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PRODUCTS

EPRI-sponsored deliverables now available to ufilities and their customers

Inteniivar

An advanced static volt-ampere-reactive compensator (5VC) for the distribution
system, [ntelliVAr is designed to mitigate frequent, nonoutage power line distur-
bances, such as voltage flicker. Developed by Power Quality Systems, Inc., under
the spansorship of EPRI and the ™ational Rural Elctric Cooperative Association,
IntelliVAr uses power #lectronics-based technology to control voltage fluctuation
and improve power factor. The device is small enough ta be mounted on a platfarm
or a pole. Another advantage is that it can be connected directly to the distribution
line rather than requiring the pad-mounted coupling transformers typically used
with SVCs at distribution voltages. IntelliVAr is adaptable to three-phase or single-
phase power and ran zasily b relicated te other sitis when loads change.

- . For more information, contact Ashok Sundaram, (650) 855-2304. To order, call Power
[LA . S B, - £ Quality Systems, (412) 464-1295.

COURTESY POWER QUALITY SYSTEMS, INC

Hydropower Guidebook

Power customers, boaters, anglers, environmental groups, and
Mative American tribes are aming the diverse stakeholders
whose needs must be considered in relicensing hydroslectric
plants. EPRI research suggests that improved communication
and early and frequent interaction with these stakeholders can
help réduce the controversy and delays associated with tradi-
tional relicensing approaches. This report, Water Resource
Management and Hydropower: Gisidebook for Collaboration and
Public fvolvenient (TR-104858), helps power companies estab-
lish a robust and effective public outreach program. Using this

reference, a company can proactively invilve a cross section of stakeholders representing all water resource interests (rather than
just agencies and intervenors) and can develop a water management plan that reflects the interests of the community it serves.
For more information, contact Chiick McGowin, (650) 855-2445. To order, call the EPRI Distribution Center, (510) 934-4212.

Nuclear Waste Guidelines

Properly characterizing all low-level radioactive waste streams is
an essential element of an effective waste management program.
This repirt, Low Level Waste Characterization Guidelines (TR-107201),
is designid to lead utilities through the waste characterization
and discumentation processes. [t prissent= an overview of wasti
characterization, emphasizing representative sampling, the use of
laboratory data to develop =caling factors, the determination of
radionuclide content and waste classification, and future rad-
waste manifest requirements. With the help of these guidelines,
utilities can reduce total characterization program costs, avoid
overreporting key nuclide activities, and make informed deci-
sions that take into account ultimate waste management.

For more information, contact Carol Hornibrook, (650) 855-2022.

To order, call the EPRI Distribution Center, (510) 934-4212.




Rivrisk

This interactive Windows-basw:d model for per=onal computicrs
simulatis the fluw of power plant releases into rivers so that
power companies can better manage such releases. With RIVRISK,
users can predict the concentrations of chemical releases, the
changes in water temperature nesulting from thermal releases,
and the potential human health and ocological risks of releases.

Thi# program contains an gnvironmintal chem-
istry module to help users determine the
effects of various environmental processes
on chimicals released inti riviers. The
speciation of metals in a river can also

bis investigated by using RIVRISK’s

metal speciation database.

For more infornm!mn, contact

Robert Goldstein, (650) 855-

2593. To order, call the Electric

Power Software Center, (800) 763-3772.
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Market Reports

Telecommunications companies, airlines
banks, and many other businessas havy
undergone deregulation in recent years, and
electric utilities can learn i lot from thair
experignces. EPRUs Best Practices in Strategic
Market Management (TR-106043) offers detailed
case studies of companies from various in-
dustries that have successfully completed this
transition to retail competition. A companion
report, Five Essential Tests of Market Strategy
(TR-106389), details five strategic market
management principles that power cimpa-
nies can use to keep their marketing plans on
the right track.

Formore information, contact Thom Henneberger,
(650) 855-2885. To order, call the EPR! Digstritni-
tion Center, (510) 934-4212.
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New Center Tests EPRI Soft-
ware for Asian Markets

A new Center of Excellence (COE) has been
established at the University of Hong
Kong’s Department of Electrical and Elec
tronic Engineering to demonstrate and mod
ify EPRI 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 sophisticated computerized tech-
niques. However, these power systems dif-
fer significantly from the North American
systems for which the EPRI software was
originally designed. Work attheHong Kong
COE, led by Professor Felix Wu and Associ-
ate Professor Elsie Ni, will focus on identify
ingand resolving potential problemsinap
plying the software to Asian power systems

Asian and American power systems
have major differences in planningand o p
erating standards and in data collection
practices and formats. Also, Asian utilities
use a mix of locally manufactured and im-
ported equipment with widely varying
characteristics. At the same time, some ad-
vanced technologies-—such as Flexible AC
Transmission System {FACTS) controllers—
are being deployed in Asia. Modifications
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to the EPRI software are therefore likely to
include provisions for data format conver
sion, different operating considerations,
and the modeling of FACTS devices and
other equipment in the Asian context.

Initially the Hong Kong researchers will
concentrate on using EPRI software to ana-
lyze two major representative Asian power
systems. One is the East China 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-
ment and to help the utilities involved ad-
dress some of their most pressing system
needs. In addition, the COE will hold short
courses foracademics and utility personnel
from throughout Asia on how to use the
EPRI software.

According to David Becker, EPRI’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 lines; UTWorkstation, for analyzing and
upgrading underground transmission sys
tems; and EMTP, for simulating high-speed
transient effeck 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 EPRI’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

Focus on international research and alliances

widely considered to be the industry stan-
dard. Workat the Hong Kong Center of Ex-
cellence will help make these computer
programs more available and applicable to
Asian power systems.”

m For more imformation, contact Mark Lauby,
(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, EPRI researchers used an EPR}
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. In 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 inciuded 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 EPRI’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 expers
there learn how to use the software.

Charles Clark, EPRI'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 country’s energy ministry. Clark notes
that the analysis of the two-part tariff that
EPRI designed in this project will be of in
terest to utilities in many other countries.
m Forniore imformation, contact Charles 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, US. plants—
and most plants worldwide—have
been specifically designed for that
possibility EPRI has closely studied
seismic activity over the past 10
years and has collected data to help
ensure the continued integrity of nu-
clear power plant components.
Through an ongoing project in a
seismically active region of Mexico,
EPRI 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. In collaboration with
the Centro de Instrumentacion y Re-
gistro Sismico—a nonprofit Mexican
research organization that installed
a seismic early-warning system for
the Mexican government after the
earthquake that devastated Mexico
City in 1985—EPRI has installed so
phisticated monitoring instrumenta-
tion at three industrial sites in Mex-
ico. Data culled from these sites are

being used to determine how the facili-
ties” equipment performs in a strong earth-
quake.

Installed in 1992, the monitoring instru-
mentation has already collected data from
several small earthquakes and one large
one So far, the news—as expected—is
quite good, says Robert Kassawara, EPRI['s
manager for the project. “This effort has
verified theindustry’sworkover the {ast 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 Manzanillo on October 9, 1995,
are included in a detailed EPRI report (TR
108478) tobe published this fall. These data
were recorded by instrumentation installed
at the Manzanillo power plant, a large oil-

and gas-burming plant owned by Mexico’s

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

Manzanillo, collapsed during the earthquake on
October 9, 1995, killing 40 people.

national utility, Comision Federal de Elec-
tricidad. Similar instrumentation is also in
place at a steel mill in Ldzaro Cérdenas 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 that the firsthand ex-
pericnce gained through this project is a
critical contribution to the industry’s un-
derstanding of earthquake effects. In fact,
EPRI’'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 Commmission 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 Manzanilio 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-
tation installed 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 wiil

PHOTOS COURTESY EQE INTERNATIONAL

continue. Results will be assessed
and reported annually.

m For more mfornation, contact Robert
Kassatara, (650) 8552775.
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DISCOVERY

Fighting Frost in Heat Pumps

tilities recognize that heat pumps play an important
role in retaining and increasing electricity’s share of
the commercial and residential heating, ventilating,
and cooling market. While each season can cause special
problems for heat pumps, winter poses the biggest concern,
since the pumps often exhibit 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 pump must be switched to the defrost mode. At the end of
the defrost period, the pump switches back to the 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 studies have been done specifically on
hydrophobic coatings for heat pump applications.
To assess the performance of such coatings on heat
exchanger surfaces, EPRl commissioned a research team at
g Texas A&M University to study the effects of a silicone-based
coating and an acrylic coating through bench tests and tests
on actual heat pump evaporators. The researchers gathered
extensive qualitative and quantitative information on dnap
size distributions, measured heat and mass transfer coeffi-
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cienw, and performed digital microscopy on the condensed
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Basic science and innovative engineering at the cufting edge

The coatings were sprayed on an already assembled heat
exchanger, and their performance was compared with that of
an untreated aluminum surface. The siliconebased polymer
coating provided a superb hydrophobic surface, and both the
polymer and acrylic coatings were found to reduce the
adhesion of water droplebs.

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
uncoated heat exchanger section, the silicone-coated section
showed a 38% reduction in the amount 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 perfarmance. Additional
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.

The Texas A&M researchers also studied whether acrylic
or siliconebased coatings would make heat exchanger surfaces
resistant to corrosion and whether the coatings could enhance
the removal of moisture from the coils of air conditioning
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 air 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 i 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
companies, may be even more effective for heat
pump and air conditioning units than those tested.
u For more information, contact Sekhar Konde 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

urified gases, such as oxygen, are found everywhere—

on board planes, in hospitals, and in dectors’ 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 te produce
them. A study conducted in 1991 found that ot the total
energy consumed hy the chemical and petrochemical industry
(5.8 quads a year), nearly half was devoted to the separatien
of gases. Consequently, the industry is extremely interested in
finding faster, less expensive means of separation, Doing %o
weuld translate into lower overall costs for the
industry and might alsa result in cost savings for

drying, can develop the required fine pore size distribution
and can withstand high temperatures. These fabricated
membranes have operated consistently at temperatures up to
200°C, which is ideal, and they can also withstand harsh
chemical environments and aggressive cleanup after fouling,
L=ing carbon dioxide and methane as the model gas
mixture, the rasearchers found that at each level of permeabil-
ity, the selectivity of the inorganic membranes was at least one

the end wser.

The gas separation industry now relies primar-
ily on distillation and cryogenic separation pro-
cesses, both of which are energy-intensive. To
improve efficiency, the industry would prefer to
use membranes for purification. A membrane
works basically like a sieve, allowing some mole-
cules te pass through its surface while blocking, the —

passage of other, larger melecules. For membranes
to be an efficient means of separation, they must
have high mechanical strength, a wide operating-
temperature range, good selectivity, and goed permeability.

Organic mermbranes, while effective in seme uses, are not
universally applicable, since they have low mechanical
strength and are limited in terms of operating temperature.
Although existing inorganic membranes show good stability
and strength, their pore size—in the 5-nm range—is too large
to allow good selectivity. In order for inorganic membranes to
be competitive, their selectivity must be improved by signifi-
cantly reducing their pore size—without sacrificing perme-
ability (i.c., without reducing the amount of gas that can flow
through the membrane).

EPRI, the Gas Research Institute, and the Mational Science
Foundation’s Bivision of Chemical and Transport Syslems
jointly funded a study at the University of New Mexico to
develop more-effective inorganic membranes. The chjective of
this effart was to develop rugged inorganic membranes
combining good selectivity and permeability with thermal,
chemical, and mechanical stability. The results proved so
promising that EPRI and the University of New Mexico have
jointly submitted a patent application for consideratien.

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

Porous
layer support

Membrane Mesoporous
order of magnitude greater than that of organic membranes,
Titanium-moditied films also showed very high nitrogen-
methane separation factors (above 20) at temperatures be-
tween 120° and 220°C; organic membranes have a separation
factor of only 3. Finally, the inorganic membranes were
deemed stable in hot, humid air for at least two and a half
menths.

Then are a variety of potential applications for rugged
inerganic membranes. In the chemical and petrochemical
industries, they could separate impurities from natural gas.
In haspitals, small on-site oxygen generatore weuld be far
easier to transport and use than large metal tanks of oxygen.
As for utilities, lower-cost air separation would be beneficial
in coal gasificatien—combined-cycle plants. The membranes
might also be used to separate nitregen oxides from the flue
gas of cenventional power plants, providing a low-cost way
to decrease MO, emissions to 2 much lower level than is
currently possible.

m For more information, contact Wate Bakker, (650) 855-2462.
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LLUSTEATION Pidelill #-# ilY ROE BARBER

With annual sales of almost $300 billion, electricity represents the country’s

fter decades of enjoying regulated

menopoly markets and rclatively

stable financial returns, electric

utilities suddenly face rising com-

petition, unprecedented market

uncertainties, and substantial fi-

nancial risks. How well thuty

handie these risks will largely determing

which utilities survive and prosper in the
new era of deregulation.

For a regulated business, the range of
probable returns on investment is usually
quite narrow and almost never negative:
as long as regulators deem an investment
prudent, there is very liitle chance of los-
ing money. Risk is essentially passed along
to conswumers through rate adjustments,
which compensate for market uncertain-
ties like fuel price fuctvations. For a busi-
ness in a highly competitive market, how-
ever, the range of possible returns is much
broader—with more epportunities to in-
crease profits but also a significant poten-
tial for suffering financial loss. Ultimately,
the burden of risk is passed on to in-
vestors, not customers, and risk manage-
ment becomes a daily business concern.

Risk is especialtly high in volatile com-
modity markets, where prices may fluc-
iuate widely and quickly. And as de-
regulation makes electricity more of a
commadity, the growing spot market for
wholesale power promises to be consider-
ably more volatile than other energy mar-
kets, Because electricity is not readily stor-
able and must be generated
in virtually instantaneous re-

sponse to changing demand, it B

can experience larger swings

in price during a single day m:rﬂ
than oil or gas may encounter 74 g e

in a whole year. Other factors  ayailability
contributing to high volatil- Geograptic

ity include constraints on the  yarjability

power delivery network (sur-

plus power in Washington state  waather

cannot be used to alleviate a
surge in demand on hot days
in Georgia, for example) and
the need for almost limitiess
availability (as one industry

history

Absence of market

wag puts it, “We can’t give a busy signal”).

With annual sales of almost $300 billion,
electricity represents the country’s largest
commodity market—bigger than the mar-
kets for natural gas and crude il com-
bined. It’s no wonder, then, that deregu-
lation of the U.S. transmission grid has
already attracted a large number of inde-
pendent power marketers and produced
stunningly rapid growth in wholesale
transactions—from less than 10 million
MWh in 1884 to nearly 140 million MWh
two years later. Utilities thus find them-
selves exposed not only to the inherently
greater risks of a deregulated market but
also to competition from a new breed of
sophisticated, aggressive market players.
Enren Corporation, for example, the na-
tion’s largest independent power mar-
keter, recently increased its transactien vol-
ume more than sixfold in a single year—to
some 20% of the wholesale market.

[ow can electric utilitivs manage such
unaccustomed levels of financial risk? A
vartely of analytical tools for assessing and
limuting risk have been developed over the
past two decades for use in commodity
markets, As eleciric power becomes more
of a comuodity, these risk management
techniques need to be adapted for use by
utility power marketers. The Power Mar-
kets & Resource Management (PM&RM)
Target in EPRI’s Pewer Delivery Group has
beceme a leader in this product develop-
ment area,

What Makes Electricity Prices So Volatile?
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Betting the ranch

Everyone engages in semc ferm of risk
management. One of the most common
risk management strategies, for example, is
purchasing home insurance—thal is, pay-
ing someone else 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 unwilling to “bet the ranch” by relying
solely on their own resiources, although the
probability of fire or theft is small. Even if
a person can afford to rebuild the house
and replace its centents, self-insurance has
a hidden cost: keeping enough funds on
hand to cover such an emergency would
mean forgeing investment opportunities.
Electric utilities facing deregulated mar-
kets will have to adopt new strategies of
risk management, often using unfamiliar
financial instruments originally developed
in other markets. In the past, utilities used
overcapacity as a form of insurance, pass-
ing the cost on ko customers, and also kept
cnough capital available to handle rou-
tine financial obligations. Using such tradi-
tiomal risk management methods to cope
with a volatile, competitive market for elec-
ttic power, however, is the business equiv-
alent of betting the ranch. Companies that
can’t manage the new risks successfully
may lose money and eventually be taken
over by stronger market players. In a dereg-
ulated environment, capital that formerly
might have been set aside for self-insur-
ance or new facilities can be
invested in nenelectric enter-
prises. For example, there is
already a trend among some of
the financially strongest pow-
er companies to make invest-
ments enabling them to offer
customers innovative service
packages that combine elec-
tricity, gas, telecommunica-
tions, and Internet access.
Among the new risks that
could threaten a company’s ex-
istence, one of the most press-
ing involves stranded invest-
ments. The book value of elec-



largest commodity market—bigger than the markets for natural gas and crude oil combined.

tric power industry assets, which is based
on construction costs and expected returmn
under regulated rates, is close to $1 trillion.
However, the assets’ market value, 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, would have
to be devalued in order to reduce its rates
to currently competitive levels. Such deval-
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 wil] 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 enthance their
overall value. Risk-based valuation meth-
ods that explicitly incorporate tixe value of
uncertainty representa significantadvance
over traditivnal approaches. EPRI has pub-
lished a set of reports summarizing these
techniques: Valtting Generation Assets in U 1
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. Pricingrisk, forexam
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 instruinents.

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 the
contract is called a derivative.

There are two basic kinds of derivatives:
forward contracts and options contracts. In
the case of electricity, a forward contractis
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 which nstrumenls very
similar to forward contracts can be traded as
independent entities by third parties. These
exchange-traded instrumenté are called fu-
tures contracts. The New York Mercantile
Exchange (NYMEX) now provides a futures
market for electricity contracts written for
delivery at two locations: the California-
Oregonborder and the Palo Verde generat-
ing complex in Arizona. The ever-changing
value of these contracts is quoted daily in
the Wall Street Journal, along with quota-
tions from other commodity markets. Be-
cause of the constraints facing power d e
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 sellrather than the obligation
carried by forward or futures contracts. A
call option confers therightto buy a given
amount of power at a specified price-~the
strike price. A put option confers the right
tosellata specified price. (If a put or a call
can be exercised only on a designated fu-
ture date, it's called a European option. If it

EPRIJOURNAL  Septembaer/Octeber 1897 11

PHOTO COURTESY NEW YORK MERCANTILE EXCHANGE



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

Unlike forward and futures contracts,
individual options create asymmetrical lim-
its onrisk. Sincea call option cannotbe e
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

500

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 fuiture
quantity of natural gas with its Btu equiv-
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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.

fora 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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alent of electricity Most electricity op-
tions and combination derivatives are
now traded between individual parties,
buta 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, rivaling or exceeding
volumes of other energy products.”
Obviously, trading in derivatives can
also create new risks. These instruments
are highly leveraged; that s, 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

Electricity has a young futures market and lacks the history of market-based

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 fallback 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 specifically designed to
handle the volatility and uncertainty in to-
day’s electric power market. EPR] has re-
cently developed a software product that
can meet these requirements and more.

The Electricity Book

In the parlance of financial markets, abook
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. EPRI’s Electricity Bookis a computer
program that pravides a database for such
information and combines it with market
descriptions to calculate the market value
of current assets, project future cash flow,
and reveal exposure to various financial
risks. The Electricity Book can be used by
utility financial officers, power marketers,
and resource 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 | take? How fre-
quently might I 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 witlh uncer-
tainty and uses option valuation theory and
simulation techniques derived from Wall
Street commodity-trading experience.



Providing answers that are appropriate
to a particular company requires not only
computational capacity but also judgment.
Electric utilities vary widely in their risk
management preferences, and an attrac-
tive feature of the Electricity Book is that it
provides graphics that clearly illustrate the
risk exposure inherent in current and pro-
jected portfolios.

Orne of the most convenient ways to

view risk is a graph that presents a cumu-
lative probability distribution of the net
present value (MPV) of future cash flow.
The lower tail of this S-shaped curve shows
instantly how much chance there is of los-

ing money. Traditionally, utility cash flew
curves rose steeply at the expected value,
indicating little probability of going much
highier ar lower. With deregulation, how-
ever, the curves have broadened consider-
ably, with tails that cress the zero-Mpv
level—indicating the probability that the
current portfolio will produce negative
cash flow. As a manager tries out various
hedging scenarios, the Electricity Book in-
dicates how each of these would affect the
shape of the NPV curve. For example, a
utility might buy a put option to eliminate
the risk of having to sell power below a
critical price—thus shifting the WPV curve

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

to the right so that its tail no longer ex-
tends into negative territory.

Another important way to demonstrate
the effects of varicus risk management
strategies is to plot expected cash flow
threugh time and indicate uncertainties
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 uncertainty 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 strat-
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egy. The first of these—called delta, follow-
ing the standard terminology of financial
markets—indicates a portfolio’s exposure
to market volatility. Sometimes known as
the hedge ratio, delta is defined as the
change in portfelio value resulting from a
change in the price of theunderlying com-
modity. 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 ganuma 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 asscss their current risk e x
posure and evaluate alternative hedging
strategies,” says Art Altman, manager of
wholesale risk management research. “But
I want to emphasize that the Electricity
Book represenis only one part of EPRi’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 stuclics. These
case studies give the participating utilities
achanceto benefit from working with EPRI
experts to customize the new teclmicgues 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 Book, a
user must supply not only detailed infor
mation about a particular utility porifolio
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,
forward 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-
putto the Electricity Book, thesecurves are
useful in calculating the market value of
current assets and in creating a profitable
mix of retail products.

In a commodity market, forward curves
serve as the critical benchmark of value.
Projections of higher future prices increase
the current value of production facilities
and purchase agreements. Conversely, a
dedlining forward curve increases the
value of existing sales agreements and a
utility’s customer base.

A forward curve, however, is not the
same as a price forecast. As Vic Niemeyer,
PM&RM’s manager for power markets, ex-
plains, “Price forecasting, as such, is not
that useful for risk management. A for-
ward curve 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 curves differs in Lhree ways: we
take risk into account 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 integrate 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 delivered 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 with changes in theweather, gener
ation unit 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 €xchange 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 difler substantially among particular markets and re-

gions, EPRI is helping utllities develop customized forward curves for their own use.
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A forward curve is like a price forecast with the cost of risk management factored in.

gether with deterministic system model-
ing. Medium-term price fluctuations (up
to a few years) are determined primarily
by load growth, shitts in ftuel price, and
customer response to retail price changes.
Building a forward curve in this case
involves studying futures and options
prices and using probabilistic system mad-
eling. Long-term electricity price changes
(over several years) are also influenced
by load growth and fuel price shifts, but
they are significantly affected as well by
performance improvements made possi-
ble through thi use of new generation
technology. In this case, market data pro-
vide little direction, and forward curve
construction is based largely on probabilis-
tic system modeling and asset investment
and retirement analysis.

The current focus of EPRI's research in
this area is to develop protocols for con-
structing forward curves for a variety of
circumstances. Rather than issuing a new
computer program, EFRI will work di-
rectly with its members on regional casc
studies, using the utilities’ own analytical
tools. In a recently held workshop, the first
in a projecled series, EPRI slaff and con-
tractors showed utility representatives
how txbuild forward curves and use them
for pricing electricity for various kinds of
retail Joad shapes.

Retail risks

As deregulation reaches the retail level—
giving customers a choice among electric-
ity providers—utilities will face a whole
new set of market risks. “Retail efectricity
may prove to be the riskiest commodity
market of all,” says Rich Goldberg, whe
manages PM&RM'’s pricing and risk man-
agement work. “It’s virtually a different
commodity every hour, and hedging is in-
herently difficult because censumption rep-
resents a nonliquid risk. You don’t know
when a customer is going to turn on the
lights, yet you've got to be ready for it
even if that means generating more power
ata higher cost. There’s no true secendary
market to compensate for that sort of un-
certainty. Rather you have te design a pack-

age of retail prices that take both your cus-
tomers’ preferences and your own risks
into account.”

For purposes of risk management, vari-
ous retail pricing structures can be ana-
lyzed in terms of financial market equiva-
lents. Traditional flip-the-switch service,
for example, is particularly risky from the
provider‘s point of view, since it sets a
fixed price for an indefinite quantity of
power, available on demand. Even in a
regulated environment, this kind of ser-
vice can have a perverse market impact by
effectively encouraging consumption at
times when thee cost of generaling power is
highest—for #xample, in the middle of a
hot afternoon. In comparison, a two-part
real-time-pricing (RTP) program (with a
variable price above a basic demand level)
is equivalent to combining a forward con-
tract with access to the spot market.
Adding a price cap to the RTP rate is like
selling the retail customer a call option.

To enable utilities to assess and manage
the risk of their retail portfolios, EPRI is
creating an enhanced version ot the Elec-
tricity Baok that can analyze the potential
losses and returns associated with Various
rate structures. This version will also show
users how to manage specific retail risks
by hedging in the wholesale market. For
example, in anticipation of having to meet
increased demand on hot August days, a
utility 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 must also be consid-
ered. A new software product that will of-
fer this capability—cailed Product Mix—is
scheduled for prototype testing later this
year. Preduct Mix calculates probable cus-
tomer response Lo various rate options on
the basis of known customer preferences.
I[n addition, it predicts the market share for
each option, models the resulting cus-
tomer loads, and projects utility revenues,
An impertant feature of Product Mix is
that it calculates customer profitability and
risk exposure in a retail markel for use as

input to the Electricity Book. The two soft-
ware products have been designed to use
consistent descriptions of market data,
such a= forward curves.

Corporate risk management

Ultimately, the responsibility for utility risk
management rests at the corperate level.
Part of the reason iigs in the new fiduciary
reeponsibilities that will affect electric utili-
ties as a result of deregulation. In addition,
however, synergies exist among the risk
management strategies of different busi-
ness lines. For example, when electricity
prices on the =pot market are high, retail
profits may be adversely affected. This ex-
posure can be offset by more-aggressive
participation in the wholesale market and
by trading in electric power derivatives.
Such balancing of risk requires explicit
identification of a utility’s corporate pos-
ture regarding risk, however, and must
be guided by senior management. To help
its members develop corporate-level risk
management strategies, EPRI is developing
new methods and protocols, which will be
delivered next year.

“Our goal is to help utilities manage risk
at all levels,” concludes PM&RM Target
Manager Charles Clark. “In particular, our
products are designed to be used together
50 that our members can identify poten-
lially profitabie deals at both the wholesale
and retail levisls and then manage the risks
associated with each, Powercoach Lite, for
example, can be used to pick out attractive
wholesale transactions; then the Electricity
Book will shew how to hedge the resulting
market exposure. Similarly, at the retail
level, Preduct Mix will help identify rate
packages that will please customers; then
the Electricity Beok can be applied to man-
age the accompanying risk. Meanwhile,
our work on forward curves provides the
glue that holds all thise tools together by
providing risk-based estimates of prices
and present values.” ]

Background wtonmation for #s article was provided by Arl
Allman, Vic Niemeyer Rich Goldberg, and Crarles Clark of
lhe Power Markets & Resourte Managemeant Business
AresfTargel.
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ext time you fly into
an airport set 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 thet occasional 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 commodity product
to a captive market, they were free to focus

part, will find themselves confronted with
—and somewhat bewildered by—a wide
range of chasices

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 as the peo-
ple inside them. They will have to find out
more about the needs, desires, and pref-
erences of their newly freed-up customer
base. And they will have to begin market-
ing themselves not to a monolithic con-
sumer but to a range of individuals—indi-
viduals who sometimes maks choices on
the basis of impulse and less-than-perfect

ONE INTO SIX

ReQuest [II™ 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-
tomer demographics, intentions to switch service providers,
interest in advanced services, and attitudes toward deregu-

lated utilities, such as long-distance phone companies.

The most restless of the groups, these
individualis feel their electric bill is
too high.

® 29% of population

¢ General age ranges

® Lowerincome

¢ Widowed, separated, divorced

¢ Renters, three-person households

e Eager lo switch

their efforts on generation, delivery, and
quality of service. Customer retention and
acquisition simply weren’t part of the
equation.

To say this will all change, and soon,
would be the wildest understatement.
New England is already in rapid motion,
California is set fo experience a deregula-
tory “big bang” of enormous proportions
on January 1, and most of the rest of the
country will have signed on to this revo-
lution by the year 2000.

Existing utilities will suddenly find
themselves just individual players in a
crowded retail market. A multitude of
competitors, some with vastly greater ex-
perience in a deregulated environment,
will b muscling in. Customers, for their
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information.

First and foremost,
this means developing
informaltion-gathering
systems of formidable
proportions. But sheer
volumes of data won't
be enough. Utilities

Well educated and in the nest-building
phase of life, these are the Informed
decision makers.

* 21% of population

® 25-44in age

@ Well educated, higher income

e Married, four-person households
* Willing to adopt new technologies
e High willingness to switch

l

will find that the information they gather—
as recent EPRI research shows—sometimes
yiields more paradoxes than definitive an-
swers. A stated intention to switch service
providers, for example, may differ dra-
matically from actual switching behavior;
customer satisfaction may turn out to have
little relation to loyalty; loyalty itself will
prove to be an elusive measure of cus-
tomer behavior; and price discounting,
while an important tool, will not necessar-
ily be the most important one.

Richard Gillman, who manages EPRI'
rimearch on understanding energy mar-
kets, says, “The most crucial ability for a
successful utility in the new era will be the
capacity to determine which customers it
should keep, which it can ignore, and
which il must go after. This requires an un-
derstanding both of how customers make
choices and of the economics of engaging
then. Ultimately, the value of a customer
is the return a retail provider can earn over

Got My MTV

in general, this group hasn't nested yet;
most own a home computer and an
entertainment center.

® 12% of population

& Under 35 years old

* Average education and income levels
# Never married, rent their homes

» Moderate users of utility services

s Above-average witlingness to switch




Home Grown

Self-employed skeptics, these individu-
als are homeawners with a moderate
willingness to adopt new technologies.
e 17% of population

® 2544 in age

# Medium education and income levels

& Divorced or never married
s Four-person households
* Moderate willingness to switch

the costs of acquiring and rietaining that
customer.”

How does one determine value, exactly?
We'll get to that, but we must first take a

hard look at information.

Breaking “the customer” into six

It's now widely understood that utilities
must change from simple providers of
electricity to database-driven marketing
firms—firms that, in come cases, will offer
electricity a= only one of a bundle of ser-
vices, Understanding a new imperative iz
not the same as implementing it, however;
most utilities don’t yit have the informa-
tion they need to understand the dynamics
of customer choice.

EPR! has led the way for electric utilitics
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in this area through, amony other research,
ifs participation in a continuing, broad-
based study of mernis than 30,000 house-
holds across the country. The most recent
results are detailed in ReQuest 1HIT™: As-
sessing Changes in the Restdential Telecom-
muuications and Electric Marketplace (EPRI
TR-107631). On thi* basis of responsiss to
a rangit of survey questions, this report
presents one possible way ta break down
thie monelithic residintial electricity popu-
lation—by attitudes toward =switching
electricity providers, responses to price
discounting, and attitudes toward other
utility services, such as long-distance
phene service and cable television,

Thi* ReQuest {1l research identifies six
clusters that, on the basis of switching in-
tention, can be thought of in two rough
groups: switchers and loyalists, Three of
the six clusters have a distinctly higher-
than-average intention to change electric-

ity providers oncet retail competition is

Give Me My MTV

Many in this group are empty nesters,

still in their peak earning and discre-

tlonary income years.

¢ 14% of population

* 45-84 in age

» Higher education and income levels

e Married homeowners, two-person
households

* Open to new technologies

® Moderate willingness to switch

introduced; the remaining thrite are rela-
tively disinclined to do so. Sinae the faith-
ful types make up only about a third of the
survey population, two-thirds of the mar-
ket looks to b at significant risk.

Useful information, already. & utility at-
tempting to retain its customers should
clearly dewvote its marketing efforts to the
at-risk groups above the switching midline
and worry less about the groups below .
And since other ReQuest Il data show
some correlation between switching inten-
tion and =atisfaction level—the three clus-
ters with thie highest willingness to switch
have the lowest satisfaction levels—the
goal of these marketing efforts, one as-
sumes, should be to raise =atisfaction and

thereby improve retention.

A closer Jook at the data reveals several
problems with such a strategy. First, tar-
geting the three likely-to-switch groups
may not be as =imple as it sounds, because
the demaographics of the six clusters don’t
always break down along traditional fines
of age and income. Compare two groups,
one that might be described a= well in-
formed about their decision making (Dis-
tance Runners) and another that could be
described as self-employed and skeptical
(Home Grown). The two groups” demo-
graphizs—age 25-44, four-person house-
holds, medium-to-high incomes—appear
nearly identizal, and yet thisir stated inten-
tions to switch are very diffirent. Thus
next-daor neighburs, with similar incomes
and homes and with children in the same
school, might have totally different switch-
ing intentions.

Second, stated intention to switch has
to be factored down in order to be a reli-
able indicator of actual switching behav-

Status Quo

This group has the lower incomes
associated with retlrement and has low
electric bills.

* 7% of population

¢ 55 and older

¢ Lower education and income levels

» Married or widowed, one- or two-person
households

» Little interest in new technologles

® Reluctant to switch

ior. When the stated intentions of AT&T
customers were compared with their be-
havior, for example, it was found that
while roughly one in four customers said
they planned to switch during a given
year, only about one in ten actually did so.

Finally, it turns out that higher levels of
customer satisfartion—counterintuitively
—do not necessarily result in customer re-
tention. Volumes of market research, in-
cluding work done by Xerox in the early
nineties, have demonstrated that, a= busi-
ness writer Thomas Stewart wrote in For-
ttine magazine, “Satisfied customers often
don’t come back.” Satisfaction, it seems,
creates loyalty in only a small percentage
of consumers, those who are not merely
zati=fied but are wildly happy about their
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experience with a given company. Satis-
faction may be a useful standard for mea-
suring the state of the customer relation-
ship, but it cannot be used as a key driver
when designing a strategy tis attract and
retain customers.

Paul Rappoport of PNR and Associates,
which conducted the ReQuest studies used
by EPRI, =ays, “Wocs all this mean that
market segmentation, switching intention,
and satisfaction levels are unimportant
metrics for a utility? Not at all. What it
means is that these metrics, in and of
themselves, won’t be enough to get the job
done. Utilities will have te master these
and move on.”

SWITCHERS OUTNUMBER
LOYALISTS Three of the

six ReQuest Il customer

groups show relatively high
levels of inclination to
switch electricity providers,

even without incentives. 3%’#
Thus in a competitive

environment nearly two.

thirds of the customer base

may he at Immedlate risk.

The largest utility biill

Cost, without question, will be a major con-
sideration for most consumers in choosing
their electricity provider. When customer
willingness to switch at price breaks of
0%, 10%, and 20% was looked at, the ef-
fect across all six segments was dramatic,
For every group, a 10% price discount cre-
ated a spectacular increase in willingness
to switch, with a further leap at 20%. The
self-employed skeptics (Home Grown), for
example, express only a 4% willingness to
switch at no discount but vault to a 51%
willingness at a 10% discount. Other Re-
Quest 11l data show that for most residen-
tial customers, their manthly efectric bill—

18

often the largest utility bill they receive
such a major factor they would be will-
ing to make trade-offs in other attributes
(quality of product and service, for exam-
ple) in order to receive a dizcount.
Long-diztance providers, already well
into the deregulated era, bave found—tell-
ingly—that the effect of disceunting holds
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Gt My MTY

rome Grown

true not only for stated intention to switch
but also for actual switching behavior.
Sprint, MCJ, and AT&T have competed bru-
tally on a cost basis, both with one another
and with an army of smaller competitors.
Cost has the cardinal virtue of simplicity,
which makes it an attractive standard both
for utilities trying to develop a coherent
marketing plan and for customers faced
with a confusing array of choices.

Does this mean utilities can throw their
other marketing metrics out the window
and compete on cost alone? For mast, the
answer is no. To begin with, strictly in
terms of the bottom line, such a strategy
would be difficull to implement. Existing

cheapest; it will have to be perceived as the
cheapest. And in a market filled with a
weller of competing claims, that will be
difficuli to pull off.

Most analysts agree that utilities will
have to compete on costbut thatcostalone
won't make them competitive. “The most
recent work we're doing takes a look al
whether price, in and of itself, is an ade-
quate indicator of whether customers are
likely to change electricity providers,” says
EPRY's Gillman. “What we're tinding is that
people want more than just low cost. They
want value, good service, and a quality
product, and many are willing to pay a
premium for these.”

D¢ o Danze

Cintrarmey Wilkng to Fefich

Price Discount

Groug 0% 10% 20%

10¢ a Dance 64.5% 97.4% 98.7%
Distance Runners 35.6% 96.5% 98.3%
Got My MTV 32.3% 90.5% 85.0%
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%

providers are likely to face at least one ag-
gressive competitor willing to slash prices
dawn to or below profitability levels. This
sort of competitor will have the advan-
tage of entering the market “clean"—that
is, without stranded costs and without
having to overcome a perception that it
is expensive and bureaucratic, a percep-
tion some consumers have of their cur-
rent utility.

Even a utility that does chooss to dis-
tinguish itself by offering rock-bottom
prices may find that its customers don't
get the message. Mere than one pilot proj-
ect has shown that ordinary consumers, al-
lowed to choose among several electricity
retailers, most often point to cost as their
prime decision-making factor—and then
promptly scatter their choices among sev-
eral of the available providers. Further in-
vestigation has shown that few of these
customers didl the necessary homewark to
make an effective cost comparison. Thus it
won't be enough for a provider to be the

The two faces of customer loyalty

If cost by itself is not the answer, should
existing utilities focus instead on loyalty?
After all, when the big bang goes off,
they'll be standing at ground zero, already
in possession of the enlire residential mar-
kiet. A utility that succeeds in cultivating
high loyalty levels among its customers
should, it would seem, succeed at retain-
ing most of its customers, even in the face
if competition.

The ditficulty with choosing loyalty as a
marketing goal becomes clear the moment
we Iry Lo define it. Instinctively, we might
say loyalty is the tendency of customers to
stay with their current provider, even when
the market offers altematives. This is in fact
a good description of loyalty behavior, but
it fails utterly to get a grip on loyally mo-
tivation. A recent EPRI conference paper
points out that customers are usually loyal
either lo offers or to brands. Residential
electricity customars who appear ta be loyal
to their existing provider may not actually



be motivated by brand loyalty; they may
simply feel that their utility is currently of-
fering them the best deal. Such loyalty to
an offer may disappear the moment zome
telemarketer offers them $50to switch,
What about loyalists to a brand, those
who—driven by a temperamental disincli-
nation to switch—consistently stay with
their long-distance phone company, fi-
nancial services provider, dry cleangr,
and grocer? As it happens, these custam-
ers make up only a small percentage of
the market. And in spite of their imme-
bility and brand loyalty, new competitors
will be gunning for their business. [n the
words of one observer, these customers

SHOW ME THE SAVINGS

are “hard ta get hold of but good to have.”

This in no way mizans that loyalty can be
dismissed ur that brand names are unim-
porfant. Even customers driven by offer
loyalty often us¢ brand names as a short-
cut to identify prisferred praduct packages.
Thus a utility that consistently provides at-
tractive product packages may find that
Jlong-term brand loyalty does begin to
emerge. At this puint, a further question
arises: [8 a loyal customer necessarily a
good customer?

Value:_the sum of all information

According to Gillman, the answer is “Mot
necessarily. From a business point of view,

Switching Intention Versus Behavior

credit ratings, solid incomes, and regular
card usage, Aa competition in the bank
card business grew more cutthroat, some-
one noticed that many of these custom-
ers—who paid their bills every month and
thus incurred na interest charges —weren’t
actually generating much return. Acquisi-
tion efforts began shifting toward cus-
tomers who were likely to pay their bills
eventually but who, in the meantime, of-
ten carried monthly balances and thus
gimerated greater retum.

“Rather than trying to attract loyal cus-
tomers,” says Gillman, “Companies should
focus on attracting customers with the

greatest life-cycle value—in other words,

WILL THEY OR WON'T THEY?

For all the ReQuest Il Stated intention to switch a

“ -\;ViN Change | .C.hange-d Actuai/
groups, the willingness Providers" Providers™ Expressed utility provider may differ
to switch electricity markedly from actual switching
providers goes up AT&T customers 27.5% 10.0% 6% behavior, as shown by the
dramatically with a 10% MCI customers 46.6% 28.9% 62% experience of long-distance
price discount. A further Sprint cusiomers 37.2% 21:6% 60% providers in the deregulated
Others 38.6% 249% 64%

telephone market. These time-

leap occurs at a dis-
count of 20%.

“Actual swilchers as a percentage of those expressing an intention
10 switch.

series data show intended

MARK HAAMEL TDAF STONE IMAGES

value, not loyalty, should bir what is em-
phasized.”

Value, a= a concept, is most often used to
describe what a customer might receive
from a business; yet businesses must be-
gin making the same determination with
regard to their customers. To make this
point, Gillman returns to the ReQuest 111
results and the breakdown of customers
into loyalists and switchers. A utility might
assume a loyalist to bir a good customer
and a switcher to bt a bad one. If the loy-
alist has such low usage rates that the
account fails to generate even a minimal
return on investment, however, and the
switcher—while admittedly expensive to
attract and retain—uses significant amounts
of electricity during peak maonths, then
loyalty, as a mictric, doesn’t tell the wholw
story of these customers’ real worth.

Yet another example comes from the fi-
nancial services industry. Five years ago,
bank card companics focused thetr acqui-

sition efforts on consumers with good

versus actual behavior over a
one-year period.

those who tontribute most to the bottom
line,” Value, it turns out, is a multidimen-
sional concept that pulls together cus-
tomer responses to price, to competing of-
fers, and to various ancillary features, then
measures these against the cost of cus-
tomer acquisition and retention over time.
As a benchmark, value is both the most
uscful and the most difficult to calculate;
essentially it moves a utility into a brand-
new reaim.

EPRI is implementing a number of stud-
ies that will allow utilities to make increas-
ingly accurate determinations of customer
value. One of these, an intensive round of
small focus groups, is digging deep into
the underlying determinants of customer
loyalty. A second round of focus groups, in
combination with a follow-on survey of
20,000 households, is looking at how cus-
tomers difine green power. The results
will help predict how many might be in-
terpsted in green power and will provide
rough estimates of the premium they
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Look, Then Leap: Two Providers Take the

or existing utilities, one of the

most unsettling aspects of dereg-

ulation is that they will have to

make decisions about haw ta po-
sition themselves, company-transforming
degisions, before they know where the mar-
ket is going. This may be business as usual
for a company like Boeing—which, given
massivie and long-term development costs,
virtually bets its survival on each new
maxdel of aircraft—but it’s something new
in thi electricity business.

I'wo existing utilities have accepted that
they cannot be all things to all customers
and have Dbegun to differentiate them-
selves by becoming—well, different. Each
is going flat out to create a viable niche for
itself by building on existing corporate
strengths. In effect, each has chosen to cre-
ate loyalty, be it the offer variety or
the brand variety, in a particular

How dao we Aring Dur customers ome ol
the lowwst eleciric cosls in Ametica?

SOUTHERN
COMPANY

COURTESY SOUTHERN COMPANY

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 simplification through bundling. 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
this portfolio not to residential customers
but rather to the utilities that serve those
customers.

UtiliCorp spokesman Jerry Cosley says
participation in EnergyOne will allow a
utility to jump-start the process of becomn-
ing a broad-spectrum provider. “The util-
ity won’t have to start from scratch build-

aggressively to many different niches within the overall
market. In the process, they are transforming their

corporate identities.

Remizder number

than partnership

COURTESY ENERGYONE

would be willing to pay for it.

These projects, in combination with the
homework utilities should already be do-
ing to understand their own markets, will
allow for better customer predictability
and the development of ever-more-sophis-
ticated marketing tools, Giliman notes,
however, that these tools will have to be
kept sharp through constant use. “The
‘customer’ is a moving target,” he says.
“By the time we’ve run our data through
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the computers and reached conclusions,
the customers we're studying have already
begun morphing into something new.”
One customer trait emerging from com-
parative data on long-distance phone ser-
vice may wark to the advantage of existing
utilities. A settling-out factor appears to be
at work among #ome customers. After
years of playing the long-distance market,
customers feel they've “been there and
done that” and are ready to stick with one

ONE

nathing creates mon: possibilities s

ing relationships 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 Cosaley, EnergyOne hopes to
combine all these services on a single bill.
“That won'’t be easy, but it’s the goal. [t's
what the customer wants—simplicity.”
Green Mountain Energy Partners, in-
stead of offering a broad spectrum of ser-
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 out spruce sap-
lings (Green Mountain is now widely re-
ferréd to as “the people who give the seed-
lings away”) and offering EcoCredit in-

MARKETING AN IDENTITY Existing utilities, as well
as new providers, are already marketing themselves

JUsT BECAUSE THE
ELECTRIC INDUSTRY
WiLL CHANGE DOESN'T
MEAN YOUR ELECTRIC
SERVICE SHOULD.

* (g A

s whdlias A ] suson

COURTESY SOUTHERN CALIFORNIA EDISON

provider. This willingness is relaled to a
broader sentiment, expressed increasingly
in focus groups, that people are simply
tired of making choices. Alert utilities will
watch this sort of trend and factor it into
an evolving determination of a custom-
er's value.

Adding up the future

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




ducements. The strategy has been a win-
ning one, placing the company at the fire-
front of retailers offering environmentally
friendly power.

Green Mountain is dead serious about
capturing a sizable chunk of California’s
$20 billion residential electricity market,
says Julie Blunden, regional director for
the company’s California affitiate, Green
Mountain Energy Resources. "W expect
to have broad-based appral,” shi says, “by
making it clear to our customurs that the
money they send through us goes directly
to suppliers of renewable energy. In effect,
we'll let customers vote with their dollars
for a change in the way energy is pro-
duced in this country.”

Industry analyst Bill Huss, who is con-
ducting a broad study of pilot energy pro-
grams, notes that while each of the mar-
keting approaches describied abovis will
get results, each entails risk. “®o one has
gtudied bundling and zingla billing yet in

A
KILOWATT
ira
KILOWATT
ira

KILOWATT.

NOT EXACTLY

L1YING I SALT LAKE JNST GAT SIMPLER

s

Geeen Mounrun
Hoergy Resawrevs
Chamy vendy. Iy & wanlf ploser=

COURTESY GREEN MCUNTAIN ENERGY RESOURCES

any pilot program,” he points out. “And
we're seeing some resistance to the idea.
People like the idea of a single bill, but
they worry about getting ‘captured” and
paying too much for one or more of the
services on that bill.”

With regard to Green Mountain, Huss
says that while the tompany has crafted a
successful approach, it won’t be alone in
that approach. A number of solid competi-
tors—Working Assets, for example—will
be attempting te squeeze into the same
niche. And even if that niche proves large
enough to hold more than tine provider, it
may be self-limiting in terms of growth.
“In a flat market for residential ¢#lectricity,”
Huss says, “that could prove costly over
the long term.”

Are companies like UtiliCorp and Green
Mountain lizaping too soon, taking on un-
necessary risk? Some skeptics point out
that electricity is a cinservative and com-
plex business and that change may come
more slowly than anticipated. But the evi-
dence from Califarnia suggests otherwise.

THE MAJOR CHANGES [N
(HE [NERGY (NOUSTRY
t HERE

ENGAGE

gy far il

COURTESY ENGAGE

COURTESY ENABLE

as they enter retail competition. Onie a
monopoly, AT&T successfully developed
broad information-gathering capacities
and a range of effective marketing ap-
proaches. Despite years of ferocious com-
petition, AT&T continues to be the domi-
nant player in its industry and has become
adept at recapturing customers who, after
switching to another provider at some
point, have become disillusioned and are

willing to return.

The successful utilities, in the end, will
be the companies that are able to build on
the positive aspects of their current brand
images, collect huge amounts of informa-
tion and assemblir it into a portrait of cus-
tomer value, and make bold positioning
and marketing decisionz on the basis of
that determination of value. The rewards
for this kind of corporate transforma-

tion—as AT&T has demonstrated—will be

substantial. ]

In July of this ypar, when new electricity
retailers began registering with thi Cali-
fornia Public Utilities Commission, mure
than 30 company names were on the
books almost immidiately. Thes included
Grisin Mountain, PG&E Energy Servicis
(Pacific Gas and Electric’s affiliate), and
Enron, as well as companies such as
Friendly Power Company, Affluent Target
Marketing, Thrifty Power, and The Peo-
ple's Powir Company. Some of the names
on the list are tiny players that won't last
long or make much of an impact on the
market. Others, however, are real competi-
tors who believis th big bang is for nral—
and aren’t shy about telling you they think
the initial period of deregulation will offer
the greatist opportunity to acquire new
customaers. Existing utilities who avaid
risk by taking a wait-and-watch approach
may find themselves watching their cus-
tomers walk cut the doar.

COURTESY ENRON

Further reading

Residential Customers’ Perceptions About Utlity Providers
and Electrie Switching Intentions Final report by PNR and
Associales July 1997. EPRI TR-108465

ReQues! II™: Assessing Changes m the Residental Tele
communications and Efeciric Marketplace Final repoct by
PNR and Associates December 1396 EPR! TR-107631

ReQuest 1™ An Investigahon of Consumer Affiude
Towards Telecommuntcation and Electne Services F
report by PNR and Associates June 1996 EPRI
TR-106166

Background miormatien lor this article was provided by
Richard Gillman of the Retail Markel Tools & Services 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 important for
fast-developing Asian economies over the next
20 years. Such economic development 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 C lna
of “Global Electrifica- d

tion: The Next Dec- arl r

ades,” an international New AS l a n |

forum hosted b‘a‘/ EPRI El e C t ri Ci ty

in March of this year.

The forum was orga- Mar Kets

nized and chaired by

Jack M. Hollander, a professor enieritus of en-
ergy and resources at the University of Califor-
nia at Berkeley. This article, which examines the
prospects for electricity growth in China and
India, was adapted from a paper by Hollander
that captures the discussions and conclusions of

the forum’s participants, including EPRI staff

GUIDO ALBERTO ROSSI/IMAGE BANK

and invited guests.

by Jack M. Hollander




China is experiencing especially rapid
growth. Its GDI* has grown at an annual
rate of 9.2% over the past 15 years—four
times the growth rate of the large in-
dustrial economies—and over the next
decade, annual growth of 7% is expected.
By 2030, China’s economy will bis the
world’s largest, surpassing that of the
United States, according to a forecast by
thi Chinese Academy of Social Sciences.
China’s energy use may grow only half as
fast as its GDI* bixcause of efficiency im-
provements, but the figures still imply a
doubling of energy consumption in two
decades.

loday China’s per capita electricity con-
sumption is only 8% of that of the United
States. Over the next two decades, China
is planning to add 15-18 GW of power-
generating capacity per year, about three-
quarters of which will be coal fired. Even if
China suciepds in a maximum-innovation
scenario that pushes every alternative—in-
cluding clean coal technology, Western
levels of industrial efficiency, aggressive
indigenous gas resource development, ex-
tensive hydroelectric development (equiv-
alent to several dams like the Three Gorges
complex now being built), and advanced
nuclear technology (a%= much as 30 GW)—
its per capita electricity use would still be
only 15% of the current U.S. level.

China’s planned growth in power-gen-
crating capacity will require $200 billion of
investment capital to 2010, at least a third
of which must come from foreign sources.
With the number of independent power
praducers growing rapidly, 20% of China’s
electricity in 2010 may be: generated by pri-
vately owned installations.

China’s large coal reserves suggest that
most generating-capacity additions will be
coal fired. This new capacity can be made
both technically efficient and environmen-
tally tolerable if China is willing and able
to invest in advanced generating technolo-
gies that are now reaching the stage of
commercial viability in Western countries.

For Thina to pursue a development
strategy aimed at decarbonizing its energy
use, however, extensive substitution for
coal would be necessary, along with large
amounts of hydro, gas, and nuclear power.
In particular, installed nuclear generating
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capacity would have to grow from 2 GW
today to at least 30 GW in 2020. Achieving
such a level in 2020 would require high
levels of commitment to projects and fi-
nancing in the next few years. A compli-

cating factor is that some proponents of

decarbonization are oppofed to nuclear
power as an alternative. And even if a de-
carbonization path were followed, the best
that China could do over the next two
decades would be to reduce the expected
growth in total carbon emissions from
three times the currient level to double the
current level.

Contrasting models of development

What kinds of models can best guide the
development of the global electricity in-
dustry? Two very different visions of the
future are apparent. A Western model that
can be characterized as a “customer pow-
er” model pictures an industry with little
regulation, open competition, and wide
customer choice. An Asian model some-
times referred to as da o (big flame”)
describes an enterprise driven by a sense
and tradition of social equity. In this vi-
sion, the electricity industry is not left to
market forces alone: governments assume
responsibility for stable supplies of elec-
tricity. This model is strongly embraced in
most of the rapidly developing economiis
of Asia. A critical is=ue is whether depend-
able and affordable energy supplies can be
based on Western market models in the
developing world.

Meeting the requirements of Asian elec-
tricity development in the context of these
two kinds of models is a challenge calling
for unprecedented innovation. The capital
requirements are daunting, changes in pol-

icy and institutional structure are essential,

PAG BCORYLTE™ MAGE BANK

and innovative technology is fundamental
to achi¢ving efficient and environmentally
sound glectrification.

Approximately $150 billion annually—
10% of total global investment—is needed
for electricity development in China, In-
dia, Korea, and Southeast Asia.
Pdultilateral institutions like 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 fram coal-fired generation.

World Bank and the Asian Lievelopment
Bank could supply, at most, about $7 bil-
lion per year (although they can play other
useful roles, such as guaranteeing private
investments, disseminating credible infor-
mation, and evaluating the results of com-
petition in terms of cost, reliability and ser-

vice, and protection of the environment).




the enerpy industry worldwide
mustadjust accordingly. [n Asia,
as gl=ewhene, profound institu-
tional innovation is needed.

In China, where the clectric-

; ity system has been highly cen-

tralized and government con-
trolled, with a strong sense of

Lmde® Wl BIEE

social equity (the da hup para-
digm), the trend toward decen-
tralization, deregulation, and

LT

competition (“cus-

A business-as-usual strat-
egy will not work, Private
capital must fill the gap, im-
plying a profound change in
the relationships between
governments, energy indus-
tries, and the private sector.
Lighting the way are the
several large, privately fi-
nanced power projects that
been successful in
Asia. Innovative financing

have

must be found, however, for
smaller projects (under 50
MW) involving cogenera-
tion, coal gasification—com-
binizd-cycli, industrial heat
recovery, and wind turbine
technologis. The needed capital will be
forthcoming only if investors perceive that
the opportunities, risks, and pricing =truc-
tures are all favorable.

Although in Asia energy has been con-
sidered a social good provided by govern-
ment-owned, -opcratcd, -regulated, and
-financed monopolies, today a new para-
digm is emerging. People are lnoking less
to government and more to the market
system and the private sector as the main
instruments of energy =upply. The struc-
ture of policy and the organization of

tomer power”) is in
theearly stages. The
trend is also just be-
ginning in the Phil-
ippines but is fur-
ther along in Indone-
sia, Singapore, and
Malaysia.
Electricity price

stractures are also

ALAIN LE GARSMEUR/TONY STONE IMANES

changing in Asia.
Histarically, the price of electricity han
been low, with government subsidies
keeping it below production cost (e.g.,
4.7¢/kWh in India and 1.9¢/kWh in Lhina,
compared with 19¢/kWh in Japan and
9¢/kWh in the United States). Pressures
for full-gost electricity pricing are coming
from the increazing number of foreign in-
vestors in the Asian power sector. How-
ever, the financial institutions needed to
bring about these pricing changes are not
yet well established.

Electrification on a broad front

A= outlined in forum discussions led by
Felix Wu of the University of FHong Kong
and by David Jhirad, critical system
changes—such as the construction of new
transmission interconnections—are  also
occurring in Southeast Asia. Since 1982,
membirrs of the Association of Southeast
Asian Nations have cooperated n build-
ing transmission interconnections, with
major lines airdady completed from
Malaysia to Singapore and from Malaysia
to Thailand.

China is building a large transmission
and distribution system that will reduce
system losses and better use domestic coal
resources and hydro facilities, including
the 18,200-MW, $24 billion Three Gorges

hydro complex under construction on the
Yangtze Riveer, planned to begin operation
m 2009. Since 1992, China has also been
considering  interconnicctions  going  be-
yond its national bimiders.

Electrified transportation systems will
play a key role in the Asian electrification
programs as new infrastructures are devel-
oped. China, Singapore, and [ndonesia an
planning, electric tmolley systems, while
Taiwan is developing electric scooters.

Information technologies are also being
incorporated in Asia’s developing eleclric-
ity systems. Moving rapidly in this area,
China is employing state-of-the-art com-
puter systems for the control of power
plants, real-time power dispatch, and op-
timization of distribution syatems.

Funding the new electrification projects
raises some  challenging  sociopolitical
questions. Because of the paradigm of so-
cial equity that has historically governed
electrification in Asia, there is resistance to
the idea of corporatization, which in Asia
basically means moving state assets into
private hands. This is in contrast to the
Westiern concept of market liberalization,
which means rationalizing cost and pric-
ing structures.

It is an open gquestion whether the palit-
ical will exists in Asia to develop pricing
structures that will produce the huge
amount of capital needed to accomplish
the ambitious electrification plans being
proposied. Most of the pressure for chang-
ing pricing structures is coming from out-
side investors. Politicians in Asian coun-
tries balance these pressures with internal
political pressures to keep the price of elec-
tricity low.

Outside investors also face the long-
standing sorial traditions guiding personal
and business interactions in Asian soci-
etiez, which are foreign to most Western
busines= people. Whether new ways of
working can be developed that will satisfy
external investors is an open question.
Members of the U.S. business community
who understand English and Asian lan-
guages as well as the social traditions of
both cultures enjoy a great advantage in
developing business relationships in Asia.

Muclear power does not figure strongly
in the current electrification schemes of
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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,

Electricity Consumption per Capita

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 US. level in
15 years. Matural gas use is expected to in-
crease fourfold. Financing must be found
for the heavy investments that will be re-
quired for clean coal generation.

Especially 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 massive hard currency requirements
for these imports will be met from exports,
many to the L'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 will be huge—some 15-18
GW per year, more than the likely capacity
additions in the United States, Canada,
and Mexico combined. An enormous mar-
ket for efficient and environmentally supe-
rior energy technologies will be created.
The U.S. energy industry has an obvious
stake in this market.

But significant political impediments
hinder the U.S. energy equipment trade.
The U.S. government allows fewer conces-
sions in financing (e.g., export credits and
loans) than the Japanese 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

Projected Non-OECD Electricity Consumption
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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 restrictions on such
agencies as the U.S. Agency for Inter-
national Development prevent them
from undertaking projects in China.
At a minimum, the United States
should establish a coherent and con-
sistent trade relationship with China
and remove barriers that
inhibit energy investments
by U.S. firms in China. The
continuing viability of the
US. energy industry de-
pends in no small measure
on its ability to compete
in the huge and growing
Asian #nergy market.

The subcontinent
of India

CARLOS NAVAJAS/IMAGE BANK

Forum discussions led by
energy analyst Karl Knapp and by Jayant
Sathaye of Lawrence Berkeley Mational
Laboratory outlined the even more diffi-
cult set of chailenges confronting the ad-
vancement of electrification on the Asian
subcontinent. The Indian electricity system
is plagued by incfficient operation and an
unrealistic price structure. Residiential elec-
tricity is sold below production cost; many
homes are illegally connected to the sys-
tem and pay nothing. Farmers pay almost
nothing, and information on the total
amount of electricity they use is poor. In
contrast, industrial customers pay high
tariffs for service that is often of poor qual-
ity; a= a result, they generate much of their
electricity themselves, often inefficiently.
Transmission and distribution losses, al-
though not precisely known, are usually
greater than 20%. Performance of individ-
ual generating plants is typically poor,
with load factors tower than 55% in most

arcas.

But the inefficiencies
of the present imply siz-
able returns on invest-
ments that can improve
power quality. The po-
tential is far higher than
that for pawer system in-
vestments in the United
Statas.

Current Indian gov-
ernment plans call for an
increase by 2006 of at
least 84 LW of installed
capacity beyond the present 92 (.w. The

BRETT FROOMERIMAGE BANK

estimated cost of the additional capacity iz
$86 billion ($130 billion if transmission and
distribution costs are included). Cireat sav-
ings could potentially result from technical
and institutional changes that would im-
prove lvad factors in the existing capacity,
thereby reducing the need for new capac-
ity. Similar savings could be obtained by
integraling the grid system.

Z T b4 a..’-’,

STEPHEN WILKESAMAGE BANK

o

Although the official
plan calls for 65% of
the new capacity to be
generated through the
private sector, recent
experience in India in-
dicates this expecta-
tion to be unrealistic.
The problem is not one
of technical adequacy.
Rather the poor invest-
ment prognosis is tied
to the cumbersome In-
dian administrative in-
frastructure. The need
to overcome current
infrastrurture barriers results in a high
level of risk aversion among potential in-
vestors and extraordinary demands on
rate= of return,

For planned technical advances to be-
come reality, India’s entire electricity sys-
tem needs to be restructured. The system
must be privatized, generation separated
from distribution, and illegal connections
eliminated. Successful privatization 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

ensures greater financial disclosure.

Implications for energy security

The globalization of energy markets cre-
ates new risks. Relying on market mecha-
nisms and the international market system
to deal adequately with energy security in
the twenty-first century & fraught with un-
certainty, especially in view of the increas-
ing foreign ownership of energy facilities.
Different ceuntries will probably impose
different limits on foreign ownership, and
some may even censider renationalization
in tirmes of conflict.

Energy supply systems with pipelines
and transmissien lines that cross national
boundaries will play an important role in
global electrificatien, especially in the de-
veloping counlries of Southeast Asia. But

they also pose significant risks, because
the regions with the mest 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 regions
where the potential fer future political and
military conflict is greatest.

The major shifts in political and eco-
nomic power toward Asia over the next 50
years will have significant security and
risk implications for the global energy sys-
tern and international energy trade. The
question is what levels of trust and coop-
eration will develop between the key coun-
Iries in the energy arena to avoid major in-
ternational conflicts over this power shift.

A key to sustainable development

Population, as always, is the key multi-
plier for resource use and energy demand,
noted forum participant Jesse Ausubel of
Mew York City’s Reckefeller University.

Vislting Forum
Participants

Anatalii Afanasiev

Deputy Director, Nuclear Satety
Institute, Aussian Academy of
Sciences, Moscow, Russia

Jesse Ausubel

Director, Program for the Human
Environment, Tha Rockefeller
University, New York, New York

Ged Davis

Head, Scenane Processes and
Applicalions, Shell Intermational
Ltd., Londdon, England

Kamo Damirchian

Deputy Head, Depariment of
Physical and Technical Problems
of Energetics, Hussian Academy
aof Sciences, Moscow, Russia

Jack M. Hollander

Professar Emeritus of Energy
and Resources, University of
California, Berkeley

Jenny Hou

Department of Electrical
Engineering and Operations
Research, Stanford University,
Stanford, California

David Jhirad

Deputy Assistant Secretary,
International Energy Policy, U.S.
Dapartment of Energy, Washing-
ton, D.C.

Alexandar Kalinin
Instructor, ITT Technical institute,
Hayward, California

Karl Knapp
Energy Analyst, Startord,
California

Mark Levina

Head, Environmentat Technalo-
gies Division, Lawrance Berkeley
National Lahoratory, Berkeley.
Califernia

Qeshun Liv

Associate Prolessor, Energy
System Analysis, Tsinghua
University, Beljing, China

Zhong Ma

Director and Professor, Institula
of Enviranmental Economics,
Ranmin Universtty, Beifing, China

Peter Meisean

President, Global Energy
Network International, San
Diego, Calilornia

Nabojsa Naki¢enovic
International Institute for Applied
Systems Analysis, Laxenburg,
Austria

Toshimesa Narazaki

Japan Atomic Power Company,
GE SBWR Program, San Jose,
California

30 EPRI JOURNAL Ssptember/@ctober 1987

Millon Russsll

Senior Fellow, Jaim Institute
for Energy and Environmant,
Univeralty of Tennessee,
Knaxville

Jayant Sathaye

Energy Analysis Group,
Lawrence Berkeley Natlonal
Labaratory, Berkeley, California

Vaclav Smil

Pretassor, Departmant ef
Geography, University of
Maniloba, Winnipeg, Canada

Michael Toman
Senior Fellow, Resources for the
Future, Washington, D.C.

Linda Trocki

Vice President and Manager,
Advanced Tachnology, Bechtel
National, Inc., San Francisco,
California

Masgan Wiilrich
Chairman, Energy Works, Pala
Alto, California

Felix Wu

Professor of Electrical Engineer-

ing and Diractor, Center far Etec-
trical Energy Systems, University
of Hong Kang, Hong Kong, Ching

JiZou

Institute of Environmental
Economics, Renmin Unlversity.
Beijing, China

“In the developing countries, the momen-
tum for population growth remains enor-
mous,” he said. “Electrification could be
a major factor in reducing pepulation
growth. With electrification and associated
technologies, peeple become controliers of
productien rather than simple laborers.
With increasing mechanical capacities in
production, children cease to be essential
to the labor pool of families, and the pres-
sure for large families is reduced.” Ausubel
added, “Because we simply do not know
whether the world’s future population
will be 8 billion, 12 billion, or 50 billion,
we should prepare for a large population
and seck superproductivity and efficiency
in resource use.”

Gail McCarthy, director of Strategic R&D
al EFRI, puts the forum in perspective:
“Global electrification is a strategy that
contributes to global stability by substan-
tially raising the quality of life at the lower
end of the economic spectrum. Access te
electricity can reduce infant mortality, im-
prove sanitation, extend life expectancy,
and foster educational opportunities. Sig-
nificant benefits can be realized within a
single generatien. While electrification
tends te increase per capita energy use
among the poor, its path is nonetheless
inextricably linked to the path of global
sustainability.

“How can a greater number of people
have a lesser impact on resource reserves
and the environment? Successive waves
of electrification in developed economies
have typically peaked at lower energy in-
tensities and declined with time thereafter.
But will the increase in energy efficiency
outpace the increase in the population
using electricity, and will the populatien
using electricily increase faster than the
population without access to electricity?
Both are important fer sustainability, and
both present considerable challenges.” =

Further reading
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Navigating the Currents of Risk
(page 8) was written by science

writer John Douglas with background
information from four members of
EPRI's Power Markets & Resource Man-
agement (PM&RM) Target.

Art Altman, who currently heads
PM&RM's wholesale risk management
research, has also worked on advanced
information technology in Strategic R&D,
where he developed EPRI's research tar-
get in field force automation. Before com-
ing to the Tnstitute in 1990, he spent four
years at Metropolitan Life Insurance. He
was aleo previously employed by Wells
Fargo Bank and Rockwell Intemational’s
Science Center. Altman holds a bache-
lor’s degree in mathematics from the
State University of New York al Buffala,

CONTRIBUTORS

a master’s in computer science from the
University of Rochestes, and an MBA
from the Linjversity of California at
Berkeley.

Victor Niemeyer, manager for power
markets, previously worked on environ-
mental risk management issues in the
Institute’s Environmint Group. Before
joining EPRI in 1978, he was a senjor as-
sociate at Charles River Asaociates and
an associate with the Center for Energy
Studies at the University of Texas. Mie-
meyer holds an AB in economics from
the University of California at Berkeley
and a PhD from the University of Texas,
also in economics.

Rich Goldberg is currently manager
for pricing and rizk management, hav-
ing previously headed "'M&RM’s risk and
asset management work. Before coming
to EPR1, he was a senior assodate at De-
cision Focus Incorporated, specializing
in electric and gas utility issues, and he
has also held rescarch positions at Stan-
ford University, Lawrence Livermore
Mational Labaratory, Princaton Univer-
sily, the National Center 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 Stanford.

Charles Clark, manager of the Insti-
tute’s PM&RM Target, has been at EPRI
since 1991. He was previously a vice
president at Decision Focus Incorporat-
ed and was earlier employed by ARCO,
Morthrop Corporation, Rockwell Inter-
national, and SRI International. Clark
huolds a BS from the Liniversity of Cali-
fornia at Los Angeles, an MBA in pro-
duction management from the Univer-
sity of Pennsylvania’s Wharton School
of Business, and an MS in aoperations re-
search from Stanford University. =

Technical sources for Journal feature articles

ho Are Your Residential Cus-
tomers . . . and How Can You
Keep Them? (page 16) was written by
sdence writer Steven Voien, Background
information was provided by Richard
Gillman, manager of market and load
research in the Retail Market lools & Ser-
vices Business Area. Soon after coming
to EPRI in 1991, Gillman established the
Center for Electric End-Use Data, which
has beceme the focal point for address-
ing the utility industry’s load risearch
requirements. Earlier, from 1981 to 1991,
Gillman wiorked at the Bonneville Power
Administration. He holds bachelor’s and
master’'s degrees in economics from Col-
arado State University. @

hina and the New Asian Electric-

ity Markets (page 24) was adapted
by fournal senior feature writer Taylor
Moare from a paper by Jack M. Hol-
lander. Hillander is professor emeritus
of energy and resources at the University
of Calitornia at Berkeley, having taught
there from 1980 to 1983. From 1973 to
1976, he was the first director of the En-
ergy and Environment Division at Law-
rence Berkeley Nabonal Laboratory. He
also directed the National Academy of
Sciences Committee on Nuclear and
Alternalive Energy Syslems study, co-
founded the American Council for an
Energy-Efficient Economy, was the first
director of the California Energy Insti-
tute, and was chairman of the Beijer In-
stitute of Energy and Human Ecology in
Stockholm. Hollander was editor of the
international book series Armnual Reviews
of Energy from 1975 to 1992, From 1983 to
1989, he was vice president for research
and graduate studies at Ohic State Uni-
versity. He received a BS in chemistry
from ihio Stats and a PhD in nuclear
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

Woodpeckers cost some power companies more than

$1 million in damages each year.

32 EPRIJOURNAL September/Octaber 1997

PROJECT STARTUPS

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 conm+
pany representatives and consultants, at-
tended an EPRI workshop last May to vent
their frustrations about woodpecker dam:
age and lo share advice on deterring the
birds. Feedback from a number of EPRI
members has since revealed
problems with lots of other
creatures, including rat, mice,
and snakes.

In 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
equip-
ment with loose plastic tarps

covering electrical

to prevent all types of birds
from nesting. Highpressure
sodium lights have also been
effective against nesters. As
for woodpeckers, some pow-
er companies have discour-
aged them by treating utility
poles withslick or sticky ma-
terials or by covering them
with a specially designed
cloth.

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

AU TR P BT PUADNE S

m For more information, contact
Bruce Bernstein, (202) 293-
7511, or Ben Damsky, (650)
855-2385

[TTTL

New research ventures of importance to the industry

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 kill potentially 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 costeffective. EPRI intends to
change that.

Ina project that got under way last Janu-
ary, EPRI-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 disinfection. 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 thed e
struction of E. coli in ground beef and the
inactivation of Cryptosporidium (another
harmful pathogen) in drinking water, 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 accelerator technolo-
gies, such as the nested high-voltage gen-
erator, may make the technology practical
for widespread use.

Given the problems with E. cofi in the
food supply in recent years, including the
outbreak that led Hudson Foods of Rogers,
Arkansas, to recall 25 million 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 Cryptosporidinm,” says Keith



Carns, EPRI’s manager for the project.
“While the technology is well understood,
there are no full-scale systems currently 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. If the appropriate sensitizers are
identified, Camns 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. EPRI's project is expected to be com-
pleted by next June.

m For more information, 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 lhe 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, which entails the
deployment of relatively small power gen-
cration units close to or at custemer sites,
is expected to become more common in a
deregulated power market.

Like all wastewater treatment plants, the
Yonkers plant generates anaerobic digester
gas-—a byproduct of the bacterial and bio-
logical processes occurring during waste-
water lreatment. 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 the gas as a fuel and for
the reduced emissions as-
sociated with this use; dis-
cussions wilh Weslchesler
County, the owner and op-
erator of the wastewater
treatmenl 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
eral Clean Air Act.

The 200-kW power plant
has two main components
—the fuel cell and the gas
processing unit. Theanaero-

bic gas from the wastewa

0\

ter treatment plant flows to
the processing unit, which §§_

ATESY HEW YORK POWER AUTHOR{TY
E

removes sulfurcontaining  rhis gas processing unit is unique to the fuel cell

compounds, moisture, and
halides. The result is a mix-
ture of 60% methane and 40% carbon
dioxide, which powers the fuel cell. At
Lhe Yonkers sile, Lhe 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 the gas
produced by the treatment plant. Addi-
tienal 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,
opering up the potential for the expansion
of the power plant.

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

installation at Yonkers, New York.

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 expecled
to last about six years before it needs to be
replaced.

Although the fuel cell technology in
stalled at Yonkers iscommercially available
and its performance well proven, the gas
processing technology is under develop-
ment. Currently more than 80 fuel cellsin
the world are operating on natural gas—
mostly in the United States and Japan.
However, nonc has cver before used an-
aerobicdigester gas.

w For more information, contact Johnr O’Sulli
van, (6501 8552292
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IN THE FIELD

Demonstration and application of EPRI technology on ufility systems

Visibility Study Helps TU Electric Manage Emissions

s 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
million Btu if it could be demonstrated that the reductions
would improve visual air quality in the area. To learn how the
proposed SO, 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

34 EPRIJOURNAL  September/October 1997

air 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 groundbased monitoring tools. They
used tracer techniques to establish actual dispersion parame-
ters for TU’s Big Brown plant on clean-air days. They used
aircraftbased 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 SO, reductions would alter the
frequency and intensity of haze episodes. The study found
that any change in visibility resulting from the proposed SO,
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 i n-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 notimprove
the haze situation—a decision that
saved TU Electric and its customers
approximately $793 million in SO,
scrubber retrofits. A threevolume
technical report on the project (TR
106775) is available from the EPRI
Distribution Center, (510) 934-4212.
m For more information, contact Peter
Mueller, (650) 8552586.



Power Quality Brochure Helps Educate Textile Customers

ower quality is critical to modern,

highly automated textile plants that

aim for world-class manufacturing
excellence. Mew technologies for spinning,
weaving, knitting, and other operations
make unprecedented demands on the
electric power distribution system. Recog-
nizing the importance of power quality to
its customers, Duke Power Company
designated a special staff section to help
customers resolve productivity problems
related to power quality issues. Taking a
proactive approach, Duke wanted to pro-
vide information to fiber

Mower Quslity C opmisder alinse

and textile producers—its

for the Testile Indust iy

largest industrial customer
base—so that procedures
for avoiding power quality
problems can be imple-
mented before the installa-
tion of equipment sensitive
to voltage waveform
distortion.

To hold down the cost
of developing customer
educational resource ma-
terials, Duke turned to EPRI

for assistance. The result

was a brochure—Power Quality Considerations for He Textile
Industry—which Puke initially presented at two one-day
conferences for textile customers that drew 200 participants.
[t a coordinated effort, the EPRI Adjustable-Speed Drive
Bemonstration Office and the EPRI Textile Office worked with
Buke to produce the brochure, which was based on informa-
tion from six power quality case studies at fiber and textile
plants served by Duke, Carolina Power & Light Company,
Georgia Power Company, and Mortheast Utilities.

In one case study involving a major fiber manufacturer,
frequent failures of adjustable-speed drive (ASD) capacitors
that forced costly shutdowns of a polymer extrusion process
were found to be the result of using equipment designed for a
380-V, 50-Hz power system. The installation of higher-rated
ASD dc¢-bus capacitors accommodated the higher operating

Diagnosing and avoiding power quality problems are key

concerns at today’s highly automated textile plants.

voltage in the plant and eliminated the shutdowns, which had
cost the customer several thousand dollars for each scrapped
beam of synthetic yarn.

In another case study, utility capacitor switching near a
spun-varn thread plant customer was causing overvoltage on
a dc bus, which in turn led to production shutdowns. Low-
cost line reactors proved effective in protecting the spinning
frames from electrical transients; new machines now come
equipped with such reactors. The solution is broadly applica-
ble to filer and textile manufacturing facilities.

“The power quality brochure is a tremendous asset for any

-

electric utility with textile customers,” says Barry Batson,
[fuke’s market segment manager for textiles. Applying tech-
niques detailed in the brochure can help utility textile cus-
tomers reduce downtime, increase production and productiv-
ity, and improve product quality. The brochure (BR-105425) is
available through the EPRI Distribution Center, {(510) 934-4212,

m For more information, contact Marek Samotyj, (650) 855-2980.
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New
Technical
Reports

Requests for cepies of reports should be directed
to the EPR! Bistnbution Center, 207 Coggns DOnve,
PO Bex 23285, Pleasarl Hill, Calformia 84523,
{510) 934-4212

CUSTOMER SYSTEMS

Electric Vehicle Charging Systems, Vol. 2:
Report of the Connector and Connecting
Station Commitiee

TR-104823-V2R1 Fnal Report (W05328)
EPRI Project Managar G Purcell

A Summary of Area- and Time-Specific
Costing: The Applications and Benefits of
Disaggregated Costs

TR-106309 Final Report (W0O3629)

Contractor Energy & Envronmental Econamics
lhe

EPRI Project Manager G Heffner

Customer Needs in Heating and Cooling:
Results of Facus Groups

TR-106613 Final Report (W02892)
Contractor Barrett Consuiting Associales, Inc
EPRI Project Manager T Statt

A Smail-Business Guide: Printers
TR-106676-V9 Final Rapon (WO3563-1)
Contractor. Resourece Dynamics Corp
EPRI Project Manager W Krill

A Small-Business Guide: Electronic
Components

TR-106876-V11 Final Repon (WO3563-1)
Contractor. Resource Dynamics Corp
EPRL Project Manager W Krill

A Small-Business Guide: Wood Preservers

TR-106676-V12 Final Report (W03563-1)
Contracter Resource Bynamics Corp
EPRI Project Manager W Knill

A Small-Business Guide: Plastics Products
TR-106676-V13 Final Report (W0O3563-1)
Contractor Resource Dynamics Corp

EPRI Project Manager. W. Kril

A Small-Business Guide: Wood Furniture

TR-106676-V 14 Final Report (W04491)
Contractor Resource Oynamics Com
EFRI Froect Mapager W Krill
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A Smali-Buginess Guide: Appare)
Manufacturers

TR-186678-V15 Final Report (WO3583)
Contracter Resource Dynamics Core
EFRI Project Manager W Knll

Cold Air Diffuser Application Manualk: Cold Air
Diffuser Performance and Selection
TR-106738 Final Report (WO3280-39)

Contractor Titus Division of Tomking Industries
EPM®I Project Managers M Khattar, B Wendland

Manutactured Housing Energy Efticiency
Programs: Principles and Practices
TR-106804 Final Report (WO2892)

EPRI fProject Manager T Statt

Fast Focd Restaurants Computer Simulations,
Vol. 8: Greenville, South Carolina
TR-107205-V8 Final Report (WO3544-1)
Coniracier: Architectural Energy Corp

EPRI Project Manager K Johnson

Fast Food Restaurants Computer Simulations,
Vol. 9: Oklahoma City, Oklahoma
TR-107205-V9 Final Report {WO03544-1)
Contractor Archiieciural Energy Carp

EPRI Project Manager K Johnson

Fast Food Restaurants Computer Simulations,
Vol. 10: Northern New Jersey

TR-107205-V10 Final Report {W03544-1}
Contractor Architectural Energy Corp

EPR! Project Manager K Johnson

Evalvating Customer Preferences Using
Conjoint Analysis: Case Study of a
Residential Heat Pump Program
TR-107603 Final Repert (W0O3741)
Contracter Research Triangle institute
EPRI Project Manager P Meagher

Development of a Practical Method for
Estimating the Thermal Efficiency of
Residential Forced-Air Distribution Sysiems
TR-107744 Final Report (WO3841-1})

Contractor Ecotope, Inc

EPMI Project Managers J Kesselnng,

S Konsepudi

Field Testing of Aerosol-Based Sealing
Technology

TR-107981 Final Repon (WQ3841-4)

Contracter Lawrence Berkeley Natlonal Laboratory
EPHI Project Managers J Kesselrnng,

S Kondepuds

Residential Eleciric Fireplaces: Review
of the State of the Art

TR-108013 Final Report (WO3417-5)
Contractor. Aptech Engingenng Services, Inc
EPRI Project Manager J Kesselring

Airport Electrotechnology Resource
Guide

TR-108050 Final Report (W04944-1)
Contractor Energy Research Group, Inc.
EPRI Project Manaper L Sandell

Lift Truck Field Test Demonstration

TR-108255 Final Report (W0Q3744)
EPRI Project Manager G Purcell

Performance Evaluation of Energy-Efficient
Lighting and Office Technologies in

New York City

TH-108386 Final Report (WO2890-3}

EPRI Project Manager K Jobrnison

Residential New Construction Pilot
in Nevada Power Company Service
Territory

TR-108445 Final Report (WQ3841)
Contractor Proctor Engineenng Group
EPA| Project Manager J Kesselring

Multifamlly Rousing and the Electric Utility
indusiry: Challenges and Strategies
TH-108481 Final Report (WOA506})

EPR! Project Manager: T Statt

Resuits of a Coal Pile and Mill Rejects
Investigation at a Power Generating
Station

TR-107627 Final Report (W02021-3)
Contracter Tetra Tech, Inc

EPRI Project Manager J Goodrich-Mahonay

GENERATION

Fiber-Optic Sensors for Temperature
and Strain Monitoring in Motors and
Generators

TR-101950-V2 Final Reporl (W@2487-2)
Contractor Battels

EPRI Project Manager J Stein

Ratrofit NO, Controls for Coal-Fired Wility
Boilers: 1996 Update Addendum
TR-102906-Addendurn Final Repert {(W02915-7)
Contracter ENTEC

EP8I Project Managers R Brown, J Stallings

Maintenance Work Management Practices
Assessment

TR-106430 Interim Report (WO3151)
Contractor, RMG (Rehabiity Managemant
Group)

EPRI Project Manager R Pllasterar

Strategic Assessment of Repowering
TR-106908 Final Remort {ICC1200)
Contractor SEPRIL Services

EPRI Project Manager N Holl

State-of-the-Art Weld Repair Technotogy for
Rotating Components, Vol. 1: Weld Repair of
Steam Turbine Discs and Rotors
TR-107021-V1 Final Report (WO3963-1)
Contractor, EPR| Repair & Replacement
Appilicatiens Center

EPRI Project Manager V Viswanathan



PISCES Power Plant Chemical Assessment
Model, Version 2.0: User Documentation
CM-107036-V1-V2 Final Report

Contractor Carnggie Mellon University

EPRI Project Manager. 8 ToeleO'Nell

Cost of Providing Anclitaty Services From
Power Plants: Reguiation and Frequency
Response

TR107270-V2 Final Report (WO4161)
Contractor Encotech. Inc

EPRI Project Manager J Sterr

Cost of Providing Ancillary Services From
Power Piants: Reactive Supply and Voltage
Control

TR-107270-V3, ¥3SI Final Report (WO4161)
Contractor PowerGen

EPRI Project Manager J Stein

Cost of Providing Ancillary Services From
Power Plants: Operating Reserve-Spinning
TR-107270-V4 Final Report(WQ416t)
Contractor: Encotech Engineenng, PC

EPRI Project Manager J Stein

Guldelines for HydroTurbine Fish
Entrainment and Survival Studies
TR-107299 Final Report

Contractor; Alden Research Laboratory, inc
EPR! Project Manager: C. Sulhvan

Information Strategies for Environmental
Excelience

TR-107694 Final Report (W04229)

Contractors Michael Faist, Radian International
EPRI Project Manager: M Mctearn

State-of-Knowledge Assessment for
Waterwall Wastage With Low-NO, Burners
TR-107775 Final Report (WQ4434)
Contractor. Structural Integnty Associates
EPR! Projeot Managers. B. Dooley. R Tilley

Coal Analysis and Mass Flow Using
Magnetic Resonance

TR-107794 Final Report (W0O3938)
Contractor' Quantum Magnetcs. Inc
EPR/ ProjectManager J Werss

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

TR 108057 Final Report (WO3534)

Contractor Fern Engineering, inc

EPRI Project Manager- R Fnschmuth

Assessment of a 200-kW Fuel Cell at the
U.S. Army Natick Research Center
TR-108170 Final Repont (WO3747)
Contractor Science Applications intemational
Corp

EPRI ProjectManager J O'Suftivan

Operating Practices Guidebook: Combustion
Turbine Operation and Maintenance Costs
TR-108332 Final Report (W02951)

Contractor Strategic Power Systems, Inc

EPR! Project Manager R Fnschmuth

Guidelines for the Beneficial Use of
Advanced SO, Control By-Products
TR-108403 Final Report (WO3176)
Contractor GAi Consultants, inc

EPRI ProjectManager D Golden

Assessment of Magnetostrictive Sensor
Technique: Detecting Flow-Accelerated
Corrosion in Feedwater Piping
TR-108449 Final Report {W04380)
Contractor Southwest Research Inslitule
EPRI Project Manager C Brett

Proceedings: Cooling Tower Technology
Conference

TR-108483 Proceedings (W02113)

EPRI Project Manager J Tsou

Five Essays on Modern Asset Management
Practice: New Techniques for a New Era
TR-108818 Ftnal Report (W03288)

Contractors. Portal Solutonis, University ot Santa
Clara

EPRI Prgect Manager. M Blanco

NUCLEAR POWER

Nuclear Power Plant License Renewal
Environmental Compliance Program:

Donald C. Cook Nuclear Plant Case Study,
Phase 1 {Prefiminary Planning)

TR-106844 Final Report (WO4271-1)

Contractors: Amernican Eiectnc Power, Halliburton
NUS Corp

EPRI Project Manager. J Carey

Natural Versus Artificial Aging of Electrical
Components: Interim Report 1991-1995
TR-106845 Final Report (WO1707-13)
Contractor Unjversity of Connecticut. institute of
Materials Science

EPRI Project Managers J Hutchinson. J Carey

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

TR-107321 Topical Report (WO4435-t)
Contractor BDuke Engineenng and Services
EPRI Project Manager. J Hosler

Vibration Fatigue of Small-Bore Socket-
Welded Pipe Joints

TR-107455 Final Report (WO4366)
Contractor- Structural Integrity Associates. tnc
EPRI Project Manager S Gosseln

Generic Tests of Passive Autocatalytic
Recombiners (PARs) for Combustible Gas
Control in Nuclear Power Plants, Vols. 1-3
TR-107517:V1-V3 Fnal Report (WO4224-1)
Contractors. Comrrissanal 3 'Energe Atomigue;
Electricté de France {cosponsor)

EPRI Projiect Managers G Shter J Hoster

Condition Monitoring Program for 4-kV
Environmentally Qualified Motors
TR-107524 Final Repont (WQO3698)
Contractors Commonwealth Edison Co . Kiran
Consultants, Inc

EPRI Project Manager J Carey

End-of-Cycle-11 Examinations atFarley Unit 2
TR107904 Final Repoit (WQ5023-1)

Contractor Weslinghouse Electric Corp

EPRI Project Manager R. Pathamia

Qualification of 5-aminopentanol for PWRs
TR-107948 Final Report (WOS416)

Contractor. Pedro Peint Technology, Inc

EPRI! Proyect Manager- P Millett

Survey of Alternate Reducing Agents for
Secondary Chemistry Control

TR 107949 Fnal Report {(WOS520)
Contsactor Pedro Point Technology, inc
EPR! Project Manager: P Milett

Nuclear Property Insurance Study
TR-108061 Final Report {W0O3719-4. -8)
Contractors | B Wall, ERIN Engineering and
Research, Inc . Falure Analysis Associates, Inc
EPRI Project Manager F Rahn

TheTechnical Basis for the Classification
of Failed Fuel in the Back End of the
Fuel Cycle

TR- 108237 Final Report {(W0O3290)
Contractor Robert H. Jonas, Consultant
EPRI Proect Manager O Ozer

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

TR-188261 Final Report {W03718-4)

Contractor ERIN Engineenng and Research, Inc.
EPRI Project Manager F Rahn

Root-Cause investigation of Axial Power
Oflset Anomaly

TR-108320 Final Repoit (WO3771-1)
Contractor Westinghouse Electric Cerp
EPRI Prgect Manager B Cheng

POWER DELIVERY

Assessment of Wind Loads on Power Lines:
Methodology and Applications

TR-106278 Final Repor| {W04565-1)

Contractor EPRI Power Dekvery Center (Haslet)
EPRI Project Manager P Lyons

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

TR-106286 Final Report (W0O2572-14)
Contractors Bat:eile Pacific Noithwest Laborate
ries, San Blego Gas & Electric Co

EPRI Project Manager S Eckroad

Longitudinal Loading and Cascading

Failure Risk Assessment Workshop

{March 1 8-19, 1996)

TR-186884 Final Report (WO2016-1)

Contractor EPRI Power Delivery Center (Haslet)
EPRI Project Manager’ P Lyans
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Proceedings: Substation Equipment
Diagnostics Canference IV
TR-106911 Final Repont (WO2747-1)
Ceniractor Cambias and Associates
EPRI Project Mariager. S Lindgran

Longitudinal Load and Cascading Failure
Risk Assessment (CASE}, Vol. 1: Simpilified
Approach

TR-107087-V1 Final Report {W02016-7)
Contractor- EPR{ Power Baivery Center (Haslel)
EPRI Project Manager. P Lyons

Evaluation of Pen-Based and Hands-Free
Computers for the Electric Utility Industry
TR-107790 Final Report (WQO4113-1)
Contractor. Computers at Work, |td,

EPRI Proect Manager D, Maratualam

Proceedings: FACTS Conference 3
TR-1079%55 Proceedings (WO3022)
Contractor. Thomas L Weaver

EPRI Project Manager' B Adapa

Study of FACTS Requirements for
Cleveiland Electric llluminating Company
TR-108127 Final Meport (W03783-7)
Contractor Pewertech Lals, inc

EPRI Project Manager, R Adapa

Transmission Planning in an Open
Access Environment

TR-108215 Final Report (WO3573}
Contractor, CSA Enargy Consuliants, Inc.
EPRI Project Manager R. Adapa

Computing the Magnetic Fields of High-
Pressure Fluld-Filled Cables

TR-188269 Final Report (WQ7801-1)
Contractor Clemsen University

EPRI Preject Manager W Zenger

Advanced Corrosion Protection Systems
for Network Transformers

TR-108323 Flnal Repon (W04337-1)
Contiacter General Eiectric Co
EPRI Project Manager B. Bernstein

In-Service Performance of Distrihution

Cables: Con Ed XLPE Study—Correlation of
Oxidation Products and insulation Degradation
With Fleld Failures

TR-108324 Final Meport (WQ2436-3)

Contractors' Lectromecharnical Design Co ¢
Consohdated Edson Ce of New York, Inc

EPRI Project Manager 8 Bsrnstam

Proceedings: Maintenance-Free Load Tap
Changing (LTC)

TH-108398 Proceedings (W04204-1)
Contractor Hartow Engineenng Asseciates
EPRI Project Manager S Lindgren

Electromagnetic Transient Program Field Data
Comparison and Tesi Case Development at
American Electric Power

TR-108428 Final Report (W02149-1)

Contractor American Electnc Power Service Corp
EPR! Project Manager. R Adapa
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Guide for Economic Evaluation of Flexible
AC Transmission Systems (FACTS) in Open
Aceess Environments

TR-108500 Final Report (WQ3983)
Contractors. GE Pewer Systems Energy
Cansulting, Electncité de France

EPRI Project Manager R Adapa

Development of a Practical Advanced Alarm
Processor: EPRIVPuget Sound Energy
Tailored Collaboration Project

TR-108532 Final Report (WQ3708-7)
Centractor. Untverstty of Washington

E€PRI Project Manager D Sobajic

STRATEGIC R&D

Development and Testing of a Fiber-Optic
Corrosion Monitor

TR-104782 Final Report (WO8831-6)
Contractor Babicock & Wilcox Co

EPRI Preject Managers T Passell B8 Syrett

Opticel pH Sensors for High-Temperature
Environments

TR-1G6988 Final Report (ICC1002)
Contractor Researct! international, (nc

EPRI Project Managers T Passell, B Syreft

Transient Stability Assessmant Using
Mullifrequency Approximation Technlques
TR-107860 Final Repert (WOB014-4)
Contractor University of Nevada, Reno

EPRI Froject Manager D Sobapc

Interaction of Non-fron-Based Materials With
Water and Steam

TR-108236 Proceedings (WO%003)

EPRI Project Manager B Dooiey

Evaluatlon of Ceramic Materials for Use in Gas
Turbine Components

TR-108260 Final Repon (WO8512-5)

Contractor. General Electnc Co

EPRI Project Manager. W Bakker

1997 Proceedings: Instrument Cailibration and
Signal Validation Workshop

TR-108292 Proceedings (WOS803)

EPRI Project Manager: J. Waiss

Security Supervisory Control in Electric
Power Sysiems

TR-108327 Final Report (WOB030)
Cantractor. Drexel University

EPRI Project Manager O. Sobajic

Eftects of FACTS on Power System Dynamics
TR-108328 Final Report (WOB050)

Contractor University of California, Berkeley
EPRI Project Manager D Sobajc

Fiywheel Energy Storage
TR-108378 Final Report (WO008)
Contractor Daedalus Associates, (Inc
EPRI Preject Manager J Stringer

New
Computer
Software

Orders tor EPRI-gdeveloped software should ke dr-
rected tothe Elecwic Power Software Center, 11025
North Torrey Pines Road, La Jolla, Califorria 92037

(B00) 763-3772

CAFTA

Version 3 1a (Windows)

Contractor Science Agpiicattons International
Corp

Business Area’ Nuclear Pawer

EPR Project Manager Frank Rahn

C-VALU

version 2 50 {PC-Windows)

Contractor Christensen Associates
Business Area Power Markets & Resource
Management

EPRI Praject Manager. Richard Goldberg

DESK BOOK™: Residantial End-Use
Technologies

Version 2.0 {(Macintosh)

Contractor. Energy international, In¢
Business Area’ Residential Technologies &
Services

EPRI Project Manager Jehn Kesselring

EMTP '96

Version 3 0 (Windows 3 1, Windows ‘85, Sun-0S,
Sun-Solans}

Contractor. Ontarie Hydro

Business Area Gnd Operations & Planning

EPRI Preject Manager Ram Adapa

ESCORE

Version 1B-MODO3 (PC-DOS, UN!IX)
Contractor Anatech Corp

RBusiness Area’ Nuclear Pawer

EPR! Progct Manager Suresh Yagnik

GasPlan: A Gas Procurement and Operations
Planning Tooi

Version 3 51 (PC-Windows)

Contractor Appiad Decision Analysig

Business Area Power Markets & Resource
Management

EPRI Projact Manager Richard Goldherg

GOTHIC: Generation of Thermal Hydraulic
information in Contalnments

Version 5 Og (PC-DOS, UNIX)

Coniractor. Numericat Apalications, Inc
Business Area Nuclear Powar

EPRI Project Manager Avtar Singh

PowerDOE™

Versicn 10 (PC-B@S)

Contractor J, J Hirsch & Assoctates
Business Area Commercial Technologies &
Services

EPRI Project Manager. Karl Johnson

WASTECOST-Wet

Version 1 09 (PC-DOS}

Contractor Nosh Preductions

Business Area Nuclear Power

EPRI Project Manager, Carol Hornibrook



EPRI Events

OCTOBER

7-8

Motor Rewind Course

Wharton, New Jersey

Contact: Peggy Amann, (650) 855-2259

7-8

REEPS Saftware Traintng

San Diego, California

Contact: Paige Schaefer, (800) 398-0081

7-9

infrared : Level 3

Long Beach, Calfomia

Contact: Esther Blanco, (562) 493-7741

-9

PCI Power Costings

Charlotte, North Carolina

Contact: Eiteen Mauro, (614) 421-3440

-9

Worishop on Simulstor Acceptsance Test
Procsdures

Kittanning, Pennsylvania

Contact: Sarah Vanberg, (816) 235-5623

7-10

Hydrogenarstor Meintanance Course
Baise, {daho

Contact: Karen Goodeve, (416) 620-5600

&-10
Live Working 2000 Workahop

L.enox, Massachusetts

Contact; Kathleen Lyons, (650) 855-2656

8-10

Substation and Switchywd Predictive
Maintonance

Eddystone, Pennsylvania

Contact: John Niemkiewlcz,

(800) 745-9982

9-10

COMMEND Softwers Training

San Diego, California

Contact: Paige Schaefer, (800) 398-0081

13-4

INFORM Software Tralning

San Diego, California

Contact: Paige Schaefer, (800) 398-0081

13-17

Combined-Cycle Unit Operations Course
Kansas City, Missouri

Contact Sarah Vanberg, (816) 235-5623

14

Applicstions of Motors and Drives

Kansas City, Missouri

Contact; Carrie Koeturius, (510) 525-1205

1417

Circult Brea ker inspection and Overhsul
Long Beach, California

Contact: Esther Bianco, (562) 493-7741

1417

Sefety and Rellef Valve Workshop
Huntsvilie, Alabama

Contact: Linda Suddreth, (704) 547-6141

15

Power Quafity Mirigstion

Baltimore, Maryiand

Contact: Carol Hoit, (650) 855-2808

18-17

Malntenance Proficiency Evaluation
Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6041

16-17

EPRIDOE Wind Turtine Verificstion
Program Worishop

Green Bay, Wisconsin

Contact: Julie Fennel), (650) 855-1009

16-17
EPRI Parmership for ndustrial

Competitiveness
Allentown, Pennsylvania
Contact: Bill Smith, (650) 855-2415

1822

Mzmging the Marieting Research Process
In a ODeveguisted Enviconment

Dallas, Texas

Contact: Heidi Beck, (888) 334-3774

20-21
Municipal Water and Wasteweter

Compatitvensss Sympositam
San Francisco, California
Contact: Myron Jones, (650) 855-2993

20-21

Power Quality for the Polymer Processing
Industry

Charlotte, North Carciina

Contact; Karen Forsten, (423) 570-2418

20-24

infrered Thermography: Leval 2
Eddystone, Pennsylvania
Contact: John Niemkiswicz,
(800) 745-9982

20-24

Steem Plant Operstions for UtHity Enginaery
Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

20-24

3d Annual Distributed Rescusces Conterence
Baltimore, Maryland

Contact: Lorl Adams, {650) 855-8763

21-23
Transmisaion lnapectian and Msintenance

System Training
Atlanta, Georgia
Contact: Kathleen Lyons, (650) 855-2656

-3
MANAGES and MOSES MP Scitware

Training
Charlotte, North Carclina
Contagct; Adda Quinn, (650) 855-2478

22-24

Healthcare initiative Workshop and
Conference

Philadelphia, Pennsylvania

Contact: Kelly Ciprian, (800) 432-0267

23-4

HELM Software Training

Dalias, Texas

Contact: Paige Schaefer, (800) 338-0081

-4

Successhd Seliing in Materials Febrication
Columbus, Ohio

Contact: Eilean Mauro, (614) 421-3440

24

Hest Rate imgrovernart Cowsee

Long Beach, California

Contact; Esther Blanco, (562) 493-7741

26-30

1997 EPRL Performance Meamswmemt
Workshop

Denver, Colorado

Contact: Lynn Stone, (972) 556-6529

a-28

OASIS Conlerance

Danvers, Massachusetts

Contact: Peggy Amann, (650) 855-2269

r-28
Power Quaiity Marketing Warkeshop

Knoxville, Tennessee
Contact: Lisa Nederhoff, (423) 5708014

27-29

NMAC Worlshop on Sustionssy Bettery
Maintanance

Atlanta, Georgia

Contact: Linda Suddreth, (704) 547-6141

27-31

Boller Opmwating Theory Fundemeitiais
Kansas City, Missouri

Contact: Sarah Vanberg, (816) 2355623

2-30
Achieving Success In Evolving Glectriclty
Mariats

Houston, Texas
Contact: Michele Samoulides,
(650) 855-2127

29

Screening industie) Power Genwration
Optiona

Pittsburgh, Pennsylvania

Contact: Margo Norman, (713) 963-9306

28-91

Fosall Plant Welding Workshap

Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6041

Powes Quafity Advencad Treining
Knoxville, Tennessee
Contact; Lisa Nederhoff, (423) 570-8014
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30

Spectatty Chemicals and Pharmaceutical
Initistive

Philadelphia, Pennsylvania

Contact: Margo Narman, (713) 963-9306

NOVEMBER

3-5

Pawer Quallty Interest Group

San Diego, California

Contact: Carrie Koeturius, (510) 525-1205

45

Applications of Motors and Orives

Omaha, Nebraska

Contact: Carrie Koeturius, (510) 525-1205

4-8

Fossil Piant Personnel Proficiancy
Evalustion Training

Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6041

4-6

Transmission Imepection and Maintenance
System Training

Dallas, Texas

Contact: Kathleen Lyons, (650) 855-2656

5

PQ-DeBUG Meeting

San Diego, California

Contact: Carrie Koeturius, (510) 525-1205

5-7

Fuel Supply Seminar

Chattancoga, Tennessee

Contact: Megan Bayd, (650) 855-7819

(]

Electasynthasis Symposium
Clearwater, Florida

Contact: Jigar Shah, (412) 826-3068

9-12

Etectric Fumace Conference

Chicago, llinois

Contact: Joe Goodwill, (412) 268-3435

10

Intagrated Cycle Chemistry Improvement
and Boller Tube Failure Reducton
Training

Nashville, Tennessee

Contact: Michete Samoulicies,

(650) 855-2127

1011

Application and Devefopment of
Superconducting Cables

Columbia, South Caralina

Contact: Kathleen Lyons, (650) 855-2656

10-12

Workehop on Decision Analysis for Utliity
Planning and Menagemen

San Diego, Califomnia

Contact: Peggy Prater, (650) 855-2951
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1014

Simutator Instructor Operations

Course

Kansas City, Missoun

Contact: Sarah Vanberg, (B16) 235-5623

1

Applications of Motors an d Drives
Washington, D.C.

Contact: Carrie Koeturius, (510) 525-1205

11-12
Farecastig in 8 Compedtive Electrietty
Marieat

Arlington, Virginia
Contact: Lynn Stone, (972) 556-6528

11-13

Boiter Tube Fallure

Nashville, Tennessse
Contact: Michele Samoulides,
(650) 855-2127

11-13

Lubrication Oil Analysis

Long Beach, California

Contact: Esther Blanco, (562) 493-7741

12-14

Managing Harardous Alr Pollutants
Washington, D.C.

Contact: Lori Adams, (650) 855-8763

12-14

Root-Cauge Analysis
Eddystone, Pennsylvania
Contact: John Niernkiewicz,
(800) 745-9932

1)

integrated Cycle Chamisty improvament
and Boller Tube Fallure Reduction
Tralning

Nashville, Tennessee

Contact: Michele Samoulides,

(650) 855-2127

16-20

NARSTO (North American Research Stmtegy
for Mopospheric Ozane) Sclence Symposium
West Palm Beach, Florida

Contact; Meredith Smith, (650) 855-2464

i8-20

The Future of Power Delivery in the

2tst Century

La Jolia, Califomia

Contact: Meiita Guetlert, (650) 855-2010

19

Worlshop on Environmentat Issues of
Otelectric Fiuids

Long Istand, New York

Contact: Steve Lindenberg,

(202) 293-6184

DECEMBER

1-3

Power Quality Techn|cai Training
Knoxville, Tennessee

Contact: Lisa Nederhoff, (423) 570-8014

24

Tranamizsion spection and Uakvtanance
Training

Las Vegas. Nevada

Contact: Kathleen Lyans, (650) 855-2656

8-9

Generstor Retaining Aing Workshop
Miami. Florida

Contact: Michele Samoutides,
(650) 855-2127

811

CHEC-T Users Group

Reno, Nevada

Contact: Megan Boyd, (650) 855-7919

8-11

EPRI/NMAC Pump Maimenance Workshop
Charlotte, North Carolina

Contact: Linda Suddreth, (704) 547-8141

8~12

Drum-Type Coal-Firad Steem Plant
Operationa

Kansas City, Missouri

Contact: Sarah Vanherg, (816) 235-5623

9-10

\nsulator-Aging Workshop

Palo Alto, Califormnia

Contact: Bruce Bernstein, (202) 233-7511

9-12

Nuciear Utlilty Procurement Tralning Course
Chariotte, North Cargiina

Contact: Brent Lancaster, (704) 547-6041

10-11

Anclliary Services Workshap
Miami, Forida

Contact. Michele Samaoulides,
(650) 855-2127

16~12

miamationa) Conferance on st wmnentation
and Control tssues in Nuchear Power Plants
St. Petersburg, Florida

Contact: Mefita Guellert, (650) 855-2010

1517

14th Intermational Electic Vehicie Symposham
Orlandg, Florida

Contact: Pam Turner, (650) 548-0311

JANUARY 1986

47

Industrisl Electrotechnologies for
Competitive Advantage

Lake Buena Vista, Florida

Contact: Eileen Mauro, (614) 421-3440

14-16

NMAC Safety and Rellef Valve U sers Group
Orlango, Florida

Contact: Linda Suddreth, (704) 547-6141

rig

4th CMP Symposium on Electric Arc
Fumace Dust Tratmen)

Pittsburgh, Pennsyivania

Contact: Joe Goodwill, (412) 268-3435
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