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PRODUCTS

EPRI-sponsored deliverables now available fo utilities and their customers

Four EPRI-sponsored products won R&D 100 awards this year The awards are presented by Ré&D Maga-
zine, which assembles a panel of scientific experts for the annual competition. The experts select 100 new

M) products they consider the year’s most technologically significant. On the list for 1997 are PQ2000, the RTP
Controller, and the Low-Dross Aluminum Melter (all featured here), as well as the NonIntrusive Appli-

ance Load-Monitoring System, featured in the Products department of the May/June 1997 EPRI Journal.

PQ2000

Voltage-related power disturbances cost U.S. businesses
tens of billions of dollars in lost productivity each year,
EPRI studies show: The PQ2000 power quality system—
developed by AC Battery Corporation

of Troy, Wisconsin, in conjunction with
MD General Motors’ Delphi Energy & Engine
Management Systems division, Ogle-
thorpe Power Corporation, and EPRI—has the potential to

restore much of this lost productivity. Functioning like a
conventional uninterruptible power supply, PQ2000 keeps
computers and other sensitive electronic equipment oper-
ating smoothly during momentary voltage fluctuations.
What sets PQ2000 apart are i% highspeed response capa-
bility and a proprietary technology that extends battery life
and eliminates many of the maintenance and reliability issues normally associated with stationary battery systems.

For more information, contact Ben Banerjee, (650) 8557925 To order, call Bob Flemming at AC Battery Corporation, (414) 642-7416.

RTP Controller

A number of electric power companies now offer real-time pricing (RTP)
rates to their large commercial and industrial customers. These rates,
which vary according to the cost of producing electricity, can offer signifi
cant savings. In order to take advantage of RTP rates,
however, customers need to adjust lighting, cooling,
]{Sl) heating, and ventilation systems numerous times
throughout the day. Since performing this task manually
is not practical, EPRI and Honeywell, Inc., developed the RTP Controller to
automate the process. A software module ranning in a Honeywell energy
management system, the controller reduces energy costs without compro-

mising the comfort, indoor air quality, or safety of customers’ operations.
The Marriott Marquis Hotel in New York City, which installed the con-
troller in 1993, has saved over $1 million in power costs.

For more information, contact John Flood, (201) 697-6007. To order, contact your
local Honeywell dealer

RON MAY




Low-Dross Aluminum Melter

Developed by EPRI in collaboration with Process Engineering Dynamics, this
melter offers an energy-efficient and environmentally sound solution to one of
the toughest challenges facing the aluminum-recycling industry—dross. An

essentially solid b y-product created when aluminum reacts with

oxygen in the furnace of a secondary aluminum melter, dross

M) can reduce melter production by as much as 10%. The Low

Dross Aluminum Melter uses argon gas to provide a stable,
nonoxidizing atmosphere that reduces dross by more than 60%. The result is an
increase in production of about $2 million annually for the average aluminum
recycler. And that’s not counting the $600,000 saved in hauling and landfill costs.
For more information, contact Bob Schmitt, (412) 268-6442. To order, call Frank Kemeny
at Process Engineering Dynamics, (716) 774-1393.

COURTESY PROCESS ENGINEERING DYNAMICS

Fuel Market Reports

To help U.S. power producers plan for industry restructuring, EPRI and the Gas Research
Institute are collaborating on a series of reports assessing the potential impact on power
generation, fuel use, business practices, and information needs. The first two reports in
the series—Impacts of Electric Industry Restructuring on Electric
Generation and Fuel Markets: Analytical and Business Challenges (TR-
107614) and Regional Impacts of Electric Utility Restructuring on Fuel
Markets (TR107900, Vols. 1 and 2)—analyze generation and
transmission circumstances across the country and describe the
&:: pace of restructuring in differentregions. They include perspee
tives on changes in interregional power flows, effects on existing
plants (e.g., utilization changes, upgrades, accelerated retire
ments), and the stimulus to gas generation.
For more information, contact Jeremy Platt, (650) 855-2628. To order,
call the EPRI Distribution Center, (510) 934-4212.

COAL PHOTO @ 1987 ALVIS UPITIS/THE IMAGE BANK

Fish Passage Guidelines

By the year 2010, more than 20,000 MW of hydroelectric
x¥ generating capacity will undergo relicensing by the
2 Federal Energy Regulatory Commission. In many
£ cases, applicants will have to conduct fish entrain-
g mentand/or survival studies for hydro turbines. /
% To reduce the time and expense involved in / P
§ meeting this requirement, EPRI developed i
3 Guidelines for Hydro Turbine Fish Entrainment and c-q\
% Survival Studies (TR-107299). This document offers, for the
)g_ first time, standardized protocols for planning and conduct
2 ing such studies and analyzing and reporting their results.
8 For more information, contact Chuck Sullivan, (658) 855-8948.
& To order, call the EPRI Distribution Center, (510) 934-4212.

EPRIJOURNAL  Novernber/Decermnber 1997 3



DISCOVERY

Basic science and innovative engineering at the cuiting edge

Progress on the Wire Code Paradox

ince 1979, reports of a possible link between childhood

cancer and magpnetic fields from neighboring power

lines have given the public cause for concern. Because
making actual magnetic field measurements was impractical
in early studies, researchers used wire codes—classifications
of the size and proximity of power lines to homes—as surro-
gates for field strength. Studies conducted in Denver and Los
Angeles reported associations between childhood cancer
(leukemia) and the highest wire code levels, but associations
between the disease and exposure estimates based on present-
day magnetic field measurements in subjects’ homes have

been shown to be much weaker. This discrepancy has been

called the wire code paradox and has generated considerable
interest among scientists studying the possible health effects
of electric and magnetic fields.

Contradictory conclusions have recently been published
regarding the association between childhood cancer and wire
codes. In 1996, the National Academy of Sciences reviewed
the residential studies published to date and concluded that
“wire codes are associated with childhood cancer, but the

o

ause for the association is unknown.” Further, the report’s

o]

xecutive summary stated that “the current body of evidence
oes not show that exposure to [magnetic] fields presents a
uman-health hazard.” In July 1997, Martha Linet and her
olleagues reported no association between wire codes and

g Q

O n

hildhood leukemia in the midwestern states they studied.
EPRI has been funding research on the wire code paradox,

PHOTO @ 1397 TIM BIEBER/THE IMATGE BANK

including investigations of magnetic fields, transients, and
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other factors. As part of this effort, researchers examined
certain residential environment and lifestyle factors {RELs) to
determine if the factors could be related to both wire codes
and the occurrence of childhood cancer. The findings were
presented in a 1996 EPRI report entitled Childhood Carcer Risk,
Wire Codes, and Residential Environment and Lifestyle Factors
(TR-106376). The researchers—Robert Pearson of Radian
International LLC, Howard Wachtel of the University of
Colorado, and Kristie Ebi of EPRI=used data from the 1988
childhood cancer study conducted by David Savitz and his
colleagues in Denver, as well as data from public databases.
Geographic information system, or GIS, software was used to
map the data for residences of children with cancer
and a control group of healthy children.

The researchers concluded that two distinct
factors were associated both with the wire code
designated VHCC (very high current configuration)
and with increased cancer occurrence. Being a
tenant rather than a home owner was the first fac-
tor, and the second was traffic density near the
residence. Neither factoralone is a direct cause of
cancer, but they may be markers forotherrisk fae
tors or sets of factors. Regarding tenancy, itis not
known why this is a factor, only that the research
determined it was. Associations with traffic density
appear to be much stronger and offer more oppo¥
tunities for further investigation.

Post hoc analyses indicated that the unadjusted
rate of cancer among children who lived close to the
busiest streets (more than 20,000 vehicles per day)
was eight to nine times greater than that among children who
lived close to streets with the lowest traffic density. In compar
ison, the rate of cancer among children who lived in VHCC
residences was about twice that among children who lived in
residences with buried utility lines. According to EPRI project
manager Kristie Ebi and the two other researchers, traffic
density may be a marker for local air pollution, specifically
volatile organic compounds and other emissions.

Although this additional research has shed new light on
the controversial topic of childhood cancer, the wire code
paradox remains. At least two questions need to be addressed:
Are the data from the Denver study unique to that city, or can
the findings be generalized; and are the factors of traffic
density and tenancy versus home ownership new surrogates
for the occurrence of childhood cancer?

Further research is being conducted to begin to answer



these questions. One EPRHunded study by Pearson, Wachtel,
Ebi, and Bryan Langholz (a statistician at the University of
Southern California) is examining the feasibility of applying
the methods developed in the Denver study—including
automatic wire coding and mapping of REL factors—to Los
Angeles. In addition, the researchers are developing an
efficient epidemiologic design to study the associations
between the VHCC wire code, magnetic fields, other REL

factors, and childhood leukemia. Another EPR Hunded study
by Pearson, Wachtel, and Ebi is investigating the associations
between childhood cancer, wire codes, and traffic density. A
model for evaluating traffic density will be developed and
tested. Much more work needs to be done, but the mystery
surrounding a possible link between childhood cancer, wire
codes, and RELs may soon be resolved.

m For more information, contact Kristie Ebi, (650) 8552735

Monitoring Corrosion On-Line With Fiber Optics

iber-optic strain gages offer a novel way to measure the

onset of intergranular attack (IGA) and the progression

of stress corrosion cracking (SCC) on the outside surface
of nuclear steam generator tubes at support plate crevices. An
experimental on-line crack-monitoring system developed for
EPRI by McDermott International Corporation’s Babcock &
Wilcox subsidiary uses lightemittingdiode sources and solid
state light detectors at each end of optical fibers to measure
changes in strain in a tube. In laboratory tests, the fiber-optic
gages proved more sensitive than standard foil strain gages in
detecting strain changes caused by the onset of cracking.

Previous attempts to develop on-line devices for measur
ing localized IGA and SCC athigh temperatures generally
were thwarted either by the unreliabil-
ity of signal transmission or by the
degradation of the devices’ materials
by hot water. EPRI Strategic R&D
sought to determine whether the use
of a fiber-optic corrosion probe in a
sidesiream model boiler simulating
support plate crevice regions could
circumvent these problems and
provide real-time data.

Researchers performed two tests
with a combination of aluminum-
buffered and polyamidebuffered fiber-optic strain gages. In
the first test, two high-temperature, microbend fiber-optic
strain gages and two resistive-foil strain gages were installed
on the outside surface of an Alloy 600 tube specimen. The
tube was then axially loaded to near yield. The change in
strain output was recorded while part of the inside tube sur
face was exposed toa corrosive fluid at ambient temperature.

In the second test, four fiber-optic strain gages were

. I"l'rl'ri'r't'|'1'|'|'[’l‘|

Strain gage installed on tube specimen

installed on the outside surface of another Alloy 608 tube
specimen. The tube was placed in an autoclave, where it was
subjected to high temperatures and pressures for over 600
hours. Water with various concentrations of caustic sodium
hydroxide was circulated through the tube, which was axially
loaded.

The tests demonstrated that fiber-optic strain gages
attached to the outside surface of a steam generator tube can
successfully monitor tube wall stress, wall thinning, and wall
strain to the point of failure due to IGA/SCC. Overall, the
gages were able to detect 10-20 nanometers of stretch motion
and to detect changes as small as about 1 microstrain.

Fiber-optic technology has many attractive features for
the on-line monitoring of IGA/SCC
in steam generator tubing, including
extremely high sensitivity and i m
munity from electrical noise. Also,
because optical fibers are more
rugged and corrosion-resistant than
electric conductors, the technology
can be used at higher temperatures.

While materials issues continue

UL ||i “.1
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to be the most significant develop-
ment challenge, the use of such
higher-temperature optical fibers as
sapphire may extend the life of an on-line corrosion monitor.
The laboratory test results suggested several design improve-
ments that, in the next phase of R&D, could be incorporated
into a prototype strain gage corrosion detector for field testing
in a sidestream model boiler. A technical report (IR-104782)
documenting the laboratory work is available from the EPRI
Distribution Center, (510) 9344212.

m For more information, contact Barry Syrett, (650) 855-2956.
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THE STORY IN BRIEF

As incumbent electric utilities gear
up to face a deregulated retail mar-
ketplace, many have focused their
efforts on cutting costs—downsiz-
ing their operations and negotiating
new contracts with power genera-
tors. These efforts, while necessary,
won't be enough to create enduring
competitive advantage. The greatest
opportunity for farsighted managers
to create real value for customers
and stockholders falls squarely in
the domain of retail pricing. A com-
pany must be able to move from
regulated rates based on costs to
market-driven prices based on cus-
tomer value. This shift will require
an improved capacity to gather cus-
tomer—and competitor—informa-
tion relevant to market-based pric-
ing. It will also require the acquisi-
tion of new pricing tools and the
ability to use those tools guickly to
make and implement sales and mar-
keting decisions. Finally, it will re-
quire a change in the conceptualiza-
tion of the customer relationship,
which is no longer a bilateral rela-
tionship between supplier and cus-
tomer but a triangle that includes
the competition.

13111
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n January 1, 1998, Califernia—the
country’s biggest electricity market
($21 billion) and the world’s sixth
largest economy—will make an
overnight leap into the competitive unknown.
The rules of the electric power game will
change entirely, and incumbent utilities will
suddenly have a good deal of company in what
was once their exclusive preserve. Customer
choice and customer value, rather than govern-
ment regulators, will be the new determinants
of price in the marketplace, as consumers—be
they homeowners, small businesses, or large
industrial or commercial users—wake up on
January 1 to the knowledge that they can buy
electricity from whomever they please.

Giant multinational oil firms like Shell @il
and Texaco, natural gas marketers like Enron,
and small startup companies run by recent col-
lege graduates are well along in their prepara-
tions to enter the electricity market; many are
already vying for customers through television
spots, full-page ads in the Wall Street Journal,
and direct marketing. ew companies will also
enter the marketplace through ongoing mergers
and acquisitions in the electricity, gas, and tele-
communications industries. EPRI’s Karl Stahl-
: of kopf neted in a recent Electricity journal article
e o, JORBRGSYF T ey that “AT&T has developed a retail energy port-

et-driven ‘priceq e ths - folio that it is planning to introduce as part
| on customer value il of a diversification program. The company is
o e T ' : expected to be a powerful competitor in the

- coming utility services convergence because of
its marketing expertise and its brand-name

:;iplé pi':i.:l.ng '

recognition.”

Californians won’t be making the deregula-
tory leap alone. A number of retail electricity
pilot programs have been running since mid-
1996, primarily in New England and Illinois;
these pilots are expected to expand signifi-
cantly in 1998. Other states—including Mew
York, Pennsylvania, Rhode Island, Oregon, and
Washington—are planning a move toward full
deregulation in the next few years.

Mo one cansay for sure what the electricity
industry will look like even five years after the
cempetitive “big bang.” One certainty stands
out, however. Prices will drop. Prices in the pi-
lots mentioned above have already dropped by
5-15%, and this dynamic has also been demon-
strated in other deregulated American markets.

STEVE CAMPBELL




in the natural gas industry, for example,
prices, adjusted for inflation, fell by 37%
between 1985 and 1996; in the preceding
decade, by contrast, gas prices had risen
71%. Prices have also dropped in the Amer
ican telecommunications industry and in
deregulated electricity markets in England,
Wales, Australia, New Zealand, Chile, and
Argentina. In fact, to position themselves
for retail competition, many US. utilities
have already frozen retail electricity prices,
and in the short run at least, customers
should see even lower prices.

Another certainty is that suppliers will
no longer be protected from their own
costs. That is, they will no longer be able
to pass on the cost of doing business—plus
a reasonable markup—to their customers.
For the first time, it will be possible to lose
money selling electricity.

Anticipating this shift, incumbent uftili
ties have been moving to cut costs. Most
have been downsizing, reengineering their
operations, and negotiating more favor-
able contracts with power gener-
ators. At the same time, utilities
are moving to develop new end-
use products and services to pro-
vide greater value to customers.
All these measures will be neces
sary to remain competitive in the
newly freed-up market. But they
won’tbe enough by themselves to
conferlong-term competitive ad-
vantage, since new-entrant sup-
pliers will be doing the same
things. In effect, these measures
will keep utilities on the playing
field but won’t be enough to en-
sure that they win the game.

Marketing, and in particular
pricing, will turn out to be a
vastly more important determi
nant of success. Says Ahmad
Faruqui of EPRI's Power Markets
& Resource Management Busi-
ness Area, “The successful pric-
ing of electricity will separate the
winners from the losers. Not sur
prisingly, energy companies are
paying big money to lure finan-
cial talent from Wall Street and

elsewhere to help them develop this core
competency.” To master the pricing skills
needed in the new business environment,
incumbent utilities will have to discard a
number of longvalid assumptions and
learn some brand-new concepts.

Costs: only one of many drivers

Consider the last item you purchased in a
grocery or department store. Was your d e
cision to buy the item based on whether
you felt the supplier’s costs justified the
price? Or did you simply feel that this item
was desirable in and of itself and was
priced at a level you were willing to pay?
The answer is obvious: in a retail market,
customers don'’t factor a supplier’s costs
into their purchasing decisions.

This is a new way of thinking for the
electricity business, where prices have
beenbased exclusively on suppliers’ costs.
Except for competitive pressures, there is
no inherent reason in a deregulated mar

ket why a supplier might not charge cus-

tomers three or four times the cost of the
electricity they receive. Nor is there any in-
herent limitation on pricing below cost for
a limited period of time. For example, a
supplier may choose to do this to gaina
foothold in a new market while moving
forward on a downward-sloping average
cost curve. Or a supplier may price below
cost in an existing market to make it unat-
tractive for new entranis, as is happening
in the telephone industry.

Once we accept that the link between
cost and price has been changed, yet an-
other industry assumption comes into
question—the relationship between prof-
itability and market share. A basic as-
sumption of many industry managers is
that high market share is automatically a
good thing and that the inevitable cus-
tomer erosion associated with competition
is a bad thing—a negative trend against
which they will have to fight a constant
holding action.

This disinclination to lose customers,

] Restructuring legislation enacted
Il Comprehensive regulatory order issued

Il Legislation/orders pending

Commission or legislative investigation ongoing
B8 No ongoing significant activity

STATE OF PLAY The country is moving steadily, if unevenly, toward electricity restructuring.
Eight states have already enacted deregulatory legislation, with starting dates ranging from
1998 to 2002. {Source: U.S Department of Energy, Energy Information Administration.)




while understandable, is wrongheaded in
a competitive retail environment where
there is no built-in virtue to having 100%
of the market. Companies in other indus-
tries often see their profits increase when
their customer base decreases, as long as
they are able to retain their most profitable
customers. For example, recent EPRI re-
search shows that profitability in the air-
line industry is associated not so much
with overall marketshare as with the share
of business passengers, who pay two to
three times what pleasure travelers do.

If cost is no longer a basis for pricing
and if market share=in and of itself-is
no longer a basis for strategy, what new
business concepts will replace these once-
valid assumptions? The question leads us
toward the concept of market segmenta-
tion and muitiple pricing packages. First,
though, we must take a look athow risk is
entering the market and how risk will
transform pricing.

From “flip-the-switch” to
real-time pricing

Most customers currently receive electric-
ity under what may be described as flip-
the-switch pricing; that is, they receive
their electricity any time they want it, in
unlimited amounts, at a fixed rate. Under
this arrangement, customers don’tbear any
risk at all, and neither does the supplier,
since regulators protect incumbent utilities
from losses. Flip-the-switch has longbeen
a predictable, stable—and, for suppliers,
reliably profitable—pricing mechanism.
Under the new rules, however, the risk
implications of new business depend heav-
ily on a retail supplier’s overall portfolio. In
particular, flip-the-switch pricing can be-
come a risky way of doing new business,
since suppliers have only limited control
over the cost of the additional electricity
they purchase to support this new busi-
ness. Comparative data from the New York
Mercantile Exchange on futures contracts
suggest that in the United States, electric
ity is likety to be the most volatile of
widely traded commodities. Typical price
volatility for a stock fund is about 25% and
for natural gas about 50-60%. Indications

are that price volatility for wholesale elec-
tricity will be more than 100%.

In this rough-andtumble market, sup-
ply and demand will determine the whole-
sale price of electricity, which will be set by
an independent price pool operator and
adjusted on an hourly basis. Over time, this
period may shrink to half an housas it
already has in England, Wales, and Victo-
ria, Australia-and then to 5 minutes. In
thisnew scenario, flip-the-switch goes from
a utility’s dream to a supplier’s nightmare,
one in which all risk is borne by the sup-
plier and none by the customer. And even
riskier for the supplier is a fixed-bill option
now being created, whereby the customer
is guaranteed a flat monthly charge no
matter how much electricity is used.

The other risk extreme for additionalre-
tail sales can be described as real-time pric-
ing, or spot pricing, in which the supplier
simply passes on the fluctuating cost of
electricity to consumers. Under this ar-
rangement, customers bear all the risks
and a supplier bears none. Such a contract
would allow utility managers to sleep bet-
ter at night—at teast until their customers,
enraged at the totallack of predictability in
their electricity costs, switch to another
supplier.

Thus flip-the-switch pricing and real-
time pricing sit near the opposite ends of
the risk spectrum. In reality, once market-
based pricing kicks in, each product in its
pure form will be largely a theoretical
proposition. Particularly in the early years
of deregulation, many customers will pre-
fer something like a traditional flip-the-
switch arrangement, but they will have to
pay a premium for this price security and
toaccepttimeand possibly quantity limits
in their contracts. Larger customers may
be willing to accept the risk of real-time
pricing, gambling that they will come out
ahead over time. But even these customers
will want some kind of protection from se-
vere price spikes. Most pricing packages,
in the end, will fall somewhere between
the tworisk extremes.

Persuading customers toacceptrisk, par-
ticularly residential customers and small
and medium businesses, will be an inter-

esting challenge. Current EPRI] research,
carried out through a tailored collabora-
tion project, shows that customers, while
not really clear on how deregulation will
affect them in other ways, do expect lower
electric bills. At the same time, many say
they prefer a low fixed rate, are skeptical
of contracts more than a year in length,
and are even more skeptical of fluctuating
prices that expose them to the vagaries of
the market. Essentially, they’re looking for
something like the status quo—but cheaper.

Educating the consumer through clear
price and contract signals must therefore
be part of the suppliers’ new marketing
efforts. The process, in fact, has already
begun. Chris Holmes of UtiliCorp points
out that many large customers have ap-
proached utilities asking for better rates;
once they understand the trade-offs in-
volved, these customers have usually been
willing to accept a certain amount of risk
exposure in exchange for lower prices
and/or other electricity features. The chal-
lenge for suppliers, says Holmes, will be
to keep the focus on the benefits to cus-
tomers of accepting risk in one form or an-
other. Over time, he says, customers will
become more comfortable and more famil-
iar with the uncertainties inherent in the
retail marketplace.

Multiple-choice pricing: worth
the effort?

According to Rich Goldberg of EPRI’s Pow-
er Markets & Resource Management Busi-

ness Area, one of the most useful ways an
incumbent supplier can differentiate its
once monolithic customer base is by risk
tolerance and load-shifting flexibility. These
differences can be used to design pricing
packages that are both profitable to the
supplier and attractive to the individual
consumer. “Once suppliers begin offering
the right combinations of prices and fea-
tures,” he says, “they will find their cus-
tomers becoming surprisingly accepting of
new offerings.”

Goldberg refers to the risk spectrum as
he explains how differentiated pricing
packages will allow suppliers to capture
various segments of the market. As noted,



some customers will prefer a flip-the
switch arrangement (with some contract
limitations), while others will ask for real-
time pricing (with some price protection).
Many customers, however, will want a
combined product that is closer to the cen
ter of the spectrum. One such hybrid might
be a spot-plus-forward arrangement, which
features a fixed rate for a portion of a cus
tomer’s consumption and pure spot pric-
ing for the balance. The proportions of the
hybrid would vary according to whether
the customer is more conservative or more
aggressive in terms of risk tolerance.
Some customers may be willing to ac-
ceptspot pricing for all their electricity, but
only if the arrangement includes a “col-
lar“—a price floor and ceiling—to limit
wild price fluctuations. Still other cus-
tomers may be willing to accept a certain
number of hours per year in which their
power may be limited (curtailable power)
or even totally shut off (interruptible
power). These and other options can be
combined and recombined to createan al
most limitless number of individual paclk

gt PRIVATE

Supplier Risk

ages. Successful suppliers will be those
who create a broad range of offerings
with a broad range of trade-off configura-
tions-—so as to satisfy many individual
market segments.

Goldberg acknowledges that creating
multiple pricing packages will make life
more complicated for incumbent suppli-
ers. But there’s no getting around it, he
says, since many new-entrant suppliers
have extensive experience in retail pricing
and will be putting that experience to
good use. He further notes that prices not
only will have to be offered in multiple
packages but will also have to be adjusted
and rebalanced on a regular basis as cus-
tomers’ preferences change. Echoing this
point, UtiliCorp’s Holmes says that “rapid
repricing will be a critically important skill
for existing utilities. Repricing is also a
good way to test what works and doesn’t
work for your customers. You can put a
product out there, see if it flies, and replace
it with something else if it doesn’t.”

Jay Klompmaker of the Kenan-Flagler
Business School at the University of North

Spot plus collar

Pure spot

sw? E

Customer Risk

RISKY BUSINESS Under deregulation, flip-the-switch (fixed-rate} pricing will be
replaced by a variety of pricing packages spread along a risk spectrum. Once reliably

profitable, flip-the-switch will become risky for suppliers; even riskier for them will be

a fixed-bill option guaranteeing the customer a flat monthly charge regardless of

electricity use. At the other extreme, pure spot (real-time) pricing will shift risk to

customers. Most real-world pricing packages will fall somewhere in between.

Carolina, Chapel Hill, concurs. At a work-
shop sponsored by EPRI's Retail Market
Tools & Services Business Area, he sug-
gested that “all else being equal, youmake
more money with more prices than fewer
There may be some costs in terms of cus-
tomer confusion and price management,
but as a general rule of thumb, the more
prices thebetter. The reason is simple: vari-
able prices allow you to maximize value
from each individual customer segment.”

Another element that will drive electrie
ity pricing is the unbundling of the elec-
tricity industry. In the current market,
American customers spend approximately
$208 billion a year on an undifferentiated
product that lumps together generation,
transmission, distribution, customer ser-
vice, billing, accounting, and ancillary ser-
vices. The push is now on to break out
these components and price them on anin-
dividual basis. All but two of the unbun-
dled items-—=transmission and distribu-
tion—will be opened to competitive entry.

Industry observer Tom Taylor notes that
while unbundling may squeeze out ineffi-
ciencies in the market, it will also intro-
duce a host of new complexities. Taylor
questions whether the market is really
ready to handle a fully unbundled elec-
tricity product. “To get absolutely the best
rates, customers will have to shop sepa-
rately for each component. Some big cus-
tomers will be willing to do this, but
when most customers realize how much
work and attention will be required,
they’ll be looking for a partially bundled
or even entirely rebundled pricing prod-
uct. Ultimately this will be another way
in which the market will split into differ-
ent segments.”

All of this is directly relevant to pricing.
Customers will judge the attractiveness of
newly created pricing packages not only
on the basis of individual price levels but
also on the basis of which electricity com-
ponents the packages cover. Smaller cus-
tomers in particular will be willing to pay
a premijum for simplicity in their billing.

Unbundling and rebundling will create
new opportunities to maximize profits, but
only if suppliers move quickly to discern



the most current desires of their customers
and to put together price and component
packages that satisfy those desires. Once
again, this is a strong argument in favor of
suppliers offering their customers a wide
range of choice.

Competitor dynamics

So far the discussion of pricing has largely
ignored the new players hoveringjustout
side the door, who intend tojoin the elee
tricity party onJanuary 1. These new com-
petitors will fill the market, at least for a
time, with more retailers than it can
reasonably sustain. And their pres-
ence will change the current, rela-
tively comfortable bilateral rela-
tionship between a utility and its
customers. In the future, an incum
bent utility willinstead find itselfin
a triangle, with customers occupy-
ing the second pointand new com-
petitors the third.

EPRI's Ahmad Faruqui gives an
example of how this triangle fae
tor radically changed another mar
ket—that for luxury automobiles.
Not so long ago, the luxury end of
the market was controlled by Me&
cedes and BMW. Then the Japan-
ese came in, redefined the market
with sportier cars like the Lexus
and the Infiniti, and took away a
significant and very profitable cus-
tomer segment. This forced Mer-
cedes to lower prices on its popular
E-class cars and to introduce the
entrylevel C class in an effort to
regain lost customers and acquire
new ones.

Likewise, Faruqui says, the elee
tricity market won’t simply be cus
tomer-driven; i t will alsobe compe-
tition-driven. “Mercedes had been
supplying value to its customers
very successfully for a hundred
years. Then, almost overnight, this
wasn’t enough because a competi
tor came in and re-<created custom-
er value in a new and desirable
form. It isn’t enough just to pay
attention to your customers—you

One Supplier
Offers One Product

have to pay attention to your competitors
as well.”

The volatile mix of competition and cus-
tomer choice will create a fastmoving
electricity marketplace in which prices and
products change continually. Marketing
efforts that would once have seemed pre-
posterous may become commonplace and
successful, as long as customers perceive
them as having value. Frequent-flyer miles,
for example, rarely seem to fail when it
comes to attracting customers. Or what
about free electricity on Monday nights?

Two Suppliers
Offer Same Product

Strong
incumbency
bias

3
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bias

help utilities develop successful retail products.

One Supplier Offers
a Second Product

For an example of a competition-acceler-
ated marketplace, one must only look to
the telecommunications industry, where
new offerings and new entrants are con-
tinually parading across the stage. “About
30% of local telephone revenues now come
from new products,” Faruqui points out.
“Before deregulation, customers would
never have guessed that they would be
willing to pay for these new products.”
The dynamic nature of the coming mar
ketplaceis yet another reason why suppli-
ers must create, field, and continually ad-

Both Suppliers Offer
the Second Product

Two products
for incumbent

Two products
for challenger

Two products
for challenger

THE PUSH AND PULL OF COMPETITION The entry of a competing supplier into the retail
marketplace will decrease an incumbent utility’s profits. In the example shown here, the
incumbent, offering flip-the-switch pricing, loses customers and a substantial part of its
former $65 million profit when a new competitor offers the same service at a slightly lower
price; the degree of loss depends largely on incumbency bias—whether or not customers
feel a strong loyalty to their traditional provider. In the next step, the incumbent or the
challenger gains a strong advantage by offering customers a second, entirely new product,
such as spot pricing. The resulting share loss prompts the one-product supplier to also add
a spot price option. When both competitors offer the same two products at comparable
prices, incumbency bias again becomes the dominant factor in customer and profit reten-

tion. Quantitatively modeling such market dynamics with EPRI's Product Mix software can



just a sizable number of pricing packages.
Incumbent utilities, as they work and re-
work these packages, will have to set aside
some of their existing assumptiens about
what constitutes customer value. “You can’t
let preconceptions drive your strategy,”
says Faruqui. “If you do, a competiter
without preconceptions will spot an un-
met need, develop a new preduct or pric-
ing package, and steal the customers you
thought you knew.”

Creating profitable pricing
packages

The pricing concepts described above dif-
fer in many ways, but they have one thing
in comunon: they are bound to increase the
complexity of the pricing process. Gener-
ating a steady flow ef innovative pricing
packages that are both profitable and de-

sirable will require fermidable new techni-
cal teols. And most of these tools will have
to be designed specifically with the elec-
tricity market in mind because, despite the
fact that it will seon become a commodity
preduct, electricity has a unique character-
istic: unlike perk bellies or wheat, it cannot
be stored in large quantities. The instanta-
nesus nature of electricity will be another
driver of pricing strategy.

e single tool, of course, will be suffi-
cient to give suppliers a pricing edge, but
EPRI has already dene a good deal of work
to help its members meet the new pricing
challenge. One example is its Center for
Electric End-Use Data (CEE®), established
by the Retail Market Tools & Services Busi-
ness Area. This national clearingheuse
sponsors extensive data collection, analy-
sis, and medeling activities focused on

customer load shapes. As a result, CEED
provides a large database of hourly kilo-
watthour consumption data for most ma-
jor residential and commercial markets.
Rich Gillman, CEED manager, notes that
load shapes will form an important foun-
dation not enly for pricing but also for
forecasting, determining profitability, and
other market-related functions.

Another example is C-VALU, a software
package that lets suppliers “test-drive” re-
tail pricing packages befere launching
them in the marketplace. C-VALU, operat-
ing en a real-time-pricing basis, allews a
supplier to sift through a range of price
and service combinations. By simulating
customer load-shifting responses, custom-
er participation rates, and net customer
and supplier benefits, the software can
help a supplier determine ahead of time

Meters, People, and Strategic Listening

nder the existing rules of the game, electricity cus-
tomers aren’t customers in the normal sense of the
word. Rather they are ratepayers, most of whom re-
ceive eleciricity at a price determined by regulators. An incum-
bent utility playing by these rules may
quite reasonably view its customers
not really as individuals but more as
electric meters—identical in nature
and differing only in how much of the
product they consume each month,
One might further observe that exist-
ing utilities “own” these meters as
part of their monopoly supplier status,
The introduction of retail compe-
tition turns this arrangement on its
head. Utilities can no longer provide
electricity on a take-it-or-leave-it ba-
sis, since they no longer own the cus-
tomers in thejr geographic area. These
customers can now cheose from a
range of other suppliers, many of whom will be offering at-
tractive alternatives. Incumbent utilities must begin seeing
their customers as individuals, not meters, and they must be-
gin learning how to give them what they want at prices they’re
willing to pay.
EPRI‘'s Ahmad Faruqui says, “The key to creating sustainable
competitive advantage is strategic listening. That means gath-

ering not just more information—which can lead to informa-
tion overload and ‘analysis paralysis’—but the right kind of
information. In particular, suppliers need to gather data that
are directly relevant to marketing and pricing strategies.”

Faruqui points out that strategic
listening goes well beyond the time-
honored practice of monitoring cus-
tomer complaints. Experience in retail
markets shows that most customers
are reluctant to complain about a
product or service; if they have a
choice, which electricity customers
are about to receive, they would rath-
er switch than complain. In addition,
suppliers must listen strategically to
their competitors. Given their existing
skills and experience, what might
new market entrants do to make an
end run around an incumbent utility
whose customers they want?

Faruqui concludes that the most important element of strate-
gic listening is a transformation of mind-set and internal corpo-
rate behavior. “The information gathered can’t be left sitting on
a computer disk until the next annual planning session,” he
says. “"Rather it must go directly to senior management in an
actionable form so that price and product offerings can be con-
tinuously adapted and redesigned.” w|
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whether a given pricing product is likely
to be successful. Kansas City Power & Light
used C-VALU to create a pair of new pric-
ing options based on marginal cost. These
options have now been deployed success-
fully in the marketplace, saving money for
customers and promoting customer reten-
tion. KCPL forecasts substantial annual sav-
ings once these new products have been
fully marketed.

A new EPRI software tool, Product Mix,
brings competitors into the equation and
also utilizes some of the new concepts in
commodity finance that are pertinent to
electricity pricing. Product Mix allows for
the design and testing of multiple retail
pricing options for various customer seg-
ments, with the goal of creating a line of at-
tractive pricing products that will draw
and keep valued customers. A new capa-
bility currently being developed for Prod-
uct Mix will allow incumbent utilities to
factor in the likely tactics and responses of
their real-life comnpetiters. This will make
possible the simulation of a truly dynamic
pricing market where all three groups in
the triangle—customers, suppliers, and
competitors—interact.

These products allow users to create vir-
tual realities by simulating future markets.
The simulations are calibrated to four real-
world factors: the experience of other
countries with competitive power mar-
kets, the experience of recently deregu-
lated U.S. industries (telecemmunications
and natural gas), the experience of other
highly competitive U.S. industries (comn-
puters and automobiles), and customer
surveys about new electricity products
and services. Each product is designed to
help users create their own future rather
than leaving it to chance. Originally devel-
oped for electric utilities, the products are
being broadened to include other energy
forms and to appeal to other players in
the energy arena. EPRI provides training
courses to support the implementation of
these and related software products.

Additionally, EPRI will be sponsoring a
major conference on innovative approaches
to electricity pricing in June 1998 in Wash-
ington, D.C. Entitled “Pricing in a Com-

petitive Electricity Market,” the conference
will provide participants with a compre-
hensive look at current research and think-
ing on electricity pricing in the deregu-
lated era.

Finally, in the fall of 1998, EPRI will pub-
lish a book on pricing in a competitive
environment, to be edited by Faruqui and
by Bob Malko of Utah State University.
The book will feature contributions from
senior managers of incumbent utilities,
new market entrants, customers, govern-
ment personnel, investment bankers, re-
searchers, and executives who work in in-
dustries where customer choice aiready
drives pricing strategies.

The good, the bad, and
the uncertain

According to Bob Leone of Putnam, Hayes
& Bartlett, every supplier competing in the
deregulated electricity market will be fac-
ing an uncertain transition period in which
pricing will play a critical and steadily
evolving role. “The bad news,” he says, “is
we don’t know how to sell electricity, but
the good news is our customers don’t
know how to buy it. We're all learning. So
we can expect that pricing’s role as an ed-
ucational tool is going to be very impor-
tant, beth for customers and for sellers. We
can study things, but we’re going to have
to do a lot of experimenting.”

Suppliers, of course, will build their own
learning curve into their evolving pricing
strategies. But they will also have to build
in the learning curve of their customers. In
the initial phases of deregulation, product
offerings may need to be relatively simple
in order to gain acceptance. As time goes
on and consumers begin to understand the
benefits and trade-offs of retail electricity,
they will accept and even demand increas-
ingly sophisticated options.

The years ahead, inevitably, will be tur-
buient for incumbent utilities; this turbu-
lence will simply arrive a bit sooner in
California than it does in the rest of the
country. Even if utilities use all the pric-
ing concepts and tools at their disposal—
and dump the preconceptions and tactics
they no longer need—they may find it dif-

ficult to maintain profits during the initial
shakeout period.

Over time, however, incumbent utilities
will learn how to play the pricing game;
many U.S. companies are already jump-
starting this learning process by acquiring
companies in England, Wales, Australia,
and Mew Zealand. After even a year or
two of competition, incumbent utilities
will have gained incalculable new pricing
skills. And they will be poised to move for-
ward into a more stable and less crowded
competitive marketplace, one in which
profits will be allowed to rise above regu-
lated levels and deregulation may actually
be something to cheer about. [
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New front-loading' washing machines released by
U.S. manufacturers are revolutionizing the laundry market.

And EPRI researchers have another innovation

in store—the countertop microwave clothes dryer.
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HIS jUST MIGHT BE
the most exciting time in
laundry since the arrival of
the automatic washing ma-
chine. Three of the five ma-
jor U.S. appliance manufac-
turirs introduced front-loading clothes
washers within the past year. Not only do
these machines clean clothes better than
the average top-loading washers, but they
save energy and water in the process. And
despite their hefty price tag—typ-
ically at least twice the average
cost of top-loading US. ma-
chines—consumers are snatch-
ing them up. At least one of
the manufacturers plans to
expand production facil-
ities to keep up with the
demand.

The American clothes dryer
too is on the brink of reinven-
tion. After several years of
research and development

aimed at introducing a full-size micro-

wave dryer, EPRI has taken a differ-
ent tack and is now pursuing a countertop
version with a far broader market peten-
tial. The new dryer could hit the market as
early as the end of next year.

“There’s a market transformation going
on right new,” says John Kesselring, who
manages EPRI's research on laundry appli-
ances. “We're talking major changes in the
way America does its clothes—the biggest
changes that have come down the pike in
30 years.”

Admittedly, the realm of laundry appli-
ances has not been a fountainhead of inno-
vation in recent decades. The biggest news
came early this century, when the electric
motor was added to the standard wooden-
tub machine to power the previousiy hand-

cranked agitator. By the late 1920s, wash-
ing machines were manufactured in metal,
but water still had to be heated externally
and poured into them. It wasn't until the
1950s that washers were introduced that

WASH DAY Washing machines have
been top-loading since the days of
wooden tubs with hand-cranked
wringers. Shown above on the right
is Maytag's first washer (1907).

could heat waterinthe tub electrically. And
finally, in the 1960s, came automatic con-
trol of the entire washing process, so fill-
ing, agitation, rinsing, and flushing could
all be set and timed by switches,

Little has changed about the washing
machine since that breakthrough, which
is partly why the appliance industry is
now abuzz with excitement. “The appli-
ance business can get boring,” concedes
Don Heitlauf, who owns Crossroads
Appliance in Bellevue, Washington, and
has been seiling major ap-

pliances for two decades,

“Mow we have zomething

new and exciting to show
people whe come in.” Heit-
lauf, who carries the new
U.S.-made front-loading ma-
chines as well as some Euro-
pean models, says the Ameri-
can models introduced in the
past year have been a big hit.
In fact, he reports, 49.4% of all
the washers he soid in September were
front-loaders, cempared with less than 3%
for the same period last year.

Roots of excitement

The front-loading washing machine is
nothing new. Better known in the techni-
cal comumunity as the horizontal-axis ma-
chine because its tub—like the drum of a
clothes dryer—rotates around a horizontal
axis, this style of clothes washer has long
dominated the European market. In the
United States, front-loading Bendix ma-
chines found their way into a few homes
after World War II, but leak problems gave
the machines a bad name. The modern Eu-
ropean medels have not made great head-
way in the U.S. market because they gen-
erally have a smaller capacity and a longer
wash cycle than the average U.S. machine
and are much mere expensive—typically
costing at least three times as much. How-
ever, they do save energy and water.
Unlike the top-loading, vertical-axis ma-
chines that account for 98% of the U.S. resi-
dential market, horizontal-axis machines
have no agitator. Rather than pushing and
pulling clothes in a full tub of water to clean
them, horizontal-axis machines use drum
rotation to dip and lift clothes into and out
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of a shallow pool of water in the bottom ef
the tub. Because about 85% of thit energy
consumed by a washing machine goes to-
ward heating the water, using less water
saves energy. EPRI studies show that hori-
zontal-axis machines use about a third less
water and about two-thirds less energy
than standard vertical-axis machines

Such efficiency advantages were the in-
centive that prompted U.S. manufacturers
to develop front-loading machines. Sev-
era] years ago, the U.S. Department of En-
ergy announced that it intended to issue

LAUNDRY LIST

Frigidaire, Maytag, Amana . .

more-stringent energy efficiency require-
ments for washing machines. “In erder to
meet the anticipated requirements, it was
obvious to manufacturers that they’d have
to go with a horizontal-axis design,” says
Kesselring. While washer manufacturers
debated among themselves about how
strict the energy requirements should be,
they individually got down to busines=.

In the midst of all this research and de-
velopment, DOE temporarily shelved its
plans for more-stringent standards. The
plans have only recently been revived, and

. One by one, major U.S. appliance

manufacturers are introducing high-efficiency front-loading washing machines to the

residential market, joining the ranks of European makers—like Miele—that have been

producing them for decades. One big attraction for consumers is the often-superior

cleaning ability of front-loading machines. Shown here are cloth swatches from a
study sponsored by EPRI and Maytag.

NLW

Original grass stain

After washing in
Maytag's Neptune

/79 KIY2 Lw

After washing in a
leading top-loader

COURTESY MAYTAG

Frigidaire’s Gallery

Maytag’s Neptune
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the new standards are now slated to be re-
leased in 1999 and to become effective in
2002 or later. Needless to say, manufactur-
ers are ready. The front-loading machines
currently on the market are Frigidaire's
Gallery, released last fall; Amana’s unit,
which came out this fall; and Maytag's
Neptune, developed in partnership with
EPRI and released in July (see sidebar, page
22). Whirlpeol has announced that it too
is developing a high-efficiency washer.
General Electric, the enly other major U.S.
washing machine manufacturer, has not
yet announced any such plans.

What matters most

While the new front-loaders may be envi-
ronmentally correct, this attribute is not
the big attraction for U.S. consumers. What
motivates them is that the horizontal-axis
machines can get clothes cleaner with less
wear and tear on fabrics. Consumers also
like the absence of the agitator, which frees
up room for comforters, rugs, and other
bulky items they might otherwise have to
take to the laundromat.

These are just some of the insights
gleaned in a four-year EPRI study—the

MAJOR ATTRACTION Electric
utilities across the country are
helping to promote the sale of
energy-efficient washing ma-
chines through marketing cam-
paigns and rebate programs.

ADDITIONAL $75 REBATE
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High-Efficiency Laundry Metering and
Marketing Analysis, or THELMA, project.
Funded by a consortium of 29 electric, gas,
water, and wastewater utilities and gov-
ernment agencies, TIHELMA was initiated
in 1993 te gather critical information need-
ed to support a successful market trans-
formation to high-efficiency clothes wash-
ers. Through a series of consumer focus
groups, a national telephone survey, in-
home tests of horizontal-axis technology,
and a demenstration center where con-
sumers got to try the machines out for
themselves, researchers learned a lot about
the laundry habits of U.S. families and
their attitudes about washing machines.
One overriding conclusion of THELMA
is that the existing washer market certainly
isn't easy to crack. At this time, 84% of con-
sumers are very satisfied or somewhat sat-
isfied with their own washing machines.
Their biggest complaints are unbalanced
loads and clothes tangling around the agi-
tator. Consumers surveyed showed very
low awareness of horizontal-axis technol-
ogy. Many thought the technolegy was ob-
solete or asseciated it only with the laun-
dromat. One of their primary concerns

about front-loading washers was wheth-
er the machines could handle the same
amount of clothing as their top-loading
washers. Another concern was the inconve-
nience of having to bend and stoop while
loading and unloading clothes. Consum-
ers also had to be convinced that the front-
loaders could clean as well as top-loaders,
given that they don’t have agitators.
THELMA's in-home tests and the dem-
onstratien center trials helped quell some
of these fears. During the in-home tests, 50
households in the Pacific Northwest got
to use horizontal-axis machines for their
usual laundry over a seven-week period.
Researchers then compared the resulting
data with data from an earlier six-week
period during which consumers had used
their regular machines. {An extra week
was allowed with the new machines se
that the test participants ceuld familiarize
themselves with the technology) All the
participants used calibrated laundry bas-
kets to track the size of wash leads. The
tests indicated that the capacity concern
was more visual than actual; once the
consumers got used to stuffing the hori-
zontal-axis machines full, they typically
washed loads as large as the ones they
wash in their own machines. Further, a
number of participants said their clothes
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were cleaner and brighter when washed
in the new machines.

THELMA also documented water and
energy savings. Water savings with the
horizontal-axis machines ranged from 11%
to 74% per load, with average savings of
36%. Energy savings are much more com-
plex and depend on warm and hot water
use, among other factors. The average en-
ergy savings calculated in THELMA were
64%. Thus figure reflects savings related to
hot water use and to the washer mofor. It
does not include the energy savings from
the shorter drying time made possible by a
washer’s high-speed spin cycle. (Two dif-
ferent horizontal-axis models were used
in the in-home tests—one with and one
without a high-speed spin cycle.) Overall,
THELMA showed that the typical family,
with 6.7 loads per week, could save any-
where from $43to $106 per year on energy,
water, and wastewater bills.

Price factor

By the end of the seven-week trial period,
46% of the in-home participants preferred
the horizontal-axis machines to their own.
But the number that said they wanted to

WasHWISE

The water misor.

COURTESY BONNEVILLE POWER ADMINISTRATION

Loave your calculator ot home,

\ ™. sionof the Neptune,
This washer meets

high efficiency standards.

WASHWISE

buy one is another story—only 22%. The
biggest barrier cited was the cost of the
machines. Indeed, the new front-loaders
on themarket are priced between $600 and
$1000—well above the $220-$550 range for
conventional, top-loading machines.
Despite these research findings, how-
ever, horizontal-axis machines appear to
be faring quite well in the marketplace.
Linda Eggerss, manager of marketing and
media relations for Maytag, reports that
the residential version of the Neptune
Says
Eggerss, “We're kicking them out the door

washer “is flying off dealer floers.”

as fast as we can.”

Like other manufacturers, Maytag does
not make the number of product sales
public. But Eggerss says that to keep up
with Neptune orders, workers in the New-
ton, lowa, factory where the machine is
built have regularly been putting in over-
time. She adds that the company has com-
mitted “significant capital” to expanding
Neptune’s existing production lines. “It’s
turning eut to be a far easier sell than any-
one in the industry would have anticipat-
ed,” says Eggerss, noting
that customers have com-
mented on the product’s
ease of use, its quietness,
its ability to clean clothes
better than tep-loading
machines, and its gentle-
ness on clothing.

The coin-operated ver-

.,

|

And get an instant $130 rebate

COURTESY WASHWISE

which is identical to the residential unit, is
also selling well. According to Eggerss, the
number of commercial orders for this ma-
chine in the first month of its release last
March was greater than the number May-
tag expected to sell in the product’s first
year.

“This just goes to show that people will
buy a thousand-dollar machine if they are
convinced the benefits are real,” says Kes-
selring of EPRI. Maytag'’s front-loader of-
fers consumers some unique attributes,
like a wide-meuthed, ergonomically de-
signed tub, which is tilted at a 15-degree
angle for easier access, and a high spin
speed in the final cycle, which cuts dewn
on drying time. In addition, the machine’s
superior cleaning ability has been docu-
mented in thoreugh comparisen cleaning
tests cosponsored by Maytag and EPRI.

For these tests, Maytag used swatches of
cotton cloth, each evenly soiled with a sin-
gle stain. There were eight types of stains
in all—grass, blood, “ring around the col-
lar,” chocolate milk, beef gravy, spaghetti
sauce, grape juice, and clay. The stained
swatches were attached
to garments and washed
in loads of equal size
in four top-loading ma-
chines (sold under the
Ken-

and

General Electric,

more, Whirlpool,

MAYIAG

FRONT LOADING WASHER

AS LOW AS

5775

AFTER ALL POTENTIAL
REBATES

' HERE NOW
AT WESTERN
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Maytag labels) and in a Meptune.
A spectrocolorimeter—a handheld
instrument that looks much like a
price-scanning gun with a com-
puter screen—measured the bright-
ness of the fabrics both before and
after washing. The results showed
that the Neptune cleaned better
than all the top-loading machines
for all eight types of stains. Clean-
ing by the Neptune was signifi-
cantly better than that of the other
washers for blood, grass, and ring
around the collar. A statistical
analysis showed a confidence level
of close to 108% for these results.
One drawback of the new front-
loading washers is their slightly
longer washing time—between 44
and 55 minutes, cempared with
36 minutes for a standard washer.
Additional rinse cycles and soak-
ing time account for this differ-
ence, which nevertheless repre-
sents a considerable improvement
over European front-loaders. The wash
cycle of European units that heat their wa-
ter internally can run as long as 2 hours.
To help the U.S., market warm up to
high-priced, high-efficiency washers, some
utilities are offering rebates on the new
machines. As part of a national initiative
organized by the Boston-based Consor-
tium for Energy Efficiency, nearly 30 elec-
tric, gas, and water utilities serving 16%
of the U.S. residential market are promot-

Axis

Vertical-axis technology
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A consumer inspects Maytag’s Neptune in the show-

room of Crossroads Appliance of Bellevue, Washington.

ing the high-efficiency medels through
marketing campaigns, washer demonstra-
tions, and rebate programs.

One of the most succesaful campaignsin
this initiative is a regional program called
WashWise, which was launched early in

May by electric, gas, water, and
wastewater utiliies in the Pacific
Northwest. Through this program,
customers typically get a $130 dis-
count off the purchase price of qual-
ifying washer models. For each unit
sold, the retailer gets a $20 incentive.
The idea 1s to encourage retailers Lo
display high-efficiency washers and
relevant marketing materials promi-
nently. Both the customer discount
and the retailer’s incentive are paid
by WashWise. [n some areas, cus-
tomers can get an additional cash
rebate of up to $75 from participat-
ing water or wastewater utilities. In
the first five months of its existence,
WashWise processed 5654 rebates.

Drving ti
EPRI’s washer-related research has
progressed in parallel with research
aimed at impreving the drying side
of the laundry cycle. For seven years
now, EPRI has pursued the develop-
ment and commercialization of a micro-
wave clothes dryer. The technology is ex-
pected to be as much as 65% faster than
conventional drying technology, which is
inherently inefficient.

In a conventional dryer, air is heated to

WASHING WITHOUT AGITATION Missing from the new energy-efficient front-loading

washing machines on the market are agitators—a fundamental washing mechanism

in standard top-loading washers. Instead, the new washers {technically known as

horizontal-axis machines) rely on drum rotation and baffles te dip and lift clothes into

and out of a shallow pool of water. Eliminating the agitator not only means gentler

washing and enormous water savings but also frees up space. Maytag’s Neptune
boasts 20% more usable capacity than standard top-loading machines.

Agitator

A

Baffle

Water level

Horizontal-axis technology



about 350°F, and the heat, once transferred
to the surface of the wet clothing, evapo-
rates the water. The later stages of drying
are particularly inefficient; heat must pen-
etrate the fabric’s interior to vaporize the
moisture there, but the vapor escaping
from the fabric cools the material, which
then must be heated again for the vapor-
ization process to continue. Because of the
need to actually heat the fabric, its surface
gets as hot as 140-150°F. Such high tem-
peratures can cause shrinking and reduce
clothing life.

In microwave dryers, by contrast, mi
crowaves penetrate the surface of the wet
clothing and heat the water inside directly;
thus the fabric stays cooler—typically get
ting no hotter than 110-115°F. A flow of
warm air passing through the dryer carries
away the evaporated moisture. Because
the microwave drying process is both
shorter and cooler than conventional dry
ing, it’s gentler on clothing. The shrinking
of cottons is largely eliminated, and fab-
rics sensitive to heat, such as wool, can be
dried in microwave machines.

Originally, EPRI pursued the develop-
ment of a full-size microwave dryer. This
multiyear effort culminated in the sue
cessful demonstration of prototypes and
the winning of some coveted technology
awards, including Popular Science maga-
zine’s grand award for home technology
in 1994. About a year ago, however, EPRI
shifted its focus to the development of a
countertop model for specialized appli
cations. The shift occurred when the two
major appliance manufacturers that had
shown the most interest in the microwave
dryer technology over the course of EPRI’s
work decided not to go forward with the
product’s commercialization. “It was bad
timing really,” explains Kesselring, noting
that the appliance makers had just spent
$50 million to $100 million developing
highefficiency washers.

Still, the fruits of EPRI’s labor on the
full-size dryer may not be lost, since the
R&D is directly applicable to the counter-
top, microwave-oven-size version. For e x
ample, EPRI developed and tested a solid-
state sensor safety system for automatic
shutoffin theevent that a stray objectsuch
as a cigarette lighter threatens to scorch

fabrics or start a fire. The system, which
would also be deployed in the countes
top dryer, works by detecting even small
amounts of carbon monoxide, carbon di-
oxide, and other precombustion gases. A
second sensor system, patented just this
summer, detects humidity. This system
automatically shuts off the machine when
the clothes are dry, so there’s no need for
a timer and no energy is wasted
overdrying clothes.

Just as with microwave ovens,
the countertop dryer would sup-
plement-—rather than replace
existing technology Consiumers
could use it both for smaller
loads needed in a hurry and
for delicate materials, such as
nylons and silks, that could be
damaged by a conventional dry-
er Since the countertop dryer
would be made up almost en-
tirely of components already in
use in today’s microwave ovens

(with the exception of the sensor systems

and the rotating drum), its development
and production would be relatively swift
and inexpensive. As a result, its retail
price—about $150, or roughly the same
as that of a standard microwave oven—
would be far lower than the $1000 a ful}
size microwave dryer would cost.

Broader appeal

Whereas the fullsize microwave dryer
would likely appeal to an upscale niche
market, the countertop model is expected
to have a much broader market, including
apartment dwellers, dormitory students,
upscale hotels, and health clubs. Apart-
ment residents, whose only access tolaun
dry facilities may be a centrally located

laundry room, could use the countertop
microwave unit to dry delicate hand
washed clothing, such as nylons, wool
sweaters, and silk shirts. Hotel guests,
rather than waiting for hand-washed
items to drip-dry, could dry them quickly
and rewear or pack them. Dormitory stu-

dents could zap damp towels dry and
reuse them without heading to the laun

ZAP IT DRY EPRI has already

developed a full-size microwave

dryer and is now working on a
countertop unit with a much
broader market potential. Because
microwaves can heat water mole-
cules directly, the technology is inher-
ently more efficient than conventional
drying technology—and, as a result, as
much as 65% faster.

dry room. Health club members could pop
damp bathing suits into the appliance for
speedy drying.

EPRIrecently completed a market study
that showed a high level of consumer in-
terest in the countertop microwave dryet
According to the study (TR-109116), ex-
pected to be published late this year, the
potential U.S. market for this technology is
some 100 million households, not to men-
tion hotels, dormitories, and other loca-
tions. Working in favor of the technology
are two problems consumers reported
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The Neptune: One Machine’s Evolution

AYTAG'S front-
loading Meptune
clothes washer, in-
troduced as a cein-

operated unit to commercial
laundries in March and as a resi-
dential unit to general consumers
in June, is the result of a six-year
partnership between EPRI and
Maytag,

In 1991, when the U.S. Depart-
ment of Energy began consid-
ering increasing the efficiency
standards for washing machines,
Maytag approached EPRI about
jeintly developing a horizontal-
axis machine. The project got un-
der way in 1992. “Maytag had
thought about a horizontal-axis
washer for a while,” recalls John
Kesselring, EPRI's manager for
the joint project. “They knew it
was going to be a tough sell. What Jed
them to go ahead was a combination ef
our showing an interest in doing this with
them and their feeling that it was the right
thing todo.”

Even though horizontal-axis technology
had been around for some time, there
were many technological issues to ad-
dress, such as providing the large capac-
ity preferred by consumers, who tended
to associate front-loading machines with
smaller loads. With market insight and
technical data obtained in EPRI's THELMA
(the High-Efficiency Laundry Metering

having with conventional dryers: damage
to clothing and the difference in cycle time
between washers and dryers (a difference
that would be eliminated with a mi-
crowave dryer). Also, conventional dryers
are not used for as much as 30% of all
clothing in consumers’ households, and
the study respondents said they were frus-
trated with the time, effort, and expense
required for these special garments.

Such findings certainly favor the intro-
duction of a “personal microwave dryer,”
as the technology has been dubbed. But

22 EPRIJOURNAL Novemier/December 1987

A warker at Maytag’s Newton, lowa, plant assembles the
Neptune's inner tub.

and Marketing Analysis) preject, Maytag
was able to address and resolve such per-
tinent issues.

Perhaps the most significant issue re-
solved was tub access. Through market
research, Maytag learned that one of the
biggest aversions consumers had toward
front-loading machines was the need to
bend and stoop to get laundry into and out
of the tub. They also complained that the
small size of the tub opening made load-
ing and unloading awkward. Maytag and
EPRI explored other alternatives, includ-
ing a top-loading horizontal-axis machine

this doesn’t mean there won’t be market
barriers to overcome. Seme conswmners ex-
pressed cencerns about the safety and ef-
fectiveness of microwave drying, and these
people will need to be assured through ed-
ucational programs and demonstratiens of
the technology.

It will be interesting to see who steps
forward to manufacture the personal mi-
crowave dryer. EPRI’s market study report
says that laundry appliance manufacturers
are not likely to be the first in line. Instead,

manufacturers of other countertop appli-

with two doors. Dummy wash-
ers were prepared so that cen-
sumers could try them out and
report on what they liked and
didn’t like. In the end, Maytag
came up with an exciting innova-
tion—a tub filted upward at a 15-
degree angle with an extrawide
access opening. The ergonomic
design resolved the bend-and-
stoep problem without resorting
to two doors. And the resulting
tub has a capacity of 2.9 cubic
feet—20% more usable capacity
than in standard top-loading
washers and alse more capacity
than in any other high-efficiency
residential washer on the market.

Achieving such a large capac-
ity in the residential machine
was not easy, particularly since
Maytag wanted to offer a super-

COURTESY MAYTAG

high spin speed. Many of the European
washers spin at 1000 rpm in the final cy-
cle but have a tub that is rather small in
diameter. The Neptune spins at 800 rpm,
but because its tub has a large diameter,
its water extraction force is about equal
to that of the European models. This
force is some 25-30% greater than that
of the typical top-loading washer, and as
a result, drying times are 25-38% shorter.
Spinning a clothes load at 800 rpm can
result in severe vibration and even
“walking” of the washer if the load is not
properly distributed in the tub. Maytag

ances like microwave ovens are the ones
most interested. In fact, the report states,
these manufacturers “are presently inves-
tigating the technology as a means of ex-
panding their product lines.”

EPRI is currently talking with potential
manufacturers and hopes to hook up with
one early next year to produce a prototype
of the countertop unit. The prototype will
be developed and tested to meet the safety
requirements of Underwriters Laborato-
ries. Once this is accomplished, EPRI, in
collaboration with its manufacturing part-



engineers developed unique load distri-
bution and vibration isolation technology
that results in very quiet and smooth op-
eration.

Another issue Maytag wanted fo address
with its new washer was the problem of ex-
cess suds. As EPRI’s research showed, U.S.
consumers are accustomed to using a full
scoop of detergent in nearly every load. But
detergents formulated for conventional,
top-loading washers generate lets of suds,
and using too much of one ef them in a
horizontal-axis machine can lead to over-
sudsing. In extreme cases, the concentra-
tion of bubbles can become so high that the
clothes in the machine cannot move—a
condition called suds lock.

Special low-sudsing detergents, now be-
ing released under brand names like Wisk
and Tide, have been formulated for use in
horizontal-axis machines and produce the
best results. But Maytag wanted con-
sumers to have the choice of using their
regular detergent too, so researchers devel-
oped an etectronic sensing system that de-
tects and controls oversudsing. When the
washer detects excess suds in the wash
cycle, it automatically drains the sudsy wa-
ter and substitutes fresh water. When the
washer senses excess suds in the spin cycle,
the machine reverts to the wash/rinse cy-
cle to flush away the bubbles.

So far, the Neptune has received high
marks for attributes impertant to most
consumers, like comfort and convenience.
Some users even appreciate the machine’s
environmental benefits. This summer in
the water-starved farm community of Bern,

ner, will produce a small number of dryers
that will be field-tested before the dryer’s
production phase. Because of the extensive
testing and cemponent development that
have already taken place, the product’s
introduction would be relatively speedy.
“The dryer could be in consumers’ hands
within 12 months of our signing on with a
manufacturer,” Kesselring predicts. This
time frame assumes that the manufac-
turer’s own testing—for product reliability,
durability, and performance—goes smooth-
ly. It also assumes that the manufacturer

AF/WIDE WORLD PHOTODS

Kansas, Maytag donated 103 wash-
ers for a US. Department of En-
ergy-sponsored study. The study in-
volved weeks of in-home washer
monitoring, first of the participants’
existing machines and then of the
new Neptune machines. Digital
monitors on each washer recorded
the amount of water (hot and cold)
and electricity used, while users du-
tifully weighed each load and re-
corded all relevant data on special
forms.

Verona Strahm of Bern, Kansas, prepares to
use one of the 103 washers Maytag donated

1o town residents for a U.S Department of
Energy-sponsored efficiency study.

Two times during the study, once with the
old machines and once with the Neptunes,
all the participants saved up a week’s worth
of laundry and washed it on the same day.
On the second of these “superwash” Satur-
days, Maytag and DOE hosted a town cele-

can swiftly assemble a production line to
make the new unit,

EPRI hasn't given up on theideaof a full-
size microwave dryer. In fact, a positive
market response to the countertop model
could pave the way fora full-size unit. Only
time will tell precisely how receptive cen-
sumers are to both the herizontal-axis
washer and the microwave dryer. But if
both technologies make inroads, the impact
could be significant, not just in terms of en-
ergy efficiency and water savings but also
in terms of consumers’ clothing budgets. As

Maytag gathered TV moms from the
previous four decades for a publicity
event announcing its front-loading
Neptune washer. Pictured here, with
Gordon Jump (the Maytag repairman
who never gets called), are June
Lockhart of Lassie, Florence Hender-
son of The Brady Bunch, Barbara
Billingsley of Leave it to Beaver, and
Isabel Sanford of The Jeffersons.

bration, at which they announced the
inifial results of the comparison test-
ing. The data showed water savings of
38% and energy savings of 56% with
the Neptune washers. According to DOE,
if only 20% of U.S. homes used high-effi-
ciency washers such as those in the Bern
study, Americans would save more than 26
billion gallons of water a year and enough
energy to heat 800,000 homes. o

Kesselring points out, wearing, washing,
and drying each account for one-third of
the tetal wear and tear en clothing. Reduc-
ing the impacts of two of these three vari-
ables should make clothing look better and
last longer. Says Kesselring, “We're haping
to help people save on their laundry bills
and clothes budgets while showing how
electronics can be of value to the average
consumer in a very meaningful way.” m

Background information lor this article was provided by
John Kesselring, Custormer Systems

EPRI JOURNAL  Nevember/Decemiser 1997 23

COURTESY MAYTAG






-

R Y AR \‘
T R |
m naramnRew

”Iﬂ Slllrv i|| Brie' Polymeric materials employed as flame-resistant cable
insulation are not satisfactory in all respects, since some existing formu-
lations—when ignited—produce large quantities of smoke and potentially
corrosive chemical compounds. The utility industry especially needs new
formulations for the flame-resistant polymer insulation used in low- and
medium-voltage cables. EPRI’s exploratory work in this area—an example of
the value of basic research guided by strategic aims—has been conducted
in close consultation with polymer manufacturers, chemical suppliers, ca-
ble manufacturers, and electric utilities. The research has produced two
promising new flame-retardant polymer formulations, now being evaluated
by a cable supplier for possible commercial manufacture. by Joy Schaber
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erhaps the most verzatile fam-
ily of materials in existence,
synthetic polymers consist of
chains of repeating molecular

units whose number and
chemical structure determine the
materials’ properttes. Many types of
additives can be used to modify syn-
thetic polymers, yielding a tremendous
range of desired characteristics. Since the
first formulations were produced at the
turn of the century, polymeric materials
have been put to more and more uses,
from hair clips to space shuttle compo-
nents. Polymer compositions are seem-
ingly endless in number. The most recog-
nizable are polyolefins, such as polypropy-
lene and polyethylene, which are used in
plastic bags, shampeo bottles, plant pots,
trash cans, and thousands of other every-
day products.

In the electric power industry, insula-
tion for all transmission and distribution
equipment—including cables, transform-
ers, capacitors, insulators, and rotating
machinery—is based on polymers. Poly-
olefins and olefin cepolymers are the pri-
mary comnpenents of wire and cable insu-
lation. Other common but less well known
utility applications of polymers include
separation membranes, advanced battery

HOT PURSUIT Flame-retardant mate-
rials for cable insulation and jackets
must have good mechanical and electri-
cal properties. An EPRI effort has
focused on developing im-
proved polymeric formu-
lations for these

components.

Jacket

nsulation —
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electrolytes, bodies for electric vehicles,
corrosion-resistant coatings, piping, envi-
ronmental control system components,
and line workers’ gloves and slueves.
Polymers like polyolefins are used in
both the exterior jacket and the primary in-
sulation of power cables. Several charac-
teristics make these polymers good for
cable applications. Their lack of conductiv-
ity minimizes power loss, for example.
Also, they are casy to process: many poly-
mer mixtures soften at high temperatures
and can be molded, pressed, er extruded
into various shapes and sizes before hard-
ening again upon cooling. And their me-
chanical preperties can range from soft
and pliable to extremely rigid to meet the
requirements of specific applicatiens.

Despite these
advantages, pure | 2
polyolefin formu- * %
tant insulafion: because they are made up
of carbon and hydrogen, they are suscepti-

ble to burning. Although cable fires are
rare, there is concern abeut the

lations have a dis-
tinct drawback for
use in flame-resis-

low- and medium-voltage (up
to 5 kV) cables used in distri-
bution networks and power plants, since
they are often densely packed in ducts,
manbholes, or cabinets. To reduce the risk
of cable fires in potentially flammable ar-
eas, flame-retardant substances—typically
halogens or nonhalogen metal hydroxides
(e.g., aluminum trihydrate)—are added to
polymer insulation. These additives pro-
vide extremely good flame retardance for
cables, enabling them to meet existing
specifications, but they de have some
shortcomings.

Upon burning, halogenated polymers
like polyvinyl chloride releaze a hydrogen

Conductor

halide gas, which, when combined with an-
timony oxide, creates a flame-resistant sys-
tem. Hydrogen halide gases are corrosive,
however, and together with the consider-
able smoke released, they pose safety and
toxicity concerns. There is also a danger of
corrosion damage to local equipment.
When polymers with aluminum tri-
hydrate burn, they give off water, which
serves as a flame quencher. But aluminum
trihydrate tends te compromise the me-
chanical properties of polymer formula-
tiens. Because a high loading of the ad-
ditive is needed for flame retardance, the
resulting polymers are relatively stiff and
susceptible to cracking, and they can some-
times be snapped apart by strong pulling
or damaged by scraping. Also, aluminum

MAKING POLYMERS Polymers are or-
ganic compounds composed of chains of
the same monomer or combinations of
different monomers. Ethylene
monomers {top} are linked
together to form
polyethylene, for
example, and vinyl chlo-
ride monomers {bottom)
are linked to form polyvinyl
chloride. A polymer’s
“ chemical structure deter-
mines its properties.

trihydrate flame retardant is considered
more suitable for cable jackets than for pri-
mary insulation because of its potential to
conduct current, which can cause the loss
of power as heat.

Framing the problem

Since the late 1980s, EPRI has pursued re-
search to identify new uses for polymers
and to develop advanced polymers. Poly-
mer formulations are relatively easy to
modify by switching additives, adjusting
mixing ratios, er introducing new compo-
nents to produce a material capable of
meeting application-specific requirements.
But trade-offs are involved: the best for-
mulations have as many favorable charac-
teristics and as few problematic character-
istics as possible.

In 1991, to learn more about the fatest
polymer research activity, EPRI sponsored
a visit by Professor Eli Pearce, head of the



highly regarded Polymer
Reswearch Institute at the
Polytechnic Institute of New
York. Pearce provided important insights
on novel polymer technologies and uses,
which inspired Seymour Alpert, a now-
retired EPRI Fellow, to consider how emerg-
ing polymer technology might be applied
to the utility industry’s need for good al-
ternative formulations for flame-retardant
polymers for power cable insulation.

In realizing the need for new formula-
tions, EPRI had an opportunity to support
the utility industry’s proactive environ-
mental and safety stance. “Other re-
searchers had been trying to fix the prob-
lems associated with the currently used
halogen and metal hydroxide additives,”
recalls Alpert. “We began to ask if there
was another way to look at this challenge.
What about trying other types of flame-
retardant additives to eliminate altogeth-
er the undesirable by-products resulting
fromi the combustion of polymer insula-
tien? This approach could perhaps im-
prove en the existing product through a
few modifications. But was it feasible to
produce new flame-resistant polymer in-
sulation that would have good physical

VERSATILE MATERIALS
Polyvinyl chloride {left) and
polyethylene {right) are two
common polymers that, as
well as being used in cable
insulation, have a host of
nonelectrical applications—
from packaging materials
to fencing.

properties, adequate processibility, and
reasonable cost and also be environmen-
tally satisfactory?”

PPursuing this line of thought, EPRI's
Bruce Bernstein, a polymer specialist, and
John Stringer, a materials scientist and
technical executive in Strategic R&D, dis-
cussed with Pearce the potential for novel
approaches to developing flame-retardant
polymers. Pearce, in turn, contacted Ed
Weil, a New York Polytech professor with
a background in industrial chemistry. Weil
prepared a research proposal that had the
flexibility to be restructured if carly con-
cepts did not pay off. EPRI's Exploratory
Research group funded the proposal for a
three-year period.

“We knew from the outset that Weil had
the knowledge, capability, persistence, and
equipment to carry the research through
ta some benefit,” says Bernstein. “At the
very least, we would gain a great deal of
fundamental understanding of the nature
of flame retardance in polyolefins. Weil’s

4

background as a patent agent also
ensured that he would keep the
practical aspects of this work well
focused.”

Although Weil knew where he
wanted to be at the end of the re-
search, he had no obvious map to
guide him. Bernstein introduced
Weil to representatives of Consoli-
dated Edison Company of New
York, who helped him identify prac-
tical utility needs and practices. Bernstein
picked Con Ed not only because it was
nearby but also because it was interested
in new flame-retardant polymer formula-
tions. Aimong other things, the utility per-
sonnel described the cables used, postfire
procedures, and desired improvements. In
turn, they learned what could actually be
done in a polymer study of this sort.

Weil's first step was to narrow down
the many possibliz avenues of exploration
to a reasonable few, which he did by the
most effective means—asking other peo-
ple who might be part way toward a so-
lution or might know something appli-
cable. Weil performed a literature search
and surveyed utility and industry person-
nil about flame-retardant polymer uses
and needs.

Industry representatives from a number
of organizations—including Akzo Nabel,
AT&T, BICC Cables, BFF, Du Pont, Mon-
santo, Southwire, and Union Carbide—
gave guidance on polymeric materials
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used in the field, applicable flame-retar-
dant standards, and test methodologies.
For instance, Weil consulted with cable
companies and the National Institute of
Standards and Technology in selecting re-
alistic laboratory tests for flame retar-
dance. EPRI helped Weil establish some
of the industry contacts and provided a
sounding board for his ideas throughout
the project.

“We weren’t performing research in a
vacuum. We had direction and we had
people te call to ask questions, which re-
sults in a very special situation,” says Weil.
“From utility and manufacturing contacts
and marketing information, we had a good
feeling for what flame-retardant polymer
formulations and ingredients were avail-

polymers,

able, which formula-
L ]
and other materials to

the project. “Without . -
help from these vendors, the research
would have covered a smaller number of

tions utilities preferred,
and what was needed
for the future.”

Many suppliers do-
nated flame-retardant

chemicals,

likely tosfind. an)L;wT combinations tha}‘
would meet utility needs at low cest and
ith easy processibility,” says Weil. “The

materials,.and we would have been lﬂ_""

pliers saw this research as an opportu-

KEY PIECE Melamine,
an affordable flame-
retardant additive, is an
important ingredient of a
new polymer formulation for

cable insulation.

to produce the mixtures
and conduct the laboratory

evaluations.
The
initially focused on

research

the additien of catalysts
to polymers to eliminate
gas evolution and produce a coherent
layer of char—material that does net burn
completely and thus acts as a flame barrier,
blocking combustion of the underlying
Gl material. Weil and
Zhu studied sev-
eral combinations

st- | ful as stand-alqne flame retardants; mod-

erate flame retardanciz resulted only with
the addition of a charforming add #ve
Il

and a clay to the catalyst-polymer mixture.
As a result, Weil and Zhu shifted thetr fo-
cus to noncatalytic formulations. Their goal
was fo find ad-
¥ ditives that pre-
| duced the best
« limiting oxygen
index (LOI) val-
ues. (An LOI value
indicates the minimum per-
centage of oxygen that is required
for a sample to bum.)
“In research, not everything succeeds as
you think it should, but you can usually
get good informatien out of it,” notes
Alpert. “This work is a prime example of
learning and developing further results
from amassed knowledge. On the basis of
what they had learned from the catalyst
experiments, Weil and Zhu were able to
start on new formulations that leoked
quite promising.”
The next step was to examine noncat-
alytic additives that would both absorb
heat and produce char, the most effective
impediment to further combustion. Vari-
ous polyolefins and various types and
concentrations of additives were tested.
Char morphologies were examined to de-
terminS"WItCh. lormilaGus resultedﬂ-"-—
e mosrcgﬁrent and contitsans
productlon T t e £
After several rounds of trials, Weil and
Z'hu deieloped a forrrIJlation that pro-
vided good flame reta;ldmce, promzsed |
good processibility, af ]
additi

d cable insulation because of its favor-
ble insulating characteristics

“We werevery pleased we

ad created a




promising flame-retardant formulation,”
say= Weil. “We found that the formulation
works with several types of polyolefins,
which is a definite benefit. And the three
compounds necessary for the success of
the formulation are all low in cost and suit-
able for the primary insulation of low-
voltage cables.”

Rlext, Weil and Zhu turned their atten-
tion to the development of an improved
cable jacket that would prevent fire and
heat from reaching the primary insulation.
Specifically, the goal was to produce a jacket
that, when bumned, would create copious
amounis of intumescent char. Because this
kind of char swells considerably when
heated, it would provide an extremely ef-
fective barrier between fire and the primary
insulation. Since the jacket is separated
from the cable conductor by the primary
insulation, the electrical property demands
for the jacket material are not as restrictive
as those for the primary insulation.

The melamine formulations in the heat-
absorbing experiments did not generate
copious amournts of char, and the char was
not intumescent, so other ingredients, such
as low-water-scluble melamine and vari-
ous phosphorus flame retardants, were
tested. A formulation.with. good retar-

= dance was developed-by using melamine™ .

phosphate and a phosphonatel, a new de-
velopmental product from Monsanto.
“It was great to produce a promising

formulation £
lation, but we were very happy to make a
formutation for the jackel _"r well,” says
Weil. “Being able to build on fi® informa-
tion learned in the first partof the project,
:e5pecially in understanding the benefits of
i melamine com _ounds, was a great help.

nary insu-

N

-

its pro-
stion until it
1o full-scale &
Aside from & pl:lchca] outcome
made some unexpected observations about
the mechanisms af flame retardance, espe-
cially about nitregen-phosphosus| syner-
gism and why it c;c;curs.” !

ipment.

,we also l

Toward commercial applicatﬂ‘n
This exploratory research showed that typ-
ical polyolefin insulation materials can be
made flame retardant with additives that
contain neither halogens nor metal hy-
droxides. The flame-retardant formulation
for polyolefins in primary insulation—the
formulation based on melamine, PFO, and
silanated kaolin—has been patented.

The main results of this work were
obtained by testing flat sheets of com-
pounded polymers, but to be useful, in-

A TOUGH PROBLEM In the lab, many
mixtures of flamea-ratardant compounds
and polymers were formulated and
tested in order to identify
candidates for cable applic :

-?ulahlon mater:a! must be extrude

BICL}3s non-
er organiza-

| tion. Thearrangemenhlvit

exclusive, however, and of

tions are now showing mone

r formulation. BICC has %et
|

|

nterest in the
an internal

I
:
-

F

program to evaluate it and to consider go-
ing on to the next phase of development.

“Many people from various groups at
EPRI helped in taking the patented formu-
lation through the rigorous steps to devel-
oping a licensing agreement with BICC,”
says Bernstein. If preliminary tests are en-
couraging, further work at BICC would in-
clude prototype cable fabrication, mechan-
ical integrity tests, and detailed flammabil-
ity, smoke, and toxicity tests.

The formulation for cable jacket poly-
olefins also has been patented and ha=
generated interest from several cable man-
ufacturers. And the insights gained about
the mechanisms of flame retardance re-
sulted in the publication of articles in the
scientific literature.

Scientific insights and guidelines for fu-

ture work also emerged from the project.
For instance, it was discevered that how
fast char accumulates may be even mere
important for flame retardance than how
much char accumulates,

“This work shows how a project goes
from exploratory research through the
R&D phate and on to technology transfer,” /
says Bernstein. “In this case, the project
piOneered a new approach t_o__f_]ar_nc resisy

ance_thal has been licensed o BICC
further study.-This-high-risk work, whxd'l-
would never have gotten started via
conventional approval processf h
vided an approach that is y t

ploratory research path hd
discoveries of potenbally gr

- “Exploratory research is not just fa:

science—its business value can be sea\-&

agam and again,” says EPRI's Stringer.
processes from sueh Te-

andﬂ

&
£
&
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is to continue work in areas | _I-
YW pfomise, kmwMt tlve pq-
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A graphite-enclosed
sample of silicon car-
bide, a wide-bandgap
material, glows in

a high-temperature
radio-frequency

induction furnace.
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THE STBHY IN BRIEF Large silicon-based electronics are bringing the same control and high-

speed switching found in personal computers to utility power control and conversion equipment

operating at far higher voltage and current levels. But the packaging and cooling requirements

of power electronics make for bulky components. Research is under way to push beyond silicon

to so-called wide-bandgap semiconductors. Electronics made from these materials will be lighter

and smaller and allow simpler packaging. They also will operate reliably at higher temperatures.

Their successful development will open the door to advanced electronics for an expanding array

of applications that require high voltage and current capacity and high switching speeds.

ilicon-based, #olid-state power electronic de-

vices like thyristors and transistors are increas-

ingly being applied in induction motor drives

and utility power transmission and distribu-

tion equipment. They allow the same degree of
precise control and high-speed switching as the electronics that
drive personal computers. In contrast with microelectronics,
however, power electronics operate at substantially higher volt-
age and current levels.

Yet today’s power electronics face operating limits that stem
from the fundamental nature of silicon-based semiconductors.
Most currently available gate-turnoff (GTO) thyristors—the basis
for power inverters and other converters used in a growing range
of-applicatiohs—are limited to a blocking voltage of less than 5 kY,
a switching speed of 5 kHz, ana a maximum operating tempera-
ture of 150°C. The devices” assmiated packaging and fooling re-

quirements result in lagge, bulky assembled components. And sev-

eral to many such components are typically required for a complete
power electronic system—stich as a static synchronous condenser,
an EPRI FACTS (Flexibie AC Transmission System) technology.
Within a few years, researchers are hoping to push power elec-
tronics beyond silicon to so-called wide-bandgap semiconductors
like silicon carbide and gallium nitride. Electronic devices made
from these materials are expected to be smaller and to feature sim-
pler packaging, for a size reduction of as much as two or-
ders of magnitude from today’s power electronics. The new
devices will also be commensurately lighter, be more reli-
able, operate at higher temperatures, and ultimately be less
expensive than currently available silicon-based devices.
The successful development of such advanced semicon-
ductors will open the door to devices for a wide array of
applications that require high voltage and current capabili-

ties and switching speeds at least 10 tifnes greater than pos-

by Taylor Moore

sible today but that won't require active cooling.



Just as low-power transistors and

Silicon Versus Wide-Bandgap Semiconductors

came in response to the initial joint

integrated circuits made possible the
electronics revolution that led to to-

day’s modern computer age, it’s an-
ticipated that high-power solid-state
electronics operating at hundreds of
kilowatts or at multimegawatt levels
will trigger a second electronics revo-
lution. In this revolution, low-cost,
high-power devices and subsystems
will become ubiquitous controllers in

 silicon announcement and solicitation. Set
Property Silicon Carbide  Nitride to continue through 2001, the EPRI-
Bandgap (eVat300K) 1.1 29 ; DARPA initiative combines in a coordi-
Maximum operating nated effort the capabilities of some of
temperature (K) 425 >900 the most technologically sophisticated
Breakdown voltage defense electronics contractors, lead-
(10° Viem) 03 4 5 ing electronics manufacturers, and top
Thermal conductivity solid-state physics and electronics re-
(Wrem-C) 1.5 5 13 searchers at major universities.
Process maturity High Low  Verylow The agreement, signed on behalf of

diverse industrial, automotive, de-
fense, and electricity production and
delivery applications. These will in-
clude control and propulsion systems
for advanced electric and hybrid-electric
vehicles for civilian and military use; en-
ergy storage, conversion, and interconnec-
tion technologies for integrating distrib-
uted power sources; advanced power-
conditioning electronics for customized
distribution and delivery systems; im-
proved, more economical FACTS compo-
nents; and pulse-power defense technolo-
gies, including laser and directed-energy
weapons.

The performance requirements and fab-
rication challenges for high-power elec-
tronics go beyond the capabilities of to-
day’s semiconductor manufacturing meth-
ods and systems. For that reason, R&D
organizations in the two largest potential

Wide-bandgap semiconductors like silicon carbide
and gallium nitride perform at better than twice
the level of silicon.

application sectors—defense and electric
power—are jointly pursuing the develop-
ment of such electronics in a precedent-
setting initiative.

In January 1997, officials of EPRI and the
U.S. Defense Department’s Advanced Re-
search Projects Agency (DARPA) agreed to
coordinate their research solicitation and
funding in order to accelerate the develop-
ment of high-power devices and circuits
that can switch or control d¢ or ac power
levels of 100 kW and above. Since then,
about a half dozen multielement R&D activ-
ities have been selected for contract awards
totaling some $14 million. The projects were
chosen and consolidated from 26 team pro-

posals for over $100 million of work that
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RIDING THE WAVE As indicated by these classic S-curves of innovation and market

penetration, conventional silicon-based power electronics are approaching funda-

mental performance limits, while advanced high-power electronics—based on wide-

bandgap semiconductors like silicon car|
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bide—are just taking off,

EPRI by Kurt Yeager, president and
chief executive officer, notes the com-
mon interest of the two organizations
in accelerating the development of
high-power electronics. This interest stems
from the advent of electric and hybrid-
electric vehicles—along with related de-
fense developments involving electric pro-
pulsion for combat vehicles, aircraft, and
ships. In addition, utilities are interested in
the R&D because of the dramatic increase
in the number and complexity of geo-
graphically wide-reaching electric pow-
er transactions and transmissions result-
ing from utility industry deregulation.
This trend is driving an increasing need
for FACTS technologies that will provide
greater control of power flows and will
maintain grid reliability.

Both the defense and electric power in-
dustries need “the development of high-
power, high-speed solid-state switches
and other electronic devices to carry out
the required control functions and main-
tain voltage, current, frequency, and other
power attributes with minimal energy
loss,” the agreement states.

For EPRY, the initiative represent an ex-
tension of i advanced technology pro-
gram in high-power electronics, a program
whose participants include the Department
of Energy, the Mational Institute of Stan-
dards and Technology, the Office of Naval
Research, Air Force and Army research or-
ganizations, major automotive manufac-
turers, Harris Semiconductor Corporation,
Lockheed Martin Corporation’s Morthrop
Grumman subsidiary, and Silicon Power
Corporation. That program and later the
joint initiative were spearheaded at EPRI
by former Strategic R&D manager Avishay
Katz, now a senior technical executive at
Watkins-Johnson Corporation.

PHOTO © 1997 TED KAWALERSKVTIE IMAGE BANK



Electronics for the next century

According to Gail McCarthy, EPRI’s direc-
tor of Strategic R&D, the initiative with
DARPA is aiming for nothing less than
“developing electronic technology for the

next century. We're looking to move up the
power curve while maintaining and even-
tually increasing the kind of switching
speed obtainable today at lower power
levels with silicon devices.

“We're very pleased DARPA has decided
to invest in future technology that is be-
yond its immediate needs and to pursue
with EPRI electronics that have very high
power levels and switching capacity. If
high-power electronic devices were avail-
able, companies in the electric power busi-
ness could use them today. For defense
applications, DARP'A sees where the tech-
nology is headed, and it is willing to invest
for the future.”

Although EPRI and the Defense Depart-
ment have cooperated informally in the
past on advanced semiconductor R&D, the
initiative signals “the first time that we
have gotten together in this way, funding
multiple projects, both individually and
jointly, with a long-term view of what we
are hoping to develop,” adds McCarthy.

She says that DARPA’s interest in the ini-
tiative is motivated in part by the broad
promise of dual-use civilian and military
applications for high-power electron-
ics, most notably applications
involving advanced electric
propulsion systems. But
there are also other func-
tional similarities in ap-
plications for defense
and utility needs, McCarthy
points out. “Modern defense
systems involve large, in-
terconnected networks

that switch power from a e

Elliott Brown, DARPA’s
program manager for high

variety of sources but act in
an uncoordinated fashion.
The reliability of these sys-
tems and networks is just

power electronics, says that
while the technology devel-
opment challenge is risky, it
s “a classic high-risk, high-
payoff investment. We think

as important to themilitary

as power system reliability
is to the utility industry.”

Terry Ericson, manager of the that the megawatt technology

MOS-controlled
thyristor

power electronics program at the is compelling enough for pri-
Office of Naval Research, offers

further perspective on the in-

vate industry to pick up the de-

velopment and, we hope, the
creasing need for highly re- manufacturing at some point
liable electronics. “Because
electronic technologies of-
fer unmatched efficiency
and flexibility, a good per-
centage of the high-power
systems of the future will

downstream. Our program
is aimed at demonstrating
this technology in the form
of packaged switches within
three years and at having an
industrial base in fundamental
be electrical—motors and drives, materials and technology devel-

opment that could produce these

Gate-turnoff
thyristor

switches, sensors, even defense
components and devices.”

Adds Brown, “To us, the
involvement of EPRI and the
power industry represents

systems. Emerging semiconduc-

tors provide us with the materi-
als to realize advanced high-
power technologies, but
only a national effort in- the biggest possible mar
volving all sectors of the ket in megawatt soli d-state
highpower market can de- electronics, even bigger than
liver the necessary R&D in-

vestment.”

electric vehicles. But the tech-
nology for this kind of electron-
ics is too risky for the commercial
manufacturers and chipmakers
to pursue by themselves. Most

Silicon-controlled
thyristor

of the development in silicon carbide, for
example, is occurring in a few small, spe-
cialized companies and at defense contrac-
tors that are developing very high value-
added systems, such as Nortlirop Grum-
man for radar.

“The standard commercial vendors

that produce power electronics—includ-
ing such companies as Motorola, Interna-
tional Rectifier, and Harris Semiconduc-
. tor—are not yet investing heavily in this

b4 STATCOM

BUILDING BLOCKS FOR FACTS Today's silicon-based power electron-
ics are typified by high-speed, electronically controlled switching
devices like thyristors—fundamental components of EPRI’s Flexible AC
Transmission System technology for real.time power control. FACTS
devices include STATCOM—a static synchronous compensator for volt-
age support and disturbance damping—and the Thyristor-Controlled
Series Capacitor, or TCSC, for transmission line impedance control.
High-power electronics based on wide-bandgap semiconductors will
make possible lighter, smaller, less expensive FACTS controllers.
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area because it is beyond today’s technot
ogy in terms of fabrication and manufac-
turing complexity. EPRI and its utility
members represent the best path toward
establishing the megawatt solid-state elec-
tronics market and convincing semicon-
ductor manufacturers to make the invest
ment. We see the agreement with EPRI as a
terrific opportunity for commercial market
development that will ultimately justify
our R&D investment.”

Thyristors that can take the heat

DARPA’s near-term goal in highpower
electronics is to demonstrate and deliver
100-kW inverterswithin the next four years
for tactical systems development. These
inverters will be based on fast-turnoff sili-
con carbide thyristors that can meet the
power and switchingspeed requirements
for emerging hybrid-electric combat vehi-
cles and related power applications.
Thyristors control highvoltage
power by switching on and off
thousands of times per second.

SRl's radio-frequency induction furnace
for heating materials samples or wafers
to over 2000°C

SRI International is part of a research
team that, under the EPRI-DARPA
initiative, is pursuing a broad range of
work on wide-bandgap semiconductors,
including materials, process, and

device development efforts.
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The faster the switching speed and the
more voltage they can block, the greater
the number of devices into which they can
be built and the wider the range of appli-
cations they can address.

For DARPA, the goals are temperature-
tolerant (300°C) thyristors that can stand
off, or block, 5 kV and 200 A of forward cue
rent per cell (1000 A per wafer) at a maxi-
mum switching speed of 150 kHz, with a
forward voltage drop of less than 0.6% of
blocking voltage. For utility applications,
says Jerry Melcher, who manages power
electronics research at EPRI, the ultimate
goal is to build a single device or set of de-
vices that can block 25 kV and 2 kA at a
switching frequency of 50 kHz and an op-
erating temperature of 250°C.

The power and frequency limits of cur-
rently available G10 thyristors stem from
limitations inherent in the breakdown
voltage, thermal conductivity, and ener-
gy bandgap of sil-
icon. (A semicon-
ductor’s bandgap
is the atomic-level
energy required to
shift charge car-
riers from the va-
lence state to the

High-temperature
mass spectrometer
for materials charac-
terization

Scanning electron
microscope display _'

Molecular beam epitaxy machine

conduction state. Silicon’s bandgap is 1.1
electronvolt, or eV.) Because of these limi
tations, the switches must be thick as well
as large in area and mustbe maintained at
a junction temperature of 150°C or lower.
These requirements in turn lead to low
switching speeds and significant packag-
ing difficulties.

Materials with a wider energy bandgap
than silicon—for example, silicon carbide
(2.9 eV) and type III nitrides, such as gal-
lium nitride (3.4 eV)—do not have these
particular limitations and hence can with
stand breakdown voltages greater than
three times that of silicon and operating
temperatures of over 250°C. But wide-
bandgap semiconductors pose other chal-
lenges, such as high on-state voltage losses
as a result of the lower mobility of charge
carriers. “A number of trade-offs are asso-
ciated with widebandgap materials, and
these add up to an enormous set of tech-
nical problems,” says Melcher. “There are
unique challenges involving carrier mobil-
ity, doping, contact implantation, and the
fabrication of pure parts—parts without
crystalline defects at either the microscopic
or the atomic level. We're pushing the lead-
ing edge of fabricating semiconductors that
can operate at high voltage levels.”
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Researchers at the California
Institute of Technology are
coordinating basic research
into gallium nitride thyristors
and Schottky diodes. They
are using advanced epitaxial
techniques to control layers
at the single-atom level and
advanced microscopy
techniques to characterize

the layers.
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Next generation: beyond silicon
The overall focus of the EPRI-DARPA
nitiative in highpower elecb'onics

is onadvanced, next-generation
devices and basic materials re-
search in wide-bandgap semi
conductors. Three of the initia-
tive’s funded R&D activities—led
by electronics engineers and scien
tists atthe University of Florida,
Vanderbilt University, and the
Califorra Institute of Technol-
ogy—focus on the fundamen

tal science of semi- .
High-density

conductor materk hathérias

als and devices.

Stephen Pearton
High-efficiency

at the Universit
y turboalternator

of Florida leads

a team that includes re-
searchers at Sandia Nation High-power
al Laboratories, Lucent Tech-  flywheel
nologies Corporation (which in-
cludes the former Bell Laborato-
ries), the Microcomputing Cen-
ter of North Carolina, SRI Internation-
ai, Germany’s Aixtron Semiconductor
Technologies, the Swedish Royal Institute
of Technology, and Israel’s Technion Insti-
tute of Technology. This team is investigat-
ing materials, process, and device devel-
opment on a broad front for silicon carbide
and gailium nitride in a variety of switch-
ing devices.

In another project, Vanderbilt’s Leonard
Feldman leads a team that includes re
searchers at Oak Ridge National Labora-
tory. They are exploring atomic-scale engi
neering approaches for developing high-

& performance silicon carbide power devices.
¢  Researchers led by T. C. McGill at Cal
§‘Tech, meanwhile, are pursuing basic re
g search into gallium nitride thyristors and
& Schottky diodes—a type of rectifier that
% can modify an ac waveform or convert it
g todc with very low losses. Schottky diodes
% are considered by many experts to be the
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Commenting on thesilicon carbide work,
Brown of DARPA points out that the ma-
terial’s advantages over silicon—high-
temperature operation, high current den-

'TWORK COURTESY DI FENSE AD'

sity, and high switching speed in a much
£ smaller package—are rather independent

integrated power
electronics assembly

Reconnaissance
electronics

combat
vehicle

HIGH-POWER DEFENSE Electric propul-
sion systems for vehicles, ships, and
aircraft are a major focus of defense-
related interest in advanced high-power
electronics. Also being pursued are
power management systems that can
control various power sources and ener-
gy storage systems and integrate them
with propulsion and pulse-power elec-
tronic weapons systems. The trend
toward integrated electric propulsion
and tactical systems is exemplified by
an advanced hybrid-electric combat
vehicle now under development by
DARPA. The vehicle will be able to
accommodate a variety of advanced

and conventional weapons platforms.

of the device involved, whether it’s a metal
oxide semiconductor (MOS)—ontrolled thy
ristor, an insulated-gate bipolar transistor
(IGBT), or just a MOS transistor.

“We chose the thyristor as a lead device
because it is inherently better for high-volt
age, high-power applications,” Brown says.
“But the ulimate device ty pefor silicon car-
bide could turn out to be something differ-

Advanced

Traction drive motor

ent. It may be a simple power transistor,
like a JFET or MOSFET—standard semicon-
ductor transistor devices thatare based on
the field effect. They're relatively easy to
manufacture compared with a thyristor
or especially an IGBT But like silicon de-
vices, they don’t work well in megawatt
power applications because of the
high internal resistance and associ
ated voltage drop in the switch-
on state. With silicon carbide,
you could make these
devices much smaller,
thereby greatly reducing
on-state resistance, and
take advantage of the
material’s higher operat-
ing temperature and much
greaterdielectric strength.
Silicon carbide devices
can switch at power
densities approximate-
ly 10 times higher than
those in silicon devices.”
Most of the De-
fense Department’s
e R&D spending for
wide-bandgap semiconductors has fo-
cused on silicon carbide because device-
grade substrates exist and hence fabrica-
tion processes for the material are closer
to standard silicon semiconductor fabri-
cation than is the case with, for example,
gallium nitride. Still, as EPRI’s Melcher
and DARP’A’s Brown both point out, con-
siderable challenges remain in the de
velopment of low-defect substrates and
highyield production methods for silicon
carbide semiconductors.

“Crystalline silicon carbide is a lot more
difficult to grow in bulk form than sili-
con, with substrate diameters limited to
50 millimeters at this point. In addition,
epitaxy is very difficult at the thickness-
much greater than 1 micrometer-required
for megawatt devices,” says Brown. To ad-
vance the methods and processes for sili-
con carbide epitaxy, EPRI and DARPA are
cosponsoring a project with NASA at the
spaceagency’s Lewis Research Center near
Cleveland. A new semiconductor fabrica-
tion research facility is being formed atthe
center to grow improved epitaxial layers
for R&D use.
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High-power device fabrication

Improved silicon carbide wafers

will help accelerate the availabil-
ity of high-grade epitaxial lay-
ers that can be fabricated into ¥
multicell semiconductor de-
vices, such as transistors and
thyristors. These will form
the core of packaged rlectronic switches,
which can in turn be assembled in various
ways to form high-power circuits, such as
dc-to-ac inverters and dc-to-dc converters.

Researchers from Northrop Grumman
are slated to lead a team that will pur-
sue the fabrication of silicon carbide MOS-
turnoff (MTO) thyristors and PIN rectifier
diodes. Researchers from the Georgia Insti-
tute of Technology and Silicon Power Cor-
poration are part of the team. The $4 mil-
lion DARPA-EPRI jointly funded preject will
apply all currently available silicon carbide
device processing techniques. The goal is
to fabricate prototype MTO thyristors that
can meet the requirements—5-kV blocking
voltage, 1-kA forward current, and 50-kHz
switching speed—for use as invetters in
hybrid-electric combat vehicles and related
power applications. This effortincludes the
development of advanced fabrication pro-
cesses and device designs.

Integration into power systems

The successful develepment of high-power
switches and other electronics in the next
three to four years under the EPRI-DARPA
injtiative is expected to directly support
DARPA’s Combat Hybrid Power System
program. The program is aimed at devel-
oping an advanced hybrid-electric power
system that can provide kilowatts of con-
tinuous power for propulsion, computer
systems, and the like and gigawatts of
stored pulse-power for weapens systems
and countermeasures. A 15-ton combat ve-
hicle that incorporates such a pewer sys-
tem is being investigated te replace the
Bradley Fighting Vehicle.

John Gully, deputy director of DARPA’s
Tactical Technology Office, says that ad-
vanced inverters and other high-power
electronics will be needed not just for the
diesel- and battery-powered ac induction
prepulsien metors. They will also be es-
sential for switching, cenverting, control-
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INDUSTRIAL, CONSUMER APPLICA-
TIONS Like utility and defense applica-
tions, many current industrial and
consumer applications of power elec-
tronics will benefit from the higher

power, smaller size, and lower cost of
next-generation devices. General Elec-
tric’s 6000-hp diesel-electric locomotive
uses a thyristor-based inverter at each
of its tractlon motors. Thyristor-based
inverters are also at the heart of virtu-
ally all ac electric vehicle motor drive
systems, including that of General
Motors’ EV1.

ling, and managing, both continuous loads
and pulse-power loads, which likely will
require the integration of such advanced
energy storage systems as capacitors, ultra-
capacitors, and flywheels. “The many sub-
systems envisioned for this future combat
vehicle all require electric power, so we
must develop a single, integrated power
system that can manage all the loads. This
is a very different kind of hybrid power
system than is being considered for hybrid-
electric automobiles and buses.”

Gully says that the opportunity te inte-
grate thermal management of the complex
electrical systems planned for the future
combat vehicle is a key appeal of the new
high-power electrenics. “We want a sin-
gle thermal management system for the
combat vehicle that deals with the prime
movers, energy storage, and the power
electronics. High-power electronics oper-
ating at high temperatures are easier to
reject heat from than devices operating at
lower temperatures. Moreover, they can be
installed in hot locations. The Air Force

would like fo integrate these types of con-
trollers into turbojet engines. We could put
them right on the traction motors of the
hybrid-electric combat vehicle.”

Gully's program is planning a systems
integration laboratory to develop and
demenstrate a hybrid power system,
which initially will be based on
e, silicon semiconductor tech-
Y nology but later will incorpo-
rate high-temperature, high-

power silicon carbide-based
devices. The work willinclude
systems modeling and transient
analysis that may even have implications
forthe analysis of transients on utility pow-
er systems, he says.

Strategic benefits for utilities

For utilities and ether companies in the
business of providing electricity, the ar-
rival of solid-state electronics that are
truly high power will improve grid con-
trol and energy efficiency for transmis-
sien and distribution systems, cost-effec-
tively increasing the uftilization of power
delivery assets. High-power electronics
are also expected to reduce operating
and maintenance costs by offering low-
maintenance alternatives to wear-prone
mechanical switches and systems. Ulti-
mately, the next generation of power elec-
tronics will help open up new business
opportunities by delivering key enabling
technologies for electric vehicles, distrib-
uied renewable energy sources, and sys-
tems—such as EPRI's Cugtom Power cen-
trollers—for creating value-added electric
service options.

“As the cost of power electronics de-
clines, electronic controllers are beginning
to be used to improve service for individ-
ual distribution system customers,” says
Karl Stahlkopf, EPRI vice president for
power delivery. “When high-power elec-
tronic cenirollers become available, | ex-
pect fast market penetration for them be-
cause of pressing utility demand and rapid
technology development as the industry
becomes more competitive in a deregu-
lated market.” n

Backgreund informatien for this article was previded by
Jercy Melcher, Pewer Delivery.
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ricing in Competitive Markets

(page 6) was written by science
writer Steven Voien with technical in-
formation from two members of EPRI's
Power Markets & Resource Manage-
ment (PM&RM) Target.

Ahmad Faruqui returned to EPRI this
year to head its market management re-
search after ever a decade as a censul-
tant to the electric and gas industries,
working in the areas of strategic pricing,
market demand forecasting, and the de-
sign of new products and services. Dur-

CONTRIBUTORS

ing that period, he held senior consult-
ing positions with EDS, Barakat & Cham-
berlin, and Battelle and was a principal
with Hagler Bailly Consulting. From
1979 to 1986, Faruqui worked at EPRI as
a project manager for end-use analysis
and forecasting. Earlier he was a consul-
tant to the California Energy Cemmis-
sion in industrial energy forecasting and
taught economics at the University of
California at Davis. He holds BA and MS
degrees in economics from the Univer-
sity of Karachi and a PhD in economics
from UC Davis.

Rich Goldberg is currently manager
for pricing and risk management, hav-
ing previously headed PM&RM'’s risk
and asset management work. Before
coming to EPRI, he was a senior associ-
ate at Decision Focus Incorporated, spe-
cializing in electric and gas utility issues,
and he has also held research positions
at Stanford University, Lawrence Liv-
ermore National Laboratory, Princeton
University, the Mational Center for At-
mospheric Research, and the Harvard-
Smithsonian Center for Astrophysics.
Goldberg earmmed an AB in astrophysical
science from Princeton and MS and PhD
degrees in physics from Stanford. ®»

he New Line on Laundry (page 14)

was written by Leslie Lamarre,
Journal senior feature writer, with techni-
cal information from John Kesselring,
EPRI's manager for residential systems.
Kesselring joined EPRI in 1986 after four
years as a vice president of Alzeta Cor-
poration. Before that, he was associate
manager of the Combustion Technology
Department at Acurex Corporation. Still
earlier, he was an assistant professor of

Technical sources for Journal feature articles

mechanical and aerospace engineering
for five years at the University of Ten-
nessee. Kesselring holds a BS in aeronaun-
tical engineering from the University of
Michigan and MS and PhD degrees in
aeronautics and astronautics from Stan-
ford University. m

n Search of Fire-Resistant Cables
I(page 24) was written by science
writer Joy Schaber with background in-
formation from Bruce Bernstein, techni-
cal advisor, Power Delivery, who man-
ages work in the area of distribution.
Bernstein joined EPRI in 1977 and has
served in a variety of positions. Recently
he has focused on the polymer insula-
tion problems experienced by electrical
equipment of all kinds. He also manages
projects on polymer technology for Stra-
tegic R&D. Before joining EPRI, Bernstein
worked in the wire and cable industry,
guiding research on cable materials and
aging phenomena as well as fundamen-
tal studies of radiation effects on poly-
mers. He holds an MS in organic chem-
istry from Towa State University. w

eyond Silicon: Advanced Power

Electronics (page 30) was written
by Taylor Moore, Journal senior feature
writer, with background information
from Jerry Melcher, target manager for
substations in Power Delivery. Melcher
joined EPRI in 1993 after five years as a
product manager for Tektronix Corpora-
tion. Before that, he was a sales manager
at DSP Technelogy Corporation for four
years, and still earlier, he worked at Lan-
dis & Gyr Systems. Melcher received a
BS in electrical engineering from Worces-
ter Polytechnic Institute. =
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PROJECT STARTUPS

Embedded Systems and
the Year 2000

By now almost everybody in the working
world is aware of the year 2000 issue—the
pessibility that computerized systems may
malfunction after midnight on December
31, 1999, because they may not be able to
recognize and/or correctly utilize the date
2000.

The problem, which shows up essen-
tially as a date virus, occurs because some
of these systems use a two-digit (rather
than a four-digit) date format that entirely
overlooks the century digits in a date, such
as the 20 in the year 2000. As we roll into
the new century, there are various ways
these systems may interpret the year desig-
nation 00. Some software may recognize it
as 1900, for example, and some as 2000.
How many systems will respond in which
way is currently unknown, Embedded mi-
croprocessors have internal processing sys-
tems that also could recognize 00 as 1900 or
2000 or may even revert to a default value
like 1980. Using such wrong dates in arith-
metic calculations could result in a range
of responses, from no system impact to the
complete disabling of a system. The millen-
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nium glitch—widely re-
ferred to as the Y2K prob-
lem—could affect every-
thing from microwave
evens to automobiles and
airplanes.

A number of fixes are
under development to ad-
dress the problem in seft-
ware. But relatively few
efforts appear to address
the problem in embedded
systems—that is, the mi-
crocode, firmware, and
real-time eperating sys-
temns that control power
plants, distribution sys-
tems, and various other
industrial equipment and
processes. Therefore on @ctober 1, 1997,
EPRI—at the request of many cencerned
power companies—launched a year 2000
project that specifically targets embedded
systems.

A kickoff workshop in September drew
165 people from over 50 domestic utilities,
3 international utilities, and a variety of
ether businesses, including paper manu-
facturers and petroleum companies. The
attendees were vocal in their desire to have
EPRI lead a program to consolidate indus-
try information. According to Ric Rudman,
EPRI's chief operating officer, “EPRI is mov-
ing swiftly to meet these needs because
timing on this issue is so critical. Since em-
bedded systems are in usc across the entire
electricity enterprise, the EPRI program has
been set up as a cross-institute and cross-
industry cffort.”

Joe Weiss of EPRI, who is heading up the
technical aspects of the fasi-track Year 2000
Embedded Systems Project, notes that the
efforts of a variety of industries in this
country, including many utilities, have
been focused almost exclusively on soft-
ware, especially that for mainframe com-
puters. Yet the cost of addressing the prob-
lem in embedded systems is at least as big,

New research ventures of imporfance to the industry

he says. “Embedded systems are ze widely
distributed across this industry that, unless
utilities perferm analyses, assessmenis, and
mitigation measures, they run the risk of
grid problems, power plant trips, and/or
reduced pewer quality.”

Participants in EPRI’s project will be able
to maximize the value of their in-house re-
sources by aveiding duplication of effort
and by taking advantage of the positive
and negative lessons learned by other par-
ticipants. The coordinated effort will also
ease the burden on dozens of vendors at-
tempting to respond to several hundred
utility and ether customer requests for sim-
ilar information.

The diversity of problems, the many
vendors involved, and the lack of histerical
precedents together create an enormous
need for information before individual util-
ities can begin their in-house Y2K com-
pliance programs. According to Charlie
Siebenthal, the manager of EPRI’s Y2K em-
bedded systems work, “Our program is de-
signed to serve as a focal point for system-
atically assembling, organizing, sharing,
and discussing information that will help
participants inventory, as=ess, and miftigate
potential problems. Among the most press-
ing needs identified by utility Y2K project
managers are the development of system
and component testing guidelines and the
creation of a test result database. An elec-
trenic forum threugh which results can be
rapidly disseminated and discuszed is also
crucial to facilitate the reporting of lessons
tearned and best practices developed by
others.”

Owing to the application- and hardware-
specific nature of the year 2000 problem,
EPR] will not be able to develep generic
solutions for use in the industry. Rather,
the EPRI program is designed to support
the participants’ internal Y2K cempliance
efforts.

The proceedings of the September work-
shop (TR-109135}) are available through the
EPRI Distribution Center, (510} 934-4212,

—



and Y2K informatien is also available en-
line at www.epri.com/y2k.

m For more information, contact either fim For-
tune, hfortunc@epri.com, (658) 855-2569, or
Charlie Siebenthal, csiebeni@epri.com, (650)
855-2178.

Networked Home Links
Utilities to Customers

In this digital era, consumers are using an
increasing number of electronic devices to
improve their lifestyles, accomplish routine
tasks, and send information to and from
their effices and homes. As residential cus-
tomers become more comfortable with
electronic technologies, equipment and ser-

vices originally developed for businesses
(such as cellular phones, pagers, electronic
mail, advanced desktop computers, and
fax machines) are becoming more common
in the home.

The digital sophistication of the residen-
tial market segment comes at a time when
the power companies that serve this mar-
ket are searching for ways to stand apart

from their competition. Selling energy man-
agement and other value-added services
offers a means net only to retain existing
customers but also to move into new mar-
kets and generate new revenues.

In an effort to integrate the burgeoning
residential interest in electronics with the
electric utility industry’s desire to provide
a wide range of value-added services, EPRI
has introduced a concept called the net-
worked home. Full of digital technologies
that can make life easier and more comfort-
able for technologically savvy consumers,
the networked home is connected to the
power company by a two-way communi-
cations link. Through this link, utilities can
offer customers such services as appliance
diagnostics, energy management, and se-
curity services.

The initial activities in this effort includ-
ed a workshop held last February to help
launch the networked-home concept and
another workshop in Movember to gather
input for 1998.

m For more information, contact Steve Drenker,
(650) 855-2823.

New Software Will Address
MGP Contamination

Work has begun on a new computer mod-
el that will help electric utilities deal with
an emerging issue associated with former
manufactured gas plant (MGP) sites: con-
taminated sediments in surface water.
EPRI's Model for the Assessment and Re-
mediation of Sediments (MARS) will pro-
vide a flexible tool fer characterizing the
transport and fate of various chemicals in
aquatic environments, evaluating risks as-
sociated with sediment contamination, and
comparing remediation alternatives.
Regulatory interest in contaminated sed-
iments is growing, and the more than 1500
tormer MGP sites nationwide pose a signif-
icant management challenge for utilities.
Develeping an understanding of sediment-

water interactions and of possible aquatic
ecosystem impacts is critical to remedia-
tion decisions. The MARS seftware will in-
tegrate existing hydrodynamic, sediment
transport, chemical fate and transport, and
bicaccumulation modules to study sedi-
ment-beund MGP compounds, including
volatile organic chemicals (such as ben-
zene, toluene, ethylbenzene, and xylene)
and polycyclic aromatic hydrocarbens
(such as naphthalene, phenanthrene, and
chrysene).

At this time, researchers have conceptu-
alized the software’s components, and pro-
gramming has begun. The hydrodynamic
module will simulate the mevement of
water in a river to help determine rates of
sediment settling and suspension and to
identify arcas of erosion and deposition.
The sediment transport module will use
results from the hydredynamic module
to calculate how contaminated sediments
are transported and deposited. The chemi-
cal fate and transport module will describe
the ad=erption and desorption of individ-
ual chemicals between layers of sediment
and the overlying water. Results from these
three modules will be used by the bioaccu-
mulation module to model uptake, metab-
olism, and accumulation in invertebrates,
small fish, and predatory fish.

MARS will make it possible to assess al-
ternative remediation scenarios in terms of
how they affect the physical system and
hydraulics, water and sediment quality,
and resident biota. Users will be able to run
only the portions of the model needed for
the task at hand and to investigate treat-
ment options by changing simulation vari-
ables as desired. MARS will address in situ
remediation technologies—for example, ar-
moring, natural recovery, enhanced sedi-
mentation, and bioremediation—as well as
removal optiens like dredging. The first
version of the program is expected within
two years.

m For more information, contact Ashok jain,

(908) 253-8909.
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New
Technical
Reports

Requests for copies of reports should be directed
to the EPRI Distributien Center, 207 Ceggins Drive,
P.O. Box 23205, Pleasanl Hill, California 94523;
{510) 834-4212

CUSTOMER SYSTEMS

Wireless Product Applications for Utilities
TR-106352, Final Report
EPRI Project Manager: R. Skelton

Leveraging Utility Assets in Wireless
Communications

TR-106382, Final Report

EFRI Project Manager: R, Skelton

Commercial Kitchen Ventilation Performance
Report: Two Electric Pressure Fryers linder
Wall-Mounted Canopy Hood

TR-106493-V 11, Final Report

EPRI Project Manager: W. Krill

Commercial Kitchen Ventilation Performance
Report: Six-Burner Gas Range Top Under
Wall-Mounted Canopy Hood

TR-106493-V 12, Final Reporl

EPRI Project Manager: W. Kcrill

Application Program Interfaces (APIs) Issues
for Nomadic Wireless Communications
TR-107127, Final Report

EPRI Project Manager. R. Skelton

Preliminary Design of an Industrial/
Commercial Microwave Clothes Dryer
TR-108241, Final Report

EPRI Project Manager: J. Kesselring

Proceedings: Tenth Electric Utility
Forecasting Symposium—Forecasting
in an Era of Deregulation

TR-108523, Proceedings

EPRI Project Manager: P. Meagher

The Harmonic Impact of Electric Vehicle
Battery Charging

TR-108540, Final Report

EPRI Project Manager: B. Banerjee

Test of a 4-kW Doubly Salient Permanent-
Magnet Motor Drive

TR-108763, Final Reporl

EFRI Project Manager: B. Banerjee

Advanced Billing and Customer Specification
Requirements

TR-108895, Final Reporl

EPRI Project Manager; D. Cain

Low-Cost NIALMS Technology: Market Issues
and Product Assessment

TR-188918-V1, Final Report

EPR! Project Manager: S. Kondepudi

National Electric Vehicle Infrastructure
Working Council: Committee Meeting
Minutes #97-2

TR-108925, Final Report

EPRI Project Manager: L. Sandell
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ENVIRONMENT

Leukemia/Lymphoma in Mice Exposed to
60-Hz Magnetic Fields: Preliminary Studies
and Protocol

TR-108064, Interim Report

Contractors: University of California, Los Angeles;
Basic and Clinical Research and Education
Association, Inc

EPRI Preject Manager: C. Rafferty

Evaluation of Occupational Magnetic Field
Exposure Guidelines

TR-108113, Interim Report

Contractor: T. Dan Bracken, Inc

EPRI Preject Manager: R. Kavet

Technology Review: Treatment of Complexed
Cyanide in Water

TR-108596, Final Report

Contractor: Carnegie Mellon University

EPRI Project Manager; | Murarka

An Analysis of Cost Savings for a Constructed-
Wetland Treatment System

TR-108652, Final Report

Contractor: EES Consultants, Inc

£PRI Project Manager: J. Goodlrich-Mahoney

Susceptibility of Implanted Pacemakers and
Defibrillators to Interference by Power-
Frequency Electric and Magnetic Fields
TR-108R93, Final Report

Contractor: A. S, Consulting & Research, Inc
EPRI Project Manager: R. Kavet

GENERATION

Evaluation of Heat Rate Discrepancy From
Continuous Emission Monitoring Systems
TR-108110, Final Report

Contractors: RMB Consulting & Research, {nc.
Fossil Energy Research Corp.

EPRI Project Manager: C. Dene

Santa Clara 2-MW Fuel Cell Demonstration:
Power Plant Test Report

TR-108252, Final Report

Contractor: Fuel Cell Engineering Corp

EPRI Project Managers: T. O'Shea, D. Rastler

Microturbine Generator Test at Northern
States Power Company

TR-108297, Final Report

Contractor: Northern States Power Co

EPRI Project Manager: O. Herman

Infiltration Processing of Metal Matrix—

Fly Ash Particle Composites

TR-108531, Interim Report

Contractors: University of Wisconsin, Milwaukee;
Wisconsin Electric Power Co. (COSponsor)

EPRI Project Manager: D. Golden

Analysis of a Photovoltaic System Located
on the Union of Concerned Scientists’
Cambridge Office

TR-108978, Final Report

Contractor: Union of Concerned Scientists
EPRI Project Manager: F. Goodman

NUCLEAR POWER

Examination of Kewaunee Steam Generator
Sleeves With Hybrid Expansion Joints
TR-105905, Final Report

Conlractor: Westinghouse Electric Corp

EPRI Project Manager: A. Mcliree

Permanent Lead Shielding for Nuclear
Safety Piping Systems

TR-105995, Final Report

Contractor: Sargent & Lundy Engineers
EPRI Preject Manager: H. Tang

Multipurpose Canister System Design
Synopsis Report: Summary of the DOE
System for Storage, Transportation, and
Disposal of Spent Nuclear Fuel
TR-106962, Final Report

Contracter: Weslinghouse Electric Corp
EPRI Project Manager: O. Ozer

B&W Advanced Control System (ACS})
Information Archive

TR-107942-CD, Finat Report

Contractor: DVP Techdoc

EPRI Project Manager: R. Torck

Soil-Structure Interaction of the Lotung
Quarter-Scale Structure: Sensitivity Studies
TR-108854, Final Report

Contractor: EQE International, Inc.

EPRI Project Manager; H. Tang

POWER DELIVERY

A Unified Index for Stability Assessment
and Enhancement

TR-108358, Final Report

Centractor: Howard University

EPRI Preject Manager: R. Adapa

Aging Study of Distribution Cables at
Ambient Temperatures With Surges
TR-108408-V1, Final Report

Contractor: Cable Technology Laboratonies
EPRI Project Manager B. Bernstein

Aging of Distribution Cables in Controlled-
Temperature Tank Tests

TR-108405-V2, Final Report

Contractor: BICC Cables Co.

EPRI Project Manager: B. Bernstein

Performance-Based Monitoring and Control
of Transformers

TR-108406, Final Report

Contractor; Massachusetts Institute of Technotogy
EPRI Project Manager: R Adapa

Proceedings: Tenth Electric Utility
Forecasting Symposium—Forecasting

in an Era of Deregulation

TR-108523 (see listing under Customer Systems

STRATEGIC R&D

Electroseparations: A Survey in Energy
Assessment

TR-107795, Final Report

Contractor: Oak Ridge National Laboratory
EPRI Project Manager: A. Amarnath

Possible Effects of Chlorine Content of
Coal on Fireside Corrosion in Pulverized
Coal-Fired Boilers, Vols. 1-3

TR-108107, Fina} Report

Contractors: Oak Ridge National Laboratory
PowerGen PLC

EPRI Project Manager: A. Mehta

Photoinhibition of Localized Corrosion

{Phase 2)

TR-108563, Final Report

Contractor: Pennsylvania State University Center for
Advanced Materials

EPRI Project Manager: B. Syrett



EPRI Events

DECEMBER

1-3

Getting Started on Life-Cycle Management
of Nuclear Power Plants

St Pete Beach, Florida

Contact: Brent Lancaster, (704) 547-6041

2-4

Transmission Inspection and Maintenance
Training

Las Vegas, Nevada

Contact: Kathieen Lyons, {(650) 855-2656

8-9

Generator Retaining Ring Workshop
Miami, Florida

Contact: Michele Samoulides,
{650) 855-2127

8-11

CHEC-T Users Group

Reno, Nevada

Contact: Megan Boyd, (650) 855-7919

8-11

EPRI/NMAC Pump Maintenance Workshop
Charlotte, North Carolina

Contact: Linda Sugdreth, (704) 547-6141

8-12
Drum-Type Coal-Fired Steam Plant
Operations

Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

9-10

Insulator-Aging Workshop

Palo Alto, California

Contact: Bruce Bernstein, (202) 293-7511

9-10

Reliability-Centered-Maintenance

Training

Ortando, Florida

Contact: Predrag Vujovic, (650) 855-2991

9-12

Nuclear Utility Procurement Training Course
Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6041

10-11

Anciltary Services Workshop

Miami, Florida

Contact: Cindy Layman, (650) 855-8763

10-11

1997 EPRI-DOE Wind Turbine Verification
Program

Tehachapi, California

Contact: Peggy Amann, (650) 855-2259

10-12

Intemational Conference on Instrumentation
and Control Issues in Nuclear Power Plants
St. Petersburg, Florida

Contact: Melita Gueilert, (650) 855-2010

15-17

14th International Electric Vehicle Symposium
Orlando, Florida

Contact: Mary Nakama, (650) 855-2621

15-17

ISI/IST Workshop

Corpus Christi, Texas

Contact: Sherryl Stogner, (704) 547-6174

JANUARY 1998

4-7

Enhancing Business Opportunities Through
Intemational Collaboration

Orlando, Florida

Contact: Eileen Mauro, (614) 421-3440

13-16

Relays Component Working Group Meeting
Chariotte, North Carolina

Contact: Brent Lancaster, (704) 547-6041

14-15

Distributech

Tampa, Florida

Contact: Ann lverson, {650) 855-1062

14-15

NMAC Freeze Sealing Workshap

Charlotte, North Carolina

Contact: Linda Suddreth, (704) 547-6141

14-16

NMAC Pressure Relief Devices Users Group
Orlando, Florida

Contact: Linda Suddreth, (704) 547-6141

1617

A Consortium for the Application of
Climate Impact Assessments: Executive
Board Meeting

Phoenix, Arizona

Contact: Chuck Hakkarinen,

(650) 855-2592

21-23

intemational Poultry Exposition

Atlanta, Georgia

Contact: Barry Homler, (419) 534-3713

27

6th CMP Symposium on Electric Arc
Fumnace DustTreatment

Pittsburgh, Pennsylvania

Contact: Joe Goodwill, (412) 268-3435

28

MANAGES Database Training
Albuguergque, New Mexico

Contact: Adda Quinn, (650) 855-2478

28-30

PM2.5: A Fine-Particulate Standard

Long Beach, California

Contact: Pradeep Saxena, (650) 855-2591

29

MOSES-MP Software Training
Albuquerque, New Mexico

Contact: Adda Quinn, (650) 855-2478

FEBRUARV

9-13

Heat Exchanger and Condenser Component
Working Group

Charlotte, North Carolina

Contact; Brent Lancaster, (704) 547-6041

16-18

6th Substation Equipment Diagnostics
Conference

New Orleans, Louisiana

Contact: Michele Samoulides,

(650) 855-2127

17-20

Magne-Blast Circuit Breaker Users Group
Orlando, Florida

Contact: Brent Lancaster, (704) 547-6041

18-20

Water and Energy Conference

San Antonio, Texas

Contact: Kim Shilling, (314) 935-8590

25-27

ProfitManager Training and Users Workshop
Pato Alto, California

Contact: Lynn Stone, (972) 556-6529

MARCH

4-5

Giobalcom

Dallas, Texas

Contact: Orin Zimmerman, (650) 855-2551

12-13

EPRI Partnership for Industrial
Competitiveness

San Diego, California

Contact: Bill Smith, (650) 855-2415

16-19

8th International Conference on Zebra
Mussels and Aquatic Nuisance Species
Sacramento, California

Contact: John Tsou, (650) 855-2220

1619

Transmission and Distribution Underground
Construction Workshop

Las Vegas, Nevada

Contact: Kathleen Lyons, (650) 855-2656

17-20

Feedwater Pump Turbine COMmponent
Working Group

Charlotte, North Carolina

Contact: Brent Lancaster, {(704) 547-6041

24-25

HELM Users Meeting

Seattle, Washington

Contact: Paige Schaefer, (800) 398-0081

26-27

REEPS/COMMEND/INFORM Users Meeting
Seattle, Washington

Contact: Paige Schaefer, (800) 398-0081
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Adjustable-speed drives, software for
evaluating M/A 3

Air conditioning system, with nonchlorine
refrigerants M/J 2

Alr quality studies
for Dallas—Fort Worth area S/0 34
for Denver area M/J 36

Allcy, NOREM M/A 2

Altman, At S/O 31

Aluminum melter, low-dross N/D 3
Amarnath, Ammi }A 33

Anaerobic digester gas, powering fuel cells
with S/O 33

Animal pests, utility control of S/O 32

ASDMaster software, for evaluating ad-
justable-speed drives M/A 3

Asia, electrification in  S/O 4, 24
Asset management methodology J/F 36

Austraiia, demonstration of Dynamic Voltage
Restorer in  M/A 4

Banerjee, B. Ben M/J 35

Batteries, zinc-air J/A 4

Bernstein, Bruce N/B 37

Biomimesis, utility applications of J/F 4
Birk, Jim M/A 31

BLADE software, for managing steam turbine
blade life M/A 2

Boiler circulation pump, hydraulic, field-tested
in Russia M/A 4

Cabie, underground
fault-finding technology for
flame-resistant insulation for
truck for removal of JfF 2

Cain, David J/F 33

Cancer, childhood, and the wire code paradox
N/D 4

Carbon dioxide, biomimesis for controlling
JfF 4. See afso Climate change.

Carmichael, Larry M/A 31
Carns, Keith J/A 33

Center for Electric End-Use Data (CEED)
N/D &

Chemical processing, microwave heating for
JiIF 4

Chemical waste streams, software for
managing S/0 3

China, electrification in  S/O 4, 24
Clark, Charles S/O 31

Ciimate change, ecological and economic
impacts of

Clothes dryers, microwave N/D 14

Clothes washers, high-efficiency J/F 38
N/D 14

Cohn, Arthur

JF 3
N/D 24

M/J 35
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M/A 36, See afso Carbon dioxide.

Collaborative R&D, future of J/F 26

Communications services. See Information
services.

Competition. See afso Restructuring.

and customer profitability M/J 3

and European experience M/A 3

and financial risk management M/J 2;
SO 8

and green marketing M/A 6

pricing for N/D 6

for residential customers J/F 6; M/A 2, 32;
SO 16; N/D 38

and strategic market management

and transmission services M{J 18

Compression, electric, for natural gas
pipelines J/A 26

Computers, and the year 2000 problem
N/D 38

Constructed wetlands  J/A 16
Controllers, high-power electronic  N/D 30.
See also Distribution system controllers.

Control systems, automated, for energy
management M/A 16; N/D 2

Corrosion, flow-accelerated J/F 2. See afso
Stress corrosion cracking.

Customer profitability, software for analyzing
M/J 3

Customers, retention of J/F 6; M/A 2, 32;
S/0 16; N/D 6, 38

C-VALU software, for simulating customer
response to pricing N/D 6

S/0 3

Daltas-Fort Worth air quality study S/O 34

Decommissioning, nuclear plant, economics of
M/J 3

Denver air quality study M/t 36

DERAD software, for nuclear plant decommis-
sioning M/J 3

Deregulation. See Competition.

Diagnostic and monitering technology, and
French utility M/A S

Disinfection technologies
electron beam $/0 32
ozonation J/A 6

ultraviolet light M/J 36
Distributed generation, fuel celis for M/A 32;
MiJ 6
Distribution cable
fault-finding technology for J/F 3
flame-resistant insulation for N/O 24

truck for removal of J/F 2

Distribution system controllers  M/A 4; J/A 3
S/0 2
Drenker, Steve J/F 33; M/A 31
Drinking water treatment

by electron beams S/O 32

by ozonation J/A 6
Dynamic Voltage Restorer, demonstration of in
Australia M/A 4

EcoCHILL air conditioning system M/J 2

Electric and magnetic fields
effect of, on pacemakers M/J 4
reducing along transmission lines J/A 34
and the wire code paradox N/D 4

Electricity Book software, for financial risk
management M{J 2; S/O 8

Electric vehicles. See aiso Maglev.
fuel cells for M/J 6
high-power electronics for  N/D 30

Electrification, in Asia S/O 4, 24

Electron-beam disinfection, for food and water
S0 32

Electronics, high-power, materials and
applications for N/D 30

Embedded systems, and the year 2000
problem N/D 38

EMF. See Electric and magnetic fields

Energy efficiency, and horizontal-axis clothes
washers J/F 38; N/D 14

Energy management, automatic control
systems for M/A 16; N/D 2

Energy management services, for residential
customers J/F 6 M/A 2, 32; S/C 16; N/D 39

Energy use, in buildings, software for
analyzing J/A 3

England, competitive power markets in  M/A 3
Environmentalism, and green pricing M/A &

EPFRI
and collaboration with Oracle M/A 32
and forum on global electrification S/O 24
and future of collaborative research J/F 26
and Progressive Flexibility program J/F 35
taxable subsidiaries of J/F 34

epriCSG  J/F 34

FACTS. See Flexible AC Transmission System
controllers.

Faruqui, Ahmad N/D 37
Fast Fault Finder J/F 3

Feature articles

At Home With Telecommunications J/F 6

Beyond Silicon: Advanced Power Electronics
N/D 30

Challenge and Change in Collaborative
Research J/F 26

China and the New Asian Electricity
Markets SO 24

Constructed Wetlands Treat Wastewater
Naturally JIA 16

Deregulating in the Information Age M{J 18

A Fresh Look at Ozone J/A &

In Search of Fire-Resistant Cables N/D 24

Maglev in a High-Speed Transport Future
JIF 16

Market Potential High for Fuet Cells M/J 6

Navigating the Currents of Risk S/O 8

The New Line on Laundry N/D 14

Powering the Pipeline J/A 26

Pricing in Competitive Markets N/D 6

TAG: On-Line Resource for Cost and
Performance Data M/A 24



Feature articles (cont.)
Taking Advantage of Real-Time Pricing
M/A 16
Utility Customers Go for the Green M/A B
Who Are Your Residential Customers . . .
and How Can You Keep Them? S/0 16
The Written-Pole Revolution M/J 26

Feedwater healers, header-type, for tossif
plants JfA 34

Fiber-optic strain gages, for on-line IGA/SCC
monitoring N/D 5

Financial risk management, tools for S/O 8
Fish entrainment studies, guidelines for N/D 3
Flame-resistant cable insulation N/D 24

Flexibie AC Transmission System controliers,
high-power electronics for N/D 30

Flow-accelerated corrosion JfF 2

Food processing
and electron-beam disinfection S/O 32
and membrane filtration M/} 38
and ozonation J/A 6

France, transfer of monitoring and diagnostic
technology with MfA 5

Fuel cells
advanced, technologies and markets for
M/J &
phosphoric acid M/A 32; S/O 33

Fuel markets, and power industry restructuring
N/D 3

Gatiium nitride, for high-power electronics
N/D 30

Gas pipelines, electric compression for J/A 26

Gas separation, inorganic membranes for
SiI07

Gas turbines, integrated with salid oxide fuel
cells M6

Generator retaining rings, life assessment
software for J/A 35

Generators, Written-Pole technology for
M 26

Gillman, Richard S/O 31

Global warming M/A 36. See afso Carbon
dioxide

Goidberg, Rich S$/0 31; N/D 37
Goldstein, Rocky M/J 35
Goodrich-Mahoney, John J/A 33

GRAS (generally recognized as safe) status,
for ozonation in food processing J/A 6

Green pricing M/A 6
Ground-coupled heat pumps M/A 35

Header feedwater heater, for fossil plants
J/A 34

Heat pumps
ground-coupled M/A 35
hydrophobic coatings for S/O 6

High-efficiency clothes washers J/F 38;
N/D 14

High-power electronics  N/D 30

High-temperature superconductors, proton-
induced fission in  J/A 4

Hirsch, Peter M{J 35
Hollander, Jack M. S/O 31

Hong Kong Center of Excelience S/0 4

Horizontal-axis washing machines J/F 38;
N/D 14

Hydraulic boiter circufation pump, field-tested
in Russia M/A 4

Hydroelectric pewer plants
alioy for components in  M/A 2
fish entrainment studies tor N/D 3
relicensing of, and public outreach S/O 2

Hydrophobic ceatings, for heat pumps S$/0 6

IGA. See Intergranular attack.
India, electrification in  S/O 24

Ingustry, power, and restructuring effects on
fuel markets N/D 3. See afso Competition.

Information services, for residential customers
JF 6, M/A 2, 32, S/O 16: N/D 39

Information technologies, for utilities, EPRI-
Oracle collaboration on  M/A 32

Inhalation, device for tracking rate of M/A 33

Inorganic membranes, for gas separation
S/07

Insuiation, flame-retardant potymers for
N/D 24

IntelliVAR contreller, for distribution systems
S/0 2

Intergranular attack, on-line fiber-optic monitor
for N/D S

International coilaboration M/A 4 5; SO 4, 5

internet, buying and selling transmission
services on M/J 18

{ron-coated sand filtration, for trace metal
removal M/J 39

Jones, Myron  J/A 33

Kesselring, John N/D 37

Laundry, new appliances for J/F 38; N/D 14
Load monitoring, electronic data recorder for
M/ 2

Low-dross aluminum melter N/D 3

Low-level radioactive waste, guidelines for
characterizing SfO 2

Maglev. See Magnetic levitation vehicles

Magnetic fields
effect of, on pacemakers M/J 4
reducing along transmission lines J/A 34
and the wire code paradox N/D 4

Magnetic fuids, as transformer coolants
JIF 5
Magnetic levitation vehicles, for high-speed
transportation J/F 16
Maintenance, reliability-centered, for fossil
plants M/A 34
Manufactured gas plant sites, contaminants at
identifying sources of M/J 5
in surface water sediments N/O 39
Market-based pricing, for retail electricity
N/O 6

Marketing, green M/A 6. See also Competi-
tion.

MARS software, for assessing contaminated
sediments at MGP sites N/D 39

Melcher, Jerry N/D 37

Membrane filtration, and food processing
MiJ 38

Membranes, inorganic, for gas separation
SI07

Meters
advanced residential M{J 37
remote monitoring of J/F 36; J/A 2

Mexico, and study of earthquake effects on
electrical equipment S/O 5

MGP. See Manufactured gas plant sites.
Microwave clothes dryers NfD 14

Microwave heating, for chemical processing
JIF 4

Mixed waste, manual on treatment and
disposal of J/A 2

Molten carbonate fuel cells M/J 6

Monitoring and diagnostic technology, and
French utility M/A S

Motors, Written-Pole technology for
M 26

M/A 34;

Natural gas pipelines, elactric compression
for J/A 26

Networked home N/D 39

NIALMS. See Nen-Intrusive Appliance Load-
Monitoring System.

Niemeyer, Victor S/0 3

Non-Intrusive Appliance L.oad-Monitoring
System M/J 2

NOREM alloy M/A 2
Norway, competitive markets in  M/A 3

Nuclear power plants
alloy for components in - M/A 2
economics of decommissioning M/J 3
flow-accelerated corrosion at  J/F 2
and generator retaining-ring life  J/A 35
guidelines for characterizing low-level

waste of S/O 2

ang management of mixed waste J/A 2
on-line corrosion monitor for N/D 5
and study of seismic effects S/0 5

Oasis {Open Access Same-Time Information
System) M/J 18

QOzone, for disinfection and oxidation J/A 6

Pacemakers, effect of electric and magnetic
fields on MfJ 4

Passive-loop shielding system, {or reducing
magnetic fields J/A 34

Pest control, and utilities S/O 32
Peterson, Terry M/A 31

Phosphoric acid fuel cells. See afso Fuel cells,
advanced.
powered by anaerobic digester gas S/0O 33
and rural electric cooperatives M/A 32

Photovoltaics
and green pricing M/A 6

and higher cell efficiencies J/A 5
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Poland, and EPRI tools for transmission
pricing S/O 4
Polymers, flame-retardant, for cable insulation
N/D 24
Power delivery software, EPRI, use of in Asia
S04
PowerDOE software, for analyzing building
energy use J/A 3
FPower eiectronics
advanced, based on wide-bandgap
materials N/D 30
and distribution controllers M/A 4; J{A 3;
S0 2
Power quality
and advanced controllers M/A 4 J/A 3;
S/0 2
brochure on, for textile industry S/O 35
PQPager monitor for MiJ 38; JIA 3: NiD 2
workbook on  J/F 3
and Written-Pole technology M/J 26

Pricing, for retail electricity
green M/A 6
market-based N/ 6
real-time, and automated energy manage-
ment M/A 16: N/D 2

Product Mix software, for designing and testing
retail electricity pricing options S/O 8; N/D 6

ProfitManager software, for analyzing
customer profitability M/J 3

Progressive Flexibility program J/F 35

Proton exchange membrane (PEM) fuel cells
M{J 6

Proton-induced fission, and superconductivity
JIA 4

Purified gases, gas separation for producing
S/I07

Radioactive waste. See Low-level radioactive
waste; Mixed waste.

Ramachandran, Gopalachary MA 31
R&D 100 awards N/D 2, 3
Rastler, Dan  M{J 35

Real-time pricing, and automated energy
management M/A 16; N/D 2

Reliability-centered maintenance, for fossil
plants M/A 34

Relicensing of hydroelectric ptants S/0 2;
N/D 3

Renewable energy technologies, and green
pricing M/A 6

ReQuest surveys, of residential customer
attitudes M/A 2; S/O 16

Residential customers, value-added ser-
vices for J/F 6; M{A 2, 32; S/O 16; N/D 39

Restructuring, power industry, eftects of on
fuel markets N/D 3, See afso Competition.
Retail electricity pricing. See Pricing.

Retaining rings, generator, scitware for
assessing life of J/A 35

Risk management, in compelitive markets,
tools for M{J 2; SfO 8

RIVRISK software, for simulating power plant
releases into rivers S/O 3
Rotor life prediction software JIF 3

RRing-Life software, for assessing generator
retaining-ring life  J/A 35
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RTP Controller M/A 16; NfD 2
Rudman, Ric J/F 26, 33

Rural electric cooperatives, and fuel celis
M/A 32

Hussia, and testing of hydraulic boiler
circulation pump M/A 4

SAFER-FC software, for predicting rotor life
JF 3

SAM, See Strategic Asset Management
methedology.

Samotyj, Marek M{J 35

Satellite technology, for substation and meter
monitoring and load control  J/F 36; J/A 2

SCADA-SAT. See Satellite technology.
SCC. See Stress corrosion cracking.

Sediments, contaminated, at MGP sites
N/D 39

Siebenthal, Charles M/A 31

Silicon carbide, for high-power electronics
N/D 30

Single-phase power, and Written-Pole
technology M/A 34: M/J 26

Solid oxide fuel cells M/J 6

South Africa, use of Written-Pole motors in
M/J 26

Steam turbine blades, software for managing
life of M/A 2

Strain gages, fiber-optic, for monitoring
IGA/SCC ND 5

Strategic Asset Management methodology
JIF 36

Stress corrosion cracking

of generator refaining rings J/A 35
of steam generator tubing N/D 5

Substation monitering, satellite technology for
JIF 36, JIA 2

Sulfur dioxide emissions, and visibility

S/0 34

Superconductivity, and proton-induced fission
JIA 4

Sustainable development, and electrification
in Asia  SfO 24

TAG. See Technical Assessment Guide.

Technical Assessment Guide, electronic
version of M/A 24
Telecommunications services. See Information
services.
Textile industry, power quality brochure for
S0 35
Thyristors, advanced, for high-power applica-
tions N/D 30
Trace metal removal, from wastewater by iron-
coated sand filtration M/J 39
Transformers, magnetic fluids as coolants for
JF S
Transmission lines, reducing magnetic fields
along J/A 34
Transmission services
on-line buying and selling of M/J 18
pricing for, in Poland SfO 4
Transportation, magnetic levitation technology
for J/F 16

Tuberculosis, ultraviolet light for control of
M/ 36

Ultraviolet light, for tuberculosis control
M/J 36

Underground distribution cable
fault-finding technology for
flame-resistant insulation for
truck for removal of J/F 2

Urtility Communications Architecture, demon-
stration of  JfF 37

Utility planning tools
for financial risk management
ProfitManager M4 3
for retail pricing N/D 6
SAM methodology J/F 36
for strategic market management S/0 3
Technical Assessment Guide M/A 24

JIF 3
N/D 24

MiJ 2 5/0 8

Value-added services, for residential cus-
tomers J/F 6; M/A 2, 32 S/O 16; N/D 39

Visibility. See Air quality.

Waies, competitive markets in  M/A 3

Washing machines, high-efficiency J/F 38;
N/D 14
Waste management. See afso Waslewaler
treatrnent.
and chemical releases into rivers  S/O 3
of low-level nuclear waste S/O 2
of mixed waste at nuclear plants JA 2

Wastewater treatment
by constructed wetlands J/A 16
by iron-coated sand filtration M/J 39
by membrane filtration M/J 38
by ozonation J/A 6
Wastewater treatment plant gas. for powering
fuel cells S/O 33
Water resource managernent, and public
outreach $/0 2
Water treatment. See Drinking water treat-
ment; Wastewater treatment.
Wetlands, constructed, for wastewater
treatment J/A 16

Wide-bandgap semiconductors, for high-power
electronics  N/D 30

Wind power, and green pricing M/A 6

Wire code paradox, and magnetic fields
N/D 4

Woodpeckers, and utility damage S/O 32

Written-Pole technology, for motors and
generators M/A 34; M/J 26

Year 2000 problem, in computers and
embedded systems N/D 38

Zinc-air batieries  J/A 4
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