Gallfornla, Berkeley 

Jenny Hou 
Department of Elaclrlca l 
Engineering and Operations 
Research , Stanford University, 
Stanford, Cal iforn ia 

David Jhirad 
Deputy Assistant Secretary, 
International Energy Policy, US . 
Department of Energy, Washing· 
ton. D.C. 

Alexander Kallntn 
Instructor, In Techn ical Institute, 
Hayward , Calllornle 

Karl Knepp 
Energy Analyst, Stanford, 
California 

Merk L811ine 
Heed, Environmental Technolo
gies Division, Lawrence Berkeley 
National Laboratory, Berkeley, 
California 

Deshun Liu 
Associate Pro1essor, Energy 
System Analysis. Tslnghua 
University, Beij i ng, China 

Zhong Ma 
Director and Professor, Institute 
of Environmental Economics, 
Renmln University, Beij ing , China 

Peter Meisen 
President, G lobal Energy 
Network lnternailonal , San 
Diego, Ca l llornia 

Nebojsa Nakicenovic 
International Institute for Appl ied 
Systems Anal ysis, Laxenburg, 
Austria 

Toshlmesa Nerazaki 
Japan Alomlc Power Company, 
GE SBWR Program, San Jose, 
California 
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M I i ton Russell 
Senior Fellow, Joint Institute 
fo r Energy and Envi ronment . 
Unfvers lly of Tennessee, 
Knoxvllle 

Jayant Satheye 
Energy Analysis Group, 
Lawrence Berkeley Nat ional 
Laboratory, Berkeley, Californ ia  

Vaclav Smi l 
Professor, Department of 
Geography, University of 
Man itoba, Winnipeg, Canada 

M ichae l Toman 
Senior Fellow, Resources for the 
Future, Washington, D.C. 

Linda Trock1 
Vice President and Manager, 
Advanced Tectmology, Bechtel 
National, Inc., San Francisco, 
California 

Mason WIii rich 
Chairman, Energy Works, Palo 
Alto, California 

Felix Wu 
Professor of Electrical Engineer
Ing and Director, Center for E lec
trical Energy Systems, Un iversity 
of Hong Kong , Hong Kong, China 

JI Zou 
Institute of Environmental 
Economics. Renmin University. 
Belj ing, Ch ina 

"In the developing countries, the momen
tum for population growth remains enor
mous," h aid . "Electrificat ion could be 
a major factor in reducing population 
growth. With electrification and associated 
technologie , people become controllers of 
production ra ther than simple laborers. 
With increasing mechanical capacities in 
production, children cease to be essential 
to the la bor pool of families, and the pres
sure for la rge famil ies is red uced . " Ausubel 
added, "Because we simply do not know 
whether the world's f utu re popula ti on 
will be 8 billion, 1 2  b i l lion, or 50 bill ion, 
we should prepare for a large population 
and seek superproductivity and efficiency 
in resource use." 

Ga il McCarthy, direc tor of Strategic R&D 
at EPRI, p uts the forum in perspecl ive: 
"Global electrilication is a strategy tha t 
contributes to globa l stabil ity by substa.n
tially raising the quality of life at the lower 
end of the economic spectrum. Acee s to 
electricity can reduce infant mortality, im
prove sanitation, extend L ife expectancy, 
and foster educational opportunities . Sig
nificant benefits can be realized within a 
single generation. While electrification 
tends to increase per capi ta energy use 
among the poor, its path is nonetheless 
inextricably linked to the pa th of global 
sustainabil ity. 

" How can a greater number of people 
have a lesser impact on resource reserves 
and the environment? Successive wave 
of electri fica tion in developed economies 
have ty pically peaked at lower energy in
tensities and dec l ined w i th time thereafter. 
Bu t  wil l  the increase i.n energy efficiency 
outpace the increase in the population 
using electricity, and will the population 
using electr ic i ty i.ncrease faster thai1 the 
population without access to electricity? 
Both are important for sustainability, and 
both present considerable chal lenges . " • 

Further reading 

Smil, Vaclav. "Ch in Shou lders t he Cost of Envi ronmenta l 
Change. " Environment, Vol . 39, No. 6 (July-August 1 997) , 
pp, 6-9, 33-37. 
Go ldemberg , Jose. Energy, Environment. and Develop

ment. London: Ear thscan, 1996 . 
Nakicenovlc, Nebojsa , Chauncey Sto rr, Jesse Ausube l , et 
a l . I n  Daedalus ("The I lheral inn of the Env,ronmenl''), Vol . 
125 . No . 3 (Summer 1 996). 
Ausubel. Jesse ·can Techno logy Spare the Earlh?" Ameri
can Scienfis,. V�. 84 , No. 2 {March-April 1996) .  pp 1 6�78 . 



ALTMAN NIEMEYER 

GOLDBERG CLARK 

GILLMAN HOLLANDER 

Navigating the Curren ts of Risk 
(page 8) was written b science 

writer J ohn Douglas wi th background 
information from four  members of 
EPRI's Power Markets & Resource Man
agemen t  (PM&RM) Target. 

Art A l hnan, who cunently heads 
PM&RM's wholesa le risk management 
research, has also worked on advanced 
information technology in Strategic R&D, 
where he developed E l 'Rl's research tar
get in field force automation. Before com
ing to the Institu te in 1 990, he pent four 
years a t  Metropoliran Life Insurance. He 
was al o previously employed by Wells 
·argo Bank and RockweU InternationaJ 's 
Science Cen ter. Altman holds a baci,e
lor's degree in mathematics from th 
State Uni er i ty of New York at 13uifal , 

o tnaster 's in compu ter science from the 
Un iversity of Roche t , and an MBA 
from the n iversity of Ca l i fornia at 
Berkele . 

Victor Niemeyer, manager for power 
markets, previously worked on environ
mental risk management · sues in the 
fnsti tut  's Environm nt Group. Before 
joining £!PRI in 1978, he was a senior as
sociate at Charle River As ociates and 
an associate with ,the Center for Energy 
Studies at th Univers ily of Texas. ie
meyer holds an B in economics from 
the University of California at Berkeley 
and a PhD from U1e University of Texas, 
a lso in economics. 

Rich Goldberg is cw-re.ntly m,mager 
for pricing and ri k management, hav
ing previously headed PM&RM's ri k and 
asset management work. Before coming 
to EPRI, he wa a enjor a sociate at De
cision Focus Incorporated, specializing 
in electric and gas u t ility issues, and he 
has also held resea rch positions at Stan
ford University, Lawrence Livermore 

a tional  Laboratory, Prine t n Univer-
i ty,  the National c�n ter for: AtmoSpheric 

Research, and the Harvard-Smithsonian 
Center for Astrophysics. Goldberg re
ceived an AB in astrophysical science 
from Princeton and M and PhD degrees 
in physics from Stan ford " 

Charles Oark, manag r of the Tnsti
tu te's PM&RM Target, has b en at IlPRl 
s ince 1 991 . He was previously a vice 
president at Decision Pocus Incorporat
ed and was earlier employed by ARCO, 

orthrop orpora t ion, Rockwell In ter
national, and SRI ln ternational . Clark 
holds a BS from the niver ity of Ca l i
fornia at Los Angeles, an \.f BA in pro
duction managemen t from the Univer
s i ty of Pennsylvania 's Wharton Sd1ool 
of Bu ine' , and an MS i n  opera tions re-
earch from Stanford Univerity. • 

Who Are Your Residentia l  Cus
tomers . . . and How Can You 

Keep Them? (page 1 6) was wTl t�en by 
science w riter Steven Voien. Background 
informat ion was provid d by Richard 
Gil lm an, manager of ma rket and load 
researd1 in the Reta i l  Market ' lbol & Ser
vice Bu iness Area. Soon after coming 
tu E PRJ in 1 991 ,  Gillman establ ished the 
Center for Electric End-Use Data, which 
has become th foe.a l point for address
.ing the utility ind ustry's l oad r earch 
requi rements. Earlier, ft-om 1 981 to 1991, 
Gil lman w rked at the Bonneville Power 
Ad.min.istration. He holds bachelor 's and 
master's degrees in economics from Col
orado State University. • 

C
hina and tJ,,e New Asian

. 
Electri c

ity Markets (page 24) was adapted 
by foumnl senior feature wri ter Taylor 
Mo re from a paper by Jack M. Hol
lander. H Hander is professor emeri tus 
of energy and resources .:it the University 
of Ca l ifornia at Berkeley, having taught 
there from 1980 to 1 983. From 1 973 to 
1 976, he was the first director of the En
ergy and Environment Division at Law
rence Berkeley National Laboratory. He 
also directed the Na tional Academy of 
Sciences Committee on Nuclea r  and 
Alterna tive Energy ystems stuJy, rn
fmrnded ti,e Arne,;can Council  for an 
Energy-Efficient Eco.nomy, was the fi .rst 
director of the California Energy Jnsti
tute, and wc1s chairman of the Be.ije.r In
stitute of Tinergy and Human Ecology in 
Stockholm. Hol lander was edi tor of the 
international book se1i.e Annual Reviews 

of Energy from 1 975 to 1992. From 1983 to 
1 989, he was vice president for resea1·ch 
and gradua te studies at Ohio State Uni
v rsity. He received a BS in chemistry 
from h io ta t and a PhD · i n  nucle11r 
chemistry from UC Berkeley. • 
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Pestering the Power Industry 

Woodpeckers, squirrels, and owls may give 
some of us a warm, fuzzy feeling inside. 
But to owners and operators of electrical 
transmission and distribution systems, they 
can be a real nuisance. Woodpeckers hack 
away at utility poles and have caused more 
than $1 million in damage annually at a 
number of individual power companies. 
Squirrels, meanwhile, slip into substations 

and interfere with electrical equipment. 
Owls, which are attracted to the conve
nient perches provided by utility poles and 
wires, have also caused their share of sys
tem outages. 

About 30 people, including power com
pany representatives and consultants, at
tended an EPR1 workshop last May to vent 
their frustrations about woodpecker dam
age and to share advice on deterring the 
birds. Feedback from a number of EPRI 

members has since revealed 
problems with lots of other 
creatures, including rats, mice, 
and snakes. 

ln response, EPRI is plan
ning a program to address 
all kinds of pest control. The 
goal is to identify and devel
op effective, animal-friendly 
methods of deterrence. Some 
of the methods already em 
ployed in  the power indus
try include using fox urine 
to keep squirrels at bay and 
covering electrical equip
ment with loose plastic tarps 
to prevent all types of birds 
£com nesting. High-pressure 
sodium lights have also been 
effective against nesters. As 
for woodpeckers, some pow
er companies have discour
aged them by treating utility 
poles with slick or sticky ma
terials or by covering them 
with a specially designed 
cloth. 

These and other tech
niques wiU be studied more 
closely in EPRI's pest control 
program, which is expected 
to be established by early 
next year. 

Woodpeckers cost some power companies more than 

• For more i11for111ntio11, contact 
Bruce Bemstei11, (202) 293-

7511, or Ben Da111sky, (650) 
$1 million in damages each year. 855-2385. 
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EPRI Explores E-Beam 
Disinfection for Beef, Water 

Aware that recent E. coli outbreaks are mak
ing some U.S. consumers hesitant about 
eating meat, EPRI researchers are push
ing ahead with a technology that may 
help them rest easy. Called electron-beam 
(E -beam) disinfection, the technology in
volves using electricity-in the form of 
electron beams- to kiU potentiaUy Life
threatening bacteria in food and water sup
plies. Already proven as an effective disin
fectant for food and water, the technology 
is not yet cost-effective. EPRI intends to 
change that. 

In a project that got under way last Janu
ary, EPRJ-funded researchers at the Univer
sity of Missouri at Columbia are investigat
ing whether the use of certain chemical 
compounds can help reduce the significant 
electricity costs currently associated with 
E-beam djsinfection. Preliminary research 
conducted in the 1960s and 1970s indicates 
that these compounds, called sensitizers, 
may reduce the dose of E-beam irradiation 
required to destroy microorganisms in var
ious media. Focusing specifically on the de 
struction of E. coli in ground beef and the 
inactivation of Cn;ptosporidium (another 
harmfuJ pathogen) in drinking wate1� the 
researchers aim to identify which chemical 
compounds are most effective and to quan
tify the efficiency improvements possible 
with each. Their preliminary calculations 
indicate that the use of sensitizers in com
bination with new accele.rator technolo
gies, sud, as the nested high-voltage gen
erator, may make the technology practicaJ 
for widespread use. 

Given the problems with E. coli in the 
food supply in recent years, including the 
outbreak that led Hudson Foods of Rogers, 
Arkansas, to recaU 25 miJlion pounds of 
ground beef in August, public interest in 
disinfection technology is on the rise. "E
beam technology looks promising for both 
E. coli and Cryptosporidi11111," says Keith 



Carns, EPRT's man.;iger for the project. 
"While the technology is well understood, 
the.re are no full-scale systems currenUy in 
use in either the water treatment or the 
food processing industry." 

So far, eleven sensitizers have been iden
tified that modify radiation resistivity. Of 
these, three have been approved for use 
in food. II the appropriate sensitizers are 
identified, Carns estimates, the technology 
could be widely applied in the food pro
cessing .industry within three years and in 
the water treatment industry within five 
years. EPRl's project is expected to be com
pleted by next June. 
• For more infonnatio11, contact Myron Jones, 

(650) 855-2993, or Keith Carns, (314) 935-8598. 

Fuel Cell Runs on Wastewater 
Treatment Plant Gas 

EPRI helped fund the recent installation of 
a phosphoric acid fuel cell powered by 
anaerobic digester gas-the first demon
stration of its type in the world. The 200-
kW power plant, located at the wastewater 
treatment plant in Yonkers, New York, be 
gan operating in April of this year. 

The aim of the project- also funded by 
the U.S. Department of Energy, the New 
York State Energy Research and Develop
ment Authority, and the New York Power 
Authority (NYPA)-is to assess the viability 
of anaerobic digester gas as a fuel, to im
prove air quality, and to gain experience 
with a distributed generation technology. 
Distributed generation, whid1 entails the 
deployment of relatively small power gen
eration units dose to or at customer sites, 
is expected to become more common in a 
dereguJated power market. 

Like all wastewater treatment plants, the 
Yonkers plant generates anaerobic digester 
gas-a by-product of the bacterial and bio
logical processes occurring during waste
water treatment. High in methane and car
bon dioxide, the gas is typically burned 

and exhausted into the at
mosphere. NYPA realized the 
potential for the efficient use 
of U1e gas as a fuel and for 
the reduced emissions as-
sociated with this use; dis
cussions with Westchester 
County, the owner and op
erator of the wastewater 
treatment plant, resulted in 
the fuel cell project. Aside 
from the benefit of power 
production and nearly free 
fuel, the project is also help
ing Westchester County meet 
the requirements of the fed- i::: 
eraJ Clean Air Act. � 

The 200-kW power plant � 
has two main components � 

0 -the fuel cell and the gas � · 
a: I 

processing unit. The anaero- � 1 • 

t� 
>- r.;; .... 
[fl 

'ii '1f'1· the processing unit, which 8 �> 

bic gas from the wastewa
ter treatment plant flows to 

removes sulfur-containing This gas processing unit is unique to the fuel cell 

compounds, moisture, and Installation at Yonkers, New York. 

halides. The result is a mix-
ture of 60% methane and 40':-'o carbon 
dioxide, which powers the fuel cell. At 
the Yonkers site, the fuel cell is connect 
ed to the plant's electrical distribution 
system so that any power produced is 
used directly by the wastewater treatment 
plant. 

The fuel cell uses only some of U1e gas 
produced by the treatment plant. Addi
tional gas is used to fire the plant's boilers. 
Any excess gas is combusted. According to 
NYPA and Westchester County, the waste
water treatment plant produces sufficient 
gas to power one or two more fuel cells, 
ope11ing up the potential for the expansion 
of the power plant. 

Through this project, NYPA is hoping to 
gain good experience in the niche market 
for environmentally friendly distributed 
power generation. The utility provides 
electricity to some 30 wastewater treatment 

plants in the state, and most of these are 
well suited to employ the technology. 

It took less than three months to install 
and start up the power plant at Yonkers. 
EPRI is monitoring the plant during its first 
year of operation and will publish an in
terim report on its findings before the end 
of the year. The fuel cell stack is expected 
to last about six years before it needs to be 
replaced. 

Although the fuel cell technology in
stalled at Yonkers is cornmercialJy available 
and its performance well proven, the gas 
processing technology is under develop
ment. CurrenUy more than 80 fuel cells in 
the world are operating on natural gas
mostly in the United States and Japan. 
However, none has ever before used an
aerobic digester gas. 
• For more informnti.on, contact John O'Sulli
vnn, (650) 855-2292. 
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Visibility Study Helps TU Electric Manage Emissions 

A 
part of an effort to reduce haze in the Dallas- Fort 
Worth area, Texas regulators issued a rule that would 

require two of TU Electric's lignite-fired power 
plants to reduce sulfur dioxide emissions to 1.2 pounds per 
miilion Btu if it could be demonstrated that the reductions 
would improve visual air quality in the area. To learn how the 
proposed S02 reductions would influence the area's winter 
haze, researchers needed extensive information on the size 
and chemical characteristics of haze-forming particles in plant 
emissions; the climatological and meteorological factors 
associated with the occurrence of winter haze; and the atmo
spheric chemical reactions and transformations that determine 
how changes in the plants' emissions relate to haze formation. 
Another goal was to approximately attribute the haze to all 
major emissions sources. 

The Texas Natural Resource Conservation Commission 
established a steering committee in 1993 to direct this re
search effort, called the Dalla s -Fort Worth Winter Haze 
Project. EPRI was selected as the study coordinator on the 
recommendation of TU Electric. The project presented an 
opportunity to build on previous and ongoing visibility 
research by EPRI's Environment Group and to apply science 
and technology developed in that research to solve a specific 

Aerosol measurement and meteorological monitoring equipment 
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afr quality management problem. 
A broad field measurement effort characterized the meteo

rological and climatological factors associated with winter 
haze formation when the direction of airflow was from the TU 
Electric plants toward Dallas and Fort Worth. Observations 
yielded information on the concentration gradients of haze
forming aerosols and provided a haze formation predictive 
capability. On the basis of these results, it was possible to rule 
out one of the plants- Monticello-as a significant contributor 
to the haze. 

Next the researchers conducted intensive field measure
ments with air- and ground-based monitoring tools. They 
used tracer techniques to establish actual dispersion parame
ters for TU's Big Brown plant on clean-air days. They used 
aircraft-based measurements to determine reactivity in the 
vicinity of the plant plume. 

The measurements and other data from the field work were 
analyzed with existing EPRI aerosol and optics models to 
assess how the proposed S02 reductions would alter the 
frequency and intensity of haze episodes. The study found 
that any change in visibility resulting from the proposed S0

2 

reductions at the Monticello and Big Brown plants would be 
practically imperceptible. These findings, endorsed by the 

project steering committee, suggest 
that achieving significant improve
ments in Dallas-Fort Worth's winter 
haze will require further in -depth 
study of air quality, regional atmo
spheric dynamics, and all emissions 
sources. 

As a result of the project's scien
tific assessment, Texas regulators 
decided that the proposed emis
sions reductions would not improve 
the haze situation-a decision that 
saved TU Electric and its customers 
approximately $793 million in S0

2 

scrubber retrofits. A three-volume 
technical report on the project (TR-
106775) is available from the EPRI 
Distribution Center, (510) 934-4212. 
• For more information, contact Peter 
Mueller, (650) 855-2586. 



Power Quality Brochure Helps Educate Textile Customers 

P 
ower quality is crit ical to modern, 
h igh ly a u tomat  d text i le  plants tha t  
a i m  for world-cla s manufacturing 

excellence. ew tedrnologies for spinn ing, 
weaving, knitting, and other operat ions 
make unprecedented demands on the 
electric power d istribution system . Recog
nizing the importance of power qual ity to 
its customers, Duke Power Company 
designated a pecial  staff sect ion to help 
customers resol ve p rod uctivi ty problems 
related to power qua l i ty  issues. Taking  a 
proactive approach, Du ke wanted to pro
vide informat ion to fiber 
and texti le prod uc rs-its 
largest i ndust riaJ customer 
base-so that procedure 
for avoiding power qua U ty 
problems can be imple
mented before the i nstal la
t ion of equipment sensi tive 
to voltage waveform 
distort ion . 

To hold down the co t 
of developing cu tomer 
ed uca t ional resource ma
terials, Du ke turned to EPRI  
for assistance. The result 
was a brochure-Power Q11nl ity Considerntion for tlte Textile 

fndustry-which Duke ini t ia l ly presented at two one-day 
con ferences for texti le customers tha t drew 200 part ici pan ts .  
ln a coord inated effort, the EPRJ Adj u table-Speed Drive 
D monsh·a tion Office and the EPRJ TextiJe Office worked w ith 
Duke to produ e the broc h u re, wh ich was based on informa
t ion from six power qual ity case stud ies at fiber and text i le  
plan ts served by Duke, Carol ina Power & Ligh t  Compa ny, 
Georgia Power Company, and ortheast Uti l i t ies .  

In one case s tudy involving a major fib r manufacturer, 
frequent fai lures of adj ustable- peed d r ive (ASD) ca pacitors 
that forced cost ly hutdown of a polymer x trusion process 
were fow1d to be the result of using equ i pment designed for a 
380-V, 50-Hz power system. The insta l la t ion of h igher-rated 
ASD de-bus ca pacitors accommoda ted the h igh r opera ting 

Diagnosing and avoiding power quality problems are key 

concerns at today's highly automated texti le plants. 

vo l tage in the plant an el i minated the hu tdown , which had 
cost the customer everaJ thousand dol la rs for each scrapped 
bea m of ynthetic yarn . 

I n  another case study, u t i U ty capacitor switching neu a 
pun-ya rn th read plant customer was ca u ing overvoltage on 

a de bus, w hich in tu rn led to production shutdowns. Low
co t l ine reactors proved effect ive in prot cting th spinning 
fra mes from electrica l  t ransien ts; new machines now come 
equipped w ith su h rea tor . The sol ution is broadly applica
b le to fiber and text i le ma nu facturing facU i tie . 

"The power quality broch ure is a tremendous asset for any 
elech· ic  u t i l i ty with text i le customer ," says Barry Batson, 

uke's market egment ma nager £or text i le . Applying tech
niques detai led in  the b roch u re can help uti l ity text i le cus
tomers reduce down time, increa e produ tion and productiv
ity, and improve product q ua l i ty. The brodm re (BR-1 05425) is 
ava i lable through the EPR I Di tr ibut ion Cen ter, (51 0) 934-421 2.  
• For more infor111ntion, con tnct Mnrek Snmotyj, (650) 855-2980. 
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New 
Technical 
Reports 
Requests for copies ol reports should be d i rected 
to the EPRI D 1stnbut1on Center. 207 Coggins Olive, 
P O  Bo)( 23205 , P leasant H i l l , Car 1torn1a 94523 , 
(5 10) 934-4-2 1 2  

CUSTOMER SYSTEMS 

Eleclric Vehicle Chargittg Systems, Vol. 2: 
Report of the Connector and Connecting 
Station Committee. 
TR- 1 04623-V2R 1  Final Report (\N05328) 
EPRI Pro1ect Manager G Purcell 

A Summary of Area- and Time-Speeifio 
Costlng: The Appl ications and Benefits- ot 
Disaggregated Costs 
TR-106309 Final Report (W03629) 
Contractor Energy & Environmental Eoonom1cs , 
Inc 
EPRI Prqec1 Mana9e1 G Heffner 

Customer Needs in Heating and Cooling: 
Results of Focus Groups 
TR- 1066 1 3  Fina l Report (W02892) 
Contractor Barrett Consult ing Associates. Inc 
EPRI Project Manager T Statt 

A Small-Business Guide: Printers 
TR- 106676-V9 Final Repor1 [W03563-·1 ) 
Contractor. Resource Dynamics Corp. 
EPRI ProJect Manager W )<ri ll 

A Small-Business Guide: Electronic 
Components 
TR-t06676-V1 1 Final Repor1 [W03563-1 )  
Contractor. Resource Dynam1os. Corp 
EPRI Proiect Manager W Kril l 

A Small-Business Guide: Wood Preservers 
TR0 106676-V1 2  Final Report (W03563-1 ) 
Contractor Resource Dynamics Corp 
EPRI Pro1ect Manager W Knll 

A Small-Business Guide: Plastics Products 
TR-106676-V 13 Final Report (W03563- 1 )  
Contractor Resource Dynamics Corp 
EPRI Pro1ect Manager, W. Knll 

A Small-Business Gulde: Wood Furniture 
TR-106676-V 1 4  Final Report (W0449 1 J 
Contractor Resource Dynamics Corp 
EPRl Pro1ect Ma_nager W Kri ll 
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A Small -Business Guide: Apparel 
Manufacturers 
TR- 1 06676-V1 5 Final Report (W03563) 
Contractor· Resource Dynamics Corp. 
EFRI Pm1eot Mar,ager W Kr ill 

Cold Air Diffuser Application Manual: Cold Air 
Diffuser Performance and Selection 
TR-1 06730 Final Report (W03280-39) 
Contractor Titus D 1v1s1on of Tomkins Industries 
EPRI Pro1ect Managers M Khatlar. R Wend land 

Manufactured Housing Energy Efficiency 
Programs: Principles ·and Practices 
TR- 1 06804 Final Report (W02892) 
E.PRI Pto1eol Manager T Stall 

Fast Food Restaurants Computer Slmt,.1Jatlons, 
Vol. 8: Greenville, South Carolina 
TR-107205-VS Final Repart (W03544-1 )  
Contractor: Arch1 recrur111 Energy Corp 
EPRI Project Manager K Johnson 

Fast Food Restaurants Computer Simulations, 
Vol. 9: Oklahoma City, Oklahoma 
TR-i07205-V9 Final Report (W03544-1 )  
Contractor Arch itectu ra l Energy Corp 
EPR I Pro1ect Manager K Johnson 

Fast Food Reslaurants Computer Simulations, 
Vol. 1 0: Northern New Jersey 
TR-1 07205-V l O  Final Report (W03S44-1 l 
Contractor Architectura l Energy Corp 
EPRI Pro1ect Manager K Johnson 

Evaluating Customer Preferences Using 
Conjoint Analysls: Case Study of a 
Residential Heal Pump Program 
TR-1 07603 Final Report (W037 41 ) 
Contractor Research Triang le Institute 
EPR I Pro1ect Manager P Meagher 

Development of a Practical Method for 
Estimating the Thermal Efficiency of 
Residential Forced-Air Distribution Systems 
TR- 1 077 44 Frnal Report (W0384 1 -1 ) 
Contractor Ecotope, Inc 
EPRI Pro1ect Managers J Kesselring, 
S Kondepudi 

Field Testing of Aerosol-Based Sealin9 
Tectmology 
TR-1 07981 Final Report (W03B41 -4) 
Contractor· Lawrence Berkeley National Laboratory 
EPRI Proiect Managers J l<esselnng , 
S Kondepud1 

Residential Electric Fireplaces: Review 
of the State of the Art 
TR- 1 0801 3 Final Report (W0341 7-5) 
Contractor. Aptech Engineer ing Services , Inc 
EPR I Proiect Manager J Kesselring 

Airport Electrotechnology Resource 
Guide 
TR- 1 08050 Final Report (W04944-1 )  
Contractor Energy Research Group, Inc . 
EPRI Pro1ect Manaqet L Sandel l 

Lift Tru'ck Field Test Demonstration 
Hl-1 08255 Final Report (W03744) 
EPRI Pio1ect Manager G Purcell 

Performance Evaluation of Energy-Efficient 
Lighting and Office Technologies in 
New York City 
TR-1 08366 Final Report (W02890-3) 
EPRI Project Manager K Johnson 

Residential New Construction Pilot 
in Nevada Power Company Service 
Territory 
TR-1 08445 Final Report (W03841 )  
Contractor Proctor Eng1nee(1ng Group 
EPRI Project Manager J Kessel ring 

Multifamlly Housing and the Electric Utility 
lndus1ry: Chal lenges and Strategies 
TR-1 08481 Final Report [W04506) 
EPRI Project Manager: T statt 

ENVI RONM ENT 

Results of a Coql Pile and Mm Rejects 
Investigation at a Power Generating 
Station 
TFl-1 07627 F ina l Report (W09021 -3) 
Contractor Tetra Tech, I rie 
EPRI ProJecl Manager· J Goodrich-Mahoney 

GENERATION 

Fiber-Optic Sensors for Temperature 
and Strain Monlloring in Motors and 
Generators 
Tfl, 1 01 950-V2 F1r,al Report (W02487 -2) 
Contractor Bat\elle 
EPRI Pro1ect Manager J Stein 

Retrofil NO• Controls for Coal•Fired utilit\t' 
Boilers: 1 996 Update Addendum 
TR- 1 02906-Addendum Final Report (W0291 6,7) 
Contractor ENTEC 
EPRI ProJect Managers R Brown, J Stall ings 

Mainlenance Work Ma11a_gement Practices 
Assessment 
TR- 1 06430 Interim Report (W031 51 ) 
Contractor. RMG (Rel 1ab1liry Management 
Group)  
EPRI P101ect Manager R Ptlaslerer 

Strategic Assessment of Repowering 
TR-·1 06908 Final Report (ICC1 200) 
Contractor SEPRIL Services 
EPRI Pro1ect Manager N Holl 

State-of-the-Art Weld Repair Technology for 
Rotating Components, Vol. 1 :  Weld Repair of 
Steam Turbine Discs and Rotors 
TR- 1 0702 1,V1 Final Repor1 (W03963-1 )  
Contractor. EPR I Repa i r & Replacement 
Appncat 1ons Center 
EPRI Pro1ect Manager V V1s.wanathan 



PISCES Power Plant Chemical Assessment 
Model, Version 2.0: User Documentation 

CM-107036-V1-V2 Final Report 
Cootractor Carnegie Mellon University 
EPRI Pro1ec1 Manager. B Toole-O'Neil 

Cost of Providing Anclllary Services From 
Power Plants: Regulation and Frequency 
Response 

TR-107270.V2 Final Report (W04161) 
Contractor Encotech. Inc 
EPRI Pro1ect Manager J Stern 

Coat of Providing Ancillary Services From 
Power Plants: Reactive Supply and Voltage 
Control 

TR-107270-V3, -V3SI Final Report (W04161) 
Contractor. PowerGen 
EPRI Proiect Manager J Stein 

Cost of Providing Ancillary Services From 
Power Plants: Operating Reserv&-Spinnlng 

TR-107270.Y4 Rnal Report(W04t6t) 
Cootractor: Encotech Engineenng, PC 
EPRI Project Manager· J stein 

Guidelines for Hydro Turbine Fish 
Entrainment and Survival Studies 

TR-107299 Final Report 
Contractor: Alden Research Laboratory. Inc 
EPRI Project Manager· C. Sulhvan 

Information Strategies for Environmental 
Excellence 

TR-107694 Frnal Report (W04229) 
Contractors Michael Faist. Radian International 
EPRI Pro1ect Manager· M McLearn 

State-of-Knowledge Assessment for 
Waterwall Wastage With Low-NO, Burners 

TR-107775 Final Report (W04434) 
Contractot. Structural Integrity Associates 
EPRI Pro1eot Managers. B. Dooley, R Tilley 

Coal Analysis and Mass Flow Using 
Magnetic Resonance 

TR-107794 Final Report {W03938) 
Contractor· Quantum Magnetics. Inc 
EPRI Project Manager J Weiss 

Inlet Air Spray Cooler for Gas Turbine 
Power Augmentation: Plans, Specifications, 
and Test Results 

TR-108057 Final Report (W03534) 
Contractor Fern Engineering, Inc. 
EPAI Project Manager· R Fnschmuth 

Assessment of a 200-kW Fuel Cell at the 
U.S. Army Natick Research Center 
TR-108170 Final Report {W037 4 7) 
Contractor Science Appllcat10ns 1n1ernat1onal 
Corp 
EPRI Project Manager· J O'Sullivan 

Operating Practices Guidebook: Combustion 
Turbine Operation and Maintenance Costs 

TR-108332 Final Repon (W02951) 
Contractor Strategic Power Systems, Inc 
EPRI ProJect Manager· R Fnschmuth 

Guidelines for the Beneficial Use of 
Advanced S02 Control By-Products 

TR-108403 Final Report (W03176} 
Contractor GAi Consultants, Inc 
EPRI Project Manager D Golden 

Assessment of Magnetostrictive Sensor 
Technique: Detecting Flow-Accelerated 
Corrosion In Feedwater Piping 

TR-108449 Final Report (W04380) 
Contractor Southwest Research lnsl1tule 
EPRI Pro1eot Manager C Brett 

Proceedings: Cooling Tower Technology 
Conference 

TR-108483 Proceedings (W02113} 
EPRI Pro1ec1 Manager J Tsou 

Five Essays on Modern Asset Management 
Practice: New Techniques for a New Era 

TR-108818 Final Report {W03288). 
Contractors. Portal Solutions, Un1vers1ty ot Santa 
Clara 
EPRI Pro1ect Manager. M Blanco 

NUCLEAR POWER 

Nuclear Power Plant License Renewal 
Environments.I Compliance Program: 
Donald C. Cook Nuclear Plant Case Study, 
Phase 1 (Preliminary Planning) 

TR-106844 Final fleport (W04271-1) 
Contractors· Amencan Electnc Power. Halliburton 
NUS Corp 
EPRl Pro1ecl Manager. J Carey 

Natural Versus Artificial Aging of Electrical 
Components: Interim Report 1991-1995 

TR-106845 Fmal Report (W01707-13) 
Contractor University of Connecticut, Institute of 
Materials Science 
EPRI Pro1ect Mana9ers J Hutchinson, J Carey 

Application Gulde for Evaluation of Actuator 
Output Capability for Air-Operated Valves in 
Nuclear Power Plants 

TR-107321 Topical Report (W04435· t )  
Contractor Duke Engineering and Services 
EPRI ProJe01 Manager. J Hosler 

Vibration Fatigue of Small-Bore Socket
Welded Pipe Joints 
TR-107455 Fmal Report (W04366) 
Cootractor· Structural Integrity Associates. Inc 
EPRI Project Manager S Gosselin 

Generic Tests of Passive Autocatalytic 
Recomblners (PARs) foe Combuslible Gas 
Control in Nuclear Power Plants, Vols. 1-3 

1R-t075t7-V1-l/3 Fmal Report (W04224-1) 
Contractors. Comrri1ssana1 � l'Energ1e Atornique: 
Electnctte de France (cosponsor) 
EPRl Proiect Managers G Sitter, J Hosler 

Condition Monitoring Program for 4-kV 
Environmentally Qualified Motors 

TR-107524 Final Report (W03698) 
ContractorS' Commonwealth Edison Co . Kiran 
Consultants, Inc 
EPAI Pro1ect Manager J, Carey 

End-of-Cycle-11 Examinations at Farley Unit 2 

TR-107904 Final Report (W05023-1) 
Contractor Westinghouse 8ectric Corp 
EPAI Pro1ect Manager R. Patharna 

Qualification of 5-Aminopentanol for PWRs 

TR-l07948 Final Report (WOS416) 
CQf1tractor. Pedro P01nt Technology, Inc 
EPRI Proiecr Manager P Millett 

Survey of Alternate Reducing Agents for 
Secondary Chemistry Control 

TR-107949 Final Report (WOS520) 
Contractor Pedro Point Technology, Inc 
EPRI Pro1ect Manager· P Millett 

Nuclear Property Insurance Study 

TR-108061 Final Report (W03719-4, -8) 
Contractors I B Wall. ERIN Eng1neenng and 
Research, Inc . Failure Anatysls Associates, lnc
EPRI Proiect Manager· F Rahn 

The Technical Basis for the Classification 
of Failed Fuel in the Back End of the 
Fuel Cycle 

TR-108237 Final Report (W03290) 
Contractor Robert H. Jones, Consuhant 
EPRI ProJ ect Manager. 0 Ozer 

Property Damage Risk Assessment Scoping 
Study for South Texas Project Electric 
Generating Station 

TR-108261 Final Report {W03719-4) 
Contractor ERIN Eng1neerrng and Research, lflc. 
EPRI Pro1ect Manager F Rahrl 

Root-Cause 111vesti9atJon of Axlal Power 
Offset Anomaly 

TR-108320 Final Report (W0377H) 
Contrac1or Westinghouse Electnc Ca<p 
EPRI Proiect Manager- B Cheng 

POWER DELIVERY 

.Assessment of Wind Loads on Power Lines: 
Methodology and Applications 

TR-t06278 F1rial Repor1 (W04565-1) 
Contractor EPRI Power Delivery Center (Haslet) 
EPRI Project Manager P Lyons 

Evaluation of Superconducting Magnetic 
Energy Storage for San Diego Gas & 
Electric Company 

TR-106286 Final Report (W02572-14) 
Contractors Batlelle Pacific Northwest Laborato
ries. San DTego Gas & Electric Co 
EPRI ProJect Manager S Eckroad 

Longitudinal Loading and Cascading 
Failure Risk Assessment Workshop 
(March 1 8 -19, 1996) 

TR-10688A Final Report (W02016-1) 
Contractor EPRI Power Delivery Center (Haslet) 
EPRI Project Manager· P Lyons 
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Proceedings: Subst,atlon Equipment 
Diagnostics C<lnference IV 
TR-10691 1 Final Report (W02747- 1 )  
Contractor Camb1as and Assoc iates 
EPRI Prefect Manager. S Lindgren 

Longitudinal Load and Cascading Fai lure 
Risk Assessment (CASE), Vol .  1 :  Simplified 
Approach 
TR-107087-Vl Final Report {W0201 6-7) 
Contractor· EPRI Power Del tvery Center (Haslet ) 
EPRI Pm1ect Milfla,ger. P Lyons 

Evaluation of Pen-Based and Hands-Free 
Compulers for the Electr ic  Utlltty lnduslry 
TR-1 ongo F inal ·Report (W04 1 1 3- 1 )  
Contractor. Computers a l  Work, Ltd . 
EPm ProJect Manager D , MaraM;u lam 

Proceeding$: FACTS Conference 3 
TR- 1 07955 Proceec!1ngs (W03022) 
Contractor. Thomas L Weaver 
t::PRI ProJect Manager · R Adapa 

Study of FACTS Requirements for 
Cleveland Electric lllumlnatlng Company 
TR- 108 127 Final Report (W03769-7) 
Contractor Powertech Labs, Inc 
EPRI Project Manager, ,R Adapa 

Transmission P lanning in an Open 
Access Environment 
TR-1082 15  Final Report (W03573) 
Contractor . CSA Energy Consultants , Inc. 
EPRI Proiect Manager R. Adapa 

Computing lhe Magnetic Fields of High
Pressure Fluid-FIiied Cables 
TR-108269 Final Report (W07801 - 1 ) 
Contractor· C lemson University 
EPRI Pm1ect Manager W Zenger 

Advanced Corrosion Proteclion Systems 
tor Network Transformers 
l'R-1 08323 final Report {W04337 • r )  
Contractor General E lectric Co 
EPRI Pro1ect Manager B. Bernstein 

In-Service Performance of Dlstrlbulion 
Cables: Con Ed XLPE Study-Correlation of 
Oxidation Products and Insulation Degradation 
Wilh Field Failures 
TR-1 08324 Final Report (W02436-3) 
Contraelors· Lectromecharncal Desrgn Co : 
Consolidated Edison Go of New York. Inc 
EPRI Pro1ect Manager 8 Bemstein 

Proceedings: Maintenance-Free Load Tap 
Changing (LTC) 
TR-1 08398 Proceedings (W04204-1 )  
Contractor Harlow Eng rneenng Associates 
EPRI Pro1ect Manager S Lindgren 

Electromagnetlc Transient Program Field Data 
Comparison and Test Case Development at 
American Electric Power 
TR-1 08428 Final Report (W02149-1 ) 
Contractor American Electnc Power Service Corp 
EPRI  Proiect Manager. R Adapa 
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Guide for Econom'ic Evaluation of Flexible 
AC Transmlssion Systems {FACTS) in Open 
Access Environments 
TR- 108500 Final Report (W03989) 
Contractors. GE Power Syslems Energy 
Consult ing , Electnc1te de France 
EPRI Project Mana_ger R Adapa 

Development of a Practical Advanced Alarm 
Processor: EPRI/Puget Sound Energy 
Tai lored Coltaboratlon Project 
TR-1 08532 Final Report (W03708-7) 
Contractor. University of Washington 
EPRJ ProJect Manager D Sobaj1c 

STRATEGIC R&D 

Development and Testing of a Fiber-Optic 
Corrosion Monitor 
TR-104762 Fina l Repon (W0603 1-6)  
Contractor Babcock & Wilcox Co 
EPRI  Pmiec\ Managers T Passel ! .  B Syrett 

Optical pH Sensors for High-Temperature 
Env1 ronments 
TR-1 06988 Final Report ( ICC1 002) 
Contractor Research lnternat1onal , Inc , 
EPRI Pro1ect Managers T Passe l! , B Syrett 

Transient Stabil ity Assessment Uslng 
Mulli lrequency Approximalion Techniques 
TR- 1 07860 Final Report (WOBO 1 4--4)  
Cont,ar:tor Un iversity ol Nevada,  Reno 
EPRI Project Manager D Soba11c 

Interaction of Non-Iron-Based Materials With 
Water and Steam 
TR- 1 08236 Proceedings (W09003) 
EPRI Pro1ect Manager B Dooley 

Evaluation of ceramic Materia ls for Use in Gas 
Turbine Components 
TR-1 08260 Final Report (W0851 2-5) 
Contractor. Genera l Electnc Co 
EPRI ProJect Manager . W Bakker 

1 997 Proceedings: Instrument Calibration and 
Signal Validation Workshop 
TR- 108292 Proceedln_gs (WOB003) 
EPRI Pro1ect Manager· J . We iss 

Security Supervisory Control in Electric 
Power Systems 
TR-1 06327 Final Repon (W08030) 
Comractor. Drexel UnNersity 
ERR! Pro1ecl .Manager D. Sobajic 

Effects of FACTS on Power System Dynamics 
TR- 106328 Frnal Report (W08050) 
Contractor University of Cal ifornia , Berkeley 
EPRI ProJecl Manager D SobaJ1c 

Flywheel Energy Storage 
TR-1 08376 Flnal Report (W09000) 
Contractm Daedalus Associates, Inc 
EPRI .ProJecJ Manager J Stnnger 

New 
Computer 
Software 
Orders for EPRl-developed soflware shou ld be df
rected to tile Electric Power Software Center, 1 1 025 
North Tocrey Pines Road. La Jolla ,  California 92037, 
(800) 763-3772 

CAFTA 
Version 3 1 a  (Windows) 
Contractor Science Applications lnlernat,onal 
Corp 
Business Area· Nuc lear Power 
£PAI Proleot Manager Fran� Rahn 

C-VALU 
Version 2 50 (PC-Windows) 
Contractor Chr istensen Associates 
Business Area Power Markets & Resource 
Mar1agement 
EPRI ProJect Manager. R ichard Goldberg 

DESK BOOKrM : Residential End-Use 
Technologies 
Version 2.0 (Macintosh) 
Contractor. Energy International , Inc 
Business Area· Res ident ial Technolog ies & 
Se1V1ces 
EPR I Pro1ect Manager- John Kesselr ing 

EMTP '96 
Version 8 O (Windows 3 1 , windows '95, Sun-OS, 
Sun-Solans) 
Contraclor. Ontario Hydro 
Business Area Gnd Operations & Planning 
EPRI ProJect Manager Ram Adapa 

ESCO RE 
Version 1 B-MOD03 (PC-DOS, UNIX) 
Contractor Anatech Corp 
Business Area· Nuclear Power 
EPA! Pro1ect Manager· Suresh Yagnlk 

GesPlao: A Gas Procurement and Operat ions 
Plannfng Tool 
Version 1 5 1  (PC-Windows) 
Contractor Applied Decis ion Analys is  
Busrness Area Power Markets & Resource 
Management 
EPRI Project Manager Richard Goldber_g 

GOTHIC: Generation of Thermal Hydraul ic 
Information In Containments 
Version 5 Oe (PC-DOS, UNIX) 
Contractor. Numerical Applications . Inc 
Business Area Nuclear Power 
EPRI ProJect Manager· Avtar Singh 

Power DOE™ 

Version 1 O (PC-DOS) 
Contrac!o1 J , J Hi rsch & Assoo1aies 
Business Area Commercial 1echnolog1es & 
Services 
EPRI ProJecl Manager. Kar l Johnson 

WASTECOST-Wet 
Version 1 09 (PC-DOS) 
Contractor Nosh Productions 
Business Area Nuclear Power 
EPRI Project Manager, Carol Hom1brook 



EPRI Events 

OC'Tt>BER 

7-8 
Motor RNfnd CourN 
Wharton, New Jersey 
Contact: Peggy Amann. (650) 855-2259 

7-8 
REEPS Software 'hlnlng 
San Diego, Cal ifornia 
Contact Paige Schaefer, (800) 398-0081 

7-9 

ll1hNcl Thermogrmphr: Lewi 3 
Long Beach, California 
Contact; Esther Blanco. (662) 493-7741 

7-9 
PCI Poww COllllnp 
Charlotte, North Carolina 
Contact Eileen Mauro, (61 4) 421 -3440 

7-9 
Worbhop on Slmuletor AcceplmiceTeet 
Pn:IC9durM 
Kittanning, Pennsylvanla 
Contact Sarah Vanberg, (816) 235-5623 

7-10 
Hydrogenel'8lor MlllnlilRlnc:e Cot.ne 
Boise, Jdaho 
Contact: Karen Goodeve, ( 4 16) 620-5600 

8-10 
Uv. WorldnO 2000 WOrtcahop 
Lenox. Massachusetts 
Contact: Kathleen Lyons, (650) 85&-2656 

8-10 
Substation and Swtll:hyBrd PnldlctlV9 
Maintenance 
Eddystone, Pennsylvania 
Contact: John Niemkiewlcz, 
(800) 7 45-9982 

�10 
COMMEND Softwwwn.lnlng 
San Diego, California 
Contact Paige Schaefer; (800) 398-0081 

13-14 
INFORM Software 1nllnng 
San Diego, California 
Contact Paige Schaefer, (800) 398-0081 

13-17 
C� Unlt � CourN 
Kansas City, Missouri 
Contact: Sarah Vanberg , (8 1 6) 235-6623 

14 
Appllcatlona of UoloN and Drl"9I 
Kansas City, Missouri 
Contact: Carrie Koeturius. (51 0) 525-1 205  

14-17 
Circuit er.- 11!9p8Ctlon and Ov9rhlUI 
Long Beach, California 
Contact: Esther Blanco, (562) 493-7741 

14-17 
Safety Ind Retllf VIM Worbhop 
Huntsville, Alabama 
Contact Linda Suddreth, (704) 547-.61 41 

15 
Pow9r Quelty Mltlg8llon 
Baltimore, Maryland 
Contact: Carol Holt , (650) 855-2808 

15-17 
M8111'811MC8 Proficiency E� 
Charlotte. North Carolina 
Contact: Brent Lancaster, (704) 547-6041 

15-17 
EPRM>OE WlndTurt!N Vel1flc:Mkll"I 
Program Worbhop 
Green Bay, Wisconsin 
Confact: Julie Fennel l ,  (650) 8.55-1009 

15-17 
EPRI lwtl**"P for lndustrlal 
Comp8llltvenMa 
Allentown, Pennsylvania 
Contact 8111 Smith. (650) 855-241 5  

1 8--42  
u.n.glng 1he Martalllng Re1111rch Procw 
In • D9regulalld Envlrorvnlnt 
Dallas, Texas 
Contact Heidi Beck. (888) 334-3774 

� 
llunldpll Wmr and Wastaundllr 
COfflpMltlwl- � 
San Francisco, Galifornia 
Contact: MyrOfl Jones, (650) 855-2993 

2041 
Power Quality for the Polymer Proc111lng 
lndumy 
Charlotte, North Carolina 
Contact: Karen Forsten, (423) 570-2418  

20-24 
lnfrlf8d Tbennogrlphy: Level 2 
Eddystone. Pennsylvania 
Contact: John Niemkiewicz, 
(800) 7 45-9982 

20-24 
S1Nln Pltt1t Operadona tor Uttllly eng..,..,. 
Kansas City, Missouri 
Contact: Sarah Vanberg, (816) 235-5623 

20-24 
act Annual Dl.trtbu111d RNourcN eoc,..,.ice 
Baltimo(e, Maryland 
Contact: Lori Adams, (650) 855-8763 

21-23 
n..mlulon IMpedion and Melnl111anc:e 
Sy9llm l'rlllnlng 
Atlanta, Georgia 
Contact: Kathleen Lyons, (650) 8.55-2656 

22-23 
MANAGES and MOSES MP Sc,ft-,. 
Tralnfn9 
Charlotte. North Carolina 
Contact; Adda Quinn, (650) 855-2478 

23-24 
HELM Softw#e l'nllnlng 
Dallas. Texas 
Contact Paige Schaefer. (800) 398-0081 

23,44 

SUccwtul Seling In ......... 1llbl'lcdon 
Columbus, Ohio 
Contact: Bleen Mauro. (61 4) 421 -3440  

24 
HNI Rllle lmprov9"IMI COUIW 
Long Beach, California 
Contact Esther Blanco, (562) 493-7741 

26-30 
11117 EPAI Pwbmence ...........,.. 
Wo,btlop 
Denver, ColoradO 
Coolact Lynn Stone, (972) 556-6529 

27� 
OASIS eon..a 
Danvers, Massachusetts 
Contact: Peggy Amann, (650) 855-2259 

2748 
Pow9r' Qumfty Maull,u Wo,bhop 
Knoxville, Tennessee 
Contact Lisa Nederhoff. (423) 570-801 4 

2749 
NMAC Wotbhop on stallOnlry a.tllry 
Malnilenance 
Atlanta, Georgia 
Contact: Linda Suddreth, (704) 547-.6141 

27-31 
Boller Os-llllngl'hw)' FundMlelllall 
Kansas City, Missouri 
Contact Sarah Vanberg, (816) 235-5623 

2&-30 
AchllVlng SucceN In Evolving Elactrtclly 
M9rbla 
Houston, Texas 
Contact Michele Samoulic:Jes, 
(650) 8.55·21 27 

21 
Screening �  Powlr 0.Mallufl 
Opllona 
Pittsburgh, Pennsylvania 
Contact: Margo Norman, (7 13) 963-9306 

29-31 
FoNII Pf-,f w.ldlng WOrlclllOp 
Charlotte, North Carolina 
Contact Brent Lancaster. (704) 547--6041 

29-31 
Power Quallty Adwlnced1'1'81M1g 
Knoxvll!e, Tennessee 
Contact: Lisa Nederhoff, (423) 570-8014 
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30 
Specialty Chemicals Md Phannaceutlcal 
Initiative 
Phi lade lphia. Pennsylvania 
Contact: Margo NoITTJan, (7 1,3) 963-9306 

NOVEMBER 

s�s 

Power Quality lntenist Group 
San Diego, California 
Contact Carrie Koeturius, (51 0) 525-1 206 

� 
AA>Hcations of Motonl and Drives 
Omaha. Nebraska 
Contact: Carrie Koeturius, (510 )  525-1 205 

4-6 
Fossil � Personnel Profidency 
Evaluation Training 
Charlotte, North Carolina 
Contact: Brent Lancaster, (704) 547--6041 

4-6 
Transmlulon lnspeo11on and Maintenance 
Sys18m Training 
Dallas. Texas 
Contact Kathleen Lyons, (650) 855-2656 

5 
PO-DeBUG Meeting 
San Diego, California 
Contact: Carrie Koeturtus. (510) 525-1205 

5-7 
Fuel Supply Seminar 
Chattanooga, Tennessee 
Contact Megan Boyd, (650) 855-791 9  

6 
Eleclroaynlhesis Sympoelum 
Clearwater, Florida 
Contact: Jigar Shah, (41 2) 826-3068 

9-12 
Electric Fumace Conf9renoe 
Chicago, I llinois 
Contact: Joe Goodwill. (41 2) 268-3435 

10 
Integrated Cycle Chemistry Improvement 
and Bollerl\abe Failure Reduction 
Training 
Nashville, Tennessee 
Contact Michele Samoul ides, 
(650) 855-2127 

1�1 1  
AA>llc:atlon and Development of 
Superconducting Cablee 
Cdurnbia, South Carolina 
Contact Kathleen Lyons. (650) 855-2656 

1�12 
WOl'Mhop on Decision Analyals for utlllty 
Planning and M� 
San Diego. California 
Contact Peggy Prater, (650) 855-2951 
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1�14 
Simulator lnstrucllOr Operations 
Cou'98 
Kansas City, Missouri, 
Contact: Satah Vanberg, (816) 235-5623 

1 1  
Appllclltlorl8 of Moton an d  DriYN 
Washington. O.C. 
Contact: Carrie Koeturius, (5 10) 525-1205 

1 1-12 
Forecasting In e Compeffllve Electrlclly 
Merbt 
Arlington, Virginia 
Contact Lynn Stone, (972) 556-6529 

1 1-1 3 
BollwTube Fellure 
Nashville , Tennessee 
Contact Michele Samoulides, 
(650) 855-2127 

1 1-13 
Lubrication OIi Anelyata 
Long Beach, California 
Contact : Esther Blanco, (562) 493-77 4 1  

12-1 4 
Managlff!I Hazardous Air Pollutan1a 
Washfngton. D.C. 
Contact: Lori Adams. (650) 855-8763 

12-14 
Root-Cause Analysls 
Eddystone, Pennsylvania 
Contact John Niemkiewioz, 
(800) 7 45-9982 

14 
lntegrlllad Cycle Chemistry Improvement 
and Boller Tube Fall1.n Reduction 
'h'alnlng 
Nashville. Tennessee 
Contact: Michele Samoulides, 
(650) 855-2127 

1�20 
NAAS'TO (North American Aellearc:h Stral8gy 
for1ftlpospherfc Ozone) SClence Symposium 
West PaJrn Beach, Florida 
Contact: Meredith Srnith, (650) 85&-2464 

18-20 
The Fu1ur9 of Power Dell-, In the 
21st Century 
La Jolla, Ca,lifomra 
Contact: Melita Guetlert, (650) 855-201 0 

19 
Work8hop on Envlronmenlal Issues of 
Dlefectrtc FluldS 
Long Island, New York 
Contact: Steve Lindenberg, 
(202) 293-6184 

DECEMBER 

1-3 
Power QualltyTechnlcal Training 
Knoxville. Tennessee 
Contact: Lisa Nederhoff, (423) 57�8014 

2-4 
1'r1IMmlulon Inspection #Id �  
1'wlnlng 
Las Vagas, Nevada 
Contact: Kathleen Lyons. (650) 855-2656 

8-9 
Generator Rminlng Ring WDrbhop 
Miami. Florida 
Contact: Michele Samoutides, 
(650) 855-21 27 

8-1 1 
CHEC-T lJutos Group 
Reno. Nevada 
Contact: Megan Boyd, (650) 855-7919 

8-1 1 
EPRIINMAC Pump Melntenence Worbhop 
Charlotte, North Carolina 
Contact: Linda Suddreth. (704) 547-6141 

8-12 
Dru,n-Type CoeM=lrad S1Nm Plent 
OperaUona 
Kansas City, Missouri 
Contact: Sarah Vanberg, (8 16) 235-5623 

9-10 
tnsui.tor-Aglng Workshop 
Palo Alto, California 
Contact: Bruce Bernstein, (202) 29�751 1 

9-12 
NudNr Utility Procunlmentlhllnlng Course 
Charlotte. North Carol ina 
Contact: Brent Lancaster, (704) 547-6041 

1�1 1  
Anclll8ry Services Worbhop 
Miami. Florida 
Contact: Michele Samoulldes, 
(650) 855-2 1 27 

1�12 
lnlemellonel Conferw1ce on ln8trumentallon 
encl Control luuea In Nuclear Ponr PlmrllS 
St. Petersburg, Florida 
Contact Melita Guellert. (650) 855-2010 

1S-17 
14th �1n.,.t1111-n181kx...._181 Ellctrtc Vehicle SyfllPC)Mlffl 
Orlando, Florida 
Contact Pam Turner. (650) 548-031 1 

JANUARY 1998 

4--1 
� Elac;OobiehilofoglN for 
Compellllve AcMntage 
Lake Buena Vista. Florida 
Contact: Bleen Mauro, (614) 421 -3440 

14-16 
NMAC Selety and Rellef VIIMI u_.. Group 
Orlando, Florida 
Contact Linda Suddreth, (704) 547-6141 

1:1 
411\ CMP Sympollurn on Eleatric Ans 
ful'TIIIC9 Du.t'll'Ntment 
Pittsburgh, Pennsylvania 
Contact Joe Goodwill, (41 2) 268-3435 
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