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EDITORIAL

Exploring Chaos

Chaos is all around us In the natural world. Although we often fail 1o notice its presence, it is a constant
influence: in the movement of clouds, the breaking of waves on a shore, the pattern of population growth
in a termite colony. As this month’s cover story reveals, the current scientific fervor for exploring chaos is
beginning to produce remarkable insights about some of the world’s most complex dynamic systems.

The medern study of chaos began only a few years ago with computer experiments by
Edward Lorenz. who was trying to mode!l convection in the atmosphere—the same phenomenon of fluid
motion in response to heat that causes the ever-changing shape of clouds. As Lorenz discovered, once
this motion becomes turbulent—that is, chaotic—one can ne longer hope to predict its exact behavior.
ANngd yet the behavior isn't quite random either, Rather, strange patterns of behavior emerge: bounded,
recognizable, never exactly repeating, and extremely sensitive to even slight differences in initial
conditions.

Since Lorenz’s pioneering work, similar chaotic behavior has been discovered at the heart of
phenomena ranging from market fluctuations and corrosion to heart attacks and fluidized-bed
combustion. Until now, most of the research on chaos has been theeretical, with the major visible
product being computerized images of such startling beauty and complexity that they virtually constitute
a new, fractionally dimensional art form. Mare practical applications have lagged considerably behind.

Recently, however, the study of chaos has begun to move from the realm of theoretical science
to that of practical engineering. Althcugh changes in chaotic systems may not be predictable in detail,
the recognizable patterns of their overall behavior can reveal new ways of exerting control. The operating
conditions of electric power delivery systems, for example, may someday be tuned 1o prevent the onset
of chaos and probable collapse, while those of power plant boilers may be adjusted to maximize chaos
and thus the mixing of air and fuel,

In the field of electric power, much of this theory-into-practice research is being sponsored by
EPRI's Office of Exploratory & Applied Research. Indeed, the effort exemplifies the reason why this office
was created: to fund the exploration of fields that are not yet fully defined and whose boundaries are not
yet confined by traditional academic fiefdoms. It is in such emerging fields that surprising discoveries are
most likely to occur, bringing the hope for unexpected benefits for humanity—for research itself can be
chaotic, in sometimes exciting ways!

%2 SLT\

John Stringer, Director of Applied Research
Office of Exploratory & Applied Research
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RESEARCH UPDATE

Microwave Clothes Dryers

Initial testing of an experimental microwave clothes dryer
indicates that microwave dryers, which may be commer-
cially available in as little as three years, can dry normal
loads faster and at cooler temperatures than conventional
dryers.

Ultrasonic Testing: Computer Modeling
Applications

To help utilities meet requirements for ultrasenic inspec-
tion quaiification, EPRI is exploring the use of com-
puter modeling in the design of qualification samples,
the optimization of inspection procedures, and the
extension of qualification cases.

Tools for Gas Turbine Management
and Maintenance

EPRI has developed a variety of resources for improving
gas turbine reliability and performance, including prod-
ucts and services for unit efficiency analysis, outage
management, troubleshooting, turbine blade refurbish-
ment, and information exchange.

ACOM: Availability Cost Optimization
Methodology

with EPRI's ACOM scftware, utilities can cost-effec-
tively evaluate a large number of proposed options for
improving the availability of power generating units and
select the best candidates for implementation.
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e COVER STORY

Seeking Order in Chaos

Using the tenets of deterministic chaos, EPRI is
doing research to discover whether chaotic be-

havior is a factor in several dynamic processes
of importance to utilities and, if so, how to con-

trol it.

FEATURES

The Challenge of Global Sustainability
At the Electricity Beyond 2000 forum held last
fall, Robert Fri, president of Resources for

the Future, spoke on the pressures of the com-
ing decades, the promise of technology, and
the possibilities for utility industry involve-
ment in global issues.

introducing the Customer Assistance
Center

Offering a quick-response hotline, workshops,
customized consulting, and other services, this
new center can help utilities with a variety of
customer-oriented projects and problems.

Advanced Motors Promise Top
Performance

A new generation of high-efficiency ac motors
incorporating advanced power electronic con-
verters is being developed for applications that
range from small appliances to large indus-
trial motor drives.




THE STORY IN BRIEF

Is chaotic behavior impossible to
understand? Not necessarily,
according to current theory, which
describes an underlying order in
seemingly random phenomena.
Using the tenets of deterministic
chaos, EPRI is doing exploratory
research on several dynamic pro-
cesses of importance to the utility
industry—searching for points of
departure from linear behavior and
for the reasons that predictable
dynamics become chaotic. For
power delivery systems, this
research may help define the differ-
ence between a stable network and a
system failure. For combustion pro-
cesses, on the other hand, chaotic
behavior may actually be encour-
aged in order to optimize the turbu-
lent mixing of fuel and air that leads
to higher combustion efficiency.
Convection and metal passivation
may also have chaolic aspects.
Understanding chaotic behavior in
such processes—learning how to
control it and, if desirable, reverse
it—could lead researchers to a bet-

ter grasp of complex natural phe-

nomena and to very practical

technical fixes as well.

The sudden onset of
chaotic behavior can
be seen in the smoke
from a cigarette. The
smoke rises in a typi-
cally laminar flow
pattern for several
inches but then—even
in completely still air—
breaks into what
appears to be turbu-
lence.
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by John Douglas

OR HUNDREDS OF YEARS, a

fundamental notion of science

and engineering has been that

the behavior of complex
systems could be predicted accurately if
onty one had enough information and
intelligence. This critical assumption was
tirst challenged at the atomic level by
quantum mechanics and has now
received another blow from the emer-
gence of chaos theory. This theory holds
that even for macroscopic systems, tiny
variations in initial conditions may
sometimes create radically different
outcomes, making accurate prediction
impossible. Perhaps most startling of all,
such chaotic behavior can also arise in
relatively simple systems governed by a
few uncomplicated equations.

The implications of this discovery for
electric power equipment and networks
are both disturbing and exciting. On the
one hand, an unsuspected potential for
instability may lurk among the operating
conditions of systems thought to be well
understood. Sudden voltage collapses on
power grids, for example, may indicate
the presence of undertying chaotic
dynamics. On the other hand, under-
standing chaos may provide unprece-
dented control over some of the most
complex and elusive natural processes,
such as combustion, corrosion, and
superconductivity.

Although chaos theory has been
generating considerable excitement in
the academic community, few practical
uses have so far been achieved. To begin
bridging the gap between theory and
practice, EPRI sponsored a workshop,
“Applications of Chaos,” in San Fran-
cisco in December 1990. Organized by
John Stringer of the Office of Exploratory
& Applied Research and Jong Kim of the
Nuclear Power Division, the workshop
brought together specialists from a wide
variety of disciplines—ranging from
physics and engineering to physiology
and computer science. Presentations
included progress reports on chaos-
related projects already being sponsored
by EPRI, as well as reports on other
attempts to bring chaos theory to bear
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Dynamics in a chaotic system are exquisitely sensitive to

starting conditions, Consider two particlies that are driven by the wind. Starting from aimost exactly

the same position, the particles are blown along the same path for some distance. But nonlinear

systems significantly magnify small changes, and the particles soon diverge—not just slightly, but

radically. Such huge end effects from minute differences in initial conditions point up the hopeless-

ness of trying to predict the long-range behavior of nonlinear

systems, such as the weather, by using classical

deterministic approaches.

Diagram courtesy of Felix Wy

on
practical

problems. The

preceedings of the work-

shop will be published in

September 1992 by John Wiley and
Sons under the title Applied Chaos. The
woarkshop also generated several new
proposals for EPRI project sponsorship.

“We're entering a new era,” says Kim.
“It's like the time when quantum
mechanics was developing —first there
was a lot of intellectual ferment, and
then applications such as the transistor
began to appear. Se far, most ef the
investigations of chaos have been
descriptive, a search for the scientific
underpinnings. Not many peaple have
paid attention to how these beautiful
concepts can be applied. We're taking
the lead i that direction.”

The application process, however, will
probably be tong and complicated. “The
problem is how to distinguish ‘determin-
istic chaos’ from stochastic, or totally
random, behavior,” Stringer says. “Chaos
has an underlying order, a pattern that's
not periadic but isn't completely random
either. In any real system, however, some
stochastic processes are also likely to be
present as noise. It's like looking for a
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fuzzy
pattern
through a fog.”

Piercing this fog from
widely different perspectives is
the goal of four chaos-focused research
projects now being sponsered by the
Office of Exploratory & Applied Re-
search. A study of chaos in convective
flows has potential applications in
nuclear safety and thermal plant
operating efficiency. Another project is
looking at fluidized beds, which present
an attractive medel fer understanding
and potentially improving control over
chasetic flew processes; in this case, chaos
is a desirable condition because it leads
to geod mixing. Learning how to avoid
any combination of conditions that could
lead to chaos will be the aim of a project
related to power grids. And a study of
the kinetics of matal passivation may
reveal how chaotic processes influence
cerrosion,




Convection: the problem
of nonlinearity

Although the possibility for chaotic
behavior in dynamic systems was first
recognized by the French mathematician
Jules-Henri Poincaré near the turn of this
century, it was first observed in 1961 by
a meteorologist, Edward Lorenz, as he
tried to develop a simple computer
model of weather on the basis ef
convection currents in the atmosphere.
Puzzled by the sensitivity of his model
to what teemed to be insignificant
differences in starting conditions, Lerenz
simplified the problem even further. He
described a very abstract version of
convection with just three variables and
three equations, but still he found un-
expectedly complex behavior. The
variables changed in a complicated way,
50 it was impossible lo predict their
values with any degree of certainty over
long time periods. Mevertheless, as
Lorenz mapped their long-term trends,
he noticed that the variables produced a
three-dimensional pattern that vaguely
resembled the outstretched wings of a

I—r‘

butterfly. The pattern was net stochastic
—purely random variation would have
produced only a smear—bul it wasn't
periodic either. Mo two lines ever quite
intersected, giving the “Lorenz butterfly”
an infinitely complex microstructure.

it took mwore than a decade and a half
fur this kind of phenomenological
pattern—globally organized but locally
unprisdictable—to gain enough recogni-
tion te be named, and it took even
longer for investigations of chaos to earn
scientific respectability. Indeed, what
eventually led to the current revolution
in the ncience of dynamic systems was
the slow realization that chaotic behavior
i= ubiquitous. Fluctuations in predator-
prev populations, fibrillation of the
heart, the dripping of a faucet, trends in
the price of cotton—all show telltale
sign= of chaotic behavior and are thus

amenable to study through the same
mathematical formalism.

The equations that describe potentially
chaotic systems usually have at least one
thing in common, nonlinearity. [n a
linear equation, an increase in one
variable produces a proportional increase
in another, making the equation easy to
solve. Push twice as hard on a car and it
will accelerate twice as fast. But in
nonlinear equations—which generally
cannot be =oived-—not only do changes
lack proportienality, they may differ
qualitativeely as conditions change.
Cenvection, for example, starts out as a
smoeth flow that speeds up as the
temperature difference between the tap
and the bottom of a fluid increases. But
beyond a certain point, instabilities begin
to appear, and at great enough tempera-
ture differences, the flow becomes turbu-
lent—that is, chaotic.

EPRI's project on chaim in convective
systems, being conducted at thee Univer-
sity of Virginia, aims= to develop a
generic model of nonlinear flow in
critical clectric power devices, such as

transfor: ners, heat exchangers, and
boiling water reactors. Lising the
three original Lorenz equations as
a starting point, researchers are
attempting to determine what
conditions lead to chaotic flow and
what effect this transition has on the
heat removal efficiency of the devices in
question. They will also explore the
feasibility of reversing this process,
driving the system back from chaotic to
periodic flow.

The potential importance of such work
was underscored recently by an incident
at the LaSalle-2 BWR, near Chicago. After
an operator’s valve-setting error, the
reactor apparently made a transition
from stable equilibrium to rapid power
surges. Such surges result from nonlin-
earities in buth thet convective and the
nuglitar prepartics if a BWR. Although
the incident never reprisented a hazard
to either power plant personngl er thi
public, it risinforced the importance of
better understanding the nonlinear
dynamics of reactors.

“We need to understand what condi-

tions can result in chaotic behavior in
major power systems,” says Jong Kim,
who is project manager for the convec-
tion research. "It's not always to be
avoided, of course; chaotic flow is an aid
when you want mere fluid mixing, for
example. But we do need to learn how
to contril chaos, including how to
reverse it. Such research will be particu-
larly important for ensuring the stability
of the next generation of so-called
passively safe reactors, which rely on
natural convection to provide emergency
cesling capability.”

FBC: the search
for strange attractors

One of the times chaos is most desirable
is during combustion, since turbulenci
causes fuel and oxygen to combine more
efficiently than they weuld in a smooth
flow of malerial. Predicting the behavior
of these swirling gases has proved
difficult, however, espetially when
questions of size are involved. A beiler
configuration that werks fine at labora-
tory acale may develop unekpected
prablems when conatructed at a much
larger size for commercial use. Changes
in operating canditions may also bring
unpleasant surprise=. Unexplained
nstabilities, such as pressure surges,
have occasionally been ebzerved in
conventional pulverized-coal units,

I order to better understand such
phenomena, EFRI is sponsoring studies
of chaes during fluidized-bed combus-
tion (FBL). The results of this research
are expected tu be applicable for sulving
problems in a wide variety of combus-
tion systems, including instabilities in
low-Nit burners and the formation of
air pollutants at various stages in
conventional boilers. An FBC unit makes
an ideal mode! for studwing chaos, since
coal and limestone particles are lifted by
upward-rushing gases to form a sus-
punded bed of material that acts like a
turbulent fluid.

At the heart of this research effort is a
search for characteriztic patterns, called
strange attractors, that represent the
signature of particular kinds of chaotic
behavior. The Lorenz buiterfly (some-
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The Conundrum of Fractionai Dimensionality

Parl: of the “strange-
ness” of strange attrac-
tors results from their be-
ing fractals—that is, hav-

sionality from these data,
which can, in turn, pro-
vide information about
hew a dynamic system

ing fractional extension

into multiple dimensions.

Te understand this concept, consider
a line drawn en the top of some bread
dough. If the dough is stretched and
folded again and again, an infinite
number of times, the one-dimensional
line seems o take on a complex, two-
dimensional shape within the dough
—that is, to have a fractional dirnen-
sien between one and twe.

The underlying pattern created by
the line can be seen most easily by cut-
ting through the dough perpendicular
to the felds. The pattern of dots
formed by the severed line ends on
the transverse section is not random.
In some areas the dots lie clese to-
gether; in others they are separated.
More surprisingly, the pattern seen on
the cross section with the naked eye is
similar te that revealed when smail
portions are examined al increasingly
high magnification. What first appears
to be a single dot is actually made up
of several dots, whose spatial rela-
tionships repeat the larger pattern.

This same type eof infinitely recur-
ring pattern, or self-similarity, is typi-
cal of strange attractors, as revealed
by cutting across all their lines plotted
in state space (a process known as
making a Poincaré section). Mathe-
matical methods are available to com-
pute the attractor’s fractional dimen-

EPRI JOURNAL June 1992

functiens in a chaotic
state.

The idea of multiple and fractional
dimensionality is not as unfamiliar as
it might al first seem. In addition to
the three ordinary dimensions that we
use to describe an object’s size or lo-
cate its position in space, other di-
mensions, er parameters, may be
needed to describe the behavier of a
dynamic system. Consider the nu-
merous independent variables in-
volved in the flight of a baseball. Pre-
dicling the ball’s behavior requires not
only specifying its position by three
spatial coordinates, but also knowing
its three directions of linear velocity
and three spin coerdinates—for a te-
tal of nine dimensions, if each variable
is assigned its own axis for graphing
purposes,

When the ball seems to behave in a
strange manner—the curve ball—it is
because spin becomes important in
the system dynamics. In the language
of chaos, the nonlinear behavior of the
ball is caused by its fractienal exten-
sion into the spin dimension. Typical-
ly, then, the “dimensions” researchers
consider in trying to explain real-
world phenomena are not dimensions
of physical length, width, and height,
but rather the parameters that drive
the dynamics of a system, such as
pressure, velocity, er temperature.




times called the Lorenz attractor) is just
one member of this family of patterns,
which are formed graphically by plotting
changes in key variables of a system
against each other. As the name implies,
the behavior of a system settles into its
particular pattern as though attracted by
some strange infiuence that never lets
exactly the same combination of vari
ables occur twice. As long as a system
starts out with conditions inside a
certain range, called the basin of
attraction, it will eventually operate in
the characteristic way, although

one cannot predict just which
combination of variables will

exist at any specific time

because the pattern is

infinitely complex

and has frac-

Diagram courtesy of James P. Crutchfeld

The first l
strange attractor was discovered in 1961 by |'|
Edward Lorenz as he tried to develop a \
simple computer model of weather based
on convection currents in the atmosphere.

If the system were periodic, or deterministic,
the “butterfly’” shape would be cyclically
traced by a single line in a closed loop; if it
were stochastic, ar completely random, there
would be nothing more than a scribble. As a

representation of deterministic chaos, the Lorenz
attractor is globally organized but locally unpre-
dictable: its underlying order is characterized by the

overall butterfly shape, but its lines never quite

touch each other, giving it an infinitely complex microstructure.

tional dimensions (see sidebar).

Once a strange attractor has been
found, it may be possible to recognize its
shape and perhaps identify the types of
equations that generate its structure.
Analytical methods are available, for
example, for calculating the fractional
dimensionality of an attractor. Further
more, a powerful principle of chaos
theory, known as the Takens embedding
theorem, implies that—at least theoreti
cally—the form of a strange attractor
should be identifiable just by examining
how any of the key variables evolves

l'.l .I‘. I\I\ \ ll

over time. This is particularly important
for FBC, since the simultaneous measure-
ment of multiple variables (for example,
pressure and particle velocity) in some
small region of interest is very difficult.
An additional problem, of course, is
the presence of noise: How can you
detect a recognizable chaotic pattern
when it may be obscured by the random
scribblings of stochastic evenls? When
researchers at Argonne National Labora-
tory looked for strange attrac-
tors in pressure fluctuation
data from a simulated
FBC unit

(using

suspended

sand, not burning

particles of coal), they found

nothing identifiable. On the other hand,
as a result of similar experiments,
researchers at Oak Ridge National
Laboratory believe they have found a
way to separate major dynamic effects
from noise, producing a series of
somewhat messy but still recognizable
strange attractors. Equally important,
these patterns are similar to those

produced on a computer model of FBC
behavior by Oak Ridge and Dutch
scientists. EPRI has provided funds for
the work at both Argonne and Oak
Ridge.

“Chaos research may eventually
provide a powerful tool for better
understanding and controlling combus-
tion,” says project manager Jeff Stallings
of the Environment Division. “Our first
aim is to find a way of including chaotic
behavior in our models of fluidized-
bed combustion. Next we
hope to use these

models to

improve

our design
capability, particularly in scaling up
various kinds of major combustion
devices. Finally, by learning how to
recognize and control the chaotic
patterns and key variables, we may be
able to optimize combustion and heat
transfer performance, prevent dangerous
excursions of the operating variables,
and minimize emissions.”

EPRI JOURNAL June 1992 9



Power systems:
blocking the path to chaos

The very idea that chaos may occur in
electric power grids is about as welcome
to utility planners as a heart flutter—
and for many of the same reasons. If
confirmed, it would at least prempt a
fundamental rethinking of the analytical
methods used (o ensure network
stability. At worst, it could mean that
power systems harbor an unappreciated
potential for voltage oscillations and
collapse—the network equivalent of a
heart attack.

EPRI research on this possibility has
been under way since 1989 and focuses
on the chain of events thal might lead to
fully chaoctic behavior. Simple network
models indicate that the onset of chaos is

Final Population

Diagram courtesy of James P. Crutchfield

IFURCATION BEFORE CONFU
SION  The onset of chaos is pre-
ceded by system bifurcations, in
which operating characteristics
can suddenly oscillate between
two sets of conditions. In this dia-
gram, which represents theoreti-
cal population cycles of fish in a
pond as their fertility increases, a
regular one-year cycle splits,
oscillating between two different
population values in alternating
years. After the cycles split three
more times in a stable fashion, the
system turns chaotic and popula-
tion cycles become impossible to
predict. Similar patterns of bifur-
cation can signal the progression
of power delivery systems from
stable to unstable states during
system disturbances.

preceded by system bifurcations, in
which operating characteristics can
suddenly oscillate between two sets of
conditions. Problems multiply if one or
both of the new operating conditions
lead to instability. Also, successive
bifurcations can so disrupt a system that
eventually the number of possible
operating states becomes infinite; in
other words, chaos ensues.

One common type of bifurcation that
has been observed in utility power
systems is period doubling, in which
line frequency jumps between 60 Hz and
30 Hz. “It’s like plucking the D string on
a violin and watching the G string start
to vibrate in response,” says Mark
Lauby, manager of power system
engineering in the Electrical Systems

10 EPRIJOURNAL June 1982
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ALICE IN STATE SPACE

(Being a priver of sorts on chaos, fractional dimensions, and the divergence of
trajectories in strange attractors)

aving fallen to the bottom of the
rabbit hole, Alice suddenly found

herself caught in a violent whirlpool
that tossied her up to the surface and
then down into the depths, seemingly
at random. When she was finally able
to catch hold of an owverhanging
branch, she heard a soft, somewhat
pedantic voice nearby.

“You realize, of course, that your
movement isn't really randem,” said
the White Rabbit. “If this were a purety
stochastic process, you could wind up
anywhere in the pond at any moment.”

“Then just what would you call
this?” Alice sputtered as she pulled
hersell toward land.

101

chaos,”  the

this is a manifestation of
White  Rabbit  replied.
“You're caught on a strange attractar in
state space. Quite organized globally,
but locally unpredictable. Very sensi-
tive to inilial conditions—you could

jump into the whirlpool at afmost the

same place again and again, and each
time you'd travel pearly the same tra-
jectory for a while, bul soon there’d be
no telling where you might end up.”

Alice finally made her way to safety
and glared, dripping, at the White Rab-
bit, who clicked his stopwatch but
made no move to help her. "I suppuse
you're going to tell me this is some
kind of experiment,” she said.

“Well, that’s a matter of some cim-
troversy. You see, for years mathemati-
cian= wouldn’t touch chaos theory be-
cause il had emerged from experiments
an computers, and who ever heard of
experimental mathematics? On  the
other hand, physicists dismissed it as
an irrelevant curiosity.”

“It must be physics,” Alice declared.
“You talk like my phwsics teacher. But
what are those strange-looking moun-
tains?”

v

“That’s the range of fractals,” the

White Rabbit replied. “Watch what

happens as we walk toward it.”

As she approached the mountains,
Alice noticed that they weri just cut out
of paper, with jagged peaks that looked
ever more complex the closer she gut
to them. Then the White Rabbit handed
her a magnifying glass, and =he saw
that even the smallest details reflected
the same patterns as the largest praks.
“Curiouser and curiouser!” Alice ex-
claimed.

“Fractional dimensions,” murmured
the White Rabbil, retrieving his magni-
fying glass. “The outline of the moun-
tains is infinttely long hecause it's inti-
nitely detailed, yet it occupics a finite
area, A fractional dimension tells how
canvaluted it is. The outline of this par-
ticular mouniain range is known as a
Koch curve and has a dimension o
1.2614, or thereabouts.

“But what does thiz have to do with
chaos?” asked Alice.

“Why, fractional dimens=ions are the
sine qua non of chaos,” the White Rab-
bit snapped, a little petulantly. “If you
draw a strange attractor in stale space,
it will have fractional dimensions.
That's swhat keeps the trajectories frism
ever intersecting. The boundaries be-
tween basins of altraction are also frac-
tal. Some are quite lovely, by the way —
just lovk al our Mandelbrot sets ovier
here in the garden.”

Alice was rapidly lesing interest.
“Does any of this have anything to do
with the real world?” she asked.

“(ih yes,” replied the White Rabbit.
“Any nonlinear system has the poten-
tial to show chaolic behawior. Take
fuidized-bed combustion, for exam-
ple..."

But Alice tound her head swimming
in circles again and =oon awoke under
the tree where she had been sitting,.

“You must have been dreaming,” her
"You

bling in the most chaotic manner.”

mother remarked. were mum-

“Oh yes,” Alice replied, "1 met a
white rabbit, and he went totally non-
jinear on me.”

EPRI JOURNAL  June 1992
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investigating the existence of chaotic behavior
on power systems. The graph shows the
relative generator bus angle on a simulated
system, driven to an unstable, chaotic state by
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8% —quite a small change.
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Division, who was a fiddler in his youth.

“As long as the violin is constructed to
withstand both kinds of vibration,
there's no preblem. But some power
systems might be hypersensitive to the
new frequency and collapse after a
bifurcation—which wiruld be like
having the violin fall apart in your
hands. With chaos there are an infinite
number of possible frequencies, and the
system could collapse from experiencing
any of those outside its design limits.
What we hope to do is learn hew to

eliminate conditions that could set up
network bifurcations, and thus black the
path to chaos.”

EPRI-sponsored work in this area is
being conducted at Cornell University
and the University of California at
Berkeley. Using highly simplified power
system models, researchers have identi-
fied various kinds of bifurcations, as
well as chaos, among the myriad
operating conditions that affect the
behavior of variables in the “state space”
of the system. Although such observa-

tions must still be considered rather
tentative—the problems observed could
conceivably result from modeling
inadequacies—they nevertheless raise an
important warning flag. The researchers
conclude: “These studies do establish the
presumption that chaotic behavior will
exist in most power system models. [t is
not clear, however, if chaos occurs for
parameters in regions sufficiently near
lordinary] operating regimes to affect the
stability region [of ubility power systems]
to a significant extent.”

EPRI research at Oak Ridge National Labora-
tory is zeroing in on strange attractors that
describe the overall fluidized-bed combustion
system. The inclusion of chaotic behavior in
models of mixing and combustion is expected
to help engineers optimize the design, scale-

up, and control of future FBC units.
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Observing the onset of chavs in a
utility power system would require
analyzing massive quantities of data that
would not ordinarily be available, Lauby
explains. Analysis of a 1987 voltage
collapse on the Tokyo Elictric Power
Company system, for example, indicates
that chaotic behavior may have led to its
onset, but the case has not been proved.
Current research is fiicusing on the use
of larger models, in hopes of pinning
down conditions that could lead to
chao= on utility power systems and
perhaps= identifying the type of strange
attractor involved.

"This work is laying the theoretical
foundation for future developments,”
adds Meal Balu, manager of the Power
SHystem Planning & Ulperations Program,
“We have always recognized that power
systims have nonlinearities, but now
that we have established the existence of
¢hads and bifurcations in these s¥stems,
we must develop accurate ways to
reliably identify their presence. Then
we must create remedial measures
for controlling systems and steering
them away from these conditions.
Finally, analysis tools must be developed
to enable vus to design power systenms
that will not be threatened by this
behaviorn”

Metal passivation: exploring
microscopic chaos

Lorrosion of metals exposed to reactive
gases or liquids can be prevented by
improving metal passivation—the
reduction in chemical reactivity of a
imetallic surface as its eleciric potential
ingreases. The rusting of buried iron
pipes, for example, can be retarded by
attaching the pipes to a power source
that changes their electric potential
relative to the ground. Similarly, the iron
in submerged oil rigs is protecied by
attaching magnesium blocks that react
chemically with seawater and create a
potential difference like that in a batterv.
(The magnesium act= as a “sacrificial
clecirode”; that is, it is eaten away
instead of the iron.) Being able to extend
metal passivation to other tructures
could be enormously beneficial, since an

estimated 4% of the gross national
product is lost te corrosion.

The sets of equations used by various
madels to describe metal passivation are
all nonlinear, =0 there is an inherent
possibility if chaiitic phenimena being
involved. So far, however, no single
maxdel has been able to account for all
the important aspects of passivation, and
EPRI research is ficusing on how chaos
theory can be used to assess the ade-
quacy of the various models.

“If a set of equations predicts that the
world will end on Tuesday, and it
doesn’t, then you may suspect the
equations are wrong,” jokes project
manager Johu Stringer. “In much the
saMe way, we can use chaos to test
different models’ equations of metal
passivatian. Specifically, our coniractors
are looking for conditions under which
the surface potential of metals becomes
chaotic and are trving to understand
what that means for corrosion. In
addition, this kind uof research may help
us develop better methods of predicting
catastrophic failure in metals, such as
cracking, This work is exploratory in the
best sense of the sword —complicated,
nit well defined, but likely to produce a
very fruitfui outcome.”

Already, work conducted under EPRI
sponsorship at Battelle Memorial
Institute and Cdhio University has led to
the development &f a new madel of
metal passivatiom, which is based on
clements of two previous models. The
model indeed prdicts that chaos will
occur during the passivation process and
identifies several different bifurcation
routes to full chaotic behavior. The
physical implications of the muodel
remain unclear, however, because of the
surprikingly comples way chaos appears
and disappears again in response to
even =mall changes in key parameters.
Such results indicate that the analytical
methods of chadgtic dynamics must be
employed in the study of even the
simplest models of corroston, and that
experiments to interpret the results of
models will require very priecise control
of electrischemical conditions at the
metal surface.

A broadening of perspective

Perhaps as important as any of these
immediate results is the growing
impression among researchers in diverse
fields that chaos thiory opens new paths
for understanding complex natural
phenomena and offera new incentivis
for reésearch that is cross-disciplinary on
an unpricedented scale. The need for
this broader perspectivir has been argued
in particularly strong terms by John
Dorning of the University of Virginia,
who is conducting cunvection research
under EPRI contract. “For decadis,” he
writes, “engineers, scientists, and mathe-
matician= alike, for the most part, when
confromted with nonlinearity looked the
other way, or lovked and shrugged their
shoulders, or worse yet, looked and saw
nathing at all bevond that which their
intellectual tunnel vision allowed.”

The time when that kind of narrow
focus was productive has now imded.
“With chaos, we're im the brink of a new
classical dynamics,” declares Jong Kim,
who then adds with a chuckle, “and
people thought classical physics was
dead.” But John Stringer adds a note of
caution: “it's called the curse of dimen-
sionality —the amount of data you need
to understand a system rises expongn-
tially with the system’s dimensionality,
that i, the number of independint
variables or degnzes of freedom neirded
to describe it. Some of the projects
invelving what we theught would bi
simple queslions have turned oul to be
very ditticull. And, of course, there's the
problem of noise. In many cases, it may
be very hard to get dala set= that are
sufficiently tidy for understanding chaos
On the sther hand, chaos theory can
help us lparn the limits of predictability
for very complex syvstems, such as the
weather, and may even give us new
tools for controlling these systems,” @

Backgraund wiarmalion for s arucle was provided by
John Stringer of the Office of Eaploratory & Applied Re-
sgarch Jong Kim of [he Nuclear Power Dwision Jatt
Stallings ol the Environment Bivision, and Mark Lauty ot
the Electrical Systems Bivision
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T IS CLEAR THAT OVER THE NEXT

SEVERAL DECADES the world will

face a stark problem. During this

time, world populatien will double to
around 10 billion people or perhaps more.
Most of this growth will take place in
the developing world, where average per
capita income is about one-tenth that of
the industrialized nations. And so, in
short, we face the prospect of a planet
where 90% of the people are poor. Alter
ing this prospect will be a formidable chal-
lenge. Just as an example, if the per capita
income of the majority of the world’s peo
ple were to rise to only one-third of that
which the developed countries might en-
joy a century from now, then the world

economy would have to expand in real
terms by 30-fold aver the next 100 years.
And although most of us—and surely the
poor—would view this as a desirable re-
sult, such growth would place enormous
demands on our stock of natural and en-
vironmental resources.

There is a new term in the debate which
addresses this problem— the terin sustain-
able developnent. The goal of sustainable
development is to obtain that kind of
rapid economic progress without exhaust-
ing the planet’s resource endowment. The
report of the World Commission on Envi-
ronment and Development, usually called
the Brundtland Report after its chair, ral-
lied the nations of the world 1o this goal.

The commission insisted that we attend to
the economic needs of the world's people
as well as the quality of our own envi-
ronment, and in doing so the commission
laid down its now famous definition of
sustainable development: that we must
meet the needs of the present without
compromising the ability of future gener
ations to meet their own needs.

The Brundtland Report takes on this
challenge with a rare sense of hope. The
message of the authors is “not a predic-
tion of ever increasing environmental de-
cay, poverty, and hardship in an ever more
polluted world among ever decreasing re-
sources. We see instead the possibility for
a new era of economic growth, one that

The Challenge of Global Sustainability

THE STORY IN BRIEF

A tremendous surge in world popu-
lation growth—especially in the
developing countries—will create
unprecedented societal, econom-
ic, and environmental pressures in
the coming decades. calling into
question the likelihood of sustain-
able development for the world at
iarge. Robert Fri, president of
Resources for the Future and chair-
man of the Institute’s Advisory
Council, spoke on this issue at the
Electricity Beyond 2000 forum., spon-
sored last October by EPRI and the
International Electric Research
Exchange. Fri points up the impor-
tance of technology and of invest
ment by the industrialized world in
resolving this dilemma, and he high-
lights why the electric utility industry
should have partficular interest in
becoming pait of the solution.
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must be based on policies that sustain
and expand the environmental resource
space.”

That sustainable development means
economic development as well as envi-
ronmental protection is often obscured in
debates about global climate change and
other environmental problems. But hu-
man well-being is central to the concept,
and if meeting the obvious economic
needs of the poor is not reason enough,
the Brundtland Report stresses that the ab-
sence of development is itself a chicf cause
of environmental degradation. In other
words, neither the rich nor the poor can
have economic or environmental security
without economic development.

to use our natural resources ever more
efficiently to deliver food, fiber, encrgy,
and the other services necessary for our
economic well-being. According to the
Brundtland Report, the global economy
multiplied 50-fold in this century, and
four-tifths of that growth came since 1943.
And despite this enormous growth, the
prices of many natural resources have not
riscn much in real terms for decades, sug-
gesting that the process of market and
technologies has in fact dealt with re-
source scarcity at acceptable cost. And it
has done so, as | say, importantly because
of technology.

Still, there is an alternative view that
raises the possibility of ultimate limits. in

some of the problems the world is likely
to face over the next century, it should be
clear—at least in a general way—that the
goal of sustainable development through
technological change has significant im-
plications for the electric power industry.
More specifically, it seems to me that the
industry is linked to sustainable develop-
ment in three crucial ways.

First, sustainable development depends
on clectricity. The history of cconomic de-
velopment is that the demand for electric-
ity will outstrip the pace of economic
growth, especially in rapidly developing
countries. And the reason is perfectly
clear: gathering fuel wood and running lo-
cal waste digesters for fuel gas is not an

either the rich nor the poor can have economic or environmental

security without economic development.

For these reasons, it seems to me that
the vision of the Brundtland Report is in-
escapably correct. But if we accept the
ncedto enlarge per capita income formost
people and the inevitability of significant
population growth, then it follows that we
must look to technology as the chief en-
gine of sustainability. A central issue of
sustainable development is whether tech-
nology—by which 1 mean both hardware
and the knowledge to use it wisely—
whether technology will allow us to man-
age our natural and environmental re-
sources wisely. And on this issue there is
a dispute. On one side stiand thosc who
believe that technology will continue to
satisfy the wants of society without seri-
ous resource constraints. These optimists,
who include both economists and tech-
nologists, believe in markets in which in-
cipient scarcity triggers an increase in the
price of the affected resource and, re-
sponding to this price signal, technology
emerges that altows us to use that resource
more efficiently.

History supports this view Technology
has been the reason that the industrialized
world has been able to sustain unprece-
dented economic growth for nearly two
centuries. New knowledge and innovative
products and processes have enabled us

this view, consumption of material goods
cannot forever increase, and in any case,
we should prefer quality over quantity
of consumption. From thermodynamics
comes the idea that it takes an ever-
increasing amount of work to put nonre-
newable resources back into usable shape.
One cannot recycle the same beer can for
ever So we are ultimately left, in this view,
to rely on the sun's emergy as our sole
source of support, and when this daily
ration ot energy falls below that needed
to overcome the dissipative use of non-
rencwable resources, cconomic growth
ceases. 1 suppose growth will end some
day. But this fact is only a somewhat trou
bling curiosity if technology gives us am-
ple time before the limits are reached.
But it is on just this point that the skep-
tics’ argument is the most powerful. They
simply insist that productivity of resource
use cannot increase forever And so, to
make their case, the optimists—and 1 in-
clude myself among them—had better be
prepared to show that there is real tech-
nology to support the assertion that re-
source limits can be overcome. And given
the constraint of sustainability, it had bet-
ter be the right kind of technology.
Against this background of a general
notion of sustainable development and

attractive way ta get energy for the eco-
nomically well off. They would rather flip
a switch, and of course it is well known
that modern industry depends on elec-
tricity.

A few statistics will perhaps give some
sense of the role that electricity plays in
deveiopment. For instance, tatal per capita
energy use in Western Europe is about 3
times what it is in China. However, Eu-
rope uses 10 times the amount of electric-
ity, on a per capita basis, that China usecs.
South Korca is a country experiencing
rapid cconomic development. Total cn-
ergy use grew in South Korea between
1970 and 1990 by a factor of 4, but the use
of electricity grew by a factor of 9 during
this period. So the first link of sustainable
development depends on electricity

A sccond reason is, of course, that en-
ergy production has the potential for cre-
aling global and regional and trans-
boundary environmental problems, and
that it is also implicated in the climate
change issue. Certainly the OECD coun-
tries are familiar wvith this link between
energy and the environment. They strug
gle with particulate emissions and acid
rain and other problems at some consid-
erable expense to their electric power in-
dustries.
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But even at an early stage of develop-
ment, other countries have already enr
countered similar problems. For example,
Seoul’s average 1979-1984 sulfur dioxide
concentration was the fourth highest
among 54 world cities and substantially
above the World Health Organization’s
guidelines for an acceptable level. Bei-
fing’s rank was ninth on that list, despite
its low per capita use of energy. And these
are not isolated examples that are unlikely
to portend much for the future. Most de-
veloping countries have large reserves of
fossil fuels on which to base the expansion
of their electric power industry.

In consequence, a major influence on
achieving the goal of sustainable develop-

velop such technologies, then it seems to
me electric technologies must be in the
vanguard of meeting that challenge. Now
these tight bonds between the electric
power industry and the goal of sustain
ability raise the important question of
how, if at all, your industry should use its
technology to serve the special needs of
the developing world as well as the needs
of industrialized nations. This question is
especially relevant for research institutes
gathered here, and trying to deal with that
question will be the focus of the balance
of my remarks.

To do so, it is useful to distinguish be-
tween two aspects of the issue: first, how
the industry might use its technological

sound technologies. It is a simple but very
powerful idea. For if countries want to
buy environmentally sound technologies
as a matter of course, it seems to me we
can be confident that the private sector
will readily meet that demand. But it is
also true that a demand for umsustainable
technology will also be met. And since
most electric technologies have a very
long lifetime, it is critically important to
create the right kind of demand and to do
so promptly, especially in the developing
world, which will be adding new capital
stock in their electric power industry
much more quickly than the OECD coun-
tries.

In the long run, the best way to create

A major influence on achieving the goal of sustainable development will lie

in the way developing countries choose to meet their need for electricity.

ment will lie in the way developing coun
tries choose to meet their need for elec
tricity. And these choices, of course, affect
all of us. Again, just to give some statis-
tics that suggest the importance of the de-
veloping countries in this process, carbon
dioxide emissions in India, China, and the
former Soviet Union grew at the annual
rate of 6.4%, 6.0%, and 3.1%, respectively,
between 1970 and 1988. Compare this
with a growth in the United States of 0.6%
over that period and a decline in France
of1.6% due to its nuclear energy program.

The final bond between sustainable de-
velopment and the electric power indus-
try is technology itself—the capacity for
developing it possessed by the institutions
that you in the audience represent. You
have already demonstrated that technol-
ogy can be the key to resolving conflicts
between energy and the environment. But
the demands for natural and environmen-
tal resources created by a more crowded
and poor world will create the need for ac-
celerated technological advances. The nec-
essary technologivs will use scarce fuels
more efficiently to produce the economic
goods and services that peopledesire, and
they will produce fewer residuals left in
the environment. And so if the essential
challenge of sustainable growth is to de-
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capability to promote sustainable devel-
opment, and second—but as important—
why it should set out to do so. On the first
point, it seems to me that the electric
power industry is unusually well posi-
tioned to help developing countries put
sustainable technology to work. To see
why | reach that canclusion, let's consider
what 1 regard to be the four prerequisites
for successful technology cooperation, by
which [ mean the process of delivering
technologies to people in the developing
world who need it.

First of all, and most obviously, there
must be the technology, and behind it the
research and development programs nec-
essary to bring that technology into being.
Now there is no great mystery here tor this
industry and particularly for you. Con-
siderable work has already been done to
identify the research agenda for develop-
ing environmentally sound tecimology,
and ['m sure that this conference will ad-
vance that agenda a long step forward.
Moreover, your institutions represent a
formidable capacity to carry out the nec-
essary research for the world as a whole.

The second prerequisite to successful
technology cooperation is almost equalty
obvivus. It is that there must be an in-

digenous demand for environmentally

such a demand is through private markets
in which prices reflect environmental costs
as well as private costs. Creating such
markets and the appropriate price signals
is, of course, a verydifficulttask, although
events in the Soviet Union, Eastern Eu-
rope, and elsewhere do provide some
hope that markets will replace central
planning as the dominant form of eco-
nomic organization. Also, there are some
sigiws of progress on how to incorporate
social cost in the price system. In fact, a
series of international studies now under
way to calculate the social cost of energy
production and use is an important ex-
ample. But all of this will take time. So, in
the nearer term, the mechanisms for cre-
ating a demand for technologies that serve
both economic and environmental goals
will fall short of that market ideal. More
important, it is clear that whatever mech-
anism comes into being for expressing
these demands, the electric power indus
try will do much of the demanding. Your
industry has in its hands the ability to
determine whether the right demands
are created, and no industry is better
equipped by experience to balance envi-
ronmental and economic goals in the con-
text of longrange investment planning.
The third prerequisite to successful



technology cooperation is that developing
countries acquire the indigenous capacity
to plan for, procure, and operate the tech
nologies they need to solve their economic
and environmental problems. There are a
host of reasons behind this principle, but
they boil down to essentially the fact that
people want to do things for themselves.
Of critical importance in this regard is that
nations want to make their own informed
economic-environmental trade-offs. And
unless these tradeoffs are made wisely at
the national level, there is little hope for
effective cooperation in international fo-
1ums on issues like climate change.

But here again, the electric power in-
dustry can play a central role. Your in

I ncreased demands for natural and environmental

for they have already had to strike that
economic and environmental balance. You
have the capacity to develop the tech-
nologies thus demanded, and utilities are
fertile ground for instilling the indigenous
capacity to construct, to operate, and to
maintain these technologies. So [ submit
that the central issue is not whether you
can do the job but whether you want to,
and, more specifically, whether you are
prepared to undertake the transfer of re-
sources from the developed to the devel-
oping world required to get the job done.

It is my own belief that helping devel-
oping countries use sustainable technolo-
gies to meet their need for electricity is in
the selfinterest of the utilities and gov-

the need for accelerated technological advances.

dustry, as I have noted earlier, will plan
for, procure, and operate much of the tech-
nology needed for sustainable develop
ment. And because electric utilities tend to
be large, stable, technically strong organi-
zations, they are among the most attrac
tive institutions in which to develop the
indigenous capacities necessary to per-
form these functions.

Finally, global technology couperation
means sharing scarce resources. The de-
veloped and the developing world de-
pend on one another, as [ have said, both
economically and environmentally. The
developing world properly aspires to eco-
nomic wellbeing and environmental san-
ity. But most of the needed financial and
technological resources they must have
exist in the industrialized nations. So, in-
evitably, we all must face the issue of
transferring these resources from the
wealthy to the poor—even at some ex-
pense to the former

This outline of the conditions for suc-
cessful technology cooperation demon-
strates the central role of the electric
power industry in achieving sustainable
development. Utilities will create much of
the demand for the right technologies, and
the planning techniques for identifying
this demand are understood by utilities,

ernments of the industrialized world. One
reason is avowedlv commercial. [f sus-
tainable development succeeds—and I'm
sure we all hope that it does—then the
market for electrical equipment of all
tvpes will grow substantially. Nations that
have developed such products and the
means for transferring them to lesser-
developed countries will have a major
competitive advantage in future electrie
ity markets. My second reason is equally
seltserving. Global environmental prob-
fems require glebal solutions, and the
most efficient solutions may be found any-
where in the world. Theretfore, developed
countries should be looking around the
world and to the transfer of resources in
tackling these problems.

Let me give you an illustration of what
I mean. Suppose that the United States de-
cided to invest heavily in the mitigation of
carbon dioxide emissions; as you can see,
this is hypothetical. If that happened, our
electric utilities would incur substantial
costs. Faced with this prospect, utility
managements would try to minimize
those costs by seeking the most efficient
ways of reducing carbon dioxide emis-
sions. And one of the best places for them
to look would be in the developing coun-
tries, for it is almost certainly true that it

would be cheaper to help a developing
country reduce its carbon dioxide emis-
sions than it would be to try to achieve the
same result here at home. It is also likely
to be easier, since these countries are likely
to be building new power-generating fa-
cilities, while industrialized nations like
the United States must contend with a
slowly changing capital stock. [n other
words, efficient solutions to global prob
lems are possible only if they are sought
globally, and, therefore, individual devel-
oping countries ought to be motivated to
find solutions on that basis, in their own
self-interest.

To rely on these admittedly selfish rea-
sons to motivate action toward sustain-

resources will create

able development is not intended to de-
value the persuasive ethical reasons for
helping the world to develop in a sus-
tainable way. Rather, it is only to suggest
that electric research institutes of the in-
dustrialized world may find that the le-
gitimate interests of their sponsors and
their governments are well served by fol-
lowing this sustainable path. And if that
is so, the goal of sustainable development
should significantly shape the current and
future research agenda of the institutions
represented here, and [ wish you every
success on that voyage. a

he electric power
industry is unusually
well positioned to help
developing countries
put sustainable

technology to work.
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ATE LAST

DECEMBER,

abput the time

mist people were
winding down for thee hali-
days, an urgent call came in-
to EPRI's Lustomer Assistance
Lenter (ALY hotline in Dal-
las. Entergy Corporation of Arkanzas was
on the line with a problem. The utility
needed to find an experienced contrac-
tor—quickly—whao could screen 100 po-
tential  demand-side management pro-
grams. In order for the utilitv to meet a
regulatory deadline, the n=ults had to be
in hand within three weeks.

The problem was that tinding the right
contractor can be a lengthy process. En-
tergy would normally fssue a request for
proposals and, once conlraklors respond-
ed, would invite them in to make presen-
tations. After selecting a vendor, Entergy
then would initiate the proress of putting
taigether a contract that both sides could
agme on. “We called Al to see if they
could help us speed up the process,” savs
John Fritz, program support specialist at
Entergy.

Larry Lewis, the manager ol L AL, spoke
with the utility over the phone on a Fri-
day and arrived in Little Rock the follow-
ing Monday te help Entergy plan is
course of action. Two days later, a con-
tractor arrived to handle the task. “In the
course of a few days, we wirre able to ac-
complish what otherwise would have tak-

o

en a couple of months,” =ays Fritz.
Despite the holiday season, Entergy’s

vendor was able to meet the three-week

deadline, turning in its results on Janu-

ary B “Without the {Customer Assistance

THE STORY IN BRIEF
EPRI's neu Custemer
Assistance Center is
designed to belp member
ulilities take full advan-
tage of the resources of
the Customer Systems
Dirvision. Members can
call the center’s hotline
twith pressing questions
and needs and get swift
access 10 a variely of
services., including
worksbops, customized
consulting, and assis-
tance in locating, select-
fng, and coniracling
with vendors. Ulility
representatives wbo barve
used these services
repert saving a signifi-
cani amount of time and
money and gaining
valuable in-bouse exper-
tise. Though the center
was established by CSD,
EPRI’s otber technical
dirisions are already

gelling involved.

by Leslie Lamarre

Center, we
probably would have
had to say ‘We can't do it within

N

that time frame,”” notes Fritz.

The help that CAL provided Entergy is
just one example of the type of service
the new center is offering EPRI members.
Viewed by many as providing a eritical
link in the delivery of EPRI's expertise to
it members, the Dallas-based center =pe-
cializes in providing quick response to
short-term questions and problems. It is
dimigned to help EPRI members take full
advantage ot the resources of the Cus-
tomer Systems Division (C5D), which
works on issues ranging from demand-
side management to power quality. In the
words of Tom Ssbey of Houston Lighting

-

£ Power, “CAL i= helping us get the most
bang tur the buck out of our EPRI dollar.”
The center offers training seminarz and

.

workshops tailored to members’ needs,
support for users of L5D =oftware, and
general consulling on products and ser-
vices of the division, among uther types of
assistance. During it= first ¥ear and a half
of operation, AL served more than 150
utilities across the country. Though the
center was established as a CSD resource,
other divisions are also getting involved.
At least one of EPRI's five other technical
divisions already offers some of the samwe
services through ©AC,

The birth of CAC

The idea for the Custinmer Assistance Cen-
ter grew out of the results of a survey con-
ducted earty in 1940, in which EPRI asked
its members to assess needs and concerns
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Designed to betp member ulilities take [ ull adrantage of tbe resources of EPRT's Customer Systems Division, tbe

Customer Assistance Cenler links members witb producls and services tbat address tbeir needs. By calling one

ceniral numbeyr. members can access (be cenler’s full array of services.

Rattlze

An EPRl member can call
tbe boltine (1-800-766EPRI )
with a pressing queslion
and in mosl cases receire an

answer witbin 23 bours.

=

=

Remotoliok

With Remotelink’" an
instructor and a user can
operale Ibe same piece of
sofiicare simullaneously al
different tocations. This
atlow's for quick and effec

tive software suppori.

Jamy-starte

Jump-start consulting books
members up withb tbe lools

1bey need lo starl tbeir owrn
studies or taunch tbeir vin

programs.

finposit Accaonts

By setling np a deposil
account wilb CAC, a mem-
ber ulilily can speed up (be
contracling anc paymeut
processes. The cemter will
pay tbe utilily's consuflaiit s
direclly tbrough tbis
accowrit, baneiting ali (be

Workshops

CAC can orgarniize work-
sbops to be betd al a mem-
ber utility's location,
tailored lo tbe utility's

needs.

¢ 0

raised by increasing competition in the in-
dustry. The results showed that members
placed a greater emphasis on the value of
EPRI products and services and were
counting on these resourves to help them
through trying times.

[nvestigating the matter further, Lewis
determined that some valuable EPRI prod-
ucts and services were not always being
fully exploited by members. Utilities need-
ed access to a comprehensive source of ex-
pertise on a wide range of CSD products.
Also, utilities said, once a particular prod-
uct was in hand there was sometimes a
need for additional user support.

The Customer Systems Division devel-
oped the concept for the center as a place
that would provide services to heip re-
duce the time required for members to
take advantage of the division’s resources.
The division quickly gained support far
the idea from utility representatives on re-
lated CSD advisory committees. Lewis be-
gan operating CAC on a pitot basis early
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paperuork snvoived.

tast year from his office at EPRI’s Palo Alto
headquarters. For about eight months he
experimented with different types of ser-
vices, getting feedback from the member
utilities involved. By late August the con-
cept was much more refined, and Lewis
was relocated to Dallas.

For three months Lewis operated the
center out of temporary headquarters in
Dallas. Then in January of this year the
center opened its doors to the public at its
present location, a business development
park in Irving, just west of Dallas. Today,
in addition to Lewis, the center’s on-site
staff includes two full-time employees. Of
fice manager Sharon Ross oversees the
day-today operations of CAC, while cus-
tomer systems representative Diane Ken
dall answers calls that come in through
the center’s hotline and responds to mem-
bers’ inquiries. Providing a human link to
the Customer Systems Division at EPRI is
Paul Grimsrud, who serves as the CAC li-
aison. Grimsrud fields questions that

come in from the center and helps handle
utility requests that come in through the
division in Palo Alto. He also fields CAC-
related inquiries from the division’s staff.

The center occupies the 15th floor of a
22-story building that demonstrates cool
storage technology The 7500square-foot
site also serves as a regional of fice for EPRI,
housing representatives from the Mem-
bership, Environment, and Electrical Sys-
tems divisions and fram the Technical Op-
erations Group and the Delivery Systems
Oftice. The center is just a 10-minute drive
from the Dallas airport. [n fact, Lewis can
see the airport from his office window
which is @ good thing, since he spends
about 80% of his time on the road.

For many of the projects involving on-
site work, Lewis tries to be the first one
to arrive at the utility. On the basis of his
assessment of the situation, the utility de-
termines whether to handle the work in
house or hire a contractor. The center will
share the cost of assistance that simply



involves the transfer of EPRI technology.
Utilities are responsible for picking up the
tab when projects involve gathering data,
customizing software, or other types of
additional work.

Even with the help of contractors, re-
sponding to an average of 200 calls to the
hotline each month is enough to keep
Lewis and his three staffers more than
busy. “The reat challenge is trving to sus-
tain the utilities we’re supporting while
handling the increasing demand on our
service,” Lewis says. That demand is ex-
pected to increase steadily as more utili-
ties leamm about CAC. Lewis expects to hire
a field representative soon, a change that
will help ease his travel schedule. Still, he
insists, “We're trying to stay lean and
mean.”

CAC services

The Entergy case is one example of what
the CAC staff calls jump-start consult-
ing. Through jump-start consulting, CAC
hooks members up with the tools or con-
sultants they need to start their own stud-
ies or launch their own programs. In 1991
CAC conducted 28 jump-starts. Some
jumpstarts, like Entergy’s, are reactive,
spurred by a utility that called the center’s
hotline with a problem. Others, called
proactive, are inttiated by the center. Un-
like reactive jump-starts, which address a
single utility problem, proactive jump-
starts typically entail several EPRI prod
ucts that address one or more problems.

In either case a representative from the
center will visit the member utility to
gather information, analyze issues, and
identify resources that may help. As a re-
sult of this visit, the utility may decide that
it can complete the project in-house. [f
consulting scrvices arc required, the cen-
ter can make the' arrangements.

In Entergy’s experience, the need to
screen 100 DSM programs weas among the
initialsteps in the development of the util-
ity’s first least-cost plan. Entergy had ex-
perimented with conservation and load
management programs in the 1970s, but
the more sophisticated DSM programs that
have emerged in the past decade were rel-
atively new to the utility. “We needed a
contractor to screen the programs but

Nathne

Tbe Tennessee Valley
Public Power Aulborily
ealled tbe botline asking

P W e
SR 7
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Jor belp it timeseries

| Jorecasting. CAC recom-
mended Forecast Masler
Plus, an EPR I-developed
sofluare program, and
worked witb TVPPA, a
wbolesale power com-
pany, lo issue 165 copies
of tbe code fo its distri
bution customers. CAC
also conducted four
worksbops at different
locations lo train users

of Ibe program.

Workshops
Houston Ligbling &

Power will save an
eslimated $500.000 orer

Ibe next tbree years on

Ibe cost o fevaluating
demand-side manage-
ment programs. Ibanks
fo an on-sile worksbop
{bat CAC arranged.
Some 50 HIGP sialf
members allended bat
worksbop. acquiring (be
skills and &nowledge lo
develop tbe plars wilb-
oul relying on outside

countractors.

Slaff members al Nortb
ern Stales Power were
using a piece of EPRI

soflwcare wben tbey ran

info a problem in lrying
o read a dala file.
Tbrougb Remolelink, a
CAC contractor wwas able
fo examine tbe utitity's
situation from aff-site
and bel p Ibe users
resolve (be problem

witbin minntes

didn’t really know where to find one and
how to do it quickly,” says Fritz. “But we
knew that the Customer Assistance Cen-
ter had experience with multiple vendors
on a national basis and that they would
know which ones would deliver a quality
product.”

CAC has more than 30 consultants na-
tionwide under open purchase order,
which means that the center can expect to
direct them to a particular location on
short notice. In Entergy‘s case, the CAC
staff was able to get a contractor on-site
within a couple of days. To further speed
up the process, Entergy paid the consul
tant through a deposit account it set up
with CAC.

CAC offers members the option of keep-
ing money in a deposit account that the
center can use to pay for the utility’s con
sultant swiftly. The center also handles all
the paperwork that accompanies each job,
first issuing a statement of work and then
invoicing the contractor. This saves the
utility the time and effort that would be
required to draw up small, separate con-
tracts.

The jump-start approach to consulting
helps minimize costs to the utility because
the center’s staff can resolve some issues
and because the utility performs part of
the work with its own staff. In addition,
because the utility is actively mvolved,
staff members are exposed to solutions
and can apply their acquired knowledge
fo future problems. “The real benefit is
that everybody wins,” Lewis says. “EPRI
gets its products used effectively, the util-
ity gets its problem solved, and the con-
tractors get additional work.”

Another type of assistance comes in the
form of seminars and workshops that are
tailored to the needs of specific utilities.
Houston Lighting & Power benefited from
an on-site seminar on DSM. According to
Tom Sobey, who manages HL&P’s conser-
vation and load management division, the
utility wanted to take advantage of EPRI-
sponsored DDSM evaluation seminars in
Denver and Chicago, but because of trav
elrestrictions could send only one person.
That one person would have to commu-
nicate what he or she learned to the rest
of the utilitv’s DSM staff.
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In CAC's training room. an instructor leacbes
ultility staff members bow lo use COUMEND,
EPRYt’s softuare program for forecasting commer-
cial end-use loads. Tbe students are uorking on

EPRI's new bundled workslations.

Deposit Accounts
Baitimore Gas & Electric
was beavtly involved in
tbe development of
demandside manage
ment programs and
knew it woutd need
immediate access lo a
number of consullants
Ibrougboul 1be process.
Tbe utitity set up a
deposit account with
CAC and bas used it to
pay al least stx consul
lants. This arrangement
saved BG& £ tbe lime it
would bave spent identi
Jying contractors. put
ling jobs out for bid,
and paying tbe conlrac

ltors.

Jump-starts

Sall River Prafect was
interested in improving
its demandside man-
agement programs.
CAC’s experls came lo
tbe utility, assessed its
needs, identified five
DSM-retaled sofiware
codes, and trained staff
members lo use Ibem.
Wilb ibis customized
training, tbe utility now
bas tbe in-bouse capa-
bitity lo ptan, imple
ment, and evaluate DSM

programs




Sobey contacted CAC and asked if
it would be possible to bring the seminar
ta Houston. “We were really gearing up
for DSM at the time and getting more and
more active,” Sobey recalls. “We had re-
ports that were due and evaluation plans
that had to be written.” £AC arranged
for a D5M seminar on-zite. Fifty staff mem-
bers from HI.&P attended the seminar,
along with 20 from half a dozen other
utilities.

According to Sobey, the HL&P staff
members were able to use expertise ac-
quired at that seminar in the preparation
of a set of evaluation plans that the utility
submittid to the Texas Public Utility Com-
missjon this year. Sobey estimates that
HL&P will zave 5500,000 on the cost of
evaluating D&M programs aver the next
three years. That figure is bazsed on the av-
erage cost of 260,000 for an outside con-
tractor to prepare a single evaluation plan.

Help from ©AC doesn’t ahways involve
on-site visita. The center is equipped with
videocontferencing tiwhnology, which can
be used for meetings and training ses-
sions, Also, utilities with staff interested in
getting software support have the option
of receiving such assistance over the tele-
phone line, through a service called Re-
moteLink™. With Remotelink, which in-
volves an EPRI-maodified commercial soft-
ware product, an instructor and a user can
operate a piece of software simultaneous-
ly at different locations. By telephone, the
instructer  explains how the =software
works as the user walches the demon-
stration on his or her own computer
screen. The user can practice aoperating, the
program while the instructor observes and
asaists. LAL also uses RemoteLink for
troubleshooting. For example, %orthern
States Power was running a piece of CSD
software when it had a problem in trying
to read a data file. With RemoleLink, a
contractor was able to examine the util-
ity’s situation and advise the software
users an how to resolve the problem so
they coutd read the file.

The quality push

Regardless of what type of =¢rvice utilities
get from L AC, there is an infrastructure in
place tir ensure that members get a high-

quality response. Tostart with, Lewis says,
the center aims to provide, within 24
hours, an answer "we feel comfortable
with” to any utility that calls the hotline
with a problem. Also, staff members at the
center keep an electronic log of every util-
ity’s interactions with the center, record-
ing detailed accounts of the member’s
problems and thee center’s responses. Out
in the field, CAC staff members can enter
the system and record events that tran-
spire during a visit to a utility.

Other types of monitoring and evalua-
tion provide channels for valuable feed-
back. Starting in February of this year, for
instance, CAC began the practice of calling
member utilities that have ordered soft-
ware codes from EPRI's Electric Power
Software Center to find out whether users
need help with the products. In addition,
every monlh the center ciimpiles an activ-
ity report that goes back to the Customer
Systems Division in Palo Alta,

Every type of assistance the center pro-
vides is followed up with an evaluatium.
iIn-site responses are followed up with
telephone  interviews. Telephone  assis-
tance and workshaps are followed up
with evaluation forms. Utilities are asked
about how the center and its cumtractors
performed. Through these kinds of mech-
anisms, the Lustomer Systems Division
receives fuedback that ¢an help improve
future products, For example, one mem-
ber utility suggested the development of
a reporl that would indicate how various
¥4 products, such as end-use forecasting
and planning models, could be used to-
gether. Such a report is now being pro-
duced.

“Through the Customer Assistance
Lenter, we're getting almost instanta-
neeous feedback on the operational perfor-
mance and user-friendliness of FPRI’s soft-
ware products,” says Bill %mith, manager
of EPRI's Delivery Systems Office, which
aimes to enhance the delivery of the Insti-
tute’s praducts to member utilities. "Of-
fering L AL s probably one of the best
things EPRI could be doing, because it
means working with utility members tin
get them over the hurdles—technical or
institutional—that prevent the technologs
from getting in the door and becoming

used and useful.”

Smith’s office, in conjunction with the
Generalion & Storage Division (G&S),
wrote the specifications for the so-called
bundled workstations used for training at
CAC. The IBM-compatible workstations,
which utility members may order through
EPRI at a discount, are equipped with a 486
processor, & hard drive, a modem, and all
the capabilities required to run any piece
of EPRI software. G&S shares with UAC the
funding of a full-time contractor at the
center who supports training on the cen-
ter’s 15 workslations, setting up the ma-
chines and assisting the contractors con-
ducting the training. (For more informa-
tion on EPRU's bundled workstations, see
EPR} Journal, April/May 1992, p. 26.)

Greg Lamb, manager of electronic tech-
nology transfer for G&S, says his division
i= becoming more involved in CAC. The
contractor that G&S helps fund is handling
RemoteLink calls related to G&S software
products and will be using RemoteLink to
support EPRl members running G&S soft-
ware on their mwn bundled workstations.
This person al=o trains =ome contractors
to use RemateLink. Lamb says his division
is considering transferring its centralized
software support from the G&s software
hotline, based at the Electric Power Soft-
ware Center, to ©CAL. Lamb believes that
it's only a matter of tinwe before other EPRI
divisions start plugging into CAL. “People
will catch on to this thing,” says Lamb. “It
makes =ense for EPRI members to rall one
number in Dallas when they need help
with an EPRI product—no matter which
division it comes from.”

Utility members who have used CAC
agree. “EMRI does a lot of work in a lot of
different areas,” says Entergy’s John Fritz.
“lt can be intimidating to approach thal
massive pile of information and expertise
to find a solution to your problem. What
the Customer Assistance Center does is
provide immediate access to a whole
world of knowledge with one contact.” ™

Background information for this article was provided by
Larry Lewss, Custommer Systems Division
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THE STORY IN BRIEF

by John Douglas

NEW EMERATI®OMN OF AD-
VANIDED MOTORS is rapidly
approaching commercial in-
traduction, offering =ignifi-
cant advantages to electric utilities and
their customers in all market =actors.
Spawned by the development wf im-
proved solid-state power converters and
novel magnetic materials, these motors
are expected to achieve levels of perfor-
mance and efficiency unattainable with to-
day’s conventional motors. At the zame
time, a growing demand for fundamental
improvements in sevifral kinds of end-use
equipmanl is creating a favorable climate
far introducing these motors immediately
into important niche markets.

Motors are by far the dominant lsad
on most utility systems —accounting for
about 67% of total Ul electric energy

-

usi. Consumption, however, is heavily
=kewed: eut of the roughly one billion mo-
tors now operating in this country, only
2% are larger than 5 horsepower (hp), but
this fraction accounts for more than 70%
of the electric energy consumed by mo-
lors. A major question facing the design-
er= of advanced motirs, therefore, is
where to focus development efforts in or-
der to maximize tht motors’ inherent ad-
vantages.

EPR] is plaving a kev mole in helping
match the latest technological develop-
ments to the complex marketplace for mo-
tors. The advanced motors and drives ini-
tiative of the Customer Systems Division
spans such diverse areas as technuslogy de-
velopment, market analysis, field demon-
=tratiom, applications  assesamient,  cus-
tomer assistance—and even the writing of

educational materials, because of the
shrinking amount of time allotted to mo-
tor fundamentals in current electrical en-
gineering courses

“Our goal is to accelerate the commer-
cialization of a wide variety of advanced
motor technologies in all end-use sectors,”
say= B. Ben Banerjee, manager for pow-
er oondititining and intelligent motion,
“We're daing this by emphasizing their
potential for improved operatienal flexi-
bility, greater energy efficiency, rieduced
size and weight, and lower life-cycli cost.”

Old ideas, new opportunities

Most of the disign concepts on which ad-

vanited motors are based have been
around =inge the early days uf electric ma-
chinery. Until recently, however, motor

builders could not take full advantage of
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these ideas ewing te a variety of prob-
lems—particularly the Jack of affordable
power electronic converters to vary the
speed of ac motors and the need for
permanent magnet materials strong
enough for general use in multi-
horsepower meters.

Over the past decade, censid-
erable progress has been made in
both these areas. Selid-state pewer
cenverfers, incorporating advanced
high-voltage, high-current thyristors
and iransisiors, have become available
for controlling the speed and lorque of a
wide range of ac motors. (The term ad-
justable-speed drive is usually applied to
such a power converter itself but some-
times refers to the combined converter-
moter sysiem.) At the same time, rare
earth permanent magnet materials, such
as samarium-cobalit and neodymium-
iron-boron, now provide wmagnetic
encrgy densities up to 10 (imes
higher than those of conventional
malerials, thus allowing more-com-
pact motor design. Although these

exotic magnetic materials are expen-

sive enough that they will be used Over & hp (2%)

primarily in large, high-performance
metors, a group of new ceramic perma-
nent magnets can provide moderate mag-
netic field strengths very inexpensively for
small to intermediate-sized motors.

Such new capabilities have made possi-
ble several important design opportuni-
ties for advanced motors. Previous appli-
cations requiring large amounts of power
and variable speed, for example—such
as tran=portation and some industrial
processes—often relied on dc metors,
whose speed was easy to control.
These motors are generally more ex-
pensive and less efficient than com-
parable ac motors and require more
maintenance. Now that soclid-state
power supplies are available for vary-
ing the speed of ac motors, the trend
away from dc motors is likely to acceler-

ate. An ac power train for an electric ve-

{

Mator drives (67%)

hicle, for example, could reduce weight

Electricity Use by Application and cost by 60%, compared with a dc
system.

Adjustable-speed drives (ASDs) are al-

ready being used with cenventional ac

N

maetors, but advanced motor designs
will enable optimization of the mo-
tor-power supply combination. In
particular, advanced motors will per-
mit the use of simpler, less expensive
ASDs while providing greater torque
and cost-competitiveness in smailer

units.

Other loads, e.g.,

lighting, ’ )

process heating (33%) Challenging the workhorse

The most significant impact of advanced

motors will probably be their challenge to

Number of Motors by Size the workhorse of today’s stable of ma-

chinery—the ac inductien motor, which

Under 1 hp {90%)

accounts for more than 95% of energy con-

sumption by electric motors sized 1 hp
or greater.

[Induction motors are SimpIe, ro-
bust, inexpensive, reliable, and easy
to build. In its simplest, squirrel-cage
form, an induction motor contains a
rotor with straight aluminum or cop-

per congductors that are arranged like

the bars of a cylindrical cage. Currents

are induced in these conductors by the

1-5 hp (8%)
constantly changing magnetic field pro-
duced by ac electricity in stater ceils sur-
rounding the rotor. The interaction of the
twe fields causes the rotor to turn. Squir-
Electricity Use by Motor Size rel-cage induction motors span power lev-

els from 10 W te 10 MW. Some large in-

QOver 5 hp (70%) duction moters have wire-wound mag-

netic coils on the rotor a= well as on

the stator, providing mere-precise

control for specific industrial appli-
cations,

From an gconomic standpeint,
induction motors will be hard to
beat for larger, constant-speed ap-
plications. Fer variable-speed opera-

Wi T (695 tion, hoxivever, advanced molo.rs‘: can
1-5 hp (22%) offer significant advantages in efficiency
and performance. The main challenge wiil
be to integrate the advanced motors, their

Motors are the largest load on most utility systems, using more than two-

thirds of the total electric energy consumed in this country, Although tractional-horsepower units represent 90% of the

motor population, the 2% of motors that are larger than 5 hp account for more than 70% of the energy consumption.
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Motor
Technoliogy

Converter-optimized,
five-phase permanent
magnet (PM) synchro-
nous motar (both
radial-gap and axial-
gap designs)

High-speed fractional-
horsepower PM motor

Variable-reluctance
motor (VRM) with
auxiliary commutation
winding

Hybrid PM-VRAM* (two
designs: magnets In
rotor, magnets in
stator)

Brushless, doubly fed
motor*

High-temperature
superconductor motor

EPRI ADVANCED-MOTOR DEVELOPMENT

R&D
Organization

McCleer Power Com-
pany, University of
Yennessee at Knoxvitle

Proprietary commerciat
development by U.S.
manufacturers

University of Wiscon-
sin at Madison

University of Wiscon-
sin at Madison

Oregon State
University

Oak Ridge National
Laboratory, University
of Wisconsin at Madi-
son, University of
Tennessee at Knox-
ville, North Carolina
State University

Appllcations

HVAC, compressors,
fans, machine tools,
off-road electric vehi-
cles, washer-dryars

Electric hand tools,
appliances, lawn
mowers

Low-cost, low-
horsepower consumer
applications

Electric vehicles, high-
speed machine tools,
high-performance
servodrives, pumps,
fans, compressors

Low-cost adjustable-
speed drives in small
to large power ranges

Meny end-use applica-
tions anticipated

‘For many applications, development will also include alternators.

power converters, and the mechanical
loads being powered into cost-effective
systems Lthal can compele with more-con-
ventional options for increasing efficiency.

So-called high-efficiency versions of
most motors can be created simply by
switching from aluminum to copper con-
ducting elements, increasing the diameter
of copper conductors, or changing the
amount and kind of iron in the stator and
the rotor. From a systems point of view,
however, such changes may also have
drawbacks. Higher starting currents, for

Estimated
Commerclallzation

Starting in 1994 for
some applications

Starting in 1995

Starting in 1995

Starting in 1994 for

some applications

Starting in 1995

Stlil in exploratory
stage

examplis, may result in a need for time-de-
layed circuit breakers.

EPRI's work on advanced motors is
focused on achieving higher efficiency
through more-fundamental changes in de-
sign. Inducticn molors are basically de-
signed for sine-wave, &0-Hz voltage. The
output of power clectronic converters,
however, tends to have voltage profiles
that are net sinusoidal; hence conditions
under ASD operation are not optimal for
induction motors, and their losses are
high, even with proper design. Advanced

motors can be optimized for operation
with front-end power electronics to pro-
vide better overall system efficiency. They
may also incorporate advanced “ob-
server” circuils that can detect rotor posi-
tion by electronically sampling power at
the motor terminals, thus eliminaling the
need for mechanical sensors. Since all ad-
vanced motors inherently need power
electronics to reshape the voltage and fre-
quency, many applications that now use
constant-speed drives may eventually be
converted to ASD operation.
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EPRY'= advanced-motor development ef-
fort s being conducted n cooperation
with motor manufacturers and the mak-
ers of equipment that will incorporate the
motors. “Getting these companies in-
volved early in the game increases the
chances for success and also leverages our
resources,” says Banerjee. “One problem
with motor development in the past has
been the number of changes required at
the prototype and production stages.
We're trying to get mori: problems worked
out at the initial design =tage by applying
a concurrent engineering approach that =i-
multaneously considers electronic, me-
chanical, manufacturing, packaging, mar-
keting, and cost issues. Manufacturing
technology has alse been improving, and
BRI iE paying more attentinn to design for
manufacturability.”

One advanced motor, now commercially available from Powertec Industrial Corporation of Rock Hill,
South Carelina, has ceramic permanent magnets bonded to the rotor shaft. The electronic power converter—a distin-

guishing feature of all advanced motors—is contained in the smal box projecting from the motor casing.
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Permanent magnet
synchronous motors

One of the most promising candidates for
challenging the supremacy of induction
motors, initially in the low horsepower
range, is the converter-optimized perma-
nent magnet ac synchronous (COPMALS)
motor, developed by MiCleer Power and
the University of Tennessee. As the name
implies, these molors are designed to
run “in sync” with the frequency of the
ac power applied. Permanent magnets
maounted on the rotor are pulled along by
a rotating magnetic field crirated by coils
on the stator. Variable speed s achieved
by changing the frequency and voltage in
the stator coils with a five-phase electronic
poweT converter.

An important feature of the COPMACS
motor is that its design has been opti-

mized for use with a particular kind of
power converter—rather than the other
way around, which is more common.
Specifically, most motors are designed to
run on three-phase ac current because that
i= what’s generally available from utility
lines, By deaigning the new motor to run
on five-phase current from a unique new
tvpe of ASD, the COPMALS developers
have vptimized its power delivery, com-
pactness, strength, and efficiency.

The first advanced COPMALS
initially targeted for the low- to medium-

motors,

hursepowirr range, ant of axial-gap de-
sign—that is, the rotor and the stator are
arranged in a  pancake-like  assembly
rather than as concentric cylinders, as in
most motors. This disk shape enables the
L OPMAC= motor to fit compactly within

such end-use equipment as textile ma-

D.C. MOTOR




Stator

Stator windings

INDUCTION MOTOR

Conducting bars

PERMANENT MAGNET-VARIABLE-RELUCTANCE MOTOR

Stator

Stator poles

Ratar

Salients

Permanent magnet

CONVENTIONAL VERSUS ADVANCED DESIGNS The greatest challenge for advanced motors will
be head-on competition with ac induction motors, which account for the largest proportion of electric-

ity use. In a conventional, squirrel-cage induction motor (top), magnetic fields from stator windings

induce currents in conducting bars embedded in the rotor. By contrast, the permanent magnet-
variable-reluctance motor (bottom) features a solid steel rotor with salients that extend along its length.
These salients are pulled around by fields from the stator poles, which are sequentially energized by a
solid-state power converter. Permanent magnets on either side of the stator help provide control, The
use of a solid rotor contributes to low cost, ruggedness, reliability, and ease of manufacturing.




BEYOND THE STANDARD  Motar manutacturers have typically increased efficiencies by making incremental changes

in standard designs—using larger conductors or better-quality iron, for example. Advanced metors, such as the five-

phase permanent magnet synchronous motor, take a more revolutionary approach—and get a significant efficiency

boost—by incorporating a front-end power converter to optimize moteor operation.

100
3 EPRI five-phase PM synchronous motor
E Typicai high-efficiency induction motor
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chines, high-speed machine tools, small
household appliances, and transmission-
less washers and dryvers.

In a second COIPMALS effort, 5-hp mis-
torz are being installed in variabli-speed
heat pumps. A significant redesign of
space-conditioning equipment, including
heat pumps, will be necessary during the
next few years bevause of mandated ef-
ficency #standards and an  accelerated
phaseout of chlorafluoracarbons, or CFCs.
An advanced variable-speged motor can
further this redesign effort by facilitating
the integration of a heat pump’s electrical
and mechanical systems. [n particular, it
will help eliminate the problem of “cold
Blow” during starlup and provide better
coordination between compressor speted
and the operation of a backup resistance
heater. EPRI is sponsoring, the heat pump
demonstration work in cooperation with
the Tennessee Valley Authority and other
utilities.

A third advanced COPMALCS motor has
10 hp and is initially being demonstrated
in golf carts. EPRI's plan is to use this ap-
plication to set the stage for valume pro-
duction of thie motor, which could then be-
conw competitive fur other electric trans-
portation uses, including forklifts and
other off-road vehicles. For golf carts, the
new motor represents a “quantum leap
improvement,” according to Banerjee. It i=
lighter than conventional gelf cart metors,
requires fewer batteries for the same
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range, provides better speed cimtral, and
diies not require a separate charger. (The
puwer converter can simply be plugged in
to servi- double duty as a charger)

Two versions of this 10-hp C@PMACS
motor will bie delivered to a Yeading golf
cart manufacturer later this vear. {9 will
have an axial-gap (pancake) design; the
other, a radial-gap design, with concentric
rotor and stator. The manufacturer will
then determing whether one design offers
any advantage over the other in golf carts.
Since thess carts generally travel a re-
stricted range (becaust: of the size of polf
courses), the main attractions of the COP-
MALE mator will be to Tower vehicle cost
and improve vehicle performance. In
other applications, however, the motor
could be used to extend the range of
vehicles without significantly increasing
Lheir cost or batlery requirements.

Another advanced permanent magnel
motor—a  three-phase  motor  that s
smaller than the COPKALS units —is be-
ing designed for compact, high-specd ap-
plications. The importance of very small
{fractional-horsepower) motors is much
greater than their combined energy con-
sumption would indicate becauss: of the
vital tasks they perform. Thus these
smaller advanced moters are likely to be
valued for their productivity enhance-
ments as well as for their higher energy
efficiency. EPRI is warking with a leading
LIS, power tool manufacturer to develop

anew line of electric pawer tools based on
adwanced, high-speed permanent magnet
motors—tools that will have greater
power and torque, higher efficiency and
reliability, but smaller size, weight, and

cont.

Variable-reluctance motors

Another type of advanced motor works
on the principle of variable reluctance. The
term reluctance, in this case, wefors to the
way magnetic lines of force naturally
concentrate along rotor and stator poles.
When a magnetic field is created by a wire
coil around a stator pole, il attracts the
nearest rotor pole. Energizing the stator
poles in sequence causes the rotor to turn.
A variable-reluctance motor (VRM) i be-
ing developed under EFRI sponsorship at
the Liniversity of Wisconsin at Madison
(LIwmM).

An advantage of the VRM cunfiguration
is that the rotor can simply b a shaped
picce of iran, which contribules to low
cokt, ruggedness, reliability, and ease ot
manufacturing. Fault tolerance is inher-
ent, since the motor will continte b run—
although with reduceil torque—if the coil
of one stator pole is disabied. This tech-
nology will be used primarily in low-cost,
low-power, adjustable-speed  consumer
applications.

EPRI iz alsa sponsoring the development
of a hybrid permanent magnet-variable-
reluctance motor {PM-%RM) at L'tWM. This



combination would produce a motor ca-
pable of
guickly—an ideal candidate for use in ser-

starting and slopping very
vomechanisms. Such devices (for exam-
ple, robots and mail-sorting machings) use
sensom Lo detect when an object has been
moved acertain distance and then stop ac-
cordingly. Wark on this application is be-
ing pursued with a leading U.S. manutac-
turer. The use of permanent magnets may
also make the PM-VRM suitable for larger
applications than previously possibie for
reluctance motors—including electric ve-
hicles, where il would previdie mare-pre-
cise control. Although PM-VRM motors
will initially be amall, EPR! plans to de-
velop a 70-hp version for electric vehicle
use within three years, and the motors
could eventually be scaled up as high as
3000 hp for other applications.

Other advanced designs

A variety of other designs for advanced
motors have been demonstrated experi-
mentally or are om the drawing board. One
of the most promising 15 the brushless
doubly fed motor (BDFM), which benefits
from speird control by a power converter
that haz a much lower power rating than
the overall nwtor system has. The trick is
for the motor to get most of its powir di-
rectly from stater windings connested to
a three-phase power line. A separate =et
ol stater windings controis the motor
speed and receives puwer from a variable-
valtage, variable-frequency converter, Ad-
ditional advantages of this arrangement
include faull tolerance—sinie the motor
=till runs at constant speed if the electronic
power =upply iz disabled—and lower
harmonic distortion sent back ta utility
lines by the relatively small electronic
power supply.

A laboralory pritolype BDFM was built
in 1990, and field demonstration is ex-
pected in 1993, During this demonstra-
tion, researchers will be particularly inter-
vsted in comparing BDFM  performance
with that of a comparable induction mo-
tor. EPRI is sponsoring this work at Ore-
gon State University, with cofunding from
Bomeville Power Administration, Chev-
rom, Puget Sound Power & Light, and
Southern California Edison.

Other rescarch is focusing on how to
build a hetter high-speed motor, uzually
defined as ume with a shaft speed exceed-
ing 3600 rpm. The main problem is main-
taining the mechanical integrity of the ro-
tor, which must be both simple and
rugged. Current work is concentrating on
making solid rotora in a sigle forging.
Such rotors are biing tested in motors
with ratings of up to 10,000 hp at 10,000
rpm, with the rotor being held in place by
a magnetic field rather than by conven-
tional bearings. The main advantage of
running motors at these speeds is that
they can be linked directly to a load shaft
without a complicated gear assembly.

Finally, the recent discovery of high-
temperature supercimductors (1T5Cs) has
renewed interest in superconducting mo-
tors. Using HT=Cs, these motors could be
cooled with redatively cheap liquid nitro-
gen instead of the very expensive liquid
helium required by previous supercon-
ducting materials. Compared with ordi-
nary motors, HTSC-based units might
have ag little as one-half the energy losses.
A wariety of designs are being considered,
including an axial-gap motor in which a
stator disk with superconducling magnets
is sandwiched bittween rotor disks. Al-
though HTSC motors have the potential
for very high efficiency, performance, and
power density, none is expected to be
ready for commercialization fer several
years. EPRI's Office of Eaploratory Re-
search & Applied Research and Customer
Hyslems Division are supporting waork at
Oak Ridge ™ational Laboratory on vari-
able-speed HISC mitors,

Remaining issues

Although much progress has been made
in developing advanced motors that will
challenge conventismal units in a variety
of niche applications, several issues still
must be resolved before these devices
have a major impact on the overall motor
market. The present cost of ASDs, for ex-
ample, iz high enough to restrict their use
primarily to motors of larger sizes. Movel
motar and power converter designs are
helping to loosen this restriction, but the
cost of solid-state power converters re-
mains a significant barrier. The cost of per-

manent magnet materials and of the asso-
manufacturing
must also be liwered. Finally, if electris
vehicles are to be built without the need

ciated motor methods

for gear-shifting transmissions, the rated
power and speeds of advanced motor al-
ternatives must be improved. The PM-
VRM, in particular, has advantages for
scaling up for use in this application.
“Advanced motors already lisok prom-
ining fur several specific applicatiuns, and
market demand for higher performance is
dearly evident in such areas as hoat
pumps, refrigeration, puwer toals, and
transportation,” concludes program man-
ager Wade Malcolm. “EPRI is playing a
lead role in eliminating the remaining bar-
riers to the wider use of advanced maotors.
The besl way we can do this is to work
closely with the research laboratories
where new mator cancepts are being tried,
the motor manufacturers, and the D3EMs
—original equipment manufacturers—
where they will be applied. Such research
investment has immediate benefits for tha
Institute—we have already filed about a
dozen patenl applications an advanced
motor design=. Bul the ultimate winners
will be utilities and their customers, a= the
new mwitars improve performance and ef-
ficiency in numerous applications.” =

Background mtarmanon lor lhis arlicle was prowided by
B. Ben Baneriee and Wade Maicolm ol the Customer Sys-
tems Owision
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AT THE
INSTITUTE

Ellis Elected Chairman
of the Board

ohn W. Ellis, chatrman of
Jl’-’ug,et Sound Power & Light
Company in Bellevue, Wash-
ington, was elected to a one-
vear term as chairman of EPRI’s
Board of Directors at the Insti-
tute’s annual megting in April
in Washington, D.C. Ellis, 63,
who served as vice chairman
of the 24-member EPRI Board
during the past vear, succeids
£. James Ferland, president
and CFO of Public Service Elec-
tric & Gas Company, Mewark,
Mew Jersev. Bucceeding Ellis as
EPRI's Donald R.
Morris, president and general manager
of East Kentucky Power Couperative,
Winchester, Kentucky.

Ellis joined Puget Pewer in 1970 as a
vice president after =erving eight vears

vice chairman is

as its chief counsel while an attorney
with the firm of Perkins Coie in Seattle.
He became president and CED of the
utility in 1976 and chairman in 1977. A
graduate of the Liniversity of Washing-
ton Law School, he is a member of the
Washington Statie and American bar as-
sapiations,

Elis has had a long-standing relation-
ship with EI'RI and was instrumental in
its founding in the early 1970s. While
working as an attorney, Ellis helped de-
velop thi concept of a privately fundid
research and development consortiun,
and at a 1972 Senate Commerce Com-
mittee hearing, he successfully argued
that the private sector could best pro-
vide electricity R&D. He also served a
previous term on the [nstitute’s Board,
from 1984 to 1989,

Ellis is a past chairman of the Edison
Electric Institute, an association of in-
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veztor-owned utilities. He served a= the
chairman of the Pacific Morthwesst Con-
ference Committer in 1979, a director of
the Assoctation if Edison Illuminating
Coimpanies from 1988 to 1991, and the
director of the Mational Energy Founda-
tiom from 1985 to 1987. Ellis also serves
on the boards of directors of several
other companies, as well as on the Gov-
ernors Council for Education Reform
and Funding; he was recently named a
regent of Washington State L'niversity.

A Seattle native, Ellis lives in Bellevue
with hik wife, Doria; they havie four chil-
Lf]’t‘ n.

Indian Delegation
Visits the Institute

delegation of high-level govern-

ment officials rom India visited
EPRI recently to share concerns about
electric puswer in their country and to
remearch.
The 16-member delegation included P
Chidambaram,

learn about some eof EPR!'s
minister of state for
vommerce; M. Ramii, a jaint secretary
for the Department of Power; and S
Dubey, the counsel general for the In-
dian consulate in San Francisco.
During the twii-hour stay at EPRI's
headquarters in Palo Alto, the indi-
an delegates heard presentations from
EPRI's experts on a number of areas of
interest to them. Marain Hingorani, vice
president for electrical systems, spoke
about flexible ac transmission aystems;
lan Torrens, director of the Environnen-
tal Control Systems Department, apoke
on clean coal technologies; Tany Armor,
director of the Fossil Power Plants De-

partment, talked about life optimization
technologies and EPRI's state-of-the-art
power plant; and Karl Stahlkopf, direc-
tor of thir Electrical Systems Division,
gave a presentation on transmission and
distribution efficiency. Other EPRI at-
tendees included Kurt Yeager, senior
vice president for technical operations,
and Floyd Culler, president emeritus.

Ramiji told his audience that India suf-
fers an 18% shortage in power during
prak demand periods. Among other
concerns in the electric utility industry
are coal with a high ash content, ineffi-
cient tran=mission and distribution sys-
tems, and thee fact that a significant per-
centage of thee population lives without
electricity.

Inidia s counting on foreign invest-
ment to help resolve some of these prob-
lems. The country is in the midst of
a Sweeping cconomic reform, ibiated
last year to transform the largely state-
contritled economy into one operated
on free-market principles. Mew eco-
nomic policies that enceuirage foreign
investment are an important part of this
reform,

At this time India has an information
exchange agreement in place with EPRI,
but the delegates expressed an interest
n extending this relationzship to include
collaboration on projects of mutual in-
terest. While thie delegatis’ visit did nist
rezult in an official agreement on a more
extensiviz relationship in the future, FPRI
representatives responded positively to
the idea. Said Yeagur, “We hope that this
meeting will open many opportunities
for EPRI and its mambers to engage in
collaboirative work with the power in-
dustry of India.”




EPR/I's Founder Honored

nergy experts from around the
world gathered to celebrate the
80th birthday of Chauncey Starr, the
founder and first president of EPRI, with
a ‘symposium on energy, risk, and the
environment. About 220 people—from
inatitutions as diverse and far-flung as
Taiwan Power C ympany and Carnegie-
hellon University—attended the day-
leng event at Stanford University.
Sponsared by EPRI and Stanferd, the
symposium, held on March 27, recog-
nized Starr’s major contributions to en-
ergy productien, risk assessment, and
nuclear power. Wolf Hafele, director of
Germany’s nuclear research center in
Dresden, delivered the keynete address.
Among the other speakers were Robert
White, president of the Mational Acad-
emy of Engineering; Jack Gibbens, di-
rector of the U.S. Office of Technology

Asses=ment; and Lord Walter Marshall,
president of the World Muclear Power
Operator:.

fMow a president emeritus of EPRY,
Starr was at the University of California
at Los Angeles serving as dean of the
School of Engineering and Applied Sci-
ence when he was selected to start the
In=titute nearly 20 years ago. In the posi-
Hon at UCLA, which he held from 1966
to 1972, Starr demuomstrated his abilities
as a pioneer, establishing a new envi-
ronmental enginerring department and
the Institute of Medical Engineering. He
also developed an analytical approach
for quantifying societal risks that be-
came the basis for teday’s risk manage-
ment and risk communication sciences.

Starr has received numenius awards
throughout his career. For his work in

the peaceful uses of atomic power, he
received the Atomic Energy Commis-
sion &ward in 1974, the Walier H. Zinn
Award in 1979, and the Henry D. Smyth
Award in 1983, Among other honors, he
received a Distinguished Contribution
Award frem the Society of Risk Analysis
in 1984 and the Mational Medal of Tech-
nology in 1990. Just this year he was se-
lected for the Rend Dubos Envirenmen-
tal Award for his outstanding career in
industry and education and for his ma-
jor contribution= in nuclear power, risk
assessment, and energy studies.

A videotape of the spireches given at
Starr's symposium is available fer 50
frem EP’RI’s Janet Paler, (415) 855-2003. m

Lighting Office Opens

n responzs to a growing number of

lighting inquiries from member util-
ities, EPRI haw established the Lighting
Information Office. Open since February
of thi= vwar, the nffice provides mizmber
utilities with quick responses to ques-
tions and easy access to information on
lighting technologies, applications, and
EPRI-developed tools available to resolve
lighting problems.

Located in downtown Qakland, Cali-
fornia, the office is operated by two ¢m-
ployees of EPRI contractor Bevilacqua
Knight, [nc, (BKI). Aside from answering
questions from member utilities, the of-
fice staff produces fact shisets and other
publications on lighting tepics. Areas
covered in the fact sheets produced so far
include technologies for retrofit lighting
projects, compact fluorescent lamps, ad-
vanced reflectors, and occupancy sim-
BOTE.

“Thizze publicationz are uzeful not only
for utilities but for their customers too,”
says Larry Ayers, a BKI lighting consui-
tant who runs the new office under the
direction of EPRI’s Karl Johnsen, manager
for commercial building systems. “Sev-
eral utilities have requested hundreds of
these publications to send b their cus-
tomers.”

The office’s staft keeps abreast of ac-

tivity taking place not only at EPRI but at
member utilities, at outside research or-
ganizations, and in the lighting industry
itselt. In fact, the office i= currently pro-
ducing the first issue of what will be a
quarterly newsletter covering lighting
programs of EPRY, its memberutilities, the
U.S. government, and the lighting indus-
try. This t=sue is expected to be released
sometimes this summer.

“I encourage EPRI members who have
technical questions abuut lighting to give
the new office a call,” savs Johnson. Adds
Ayers, “l can’tsay we'll be able tosolveall
their problims, but if we can’t, we'll help
them find someone whe can.” Members
with lighting questions can call the of-
fice's hotline, (800} 525-8555. &

EPRINET Adds
Customization Capability

he latest verzion of EPRIMET™, Re-

lease 1.6, has been designed for eas-
iier use and provide= new customizatien
capability. Current user= will automat-
ically acces= the new release starting
June 1, and manuals for the new version
are being mailed to all users. Mew sub-
scribers will begin EPRIMET use with Re-
lease 1.6.

EPRIMET is an information network
and =ervice for the electric utility indus-
try that provides access te research
around the world. The service includes
electrenic mail, news, bulletin boards,
EIRI research databases, and interactive
capabilities. Release 1.v offers several
improvements to the system, including
new functions and screens that make
bulletin boards easier to use.

In addition, a new Perzonal Profile
zervice in EPRIMET will enable uzers to
customnize the delivery of information to
stit their needs. By indicating prefer-
ences, a user can control "BB4% Waiting”
and “Mews Waiting” mes=ages, choose
which menu to see first, add or delete
services from the initial menu, and dis-
play or cunceal certain commands.,

To enroll as a new user, cail the EPRI-
NET Help Desk, (800) 964-5000. =

EPRI JOURNAL June 1992 33



RESEARCH UPDATE

Residential Program

Microwave Clothes Dryers

by John Kesselring, Customer Systems Division

E PRI has jomed with leading companies
in the appliance industry to launch a
significant new venture into appliance R&D:
development af a microwave clothes dryer.
By applying microwave energy to clethes
drying—energy that is generated in the
same way as in microwave ovens—devel-
opers expect to be able to provide quicker,
gentler drying and to lower drying temper-
ature. As aresult, woolens and delicate fab-
rics that would ordinarily have to be dry-
cleaned could be washed and dried at
home or in a coin-operated Jaundry

At present. about 70% of all dryers in the
United States are efecinc; some 3.5 million
new electnc dryers were Instafled in this
couniry in 1991. Given the convenience that
microwave dryers might afford by shorten-
ing drying time and enabling users to dry
woolens and delicate fabrics, these new ap-
pliances could help electric utilities expand
therr share of the drying-energy market
In additien, much as microwave ovens
spurred changes by the food-packaging in-
dusiry to take advantage of the ovens' ca-

pabilties, the availability of microwave dry-
ers could affect the clothing market in ways
that increase the dryers' usefulness.

Microwave dryers and
conventional dryers

Microwave dryers generate microwave en-
ergy by means of magnetron tubes ke
thase in cornmaon microwave ovens. In mag-
netrons, steady electrostatic fields and
steady magnetic flux densities are applied
1o moving electrons, accelerating them in a
spiral path, The moving electrons resonate
in tuned cavities to produce beams of mi-
crowaves at particular wavelengths In mi-
crowave dryers, the beams of microwaves
strike water maolecules in wet clothing, caus-
ing them to quickly align and then reverse
alignment—at rates as high as 2.5 bilion
tmes per second. This extremely rapid, re-
peated shifting produces heat, which evap-
orates the water.

The microwave enerey gets right to the
water, heating it while leaving fabrics largely
unheated. Molecular structure is the key: it

ABSTRACT nitial testing of an experimental microwave clothes dryer in-

dicates that microwave dryers can dry normal loads faster and at cooler tem-

peratures than conventional dryers and can afso achieve a higher drying ef-

ficiency. After further iaboratory testing of this unit, EPRI plans to develop and

refine residential and commercial prototypes for field testing in 1993. The dry-

ers, which might be commercially available in as little as three years, use a

fundamentally different drying process than standard electric and gas dryers

use and could help electric utilities increase their share of the energy market

for clothes drying.
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determines how rapidly microwave-induced
molecutar shifling takes place and conse-
quently how rapidly different types of mole-
cules are heated. The dielectric loss coeffi-
cient of a material provides a convenient
measure of how readily the malerial 1s
heated by microwaves. Water, which has a
much higher 1oss coefficient than common
fabric materials, seemingly attracts micro-
wave energy and is readily heated by it
whereas fabncs remain relatively ceol. The
loss coefficient of water at 77°F is 12. in con-
trast, the coefficients ef beth cotton and
polyester are extremely low (near zero), that
of a typical wool fiber with 7% moisture is
0.29, and that ot a commonly used nylon 1S
0.038.

The microwave arying process differs
fundamentally from conventional drying. In
standard dryers, ar is heated as hot as
350°F and is blown into a drum. Clothes are
tumbled in arcs in the drum so that heat can
reach them, and heat is transferred from the
air te the surface of the wel ciothing, evap-
orating the water. This evaporation reduces
the ar temperature in the drum, blit duning
drying that temperature typically climbs
from 110°F to 160°F. Capillary action moves
embedded water out to the fabric surfaces,
and that water in turn evaporates. Eventu-
ally heat must be conducted into the fab-
rics so that water can be removed as steam.,
Te shorten drying time, high fabric temper-
atures are needed. Conventional electric
and gas dryers heat fabrics to about 160°F,
but further heating the inlet air to speed
drying decreases efficiency and weakens
fabrcs

In a microwave dryer, by contrast, mi-
crowaves “fargel” the water molecules
clinging to fhe clothes rather than the mol-
ecules constituting the fabncs. In experi-
mental testing, dryer temperatures in the



cool-drying mode generally have not ex-
ceeded 110°F an excellent range for dry-
ing delicale [abrics. In addltion, the air
blown into the microwave dryer is nol
heated. When the shortest drying time is de-
sired, the dryer can use heated air concur-
rently with microwaves.

Testing of experimental unit

Under RF3188-7. with guidance and sup-
port from members of an Industrial advisory
consortium, EPRI is conducling microwave
dryer tests in three stages, Laloratory tesl-
ing of an experimental unit began in mid-
1991 and will continue through 1992. In this
stage, researchers are evaluating gryer per-
tormance and studying hazards thal might
be associated with microwave clothes dry-
ing. Next, using data from the laboratory
tests, EPRI will design and build prototype
residential and commercial dryers for a sec-
ond stage of testing, Following refinement
of the prototypes, member utilities will par-
ticipate n field trials of the units, comple!-
ing the final stage of testing.

Two California companies—Thermo En-
eray Corporation of Palo Alte ana JG Micro-
wave of Twain Harte —developed the ex-
perimental unit for EPRI. The unit (Figure 1),
which leeks like a conventisnal dryer, is de-
signed to provide test data for a wide range
of drying conditions. Equipped with eight
0 85-kW magnatrons, the unit can supply
6.8 kW of microwave power and can dry a
nominal 7-pound load in about half the time
required by a conventional electric @ryer.
t includes a complete control panel, a
200-cfm variable-speed fan, and a variable-
speed drum,

in addition to the 6.8 kW of microwave
power, the unit can provide 5 kW ef resis-
tance heat. It operates in three modes. One
uses bolh microwave and resistance heal-
iNg 1o provide the quickest drying; another
uses microwave heating and magnetron
waste neal to provide the most efficient dry-
ing: and the third, least efficient mode uses
microwave heating only, with no waste heat
recovery, and permits drying at the lowest
temperatures. In each mode researchers
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Figure 1 The expetimenial microwave dryer being tested by EPRI has the look and feel of a con-
ventional dryer, but it is fully instrumented to provide siata for use in designing residential and

commercial prototypes,

varied such factors as microwave power,
electric field strength, air temperalure (© the
drum, and load size, and then measured
several Key parameters, including drying
time, humidity, and exit-air temperature. The
tests have indicated that 3.5 kW of mi-
crowave power is sufficient for residential
drying and that, compared with conven-
tional efeciric dryers, the microwave unil
can dry narmal loads faster, at cocler tem-
peratures, and with fess tumbling.

Prototypes and field testing

The Jaboratory unit was designed to in-
crease understanding of the microwave
drying process, not to maximize energy ef-
ficiency, but EPRI plans to design and con-
struct prototype residential and commercial
dryers for tully efficient performance. Re-
searchers melieve thal microwave dryers will
eventually prove substantially more efficient
than conventional dryers,

Plugs fer dryers have to fit standard dryer
receptacles, and the amount of power avail-
able at these outlets is one principal factor
constraining the design of residentiat units.
Commercial dryers can draw more power
than residential dryers and could therefore
use more magnetrons. With more mag-
netrons, commercial units could dry cloth-
ing more quickly and provide quicker pay-
back on the relatively expensive mag-
nelrons, Far this reason, EPRI's prototype
commercial dryers will contain mere mag-
netrons and provide more microwave power
than the residential prototypes.

In the process of quaiifying prototypes for
field demonstration, EPRI will iniliate testing
with Underwriters Laboratories. As in the
case of microwave oven designs, the U.S.
Public Heaflh Service will have to approve
the dryer designs. EPRI has twice briefed
the Public Health Service Center for Devices
and Madiolegical Health on preject devel-
opments. Because dryers will be shielded
ke microwave ovens, EPR! anticipates no
microwave emission prchlems,

Once the prototyoes are gualified for use
in tield demonsirations, EPRI plans to man-
ufacture six residential dryers and two com-
merctal dryers. The research team will place
the units with member utilities for field trials,
will establisn a data retrieval system, and
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wilt instrument the units for data gathering.
EPRI plans to monitor and support the eight
units for 12 months. Before the field tnals
EPRI will conduct DOE efficiency tests on the
prototypes and will assess the effects of
microwave drying on fabrics by performing

tests specified by the American Associanon
ol Textile Colonsts and Chemists.

As testing proceeds and dryer designs
are refined, development might well accel-
erate, leading to commercialization of dry-
ers as early as 1994, Although the new dry-

ers will probably cost more than conven-
tonal models because they will include mi-
crowave power supplies as well as standard
dryer components, their energy savings,
speed, and flexibility of use should more
than make up for the initial cost premium

Nondestructive Evaluation

Ultrasonic Testing: Computer Modeling Applications

by Michael J. Avioli, Jr., Nuclear Power Division

he American Society of Mechanical

Engineers (ASME) authors rules for the
inspection of pressure boundary compo-
nents such as power plant piping and re-
aclor pressure vessels. These rules are
reviewed by the Nuclear Regulatory Com-
mission, and  they meet standards to en-
sure reliable inspections, they become part
of the Code of Federal Regulations (CFR)
Once ASME rules are entered into the CFR
U.S. nuclear utitities must follow them in in-
specting therr plants The part of the ASME
Boiler and Pressure Vessel Code that gov-
erns these nspections 15 Section XI, "Rules
for Inservice Inspection of Nuclear Power
Plant Components.”

Code sections can be updated through
appendixes, Appendix VI, “Qualification of
Nondestructive Evaluation Personnel for Ul-
trasonic Examination,” was added to Sec-
tion Xl n 1988; Appendix Vi), “Performance
Demonstration for Ultrasonic Examination
Systems,” was added in 1989 Given the
challenges of implementing Appendix Vil
EPRI is exploring the use of computer mod-
eling to help ulllities qualify their uitrasonic
testing (UT) personnel

Appendix VIl requirements

Appendix Vili requires thal ultrasonic in-
spection personnel, using hardware and in-
specton procedures they have selected
themselves, demonstrate their UT capabil-
ves o a group of peers, which typically
comprises regulators, utilities, and/or third
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parties. In such a demonstration, the can-
didates examine a collection of plant com-
ponent  mock-ups—called qualification
samples—that replicate the components
they are scheduled to inspect, UT person-
nel who satisfy the criteria of the perfor-
mance demonstration receive qualification
to perform similar inspections N a power
plant.

The implementation of such performance
demonstrations is fully the responsibdity of
U.S. nuctear utilites. In 1989 an ad hoc util-
ity committee launched an eftort called the
Performance Demonstration Iniative (PDI)
1o address this issue. Aimaost all U.S. nuclear
uttlities are represented on the committee
Recognizing the high cosis of replicating
plant compenents and implanting eefects,
the grewing shortage of inspectors, and the

costs of conducting demonstrations, the PDI
committee identified computer modeling as
a key element in improving inspection rek-
ability and reducing costs.

The committee defined these objectives
for modeling:
0 To extend the range of application of
qualified procedures
0 To minimize the number of necessary
samples and demonslralions
o To optimize procedures

Under RP2687-11, EPRl is addressing
some of the PDI objectives. The project aims
to provide the most cost-effective and reli-
able nspeclions realizable under the re-
quirements of Appendix VIl by applying
modeling to Ihree areas: the design of qual-
ffication samples, the evaluation of ultra-
sonic Inspection procedures, and lhe ex-

ABSTRACT Under Appendix Viii of ASME Section Xi, the qualifications

of ultrasonic testing personnel who conduct in-service inspections at nuclear

power plants must be established through performance demonstrations. To

help utilities meet this requirement, EPRI is exploring the use of computer mod-

eling in the design of qualification samples, the aptimization of inspection pro-

cedures, and the extension of samples and procedures to a broader range of

cases. Such modeling applications promise to improve inspection reliability

and reduce the costs of qualification.



tension of gualification samples to a broader
range cf application.

Modeling applications

The design phase of qualification samples
is crilical. Because of cost considerations,
a limited number of samples must be able
10 embody a broad range of the geomelric
and material characteristics of both BWR
and PWR components, Modeling can pro-
vide guidelires for design by establishing
ultrasonic inspection “equivalence” among
groups of similar cormponents (Figure ),
Using feld data related to the geometric
and materitt! properties of plant compo-
nents, a model can indicate which compo-
nents will yield similar ultrasonic signals and
can therefore be considered equivalenl lor
UT purposes. After ultrasonic equivalence is
established, qualification samples can be
fabricaled according 1o the equivalence
model. For example, a set of “typical” noz-
2Zles that are equivalent to in-plant nozzles
can be fabricated

Qualification rules may also result from
this approach. For instance, a rule might al-
low an inspection team lo be quaiified for
any nozzle whose dimensions are within a
specified range of those of the nozzle used
by the team in the performance demon-
stration. Modzling can provide the technical
basis for establishing such rules.

Computer modeling can also ad in the
analysis and refinement of ultrasonic in-
spection pracedures, Models can be used
to determine the component coverage of
procedures, as well as their sensilivity to de-
fect type, size, and orientation at specific
component locations. Performance demon-
stration candidates, knowing the limits of
their inspection pracedures, can modify the
procedures, evaluate the new approach via
modeling, and thereby increase the proba-
bitity of satlsfylng performance cemonstra-
tion criteria. By helping UT personnel opti-
mize procedures, modeling can improve the
overal reliability of in-service inspection.

The RAYTRACE beam-plotting model, de-
veloped by EPRI's Nondestructive Evalua-
tion Center, is one example of a scftware
tool that is useful for optimizing inspection
procedures. With RAYTRACE, UT personnel
can visualize how an ullrasonic beam will

Figure 1 Although these outlet nozzles are geometrically different, ultrasonic transducers can be
modified so thal the same area of each nozzle is examined. Here the beam entry angle is ag-
justed in order ta inspect the narrow part of the weld. When similar signals result, the nozzles are
considered equivalent for ultrasonic inspection purposes. Computer modeling can be used to
demonstrate equivalence bstween components and to design qualification samples that can rep-
resenl a group of similar components.
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Figure 2 By quickly and accurately plotting the propagation of an ultrasonic beam through a com-
ponent, EPRI's RAYTRACE software can help UT personnel optimize inspection procedures. For
example, it can be used to determine transducer placement for adequate coverage of the area of
interest—in this case, a piping elbow.
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prepagate through a eiven component dur-
ing an inspection {Figure 2). A user can in-
put a change in the position of the ultrasonic
transducer or in the beam eniry angle, and
the RAYTRACE model will regenerate the
beam path to show the coverage of the in-
spected area.

It would be highly advantageous to ex-
tend qualification possibilities beyond those
cases represented by the available gualifi-
cation sample inventory. Modeling can ex-
tend gualification to components not exactly
representesl by the samples. Modeling cre-
ates the opportunity for interpolation be-
tween qualification samples; that is, it may

be possible to extend gualification to a com-
ponent whose geometric and material prop-
erties are simiar to. and fall between, those
of two given samples. Exirapolation may
also be possible, depending on the extent
10 which the models used have achieved
credibility through extensive validation and
verification. By extending the applicability of
samples through interpolaticn and extrapo-
lation, the need for qualification could be re-
duced, saving many utitity and service ven-
dor doliars.

Babcock Energy. Ltd., Scotland, is per-
forming modeling work under RP2687-11,
This work primarily invoives the geometric

maodeling of nozzles by means of three-di-
mensional graphics and the modeling of ul-
trasonic beam propagation in nezzle interi-
ors. The British utitity Nuclear Electric has
been subcontracted to model ultrasonic re-
sponses from reflectors arbitrarily located
within the nozzle models,

The team of Babcock Energy and Nu-
clear Electric was successful in using mod-
eling to establish the technical basis for the
qualtication of inspection metheds related
to the licensing of the Sizewell B reactor in
the United Kingdom. The two contractors are
taking a similar approach in the develop-
ment of models for U S. utilities.

Combustion Turbines and Combined Cycles

Tools for Gas Turbine Management and Maintenance

by Robert Frischmuth, Generation & Storage Division

For many electric utlities today, gas tur-
bines represent only a fraction of over-
all capacity Yel over the next 20 years, the
installed base of gas turbine ane combined-
cycle unis s projected 10 ncrease frem
about 60,000 MW to over 100.600 Mw
There are a variety of reasons for this pro-
jected increase

0 Gas lurbines can support a wide range
of applications— from simple-cycle standby
use for emergencies or peaking. to part-
time combined cycling for system load and
voltage management, to continueus opera-
tion.

o Compared with steam baseload units,
gas turbines can be installed much taster
and at significantly lower cost.

o The turbines are the most efficient option
for burning environmentally “ciean” natural
gas While natural gas has been expensive.
it is now available n most areas for long-
term contract supply at competitive prices.
o A growing cenfidence that coal gasifica-
ton wil be available as a commercial op-
tion within the next 10 years 1s cffseting the
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perceived risks n fong-term natural gas
availability.

& The modulanty of gas turbines facllitates
siting at existing faciliies and easy installa-
tion ot additicnal units as required

o Design refinements are increasing the
efficiency and reliagility of gas lurbines.
For example, the new 150-Mw advanced
turbines deliver higher thermal-cycie effi-
ciency—now more than 50% for combined-
cycle units.

Resources for optimal
performance

With the use of gas turbines on the rise, util-
ihes are recognizing thal proper manage-
ment and maintenance practices can e a
significant factor in unit reliability and cost-
effectiveness. However, many owners sim-
ply have not been able to develop appro-
priate management and maintenance pro-
grams fast enough to keep up with the bur-
geoning technology. EPRIS Generation &
Storage Division has developed a variety of
resources to help owners gain a better un-

derstanding of their units, perform better
preveniive manfenance, more accurately
analyze and specfy matenals. and more
eftectively negotate vendor mainienance
agreements

These resources are yielding significant
benefits for ulilities, as the following sam-
pling indicates:
0 Reduction of unit overhaul costs by up 10
25%, and of overhaul times by up to 50%.
through the use of EPRI's Gas Turbine Over-
haul Plan software and guidebook.
@ Major reduction of the time required for
analyzing failure-10-start incidents, and fer
performing othet troubleshaoting, through
the use of the portable SASVANT™™ unit.
SAVANT's knowledge-based technology al-
lows even a relatively inexperienced tech-
niciart to quickly identify the causes of elu-
sive problems.
o solation of the root causes of many
generc problems —some potentially cata-
strophic. (Cempressor blade waik is ene ex-
ample.) EPRI-developed procedures ang
tools can help correct maintenance short-



comings and eliminate the need for expen-
sive (up to $1 million) component redesign
or replacement.
o Quantification of the refationship between
maintenance and reliability—a benefit of re-
search by EPRI's Data Applications Center
{DAC). In one case, DAC research support-
ed a member utility's decision to purchase
anew digital control system by showing that
digital controls can reduce forced outage
and scheduled outage factors by four and
three percentage points, respectively, and
improve starting reliability by five points,
EPRI's gas turbine maintenance and plant
services subprogram develops products
and services in the areas of outage man-
agement, training and expert systems, hot
gas path maintenance, and lechnology
transfer ane communication. Examples in
each of these areas are described below,
and Table 1 summarizes the plant support
resources currently avallable or under de-
velopment,

Outage management

EPRI's gas turbine ocutage management ser-
vices are aimed at helping utiites reduce
downtime and costs, increase time between
outages, and track machine condition.

Planned outages for gas turbine over-
hauls account for some 65% of equipment
unavailability. Maintenance and overhaul
tasks are performed by utility personne! and
outside vendors working together—a situa-
tion not likely te change in the near future.
However, utilities and vendors alike recog-
nize that greater utility knowledge of main-
tenance requirements can result in better-
matched expectations, more-effective com-
munication, scheduling, and work planning;
and lower costs during maintenance spec-
ification, procurement, and task perfor-
mance.,

To establish clearer expectations and a
basis for better communication between
vendors and utilities, EPRI has developed a
work planning and contro! tool called GTOP
(Gas Turbine Overhaul Plan), GTOP is being
developed in vendor-specific versions. The
first, released in 1990, covers General Elec-
tric MS7001 and Westinghouse 501 tur-
bines.

To develop GTOP, EPRI contractors ob-

ABSTRACT with their modularity, ease of installation, low instailed cost,

and increasing efficiency and reliability, gas turbines are becoming a major

source of new generating capacity for U.S. electric utilities. One of the chai-

lenges facing owners is that management and maintenance programs to op-

timize unit reliability and performance have not kept pace with rapid growth in

the installed base. To extend and enhance utility maintenance capabilities,

EPRI has developed a variety of resources, including products and services

for unit efficiency analysis, outage management, troubleshooting, technician

training, turbine blade refurbishment, and information exchange.
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served a number of unit overhauls and di-
vided the associated wark processes into
some 2000 steps. For each step, they wrote
a scope description to identify the neces-
sary craft skilis, tools, parts, and task dura-
tions. They then used a computer program
to develop an optimized plan.

GTOP praovides specific recommensa-
tions on planning, repair, and overhaui tech-
nigues for simple-cycle and combined-cy-
cle combustion turbine plants. It inciudes
task information sheets, critical path (PERT)
diagrams, task crew resource requirements,
and task durations. Available beth as hard
copy and on 1BM PC—compatible software,
GTOP data can alse be imported into pop-
ular scheduling pregrams, such as Project2.
Versions for GE's MS5001 ane Asea Brown
Boveri's 11N units are scheduled to be com-
pleted in 1992 and 1993, respectively.

Since the release of the tirst GE/Westing-
house GTOP in 1990, 69 utilities have re-
quested it and 20 have used it for overhauls
or major maintenance. The savings have
been significant: up to 30% in manpower
and 50% in time. Users are reporting over-
al cost reductions of 25%. Omaha Public
Power District, for example, estmated sav-
ings of $225,000 n its first use of GTOP on
one unit, and the utility plans to use GTOP
for future overhauls.

Training and expert systems

A recent EPRI-sponsored seminar attended
by gas turbine manufacturers and some 50

utility owners revealed a significant gap be-
tween utility training needs and the training
services provided by manufacturers, To
help close this gap, EPRI is developing a
two-day training program called the Plant
Improvement Course, which will focus on a
strategic approach lo improving operations
anal maintenance, including the principles
of applying gas turbine operating data and
information, The first session of the course,
to be held later this year, will be for midlevel
utility managers.

To provide further assistance with training
and troubleshooting, EPRI is developing
SASsVANT—a computer-mased information
system that both exerienced and novice
technicians can use to troubleshicot epera-
tional prablems.

The SAsVANT program will comprise four
modules: the startup advisor will trou-
bleshoot startup problems: the performance
advisor will diagnose unit efficiency; the vi-
bration balancing advisor will help balance
the rotor; and the troubleshooting trainer will
be an interactive, intelligent tutoring system
with a graphic user interface. The first three
modules are being tested by Jersey Cen-
tral Power & Light {at its Sayrevilie plant),
Carolina Power & Light (Darlington), Public
Service Electric & Gas (Essex), Consoli-
dated Edison (Ravenswood), Northeast Util-
ities (Cos Cob), and the Tennessee Valley
Authority (Gallatin). The fourth module,
which is under development, will be tested
later this year.
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Table 1
GAS TURBINE MANAGEMENT AND
MAINTENANCE RESOURCES

Service/Product
Qutage Management
Gas Turbine Overhaw Plan (GTOP)

Efficiency Maintenance Analysis Program

Training and Expert Systems
SEaVANT

Plant Impravement Course

Cempresser Blade Walk Inspection

Hot Gas Path Maintenance
REMLIFE

Advisor for Blade Coaling (ABC)
SPECS

BLADE-CT

Blade Lile Assessment and Repair Guidebook
Technology Transfer

Combustion Turbine Centes

{Charlotte, North Carolina}

Daia Agpplications Center

invenlory of Gas Turbines (INTURB)

Standard Equipment Code

Description

Outage plamning datakase {avaiable tor GE
MS7001 and Westinghouse 501 turbines; under
devetopment for GE MS5001 and Asea Brown
Bover 11N turbines)

Thermal perlormance analysis prograrm

Expert system for troubleshooting operational
preblems

Two-day seminar on improving operalions and
mamtenance

Videotape and checklist (available mid-1992)

Cormpulerized algorithm to estmate remaiming
life of tirsl-stage blading

Compulenzed selection of blade coalings

Specifications lor repair of nozzles and turbine
blades

Finite-elemeant analysis program o assess
stress, heat transler, and vibraton of blading

Manual of methods for determining condition of
blading

Technology transfer and advisory center
elsctronic bulletin board

Service that provides easy access to databases
for customized reliability intormalicn

Database of gas turbine engines, stes, and
personnel

Standardized equipment breakdewn for
cornbuslion lurbine and combined-cycle plants

Hot gas path maintenance
Combustion turtine blades, which are iab-
ricated from nickel-based superalloys, op-
erate under severe mechanical loads in ag-
gressive, high-temperature environments.
Blades are subject to damage from creep
(resulting from grain boundary cavity for-
mation), foreign objects in the flow stream
(especially if blades become embrittled),
oxidation, and hot coregsion, Since blade re-
placement s expensive—and In many
cases unnecessary—EPRI has developed a
variety of t00ls ta address these problems,
One such tool s the Combustion Turbine
Blade Lile Assessment and Repar Guide-
book (EPRI report GS-6544). This guidebook
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provides a test methodology for determin-
ing the adequacy of impact toughness and
rupture strength. Arizona Public Service
Company used the test methodology on two
units to demonstrate that undamaged sec-
ond-row blades could be returned to ser-
vice, saving about $590,000, and that lost
creep rupture strength could be restored to
first-stage blades, saving $850.000 over
three years.

EPRI has aiso developed software and a
guidebook (GS-7334-L) far specifying high-
temperature coatings for combustion lur-
bines. These tcols help users specify ap-
propriate protective blade coatings to mini-
mize high-temperature oxidation and corro-

sion. One uiility used the package te select
a coating for replacement blades that it ex-
pects will double blade life and save $3.6
mitlion over 20 years.

Technology transfer and
communication

By sharing operations and maintenance in-
formation, turbine owners can eliminate un-
necessary research and reduce mainte-
nance costs. Accordingly, EPRI is making
gas lwrbine knowledge available to the util-
ity industry in a variety of ways. The Com-
bustion Turbine Center in Charlotte, North
Carolina, s an important part of this effort.

One goal in establishing the center was
to provide an effective way to transfer main-
tenance technology to EPRI members, At
this facility, utilities can learn about products
and analytical techniques that can help
them make more-cest-effective gas turbine
maintenance decisions. They can also ex-
change information with other utilities
through an electronic bulletin board.

The Data Applications Center, a service
avallable through the Combustion Turbine
Center, makes it easy to access a variety of
databases lo obtan customized reliability
information related to specific gas turbine
problems or projects. DAC personne!l will
search databases, interpret findings, and
prepare a formal response to specific ques-
tions. The use of this service Is free 1o EPRI
members.

Also available through the Combustion
Turbine Center {or as a stand-alone pro-
gram) is EPRI's easy-to-use Inventory of Gas
Turbines (INTURB). This database contans
a wealth of information on some 2200 do-
mestic units, including site names and lo-
cations, site personnel, engine makes and
mogdels, combined-cycle status, emissions
controls, upgrade and modification histo-
ries, service factors, total tired hours, and
total starts.

Bottom-line results

Over the past few years, utiities have re-
ported many examples of substantial cost
savings resulling from the use of EPRI's gas
turbine products and services. Because of
this bottem-line payoff, the Generation &
Storage Division s increasing its efforts to



develop new products and services that re-
spond to owners' needs,

Planned or under development are an
outage criteria database, sophisticated
maintenance logging and recordkeeping
systems, seminars on unit operatons and
maintenance improvement, an operating

practices guide, training aids for blade in-
spection and refurbishment, technical spec-
ifications for nozzle and turbine blade repair,
a sophisticated finite-element blade anal-
ysSis program, standardized egquipment
codes for simple-cycle and combined-cycle
units, ang IBM PC-compatible software for

maintenance accounting and
analysis,

For further information on the resources
discussed in this article, contact Rcbert
Frischmuth at (415) 855-2579, For informa-
tion on the Combustion Turbine Center,
contact David Dobbins at (704) 547-6161

reliability

Power Piant Availability

ACOM: Availability Cost Optimization Methodology

by Jerome Weiss, Integrated Energy Systems Division

When utilities seek to improve the
availability and thermal! efficiency of
generating units, they often must select from
among several propesed changes. The
need to take into account budget and per-
sonnel constraints and to evaluate the cost
and performance interactions between pro-
posed modifications can make this decision
exceedingly difficult. if a large number of al-
ternatives exist, the analysis is virtually im-
possible (o perform manually.

Under RP2462-1. EPRi developed an
availability optimization methodology tohelp
utility management select, schedule, and
implement unitimprovement options that will
provide the greatest return on investment
within specified budeet and other con-

straints. Now the methodology is available
in a software package that capitalizes on
the computational capability of the personal
computer. The first large-scale application
of this software— called ACOM (Availability
Cost Optimization Methedology)—has dem-
onstrated its usefulness as a utility planning
and analysis too!.

ACOM was designea for situations in
which utility personnel must evaluate many
propesed changes to equipment and de-
terrmine their impact on availability and heat
rate. Candidates for the use of ACOM in-
clude avallability improvement programs
and routine eaquipment upgrade proposals
A typical situation might involve 50 pro-
posed changes (or improvement projects)

—_— 5

ABSTRACT Wwith EPRI's ACOM software, utilities can cost-effectively eval-

uate a large number of proposed options for improving the availability of power

generating units and select the best candidates for implementation. The pro-

gram determines the impact of each proposed change on unit availability and

efficiency, considers funding and other resource constraints, and analyzes in-

teractions belween alternatives. Resulls inciude an optimal schedule for im-

plementing the recommended changes. In a recent application, ACOM helped

a member utility optimize a 10-year improvement plan for 12 fossil units, for

an increase of $88 million in expected net benefits.

for one or more units, with associated costs,
benelits, funding limits, schedule con-
straints, and performance requirements.

The methodology

ACOM uses a three-stage process to evalu-
ate single- or multiple-unit availability im-
provement programs for planning horizons
as long as 10 years. The {irst stage nvoives
a straightforward screening process to en-
sure that each change can be implemented
within various schedule limitations, that
each change has a positive expected effect
on unit avaitability, and that the forecast
benetits of a change exceed its implemen-
tation costs. This step uses EPRI's UNIRAM
program to assess the effects of each pro-
posed change on unit availability,

In the second stage, overall constraints,
such as funding and available personnel re-
sources, are introduced Into the evaluation.
Through a linear programming process, all
lhe candisates remaining afler step one are
analyzed te determine a subset of proposed
projects that represents an initial optimal so-
Jution within the specified constraints. This
subsel s the basis for the final evaluation in
stage three

In the third stage, a dynamic program-
ming algorithm s used lo determine the
group of changes that will provide the great-
est net benefit and to identily the optimal or-
der of implementation. This final step ana-
lyzes the changes' interdependencies and
inferactions in reaching an optimal solution
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Applications

Initially, the availability optimi-
zation methodology was ap-
plied manually, The first appli-
cation, to a sample set of pro-
posed changes, led to the re-
jection of al the candidates—
none passed the preliminary
screering process. As a result,
the participating utility decided
to reevaluate each of the pro-
posed projects.

The second application, for

Costs

Nel benefits

GS-6266

Benefits (present worth)

Benefit/cosl ratio

Avoided cosls

Table 1
PEPCO APPLICATION

quired many analyst-years of
effort.

ACOM benefits

Original Plan Optimized Plan The ACOM seftware package.
SEs5400 $33,019,000 which is now available for ulil-
$20,703.000 $14.613.000 ity use, performs ail three steps
1.87 2.26 of the methodology Wy com-
$17,959,000 $18,406,000 puter, selecting the optimal
$6,090,000 combinaticn of availahbility or

Note For mora details on Ihe assumpbons and calculations invaived see EPR! raport

heat rate improvement projects
from & large list of candidates.
This selection takes into ac-

Potomac Electric Power Com-
pany (PEPCO)., evaluated 41
proposed improvements to three units for
implementaton over a 10-year period. The
results of the evaluation are presented in
Tabie 1. In this case. the methodology and
linear and dynamic programming algo-
rithms were applied manually, and the UNI-
RAM software was used to perform each
availability assessment in the process. This
application demonstrated the potential
value and applicability of the methodotogy.
The extent and type of computations and
the accompanying bookkeeping, however,
made it clear that sophisticated computa-
tional assistance was required if the
methedology was to be widely used. Espe-
cially in analyses of a somewhat larger num-
ber of project candidates and

ACOM results with independent estimates
developed previously by Centerior demon-
strated the potential value of the methodal-
ogy. The optimized plan produced by ACCM
reduced the number of changes to be im-
plemented to 124, for potential cost savings
of $95 million and an increase of $88 mil-
lion in the expected net benefits of the en-
tire improvement program (Table 2).
Moreover, this case demonstrated the
speed and ease of using the ACOM software
10 solve a large problem. A moderately fast
personal computer was able to evaluate all
the proposals and produce an optmal re-
sult in some 48 hours. Reaching a solution
manually, if possible at all, would have re-

count  resource  CONsHraints,
schedules, and interactions be-
tween the candidates. Execution of the pro-
gram, which can require literalty millions of
UNIRAM runs, produces a list of recem-
mended changes. an optimal scheduie and
order of implementation, and the expected
costs and benefits of implementing the rec-
ommendations. As shown in the Centerior
application, ACOM can enable utilities 1o
solve problems that previously would have
been insoluble or would have required encr-
mous expenditures of time and resources.
Moreover, the program's ability to handie a
large number of options eliminates the need
for making simplifications and assumptions
that could cast doubt on analysis results.
The ACOM software package runs on a
stand-alone IBM-compatible mi-

units, rehance en  manual
methods would requite short-
cuts and assumptions that
could invatidate the conclu-
sions. The insights gained in
the PEPCO case led to the de-
velopment of the ACOM soft-
ware package.

In the first large-scale appli-
cation of ACOM, Centerior En-
ergy used it to evaluate 182
proposed changes to 12 fossil
units for implementation over
10 years, A comparison of the

Benefits

Costs

Nel ®enelits

Number of proposed changes

Benefit/cost ralio

Avoided costs

Table 2
CENTERIOR ENERGY APPLICATION

crocomputer equipped with MS-
DOS. ACOM is integrated so that
a user can interactively prepare

Onginal Plan Optimized Plan and modify all input data files
182 124 via a series of menu screens,
$532,080,000 $525.080,800 execute the pregram to obtain
$281,000.000 $186,000.000 the solution, and prepare and
1.89 2.82 format a series of output re-
$251,000.000 $333.000.00 ports. A users manual (TR-
$95.000.000 100225) provides guidance in

Noie Fer more delails pe The assumplans and calculauans Inveived See the PR innovators
pulihcation IN-100250

program application. ACOM 1s
available to EPRi members
through the Electric Power Soft-
ware Center, (214) 655-8883.
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New
Contracts

Project

Customer Systems

End-Use Lead Shape Modeling Study
(RP2980-5)

Thermal Energy Slorage Using Petiite-
Phase Change Malenal Composita
{RP3182-2)

Electrical Eiciency in Electne Arc
Furnace Steglmaking (RP3243.5)

Industral Power Quality and Motor
Drives (RP3245-3)

Magnetic Field Transients Resulting
From Thyristor-Controlled Loads
(AP3254-2)

Suparmarket Dehumidification
Equigmenlt Applicatons and Operating
Strategres {RP3280- 10)

Cool Air and Water Utilization
{RP3280-16)

Etectnic G-Van Developmen tor
Production: 1992 (RP3299-3)

Integration and Demonstration of the
Market Analysis Tools Commercial
CLASSIFY-Plus and MarketTREK
{RP3310-3)

Integration and Demonsiration of the
Markel Anatysis Tools Commercial
CLASSIFY-Plus and MarketTREX
(RP3310-4)

Electrical Systems

High-Phase-Order Demonslrabion
{RP3210-1)

Solar Magnetc Oislurbances and
Geomagnetcally Induced Current
Prateclive Relaying (RP3218-4)

Measurament ol Overvoltages an
Ungergroung Distribution (RP3326-1)

Metal Oxige Semiconducior-Galed Solar
Cell Device (RP4000-33)

Envirenment
Testing of Nencembustion Waste
Options (MP3006-8)

Clirnate Change Risk Assessment
(RPI04 1-6)

Tracision Suppart far Ar Toxics
({RP3081-2)

Air Ermissions Misk Assessment
Melhodategy (RP3881.3)

SO, Advanced Relrofit Develomment
(RP3227-1)

Chimate Mode! Sensitivity to Land
Surface Interactions (RP3267-6)

Climate Muadel Sersiivity to Atmosphenc
CO. (RF3267-7)

Exploratory & Applied Research

Imeligent Reat-Tme Condinon
Monitoring and Mainienance
Management (RP8004-16)

Funding/
Duration

$357,100
11 monihs

$86,100
7 months

$60,800
16 menihs

$365,000
18 menths

$58.600
11 months

$123,000
24 months

$112,200
16 months

$384,300
12 manths

$158.500
16 months

$282,000
16 months

$720,300
51 months

$197.900
10 months

$116,000
4 monlhs

$73,500
S monlhs

$1,306,200
23 months

$75,000
7 moriths

$544 300
31 months

$189,500
30 menths

$394,800
9 morths

$78.900
16 months

$235.100
24 manths

$204,500
36 months

Contractor/ EPRI
Project Manager

Quamum Consulling f
£ Meagher

Phase Change
Technology fA fannus

Tekon Services/
P McDonough

Universily of New
®rlcans/A. Amarnath

Arizona Slate Umversity {
M Samotyj

University sl Colorado,
Boulder /M Khaliar

Dorgan Associates/
A. Wendland

Conceptor Industries/
G FPurcel

HResearch Tnangle
Institute/ 7. Henneberger

National Analysts/
T Hennabarger

Empire Stale Electric
Energy Research Corp./
J Porter

Electric Research &
Management/F Phiiips

Pewer Technologies/
V Longo

Micromlectronics Centar of
Nart Carolina/H. Mehla

Ratiian Corp./M McLearn

Resources for the Future/
L Levn

Decision Focus/L. Lavin
WG Cop. /L. Levin

Sargent & Lumdy
Engineers/C Deng

Macquarie Park
Research/C. Hakkatinan

Yale Unwersity /
C Makkarnen

Stanford University
J. Naser

Project

Delection of Hazardous Contarminants in
Groundwaler Using 11 Siu Fiber-Oplic
Probes {HP8004-18)

BDemonstration of Scalable Parallel
Processing for Complex Process
Ermulation (RPB8004-19)

Transtormation of Mineral Matter Dunng
Pulverized-Coal Combustion
{RPB005-14)

Exploratory Studies of Determinishc
Chaos in Fluidizeg-Bed Combusiton
(RP8006-25)

Evaluaiien ef Unique Solar Energy
Conversion Concept (MP8007-10}

Generation & Storage

On-line Carbor-in-Ash Measurement
(RP1893-17}

Combustion Turbine Plant Reliability
Guide (RP2989-6)

Midwest Ore Coal Desulfunzation
Tachnology Pilot Plars Design and
Costing {RP3027-5)

Gas Turbine Koowledge Base Planning,
Convers:on_ and Evaluatron (RP3031:13)

Operapility of Atmosphenc Fluldized-
Bed Combustion Boilers (RPI162-3)

Tasting arnd Materials Suppon for High-
Conceniration-Photovoltaics Program
{RP3256-1)

CAES Ethicency Impeovemenl and NQ,
Emission Meduction {(RP3268-1)

CAES Concepts With Arr Saluration and
Othet Conhigurahons (RP3268-2)

Integrated Energy Systems

Polential Effects of Climate Change on
Electric Uhlities {RP3236+11)

Fuel Supply Business Sirategies
(RP3344-24)

Nuclear Power

IPROM Phase 2 Bevelopment
(RP3175-6)

Insirument Modeling and Survivability
Daramase for Severe-Accident Condiion
{RP3183-1)

Supporling Research far Advanced LWR
Requirernenls Document and Small-Piant
Conceptual Designs {RP3260-23)

Determination ot Temperaturg Limils for
Ory Storage of Spent Nuclear Fuel
(RF3298-3)

Joining Technalogy lor Borated Stainless
Stesis (AP3230-4)

Hydrogen Water Chemistry Venticalion
(RPC101-23)

Field Chemistry al Byron and Braidwood
Nuclear Power Plants {RPS416-3)

Funding/ Contractor/EPRI
Ouration Project Manager
$74.800 Universily ¢f Wyorming
36 months M. Efrashuchi
$175.500 Agtomatien Technology /
15 months S, Bhalt
$85,000 Massachuselts Insiityte of
3 monlhs Technology /A. Mehta
$89,000 Marlin Manetta Enargy
16 months  Systems/J. Staliings
385,360 University of Lowall
12 months  Research Foundatian/

T Pelerson
$55,000 GAf Consultants /
15 rmonths O Broske
$194,100 Science Applications
12 menths  International Corp ./

R Frischmuth
$75,000 Mith Cregk Co./C Kulik
S manths
$194,800 Anaerson Consulling
12months  Enginsers{G Quenhn
$98,600 Combustton Systems
7 months T Boya
$73,200 Daedalus Asseciates/
7 months F Dostalek
$156,000 Energy Storage & Power
18 months  Consullanis/A. Pofiak
$135,000 Energy Storage & Power
18 menths  Consullanis (R Poliak
$75,000 ICF incorparated C. Clark
16 months
$125,100 Applied Decision
17 months  Analysis/S. Chape!
$175,900 Oecision Design/S Tagart
15 months
$75.300 Grove Enginsering
7 months J Chaa
$150,000 Massachuselts Institute of
24 months  Technology {C. Welty
$110,000 Brookhavert National
7 monihs Laboratory (R, L ambert
$218,400 Engineenng Resources/
39 months R Lambert
$85,000 Aptech Engineeting
12monihs  Services/L Nelson
$111.800 NWT Corp /P Millet
13 months
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New
Technical
Reports

Requesls for copies ot reperts should be directea
to the EPRI Distribution Center, 207 Cogeins Drive,
PO. Box 23205, Pleasant Hifl, Califermia 34523;
{S10) 934-4212. There is no charge for reports re-
quested by EPRI member ulililies and affiliates. Re-
ports will be provided to nonmember U.S. utilities
only upon purchase gt a ticense, the price of which
wil be equal lo the price of EPRI membership
Clhers pay the lisled price or, It some cases (when
noted), must enler into a licensing agreerment,

CUSTOMER SYSTEMS

Regulating Vacuum Pump Speed With
Feedback Contro!

TR-100173 Final Repert (RP2782-4), $200
Contractors: Cernafl Universily, National Foed
ang Energy Council

EPRI Project Managers A Amarnath,

0, Zimmerman

Solid-State Speed Controllers for Single-
Phase Capacitor Motors

TR-100174 Final Reporl (RP2782-4), $200
Contractors. Kansas State University, Nationat
Food and Energy Council

EPRiI Project Managers: A Amarnalh

Q. Zimmerman

Performance of Microprocessor Cantrollers
TR-100175 Finat Report (RP2782-4); $200
Contraclors; University of Kentucky: Nauonal
Food and Energy Counci)

EPRI Project Managers. A Amarnath

O Zimmerman

Delivering Cuslomer Value:

The Application of Quality Function
Deployment to Demand-Side Management
TR-100239 Final Reporl (RP2671-8); $200
Conltraclor Putnam, Hayes & Barttett, Inc
EPRI Preject Managers. T Henneberger,

P. Hanser

Proceedings: Electricity Use and the
Environment

TR-108254 Proceedings (RP1340-24) $200
Contraclor. Becision Focus, Inc

EPRI Project Manager P. Hanser

1991 Survey of Commercial-Sector
Demand-Side Management Programs
TR-100329 Final Repert (RP2884-2); $200
Contractor: Plexus Research, inc

EPRI Project Marager P Meagher

Evolution of DSM: A Utility
Segmentation Framework

TR-100344 Final Report (RP3084-11); $200
Contractor: Charles Biver Associates, Inc
EPRI Project Manager V Rabt
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Demand-Side Management Implementation
Guidelines

TR-100349 Final Report (RP2548-1); $200
Conlractor; XENERGY, Inc

EPRI Project Manager: P Meagher

ELECTRICAL SYSTEMS

Reliability-Based Foundation Design for
Transmission Line Structures, Vol. 4:
Transformation Models for In-Situ Tests
EL-5507 Final Reporl (RP1493-4); $200
Contractor: Cornell University

EPR! Project Manager: V. Longo

TLWorkstation'” Code, Version 2.0, Vol. 24:
ETADS Example Problem Catalog

€L-6420 Computer Code Manual (RP2016-3}
$200

Contractor. Sverdrup Technology, Inc

EPRI Project Manager: P Lyons

Characteristics of Lightning Surges on
Distribution Lines: Second Phase
TR-100218 Final Report {RP2542-1); $200
Caniracter' Power Technalogles, Inc
EPRI Project Manager: V. Longo

Experimental Investigation of the Uplift
Behavior ot Spread Foundations in
Cohesionless Soil

TR-100220 Final Report (RP1483-4): $200
Contractor Cornell University

EPRI Project Manager. V. Longo

Experimental Study of Undrained Lateral
and Moment Behavior of Drilled Shafts
During Static and Cyclic Loading
TR-108221 Final Report {(RP1493-4). $200
Conlractor' Cornell University

EPRI Project Manager- V Longo

Experimental Study ot Drained Lateral and
Moment Behavior of Drilled Shafts During
Static and Cyclic Loading

TR-100223 Final Report (RF1493-4); $200
Contractor Cornell University

EPRI Project Manager: V. Longo

Development of Optimized DC Station Post
Insulators

TR-100267 Final Report (RP2472-3); $208
Contractor- High-Voltage Transmission Research
Cenler

EPRI Project Manager: J. Hall

Acoustic Intensity Measurement of
Transformers

TR-100300 Final Report (RP2115-18); $280
Contractor: Westinghouse Electnc Corp
EPRI Project Manager G, Addis

GENERATION & STORAGE

U.S. Bituminous Coal Test Program in the
British Gas/Lurgi {BGL) Gasitier

GS.709t Final Report {RP2525-1); $200
Contractor Britigh Gas plc

EPRI Projecl Manager M Epsten

Treatment and Testing of Wastewaters and
Slags From the British Gas/Lurgi (BGL) Gasifier
GS-7092 Final Report {RP2525-1); $200
Contractors: British Gas plc; Lurgi GmeH
EPRI Project Manager: M. Epstein

Treatability Testing of British Gas/Lurgi
{BGL) Coal Gasitication Wastewater

GS-7108 Final Report (RP2526-1); $200
Cantractors: CH2M Hill, Energy 8 Environmental
Research Center

EPRI Project Manager: M. Epstein

Economic Evaluation ot Fiue Gas
Desulfurization (FGD) Systems, Vol. 2
(GS-7193-L Final Report (RP1610-6); license
required

Contractor: United Engineers and
Constructors, Inc.

EPRI Project Manager P. Radcliffe

Motor and Generator Insulation Life
Estimation, Vols. 1-3

TR-100185 Final Report {RP2577-1), Vols. 1 and 3,
$1000 each volume; Vol 2, license required
Contractor- ®ntano Hydro Research Division
EPRI Projecl Managers, J. Stein, B, Bernslein

Dimethyl Ether Synthesis Process
TR-100246 Final Report {(RP317-6), license
requIreg

Contractor. Universily of Akron

£FRl Project Manager C Kulk

Proceedings: 1990 Fossil Ptant Cycling
Conference

TR-100253 Proceedings, $200
EPRI Project Managers: D. O'Connor, J Valverde

Calcium Injection Upstream of an
Electrostatic Precipitator and a Fabric
Filter for Simultaneous SO, and Particulate
Removal: Pilot and Bench-Scale Resuits
TR-100260 Finat Report {RP2784-1); $200
Contractor- Fossit Energy Research Corp
EPRI Project Managers: B O'Neil, R Rhudy

Proceedings: 1990 Fuel Oil Utilization
Workshop

TR-180309 Proceedings (RP2778-8) $200
Contraclor Carnot

EPRI Preject Manager- W Hovesl

Development of Fuel Oii Management
Systemn Software, Phase 1: Tank
Management Modute

TR-100311 Final Report {(RP2947-2, -4), $750
Contractors: Carnot; Kennen Technelogy
EPRI Project Manager: W. Rovesti

Use of Coal Ash in Highway Pavements:
Kansas Demonstration Project

TR-100328 Final Report (RP2422-15). $200
Contractor. Kansas Electnic Utililies Research
Program

EPRI Project Manager: D. Golden

Development Efforts on Silicon Solar Cells
TR-100402 Final Report (RP790-2). $200
Contractor: Stanford University

EPRI Project Manager. i Goedman



INTEGRATED ENERGY SYSTEMS

Coal Transportation Risks for Fuel
Switching Decistons, Vol. 2: Eastern Rail/
River Network

JE-7118 Final Repert (RP3273-7); $200
Contractor: Freldston Co., nc

EPRI Project Manager: J. Plait

Technical Assessment Guide (TAG™), Vol. 3:
Fundamentals and Methods—Electricity
Supply

T®-10028t Final Report (RP1678); $200

EPRI Project Manager, G Ramachandran

NUCLEAR POWER

PWR Steam Generator Tube Repair Limits:
Technical Support Document for Expansion
Zone PWSCC in Roll Transitions {Revision 1)
NP-6864-L., Rev, 1, Final Repert (RPS404-12, -15
-18, -19, -21, -24, -32, -37, 80, -92, -93); license
required

EPRI Preject Manager L Willams

industry Approach to Seismic Severe
Accident Palicy Implementation

NP-7498 Final Report {RP2722-23); $200
Coniractors: Jack R. Benjamin & Asseciates,
In¢.; Yankee Atomic Electric Co., Risk
Engineering, Inc - Pickard Lowe and Garrick,
MPR Associates, Inc

EPRI Project Managers: R Kassawara, C. Siepp

Fuil-System Decontamination of a BWR

Using the LOMI Process

TR-10004%, Ter 1, Final Reper! (RP2296-22); $200
TR-100048, Tier 2 Vols 1-6, Fingl Report
$30,000 for set

Coniractors GE Nuclear Energy, Nizgara
Technical Consultants, PN Services, Inc

EPRI Project Manager. C, Wood

Evaiuation of Main Coolant Pump Shaft
Cracking

TR-100154, Tier 1. Final Report (RP2455-24), $200
TR-108154, Tier 2, Final Report; license required
Contractor: Structural Integrilty Associates. Inc
EPRI Project Managers. T Griesmach, J. Weiss

In-Pile Loop Studies of the Effect of PWR
Coolant pH on Corrosion Product
Radionuclide Deposition

TR-100156 Final Remori (RP2295-4); $500
Contractor: MIT Nucleat Reaclor Laboratory
EPRI Project Manager: C Wood

Proceedings: Main Coolant Pump
Workshop, 1991

TR-100298 Proceedings (RP3232-1); $200
Ceniractor; EPRI Nondestcuclive Evalualion
Center

EPRI Project Manager: J Weiss

Hydreogen Water Chemistry for BWRs:
Materials Behavior

TR-100304 Final Remort (RF1930-1) license
required

Contractor: GE Nuclear Energy

EPRI Project Managers: J, Nelson, R Jenes

New
Computer
Software

The Electric Power Sofiwere Center (EPSC) pro-
vides a single distribution center far computer pro-
grams developed by EFRI. The programs are dis-
tributed under license to users. EPRI member util-
ities, N paying their memiership fees, prepay all
reyalties. Nenmember organizations lcensing
EPRi compuler programs are reguired 10 pay roy-
alties. For more nformation about EPSC and |i-
censing arrangements, EPR! member ulillbes
shoutd contact the Electric Power Software Center,
Power Computing Co. 1830 H Line Drive, Dallas,
Texas 75287; (214) 655-8883. Other organizations
should contact EPRI's Manager of Licensing P.@.
Box 10412. Palo Alto, Calitornia 94303, (415)
853-2866

CEM Database: Continuous-Emissions-
Monitoring Utility and Vendor Databases
version 1.0 (PC-DOS)

Develeper: Engineenng-Science. Inc

EPRI Project Manager: Ruseli Binsol

COMTECH: Commercial Technologies
Screening Model

Version 3.0 (PC-DOS)

Developer: Regional Economic Research
EPRI Projec! Manager. Karl Johnson

DSManager: Demand-Side Management
Analysis Software

Version 1,5.5 (PC-DOS)

Oeveloper: Electric Power Software

EPRI Project Manager Phil Hanser

DSMLINK

Version 6 11 (PC-0S/2)

Developer Slone & Webster Engineerng Corp
EPRI Preject Manager: Rambabu Adapa

EGEAS: Electric Generation Expansion
Analysis System

Version & 12 {IBM-MVS; PC-OS/2)

Developer' Stone & Webster Engineenng Carp
EPR! Project Manager: Rambabu Adapa

ENVIRO: Corona Effects and Electric and
Magnetic Field Profiles (TLWorkstation
Module)

Version 113 {PC-DOS)

Developer- General Eleciric Co, (High-Voltage
Transmission Research Cenler)

EPRi Project Manager: James Hall

ESCORE: EPRI Steady-State Core
Evaluator Code

Version 1B {PC)

Developer: S, Levy, Inc

EPRI Project Manager: Odelll Ozer

MOONS: Methods of Overlagping Networks
Statistics

Version 1.0 (FC-DOS)

Developer: S. Levy, Inc

EPRI Preject Manager G S Srikantiah

PLANETS: Piant Network Simulation Program
Version 10 (PC-DOS)

Developer: S, Levy, Inc

EPRI Project Manager: G. S Srikantiah

SGA-SGSYS: Substation Grounding
Analysis (SGWorkstation Module)
Varsion 4.5 (PC-DOS)

Developer Power Computing Co.

EPRI Project Manager: Giora Ben-Yaacov

SGA-SMECC: Substation Maximum Earth
Current Computation (SGWorkstation
Madule)

Version 2 4 (PC-DOS)

Developer: Pewer Computing Co

EPRAIl Project Manager: Giora Ben-Yaacov

SGA-SOMIP: Soil Measurement Interpretation
Program (SGWorkstation Module)

Version 2.2 {(PC-DOS)

Developer: Power Computing Ce

EPRI Project Manager: Giora Ben-Yaacov

SGWorkstation: System Grounding
Workstation

Version 12 (PC-DQS)

Developer Power Comgpuling Co

EPRI Project Manager: Giora Ben-Yaacov

SHORT/SHLDRTG: Transient Temperature
of URD Cables

Version 1.0 (PC-DOS)

Developer: Power Computing Co

EPRI Project Manager Giora Ben-Yaacev

SSPS'#: Site Screening and Priority-Setting
System

Version 10 (PC-D@S)

Develoger: Decsion Focus, (nc,

EPRI Project Manager Anthany Thrall

STARS: Statistical Transient Analysis by
Response Surface

Version 1.0 (PC-DOS)

Developar: S Levy Inc

EPRI Project Manager G S. Srikantiah

TOX-RISK: Toxicology Risk Assessment
Program

Version 3,1 (PG-D@S)

Developer: Clement International

EPRI Project Manager: Abe Silvers

TRELSS: Transmission Reliability
Evaluation for Large-Scale Systems
Versien 1.0 {IBM-MVS; Prime-PRIMOS)
Developer: Soulhern Company Services, Inc
EPAI Project Manager: Mark Lauby

UPSTUDY/TLOPGR: Upgrading Study/Trans-
mission Line Optimization With Grounding
Version 1,1 (PC-DQS)

Developer: Power Technologies, thc

EPRI Project Manager; Richard Kennen
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EPRI Events

JULY

6-9

International Conference on

Electric Thermal Storage and Thermal
Energy Storage

Minneapolis, Minnesota

Contact: Linda Nelson, {415) 855-2127

7-9

2d International Conference on
Compressed-Air Energy Storage

San Francisco, California

Contact: Lori Adams, (415) 855-8763

7-9

Workshop on NO, Controls for Utility
Boilers

Boston, Massachusetts

Contact: Pam Turner, (415) 855-2010

14-15

Retaining Ring Life Assessment
Computer Code

Palo Alto, California

Contact: Jan Stein, (415) 855-2330

19-22

EPRI-ASME Radwaste Workshop

Boulder, Colorado

Contact: Carol Hornibrook, {415) 855-2022

20-21

Demand-Side Management Training
Workshop

Washington, D.C.

Contact: Matt Haakenstad, (612) 473-1303

20-22

COMTECH and COOLAID Training
Workshop

Dallas, Texas

Contact: Karl Johnson, (415) 855-2183

21-23

Conterence on the Management of
Magnetic Fields in the Utility Workplace
Palo Alto, California

Contact: Git Addis, (415) 855-2286

21-23

Predictive Maintenance Program:
Development and Implementation
Eddystone, Pennsylvania

Contact: Mike Robinson, (215) 535-8876

23-24

Low-Level Waste Management Seminar
Boulder, Colorado

Contact: Carol Hornibrook, (415) 855-2022

23-24

Micro-AXCESS Training Workshop
Dallas, Texas

Contact: Karl Johnson, (415) 855-2183
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28-29

FGDPRISM Training Workshop
Austin, Texas

Centact: Rob Moser, (415) 855-2277

AUGUST

3-6

Check Valve Applications, Maintenance,
Monitoring, and Diagnostics
Eddystone, Pennsylvania

Contact: Joe Weiss, (415) 855-2751

5-6

Plant Monitoring Workstation Users Group
Meeting

Denver, Colorado

Contact: Dominic Maratukulam,

{415) 855-7974

6-7

Engineering Approaches to Residential
and Commercial DSM Program Impact
Estimation

Denver, Colorado

Contact: Jean Ciallella or Lorna Smith,
{510) 987-8141

9-14

Wholesale Power Marketing Workshop
Chicage, Illinois

Contact: Scott Rost, (415) 855-1089

10-13

Computer-Assisted NDE and

Plant Monitoring Workshop
Philadelphia, Pennsylvania

Contact: Mike Avigli, (415) 855-2527

11-13

4th Symposium on Valve Technology
Dallas, Texas

Contact: Jean Carpenter, (704) 547-6141

11-14

Transformer Performance, Monitoring, and
Diagnostics

Eddystone, Pennsylvania

Contact: Stan Lindgren, (415) 855-2308

18-19

Effective Scram Reduction Techniques
Related to Instrumentation and Control
Activities

Eddystone, Pennsylvania

Contact: Richard Colsher, {215) 595-8870

25-26

Workshop on Optical Sensing in Utility
Applications

Philadelphia, Pennsylvania

Contact: Linda Neison, {415) 855-2127

25-27

3d International Conference on the
Effects of Coal Quality on Power Plants
San Diego, California

Contact: Susan Bisetti, (415) 855-7919

31-September 3

Training Course on Determining Probable
Maximum Precipitation

Denver, Colorado

Contact: Doug Moarris, {415) 855-2924

SEPTEMBER

2-4

PEAC Training Course on Power Quality
Knoxville, Tennessee

Contact: Marek Samotyj, (415) 855-2980

3-4

13th Annual EPRI NDE Information Meeting
Seattle, Washington

Contact: Mike Avioli, (415) 855-2527

10-11

Electromagnetic Interference and Effects
on Digital Computers

Baltimore, Maryland

Contact: Susan Bisetti, (415) 855-7918

13-16

International Conference on Avian
Interactions With Utility Structures

Miami, Florida

Contact: John Huckabee, (415) 855-2589

15-16

Fluid Systems Testing and Analysis Forum
Boston, Massachusetts

Contact: Jong Kim, (415) 855-2671

15-17

Boiler Tube Failures: Correction,
Prevention, and Control
Eddystone, Pennsylvania
Contact: John Niemkiewicz,
(215) 595-8871

17-18

Training Workshop on the Measurement of
Power System Magnetic Fields

Lenox, Massachusetts

Contact: Hazel Mazza, (413) 494-4356

21-23

5th Incipient Failure Detection Conference
Knoxvilte, Tennessee

Contact: Lori Adams, {415) 855-8763

23-25

Application of Fluidized-Bed Combustion
Technology tor Power Generation
Cambridge, Massachusetts

Contact: Linda Nelson, (415) 855-2127

28-30

Power Quality Conference: End-Use
Applications and Perspectives

Atlanta, Georgia

Contact: Marek Samotyj, (415) 855-2380

29-30

Distributed Generation: Assessing High-
Value Utility Applications

New Orleans, Louisiana

Contact: Dan Rastler, (415) 855-2521



29-October 2

Basic Vibration Testing and Analysis
Course

Eddystone, Pennsylvania

Contact: Rabert Frank, (215) 595-8872

OCTOBER

14-16

Feedwater Heater Technology Symposium
Birmingham, Alabama

Contact: Lori Adams, (415) 855-8763

19-23

Comprehensive DSM Program Evaluation
Workshop

Palm Beach, Florida

Contact: Jean Ciallella or Lorna Smith,
(510) 887-8141

21-23

Coal Gasification Power Plants

San Francisco, California

Contact: Linda Nelson, (415) 855-2127

21-23

Fuel Supply Seminar

Cambridge, Massachusetts

Contact: Susan Bisetti, (415) 855-7912

21-23

National Electric Vehicle Infrastructure
Conference

San Francisco, California

Contact: Pam Turner, (415) 855-201@

27-28

Defining User Requirements for On-line
Dynamic Security Assessment

San Francisco, California

Contact: Gerry Cauley, (415) 855-2832

29-30

FGDPRISM Training Workshop
Austin, Texas

Contact: Rob Moser, (415) 855-2277

29-30

System Voltage Stability/Security Analysis
Seminar

San Francisco, California

Contact: Dominic Maratukutam,

(415) 855-7974

NOVEMBER

4-6

Utility Strategic Asset Management
Conference (call for papers)
Cambridge, Massachusetts

Contact: Lori Adams, (415) 855-8763

11-12

NSAC-Operational Reactor Safety
Engineering and Review Group Workshop
New Orleans, Louisiana

Contact: Linda Nelson, (415) 855-2127

10-12

PEAC Training Course on Power Quality
Knoxville, Tennessee

Contact: Marek Samotyi, (415) 855-2980

17-19

AIRPOL '92 international Seminar: Solving
Corrosion Problems in Air Pollution
Control Equipment (call for papers)
Oriando, Florida

Contact: Paul Radcliife, (415) 855-2720

17-19

Heat Rate Improvement Conference
Birmingham, Alabama

Contact: Pam Turner, (415) 855-2010

17-19

ROBAL Computer Code for Rotating
Machinery Balancing

Eddystone, Pennsylvania

Contact: Tom McCloskey, (415) 855-2655

17-20

EPRI-EUMRC Market Research
Symposium

Dalias, Texas

Contact: Susan Bisetti, (415) 855-7919

DECEMBER

2-4

Noncombustion Waste Seminar
Orlando, Florida

Contact; Susan Bisetti, {415) 855-7919

9-1

1992 Advanced Computer Technology
Contference

Scottsdale, Arizona

Contact: Pam Turner, (415) 855-2010

FEBRUARY 1993

3-5

Coal-Handling Systems: State of the
Future (call for papers)

Pensacola, Florida

Contact: Barbara Arnold, (412) 479-6012

17-19

Foodservice Symposium

New Orleans, Louisiana

Contact: Susan Bisetti, (415) 855-7919

MARCH

1-3

international Symposium on Improved
Technology for Fossil Power Plants: New
and Retrofit Applications (call for papers)
Washington, D.C.

Contact: Lori Adams, {(415) 855-8763
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Seeking Order in Chaos (page 4)
was written by science writer John
Douglas with assistance from a number
of exparts from acro== the [nstitute,

Jehn Stringer came to EPRT in 1977
and has served in several positions re-
lated to materials science. In 1991 he
was appointed Director of Applied Re-
search for the Office of Exploratary &
Applied Research. Before joining EPRI,
he headed the Department of Metal-
lurgy and Materials Sciencis at the Uni-
vemity of Liverpool, England, where he
had also taught fram 1957 to 1963, From
1963 to 1966, he wisrked for Battelle Me-
morial Institute as a fellow in the Metal
Science Group, Stringer holda three de-
grees from the University of Liverpool
—a BS in engineering, a PhD in metal-
lurgy, and a doctorate of engineering.

Jong Kim manages reliability and
=afety research in EPRI's Nuclear bafety
Department and has al=o been involved
with the Office of Exploratory & Ap-
plied Rimearch as the technical leader
for work in uid mechanics and heat
transfer. Before joining the Institute in
1950, he spent three years as a senjor
enpineer with General Electric. Earlier
he did research at Brookhaven ™ational
Laboratory and the Applied Research
Laboratory at Pennsylvania State Uni-
versitv. Kim recvived a B= in mechani-
tal engineering trom Seoul Tational
Liniversity and M& degrees from Lhe
University of Missouri (mechanical en-
gineering) and Stanford University (ap-
plied physics). I'le holds a PhD in me-
chanical engineering from the Califor-
nia Institute of Technology.

Mark Lauby recently berame toch-
nidogy applications wanager for the
Electrical Swstems Division, having
served as a project manager in the
Power Syslem Planning & Operations
Program since joining the Institute in
1987. Previously hwe spent vight years
with the Mid-Continent Area Power
Pool in Minneapolis. Lauby holds 85
and M5 degrees in electrical engineir-
ing from the University of Minnezota.

Jeff Stallings manages resizarch on
air quality and emissions control for
EPRI= Environment Division and is
al=o involvied in expleratory work on
fuidized-bed cembustien. Bifore join-
ing the Institute in 1958, he worked on
F8C projects at Sciznce Applications In-
ternational Corporation and SRI Inter-
national for three and six years, respec-
tively. He was carlier emploved by En-
ergy [ncorporated and the Mational
Cienter for Resource Revovery. Stallings
varned a BSE in chemical enginecring
from Princeton Liniversity, an MA in in-
ternational studies from Johns Hopkins
Liniversity, and an MBA in finance from
the Liniversity of California at Berke-
lev. m

Thc Challenge of Global Sustain-
ability {page 14) was adapted
Irom an address given by Robert Fri at
the Electricity Beyond 2000 forum, held
in Octaber 1991 under the sponsarship
iff EPRI and the International Elegtric
Research Exchange.

Since 1936, Fri has been president of
Resources for the Future, a nonprofit
research organization that conducts in-
dependent research and policy analysis
on i=zsues atfecting natural resources
and enwironmental quality. Previously
he headed his own energy project de-
velopment company and for a number
of years was a principal of McKinzey
and Lompany. Fri was deputy admin-
istrator at the Environmental Protection
Agency from 1971 to 1973, and he held
the =ame position at the Energy Re-
search and Development Administra-
tion from 1975 to 1977, In these posi-
tions, he served for extended periods
as acting head at both agencies. Cur-
rently chairman of EPRI's  Adwisory
Council, Fri also serves on the Presi-
dent’s Commis=ion en Environmental
Quality and the Secretary of Energy’s
Advisory Board. He holds a BS in
physics from Rice University and also
an MBA from the Harvard Business
School. =



Inlroducing the Customer Assis-
tance Center (page 18) wa= written
by Leslie Lamarre, fournal senidsr fea-
ture writer, with intormation  from
Larry Lewis, the center’s manager.

Before taking on his position with
the Customer Assistance Center, Lewis
was the manager of the Customer Sys-
tems  Division's Market Assessment
Program. He came tir the [nstitute in
186 from Applied Management Sci-
ences, whare his was director of utility
market planning. Befire that, his was a
manager of energy research at Battelle
Memorial Institute, His carlier experi-
ence includes 14 vears in rate and mar-
ket resparch wilh Consumers Power
LCompany. Lewis hitlds two degrees in
connomics—a BS from Indiana Liniver-
sity and an MA from the Liniversity o
Michigan. =

dvanced Motors Promise Top

Performance (page 24) was writ-
ten by John Douglaz, assisked by bwo
members ol EPRI'S Customer Syslpms
[Mivision,

Wade Malcolm has been manager ol
the Power Electronics & LContrisls [fro-
gram since July of last vear. Earlier he
was a project manager in the Distribu-
tion Program of the Electrical Systems
Division, on liran from Philadelphia
Electric Company. At that utility, Mal-
colm was an engineer in the Research
[ivision and the Electric Transmissiim
and Distribution Department. He hag
B5 and MSs degrees in clectrical engi-
neering from Drexel Liniversity,

B. Ben Banerjee, manager lor power
conditioning  and inteliigent motiom,
jined EPRI in 19EG as a senior project
manager in the Industrial Program and
moved to the Power Electronics & Con-
trols Program in 1989, Before coming to
the Institute, be was enginciering man-
ager tor Sjuare B Company. Banerjes:
hulds a 8% in electrical engineering
trom the Lniversity of Calcutla and an
&= in the same field from the Lniver-
sitv of South Carolina, =
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