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CObIe Removal Truck

Electric utilities face a formidable
challenge in laying new lines beneath
congestird urban strests. Undier-
ground conduit space is increasingly
limited, and constructing new
conduits is expensive and entails
digging up and disrupting already
crowded urban streets. fMow there's a
better alternative. With a cable
removal truck jointly developed by
EPRI and Consolidated Edison
LCompany of Mew York, utilities can
extract abandoned, jammed cables
from their underground conduits
and reuse the conduits. The efficient
and effective cable removal system
combines lubrication under prisssure
with vibration techniques and
hydraulic pulling to succeed where

old, brute-force methods failed. What's more, =ince all the required

accessories are mounted on the truck itself, the svstem is easily

maneuverable—even in cramped urban quarters.
For maore information, contact Ralph Samm, (415) 855-2289.

To order, call Harvey Reed at OK Champion Corporation, (916) 587-7381.

P R o D U c T s EPRI-sponsored deliverables now available to ulilities and their customers

Fiow-Accelerated Corrosion Report

Flow-accelerated corrosion (FAL)—a phenomenon that
results in metal loss from piping, vessels, and equip-
ment made of carbon steel—i= a major concern for
power plant operator=. It occurs under flow, chemistry,
geometry, and materials conditions commaon in much
of the high-energy piping in both nticlear and fossil
power plants. If it goes undetected, FAL can cause leaks
and ruptures. Although major failunes are rare, acci-
dents havie occurred and #ven caused the disath of
utility workers. Through a collaborative research effort,
EPRI and Electricité de France have made substantial
progress in understanding FAC. Mow these nesearch
partners have published a book (TR-106611) that
gathers the best infurmation available on FAC into a
single volume. Writtken as a reference for utility engi-
neers, the book draws on the experience of mani
nuclear and fossil plants around thie world.

For more liiformation or lo order, contact Bindi Chexal,
(415) 855-2997.



s Power Quality Workbook

Prapanr G2
BT whiria

ity Whether it's harmonic distortion, voltage sag, transients, or some
' otherr typir of power quality disturbance, this workbook (TR-105500)
/ will help utilities and their customers diagnose the problem and
j select thi appropriate fix from the wide arvay of power-conditioning
equipment available. The workbook defines procedures and recom-
mended practices for maintaining acceptable power quality on
electric utility transmission and distribution systems as well a= at
industrial and commercial customer =ites. It presents analytical
methods, #valuation techniquis, workshests, and guidelines for

resolving power quality issuirs at both system and equipment levels.
For wore inforination, contact Marck Samotyj, (415) 855-2980).
To order, call the EPRI Distribution Center, (310) 934-4212.

SAFErR-PC

The decision to run, repair, or retine power plant turbine and
generator rotors is a perennial dilemma facing electric utility
engineers. Extended operation of a critically flawed rotor can
result in catastrophic failure, yet premature retirement of
equipment burdens a utility financially. The EPRI Stress and
Fracture Evaluatiiin of Rotors program for personal computers
(SAFER-PC) enables utility engineers to make tough decisions
with confidenci. Adapted from a mainframe program already
used by over 50 utilities, SAFER-PC provides objective assess-

ments of the remaining life of turbine and generator rotors.
Estimating the probability of rotor failure over time, SAFER-PC
allows utilities to adjust operating schedules to optimize
remaining life and helps them plan turbine maintenance and
schedule inspections and outages. Users can also make prepur-
chase comparative life predictions for various rotor designs.
For more information, contact Tom McCloskey, (415) 855-2655.

To order, call the Electric Power Softweare Center, (800) 763-3772.

Fast Fault Finder

An increasing number of underground distribution lines in residential areas are
reaching the end of their useful life and are beginning to fail. Locating faults on these
swstems can be difficult and time-consuming,. In fact, most of the techniques in use
todav require the expertise of highly trained operators. Moreover, some of the
techniques involve repeated etlectrical impulses, which mav further damage the cable
being analvzed. In contrast, EPRI’s Fast Fault Finder is easy on cables and enables
utilities to pinpoint the loration of failures quickly and easilv—without the help of an
expert opirrator. This device is al=o inexpensive eniugh to be installed as a perma-
nent monitoring instrumnt, ensuring the fastest possible utility response to a fault.
For more information, contact Harry Mg, (415) 855-2873.

To erder, call Edison Control Corporation, (908) 819-8800.
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DISCOVERY

om Nature

sses are fascinating enough
msored researchers are

so hold the keys to a

ftility industry faces.

of carbon dioxide, which is
fe=, including power plantz.

@ iributor to global warming, CO,

@i ternational pressure to consider
. So far, thene is no system for economi-
aliv] Mg CO, emissions from the exhaust of power
plant stacks, but at least one natural process wffers a clue.

As nesearcher Gillian Bond of the Mew Mexico Institute of
Mining and Technology discovered, mollusks in the process of
developing their shell material (calcium carbonate, or CaCQO,)
abzorb CO, from their aquatic environment at a relatively
high rate. What if nesearchers could mimic this process in a
power plant to absorb CO, before it was released from the
stack? That is exactly what Bond, with EPRI's suppart, is
trying to do through the science iif biomimesis—the mimick-
ing of natural biological structures or processes,

Bond, who conductird a litérature review for an FPRI
scoping study on the potential applications of bhiomimesis in
the electricity industry (TR-104128-V1), was #ngrossed in
research aimed at mimicking the shell devielopment process
for use in depositing thin films in industrial applications
when she stumbled onto the idea of uzing binmimesis for
capturing CO,. As Bond distovered, some minllusks secrete an
enzyme, carbonic anhydrase, that catalvze= the hydration of
dissolved CO.,. The resulting HCO, and/or H,CO; then react=
with dissolved calcium and precipitates as Cal.O,.

To mimic the process in the laboratory, Bond and her
resirarch associaties added carbonic anhwdrase to an aqueous
soilutivn containing dissolved L0, and Ca. Almost immedi-
ately, CaCl), began to precipitate, whereas without the
cataly#t the precipitation required several minutes to initiate.

Basic science and innovative engineering at the cufting edge

The next step—more closely approximating the power plant
environment—was to bubble CO, through an aqueous solu-
tion containing Ca and carbiinic anhydrase, In these tests,
however, the carbonic anhydraze clung to the CO, bubblez,
créating a nonreactive froth. Bond’s research team has recently
stabilized the enzyme by attaching it to glass surfaces, thereby
eliminating the froth formation. Other approaches to minimiz-
ing the froth effect are currently being studied.

EPRI is examining other potential utility applications of
biomimesis and recently published a report (TR-104125-V2)
that identifies rizsearch sppisrtunitigs. These include copying
natural designs to engineer durable, lightweight materials and

employing artificial photosynthetic processes to create high-
efficiency photovoltaic technolisgies. “Basically, we're taking
our cues from nature,” say= EPRI's Jishn Stringer, who is over-
seeing the bitimimesis research, “The solutions to many of the
technical challenges we face may be right before our eyes.”

w For more informaltion, contact John Stringer, (415) 855-2472.

”

Microwave Heating for Chemical Processing

sing microwaves to heat chemical process streams

could potentially provide several advantages over

conventional methods of heating. For example, the
liquid =treams= could be hizated monz uniformly by micro-
waves than by contact with heated reactor walls, and the
chance: nf overheating near the walls, which can degrade the
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product, would be reduced. Microwave heating also occurs
more rapidly, providing opportunities to reduce capital and
maintenance costs and equipment =ize.

Unfortunately, important reference data—particularly the
dielectric properties of common organic =olvents at micro-
wave frequencies—have not been available. The lack of such



data has inhibited the use of microwave heating in the chemi-
cal industry, where standard dielectric values would be
required for both pure solvents and mixtures before they
could be used with microwaves in process streams.

Now, with EPRI funding, Paul Laibinis of the Massachu-
setts Institute of Technology has found that the critical proper
ties can be characterized by three frequency and temperature
dependent parameters. The parameters are a high-frequency
dielectric constant, a static dielectric constant, and a time con-
stant that reflects the rotational lifetine of the molecular species.

Laibinis has measured these parameters for a variety of
single solvents and solvent mixtures and has created “mixing
rules” that will enable chemists to achieve the desired micro-
wave heating characteristics by adjusting the mixture composi-
tion. He also has developed a method for measuring tem-
peratures within a microwave cavity without the introduction
of physical probes. The method is based on the temperature-
dependent emission of light from molecules called fluoro-
phores, which are introduced into the cavity,

m For more meforniation, coutact Ammi Amarnatfy, (415) 8552548.

Magnetic Fluids Could Cut Transformer Upgrade Costs

y the end of the century, electric utilities needing to

upgrade their transformers may not have to invest

millions of dollars in hardware retrofits to accomplish
the task. EPRI researchers believe that magnetic fluids could
be used as coolants in such equipment, enabling utilities to
increase the capacity of their existing transformers.

Electromagnetic devices like transformers heat up
during operation because of resistive losses in their electrical
and magnetic components. The rejection of waste heat is
critical, since excessive temperatures can damage insulation,
precipitating failures; failed transformers cost millions of
dollars to replace, require months to repair, and can leak
toxic fluids. Cooling capability ultimately determines the
amount of power that can be reliably handled by a trans
former As a result, most such equipment is designed to
maximize heat rejection, and this often means bulky and
expensive designs.

Enter magnetic fluids. Developed in 1960s research on
low-friction seals for rotating shafts, MFs are now used as
sealants in computer hard drives. [n preliminary EPRI-funded
experiments, these Huids have demonstrated significant heat
transfer capabilities when exposed to electromagnetic fields. If
further research proves that MFs are truly effective coolants
for electromagnetic equipment, it is possible that they could
be used as direct substitutes for conventional coolants, with
minimal hardware modifications required.

A typical MF is a colloidal mixture of tiny spherical
magnetite particles coated with oleic acid and suspended in
a thick carrier liquid, such as transformer oil. The suspension
is stable, with the balance of forces acting on the particles to
prevent them from settling or sticking When exposed to
electromagnetic fields, such as those generated by transform-
ers and other electrical equipment, MFs can be highly magne-
tized while retaining the liquid properties of the carrier oil.

The higher the temperature, the lower the level of magnetiza-
tion an MF can achieve, until this capability is lost between
70°C and 250°C.

Already, researcliers have determined that MFs exhibit
greater heat rejection than conventional coolants used with
electromagnetic components. However, the exact way in
which cooling occurs is still under debate. One theory is that
the magnetic fields generated by a device effectively spin the
ME particles, increasing turbulence and improving heat trans-
fer:. According to another theory, the highly magnetized por-
tions of an MF are attracted to a device’s magnetic fiields. As
these portions near the electromagnetic components, they are
rapidly heated above the temperatures at which they lose
their magnetism, and they are then displaced by coolerpor
tions with higher magnetization. This circulation enhances
cooling.

EPRI-sponsored scientists at Energy International of Belle-
vue, Washington, have investigated these and other hypothe-
ses in their explorations of MF-based cooling. To simulate
electromagnetic devices. the researchers submerged condue
torsin dielectrically suitable MFs. In each experiment, the
fluid was subjected to time-varying magnetic fields, and the
amoumt of heat removed from the system (benefit) was com-
pared with the power dissipated by the applied field (cost).

The results indicate that MFs represent a viable heat
rejection technology, Benefit-to-costratios of 2.5 to 3.8 have
been attained with readily available fluids. Now that proofof
the concept has been established, EPRl and Energy Interna-
tional are planning detailed technical and economic analyses.
Comprehensive tests of MF-based cooling will be conducted
in bench-scale models of common utility equipment. If the
testing is successful, prototype systems will be developed and
demonstrated in the ne xtcouple of years.

w For more information, contact Jolim Maulbetsch, (415) 85524 38.
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At THE STORY IN BRIEF Forget the cable

company, the phone company, and other big

I I O m‘ hitters in telecommunications. Electric utili-

é ties want to be the ones to deliver new and
Wl th tantalizing information services to con-
sumers. Faced with impending competition

and armed with an investment in telecommunica-

tions technologies that already rivals that of the

communications industry, electric utilities across the
country are exploiting the impressive capabilities of
these technologies to provide advanced services to
their customers. And many are targeting the residen-
tial market. Time-of-use pricing and appliance control
are already saving consumers money on their electric

bilis while shaving utility costs and securing a more

CcOmmunli

intimate customer fink that is critical in a competitive
environment. Home security, on-line bill payment,
and remote diagnhostics are just some of the other
capabilities in the works. Whether they are expanding
their existing communications infrastructures, leasing space on
these networks to other telecommunications providers, or teaming
up with partners to deliver the goods, these utilities are serious

about bringing telecommunications home.

by Leslie Lamarre




he mercury hov-
ers around 110°F
in the dusty border
town of Laredo, Tex-
as, as Rene Rodriguez
makes his way home
after a long day of
work one September
evening. But he knows his home will be
cooled to 77°F when he steps through the
front door. And he knows he i=n’t paying
extra money for this comfiirt. In fact, Ro-
driguez—whar can program his awr condi-
tioner and other big appliances to coincide
with hiselectric utility’s high, medium, and
low rates fer the day—estimates he is sav-
ing about $40 a month on his electric bill. If
he decides to change the programmed set-
tings, he simply plugs a slick-looking con-
sole into the wall and punches a few keys.

Across the country n Walnut Creek,
California, the Grimes family i% absorbed
in the evening news when a report on the
current heat wave reminds them of their
electricity use. With the touch of a button
on a special remote control device, a status
bar appears at the bottom of their televi-
sion screen showing Steve and Stella
Grimes how much electricity major appli-
ances like the air conditioner and refriger-
ator are using. They can also program their
porch lights to come on and go off at de-
sired time= of the day—all without missing
a beat of Dan Rather.

These are just two examples of the many
ways in which electric utilities are using
advanced telgcommunications technolo-
gies to offer more conveniinces to their cus-
temers. Gearing up for full-fledged com-
petition among power companies, the util-
ities involved in these efforts believe the
new services that telecommunications en-
able might help them retain existing cus-
tomers and maybe even snag new ones,
Whether the utilily-customer connection
uses telephone wires, fiber-optic lines, co-
axial cables, radio waves, utility distribu-
tion lines, or some combination of these
channels, the capability for two-way com-
munications is becoming increasingly im-
portant. And the time-of-use pricing and
appliance control options that arve =sav-
ing Rene Rodriguez money on his elec-
tric bill are just the atart. Remote appliance
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diagnostics, home security service, and on-
line bill payment are among the vast array
of other advanced capabilities utilities are
exploring.

These services are not intended to bene-
fit only the custemer; they have built-in
benefits for the utility as well. For instance,
time-of-us¢ pricing—through which rates
vary during the day to more accurately
reflect the actual cost of generating and
delivering power at a given time—encour-
ages customers to shift energy use away
frem periods of peak demand. The result
is lower power bills for the customer,
which can give the utility a competitive
edge. Remote meter reading, meter-tam-
pering detection (which accounts for a=
much as 1% of utility revenues), instant
information on the time and location of
power outages, remote connection and
disconnection of customers, and informa-
tion about electricity consumption pat-
terns are just 2ome of the business ad-
vantages. In addition, such services enable
utilities to get closer to their customers at a
time when building customer lovalty is
critical.

“Just a= the telecommunications field i=
undergoing a virtual explizsion in innova-
tion and informatien transfer capabilities,
electric power companics are reaching a
competitive phase in which they are find-
ing that these technologies might very well
help them distinguish themselves from all
the other power providers out then,” says
Steve Drenker, manager of EPRI’s [nforma-
tion Systems & Telecommunications Busi-
ness Unit. “Telecommunications is an ex-
citing tool that utilities can use to get an
edge in the market.”

There are other reasons for electric util-
ity involvement in telecommunications.
Over the vears, power companies have
built up extensive infrastructures of tele-
phone wire, fiber-optic cable, radio links,
and other communications channels—
mainly fo meet their own internal commu-
nications needs. In fact, the electric utility
industry rank=second only to the commu-
nications industry itself in its use of tefe-
communications media. What's more, util-
ities typically use only about 3% of the
capacity of these elaborate communica-
tions withs for their own purposes. As one

utility executive puts it, “We're sitting on
a gold mine.”

The fact that power companies already
have access to virtually every home and
business in the country offers added in-
centive for ulilitis to pursue the telecom-
munications market. And that's exactly
what many are doing—in a variety of
ways., Some are opting to expand their
communications infrastructures to offer
advanced energy managemimt and other
capabilities directly to their customers.
Others are leasing available space on their
networks and letting other companies de-
liver the goods. Still sithers are teaming up
with telephone and cable television firms
that are vving for the same customers.
Some power companies are even investing
directly in the development of related
hardware and software technologies for
both wired and wireless applications.

The telecommunications reform bill that
President Clinton signed last February
makes it Fasier for electric utilities to com-
pete with phone companies, cable firms,
and other service providers vying for a
piece of the market. Among other changes,
the bill removes atate and local prohibi-
tions against utility involvement in tele-
communications, protects utilities” internal
communications systems, and allows util-
ity holding companies to diversify into
telecommunications.

Taking control

One holding company thatwasted no tine
on this front i Central and South West
Corporation, which fled to become a tele-
communications provider within hours of
Clinton’s signing of the bill, A= a result, its
subsidiary C5W Communications became
the country’= first so-called exempt e
communications com pany. (There are naw
12 such companies, according to the trade
group called UTL: The Telecommunica-
tions Association.) Among LW Cammu-
nications” first efforts i= the pilot program
that is praviding the Roadriguez family and
200 others in Laredo a glimpse of what
may be the future of customer service in
the power business

Through a handheld conzole manufac-
tured by Raytheon, these C5W customers
can control up to five big electricity loads



in their homes. For Rene Rodriguez, who
has a two-story, 3200-square-foot housk,
the choice was obvious. He picked the two
air conditioners, the two water heaters,
and the clothes dryer. He says it biok
about half an hour with a utility represen-
tative to learn how to use the consale ta
program the appliances. Mow, those big
ENErgy users are most active when clic-
tricity rates are lowest. In fact, Rodriguez
has programmed the water heaters and
the dryer to shut down completely during
both the high-rate and medium-rate peri-
ods. Like the other program participants,
Rodriguez can read his month-to-date
electric bill through the corisale. And he
has programmed his system to turn off
major appliances when it receives a price
signal from his utility during very high
rate emergency periods. Rodriguez says
his electric bill, which averagid %130 a
month before the program, has remained
about the same—despite the addition of
a baby and a live-in maid. He suspects
it would have gone up to about %190 a
month.

Kickisd off last April, the Laredis program
depends on an infrastructure of fiber-optic
line and roaxial cable. Electronic sensirs
that L5W installed on
the major appliances
enable the consumers
to track how much en- Power line
ergyv each appliance is
using. The pilot will

kind ever undertaken. £SW Communica-
tions has since won a contract with the
city-owned electric utility in Austin, Texas,
to develop and test a wireless system in
a 19-month pilist program to be kicked
off later this year. Also, LSW has been
awarded a seven-year franchise to build a
fiber-optic network that will ultimately
reach into every hoame and business in
Austin, a city of 544,000 people. The com-
pany hopes to provide energy manage-
ment =ervices over the nebwork and to
lease capacity iin the system b osther firms
that would provide services ranging from
high-speed Internet access and telemedi-
cine to videoconferencing and home secu-
rity. “Ine of the driving forces behind the
Laredo project was looking down the road
and seeing deregulation and competition
coming,” savs Shahan. “We want to get a
stronger hook into our customifrs and pro-
vide them with =omething that other po-
tential suppliers of electricity do not have.”

Cither utilities, such as Boston Edison,
are following suit. Last Siptember, this
utility announced that it has teamed up
with RUM Inc.—a provider of integrated
voite, data, viden, and high-spewed Inter-
net services—to build an interactivie data

network for homes in 40 cities and towns
in the greater Boston area. The backbong
of the project is a 200-mile ring of fibir-
optic cable that the utility has alrcady
established for its own communications.
Mccording ko the utility, this is more fiber-
optic cable than i= owned by any other
electric utility in thie state and more than
is owned by most telecommunications
companies.

Boston Edison and RC* have agreed to
invest about 5300 million in enhancing thi
network over the next five vears o that it
can be used to deliver video, telephone,
energy management, and other services
to 650,000 customers. &ike Momahan, a
spokesman for the utility, notes that local
telephone and video services are likely to
be among the firat services deployed on
the network, with energy management in-
troduced later in the five-year time frame.
He says the joint venture will be in direct
competition with the local telephone com-
pany, Mew England Bell, as well as cable
providers-and [nternet access companics.

Utility presence

Electric utilities grappling with the tele-

vommunications challenge are trying to

Remote meter reading

continue  indefinitely.
“Drhar customers seem
to appriciate it,” says

Din Shahan, president

of =W Communica- Phone line

tionz. “They are zaving

money and they are ni-
Coaxial

sponding to our price
P 5 F cable

tiers.” On average, the

participants aret shifting
2 kW per household

Fiber-optic
cable

Narrowband 30 to 20,000 (utility distribution)
100 to 1 million
{wiring on customer premises)
Narrowband 1200 to 40,000
Wideband Up to 56,000 (analog)
64,000 to 6 million (digital)
Broadband 1 milliort to 15 million
Broadband 50 million to 1 billion

off-peak between 4 and
5 p.m. and saving 10%
on their electric bills.
The laredo project
has receivied a lot of
aliention, in part be-
cause it is among the
largest programs of its

lines and video signals over standard phone lines.

Low Outage detection
Real-time pricing

Low Load contral
Security monitoring
internet access

Loy Electroni il

ectronic mai

Medium -
Electronic billing and payment

Medium Videoconferencin

to high . ¢
Telemedicine

High interactive television
Distance learning

DECISIONS, DECISIONS Available technolagy offers power companies a number of media to choose
from in communicating with their customers, as indicated in this chart. Traditionally, these media have
fit neatly into the categories of narrowband, wideband, and broadband—with narrowband technology
offering data transmission capabilities, wideband offering bhoth data and voice transmission, and broad-
band offering data, voice, and video. But sophisticated compression and delivery technologies are
blurring the lines dividing these categories, allowing users to send, for example, voice signals via power

EPRIJOURNAL January/February 1997 9



ditermine what form thie customer intir-
face should take. From the utility’s per-
perctive, this is a critical issuw, for it is
symbolic of the tranzition of the utility
presence from an esxterior wall of the
hame, where it is relegated to a deridedly
user-unfriendly electric meter, to inside the
home, where it will neside in a sophisti-
cated interactive device. This interface will
be the kiry point of contact with the cus-
tomer for delivering a variety of services
that are likely to extend far beyond basic
wnergy management into home automa-
tion, teat message paging, electronic mail,
and—depending on the sophistication of
the interface—intiractive entertainment.
“Electric utilities have a real market oppor-
tunity to become the providers of choice
for bundled communications services,” says
David Cain of EPRL, manager of new busi-
ness development in the Information Sys-
s & Telecommunications Busing=s Unit.
“This is an opportunity that many anshav-
ing a hard time pasaing up.”

Lt this stage, power companies are con-
sidering a variety of forma for this inter-
face, from an elaborate version of the ther-

mostat to a telisvision screen, a PL, or a

MOVING INSIDE Offering interactive energy
management services means changing the utility
presence from a clunky electric meter on an
exterior wall of the home to a more user-friendly
device inside the house. Utilities are experiment-
ing with a variety of interface options, from the

screen phone to the television set.

10 EPRIJOURNAL January/February 1997

telephone with a small screen that can be
used to delivier a wide range of interactive
services.

Southern California Edison is amiing the
few utilities that are currently experiment-
ing with thi screen phine interface. At this
writing, the utility is nearly finished devel-
oping energy managiement applications
for the 100 screen phone manufactured
by Philips, which offers a host of other fea-
tures, such as Internet access, electronic
mail, and electronic shopping and banking
{a magnetic strip reader enables credit card
and bank card transactisns). With the en-
ergy management functions, users will be
able to monitor their electricity u=e to date
andsechow much energy their biggest ap-
pliances are consuming. The system is ex-
pected to be tested in the homes of SCE
employees early this year. “] think one of
the reasons utilities an= hesitant to rely on
a screen phone interface is that they are
not sure how this new type of telephone is
going to get into the home,” says Dukku
Lex, SCL's project engineer. “Lonsumers
are not accustomed to buying telephones
to carrey out these kinds of transactions.
But we feel that the right blend of services

L

+

will attract a wide range of customers.”

Somw utilities ane experimenting with a
combination of approaches. For instance,
Pacific Gas and Electric, which sponsors
the program that enables the Grimes fam-
ily and 49 ather customers in Walnut
Crewk, California, to monitor and control
their energy use through their television
scrieens, s about to switch to a PC interfac.
For the initial 50-home project—a collabo-
ration with TeleCommunications Inc. (TL),
the world’s largest cable television opera-
tor, and software: giant Microsoft Corpora-
tion—the existing cable infrastructure had
to be upgraded to a hybrid fiber-coax net-
work. With thi= hetlp of a digital set-top box
and Microsoft's “point and click” operat-
ing syatem, users can program certain ap-
pliances ti run at specific times.

The second phase of the project, which
is expectrd to get under way in April, will
rely on a telephone connection to the In-
ternetl a= an avenue for communication,
therefore requiring ne new infrastructure.
Rather than viewing a status bar at the bot-
tom of their television screens and making
selectioms with a remote control, partici-

pants will log on to the Internet from their

Energy management will soon be added to electronic bank-

ing, shopping, Internet access, and other capabilities pro-
vided by the Philips P100 screen phone. Southern California

Edison will test the phone in the homes of some employees.

Personal computers will serve as the interface for a pilot
Internet-based energy management system that San Diego

Gas & Electric expects to deploy in 50 homes this spring.



HON

personal computers and access the utility s
Web site, using a special personal identifi-
cation number to call up their swn energy
infarmation. Ultimately, they may even be
able to pay their bills on-line. “We're mov-
ing away trom television because it tied
us to broadband networks,” says Laurie
Schneemann, the utilitv’s manager for the
project, referring to networks (such as
those using coaxial cable or fibir-optic
lines) capable of delivering video images
“In the new phase of the project, we ari
nist creating a network at all,” she sava
“We already have a network—it's called
the Internet.” Schneemann admits that the
line between computer and television i
blurring, however, noting that “four to five
years from now visu might not be able to
tell much difference between your televi-
sion and a PC.”

A box is a box?

This fusion of television and computer is
already beginning to occur in this con-
sumer market—a phenomenon fueled by
the burgeoning popularity of the Internet
and by the high cost of PCs. In fact, al-

though talk about home PL= k= pervasive,

the personal computer has still made it
into only 30% of LL.5. homes, and many of
these models are not capable of browsing
the Internet at an accoptable speed. And at
a cost of more than $1500 for a device that
includes capabilities that aren’t necessarily
desirable to consumers, the PC admittedly
isn’t doing a great job of bringing the In-
ternet to the general public. (See the zide-
bar v page 14 for infirmatiiin un the fu-
ture of the Internet.) 5o in its place, some
innovative gléctronic products are begin-
ning to crop up.

Just last fall =ony and Philips releazed
set-top boxes
called WebTv—that enable consumers to

built by a new company

access the Internet through their television
=ets, These set-top devices connect to tele-
vision =et= much a= Vi _R= diy, and they in-
clude receptacles far a telephone line, over
which Internet data can flaw, and for coax-
ial cable, a= an wption for tho=s who pre-
fer faster access to thie World Wide Web.,
4] the necessary =oftwar tis howk up to
and browse the Internet i= built in. If con-
sumers have the picture-in-picture feature
on their televisian sets, thev can read their

e-mail or szarch the Web without missing

Public Service Electric and Gas and

Detroit Edison are using Honeywell’s
touchpad device, which {ooks like a
thermostat but provides such advanced

features as time-of-use rate capabilities.

Perman > MMediums MOff | SH70 |3
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About 50 Pacific Gas and Electric customers can monitor
and control their energy use while they watch television.

any artion. There’s also a credit card slot
fur on-line purchases. Bath versions of the
WebTW sell for a little over 5300. Each sys-
tem includes an on-screen keyboard; there
is an optional wireless keyboard for an ad-
ditional 575.

Other forms of relatively cheap access
to the Internet are coming soon. Among
those in the wisrks is thi
putir (NL), a pratotype of which was
demunatrated by Oracle last Februwiry, Like
the WebTV priaducts being marketed by

network com-

Philips and Sony, the RC does not rely on
aoftware disks. Rather, it includes a simple
operating systemand can retrieve any nec-
essary applications from the Internet. tn
fact, the %L, which i= expected tobe avail-
able early this year and to =¢ll for about
5300, is in direct competition with the
WebTV devices, not to mention the PL, Lir-
acle’s CEO, Larry Ellison, predict= that nist-
work computers will outsell Pis by the
end of the decade.

EPRI vigws the netwiork computer as an
ideal vehicle for bringing thir electric util-
ity inside the home and ha= established
a formal alliance with @racle tii ensure

that thiz device incorporates capabilitiez

This console, developed by

Raytheon, is being deployed in
pilot programs of CSW Communi-
cations and Southern Develop-

ment & Investment Group.
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for energy management, home and busi-
ness automation, and security. “This ex-
tended network computer would have a
built-in capability for communicating with
electric utilities and would be able to de-
liver a suite of energy products and s=er-
says EPRI’s Cain,
who is managing relations with Oracle.

»

vices over the Intemet,

"Users could consult it to retrieve infor-
mation and carry out transactions not only
on their electricity use but also on water
and natural gas. it

will also have en-

ergy
features similar to
those offered by the
Ravtheon unit used
by CSw Communi-
cations in Laredo.”

management

HiEAL

COURTESY il

On-line

Already, electric utilities are tap-
ping the Internet to reach their
customers. As of the beginning
of this year, 180 utilities have
home pages on the World Wide
Web. Lienerally, though, utilities
are using the Internet mainly for

Philips’ version of the WebTV device

ON-LINE FROM THE COUCH ¥
The increasingly popular Inter-

net gives electric utilities a
ready vehicle for customer &
communications. Making it even
more convenient are new de-

“"We're trying to distinguish oaurselves
from other potential service providers,”
explains Tiff Melson, the utility’s manager
for the project,

As is the case with PG&E's project, about
50 SDG&E customers will be selected for
participation and will be able to monitor
and control their electricity use from their
home PCs. Plans are for SDL&Es system to

provide users a comparison of the current
month’s energy consumption with that of

one-way communications—relay-
ing background information on
their companies and news about

vices that bring cheap Internet
access to the television screen,
allowing true couch potatoes to

shop, bank, and send e-mail from

COURTESY I+

special customer programs—and
hawve not deployed it for sophis-
ticated energy managemant ser-
vices. That is starting to change,
however, as PG&E’s efforts indi-
cate.

Among the other utilities tak-
ing a more interactive approach
to the Internet is San Diego Gas
& FElectric. From the company’s
home page, customers can enter the Vir-
tual Reality Greenhouse, an image of a
family room in which they can dick on
overhead lights, a stereo, and other energy
users to find out how much electricity
these devices consume. And last August,
with some funding from the U.S. Bepart-
ment of Energy and EPRI, Enova Tech-
noelogies (@ sister company of SDG&E)
teamed up with Pacific Bell to develop a
user-friendly internet-based energy man-
agement system that is expected to be
ready for implementation this spring.
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the family room sofa. WebTV set-top devices
already on the market come with all the soft-
ware needed to surf the World Wide Weh. Similar
capabilities will be provided by the diskless
network computer, expected to be released by
spring. Through an alliance with Oracle, EPRI is
working to add to the network computer new
capabilities for energy management, home and
husiness automation, and security.

the previous month and with that of the
same month the previous vear. Although
time-of-use rates are not expected to be in
place, users will be able to control a few
large appliances, and a simulated time-of-
use program will allow them to determine
how much money they could save if such
rates were implemented. Plans are for the
program to last nine months. This project is
ameng the first efforts to apply EI'RI's Cus-
tomer System 2000, which i= aimisd at help-
ing utilities upgrade their Web sites from
browsing facilities into virtual business en-

vironments capable of suppinting a variety
of interactive services.

Amid all the activity involving sophisti-
cated, user-friendly customer interfaces,
some utilities are taking a different, more
immediate, and far less expensive ap-
proach. Kansas City Power & Light, for
instance, has opted for a wireless, cellular-
based communications system. For an op-
erational cimt equal to that of manual
meter reading, KCP&L is deploying a sys-
tem that, by the close of 1996, was
already tied in to all 420,000 resi-
dential and small commercial cus-

Network computer

torers in the utility’s major metropolitan
area. CellNet Data Systems installed the
system at no cost to KCP&L, “assuming all
the risk,” notes Doug Morgan, vice presi-
dent of information technology for the util-
ity. KCP&L pays a transaction ftee every
time data travel acrosa the system, and the
cumulative osts equal the expense of man-
ual meter reading.

The system provides the basic benefits
of the more-sophisticated hybrid fiber-
coax approach, including remote meter
reading, outage notification, and meter-
tampering detection. But the system does
not provide capacity for more-advanced
services in the future, such as Internet
access, electronic mail, and interactive tele-
vision.

“We decided on a narrowband approach
because we believe that competition and
retail wheeling are going to happen soon,
and we want to position ourselves for that
market,” says Morgan. “If we waited for



broadband technology to become econom-
ical enough to be deployed throughout
our service territory and to get integrated,
we'd be sitting around for years.” By get-
ling its system in place now, KCP&L is
gaining experience in using the electricity
consumption information that’s relayed to
it every 5 minutes from each meter. These
data are fed into computer models that es-
timate how much electricity specificappli
ances in the home are using. In a competi-
tive environment, the marketing value of
such detailed customer information is cru-
cial, says Morgan. And because the wire-
less system is so economical, KCP&L can
deploy the capability throughout its ser
vice territory. Early this year the utility
plans to roll the service out to its large
commercial and industrial sites.

Home, sweet home

Why are electric utilities focusing so heav-
ily on the residential market? After all, the
large commerctial and industrial accounts
are the ones at highest risk for being
snalched up by competilors, as some ulili-
ties have already experienced. And with
such significant electricity consumption at
a single site, a utility can justify the often
large monetary investments that their
telecommunications endeavors require. In-
deed, many electric utilities have already
made suchinvestments for their large cus
tomers, laying fiberoptic lines and in
stalling sophisticated energy management
systems in their plants. These custom-
ers have enjoyed the benefits o} time-of-
use pricing for years, and some of them
now even have real-time pricing, through
which rates vary hourly.

And therein lies the rationale for utilities
to pursue the common person. The way
some power companies see it, the residen-
tial arena is a market waiting to be had. Af-
ter all, dollars from the residential sector
make up about 35% of the utility industry’s
revenues. “There are alreaidy quite a few
teclhnologies out there for large industrial
and commercial customers,” says Tom
Wick, manager of distribution and cus-
tomer systems integration for Wisconsin
Eiectric Power Company, a subsidiary of
Wisconsin  Energy Corporation, which
teamed up with the Baby Bell Ameritech

Corporation last year to establish a com
pany, Energy Connections, to market utility
automation and other advanced home ser
vices. The new company’s product is a
modular, tumkey system with capabilities
ranging from remote mcter reading to
power quality monitoring to security. The
system, whieh has been tested in 30 homes
in Wisconsin Electric’s service territory and
is now undergoing deployment in 170 ad-
ditional homes for further testing, is de-
signed to work with a variety ofinfrastrue
ture technologies, including paging and
telephone line, and will be marketed to
electric utilities for use with residential and
small commercial and industrial customers.
The tests under way involve the use of two
different thermostat-like customer inter
faces. The more sophisticated of the twu,
called the Enhanced Customer Interface, in-
cludes a display for text messages.

Some utilities emphasize that they are
trying to get a better handle on the resi-
dential market to determine which energy
management services are even of interest
lo this customer segment. “We'ie prelty
clear on the needs of our large commercial
and industrial customers, but the residen-
tial customers have always been grouped
together as a single customer,” says Jim
Gariepy, who is managing Detroit Edi-
son’s Intelligent Link project. Since last
April, the utility has been testing an en-
ergy management system with a small
group of cuslomers to see how they re-
spond to capabilities like appliance control
and time-of-use pricing. If all goes well,
the system will be rolled out to serve the
remainder of Detroit Edison’s 1.9 million
residential customers. As in the Energy
Connections system, the customer inter
face is a thermostat (in this case, one man-
ufactured by Honeywell) that includes a
display for billing information, public ser-
vice announeements, and rate informat:on.

In a separate effort underscoring its in-
terest in the residential market, Detroit
Edison has invested $10 million in Echelon
Corporation of Palo Alto, California, the
company that developed a communica-
tions protocol and special electronic chips
that enable devices like the Honeywell
thermostat to communicate over standard
house wiring.

Big numbers

The sheer volume offered by the residen-
tial market also makes it worth pursuing.
Rather than having to customize a system
for every user, as is typically the case with
commercial and industrial customers, wutil-
ities can rely on mass-produced systems
that they can deploy throughout their ser-
vice territories. “The more systems or com-
ponents that are sold, the more the cost of
the products comes down,” explains Den
nis Ragone, a project manager for two-way
customer communications at Public Ser-
vice Electric and Gas.

PSE&G has partnered with Lucent Tech-
nologies to develop a two-way communi-
cations system that will be marketed to
electric and gas utilities. Ragone empha-
sizes that the svstem was developed to
serve all market segments—residential,
commercial, and indusltrial. “We wanted a
system that’s inexpensive enough to be
deployed everywhere,” he says. “This sys-
tem provides a way for utilities to cut their
costs and to gear up for future business
opportunilies.” The Lucenl syslem relies
on a hybrid fibercoay infrastructure and
could employ a variety of customer inter
faces, from screen telephones to personal
computers, During the trial run in PSE&G’s
service territory, however, the interface is
a Honeywell thermostat.

A pilot system has been deployed to 930
residential, 65 commercial, and 5industrial
customers. After thorough testing and
evaluation, PSE&G plans to roll the system
out to 500,000 of its customers by 2002. But
don't large commercial and industrial cus-
tomers already have these capabilities in
place? According to Ragone, PSE&G does
provide load-profile metering to most of its
large commercial and indusltrial customers.
The Lucent system would enable addi-
tional capabilities like r2al-time pricing and
load control, however—at costs well below
those of the existing system.

In at least one area of the country, a
portion of the residential segment—lux-
ury multifamily housing—is already em-
broiled in the battle tor power supply
With their health clubs, street lighting,
communal trash compactor systems, and
other electricity consumers, such commu-
nities can constitute a demand of more
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than 10 MW. In Georgia, the turf wars
over providing power to luxury apart-
ment complexes have become more ag-
gressive n the last two years, with an
array of investor-owned utilities, munici-
palities, rural electric cooperatives, and
others all competing for the same cus-
tomers. Because the apartment developers
have their pick of electricity suppliers,

power providers are eager to look bettir
than their competitors.

The Southisrn Company, the parent com-
pany of Georgia Power, is implementing a
clever business line that exploits a wide
range of telecommunications technologies.
L'nder its Premier Home label, the utility
plans not only to provide sophisticated
energy management services to luxury

A Future Vision

he year iz 2005. You
walk inte Circuit City and
open the door of a new re-
frigerator. Five information
packets tumbli onto the flisor,
much like the [nternit access CDs that
pop out of magazines today. Each packet
is from a different power retailer vying to
sell you the electricity that will run the ap-
pliance for five years.

When you plug in the new refrigerator
at home, it will automatically purchase
powier from the company you selected.
Thet appliancis will also register it-
gelf electronically with the manu-
facturer, 0 there's no newd to fill
out and mail in a warranty card.
And the warranty you purchased
with the refrigerator enables the
machine to diagnose itself and to
report any prablems to a local ser-
vice contractor.

This is a future vision offered by
Steve Drenker, manager of EPRI's
Information Systems & Telecom-
munications Business Linit. “The load con-
trol and remote meter reading that utili-
ties do today via telecommunications
technologies are just the beginning,” say=
Drenker. He believes that technological ad-
vances in telecommunications, combined
with the increasingly pispular and acces-
sible Intérnet, are going to change how
we live today—in a big way. In the not-
too-distant future, he predicts, virtually
everything will have an Internet address,
from telephones to gas pumps and home
applianots. Drenker is not alone in this
assessment. The Internet’s anticipated ca-
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pability to handle an almost infinite num-
ber of addresses has some technological
visionaries predicting that the informa-
tionsuperhighway will underge a radical
tranition friom a PC-related phenome-
non to a functionality that i= incorporated
into many consumer products, much as
the microprocesaar chip residea in elec-
tronic devices today.

“In the future, potentially every con-
sumer electronic product will have an
Internet address,” says Drenker. “We're

going to s an abundance of thinga com-

municating on the Internet, and it won't
be people.” In fact, EPRI is working to es-
tablizh a consortium of appliance makers
and telecommunications compantes to
develop standard messages for commu-
nications between these devices.

At this point, no one knows precisely
what an appliance’s Internet address
would be used for. But there are lots of
ideas floating around, and the business
opportunities for utilities are significant.
On the most basic level, a utility could
menitor the power consumed by Inter-
net-linked appliances and perform re-

apartment dweilers but al=o to consolidate
alt utility-related charges on mne bill. That
includes phone service, cable television,
~:ecurit_v, Internet access, water use, and
more. The plan is being piloted at a 303-
unit apartment complex in Duluth, an At-
lanta suburb, in cooperation with Domin-
ion Companies, a national developer of

luxury apartment homes,

mote diagnostics a= a billable service to
the owners. But advances in sensor tech-
nologies that are now under way further
increase the possibilities.

Some vikionarigs predict that the next
decade will be the era of the low-cost
solid-state sensor, much as the eighties
was the era of the cheap and powerful
processor and the nineties thie vra of the
laser, which brought high-speed commu-
nications and mass data storage. Already,
solid-=tate sensors are being built into ap-
pliances for all kinds of new capabilities.
For nstance, Maytag’s IntelliSense dish-
washer can detect the level of dirt in a
given load and adjust its cycle, saving
consumers water, detergent, and energy.
In the future, says Drenker, sensors will
wven be able to tell when a microwave
oven is hieating a slice of pizza. “This
kind of information can be used by mar-
keters to develop their next generation of
products,” he says. “Just think of how
yaluable that would be.” Drenker ac-
knowledges that a potential roadblock to
some of thise advances i= the issue of pri-
vacy; only time will tell how thi= unfolds.
(For more information, sece “Tighter Secu-
rity for Electronic Information,” EPR! Jour-
nat, Movember/December 1996, p. 16.)

In the meantime, EPRI is moving for-
ward aggressively with efforts in utility-
related telecommunications. Says Dren-
ker, “Thomas Edison didn’t want to zell
kilowatthours; he wanted to sell value,
such as a lighted room. But he couldn’t
charge for a lighted room. Now the capa-
bilities are falling into place to allow & to
do this.”



Bill Kirby, director of new ventures

at Southern Development & Inwestment
iroup, the Southern Company subsidiary
heiading up this effort, savs the software
and svstems that provide the consalidated
billing and energy management sifrvices
can now be used forsimilar projects. Kirby
=nys he's potten phone calls from develop-
ers “in every corner of the country” ever
since the first residents moved into the
complex, called Chatelaine Park, late in jan-
uary of last year. The developers are all in-
terested for the same reason, Kirby says: the
advanced =ervice= and billing conveniinces
make their apartments more attractive than
others. The Premier Home concept is un-
dergsing a two-year trial, and if it is suc-
ceasful, Southern Development could de-
ploy it in virtually any area of the country
where demand gxists. And indications ar¢
that there are more such projects to come. In
Bovember, Southern Energy (an unregu-
lated subsidiary of the &suthern Company)
and Dominion signed a long-term agree-
ment for the utility to act a= the developer’s

energy provider and rate consultant. A sep-

LUXURY LIVING Residents of
Chatelaine Park, a 303-unit luxury
apartment complex in the Atlanta
area, enjoy the convenience of
interactive energy management,
electronic security, and consoli-
dated billing. Through a joint
effort of Southern Development &
Investment Group and Dominion
Companies, seven utility-related
charges are combined in a single

bill, rescuing recipients from the

monthly bill deluge.

arate agreement that allows Southern to co-
ordinate services similar tis Chatelaine’s at
other Dominion communities is being ne-
gotiated. Curnemtly, the developur has 16
apartment communities complete or in de-
vilopment, 12 of which are in the Southe'rn
Lompany’s service territory.

Kirby is among thoze who believe home
automation is the wave of the future. Cus-
tomerg, he 5ays, are coming tir exprct such
advanced services. “Like putting airbags
in cars, this is going to become a cost of dis-
ing business,” he asyvs. That might be de-
batablie. But a recent EPRI survey of 30,000
electric utility customers, selected to be
a representative slice of LS. fonsumers,
indicates a significant interest in energy
management.

According to this survey, published late
la=t vear, 45% of re=pondent= expressed in-
terest in =ervices to monitar home energy
use, with 17% of the 30,000 indicating they
are “verv interested.” Cither potential mar-
ket areas include whole-house surge sup-
pre=sor=, which driew intierest froms 39% of
the survey respondents, and home security,

whivh received intere=t from 33%. (More-
detailed results from the survety ane avail-
able through an EPRI report called ReQuest
{1, TR-107631.) While these results are
promising, they are certainly nint a guaran-
tei that these services will be a hot com-
modity among constumers. And it's hard to
tell whether the curmently disinterested
consumers can be won over. In the words
of Rich Gillman, EPRI'S manager of market
and load research, who oversaw the sur-
vey, “It's not going to be an easy sell.”

But is it possible that many consumers
simply don’t know what they are missing?
Perhaps once they are used to the conve-
nience and savings of energy management
servicen, thity 1l bitgin to siek these services
out. If Rene Radriguez of Laredo, Texas, is
any indication, there might biz zome merit
to that thought. “I was the last one of my
neighbors to jump on board,” he says.
“Mow I'm trying to =ell the program to
everyone | know!” a
Backgrounag mformation tar this article was provided by

Steve Drenker and Dawd Cain of the Customer Sysiems
Group
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~High-Speed

Transport
Future




= The Story in Brie

population settlement patterns. It could also
vehicles traveling on dedicated guideways could :
sport for trips of 300 to 500 miles. Technology futurists are beginning to consider the implications:

by Taylor Moore




LMOST A CENTURY ALl
Americans Robert Giud-
dard and Emile Bache-
let conceived of fric-
tionless trains that
are levitated and

propelied by the
furce of magnetic fields. A practical demon-
stration of the concept did not come until
nearly a generation later, in the 1930s, by
Hermann Kemper in Germany. & genera-
tion after that, in 196K, two scientists at
Brookhaven Natiomal Laburatory werne
granted a patent on a design far a mag-
nitic levitation, or magley, electric train
that one of them had dreamed of eight
years before while stuck in traffic,

Early in the coming decade, a foew years
after the turn of the millenntum, maglev
train= traveling at speeds of 250-300 mph
or higher are likely to enter commercial
passenger =ervice, approximately a hun-
dred years after they were first imagined.
When they do, it may mark the beginning
of a new modern era of advanced trans-
portation, one that could have an impact
on human mobitity and its environmental
implications as lasting as the emergence af
the internal combustion automobile in this
century or the steam locomotive in the pre-
vious century.

For trips of 300-300 miles, maglev vehi-
cle= promise the ultimate realization of
what has recently been called a green mo-
bility future. In such a =cenario, the enor-
mous energy demand of air and ground
transportation that i= now met with fossil
fuels may be at least partially decarbiinized,
rieducing emissions of the grismnhouse s
carbon diexide and, in the Linited Statis,
decreasing dependence on imported oil.
At the same time, some of the ground-
level pollution from vehicles and aircraft
would be more effectively limited through
the electrification of transportation.

Americans will have to take a long trip
by air or sea to be among the first com-
mercial passengers to experience the quiet,
smooth ride of a magler systém, however.
That’s because the first maglevs likely to
enter commercial operation will be in Ger-
many and Japan, each of which has in-
vested more than $1 billion over the past
20 vears ta develop and demonstrate the
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technolagy for high-speed transpaort. Full-
scale prototype maglev vehiclis have been
succesafully teated at high s peeds in both
countries.

In Czermany, financing and planning are
proceeding apace on a project aimed at
putting a 150-mile (290-km) maglev line
brtween Berlin and Hamburg into service
in 2005. The German parliament over-
whelmingly passed measures last vear
to implemisnt the projiect, estimated te cost
9 billion deutsche marks {(about %6 billion)
in public and private capital, and con-
struction i% schedulied to begin in 1994,
The Tran=rapid system to be deployed—
the product of a long-running joint ven-
turg that includes Siemwens and Thyssen—
has come to symbolize in Cermany the fu-
tune for high technology with great exporl
potential. Moreover, the Berlin-Hambuwrg
route is part of a longer-range government
plan to enhance east-west travel in the re-
unified countrs

In Japan, the last in a series of proto-
type maglev vehicles are slated to be-
gin tests late this year on a
27-mile (43-km) demonstration
line being constructed in Ya-
manashi Prefecture, south of
Tokyaq, by the Japan Railway
Technical Research In-
stitute. Within a vear
or two, the Central
Japan Raitway Com-
pany  will decide
whether to extend the
test section into a com-
mercial magiev line be-
tweien Tokyo and Osaka,
a distance of some 340
miles (S50 km). Alternatively,
the company could choose to build
a new steel-wheel rail line for a
faster version iif the country’s
famed Shinkansen bullet trains,
which first began running between
Tokvo and O=aka 33 vears ago. If chaw
sen as the option for alleviating a growing
demand for daily commute transportation
capacity on the route, the Tokyo-Osaka
maglev could begin operating around
2005.

In the United States, federally funded
maglev R&D in the early 19701 led to the

linear electric motor technology that is
fundamental to all the prototype maglev
yehicles developed to date, including the
technically different approaches pursued
in Germany and Japan. The lincar synchro-
nous motor al the heart of current maglev
designs doesn’t use a spinning rotor like
conventional motors; rather, maglev we hi-
cles are propelled along a linear stator (the
puideway) by alternating magnet coils
that are precisely controlled with high-
power electronic switches.
Several proposed  high-
speed transportation proj-
ects in this country include
maglev as either a primary
ar optional technology uf
chinices. But despite this and
the momentum gained dur-
ing the brief existence of the
congressionally establishid

Berlin

Cologne-Bonn

Intercity Express

== Maglev

Fational Magliev Initiative in the early
1990s, U5 research on maglev technol-
oghv for commercial passenger use is
largely dormant, a casualty of the federal
budget impasse of 1994, Before it folded,
the initiative did get a= far as conclud-
ing, on the basis of concept definition




TRANSRAPID PLANNED FOR COMMERCIAL SERVICE IN 2005 Construction is

scheduled to begin next year on a 180-mile {290-km) maglev line between Berlin and

Hamburg that will complement Germany’s intercity high-speed steel-wheel rail net-

work. Transrapid International, a consortium that includes several major technology

companies, has developed and tested numerous maglev prototypes over the past

decade and a half; shown here on a guideway test loop is the most recent version.

Plans for the Berlin-Hamburg line call for 14 six-section train sets, each with a ca-

pacity of over 500 passengers, to operate at 15-minute intervals; total travel time,

including stops at three intermediate stations, will be 1 hour. The project, which has

strong government and industry support, estimates that annual ridership could

exceed 17 million passengers within five years of the start of commercial service.

studies by four teams of American engi-

neering and technology companies, that
an advanced domestic maglev technol-
ogy is feasible and promises lower con-
struction and operating costs than the
systems being developed in Germany or
Japan (see sidebar, p. 22).

Whatever the outcome of technology
development and national policy com-
mitments, it appears increasingly likely—
given the limits of steel-wheel trains and
the already dense urban networks that are
harder and harder toservice by airplane—
that high-speed maglev systems will be
come a reality in the next century. But as
with other major, transforming technolo-
gies, the infrastructure for maglev may
take decades to develop to the point that it
begins to have a significant impact.

Quite apart from the concerns of tech-
nologists and engineers, the prospectis be-
ginning to lead some researchers to con-
sider the implications that maglev and
other advanced transportation technolo-
gies may hold for how we travel, where
we live and work, and what we could do
with increased travel speeds.

Faster, farther

Two such philosophers on the future—
Jesse Ausubel, director of the Program for
the Human Environment at New York
City’s Rockefeller University, and Cesare
Marchetti, institute scholar at the Interna-
tional Institute for Applied Systems Analy-
sis in Austria—have thought a lot about
the prospects for maglev as an environ-
mentally liberating, or green, transporta-

TRANSELED (N TERNET IO

tion technology. In recent studies sup-
ported in part by EPRI, Ausubel and Mar-
chetti have analyzed data on the time and
income spent for personal travel in various
countries over the past 200 years and have
tried to project how changes in these pat
terns may become possible inthenextcen-
tury. Ausubel provided a preview of the
results of their analyses to EPRI staff and
management at an informal seminar last
summer

“Basically, the data on travel and trans-
port show that humans are territorial ani
mals and instinctively try to maximize ter
ritory, which is equated with opportunities
and resources,” Ausubel notes.

Fairly consistently in developed coun-
tries today, Ausubel and Marchetti found,
people spend 1-1.5 hours per day traveling
(the time budget), and they spend 10=15%
of their income on travel (the money bud-
get). Rich or poor, people make three to
four round-trips per day, limiting the main
daily round-trip to 40-50 minutes. Besides
daily trips, people average three to four
round-trips per year outside their basic
home territory

“Speed—low-cost speed—is the goal of
transport systems,” says Ausubel “People
allocate time and money to maximize dis-
tance—that is, territory. In tum, when peo-
ple gain speed, they travel farther rather
than make more trips.”

Faster modes of transport have dramat-
ically extended personal travel range over
the past 200 years. In the eighteenth cen-
tury, when people traveled by horseback,
they could comfortably cover about 30
miles a day—the distance that separates,
for example, the Spanish missions along
the California coast. Mow the entire 400
miles betwween Los Angeles and San Fran-
cisco can be driven by automobile in just
under a day, Like a plane, a nextgenera-
tion maglev could make the trip in about
an houwr.

“Neiw technologics of ransport that add
speed gradually achieve market pene-
tration as they substitute for older modes
in terms of travel time allocation,” says
Ausubel. “As technology introduces faster
means of getting somewhere, the new
modes are usually not cheaper, at least
at the outset, so there is only a gradual
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JAPANESE PROTOTYPES APPROACH
FINAL TEST PHASE Nearing completion
is a 27-mile {43.-km) maglev demonstra-
tion line in Yamanashi Prefecture, where
the Japan Railway Technical Research
Institute hopes to begin testing a final
series of prototype vehicles late this
year. The double-track test guideway will
enable high-speed runs of the prototypes
through tunnels in opposite directions.
Two prototypes were unveiled in 1995—
the one shown here and one with a
different acrodynamic nose section.
After a period of tests, the Central Japan
Railway Company may decide to extend
the test section into a commercial
maglev line between Tokyo and Osaka, a
distance of about 340 miles (550 km).
This line reportedly could bhegin opera-
tion by around 2005.

capture of a share of the overall transport
market.

“People generally have a fixed amount
of time and a tixed amount of money for
travel, and they buy the most distance
they can afford within their budget. When
personal incomes expand, people tend to
buy faster modes of travel and can thus
travel farther.”

The effects of faster modes of transport
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Shinkansen
lines

on personal travel range have been stud-
ied by Ausubel and Marchetti in the suc-
cessive waves of penetration of canals,
railroads, highways, and airways in the
U.S. transportation infrastructure. “The
history of transportation technology can
be seen a= a continual striving to increase
speed as a result of a progressively ex-
panding per capita income,” they observe.

Although France’s Té.V (Train a Girande
Vitesse), Liermany’s [CE (Intercity Express)
linez, and Japan’s bullet trains are consid-
ered moderately high speed transport, his-
torically trains havie been a slow mode
when the time for stops, changes, and
travel to and from stations is included in
the speed-distance calculation. In fact, on
average, intercity trains travel only about
60 km/h. On the basis of inclusive travel

=== Proposed
maglev line

Conventional
rail lines

time, the speed of trains is about one-tenth
the speed of air travel.

The mean speed of automobiles, com-
bining intercity and intracity travel, is
comparable: 40-50 km/h. But because
they do not have to operate on a fixed
scheduie, autos have what could be called
infinite frequency.

When people walked as muchas 5 kma
day, their travel range was around 20 km?,
the size of a typical village. Automobiles
muiltiplied the linear range by a factor of 8
and n turm extendrd the daily personal
travel area by a factor of 60—to about 1200
km? Towns absorbing the territory of 60
villages began to form. “The automobile
effectively wiped out two levels of the old
settlement hierarchy and urbanized 60% of
the U.S. population,” say= Marchetti.

MIYATA/PANA JUI




Although the per capita market for au-
tomobile travel may shrink in the future,
the number of vehicles in use in the United
States may reach 300 million as population
and personal income grow. Increasingly
stringent aiv quality standards man that
difficulties are likely to lie ahead for the
current one-person, one-car equation, at
least as far as internal combustion vehicles
are concerned. Personal vehicles can be
made to run cleaner, of cour=e, but even
clean, energy-efficient cars will remain
slow:

The mean =peeds of modem airplanes—
608 km/h {360 mph)—are higher by a fac-
tor of 10 or more than thoase of automobiles
or trains Airplanes are projected to cap-
ture half the market for intercity passenger
travel in the United States soon after the
year 2000. Assuming a growth rate of 3%
per vear in passenger-kKilometers traveled
and a growing =hare of the overrall passen-
ger travel market, Ausubel and Marchetti
say that a 30-fold increase in travel by air-
planes (or their equivalents) is inevitable
over the next 50 vears

Passenger travel is not the only factor
driving the growth in air traffic. At first
used mainly for carrying mail and people
who could afford the order-of-magnitude
leap in co=t and speed and therefore travel
range, airplanes are capiuring increasing
shares of the transport markets for pro-
gressively lower-value goods. There is still
much potential for growth inair cargo traf-
fic, however, and planes capable of carry-
ing a= much as 10 times the 100-ton pay-
load of a Boeing 747 freighter are consid-
ered technically possible. But are they
desirable?

A= anyone traveling through a major
metropolitan airport anywhere in the
world can readily abserve, delays are not
uncommon. For a cross-country connect-
ing tlight, dwell time and delays can equal
actual flying time. The International Air
Transport  Association savs that flight
delays caused by cangestion in the air or
at airports already cost over %15 billion
a year.

According to The Econoniist, in 1995 the
world’z airports handled takeoffs and
landings to move 1.3 billion passengers
from one place to another. Many more

potential passengers could be coming:
Europeans flew an average of only abiut
1.5 hours in 1995, compared with 7 hours
for the average American. For air trave!
alone to meet the expected demand far
fastir, farther travel, air transport sys-
tems will need o grow by more than 10%
a vear. Such growth would sorely tax the
capabilities of present airports and air
traffic control systems. Within the next
decade and a half, more than 50 major
airports, most of thém in the United
States, will be operating above their offi-
cial capacity.

“Bigger and faater planes can resolve the
air traffic dilemuma in part through speed
and containing the number of flights, but
they do little to address the environmental
and safety problems that the present level
of air travel already entails,” says Ausubel.
“There will still be a need for a new high-
=peed, high-density transportation mode
that offer= speed and cost equal to or better
than thase of airplanes.”

A twenty-first century express

Woting that the comumercial introductions
of the steam locomotive, the gasoline-
powered automobile, and jet aircraft were
sifparated by intervals of approximately 60
years, Ausubel and Marchetti say that “by
recent historical cycles, a new transporta-
tion mode should enter service around
2000.” The increased speed and frequency
available with each new mode have made
possible a higher order of magnitude in
passenger flus. And to ane degree or an-
other, each mode has required the disvel-
opment of new infrastructure for service
and =upport.

Maglev systems, with a capability of
moving tens of thousands of passengers
an hour in both directions through a cor-
ridor, not only would transfasrm passen-
ger flows on a grand scale but could atso
lead to much larger functional agglomer-
ations of metropolitan areas, expanding
the eifective area of individual cities and
making daily intercity commutes more

HOW MAGLEV VEHICLES FLOAT The electrodynamic, repulsion-type maglev system,
originally patented by American scientists in the 1960s, is the focus of the develop-

ment pragram of the Japan Ralway Technical Research Institute. In this approach,

levitation magnets on the top of a guideway—or, as is the case with present Japa-

nese prototype designs, in the guideway sidewalls—push away superconducting

magnets grouped underneath or at the bottom sides of the vehicles. Linear synchro-

nous propulsion coils in the guideway propel the vehicles. This type of system allows

for a large air gap {about 15 cm} between opposing magnets, In the electromagnetic,

or attraction-type, maglev developed by Transrapid International in Germany, con-

ventional iron-core magnets in the vehicle's wraparound arms are pulled up to

magnets under the guideway. A relatively small air gap (1 cm) separates the vehicle

and guideway magnets. Although not part of the present Transrapid design, super-

conducting magnets can be incorporated in attraction-type maglev systems.

Electrodynamic

Air gap (15 cm)

Magnets

Electromagnetic

Air gap (1 cm}
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Advanced
Maglev

Technology

hile the pioneering maglev

systems under development

in Germany and Japan have
different technical features, each technol-
ogy is expected to be economically vi-
able when it enters commercial passen-
ger service around the middle of the next
decade.

Considered ready now for commercial
passenger service, Germany’s Transrapid
maglev design has been extensively
tested with full-scale pretotypes. It em-
ploys an electromagnetic suspension sys-
tem in which conventional iron-core
magnets underneath the vehicle are at-
tracted upward to steel rails in the guide-
way. The close clearance (1 cm) between
vehicle and guideway translates te tight
tolerances that contribute to high con-
* struction costs for the guideway.

The Japanese maglev program is devel-
oping an electrodynamic system based
on the repulsion-mode concept first pro-
posed and patented by Americans James
Powell and Gordon Danby in the 1960=.
The system features superconducting
magnets on board the vehicle that induce
currents in stator coils contained in the
guideway sidewalls. ®@nce magnetic lift-
off is achieved—at about 100 km/h (62
mph)—the vehicle is levitated about 15
<m; at lower speeds, it rolls on rubber
tires. The new double-track test guide-
way in Yamanashi Prefecture will en-
able operational testing of full-scale pro-

practical. The current 3-hour Mew York-
Washington train ride would be reduced
to well under an hour; office workers in
Chicago could commute from the sub-
urbs of Detroit or St. Louis.

Besides greater speed, maglevs offer
distinct advantages over present modes
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MAGPLANE TECHNOLOGY

ADVANCED DOMESTIC MAGLEV SYSTEM CONCEPTS Shown are two of four
advanced concept definitions produced under the U.S. National Maglev Initiative in

the early 1990s. The scale model is the lightweight, 140-seat vehicle of Magplane

Technology {formerly Magneplane International), which would travel on a trough-
shaped sheet-aluminum guideway. The drawing shows the Foster-Miller team’s
concept—similar to the Japanese maglev but propelled by a locally commutated

linear synchronous motor.

totypes, including 500-km/h (310-mph)
runs through tunnels.

In the United States, R&D in the late
1960s and early 1970s at Ford Motor
Company, the Stanford Research Insti-
tute, and the Massachusetts Institute of
Technology (MiT) led to the develop-
ment of the linear electric motor con-
cept that underlies all maglev designs
developed to date. But federal fund-

of transport, both operationally and envi-
ronmentally. Their linear electromagnetic
motors can be precisely controlled to pro-
vide constant, smooth acceleration and
deceleration between stops. (Linear in-
duction motors are already being used in
some amusement rides to hurtle thrill-

ing for the work dried up in 1975.
Government support for maglev R&D
was modestly and briefly revived with
the passage by Congress of the Inter-
modal Surface Transportation Efficiency
Act of 1991. The Mational Maglev Initia-
tive—established by Congress around
the same time as a cooperative effort of
the Department of Transportation, the
U.S. Army Corps of Engineers, and the

seckers to a =peed of 160 km/h, accelerat-
ing them for 1 second at four to five times
the force of gravity.)

To be sure, maglev systems would re-
quire large amounts of electric power (in
the gigawatt range) and possibly guide-
way energy storage to moderate demand



Department of Energy-—ieevaluated the
potential for maglev to improve intercity
transportation. The initiative funded
four teams of contractors that developed
detailed system concept definilions for
advanced maglev designs. These con-
cept studies were completed and incor-
porated in the initiative’s final reports,
but funding for further development
was eliminated in the federal budget im-
passe of 1994.

Three of the advanced U.S. concepts
feature an electrodynamic system in
which superconducting vehicle magnets
interact with passive guideway conduc-
tors. The fourth design uses an electro-
magnetic system similar to that of Ger-
many’s Transrapid but with supercon-
ducting vehicle magnet coils.

A team led by Bechtel—which in-
cluded Hughes Aircraft, General Mo-
tors’ electromotive division, MIT, and
the Draper Laberatories—conceived a
system featuring single-car vehicles de-
signed to tilton curves. They would have
onboard null-flux superconducting mag-

surges as vehicles accelerate. But using
magnetic forces for both suspension and
propulsion offers the potential for a very
low travel energy cost—about one-third
thal of airplanes of similar performance.
Maglev thus offers not only high speed but
speed with a lower energy cost than of-

nets and ride a box-beam guidisway with
null-flux coils built in. Part of the guide-
way would be constructed of fiber-rein-
forced plastic to limit energy losses from
magnetic field interaction with metal in
the guideway.

A team led by Foster-Miller—which
included Boeing, Morrison Knudsen,
Bombardier, General Dynamics, and
General Atomics—designed a system
that is similar to the Japanese maglev
but that features an innovative propul-
sion concept based on a locally commu-
tated linear synchronous motor (LSM).
The vehicle is designed to tilt to allow
faster speeds on curves than the Japa-
nese system. Superconducting vehicle
magnets generate lift through interac-
tion with null-flux levitation coils in the
sidewalls of a U-
shaped guideway.
Individual invert-
ers in the guide-
way sequentially
energize propul-
sion coils on the
underside of artic-
ulated passenger
modules, which
have  attachable
aerodynamic nose

T/

and tail sections.
The inverters syn-
thesize a magnetic
wave that travels
along the guideway at the same speed as
the vehicle. Foster-Miller’s concept fea-
tures a vertical electronic switch (for sta-
tion ramps) with no moving parts for
high reliability.

Magneplane International (now Mag-
plane Technology) led a team that in-

FOSTEH-MILLER CORP.

fered by previous new technologies.

The incorporation of superconducting,
flux-canceling magnets into maglev de-
=igns could provide levitation at almost
zero energy cost and almost complete re-
covery of propulsion energy during decel-
eration. Indeed, maglev is viewed by many

cluded two MIT laboratories, Ravtheon,
and Failure Analysis Associates. It devel-
oped a concept for a lightweight, single-
vehicle electrodynamic maglev that
would use a trough-shaped sheet-alu-
minum guideway for levitation and
guidance. The vehicle would self-bank
up to 45 degrees in turns. Superconduct-
ing levitation and propulsion magnets
are grouped in bogies underneath the ve-
hicle at the front and rear. Magne# at the
centerline interact with conventional 1.5M
windings for propulsion and produce
some electromagnetic torque for a roll-
righting keel effect. Magnets on the sides
of each bogie react against the aluminum
guideway for levitation. Aerodynamic
cuntrol surfaces on the vehicle provide
active motion damping.

A team led by Gruwnman (now part of
Northrop Grumman) and including Par-
sons Brinckerhoff, Gibbs & Hiil, Battelle
Laboralories, and Intermagnetics General
designed an electromagnetic system sim-
ilar to the Transrapid. Unlike the Trans-
tapid, however, the U.S. design uses a
common set of superconducting magnets
for levitation, propulsion, and guidance.
Guideway rails are ferromagnetic, with
LSM windings for propulsion. Tilting ve-
hicles could run in single- or muiticar
configurations.

Several of the engineering and technol-
ogy companies that participated in the
National Maglev Initiative’s system con-
cept definitions are now contractors in
Department of Defense—funded maglev |
R&D. This work, which aims to develop a -
type of maglev technology for possible
rocket-tasting and catapult-launch appli-
cationy, is apparently the only currently
active U.S. maglev-related R&D. o

as a sort of killer application for high-field
magnets made from some of the new high-
temperature superconducting compounds

In describing the eventual physical
embodiment of maglev transport, Ausu
bel and Marchetti invoke a vision of
lightweight vehicles—perhaps thir size of
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small buses—rushing from point to paint
in a variable route, stopping only at pas-
senger-selected destinations, similar to a
packet-switched digital telecommimica-
tions network.

Maglevs may be particularly suitable for
linking two or more major airports, pro-
viding an intermodal connection with air
as well as with urban metro transportation
systems. On such routes, vehicles carrying
a few hundred passengers might leave sta-
tions every few minutes. “For trips of 300-
500 miles, maglevs might be competitive
with current air tariffs at 50,000 passengers
a day. The key to achieving high passenger
flux is to functionally switch a route from
intercity tointracity by bringing down the
one-way trip time to below the 30 minutes
people typically use for personal travel,”
says Marchetti.

The linear motor allows maglevs to in-
crease speed in proportion to power de-
mand, meaning that there is no funda-
mental lrmit on their speed other than the
surface atmosphere. Engineers at Bechte!
Corporation, which led a US. team that
defined an advanced technology concept
as part of the National Maglev Initiative,
calculate that at 300 mph, aerodynamic
drag adds about 6 MW in extra power de
mand per vehicle.

Engineers in Switzerland have in mind
a solution even to that limit: they envision
a network of partially evacuated steel-
lined tunnels linking all the country’s
major cities. These partial-vacuum tubes
would require about one-fifth the cross-
section of conventional underground rail
borings, which are designed to accommo-
date air return and the shock wave. Mea-
suring 5 meters in diameter and built in
straight bores through the Alps, the tubes
would involve less excavation than con-
ventional tunnels and are projected to cost
much less. Theoretically, they could allow
maglev craft to travel at speeds up to 1860
mph (3000 km/h). The tubes would form
part of the guideway and would pose
fewer security concerns than elevated or
open guideways.

Since there is less air to push against in a
partial vacuum, maglev energy consump-
tion would be reduced, making speed
cheaper still and thus expanding the sys-
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tem’s operational range. The vehicles
could fly almost head to tail, spaced as lit-
tle as 10 seconds apart. At very high
speeds and high passenger flux,such mag
levs would have a power demand perpas
senger roughly cquivalenttothatofa large
automobile.

2

At very high speeds, “maglevs could
link any pair of cities up to 2000 km [1240
miles] apart in fewer than 20 minutes,”
Ausubel and Marchetti wrate in a 1996
Dacedalus article. “Daily commuting and
shopping trips over such distances become
possible. .. . With fast, short trips, cities
can coalesce in functional clusters of con-
tinental size. City pairs spaced less than
500 km [310 miles) or 10 minutes apart
by maglevs, such as Bonn-Berlin, Milan-
Rome, Tokyo-Osaka, and New York

«#» Possible
pilot
sections

Stage 1

me= Stage 2

Washington, would especially benefit.”
Under active study in Switzerland is a
420-mile (680-km) underground network
of evacuated tubes that would carry 800
passenger maglevs at more modest speeds
of aver 250 mph (400 km/h) and would
link 10 cities in the country’s principal ur
ban and rural areas. The Swiss govern-
ment is providing financial
support, and the Swiss Fed
eral Institutes of Technology
in Lausanne and Zurich are
providing engineering sup- / ;
port. :/
The Swissmetro project, a o
brainchild of engineer Ro
dolphe Nieth, plans to in-
clude station connections
with the country’s overbur

= = = Connections
with European
high-speed
rail networks

== Stage 3

AN UNDERGROUND MAGLEV NETWORK FOR SWITZERLAND? Initially conceived
over 20 years ago, a proposed 420-mile (680-km) network of partial-vacuum steel-

lined tubes in bores excavated through the Swiss Alps is the focus today of a broad

government, academic, and industrial collaboration headed by Swissmetro, a

Geneva-based company. With almost no air resistance in the evacuated tubes; the

800-passenger pressurized maglev vehicles would be propelled with particular

efficiency. The proposed network, with vehicles operating at about 250 mph {400

km/h) and spaced 12 minutes apart, would link Switzerland’s principal urban and

rural areas. A ride from 2urich to Geneva would take an hour, compared with 3 hours

by conventional modes. Underground stations would be linked to surface transport,

primarily regional railroads. The system is projected to take 25 years to complete

and to cost 28 bitlion Swiss francs {$21 billion); the company says construction

could begin on a pilot section sometime after 2002.




ARTWORK COURTESY SWISSMETRO

dened aboveground trains and, eventual-
ly, with the high-speed rail networks in
France, Germany, and Italy. It is estimated
that the system will take 25 years to com-
plete, at a cost of 28 billion Swiss francs
(521 billion). According to Swissmetro,
construction of the first pilot section of the
network could bigin sometime after 2002.

The inescapable pull of the future

Major infrastructures of technology and
transportation take 50-100 years to build
and they last for centuries, Ausubel and
Marchestti noti=. Tt can take over a century
for new infrastruictures to diffuse to distant
corners—witness the half or more of the
developing world’s population still with-
out access to electricity. The
histerical record argues that
if a new, higher-speed, high-
capacity mede of transpor-
tation is going to be widely
available when growth pro-
jections suggest it will be truly
needed, a serious long-term
commitment is required new
to develop and implement it.

“Mest people may have to
wait well into the next cen-
tury to experience maglevs
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and other gadgits that ceuld dominate the
next major wave of electrification,” says
Ausubel. “But in all likelithood, by the year
2058 large parts of the world will be able
to afford green mobility. Its match with
the evolutionary decarbonization of the
energy system is perfect. The future looks
clean and fast.”

Ultimately, it may be of little significance
in what country or by which cempanies
maglev is first commerdially deployed,
Fundamental, transforming technologies
tend to diffuse inexorably, albeit slowly,
like the seemingly =low but inescapable
advance of the future itself. There may
well be time enough for America to sce
how maglev evolves elsewhere before re-
considering whether to develop its own
technology or te import that of others.

Still, the early adopters of previous new
transportation technologics gained strate-
gic advantages that lasted for decades and
had far-reaching economic implications.
The pioneering and extensive deployment
of automobiles and aircraft had enormous
industrial impacts in the United States;
the same was true for railreads in Great
Britain,

In Germany and Japan, countries with
already overcrowded airspace and strained
airport capacity, decisiens have been made
on a national level to move toward the
early adoption of what could be the next
century’s major new transportation tech-
nology and infrastructure. Besides open-
ing the door to the potential electrification
of a larger fraction of transportation en-
ergy demand, maglev is apparently seen
in these countries as a fast track to a future
of boundless possibilities. [
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LANE ENKEL:S

Has the new era of competition made
collaborative research obsolete?
Absolutely not, says EPRI senior vice
president and chief operating officer
Ric Rudman, who is alse currently
chairman of North America’s influen-
tial Council of Gonsortia. Interviewer
Peter Jaret draws Rudman out on how
collaborative research organizations
are changing their R&D strategies
and business approaches to address
today’s market imperatives.

Peter Jaret: Many of the nation’s largest collaborative or-
ganizations, including EPRI, were established under business condi-
tions very different from today’s. How will that affect the future of
consortia?

Ric Rudman: The most important change, of course, is that
many of the industries originally #erved by collaborative R&D
consortia—telecommunications, gas, electricity, and =o forth—are
moving from regulated markets to wide-open competition. Along
with that, members are seeing intensifying global competition in
virtually every major industry. Motorola, for instance, expects that
as much as 95% of its business will be overseas by the end of the
next decade.

But the marketplace is changing in other, more subtle ways too.
As the speed of technological development accelerates, we're see-
ing an ever-decreasing cycle time in terms of the introduction of
new products. To be successtul, companies must introduce new
products that target narrower market =egments. And there’s enor-
mous competition in terms of cost. [t's not enough to introduce
fomething newer and better; it also has to be lower in price. That's
putting tremendous pressure on the companie= we serve, as well
45 their customers down the line: first to cut costs and second to
move quickly te seize nitw opportunities. Those are all realities that
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consortia must recognize and adapt to if
we are to continue to provide value.

Has the prevailing view of R&D changed?

There’s still a strong belief that R&D is
critical to progress and economic suc-
cess. But the structure of
R&D has changed sub-
stantially. As recently as
15 years ago, it was ac-
cepted that manufactur-
ers would concentrate
on research that was 1
to 5 years out. Most col-
laborative R&D organi-
zationa focused on proj-
ects with a horizon of 5
to 10 years. The federal
government took respon-
sibility for funding the

don't want to hear what we might have
to offer in five years. They want to know
how we can help them compete right now.
In America’s telecommunications indus-
try, for instance, R&D has shifted from its
traditional focus on long-term research to
short-term, bottem-line
solutions. And the same
thing is happening in
Europe. British Telecom,
for instance, now focuses
about 50% of its R&D
on short- and medium-
term re=earch and only
20% on long-term work.

Even Microsoft, which
boasts a new basic re-
=earch cenler, still spends
an istimated 99% of its
$2 billion R&D budget

tition on a global scale. Companies who
are in the middle of this race have recog-
nized that there are certain things thiy can
achieve more effectively on a collaborative
basis through the U.S. Display Consortium.
Once the framework for the new technolo-
gies is built through cooperation, competi-
tors are then free to use their own strategies
to win market share.

We’ve seen the same thing happen in
the intensely competitive market for ad-
vanced photographic systems. A handful
of major, fiercely competitive companies—
Kodak, Fuji, Nikon, Canon, and Minolta—
agreed to an unprecedented collaboration.
The goal was to develop a brand-new gen-
eratiom of photographic systems that would
jump-start a fresh round of interest and
growth in the industry. [t's too early to tell
how this new technology platform will do

The point is that collaboration represents a cooperative strategy for competing
more effectively. Gollaborative R&D broadens the playing field. Individual companies will

compete fiercely in the marketplace to determine how markets are divided up, but
collaborative R&D increases the size of the pie for everyone by creating new opportunities.

longer-term work—Lhe really exploratory,
high-risk research.

That's rapidly changing, Under cost pres-
sures of their own, many major manufac-
turers have been forced to reduce or elimi-
nate their R&D programs. By one estimate,
spending on industrial R&D in constant
1987 dollars has dropped about 6% from
1991 to 1995. At the same time, the federal
government, also to cut costs, is substan-
tially downsizing its commitment to R&D.
The American Academy for the Adwance-
ment of Science recently said that the gov-
emment pullback represents the deepest
acrosi-the-board reduction in funding for
research and development in the post-
World War II era. That means a much big-
ger responsibility falls to consortia. [ncreas-
ingly, we're being left 10 [il} the gaps as
other major R&D players withdraw.

The demands of the companies consortia
serve are also changing. As competition
intensifies, many companies have shorter
and shorter payback expectations. They
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im updating exisling software and on test-
ing. Given increasing competition, that's
understandable, but it’s not always consis-
tent with the time frame for most R&D,
which typically looks at mid-term and
long-term horizons. So it's become a real
atress point.

Some analysts have argued that competi-
tion and cooperation are inherently at odds
with each other Does collaborative R&D
have a role in a highly competitive market?
Absolutely. And I think many consortia are
proving that, even in the most highly com-
petitive markets. The myth that collabora-
tion and competition can’t coexist iz a view
typically held muost strongly in regulated
industries that are about to become unreg-
ulated. But if you look at industries where
competition is very robust, you see many
examples of productive collaboration. Con-
sider the race te develup flat-panel displays
—one of the most competitive areas you
can find, and we're talking aboul cempe-

in the marketplace, but the collaborativi:
development work went very well, and all
five companies are now selling new, plat-
form-compliant products

Faced with international competition, a
growing number of countries are recogniz-
ing that collaboration can spur national
competitiveness. In Europe there’s Eurcka,
for instance—a collaborative R&D program
whose aim is to create strategic partner-
ships between ita 24 member nations. In
France, CNET—the research arm of state-
owned France Telecom—has been forging
international alliances with other telecom-
munications research centers, including
[taly’s CSELT, Japan’s IT Labs, and British
Telecom Labs. Canada’s ™ational Research
Council has created the Industrial Research
Assistance Program, which promotes col-
laboration between small manufacturers
and scientific and engineering experts in
government labs, universities, and research
centers. The goal is to help small manufac-
turers with limited resources take advan-



tage of cellaborative R&D in order te be-
come more competitive.

In the end, [ think, we'll {ind that com-
petition actually opens up new opportuni-
ties for collaboration. As with the photo in-
dustry project | spoke of, collaboration can
build fundamentally new options that in-
dividual businesses can then take and cus-
tomize in ways that create unigue compet-
itive advantage. Having the basic research
done collaboratively can give companies a
real head start over others that try to do ali
the early work from scratch.

What opportunities lie ahead®

There are still the traditional benefits of
collaborative R&D. Spreading risks, pool-
ing resources, leveraging R&D funds,
shertening production cycles, and speed-
ing innovation—all of these become even
more valuable when companies are under
prezsure to innovate and still keep costs
down. Collaboration allows you te partic-
ipate ina much broader variety of R&® ini-
Hiatives than going it alone would allow.
And it giver you access to experts no sin-

In addition to the loss of actual man-
power, downsizing means the loss of a tre-
mendius storeheuse of corporate knowl-
edge that has grown over the years within
erganizations. Ten years ago, utilities had
large engineering =taffs, and they were
very stable. People tended to remain with
the company for 10, 15, 20 years and rep-
resented an enermous repository of knowl-
edge and experience—a netwark ef ex-
pettise that companies could draw on
whenever necessary. With downsizing,
knowledge and experiise at the company
level are being lest. That means consortia
are becoming the principal repositories not
just of expertige but of long-term experi-
ence in the fields we represent. When
members have questions or need technical
infermation and can no lenger turn to in-
house resources, collaborative organiza-
tions will be able to provide it—espedially
operational know-how. @ne of our unigue
strengths, in fact, is the ability to deliver
knowledge—not just information, but real
knowledge and insight. Especially in in-

dustries where technical innovativin is cru-

enterprise. We're really in the business of
knowledge innovation, as some analysts
have put it—Lhe nurturing and develop-
ment of new idieas that create new markets,
new apportunities, new arenas for expand-
ing cempetitive options. That represents an
enormous opportunity for cellaborative
R&D organizations.

Will the facus of collaborative R&D change?
It already has. Collaborative R&D is nar-
rowing its focus to what are being called
generic or enabling technelogies—cere
concepts (like superconductivity and pow-
er electronics) that will create numerous
new opportunities for products and ser-
vices. We're also focusing on infratechnolo-
gles—fundamentat advances in entire pro-
cesses that pave the way for competitive
development. New high-temperature ma-
terials and advanced sensor technologies
are good examples. The point is that collab-
oration represents a cooperative strategy
for competing more effectively. Collabora-
tive R&D broadens the playing field. Indi-
vidual companies will campete fiercely in

Collaborative R&D has a built-in technology-scanning component. Since you’re able to
monitor innovations in a great number of fields, you're more likely to recognize the

synergies and combinational opportunities that lead to new appiications and technologies.

gle player could afford
to support.

But that's old news.
What's exciting is the
prospect of new oppor-
tunities. In many indus-
tries, cost pressures arc
forcing companies to
downsize—to eliminate
business areas in crder
to concentrate on what
they do best. That opens
up epportunities for con-
sortia to provide many
services once performed in-house, whether
it's troubleshooting, laboratory research, or
technology demonstrations. The technical
and consulting services that consortia can
offer will become an increasingly needed
option.

cial to growth, the real
source of wealth isn't la-
bor or financial capital,
it’s knowledge.

To be =uccessful in a
world of global compe-
tition, companies must
participate in the world
trade of ideas. And to-
day that’s a tough chal-
lenge. It's =aid that the
volume of knowledge is
doubling about every
seven years—particular-
ly in technical fields. IHalf of what students
iearn in their first year of college is obsolete
by the time they graduate. One of the im-
portant strengths of a consortium is the
ability to advance and =share the kinds of
knowledge (hat further the competitive

the marketplace to determine how markets
are divided up, but collaborative R&D in-
creases the size of the pie for everyone by
creating new opportunities.

Another change we're seeing in almost
all consortia is a blurring of industry lines.
The telecommunications, cemputer, and
electric power industries, for instance, were
once wholly separate; now they’re begin-
ning to merge in ways few of us would
have imagined 20 vears ago. For consortia,
that means the R&® we conduct is becom-
ing increasingly multidisciplinary. A good
example in our own industry is global cli-
mate, a crucial issue facing electric power
providers, To understand the science and
preduce significant research results re-
quires expertize in fields as diverse as biol-
ogy, atmospheric chemistry, meteorolagy,
ecosystem response, power plant opera-
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tions, and advanced computer modeling,
It's very difficult for an individual com-
pany to manage such a range of R&D. A
collaborative organization is et up to do
just that.

It's instructive to remember the recent
report by the congressional Office of Tech-
nology Assessment that called for interna-
tional partnerships for large science proj-
ects. The report admitted that without in-
ternational consortia, some of the largest
scientific projects simply couldn’t be ac-
complished. But you don’t have to look
only at vast undertakings like the space
program or global environment research.
Lately, in fact, people have begun to talk
about technology fusion—thw idea that the
big breakthroughs of the future aren’t nec-
essarily going to result from incremental
advances in individual
technologie= so much as
from the fusion of differ-
ent technologies, some
of which have been
around for quite a while.
Thi= innovative combi-
nation and application
of advanced capabilities
can create wholly new
results and open up new
markets.

Look at
Here's a technology that

fuel cells.

range ofzocietal and busine=s activities.
Technalogy fusion turns out to be some-
thing that a collaborative organization can
do very effectively. For one thing, collabo-
ration allows members to broaden their
View, to interact with all sorts of players,
and to synthesize very different perspec-
tives. This can lead lo ideas and ways of
doing things that are much more powerfu!
than any one company can come up with,
Further, collaborative R&D has a buill-in
technology-scanning component. Since
you're able to monitor innovations in a
great number of fields, you're more likely
to recognize the synergies and combina-
tional opportunities that lead to new ap-
plications and technologies. And to the
degree that you can anticipate where tech-
nology is going and then build your com-
pany slrategy around
that, you're in a much
stronger position.

Will technology road
maps become increas-
ingly important?

They've always been im-
portant, of course. Mo-
torola planted the seeds
i its strategic planning
efforts 25 years ago, dur-
ing a time when the elec-
tronics industry was be-

tify fundamental gaps in knowledge. The
point here is that consortia are well pusi-
tioned to take on the role of providing ex-
actly this sort of long-term integrating vi-
sion, as well as organizing R&D efficiently
and effectively.

Will the blurring of industry lines affect
how consortia define their membership and
their mission?

Almost certainly. Consider the way EPRI
has evolved. The electric power market-
place has become estracrdinarily lurbu-
lent, changing fadter than anv of us antic-
ipated. As a consequence, we've had to
define the industry we serve in pregres-
sively broader terms. Initially, EPRI served
a very clearly defined set of players—the
traditional, regulated electric utilities. Now,
with deregulation and industry nestruc-
turing in motion, we’re broadening that
group to include the new players in the
electricity industry, such as independent
power producers and energy service com-
panies. Other consortia are undergoing
similar changes. In most cases, the market-
place is éxpanding rather than shrinking in
terms of potential customers.

One of the toughest practical problems
we face & finding ways to relate to very
different kinds of members. The trick is to
retain an effective research focus while
broadening your sphere of influince. It’s an

~ The trick is to retain an effective research focus while broadening your sphere
of influence. The broader the membership base, the harder it becomes to identify
research that everyone can collaborate in and derive value from.

was developed as a long-lived replacement
for batteries in orbiting spacecraft. Mow
we're adapting it for use by the electric
power industry, where it is opening up
new ways of generating and distributing
electricity. Advanced imaging technolo-
gies developed for use in space—another
NASA contribution—are now being used to
lecate oil reserves underground. And, of
course, the Internet is a fusion of telécom-
munications and computer technoligien
that is already beginning to fundamentalty
change how things are done across a broad
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ing tran=formed by the introduction of in-
novative technologiez. Eventually Motor-
ola’s pioneering vision led to the creation
of an industrywide road map for the semi-
conductor industry. The Semiconductor In-
dustry Association currently has a road
map that covers eight major areas of chip
manufaclure.

EPRI is working right naw on the cre-
ation of a national electricity R&® road
map that would lay out the essential en-
ergy, econumic, and envinonmental needs
to be addressed by R&D and would iden-

important advantage to have broad sup-
port and representation across an indus-
try; but the broader the membership base,
the harder it becomes to identify research
that everyone can collaborate in and derive
value from. In addition, there’s the matter
of pricing our services. Whin a conzortium
represents many different kinds of custom-
ers, it becomes more difficult to find a ra-
tional formula for charging for what we
offer. In terms= of the R&D itself, the broader
the membership. thir wider the range of
disciplines the members encompass. So



that's going to mean retooling in some
cases to ensure that our #xpertise matclies
our customers’ needs.

But those are practical problems. The
real issue we're grappling with is finding a
balance between the need to provide im-
mediate benefits to help memberk compat
and the traditional work of collaborative

view of where the industry is headed and
how science and technology will lead us
there. You get into trouble if yeu adopt the
approach of “Trust us, guys, theres a lot of
interesting stuff out there; we're going to
go out and explore, and we'll let you know
when we find something.” That doenn’t
work in taday’s economic environment.

track program [ described i= part of the an-
swer. To be really successful in delivering
the value of R&D, however, we're also go-
ing to have to forge a new kind of relation-
ship with our custemets. The challenge is
to be customer sensitive—to understand
whal our customers need right now and to
find effective ways to meet those needs—

Gonsortia across the board are struggling to find ways of sustaining long-term, strategic
work, because it is the seed corn for the future. If you lose that, you lose the future.

organizations, which is mid- to iong-term
R&D. That kind of R&D is not only what we
do best, it's where the real payoff is going
Lo be. Consortia across the board are strug-
gling to find ways of sustaining long-term,
strategic work, because it is the seed corn
for the future. If you lese that, you lo=e the
future. | menticned the turbulence of mar-
kets. If markets become loo turbutent, then
companies are likely to become entirely fo-
cused on near-term issues. They may rec-
ognize the value of longer-term R&®, but
they'rit going tu say, "Sure, if I'm stili
around in a few years to compete, we'll lalk
about it. But right now, I'm just trying to
survive.”

Anather obstacle is the fact that in many
companies, deci#gion making is being done
further and further down in the organiza-
tion. When that happens, issues shift from
strategic to technical, from long term to
shorter term, from planning for the future
to surviving in today’s marketplace. Those
are all perspectives that take you away
fromsolid long-term R&D investments.

How can consortia adapt to these new im-
peratives?

The first atep is to recognize that time
frames shouldn’t be an either-or decision.
Certainly we must provide near-term wal-
ue, working with members to help them
competit today. At the same time, we must
always remember that the greater part of
our contribution will be in longer-term
work, We've got to become better commu-
nicators of the value of the collabprative
program as a whole, to find ways tasell a
vision of the futumz that peaple can get ex-
cited about. We've got to have a strategic

What's emerging in
is a
dual-track program. On
one track, you've got the
longer-term  research—
the kind of wurk that
will lead to brand-new
products and brand-
markets. On the

many consartia

new
other, you've got the
smaller, near-term re-
sults that produce i
mediate value  Fortu-
nately, the two some-
Hmes ge hand in hand. Probably the best
example from our industry is the develop-
ment of FACTS, or Flexible AC Transmis-
=ion System, technologies. Everybody
agreed at the outset that it would take
10 years to achieve the vision we had of
a brand-new power delivery system. But
the continuous stream of technelogies com-
ing out of that effort are assuming more
and more importance today, as highly un-
regulated market= emerge and our mem-
bers have to find new and mare precise
ways to control transmission fines S0 in
that case, a long-term vision has provided
intermediate-term value. Its also a good
example of why we need an even greater
emphasis on solid technology transfer in
order to urn R&D into real value for our
members,

But it doesn’t always work that way.
Consider research on superconductivity.
We're talking about an extraordinary pay-
off when we get there, but it’s going to take
a while even to get te the point where you
have significant niche markets. So how do
we =zustain that kind of R&D? The dual-

but at the same time
nat become entirely cus-
tomer led. If we fecus
only on the problem of
the week, we're in dan-
ger of losing one of
the key values we offer,
which is leadership. In
the end, what members
really look to us for is
leadership, and it’s cru-
cial that we don’t give
that up.

How have membership policies been affected
by competition?

We're all looking for ways to add greater
flexibility, to combine a shared program of
research with initiatives tailored to the
needs of a small group of members—or in
some cases, even a single member. The new
model that's emerging locks like a pyra-
mid. The base represents the research that
everybody funds and whose results are
zhared by all. And on top of that you‘ve got
the lavers that represent varying degrees of
customized research and development. At
EPRI, of ceurse, we've been offering tai-
lored collaboration for years. Mow we're
expanding the program to include spon-
sored research, whereby a member can
contract for EPRI's project management ser-
vices for a proprietary research project that
the member fully funds.

The same layering is emerging at many
other consortia, There's the traditional
broad collaborative effort, in which many
members fund a particular area and share
in the results. Then there are arrangements
in which members fund an area jointly and
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In the past, many consortia operated like universities. Now we're modeling ourselves
after for-profit businesses. That means a sharper focus on corporate

accountability, where even long-term research must be tied to specific strategic goals.

individual members fol-
low up with research of
their own to shape the
results to their specif-
ic needs. Finally, we're
seeing the emergence
of miniconsortia—small
groups of companies
getting together to fund
something very specific,
such as an individual
product.

What about issues like

control of intellectual property and licens-
ing arrangements?

The whole ball game is changing. Let me
offer just ene example. Historically, utili-
ties took the results of collaborative R&D
and applied them to their own systems.
Mow, as the industry deregutlatez, mem-
bers are setting up unregulated =ubsid-
laries. An engineering group may be spun
off, for instance, 5o that it not only ran
serve the parent utility’s needs bul alao
can compete for business from ether com-
panies. Suddenly that =hifts the intellec-
tual property from an internal-use-only
basis to a situation where the results of
collaberative R&P may end up being used
for commercial purposes.

This i= why consisrtia, across the board,
are exploring new options for ownership
and licensing arrangements. In general,
the formula is simple: the more you cus-
ternize, the more control you have over the
results. But there may be different ways to
carry that out. With EPRI's tailored collab-
oration program, for instance, investing
members are granted exclusive rights to
use the results for three years; then the re-
sults become available to all this members
funding a particular business area. In el-
fect, we're giving the primary investors a
three-year lead time to use the results of
research competitively.
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The challenge i= com-
plexity. It becomes eror-
mously more difficult
to manage projects that
involve many different
arrangements. There are
just that many more ad-
ministrative issues to be
juggled. But many of
the same technological
advances that are driv-
ing deregulation and
the emergence of global
marketz will help us—
especially electronic information and com-
munications technologies.

Conventional ways of holding meetings
and conferences seem cumbersome com-
pared with video teleconferencing and on-
line discussion forums. In the area of re-
sults delivery, there’s a growing demand
for customized information packaging that
i= not well served by standard report pub-
lishing. Se EPRI and many other con=ortia
are crealing electronic dalabases and using
[nternet resources lo provide cusiomized
information and expertise quickly and eas-
ily. In terms of actual products, we're de-
veloping analysis software and other elec-
tronic tools that can be dewnloaded from
the Internet directly for use by authorized
users. These approaches can help us re-
main flexible and rexponsive—and not just
in delivering results. Even on the strategic
end, consortia are exploring ways to use
new information technologies to communi-
cate their own strategic planning to indus-
iry leaders.

How do today’s consortia view the future?
With high hopes, certainly, but with a
keener sense of busingss realities. To sur-
vive and o continue to serve our members
effectively, 1 think we all understand that
we must become more businesslike in the
way we operate. Here again the model is

changing. In the past, many consortia op-
erated like universities. Mow we're model-
ing ourselves after for-profit businesses.
That means a sharper focus on corporate
accountability, where even long-term re-
search must be tied to apecific strategic
goals. That's all te the good. [ think there’s
a growing awareness that, if we can sustain
a vision of long-term collaborative R&D
and what it has to offer, the discipline of
today’s economic realities will help us pro-
vide even greater value, ]

The Gouncil of Consortia

The Council of Consortia is an organi-
zation of senior executives from the
nation’s leading research and develop-
ment and applied technology develop-
ment consortia. The council’s mission is
to sustain the vitality of collaborative
technology development, transfer, and
application as a means of maintaining
and advancing ™orth American com-
petitiveness in key industries. Members
of the council are listed belew.

American Water Works Association
Research Foundation

Electric Power Research Institute
Gas Research Institute
Great Lakes Composites Consartium

MCNC (formerly Microelectronics Center of
North Carolina)

Microeiectronics and Computer Technology
Corporation

National Center for Manufacturing Sciences
Nationat Storage Industry Consortium

Ohio Aerospace {nstitute

SEMATECH

Semiconductor Research Corporation
Software Engineering Institute

Software Productivity Consortium

USCAR

U.S. Display Consortium

Water Environment Research Foundation



CONTRIBUTORS

DRENKER

CAIN

RUDMAN

t Home With Telecommunications
(page 6) wak written by Leslie
Lamarre, fournal senior feature writer,
with assistance from two members of
EPRI's Custamer Systems Grougp,

Steve Drenker manages the Infor-
mation Systems & Telecormmunications
Business Unit, established in 1996 to de-
velop advanced technology to support
two-way communications betwem elec-
tric utility companies and their cus-
tomers. Before launching this new busi-
ne=s unit, Drenker directed the Power
Quality & Information Technology Busi-
nezs Unit. Earlier at EPRI, he managed
advanced fossil power plant technology
development that led to the successful
commercialization of fluidized-bed com-
bustion. Drenker came to EPRI in 1974,
Earlier, at Babcock & Wilcox Company,
he held startup and troubleshooting
responsibilities for fossil power plants
worldwide. He received a B% degree in
mechanical engineering from the Uni-
versity of Missouri and an MBA from the
University of Santa Clara.

David Cain, manager of new business
development in the Information Systems
& Telecommunications Busmess Unit, i
responsible for the unit’s program de-
sign. He joined EPRI in 1974 as a project
manager i the Safety Technology Pro-
gram of the Muclear Power Division. In
1989, Cain assumed responsibility for
managing an EI’Rl-wide initiative to de-
velop a new line of software products,
and later he organized and managed
EPRl's Computing Products Center. Cain
was instrumental in early work on artifi-
cial intelligence products and applica-

Technical sources for Journal feature articles

tions at the Institute. His previous expe-
rience includes four vears with Westing-
house’s Baval Reactors Program. He has
a B5 in electrical engineering from the
University of California at Berkeley and
815 and PhD degrees in the same field
from the University of Washington. =

hallenge and Change in Collabo-

rative Research (page 26) is an in-
terview with Ric Rudman, EPRI senior
vice president and chief operating offi-
cer. (ine of the [nstitute’s first employ-
eer, Rudman came to EPR! in 1973 as
assistant to the president. Serving in a
series of increasingly responsible posi-
tions, he was named vice president for
the Induatry Relations and Information
Services Group in 1983. Rudman left
EPRI in 1986 to become president and
chief operating officer of Aster Publish-
ing, a publisher of eight acientific and
busines# trade magazines, but returned
in 1989 as the [nstitute’s senior vice pres-
ident for corporate services. In addition
o substantial contributions to EPRI's
technology transfer and information
technology efforts, he was the chief ar-
chitect of its Tailored Collaboration and
Progressive Flexibility programs. He has
held his current position as LCOLF since
August 1996, In 1995, Rudman was
elected chair of the Council of Consortia,
an organization of chief executives and
senior officers from the nations leading
research and development and applied
technology development consortia. He
holds BS and MS degrees in nuclear en-
gincering from the University of Califor-
nia at Los Angeles. @
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AT THE INSTITUTE

Taxable Subsidiaries Initiative Launched

ith the start of a new year, EPRI has established its

tirst wholly owned taxable subsidiary umder an

initiative to expand member business opportuni-
ties. In addition to yielding greater value to members from the
intellectual property developed in R&D targets they fund,
such subsidiaries will provide members with access toa
broader range of technical and consulting services and will
give them the opportunity to realize a direct financial retuin
on target results through participation in technology commer-
cialization ventures.

The formation of the first taxable subsidiary—epriCSG—
followed the approval of management’s recommendations by
the Board of Directors at its Decem-
ber meeting. Clearing the way for
this action was a favorable private-
letter ruling trom the Internal
Revenuc Service in November. The
ruling confirmed that the new
company can be operated and
managed independently from EPRJ,
thereby preserving the Institute's

GELLINGS

own nonprofit, taxexempt status.

The new subsidiary will officially
open its doors in February under the direction of Clark
Gellings, who will have a dual role as the chief executive
officer of epriCSG and the vice president in charge of EPRI's
Customer Systems CGroup. Michael Evans, formerly the
manager of business operations of the Customer Systems
Group, will serve as epriCSG's chief operating officer. Evans
says epriCSG will launch a few new marketdriven R&D
targets this year and will evaluate existing Customer Systems
Group targets for possible transter to the subsidiary in 1998 as
part of EPRY’s annual membership offering.

“In a more dynamic industry environment, EPRI needs an
organizational structure and business processes that allow it
to meet the technology needs of an increasingly competitive
electric power industry while continuing to conduct R&D in
the public interest,” says Kurt Yeager, EPRI's president and
chief executive otficer. The Taxable Subsidiaries Initiative is an
important part of EPRI’s overall corporate strategy and
complements the Progressive Flexibility membership policy,
introduced in 1995, which allows members to focus their
membership funding on specific areas of research that best
meet their changing business requirements.

EPRI's historical scientific research mission will endure,
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Yeager adds. “EPRI remains firmly committed to the goals and
ideals on which the organization was founded and to preserv-
ing its status as a nonprofit, taxexempt organization. The
concept of taxable subsidiaries has been carefully crafted to
build on the strengths of a cohesive, strategically integrated
EPRI and to create an organization whose value is much
greater than the sum of its parts.”

In addition to the increased value that is expected to be
created tor members from their R&D investments, segregating
the research activities of the taxexempt parent and the taxable
subsidiaries enhances the value of EPRU's overall program by
offering an expanded range of technical services and by
broadening its appeal to prospec-
tive members. Taxable subsidiaries
also help to protect the Institute’s
tax-exempt status because activities
that appear likely to generate
unrelated business income or that
are overly “commercial” can be
transferred to and pertormed in the
subsidiaries.

EVANS The Customer Systems Group

Council and each of the group’s
business it councils endorsed the epriCSG subsidiary plan
and advised management on implementation issues. With
input from the business unit councils, the management of the
Customer Systems Group has identified 10 of the group’s 46
targets as potential candidates for transter to epriCSG. Many
of these targets are planned for transfer in 1998, pending
further discussion with the advisory committees in February
1997; three may be added the following year

As implementation proceeds, epriC5G will be developing
opportunities to better utilize technical statf and expertise to
address growing demands for technical services and cus-
tomized applications work. With the support of its funders,
epriCSG will also create secand-tier affiliates and/or joint
ventures to commercialize technology and expertise devel-
oped in the subsidiary,

EPRI management expects to consider the formation of
additional taxable subsidiaries this year and beyond, using
the guidelines and experience of epriCSG as a model, although
specific business activities may vary, Each of the tive EPRI
business groups can sponsar one wholly owned taxable
subsidiary, but it is unlikely that all will do so, given the
varying needs of industry members.



Progressive Flexibility: Future Directions

ith the record level of industry participation in

EPRI suggesting that the current target level of

bundling under Progressive Flexibility is effective,
further development of EPRI's membership offering is focused
on extending eligibility, facilitating the commercial usc of
results, and revising policies on access to programs and
results. These are the key principles reflected in the member
ship policy changes developed by management with input
from the Board of Directors and approved by the Board in
December. The policy changes, which will beimplemented in
1997 and 1998, are designed to enable EPRI to more effectively
address a restructuring utility industry,

Essentially, the changes expand EPRI membership to all
players in the electricity industry (i.e., organizations in-
volved in clectricity generation, delivery, and saleand
related services); make it possible for EPRI to engage multi-
ple components of a disaggregated utility; allow commercial
use of certain EPRI products by domestic members; and set
new entry and exit policies to protect members’ prior R&D
investments.

Beginning in 1997, all organizations involved in the electric-
ity enterprise that are interested in supporting collaborative
development of science and technology will be eligible for
membership in EPRI. Offerings will be extended in the cate
gories of regulated U.S. public utilities (including investor-
owned, federal, public power, and rurzl cooperative utilities,
as well as nuclear plant licensees, independent system opera-
tors, power exchanges, and transmission companies), unregu-
lated entities (including affiliated and independent power
producers, energy service companies, engineering service
firms, and others), and international organizations.

In addition, to address the disaggregation of a formerly
vertically integrated industry, EPRI will offer a Corporate
Membership option, covering a regulated utility together with
its imregulated electricity-related affiliates and subsidiaries
that are at least 50% owned by the same parent or holding
company.

To recognize breadth, depth, and length of membership
participation, a Sustaining Member level will provide dis-
counted target pricing, preferred advisory rights, and
priority consideration for nomination to serve on the Board
of Directors. Sustaining Members are defined as those utili-
ties or other eligible entities that fund more than 60% of
the current EPRI program, that participate in atleast thiee
business groups, and that have been EPRI members for the

previous two years. Other changes in membership policy
provide for publicly funded governmental organizations—
suich as agencies that manage or collect funding from utility
customers for electricity R&D—to participate as members
of EPRI.

An Associate/Subscription Program, previously approved
by the Board in 1995, will be introduced in 1997 to provide
access to certain past R&D results through a subscription
package with limited technology transfer or other support
services from EPRI or EPRI technology centers. The program is
aimed at helping to build relationships with new electricity
industry players that are eligible for membership but initially
do not choose to fund one or more targets for technology
development. Associates would not have certain membership
rights, such as the right to participate in EPRI governaice or
advisory structures.

Another new membership-related policy allows for royalty-
free commercial use of certain EPRI products in the United
States by domestic members except when precluded by
preexisting license or commercialization agreements or when
such use is not in the best interest of EPRI or its members.
Commercial use includes the use of EPRI software and licens-
able reports by a member to conduct consulting services for a
customer or client. Such use by domestic members in foreign
countries would be permitted under a negotiated license with
EPRI, and commercial use by international members would be
reviewed on a caseby-case basis.

Board-approved changes to rules on past product access
are intended to protect members’ prior research invest-
ments and to preserve EPRI’s focus on collaborative R&D. In
the past, members that were funding a target were allowed
unrestricted access to all past products of the target at no
additional cost. In the future, an organization that previously
had access to a specific product as a result of prior member
status in the relevant target or business unit maintains
access as long as itisa current member of some portion of
the EPRI program.

Otherwise, members will have full access to past products
of a target at no extra charge if the member either has funded
that target for three consecutive years (including the current
year) or, in the case of a new member, commits to three
consecutive years of funding. Members that did not fund a
prior target may obtain, for an additional fee, access or license
options to specitic products designated by the relevant EPRI
business groups.
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IN THE FIELD

Demonstration and application of EPRI technology on ulilify systems

Colorado Cooperative Pioneers Low-Cost Satellite Ground Station

ountain View Electric Association (MVEA), a rural

electric cooperative that serves about 23,000 cus

tomers in a 5000-square-mile area of eastern Col-
orado, is the first electric utility to perform substation and
meter monitoring with a satellite-based data system featuring
low<cost, modified ground stations. In addition to allowing
MVEA to remotely control its substations and monitor cus
tomers’ meters, the new satellite network enables the opera-
tion of a direct load-control program that helps minimize the

need for purchased power. The low-cost groumd station tech-
nology was developed through collaborative research by EPRI
and the Mational Rural Electric Cooperative Association
{(WRECA).

Traditionally, MVEA technicians monitored substations and

responded to operating problems by traveling to the sites.
When in 1993 the cooperative considered ways to upgrade its
operations, satellite commumications incorporating very small

SAM Raises Value of PECO’s Distribution Assets

t PECO Energy, the electric utility that serves Philadel-
phia, distribution system planners are responsible for
evaluating projects to improve the performance of
an urban infrastructure that is, in part, 70 years old. Tradition-
ally, funding decisions for system upgrades have been based
on conventional engineering and reliability standards. While
meeting such standards is important for system performance,
an exclusive focus on engineering fixes can sometimes cause
planners to overlook solutions that might result in a better use
of resources. Seeking a screening method that would clarify
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aperture terminals (VSATs) appeared to be the most feasible

option for a supervisory control and data acquisition system
to link MVEA’s headquarters, operations center, and substa-

tions. Yet the cost was considered too high.

EPRI and ®RECA had been working with Nova-f<et Com-
munications (now an ICG Wireless Services company) to
develop improved satellite technology for utilities. Key goals
for the technology were compliance with EPRI-developed
Utility Communications Architecture protocols and suitability
foroutdoor installation at costs lower than those of conven-
tional technology. By the time MVEA became interested in
acquiring a satellite system, the project had led to a new
Nova-Net product called SCADASAT, a small (1.2-meter dish),
environimentally rugged, Ku-band VSAT system. SCADA-SAT
features a satellite transceiver from GTE Spacenet and a
special outdoor enclosure, and it has the flexibility to operate
on ac or dc power. It met the cooperative’s datasspeed require
ments and offered significantly lower capital and operating
costs than early-generation VSAT systems.

In operation all last year, MVEA’s SCADA-SAT system
includes 12 VSAT installations at 11 substations and the
operations center. Spread-spectrum radio links other substa-
tions to the headquarters and the operations cenler: a dedi-
cated telephone line connects the operations center to the
headquarters. MVEA expects 10-year savings of over $326,000
on its initial investment, compared with the cost of a conven-
tional satellite system. In addition, significant operating cost
savings are expected to accrue through the use of the system
for automated meter reading, distribution automation, and
remote load monitoring and control.

m For more information, contact William Blair at EPRY, (415) 855-
2173, or Jolm Rotwe at ICG Nowa-Net, (303) 7056300.

how distribution assets create value for the company and
would help identify projects offering the maximum return on
shareholder investment, "EC® turned to EPRI’s Strategic Asset
Management (SAM) decision framework methodology.

Last year, planners at PECO began applying SAM to the allo-
cation of funding for day-to-day system improvements and
future additions. The approach identified four key ways of
getting more value from distribution assets: investing in the
system to save future capital and operating and maintenance
costs, sizing investments in proportionto problems, reducing



the number of costly events
on the system, and improv-
ing service to various cus-
tomers. With these criteria,
planners evaluated projects
involving substation retire-
ment, voltage-level conver-
sion, maintenance issues,
and customer power quality
problems. By quantifying benefits, SAM enabled a more
accurate comparison of the possible options.

Results from the project analyses showed that replacing
distribution assets to meet conventional engineering stan-
dards would create little shareholder value. In contrast,
programs involving simplification and monitoring of the
distribution system were found to create significant value.
SAM’s documentation provided PECO management a clear

UCA Demonstrates Real-Time Advantage

tilities can save time and money as well as enhance

reliability for customers with real-time data provided

through EPRU's Utility Communications Architecture
(UCA), recently demonstrated at United Power Association
(UPA), a rural electric cooperative headquartered in Elk River,
Minnesota,

EPRI and the National Rural Electric Cooperative Associa-
tion (% RECA) sponsorcd the project with UPA to increase
interoperability between substation and distribution line
equipment, communications systems, databases, and applica
tions. UCA—a communications specification for connectivity
and data transmission within a utility and with its customers—
allows equipment from multiple vendors to work together via
common communications media without customized hard-
ware and software. Multiple-user stations at different locations

can access real-time data for monitoring, control, and analysis.

“With UCA, utility personnel can use local PC applications
for easy, immediate data access across the entire network,
which enables operational decisions to be made better and
faster,” says Wade Malcolm, director of EPRL’s distribution
business area. “Utilities could reduce the number and dura-
tion of outages a customer experiences.”

Two substations of UGPA members—the rural Ball Club
substation of Dairyland Electric Cooperative and the urban
Plymouth substation of Wright-Hennepin Cooperative

record of how savings could
be expected to accrue.

The application of SAM in
the evaluation of about 100
distribution system Q&M
and capital improvement
alternatives enabled PECO
to reduce the expected cost
of a portfolio of projects
from a net present value of $180 million to $85 million. “SAM
forces us to ask the hard questions and to design distribution
system improvement projects that return the greatest value for
the money spent,” says PECO Energy’s Don Fagnan.

EPRI has published a product brief {(PS-106524) and a
technical report (TR-102730) on SAM. These are available from
the Distribution Center, (510) 934-4212.

m For more itfiormation, contact Charles Clark, (415) 855-2994.

Electric Association—were chosen for the seven-layer UCA
profile demonstration with more than a dozen vendors.
Multiple communications networks integrated the equipment,
controls, and databases in the automation project.

“Our project has helped define new protocols included in
the soon-to-be-released UCA 2.0 upgrade,” says jim Goodin,
UPA’s project manager. “We've added more real-time function-
ality and data security to addiess the needs of UPA member
cooperatives and the electric utility industry during this time
of growing competitiveness. UCA is real. It's here and available
in commercial products. UCA is even morerelevant in a dereg-
ulated, competitive environment because it allows encrypted
data to pass securely and quickly between utility networks.”

In a related EPRI- and NRECA-sponsored demonstration at
Oglethorpe Power Corporation in Georgia, a three-layer UCA
profile was used to integrate a supervisory control and data
acquisition system and various models of remote terminal units.

“Widespread use of UCA among vendors and implementa-
tion by electric utilities could reduce costs by 20%,” says
Martin Gordon, a senior program manager in energy R&D at
RRECA. “Automation with UCA also helps utilities increase
the communication capacity of their existing systems without
compromising reliability.”

m For more fmformation, contact EPRI's UC A Exchange office at
(800) UCA-EXCH (822-3924).
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RESEARCH UPDATE

Residential Technologies and Retail Market Tools

Horizontal-Axis Washing Machines

by John Kesselring and Richard Giftfman, Customer Systems Group

s wholesale and retail markets for
A electricity become more competitive,
many utifities are focusing on enhancing
Customer options, often by providing new
products and services or by oftering rebates
and other incentives for the use of com-
mercially available energy-efficient prod-
ucts. Traditionally, electric utilities have net
cenducted much market research before
introducing special ofterings. Market barr-
ers often were dentified only after signifi-
cant expenditures had been made in sup-
port of such ofterings. In today’s business
environment, however, utilities must identity
potential market barriers to new offerings
and determine how to deal with these bar-
riers before making a commitment to move
torward with any new offerings

EPRI launched the High-Efficiency Laun-
dry Metering and Marketing Analysis, or
THELMA, project as a direct result of in-
creased electric utility interest in support-
ing the use of efficient residential laundry
equipment—an nterest shared by water,
wastewater-processing, and gas utilities.
One focus of this interest is the horizontal-
axis (H-axis), or tumble-action. washing
machine. H-axis washers are significantly
more efficient than verucal-axis (V-axis)
washers ang thus could help utdities man-
age load growth and seasonal load levels
while hefping consumers lower their energy
and water bills. H-axis machines dominate
European markets, but V-axis inachines
account for over 98% of residential clothes
washer sales in the United States and for
almost as large a percentage of commer-
cial washer sales. If the U.S. market could
be transformed so that H-axis washers
were used more widely, energy and wa-
ter consumption could be reduced signifi-
cantly and wastewater-processing costs
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could also be lowered. In fact. future en-
ergy efficiency standards set by the U.S
Department of Energy may prove 100 strin-
gent for V-axis washers ang may virtually
ensure a market for H-axis machines. Sev-
eral demestic manufacturers are produc-
ing o intend to produce H-axis washers
that readily meet existing standards and
could satisfy the anticipated more-strin-
eent standards.

V-axis and H-axis washers

in V-axis washers, clothes move around a
central agitator and must ke fully im-
mersed in water to be washed properly In
H-axis washers, the washtub rotates in ak-
lernate directions around a horizontal axis;
rather than being tully immersed, the

clothes are lifted and tumbled through a
shallow pool of water in the bottom of the
washtub (Figure 1) H-axis washers are
eften tront-loading. n top-lcading H-axis
maodels. users must epen more than ane
door to get to the tub,

In general. H-axis washers reduce water
use by at ieast one-third. And since water
heating accounts for up 1o 90% of the en-
ergy used in conventional residential wash-
ing machines, the use of H-axis washers 1s
expected to reduce energy consumplion
by over 50%. Further. the horizontally ori-
ented tub handles unmalanced loads bet-
ter than V-axis tubs de, so H-axis washers
can spin faster. extracl more water, and
thus save on drying energy, in addition, the
tumbling action of H-axis washers gently

ABSTRACT Residential horizontal-axis washing machines use significantly
less energy and water than the vertical-axis ciothes washers that dominate the
American market. In a project on high-efficiency residential laundry equipment,
EPRI, the U.S. Department of Energy, and several utilities have explored the pos-
sibility of transforming the U.S. washing machine market. Project activities have
ranged from laboratory testing, multifaceted market research, and the analysis of
washer distribution channels to the operation of a demonstration center and the
in-home monitoring of washer performance. They have helped identify possible
barriers to the penetration of the residential market by horizontal-axis washing
machines and have pointed ta ways in which utilities can overcome those barri-
ers. Utility activities 1o transform the market could give sales of horizontal-axis
washers an important boost betore the anticipated raising of federal efficiency

standards for clothes washers.



pushes clothes through the water, reduc-
ing wear and tear on the garments,

By switching o an H-axis washer. a typ-
ical household weuld reduce energy, wa-
ter, and detergent costs by about $80 a
year. according o Arthur D. Little. Inc. On
the other hand, an H-axis washer requires
components—an elecironically controlled
direct-current motor and a sophisticated
suspension system—that add toits cost and
may affect its reliability. According to the
THELMA project sponsors. tumble-action
washers manufactured in the United States
will be priced at about $210 more than ag-
itator machines.

THELMA research design

EPRI's collaborative THELMA project in-
voives more than two dozen electric, gas,
water, and wastewater management utili-
ties. Aimed at identifying strategies that
could transform the U.S. washing machine
market, the THELMA research has four pri-
mary objectives: lo establish credible esti-
mates of energy and water savings asso-
ciated with the use of H-axis washers. to
study customers’ l[aundering habits, to iden-
tify potential barriers to the penetration ef
the residential washer market my H-axis
machines, and to design incentive pro-
grams and other promotional tools ikely to
be effective in stimulating the purchase of
efficient washers.

To meet those objectives, THELMA re-
searchers conducted faboratory testing and
field monitoring of H-axis and V-axis wash-
ers, a comprehensive market assessment,

Axis

Water level

and an analysis of washing machine distri-
bution channels. Markel assessment efforts
included consumer focus group discus-
sions of laundering practices and desir-
able washer characteristics; a large-scale
market survey; the operation of a demon-
stration site where utility customers could
try out an H-axis washer; ang in-home in-
terviews with participants in the THELMA
field-monitcring study

These activities were interconnected in a
variety of ways. For instance. focus group
discussions were held early in the proj-
ect and provided results that were used to
design the market research survey, the in-
home interview instruments, and the pro-
cedures at the laundry demonstration cen-
ter. Also, the market survey gathered infor-
mation on the same demographic and
household charactenstics that were used
in classifying the field-monitoring partici-
pants. Thus, for the service areas repre-
senled by the survey responalents, it is pos-
sible to determine the number of house-
hoids fitting each segment profile and to
estimate their laundry-related energy and
water consumption,

Laboratory test results

Early in the project, THELMA researchers
conducted laboratory tests on one large-
capacity. American-made V-axis machine
and on six H-axis machines representing a
sample of American- and European-made
products. The washers were tested accord-
ing to the U.S. DOE clothes washer energy
test procedure, which specifies methods

Agitator

A

for measuring machine capacity, waler used
in wash and rinse cycles, and energy con-
sumed in machine operation and water
heating. The researchers also used industry-
accepted procedures for testing washer
performance in terms of soil removal and
genlleness ol action.

The test results varied over a consider-
able range for the seven machines. Nor-
malized for tub volume, the H-axis ma-
chines used, on average, about 45% less
energy and 25% less water than the V-axis
machine. The tests also showed that the H-
axis machines were 25% more effective in
removing sail. And although complete H-
axis cycles were longer, the moisture con-
tent remaining after the final spin cycle was
lower with the H-axis machines, This could
lead 10 shorter drying cycles and lower
drying-related energy costs,

Focus group ohservations

Focus group discussions revealed con-
sumers' intial views of H-axis washers.
Group participanls most often associates
H-axis washer technology with front-load-
ing machines, and one initial barrier 10 cus-
tomer acceptance may be the bending re-
guired in machine loading and unloading.
Although there are some benefits to front
loading (the washer can be stacked with a
dryer, for example, or its top can serve as
work space), participants regularly raised
concerns about bending, leaking, and child
safety. In fact. the focus group results sug-
gest that given general consumer satisfac-
tion with current washers, H-axis washers

Baffle

Water level

Figure 1 In a conventional vertical-axis washing machine {lett), clothes move around a
central agilator and must be fully immersed in water. In a horizontal-axis washing ma-
chine {right), clothes are lifted and tumbled through a shallow pool of water. In addition

10 providing waler and energy savings, the horizontal-axis washer is easier on garments,
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(perceived as unfamiliar and difficult to
use) are likely to be compared unfavorably
with V-axis washers. However, the results
also suggest that f consumers are con-
vinced that H-axis washers are at least as
good as their V-axis washers in terms of
such features as purchase price, reliability,
ease of use, and cleaning ability, they may
seriously consider purchasing the equip-
ment. At that point, energy ane water sav-

ings and improved soil removal could be-
come important selling points.

Further, accerding to focus group partic-
ipants, utilities ceuld mplay a valuable role
in building consumers’ understanding and
acceptlance of H-axis washers through ed-
ucational efforts and financial incentives. It
remained unclear, however, whether re-
hates would be successful without a strong
educational component. Participant re-

Figure 2 In clothes washer field tests at 26 residences, THELMA researchers measured energy and
water use, first for the participants’ vertical-axis machines and then for horizontal-axis machines tem-
porarily installed in the hames. (Combined mechanical and water-heating energy consumption was mea-

sured.) On average, the horizontal-axis washers used 65% less energy and almost 40% less waler.
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© Horizontal-axis washers

sponses indicate that an effective educa-
tional approach should include published
product information, product déemonstra-
tions, testimonials and other avidence of
real-life experience, and endorsements
from utilities and other organizatiens re-
garded as impartial,

Finally, a simple name is likely to be es-
sential for successfully marketing H-axis
washers, Fecus group participants readily
understood how the machines operate ane
found "tumble-action washer” and “tumble
washer" appealing names because they
point to the key difference between H-axis
and V-axis machines, help consumers vi-
sualize the washing process, and call to
mind the familiar action ef clothes dryers.

Distribution system analysis

tn 55 telephone interviews with V-axis and
H-axis washer manufacturers, distributors,
and retail outlet personnel, THELMA re-
searchers examined ways in which these
trade allies might influence washer market
transtormation. Technigques that might has-
ten market acceptance of tumble-action
washers—such as rebates, advertising,
education, anal distribution channel incen-
tives—were discussed.

The manufacturers expressed few cen-
cerns about the actual manufacture ef tum-
ble washers, but they did express concern
that these machines would cost too much
te mroduce ane would not be priced cem-
petitively. Twenty-nine of the 50 retailers
and distributors interviewed also cited the
cost of the machines as a potential market
barrier. Moreover, the trade allies inter-
viewed generally feit that consumers would
not be willing te pay much more for an en-
ergy-efficient machine than for a conven-
tional washer and that a sizable rebate
from utilities would be needed to promote
tumble washers successiully. Nonetheless,
retailers were generally enthusiastic about
epportunities for selling these washers. Like
manufacturers, they view the market for
tumble washers as a growing niche mar-
ket, expecting it to increase from the cur-
rent 1-3% of residential sales to 5-20% in
five years. They also noted that DOE en-
ergy standards ceuld affect the market
share for tumle washers, pessibly increas-
ing it considerably.



Market survey results

To suppiement the focus group results and
to begin to assess the potential market for
tumble washers, the THELMA team used
telephone interviews and mailed forms to
conduct an extensive market survey of the
general U.S. population and the popula-
tions in the service areas of the 12 electric
utilities participating in the project. Like the
distribution system analysis. the market
survey disclosed that the biggest barrier to
the purchase of H:axis washers is initial
cest.

In the majority of households in the
United States, women are more invoived
than men in shopping for washers and in
making the final purchase decisions. It fol-
lows that educational efforts on H-axis
washers should target women and their
interests. According to the survey results,
the most important factors in choosing a
new washer are price, manufacturer's rep-
utation, and warranty. It was also found that
the probability of purchasing an H-axis
washer goes down dramatically if the only
available model is European-made. Thus,
if major domestic manufacturers provide
tumble-action washers, a significant barner
will be removed. QOverall. the survey data
suggest that the market share for tumble-
action machines has good growth poten-
tial, with certain market segments likely to
adopt the technotogy before the rest of the
population,

Field test results

Although laboratory test results are impor-
tant in quantifying the differences in energy
and water consumption between H-axis
and V-axis technoiogies. they may not fully
represent the savings in actual house-

holds. Therefore, THELMA researchers have
measured the actual performance of H-
axis and V:axis machines in the residences
of strategically selected market survey re-
spondents. First, for six weeks, the re-
searchers monitored the energy and water
use of the V-axis washers currently in the
participants’ homes; then, for eight weeks,
they monitored H-axis machines temporar-
ily installed in the homes. The participants
also kept laundry diaries during the moni-
toring period: information from the diaries
identifies and guantifies changes in laun-
dering behavior and will be useful in gen-
eralizing results to a broader population of
users.

Metering data from the 26 homes where
testing has been completed indicate that
the tumble washers provided average en-
ergy savings of 65% (Figure 2). The sav-
ings were slightly higher than anticipated,
even though for both V-axis and H-axis ma-
chines, the participants generally used
cooler wash and rinse water than assumed
by the DOE test procedure and by prolec-
tions based on THELMA laboratory results.
The tumble washers also reduced water
consumption by almost 40%.

By participating in the n-home testing
effort, consumers became familiar with
H-axis washers. The THELMA project also
included a demonstration center where
consumers were able to see a front-load-
ing H-axis washer, compare it with a V-axis
machine, and actually wash laundry in it.
Project personnel expect that because of
the hands-on nature of these exposures,
the data collected on consumer percep-
tions of the new washers and the issues
affecting purchase decisions will be quite
reliable. The responses of visitors to the

demonstration center and of the field test
participants suggest that exposure to H-
axis machines in store displays could dis-
pel doubts about washer design and use
and even make people become likely to
purchase the machines.

Looking ahead

The THELMA steering commuittee is ex-
panding the scope of some of the preject
efforts. For one thing, THELMA researchers
will fieldtest more models of H-axis wash-
ers than originally pianned, and they may
conduct distribution system analyses in
more areas of the country

tn any case, once the THELMA research
is completed and data from the many proj-
ect efforts are integrated, the participat
ing utilities will have a baseline picture of
the washer market that includes data on
distribution channets. availability of H-axis
models, distributor stocking patterns, pric-
ing, marketing, and purchase patterns.
The project’s final report on H-axis washers
will also summarize findings on ways in
which utilties can influence the washer
market; included will be information on the
strategic use of rebates, market segments
to target. and promotional strategies that
could speed the adoption of H-axis washer
technolegy

in general, as utilities adapt te changes
in their business environment, the value of
market research resuits, including informa-
tion on customers' tastes and preferences,
will grow, The THELMA project has already
strengthened utility competence in making
decisions about the adoption and promo-
tion of new products and technologies and
in designing rebate. educational, and other
promotiona! strategies.
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New
Technical
Reports

Requests tor copies of reports should be directed
to the EPRI Distribution Center, 207 Coggins Drive
PO. Box 23205. Measant Hill. California 84523,
{510) 934-4212 Two-page summaries of the re-
porls anneunced here are avaitable. free of charge
by fax. To receve 8 summary call EPRI's Fax on
Demand service (800-239-4655) from a teuch-
lone ptone and follow 1he recorded instruchons
using the fax identitication numer given m the
reporl listing

CUSTOMER SYSTEMS

Electric Motor Model Repair Specifications
TR-106728 Final Report {(WQ3673}

Conftractor Washington State Energy Office
EFRI Project Manager B. Banerjee

Fax ID: 26637

Quality Electric Motor Repair: A Guidebook for
Electric Utilities

TR-10Q5736 Final Repor! (WO3673)

Contractor Washingion State Energy Office

EPRI Project Manager B Banerjee

Fax ID 26636

Industrial Motor Repair in the United Stales:
Current Practice and Opportunities for
Improving Custemer Productivity and Energy
Efficiency

TR-105731 Final Report (WO3673)
Contractor. Washington State Energy Office
EPRI Project Manager: B. Banesjee

Far ID: 26635

Investigation of Chiorine-Free Refrigerants
for Low-Temperature Supermarket
Refrigeration

TR-106076 Final Report (WO3526-3)
Contracter: Fosler-Miler

EPRI Project Manager M. Khaitar

Fam [D 25253

Analysis and Comparison of Wireless
Technologies and Products
TR-106351 Final Report {(WQ4840}
Cortractor Plexus Research

EPRI Project Manager; R Skelton

Fax |0 25748

Proceedings: Heat Pump Technician
Training and Certification Workshop
{September 1995)

TR-106456 Praceedings (W03245-13)
Contractor: Policy Research Associales
EPRI Project Manager T Statt

Fax ID: 25935

Potential Use and Benefits of Advanced
Power Electronics Compenents in a 1993
Time-Frame Commercial Unitary Heat Pump
TR-108531 Final Report (WO3087-9)
Contractor McCleer Poyver

EPRI Project Manager B Banerjee

Fax I0: 26037
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The Environmental and Energy Benefits of
Cordless Efectric Lawn Mowers

TR-106559 Final Report (WO3598)
Contractar, Mills, McCarthy 8 Associates
EPRI Project Manager: G Purcell

Fax 1D 26087

Profitability Primer: A Guide to Profitabillty
Analysis in the Electric Power Industry
TR-106569 Final Report (W04837-3)

Contractor, Energy and Enviconmental Economics
EPRI Project Manager. P. Sioshans)

Fax ID 26105

Assessment of Issues and Applications in
Wireless Communications

TR- 186665 Finat Raport (W04840)

Contractors Plexus Research, FIND/SVP Kaman
Sciences Corp

EPRI Project Manager R. Skelton

Fax |D: 26286

ENVIRONMENT

Comanagement of a High-Volume Combusiion
By-Product and Low-Velume Utility Wastes:

A Southwestern Site

TR-105673 Final Heport (W02485-9}

Contraclor; Radian nlsrnational

EPRI Project Managers J Goodrnch-Mahoney,

| Murarka

Fax ID: 24593

Fiue Gas Flow Rale Measurement Errars
TR-106898 Interim Report (W82819-32)
Contractors. Fossil Energy Research Corp., RMB
Consulting ana Research

EPRI Project Manager. C. Dene

Fax ID: 26329

GENERATION

Guide for Rewinding and Reconditioning
Medium-Vottage Electric Motors
£1.-5036-V17 Final Report {Ww02308-14)
Contracter Jarsce Engineenng Corp
EPRIProject Manager J. Stein

Design, Operation, and Testing of the Fly Ash
Carbon Burn-Out Pilot Plant

TR-182429 Final Report (W03497-1)

Contractor: Progress Malerials

EPR! Project Manager T Boyd

Fax 10: 07520

Advanced Gas Turbine Guidelines: Vibration
Monitoring and Analysis—Durability
Surveiltance at Potomac Electric Power Co.'s
Station H

TR-184100 Final Report (W03125-2)

Contractor Fluor Daniel

EPRI Project Managers W Plulle G Quentin
Fax 1D 21505

Evaluation ot Carbon Burn-Qut Technolegy
Applied to Rice Hull Ash

TR-106061 Finat Regort {W0Q3497- 1)
Contractor; Progress Matenals

EPRI Project Manager: T Beyd

Fax ID: 25226

Santa Clara 2-MW Fuel Cell Demonstration
Design, Construclion, and Permilting Report
TR-106155 interm Report {(W0O3377)
Contractor Fuet Cell Engineering Corp

EPRI Project Manager: O Rastter

Fax B 25393

Guidelines for Evaluating the Impact of Powder
River Basin Coal Btends on Power Plant
Pertormance and Emissions

TR-106340 Final Report (WQ3687-1}

Contractor: PSI Energy

EPRI Projact Manager. A, Mehta

Fax ID' 25723

Proceadings: 1995 EPRI Fuel Oil Utilization
Workshop

TR-106697 Proceedings (WO2778)
Contractor Carnol

EPRI Froject Manager C Dene

Fax ID: 26330

Proceedings: Condenser Technology
Conference

TR-106781 Proceedings (W0O2504)

Conlraclor: Stone & Webster Engineering Corp
EPRI Project Manager J. Tseu

Fax ID: 26676

NUCLEAR POWER

Omega Version 2.2: Ruie-Based Deterioration
Identification and Management System

TR-103855 Final Report (WO3343-9)

Centraciers Greve Engineernng Polestar Appiied
Technelogy: Ishikawaima-Hanma Heavy
Industries Co

EPRI Project Managers 4 Carey, M. Lapides
Fax I} 19703

Monticello Lead Plant License Renewal Project
Summary Report

TR-103963 Final Repert (WO3075-1)

Contractors Northern States Power Co | Mulliple
Dynamics Corp., General Electnic Co

EPRI Project Manager: J Carey

Fax 10 21283

Evaluation of Cabte Polymer Aging Through
Indenter Testing of In-Plani and Laboratory-
Aged Specimens

TR-104075 Final Report (WQ3427-1)
Contractor Ogden Environmental and Energy
Services Co.

EPRI Project Manager J. Carey

Fax ID- 21489

Instrumentation and Control Upgrade
Evaluation Methodology, Vols. 1 and 2
TR-104963-V1-V2 Final Report {(W03373-18, -11}
Coniractors: Queue Syslems; ABB Combustion
Engineering

EPRI Project Manager D Wikinson

Fax ID 23485

Multivariable Analysis of the Eifects of
Li, H,, and pH on PWR Primary Water
Stress Corrosion Cracking

TR- 105658 Final Report {(W02493- 14)
Contractor: Modeling & Compuling Sesvices
EPRI Preject Manager R Palharia

Fax |D: 24566



Improvement of the Stress Corrosion Resis-
tance of Alloy 718 in the PWR Environment
TR-105808 Final Report (W03154-3)
Contractor Babcock & Wilcox Co.

EPRi Projec) Manager L. Nelson

Fax ID. 24788

Evaluation of Thermal Aging Embrittiement foi
Cast Austenltic Stainless Steel Components
TR-106092 Final Report (WO2643-33)
Contractors' Applied Science and Technology
Framatome Technologies

EPRI Project Manager J Carey

Fax 10! 25285

Technical Considerations Associated With
Spent-Fuel Acceptance

TR-106226 Final Report(W03290-12)
Coritiactor. £nergy Resources International
EPRI Project Managers: R. Lambert O. Ozet
Fax ID. 25504

IASCC Susceptibility of Low-Fluence
Stainless Steels Evaluated by In-Flux Slow
Strain Rate Tests

TR-106299 Final ReportiWQC101-6)

Contractor: Massachusetts Institute of Technology
EPRI Project Manager L. Ne'son

fax 1D 25852

Evaluation of 2inc Addition on Fuel Cladding
Corrosion at the Halden Test Reactor
TR-106357 Final Repor: {(W04023-2)

Contractor Instituti for Energiteknikk

EPRI Project Manager S Yagnik

Fax ID: 25760

Reduction of Oxidation Induction Time Testing
to Practice as a Life Assessment Technique
for Cable Insulation

TR-106370 Final Report (W03427)

Contactor University of Virginia

EPRI Project Manager J. Garey

FaxID 25785

Evaluation of Ifradiated Fuel During RIA
Simutation Tests

TR-106387 Final Report (W02905:6)
Contractor Anatech Corp

EPRI Project Manager O Qzer

Fax ID: 25817

Water Hammer Handbook for Nuclear Plant
Engineers and Operators

TR-108438 Final Report (W02856.-3)

EPRI Project Manager M. Merilo

Fax ID: 25908

Development of a Quality Pedigree Process
and Application to the Duane Arnold Energy
Center Probabilistic Safety Assessment
TR-106575 Final Report (W03718:4)

Contractor ERIN Engineenng and Research
EPRI Project Manager F Rahn

Fax ID: 26112

PWR Steam Generator Examination Guidelines,
Revision 4: Vol. 1, Guidelines

TR-106589-V1 Final Report (WOSS530)

Contractor I1Si Guidelines Committee

EPRI Proeqt Manager M. Beliravesh

Fax ID: 26131

Decommissioning Economics and Risk
Advisor: An Introduction to DERAD Version 2.0
TR-106788 Final Report (WO3171-4)

Contractor: Decision Focus

EPRI Project Manager. C. Wood

Fax ID, 40015

RackSaver™ Neutron Absorbing Insert
Development and Testing

TR 106889 Final Report (W0Q3290-13)
Contractor Siemens Power Corp

EPRI Project Managers* R. Lambert, O Ozer
fax 1D; 26633

POWER DELIVERY

Development of Advanced Composite Materials
for Utility Applications. Phase il: Vol. 2
TR-104830-V2 Final Report (W04159-1)

Crntraiztor. Fuster-Miler

EPRI Project Manager B. Bernstein

Fax ID: 25689

Petformance-Based Regulation: The State of
the Art and Directions for Further Research
TR-106045 Final Report (WO2801)

Contractor Chnistensen Associates

EPRI Project Manager C Smyser

Fax ID: 25199

Proceedings: Reliability-Centered Maintenance
for Substation Equipment Conference
TR-106069 Proceedings (W02747)

Contractor Camhias & Associates

EPRI Projecl Managers: £. £ yons. M Hammam
Fax tD. 40136

The Distribution System Modeling Guide for
Disturbances and Cold Load Pickup
TR-106297 Final Report (W0O3797:3)
Contractor Electiotek Concepts

EPRI Project Manager: A. Sundaram

Fax ID: 25645

Evaluation of Gases Generated by Heating
and Burning of Cables

TR-106394 Final Report (W0Q4142-1)
Contractor Underwriters Laboratories

EPRI Project Manager R. Bernsten

Fax ID: 26677

Reliability-Centered Maintenance Technical
Reference for Substations

TR- 1064 18 Final Report (WO3882)

Contractor: Hallibrsrton NUS Corp

EPRI Project Managers: P Vijovic M Hammam
Fax ID; 26634

Fiexible AC Transmission System (FACTS)
System Studies: Southern Company
Services

TR-106461 Final Report (WO3789)
Contractor. General Electnic Co.

EPRI Poject Manager: R. Adapa

Fax ID 25941

Flexible AC Transmission System (FACTS)
Technologies on the TVA Transmission
System

TR-106462 Final Report (WO3789-6. W0Q3022-2)
Contractor: General Electric Co

EPRI Project Manager: R. Adapa

FaxiD> 25943

Cable Pushing and Calculation of Pulling
Tensions for Distribution and Transmission
Cables

TR-106500 Final Report (WOQ7910-19)
Contractor Georgia Power Co.. Southern Electne
international Research Center

EPRi Project Manager T. Rodenhaugh

Fax 10: 25993

Distribution Grounding. Vol. t1: Handbook
TR-10666t -V 1 Finat Report (WO3086- 1)
Contractor Nationat Electric Energy Testing,
Research, and Applicalions Center

EPR{ Project Manager H Ng

Fax ID: 26279

Role of Formulation on the Long-Term Wet
Electrical Performance of Ethylene-Propylene
Rubber (EPR} Cable Insulation

TR-106680 Final Report (W02839:2)
Contractor Unfversity of Connecticut
EPRI Project Manager B, Bernstein
Fax ID 26305

STRATEGIC R&D

Framing Scenarios of Electricity Generation
and Gas Use

TR-102846 Final Report (WQ3201-4, -5:
W041222)

Contractors Energy Ventures Analysis; Charles
River Associates

EPRI Project Manager J. Platt

Fax ID- 19557

Biomimetic Materials in the Utility Industry:
A Program Plan for Research Opportunities,
Vol.2

TR-104128V2 Final Report (WO9000-17})
Contractors: Daedalus Associates:. Cornice
Engineering

EPRI Project Manager: J. Stringer

Fax ID. 24504

Characterization of Mechanical and Thermal
Properties of Advanced Composite Pultrusions
TR-106271 Final Report (WO8007-20)

Contractor University ol Mississippi

EPRI Project Manager B, Berristein

Fax|D- 25598

Generic Testability and Test Methods
Guidelines for ASIC Devices
TR-106392 Final Report (WOS#00-34)
Contractor: ECR Laboratory

EPR) Project Manager. J Naser

FaxID: 38829

Computational Aigorithms for the Multirate
Simulation of Power System Dynamics, Part 1:
Feasibility Study

TR-106497 Intenm Report (WO80 14:3)

Contractor Universtty of Missour. Rolia, Depar:
ment of Electrical Engineering

EPRI Proect Manager* M. Wiidberger

Fax ID: 25997

Environment for Specification and Analysis of
Sequential Process Control Systems
TR-106734 Final Report (WO8014-5)

Contractor UniView Systems

EPRI Projecl Manager M Wilduerger

Fax |D 26390
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New
Computer
Software

Orders for EPRI-developed software should ke di-
rected to the Electric Power Software Center, 11025
North Torrey Pines Road, La Jolla, California 92037;
(800) 763-3772.

DEW: Distribution Engineering
Workstation

Version 1.1 (PC-Windows)

Contractor: Electrical Distripution Design
Business Area: Bistribution

EPR! Project Manager: Harry Ng

DGAP: Distribution Grounding Analysis
Program

Versioni 1.0 (PC-DOS})

Ceniractor: Georgia Institute of Technolegy
Business Area: Distribution

EPRI Project Manager: Harry Ng

EMFWorkstation: EPRI Electric and
Magnetic Fields Workstation

Version 2.51 {PC-DQS)

Contractor: Enertech Consullants
Business Area: Electric & Magnetic Fields
Health Assessment & Managemeni

EPRI Preject Manager: Randall Takemole-
Hambleton

GENCAT ™: Electronic Product Catalog
and Benetits Estimator {Generation,
Storage, and Envirenmental Control)
Version 3.8 (PC-DOS)

Contractor: InStep

Business Areas. Al Generation Group areas
EPRI Project Manager: Rusefi Owens

LAYERS: A Multitayer Magnetic Field
Shielding Catculation Program

Versien 1.0 {PC-Windews)

Contractor: Electric Research ane¢ Management
Business Area: Electric & Magnetic Fields
Health Assessment & Managemen!

EPRI Project Manager: Randall Takemoto-
Hambleton

MANAGES™: Management and Evaluation
of Groundwater Monitoring Data

Version 2.0 (PC-D@®S)

Contractor: Tetra Tech

Business Area; Land & Groundwater
Preteclion & Remediation

£PRI Project Manager: Ishwar Murarka

MEGADRIVE: Model for Evaluating Gas
Compressor Drive Options

version 1.0 {(Macintosh; IBM-L@TUS; PC-DOS)
Contractar: Energy Packaging Solutions
Business Area: In€ustrial & Agricultural
Technelogies & Services

EFR! Preject Manager: Armmi Amarnath
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MOSES-MP

Version 1.8 (PC-DOS)

Contractor: Tetra Tech

Business Area: Land & Groundwater
Protection & Remediation

EPRI Preject Manager: ishwar Murarka

POET: Piping Operability Evaluation
Tool

versien 1 0 0 (PC-Windows)
Contracter: Kaman Sciences Cerp
Business Area: Nuclear Power

EPR! Project Manager: H. T. Tang

RETRAN-02-M

Version MODQ05.2 (IBM-RS6000; HP-UNIX
Sun-Solaris)

Coniractor: Computer Simulation

anel Analysis

Business Area: Nuclear Power

EPRI Project Manager: Lance Agee

RETRAN-3D

Version MODO02.8 {(HP-UNIX: AlX: Solaris)
Centractor: Computer Simulation

and Analysis

Business Area: Nuclear Power

EP®| Project Manager: Lance Agee

SCAAD: The Strategic Capacity and
Analysis Database

Version 1.01 (PC-DOS)

Centractor: Fern Engineering

Business Area: New Generation

EPRI Project Manager: Robert Fnschmuth

SGOSM (Steam Generator Degradation-
Specific Management) Design
Contracter; Failure Analysis Asseciates
Business Area: Nuclear Power

EPRI Project Manager: David Sleininger

TLWorkstation™: Transmission Line
Workstation (CORRIDOR, DYNAMP,
FAD, RNOISE, and UPSTUDY

Modules)

Version 3.0 {PC-Windows)

Contractor; Vanguard Technology Co.
Business Area: Transmission & Subslations
EPRI Project Manager. Anwar Hirany

UFIM: Utility Fuel Inventory Model
Version 3,13 (PC-D@S)

Contractor: Applied Decision Analysis
Business Area: Power Markets & Resource
Management

EPRI Project Manager: Richard Goldberg

WATSMPL

Version 1.0 (PC-Windows)

Contractor: D. W. Alsrams and Associates
Business Area: Residential Technelogies
& Services

EPRI Project Manager- Carl Hilier

WinSQUG: Windows User-Friendly
Interface forthe SQUG Seismic
Experience Database

Version 2.0 (CD-ROM)

Contractor: EQE International

Business Area: Nuclear Pewer

EPRI Project Manager: Romert Kassawara

EPRI Events

MARCH

2-5

EPRI EMF Seminar

New Orleans, Louisiana

Contact: Robert Kavet, (415) 855-1061

3-4

Commercial Lighting Efficiency Training
for Utilities

Dallas, Texas

Contact: Larry Ayers, (800) 525-8555

3-4
Open-Access Same-Time Information
System (OASIS) Conference

New Orleans, Louisiana

Contact: Denise Wesalainen,

{415) 855-2259

3-6

Intermediate Underground Transmission
Course

San Antonio, Texas

Contact; Kathleen Lyons, (415) 855-2656

3-6

Power Quality Conference: PQA '97
North America

Columbus, Ohio

Centact: Lori Adams, (415) 855-8763

3-6

2d International Workshop on
Carrosion in Advanced Power Plants
Tampa, Florida

Contact: Michele Samoulides,
(415) 855-2127

114

Generator Monitoring and Diagnostics
Long Beach, California

Contact: John Niemkiewicz,

(800) 745-9982

13-14

EPRI Partnership for Industrial
Competitiveness

Newport Beach, California
Contact: Bill Smith, (415) 855-2415

18-20

Root-Cause Analysis

Long Beach, California
Contact: John Niemkiewicz,
{B00) 745-0982

18-21

Advanced Check Valve Monitoring and
Diagnostics

Legan, Utah

Contact: Jeanne Harris, (800) 745-9982

24-27

Hydrogenerator Maintenance Course
Boston, Massachusetts

Contact: Denise Wesalainen,

(415) 855-2259

25-27

1997 International Clean Water Conference
Baltimore, Maryland

Contact: Christine Lillie, {(415) 855-2010



APRIL

6-10

1997 International Fossil Simulation
and Training

Allanta, Georgia

Contact: Amy Winn, (816) 235-5623

14-16

Predictive Maintenance and Refurbishment
Florence, ltaly

Contact: Susan Bisetti, {415) 855-7919

14-18

Infrared Thermography: Level 1
Eddystone, Pennsylvania

Contact; Jeanne Harris, (800) 745-9982

15-17

Substation and Switchyard Predictive
Maintenance

Long Beach, California

Contact: John Niemkiewicz,

(B00) 745-9982

17-18

4th Annual Strategic Markeling Conference
Orlando, Florida

Contact: Ingrid Bran, (415) 855-1064

22-25

Basic Vibration Testing and Analysis
Long Beach, California

Contact: Jeanne Harris, (800) 745-9982

2-25

Transformer Performance Monitoring
and Diagnostics

Eddystone, Pennsylvania

Contact: John Niemkiewicz,

{800) 745-9982

23-25

1997 Advanced Oxidation Technology
Symposium

Washington, D.C.

Contact: Jose Emmanuel, (510) 525-1205

29-May 2
Motor Monitoring and Diagnostics
Eddystone, Pennsylvania

Contact: Jeanne Harris, (800) 745-9982

MAY

6-8

Fish Passage Workshop

Milwaukee, Wisconsin

Contact; Maggie Loobey, (415) 855-2158

7-9

Midas Users Group Meeting

Phoenix, Arizona

Contact: Susan Marsland, (415) 855-2946

12-16

1997 Continuous Emisslons Monitoring
Conference

Denver. Colorado

Contact: Michele Samaulides,

(415) 855-2127

12-16

Steam Plant Operations for Utility Engineers
Kansas City, Missouri

Contact; Amy Winn, (818) 235-5623

13-14

2d Annual Green Pricing Workshop
Corpus Christi, Texas

Contact: Lori Adams, (415) 855-8763

19-21

Substation Reliability-Centered
Maintenance

Dallas, Texas

Contact: Denise Wesalainen,
(415) 855-2259

20-22

Etfects of Coal Quality on Power

Plants

Kansas City, Missouri

Contact: Susan Bisetti, (415) 855-7919

—

JUNE

2-4

CHECWORKS Users Group Meeting
Myrtle Beach, Scuth Carolina

Contact: Denise Wesalainen,
(415) 855-2259

35
Infrared Thermography: Level 3

Eddystone. Peniisylvania
Contact: Jeanne Harris, (800) 745-9982

4
Water and Energy Conference
Cleveland, Ohio

Contact: Kim Shilling, (314) 935-8590

5-6

Municlpal Water and Wastewater
Program

Cleveland, Ohio

Contact: Kim Shilling, (314) 935-8590

10-12

5th International Conference on
Cycle Chemistry in Fossil Plants
Charlotte, North Carolina
Contact; Michele Samoulides,
(415) 855-2127

10-12

Predictive Maintenance Program:
Development and Implementation
Eddystone, Pennsylvania
Contact: John Niemkiewicz
(800) 745-9082

10-13

Healthcare Initiative Workshop and
Conference

Chicago, lllinois

Contact: Janis Prifti, (415) 641-8332

15-18

7th International ISA POWID/EPRI
Controls and Instrumentation
Conference

Knoxville, Tennessee

Contact: Susan Bisetti, (415) 855-7919

16-19

Power Quality Conference: PQA °97 Europe
Stockholm, Sweden

Contact: Lori Adams, (415) 855-8763

19-20

EPRI Partnership for Industrial
Competitiveness

Chicago, lllinois

Contact: Bill Smith, (415) 855-2415

JULY

14-16

6th EPRI Valve Technology
Symposium

Portland, Maine

Contact: Susan Otto, (784) 547-6872

14-18

Steam Plant Operations for Utility
Engineers

Castine, Maine

Contact: Ginny Commiciotto,
(207) 326-2212

21-23

1997 International Low-Level-Waste
Conference

Providence, Rhode Island
Contact: Michele Samoulides,
(415) 855-2127

23-25

EPRIASME Radwaste Workshop
Providence, Rhode Island
Contact: Michele Samoulides,
(415) 855-2127

29-31

Fluid-Film Bearing Diagnoslics
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(800) 745-9982

AUGUST

11-14

Cooling Tower Conference

St. Petersburg, Florida

Contact; Susan Bisetli, (415) 855-7919

12-15

Generator Monitoring and Diagnostics
Eddystone, Pennsylvania

Contact: John Niemkiewicz,

(800) 745-9982

12-15

Motor Monitoring and Diagnostics

Long Beach, California

Contact; Jeanne Harris, (800) 745-9982

18-22

Steam Plant Operations for Utility
Engineers

Castine, Maine

Contact Ginny Commiciotto,
(207) 3268-2212

23-25

Power Plant Pumps Short Course
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(800) 7459982

25-29

S0,/NO,/Particulates/CEM Symposium
Washingtan, D.C.

Contact: Lori Adams, (415) 855-8763
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