Satellite
Gnmmunicatiuns

Electricity
in the Global
Energy Future




About EPRi

EPRI creates science and tectinology solutions for the
global encrgy and energy services indusury. U.S. elecuric
utilities established the Electric Power Research Insti-
tute in 1973 as a nonprof.t research consortium for the
henefit of wility members. their customers. and society.
Now known simply as EPRI. the company provides

a wide range of innovative products and services 1o
more than 1000} energy-related osganizations in 40 coun-
tries. EPRI's multidisciplinary team of scientists and
engincers draws on a worldwide network of technical
and business expertise o help solve Loday’s toughest
energy and environmental problems,

EPRIL. Powering Progress

EPRI Journal Staff and Contributors

DAVID DIETRICH, Editor-m-Chicf

TAYLOR MOORE;, Seition Featwne \Whiter
SUSAN DOLDER, Senipr Technical Editon
MARTHA LOVETTE. Scnion Production Editn
DEBRA MANEGOLD, Typogruphe:

KATHY MARTY, At Consultant

BRENT BARKER, Managcr. Corporate Communncations

LIANE FREEMAN. Dircctor, Commmtications ond
Customer Senvice

CLARK W. GELLINGS. Vice President. Client Relatuons

Address correspondence to:
Editor-in-Chiel

EPRI Journal

PO. Box 10412

Palo Allo, CA 94303

The EPRI Journal is published quarterly. For inlorma-
tion on subscnptions and permssions. call 630-833-
2300 or lax 650-855-2900. Please include the code
vumher [rom your maifing label with inquiries about
your subscription.

Visit EPRI's Web site at htp:/wwwepii.com,

For further information about EPRI, ¢all the EPRI Cus-
tomer Assistance Center at 800-313-3774 or 650-853-
2121 and press +, or e-mail askepri@epri.com,

© 1999 Elecirte Power Research Instuute (EPRD. [ne All riglhts
reserved, Electrie Power Research lnsutuie, EPRL and EPRI toumal
are regiaiered service iarks of the €lecine Power Resvarch losmune
tne EPRE POWERING PROGRLUSS Ls o serviee mark ol the Ilectric
Power Reseanch Instalore, [ne

COVER: A diverse ponifulio ol energy resources and advanced
gencerating technotogies will be required to power an expand-
g global cconmny in the coming cemory (An by fiones
william Gary)



VOLUME 24, NUMBER 3 FALL 19959
=Pl

EDITORIAL

2 Sequestration: Mastering the Transition Game

COVER STORY

8 Electricity in the Global Energy Future
In the coming century. increased electrification will be the crucial
technological lever for meeting the energy needs of an expanding

glohal economy while also reducing the risk of climate change.

8 Electrification

FEATURES

18 satellite communications

18 utility Communications Go Into Orbit
Mew satellite technologies are creating innovative communications
solutions for energy companies—solutions that maich the industry
trends toward distributed resources, two-way customer communica-

tions, and expansion into new business areas,

28 The Power to Transcend Y2K
The wility industry, assisted by EPRIs Embedded 5ystems Program,
has gotlen a firm handle on the ¥ear 2000 preblem and has now

nearly completed it= Y2K preparations,

DEPARTMENTS

3 Contributors
4 Products
6 Discovery

36 IntheField - 1 - 1 A
38 Inside EPRI @) | m"-
| o
LISTINGS

39 Technical Reports and Software
43 EPRIEvents

28 Y2K readiness



2

Editorial

Sequestration: Mastering the Transition Game

he long-term prospects for a clean energy luture

look quite good. We are confident that with

suflicient R&D invistmeni, we will be able to
develop and increasingly deploy reliable, aflordable
carhon-[ree energy oplions in the twenty-first century.
As this issue’s cover story observes, however, we will
need lo continue (o draw on coal and other fossil fuels
as a signihcant part ol our energy resource portfolio for
al least the next 50 years—a dillicult situation in light
of concerns about carbon dioxide emissions. In the
Linuied "awe=, environmental concerns are already con-
tributing to the investment risk for new coal power, and
if these issues are not addressed, new coal-fired capat-
ity will be elfectively choked off, even plants based on
advanced clean coal technologics. In this contexi, car-
bon sequestration provides an option for the continued
use of our mosl abundant energy source as we make
the transition to varhon-lrie generation in the coming
decades.

The developing world is also playing a transition
game, one Lhat involves economic growth as well as
energy. China and I[ndia, lor example, will unquestion-
ably use their large indigenous coal reserves for power
generation, since the widespread availability of cheap
electricity i crucial for their national economic devel-
opment and for hreaking the cycle of poverty, disease,
and hopelessniss. The development of technology 10
capture and sequester carbon will he key to reducing
the environmemal impact of this global growth sce-
nario. in the developing countries, as in the Knited
States, Lthe availability of clean options for the comin-
ued use of coal would provide much-needed flexibility
in forging a workable overall response to climate
change isaues.

Fortunately, work on carbon sequestration is going
on all over the wirrld. The Japanese program—which,
al around $100 million, is probably the worlds largest—

is focused on deep ocean disposal: pumping CO, down
3000-5000 feet (900-1500 meters), where it spreads
oul as a supercritical liquid on the sealloor. A multi-
national pilot-scale field experiment on such long-term
deep ocean disposal is scheduled 1o 1ake place off the
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Kona coast of Hawaii in the summer of 2000. Mean-
while, for the past iwo years, a European research team
has been injecting CO, imo a deep saline aquifer under
the bed of the North Sea off Norway. This project,
which is being carried out at actual power plant scale,
is providing real-world coit information and best-
praciice guideling= for aquifer injection. Cither carbon
storage oplions being pursued include sequestration in
underground coal seams and in oil or gas fields, whose
fuel production life can be significantly extended by
CO, injection.

A particularly intercsting research avenue that EPRI
is investigating involves hiomimesis, the engineered
mimicry of biological processes found in natre. Specil-
ically, scientists are looking al the enzyme tha allows
mollusks 10 quickly convert CQO, [rom seawater into
the inent ralcium carbonate they use {or shell growth.
There is evidence that this enzyme—{ound in a wide
variety of living things—could be easily and inexpen-
sively mass-produced. A sequestration sysiem hased en
this concept and located at a power plant site might be
able to fix carbon from flue gas in a single step, without
the need lor separation and concentration. The end
product—eszentially limestone-—could he disposed of
in a landfill.

Thiese are just a few of the many approaches te car-
bon capture and storage that are being studied world-
wide and are outlined in a technology compendium
recenlly developed by the U.S. Department of Energy
with EPRI participation. The next step will be 10 rigor-
ously evaluate the options against performance and
cost criteria and to narrow the focus to those that offer
the best opportunities for successful development.
Considering the global implications of the CO, transi-
lien game, such work deserves a high priority in our
R&D planning.

Mg b gy o
Stephen M. Gehl
Director of strategic Technology and Alliances



Contributors

Electricity in the Global Energy Future (page 8)
was written by Taylor Moore, Journal senior feature

wriler, with assistance [rom two EPRI staff members.

STEVE GEHL, director of strategic technology and

alliances, has led EPRIs Electricity Technology Road-

map Initiative since 1997, Earlier he served as direc-
tor of sirategic synthesis and as a

power programs. He came to EPRI
in 1982 [rom Argonne *ational
Laboratory, where he was a staff

melailurgist. Gehl has a bachelors
degree in metallurgical engineering from the Liniver-
sily of Motre Dame and a PhD in materials acience
and enginecring from the University ol Florida.

BREMT BARKER is manager of corporate communi-

cations. Previously he was manager of strategic and
executive communications and, for 12 years, editor-
in-chief of the EPRI Journal. Belore
joining EPRI in 1977, Barker spent

tions consullant and as an analyst
for URSA. Earlier he was an indus-

trial economist and stall author at
5R1 International and a commercial research analysi

at USX Corporation. He graduated in engineering =ci-

ence from Johns Hopkins University and earned an
MBA a1 the University of Pittshurgh.

Utility Communications Go Into Orbit (page 18)

was written by Taylor Maoore, Journal senior [eature

writer, with assistance from two EPRI stalf members.
STEVE DRENKER manages the information svstems
and telecommunications business area, He previously

directed the power quality and in-
formation wechnolegy area and
managed advanced fossil power
plant technology development.
Drenker came to EPRIL in 1978

where he worked in fossil plant engineering. He re-
ceived a degree in mechanical engineering [rom the

University of Missouri and an MBA from the Uiniver-

sity of %anta Clara,

manager of generation and nuclear

four years ax a private communica-

from Babcock & Wilcox Company,

WILLIAM BLAIR, project manager for information
and automation lechnology, managed the develop-
ment of the Litility Cominunica-
tions Architecture. He joined EPRI
in 1976 alter nearly 12 years with
SRI International as a rescarch engi-
neer. He holds B and M5 degrees
in electrical engineering [rom Cor-
nell University and a D5¢ in electrical engincering
from the Liniversity of Mew Mexico.

The Power to Transcend Y2K (page 28) was wril-
ten by science writer Dawn Levy, with assistance [rom
three EPRI stall members.

CHARLIE SIEBEMTHAL. manager of slrategic assess-
ment, also serves as director of EPRIs Year 2000 Em-
bedded s3=1ems Program. He came
10 EPRI in 19E7 [rom the Bechiel
Group, where he was chiel process
engineer for its R&ID operation.
Previously he worked a1 Metcall
& Eddy and at Shell Development
Cempany. Sicbenthal has two degrees in chemical
engineering—a B from Washington Uiniversity and
a PhD from the University of Minnesoia.

JIM FORTU®E is program manager for engineering
and econonic evaluation and the operations manager
lor the Y2K Embedded 5yztems Pro-
gram. Ie joined EPRI in 1989 alter
10 years at Virginia Power, whire he
was an engineering project manager
and the director of engineering. He
holds B5 and MS degrees in engi-
neering mechanics from Virginia Polytechnic Institute.

JOE WEI55, technical manager for the Y2K Embed-
ded Sysiems Program, previously managed rescarch
on instrumentation, controls, and
diagnostics for both nuctear and
fossi) plants. He came to EPRI in
1987 alter nine vears with General
Electric in its Muclear Power Divi-
zion, Weiss has a BS in nuclear engi-
neering from the Liniversity of Arizona and an MBA
from the University ol 3anta Clara.

Fall 1999 €PRI JOURNAL



‘| Products

i
IR Thermography Guide

nalyzing the thermat signature of operating mechanical
A and electrical components provides valuable inzight into
their continued operability. Infrared thermography, with its
noncontact, remote inapection capabilities, is very appealing
for uin-line, in-service inspections and i= widely used by utilities
a= part of predictive maintenance programs. The Infrared Ther-
mography Field Application Guide (TR-107142), which supple-
ments an earlier EPRIL guide (MP-6973), provides information
on using the method for transmission and distribution lines,
subatations, and nondestructive testing. Based on information
[rom uiility thermographer= and other industry experts, the
new guide includes specific examples and sample images for
cach application area.
& For more information, contait Paul Zavicek, pzayiceh@epri.com,
704-547-6154. To order; call EPRI Customer Service, 800-313-3774.
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Deliverables now available to EPRl members and customers

PV Project Development Guidelines

he hundreds of thousands of photovoliaic power sys-
T tems in operation in the United States have helped
wtilities reduce their cost of service, expand their cus-
tomer service options and customer baie, decrease their
emissions, and enhanee their public image. An organized
approach 1o developing suicesaful Py-based projects and
ventures s prezented in new EPRI guidelines based on
direct utility experience with the technology. The guide-
line report (TR-111892) describes the advantages and the
most effective uses of PV svateins, as well as their costs
and limitations. The information presented was obtained
through interviews and from pubtications of all major
organizations actively involved with the technology and
its applications
® For more information, contact Terry Peterson, tpeterso@
epri.com, 650-855-2594. To onder; call EPRI Customer Service,
800-313-3774.



ESPRE Windows Version 1.0

SPRE (EPRI Simplified Program for Residential Energy)
E simulates energy use patterns for a variety of residential
building designs and can help utilities quickly determine building owners’ energy costs. \ v \
Developed a decade ago, ESPRE has evolved 10 the point that it can accurately and quickly \
analyze interactions between a huilding and the elements of its heating, ventilation, and air
conditioning system. ESPRES modeling powers range [rom structures with only one thermal
zone and one HVAL system 1o complex structures with mulliple systems. The new Windows ver-
sion of ESPRE was designed to analyze building loads and conservation designs, HVAL system

perlarmance, water heater energy use, electric rate design impacts, and demand control sirategies.

u For imore information, contact John Kesselring, jhesselr@epri.com, 650-855-2902. To order; call EPRI \
Customer Service, 800-313-3774.

Turbo-X Software

PRI5 new Turbo-X decision analysis 100l helps utilities maximize the intervals
hetween major inspections and overhauls of sicam turbine—generators while
ensuring protection of the equipment. To provide a confident basis
for extended operating intervals, the sofiware performs engineering,
economic, and risk analysiss and determines life consumption,
perlormance degradation, and probability of failure for critical

0y

components, The O&M and replacement power cost sav-

5

ings from shilting 1o longer intervals between mainte-

Turbo-x

Feribina smsrate: Cuange 1

nance outages can total tens of millions ol dolars for a
large fossil plant. Turbo-X runs on Microsoft Windows #T 4.0,
Windows 95, and later versions.

® For more information, contact Tom McCloskey, tmcclosk@epricom,
650-855-2655. To order, call EPRI Custamer Sevvice, 800-313-3774.

Green Power Guidelines

olume 2 of EPRI% Green Power Guidelines (TR-109192-Y2) de-
v =cribes research to assess the markel among small and medium-
size businesscs for electricity produced by green, or environmentally
[riendly, renewable energy resource=. (A similar study of residential
customers is documented in the reporis first volume.) According to
the Andings, the market [or green power among these businesses is
potentialty significant but is complex and difficult to assess because
of the sector’s diversity and [ragmented nature. One clear conclusion
is that green programs sell better at a discount than at a premium in
this sector. The report outlines strategies for incorporating the find-
ings into green power marketing programs and lor better 1argeting the
businesses most likely to accept a green power product mix.
= For more information, contact Terry Peterson, tpeterso@epri.com,
650-855-2594. To order, call EPRI Customer hervice, 800-313-3774.
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Protective Biofilms Gould
Control Corrosion

orrosion cosls Lhe U.S. electric power

C industry $5 billion (0 210 billion a
year. In sleam generating plants, an esti-
mated half of all forced outages are caused
by corrosion. According 10 Barry &yrett,
an EPRI technical fellow in science and
technology development, the
cost of dealing with corroston
adds more than 10% to the
cost of electricity—more than
to any other L1.5. product. But
genetically engineered bacteria
could change ali that.

The first fretd trials ol bac-
terial film= that have been
genetically aliered 10 combat
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Basic science and innovative engineering at the cutting edge

corrosion are expected to begin later this
year at one or possibly two uiility sites.
The trials are contingent on the success
of initial teating by researchers at the
University of Calilornia, [rvine, and the
University of Connecticut, Storrs, in a
collaborative project with EPRI,

When exposed to most process waters,

metal surfaces at power plants become

A test loop in UC Irvine's central
plant (left) is being used to deter-
mine the feasibility of controlling
corrosion with bacteria. The col-
ors of the above biofilm samples
from the loop are a function of
the nutrients and indicator dyes
present in the media.

colonized by microbes that
fort a hiolilm. Biolilkns are
often damaging. For instance,
sulfate-reducing bacteria can
cause piting and other forms
of corrosion in some alloys,
including normally corrosion-
resistant metals like stainless
steel, copper alloys, and alu-
minum,

The locus of the EPRI work,
notes Svrell, is Lo engineer
hiofilms 10 have a protective
effect. Under laboratory test
conditions, aerobic bacteria
cause a= much as a 40-fold
decrease in the corrosion rate
of steel and significant de-
creases i aluminum and cop-

per corrosien rates: they do this largely by
consuming oxygen, which would other-
wise oxidize the metal. “If, in addition,
these bacteria are genetically engineered
to release an antimicrobial substance, they
can deter the effects of harmful bacteria,
such as sulfate reducers,” Syrell points
oul, “The antimicrebial substance kills or
severely restricts the growth of the harm-
ful bacteria.”

Thomas Wood, a research =cientist a1
the University of Connecticut, is investi-
gating several methods of using bacteria
to prevent corrosion. He explains, “Wher-
ever there is water, bacleria are prezemnt in
the form of a biofilm, which is dilficult to
eliminate. Biofilms are not just slime; they
have a distinct and complex architecture.
Why not have these biohlms work for us
and be protective?” Wood adds it i= un-
likely that a single type of bacterium will
fill the bill in all situations. A more likely
scenario is that scientists will sample bac-
teria already thriving in the biofilm at a
specific site, give them the genes to manu-
facture antimicrobials, and reintroduce
them at the site.

Under the direction of Jim Earthman, a
materials scientist, initial tests are being
conducted in a test foop in the chilled-
water system ol the LIC lrvine campus.
Florian Mansfeld, a corrosion expert at
the University of Southern California, i=
assisting with electrochemical data analy-
sis and interpretation.

In addition, biofilm samples are being,
collecied for analysis from Entergy Opera-
lions, GPL Muclear, Mew Century Ener-
gies, the Mew York Power Authority, Mia-
gara Mohawk Power Corporation, and the
Tennessee Valley Authority. These analy-
ses will enable collaborating researchers at
the University of Mevada, Reno—TPeggy
Arps and Lois Tack—10 undersiand what
bacterial populations typically exist in the
samples =o that the most appropriate ben-
eficial bacteria can be =elecied and geneti-
cally engineered lor corrosion resiatance.



The held work planned far later chis
vear will entail side-loop tests in the ser-
vice water or fire protection ssstem of al
Icast one of the power plants owned by
the six participating utilities.

a For more information, contart Burry Syreft,
biyret@epriiom, 650-855-2956.

Collaboration Advances
EV Batteries

he U.A. Advanced Bauery Consor-

T tium—a development program
formed in 1991 hy L5 automakers,
EPRY, and the L5 Department of
Energy—reports substantial prog-
ress toward achieving goals for
hatteries that could extend elec-
tric vehicle (EV) range and per-
formance beyond the capabilities
possible with today’ lead-acid
batteries. Thanks 1o the LISABC'S
effort and support, nickel-nelal
hydride (%iMH) baueries have
been successlully field-tested in
prototype E¥s and are now in
pilot-plant praduction. Mean-
while, lithium-poelymer batteries
continue (o =how the moat
promise for meeting (hi consor-
tiwm’s long-term cost and perfor-
mance standards.

“In the roughly eight years
since its formation, the USABC
in partnership with many cost-
sharing batery manufaciurers—has ac-
complished much, but a lot more work
remains to be done before victory can be
declared,” says Eric Heim, FPRI% trans-
portation area manager and USABL rep-
resentative. “The consortium’s cogt and
performance goals were based on a rela-
tively singular objective: a battery svstemn
that would give EWs mass-markel appeal
by achieving commercial cost parity and
acceptable performance in relation to in-
1ernal combustion engine vehicles.”

The identification of ®i%IH technology
as the prime midterm candidate and the
in-vehicle esting of NiMH hattery packs
from two manufacturers are among the
consortium’s accomplishments during
Phase 1 and Phase 2 (which extends
through this year). In addition to EPRI,
Southern Company and Edison EY are
providing utilitv industry =upport {or the
USABC.

The LiIsABCE midierm bautery cost and

performance criteria would mean that a

typical passenger EV would have a driv-

ing range ol 100-125 miles (160-200 km)
per charge and could accelerate [rom 0 1o
30 miles per hour (0-80 km/h) in 12 sec-

Nickel-metal hydride batteries from GM Ovonic are already
commercially available and are being used in the General
Motors EV1.Shown hereis the second-generation, 95-Ah, 12-V
module the company expects to begin producing later this year.

onds. A battery pack would Last at least
[ve years and cost 56000 or less (depend-
ing en production volumes). Batleries
that meet the L'SABLY leng-term criteria
would enable an EV to go 200 miles (320
km) per charge and accelerate from 0 10
60 miles per howr (0-96 kavh) in 9 sec-
onds; the life of a battery pack would he
10 vears and its cost under 54003, Imer-
mediate commercialization goals have
been set as a stepping-stone between the
midterm and long-term criteria. The per-

lormance defined by these goals is consid-
ered the threshold for wide consumer
acceplance—that is, the level needed 1o
succesalully launch an EY market in
advance of achieving the lang-term. fully
competitive EV.

NiMH batterizs that meet most of 1the
L'SABCs midterm criteria are expected ta
be commercially available by 1he end of
this year. The technology is expected b
sustain the carly-adopier market for vehi-
cles like the Gaeneral Motors EV) . Cur-
rent LSABL efforts on Ni%tH baneries
include more-extensive durability, abuse
telerance. and verification testing, as wiell
as research aimed at reducing the batter-
ies’ cost. The prospective usc of
adwvanced baileries in stationary
(non-EV) application= is also
heing addressed.

Work involving the lithium-
pelymer technology s forused on
pilot-plant design and on battery
testing and cost reduction. “1f the
current rates of technical progress
are mainlained. E¥'s powered by
lithium-palymer batteries are
expected to approach the perfer-
mance of conveniional gasoline-
powered wehicles within the nex
hve years,” savs Heim.

To capitalize on the success
achieved thus far, the LISABL par-
licipants are discusaing prospects
for a Phase 3 initiative, which may
result in additional EPRI funding
lor an additional four years (2000-2001).
"The participants’ preliminary thinking is
that Phase 3 would effectively achieve far
lithium-polymer technology what Phase 2
ha= achieved for %iMHB technology—thai
i, 10 bring it to the pilot-plant stage of
praduction.” says Heim. Uf the propored
Pha=c 3 budget of $62 million. EPRis com-
mitme nt would be approximately &1 mil-
lion a year for four years.

m For morc information, contact Eric Heim,
cheim@cpri.com, 650-855-2162.
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THE STORY IN BRIEF Supplying the energy
needed by an expanding global economy in the next
century while also reducing the risk of climate
change poses some of the greatest technological
challenges the human race has ever faced. Global
electrification represents the crucial technological
lever for achieving these seemingly contradictory
objectives. For such a strategy to succeed, however,
a balanced portfolio of energy resources and ad-
vanced generating technologies—including low-
carbon and noncarbon technologies—will have to
be deployed on a massive scale, for both central sta-

tion and distributed generation. This, in turn, re-

Global Energy Future

quires numerous scientific and engineering break-
throughs that only a major new commitment to
R&D can make possible. EPRIs Electricity Tech-
nology Roadmap defines the technology develop-

ment milestones on a possible path to a sustainable

global energy future. = BY TAYLOR MOORE




BILLLAM GANY

ON PAGE 8 BY JAMES

STRATION

UST IM THE PAST CEMTURY,

electricity has become the foun-

dation and prime mover of soci-

cty. And over the next century, the

world faces a surge in the demand

for electricity, driven by such pow-
erful forces as population growth, urhan-
ization, expanding glohal commerce, and
the imperatives of human welfare. By 2050,
these forces could result in global electric-
ity consumiption that is four times greater
than 1oday’s level.

Such a dramatic increase in electrifica-
lion addresses a three-sided dilemma, or
“trilemma,” that promises 0 define human
progress in the wwenty-first century. The
trilemma is how (o simultaneously meel
the energy needs of a burgeoning global
population, achieve people’s quality-ol-life
aspirations, and conserve natural resources
and promote other environmental values.

The threat of climate change is the big-
gest environmental concern. Many experts
agree that a prudent goal for the next cen-
tury is Lo censtrain the global atmospheric
concentration of CQ, 10 no more than 550
parts per million. This concentration—
twice the level that existed at the dawn of
the Industrial Age, or about 50% greater
than today% level—may then eventually
decline. Given the long atmospheric resi-
dence time of CO,, it would likely take up
10 a cenluty to reverse the current irend in
atmospheric concentration.

in such a carbon-constrained energy [u-
ture, the only hope for satialying basic ku-
man needs in the [ast-growing developing
world—and for sustaining the quality of
lile enjoyed by the developed world—is Lo
accelerate 1he pace and extend the reach
of global electrification. This approach
promizes a niore equitable distribution of
global energy resources and their eco-
nomic benefits around the world, with re-
duced environmemtal impact. A plentilul
global supply of electricity has hecome the
essential pathway o a sustainable, clean
energy Nuure.

A goal of universal electrification by
2050 will mean bringing electricity in
some form 10 at least 100 million more
people in the world every year lor the next
50 years, ot more than wripling the rate
of electrification ol ihe past quarter cen-
iury. Just L0 increase average per capila
consumption in developing countries to
the level that existed in the United States
in 1950, the world is likely 10 need some
10,000 GW of new generating capacity by
2050.

This accelerated pace of global clectrili-
cation will require adding the equivalent
of 1000 MW of generating capacity every
one 1o two days for at least the nexi 50
years, while meeting ever more demand-
ing environmental and cost constraints.
Because hall of this new capacity will need
o be carbon-free, most of these power
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Wood, coal, and ail have successively dominated the world’s total energy mix in the past, but
most scenarios for future energy supplies emphasize the need for a diverse, balanced port-
folio of resources. The ultimate goal envisioned by the EPRI Electricity Technology Roadmap
is an electricity-hydrogen economy that provides abundant, clean, low-cost energy. (Source:

World Energy Council.)
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plants will have 10 be very differem lrom
those being built today.

The drive 10 stabilize atmospheric car-
ben concentrations will require a robust
portlolio of clean, economical, practical,
and acceptable technologies—including re-
newables, nuciear power, and hydrogen—
to manage the transition 10 a low-carbon
gnergy future. The wransition will also re-
quire the development of methads Jor cap-
turing and sequestering carhon [rom the
use of {ossil luels.

In the near term, however, policies man-
dating reduction= in the use of fossi! fuels
could resull in significant economic dis-
locations. Such policies could lead Lo an
overreliance on the lowest-carbon [ossil
[uel technologies currently avaitable, like
matural-gas-fired combustion turbines, and
could reduce interest in the development
ol advanced low- and noncarbon options.
Flexibility about when and where emis-
sions are reduced will be essential 10 en-
sure that least-cost reductions are made
first and that technology i= not locked in at
today’s level of performance. Delaying re-
ductions until lower-cost noncarhon alier-
natives are available could cut the everall
cest of emissions reduction hy a= much as
two-thirds.

While achieving such a greatly ea-
panded [uture role for electricity seems
like a daunting challenge, it can be done—
and at a cosl of less than 0.5% of the
worlds gross domestic product. That is the
reasoned conclusion of @ wide-ranging,
collaborative initiative called the Eleciric-
ity Technology Roadmap. Spearheaded by
EPRI, this elfort has drawn participation
from more than 150 stakeholder organiza-
tions. Through a scries of workshops and
seminars and the publication of a ground-
breaking, multivolume initial roadmap
progresa reporl, the initiative has forged a
comprehensive vision ol the opportunities
and challenges for electricity-related inno-
vation 1o benelit the worlds peoples and
economies. The roadinap outlings a series
ol interdependent goals, or technology de-
velopment destinations, for realizing 1his
vision and lays out the R&D pathways (o
reach them.

The roadmap’ ultimate goal [or elec-
tricity and energy-related industriesin the




twenty-first century is o manage the glob-
al sustainability challenge—that is, 1o sat-
isly the needs of a growing world popu-
lation for clean, eflicient energy and for
the guality of lile that electricity makes
possible, while meeting the technical chal-
lenge of controlling greenhouse gas emis-
siens and addressing other envirenmental
issties. Reaching these inherently linked
destinations—in addition o equally im-
portant, nearer-term destinations

—will require many substantial It
breakthroughs in stience and 4
technology that onty a masively &
greater global commitment o ¥ g4
energy and environmental R&D =
can make possible. 5 08
"As the most [uel-diverse—and —z
patentially (through technology) & ke
the least carbon-intensive—en- & 06
ergy form, electricity will play 2 .
critical role in solving the tri- 5

lemma of reconciling pepulation
growth, economic aspirations,
and rezource wiilization, includ-
ing environmental quality.” says
Kurt Yeager, EPRIS president and
chiel execwtive olficer, who con-
ceived the Electricity Technology
Roadmap Initative. “The clec-
tricity- and hydrogen-hased en-
ergy economy thal the roadmap envisions
[or 2100 could =et the world on a path
of global sustainahility, allowing vigorous
cconomic growth and enabling billions
of peaple to lift themselves [rom poverty
Lo prozperily, health, and hope lor a bet-

ter life.”

Sustaining a world of

10 billion people

The worlds population has doubled in the
past 50 vear= to more than 6 billion people
and will nearly double again in the nexi
50 years to about 10 billion people. While
global population overall 1= not exploding
al the previous raies that led some people
in the 1970= to predict a Malthuzian col-
lapse in the nest century, here are never-
theless major global demographic shifts
under way. Some 85-90% ol the worlds
expected new citizens will be born in de-
vetoping countries in Asia, Latin America,
and Africa. Global population is projected

to grow at an average rate of 1.3% a year
over the next %0 years, and the population
in developing regions may continue 10 in-
crease beyond midcentury, unless replace-
ment [ertility rates can be consistently
achieved around the world.

But it is not simply population growth
that drives the projected [uture need for
energy. Urbanizalion i= occurring even
{aster, as impoverished people seek oppor-

Another dimension of the demographic
explosion is the aging of the world popula-
tion, the otherwise [orunate result of im-
proved health care and lower birthrates in
some countries. As early as next year and
(or the first time in history, the number of
people 60 and older in the developed world
will exceed the number of those 14 and un-
der. By 2050, the same =hift will have oc-
curred in developing countries, delayed by

only a couple of generations. The

L L ! l

majority ol people growing old in
those countries, however, will not
be as fortunate as their counter-
parts in the developed werld,
where economirs have prospered
before the aging of the population,

“The implications of this situ-
ation—in terms of hoth the eco-
nomic growth needed 10 care for
the world’s aging population and

1900

1920 1940 1960 1980

The continuing decarbonization of world energy over the past
century is primarily the result of the increasing efficiency afforded
by electricity, combined with the use of a progressively less car-
bon-intensive mix of primary energy resources, including nuclear
and renewables. But over the next century, the historical rate of
decline in carbon intensity (tons of carbon per ton of oil equivatent
energy) must triple to contain global atmospheric concentrations
of CO,. (Source: National Academy of Engineering, 1997.)

tanity by migrating 1o already crowded
cities. By 2030, there will be more than
60 megacities with populations ol over 10
million each—four times az many such
cities as todav—and nearly all of them will
be in the developing world. Essential in-
frastruciure capabilites for housing, sani-
tation, health services, transportation, and
energy are sotely lacking in most of today’s
megacities.

In addition, the residents ol developing
countries have aspiration= lor a better qual-
ity of life, which are reinforced by televi-
sion images. advertisements, and other
communication links with the developed
world. “In terms ol energy and other re-
source demands, this growth in aspira-
tions multiplies the eftect of global popu-
lation growth and sharpens the issues
posed by the trilemma,” notes Steve Gehl,
EPRIs manager for strategic 1echnology
and alliances and a leader of the roadmap
initiative.

the willingness ol a younger mi-
200 nority to support a growing ma-
jority of older people—are very
important drivers for [uture en-
ergy needs." notes Gehl, “The
roadmap has identified a critical
role for electricity in previding
the feundation needed for inter-
generational investment. Elec-
tricity’s ability 10 increase human
productivity and facilitate the creation of
jobs with improving average wages can
help provide a betler quality of life and
creale a variely of social and environmen-
tal investment programs.”

For the year 2050, the roadmap targets a
per capita energy consumption goal ol at
least 1000 kWh per year for the worlds
pooresl inhabitants and a per capita aver-
age of ai least 3000 kWh per year for the
developing world as 4 whole—a level just
abave the L5 per capita consumption in
1950. As noted by Chauncey Starr, EPRIs
lounding president, 1000 kWh per year
represents the energy foundation neces-
sary for education, economic development,
environmental improvement, and inter-
generational investment.

Everywhere it has become available,
electricity has stimulated and sustained
economic growth and improved the effi-
ciency of all factors of production, partic-
ularly the productivity of labor and energy.
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The overall energy intensity of economic
growth is declining as the electricity in-
tensity of the warld’s energy system in-
creases. In the L'nited Sates. for example,
energy intensity—the (otal energy re-
quired to produce a unit ol gross domestic
product (GLDP)—has dropped by one-
third since 1950, while eleciricity’s share
of owal energy has increased from 15% to
nearly 40%.

Over the next 50 years, Us, energy in-
tensity is expected 1o steadily decline lur-
ther

by aboul hall i electricity’s share of
tolal energy consumption climbs w 70%
through new electrotechnoliagy opportu-
nities, including some [or trans-

result, the 3000-kWh average per capita
electricity use targeted [or developing
cauntries by 2050 will go much further in
providing lighting, space conditioning, in-
dustrial energy, computing, communica-
tions, and the like than did the same U.S.
per capita amount in 1950, Already in
China, the production of compact fluores-
cent lightbulbs is a priority, for reasons of
both energy elliciency and export value,

The partfolio imperative

Resolving the energy-carbon challenge
and mecting the rapidly growing global re-
quirements lor energy in the moxt eflicient

manner—and at the same time prezerving
the environment—will require a portfolio
aof technologies using the (ull array of en-
ergy resources. Developing a diverse, [lex-
ible porilolio limits the risk that specilic
primary resources will become unavailable
or Loo expensive and increases the likeli-
hood of successlully meeting the uncer-
tainties ol the luture. Moreover, given the
diversity ol market conditivns and living
standards around the world and the un-
even geographic distribution ol resources,
no =ingle energy source or technislogy can
meet all of the world’s energy requirements.
The portlolio approach will require [ar
more efficient and environmen-

portation. In addition, these “ tally advanced technologies for
clectrotechnology-based immova-  E =T 2 converting fossil fuels 10 elec-
tions could double the growth r-;;‘ 16 ’," -l tricity (and, eventually, lor cap-
rate ol economic productivity ? ’o' United States turing and sequestering carbon
and eliminate most industrial g & as pant of the process). L will
and wrban waste streams. Achiev- > also require the increasing use of
ing these major stretch goals 2 noncarbon energy sources. Ilis-
could add at least a trillion dol- E 8 lorically, the global rate of the
lars a year to the U.S. GDP. Y World__ e decarbonization ol energy use

At the same 1ime, advanced § 2 s - has been gradual—0.3% per
clectrotechnologies for various & ST e At year. Solving the energy-carbon
industrial and commerctal appli- .__,;—:__""":: e S HeT E::ﬁ{ﬂg;"g conlflict will require wripling that
cations could enable developing 01940 1960 19I80 20100 ZOLZO 20.40 2060 Ale. 10 1% per year, even as total

countries Lo bypass the histon-
cally less efficient development
pathways [cllowed by today’s de-
veloped nations. The growing
panoply ol electrotechnologies,
incliding inlormation technol-
ogies, can accelerate elliciency
gains anil the decarbonization of

For the developing countries as a whole, the roadmap targets an
annual per capita electricity consumption of at least 3000 kWh by
the year 2050, which is slightly higher than the U.S. per capita level
of 1950. For the poorest of the world's citizens, the target is an aver-
age per capita consumption level of at least 1000 kWh per year by
2050. (Sources: International Institute for Applied Systems Analysis,
World Energy Council, and EPRI analyses.)

encrgy demand continuis 1o in-
crease.

Over the past 200 years. [irst
wood, then coal, and more re-
cently oil and natural gas have
dominated as a percentage of the
world’s total energy mix, each
with progressively less carbon

F ? o | = 10 = A :
energy in many ways—by sub 3 Developing countries
stituting directly for fossil luel O Eastern Europe and
technologies, by performingold 5 8 former USSR

) f = | @ Developed
lasks in new ways, or by provid- QO eolntes
. N if=es |
ing new lunctional capabilitics. 56

The roadmap’s projections of 2
luture electrificatinn suggest that E 4
it is indeed possible w cat the  §
global energy intensity ol eco- E "
nomic growth approximately in
hall by 2050. Greater end-use
G

efliciency potentially could ac-
couni {or abowt half of this im-
provement, reducing both energy
consumption and carbon emis-
sions per unit of GDP by al least
25% over the next 50 years. As a
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2020

1990

The developed countries and the countries of eastern Europe and
the former Soviet Union now account for two-thirds of annual global
carbon dioxide emissions. But early next century, the developing
countries’ emissions of CO,—and their burden for limiting them—
will begin to increase substantially. (Source: World Energy Council.)

2050

per unit of energy. The World
Energy Council (WEC) envi-
sions that by 2050 the global
mix will include at least seven
sources, none of which will have
more than a 30% share of 1he
market.

Only electricity can make
such a diverse supply porilolio
posaible while meeting environ-
mental demands. Nearly all of
the energy scenarios developed
l'or analyzing luture energy de-

mand entail substantial growth
requirements for electric gener-
ating capacity in order w satis(y
the expected growth in popula-




tion. The WEC and the lnternational In-
stitute lor Applied Systems Analysis have
defined a series ol such scenarios.

The Electricity Technology Roadmap’s
analysis targets a tevel ol economic growth
esualing that in the WECs high-growth
scenaries—but with a level of primary en-
ergy consumption similar o that in the
councils environmentally driven scenar-
ios, in which carbon emissions are con-
strained. This is accomplished by increas-
ing the projected level of electricity use
by almost 50% beyond that of the WEC
high-growih scenarios. Thus the roadmap
analysis capiures the hest of both worlds
envisioned by the WEC scenarios—robust
economic growth and environmental pro-
Lection—through more-aggressive electri-
fication. However, the roadmap concludes
that to realize these goals, substantial tech-
nological advancements beyond those fac-
tored into the WEC scenarios will be nec-
€sSary.

In order 1o supply the encrgy needed by
a world of 10 billion pecple in 2050 while
simultaneously reducing total energy in-
tensity and carbon intensity, the electricity
[raction al total primary energy use will
have to rise, and continuous efliciency im-
provement will be required at every link in
the electricity chain of generation, deliv-
ery, and end use.

The roadmap’s high-electrification sce-
nario is compatible with several different
fuel and primary energy perttiolios. Coal-
intensive portfolios are one example.
These assume that countries with large
coal reserves will continue to use coal o
meel their energy aieeds al the least cost,
and thal environmental issues will be ad-
dressed by gains in the environmental per-
[ermance of coal-based generation and by
the development of low-cost carhon se-
questration. Under such conditions, the
worlds use ol coal could conceivably
double by 2050, and the use of natural gas
could more than double. Since the high-
clectrification scenario anticipates that ap-
proximately 50% of current petroleum use
will be displaced by higher-efliciency, etec-
tricity-based propulsion in the transpor-
tation sector, oifs share of primary energy
use would [all from 40% today Lo about
10% in 2050.

Possible Portfolios for a High-Electrification Scenario

Natural gas for power
generation (10%!}

Natural gas
farother uses
(20%)

Nugclear
115%)

Renewables
{15%)

Natural gas
for power
generation

V%) Nuglear
(207%)

Natural gas
far ather uses
(20%)

The roadmap proposes a high-electrification scenario that integrates accelerated economic
development with environmental protection and is compatible with a broad array of fuel and
primary energy portfolios. (The scenario is based on a primary energy forecast of 17 giga-
tans of oil equivalent and a 70% electricity share.) Assuming that environmental issues are
addressed, the scenario can accommodate a doubling of the global use of coal by 2050. In this
coal-intensive portfolio (left), natural gas use could more than double today’s level, and given
the necessary breakthroughs, nuclear power and renewable energy forms would each account
for 15% of primary energy. The high-electrification scenario is also campatible with a high
renewables and nuclear portfolio (right), in which coal use coufd decline by about 40% over

the next 50 years.

Even in such coal-intensive porifolios,
nuclear power and renewable energy forms
are expected to make important contribu-
tions to the energy mix. Each is expected
te account {or at least 5% of primary
energy hy 2050 il the necessary break-
through= in salety, reliability, and public
acceptance of new nuclear planis and in
the performance and cost of renewables
are achieved. As renewables and nuclear
power account for progressively larger
fractions ol total electricity generation,
global carbon emissions are expected 1o
begin a downward rend in the latter half
ol the next century.

Several primary energy portlolios that
are much less fossil [uel intensive could
also meet the needs of the roadmiap’s high-
electrification scenario. For example, given
a portfolio with high levels of renewables
and nuclear power. coal use could decline
by about 40% over the next 30 years. The
upshot of the variety of possible scenarios
is that the roadmap’s high-efficiency, high-
electrificacion goal enables the broadest ar-
ray of primary energy mixes while [ostering
both accelerated economic development
and environmental protection.

“The electrification goal put lorward in

the roadmap s not so much a prediction
as a stake in the ground,” notes Brent
Barker, EPRI's manager of corporate com-
munications and a key contributor to the
roadmap initiative. “l1 is the most prac-
tical means of reducing luture demands
on scarce resources and the environment
while maximizing economic develspment,
personal opportunity, and education in the
developing world. This should help mod-
erate the pressures of population growih.”

The roadmap’s ultimate goal—an clec-
tricity-hydrogen ecenomy with globally
abundant, clean, low-cost energy for nse
in fuel-cell-powered vehicles, distributed
generating units in homes and businesses,
and large gas turbine combined-cycle
power plants—is feasible. But it requires
urgent global deployment of advanced coal-
refining technology now, as well as the
resources o pursue fundamental break-
throughs in nuclear and rencwables-based
technologies.

Poteniial breakthrough goals include
the transformation of the energy and re-
source recovery efficiency of coal-based
generalicn by means ol conversion 1ech-
nologies that will be competitive in cost
and envirommemial perlormange with nat-
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ural-gas-fueled combined-cycle generation
in the 2010 to 2020 time [rame. These in-
clude integrated gasification—combined-
cycle and pressurized [luidized-bed com-
bustion technologies. Further out, the
roadmap has an efficiency goal of 75% for
central station gas wirbine combined-cycle
plants in 2050. Such plants could produce
electricity at a cost sulliciently lower than
today's average 10 support an overall road-
map cost goal: retail electricity half as ex-
pensive as il is today.

The U.S. Department of Energy is also
developing a ceal-based Lechnology road-
map [or the nex( century, called Vision 21.
This includes a coal relinery, or “power-
plex,” concept combining electricity gen-
eration, hydrogen separation, chemical
production, and CO, sequistration. The
approach offers the most elficient and
complete use of coal'’s tatal resource value,
but major infusions of R&D funding will
be needed in order for the technology to
achieve commercial viability before 2020.

Among renewables, solar photovoltaics
(PV) could have a prolound ellect on fu-
ture clectricity supply, considering the
more-than-ample availability of the re-
source. Bul according to Terry Peterson,
EPRI manager [or solar power, “For PV 10
become a major source of electricity will
require approximately another 5-fold im-
provement in cost and performance he-
yond the 100-lold improvement auained
over the past 20 years. The speed with
which this additional improvement wil!
happen depends on the pace of continuing
technology investments.” An example of
breakthrough PV lechnology would be
25%-efficient, multijunction thin-film mod-
ules thar cost $50 per square meler.

The renewable Lechnologies of wind
turbines and biomass fuels are already de-
ployed around the world at about 10 t1imes
the currently installed PV capacity, and
both have zignificant potential for further
contributions to  glebal electrification.
Breakthroughs in low-cost, practical elec-
tricity storage technologies could greaily
increase Lhe value of renewable resources
for dispaichable electricity generation.
Perhaps the greatest opportunity for dis-
tributed power will be in bringing elec-
tricity to rural regions in the developing
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world. In this cuntext, it can have many
advanlages over the more conventional
central station-delivery grid structure in
providing basic levels of electricity service.

Other, perhaps unexpecied, break-
throughs may ultimaiely contribwe to
global electricity supplies, leading, lor ex-
ample, to space- or moen-based PV arrays
beaming power (o the earth in the [orm of
microwaves for ground-based conversion.
Or the long-sought goal of practical encrgy
frorn nuclear [usion may ultimately be
realized through as-yet-unknown funda-
mental scientific breakthroughs.

A potential breakthrough technology
that could greatly breaden the economi-
cal application of nucle-
ar power is the medular
high-temperature helium-
cooled reactor. Originally
developed in Germany,
this technology i= being
considered hy South Al-
rica ESKOM at the 100-
MW scale for distributed
applications that com-
bine heat and power. Be-
cause of its suitability [or
a variety of process heal
applications, a compacl
high-temperature reactor
like this would be a very
efficient energy source.

Ulimately, such tech-
nology could power the high-efficiency
electrolysis of water during of(-peak peri-
ods, producing hydrogen lor use as a peak
generating luel in advanced gas turbines
or as a transportation fuel in [uel cell ve-
hicles. For long-term public acceptance,
however, the developmeni of any ad-
vanced reactor would have 10 be coupled
with engineering advances in cost, waste
handling, and proliferation protectisn. tn-
deed, altering public perceptions of the
importance of nuclear power may be the
most dilficult challenge in a developed
world awash in cheap energy. The precar-
ious nature of global energy security in
a carbon-constrained world must be bet-
ter appreciated in order for nuclear power
to be broadly considered as an essential
oplion.

Meanwhile, breakthroughs in such tech-

Biomass (bagasse)

nologies as [ucl cells and hiomass gasifica-
tion would help broaden the array of avail-
able energy seurces for distributed power
applications, both stationary and mobhile.
Continuous improvement in energy elfi-
ciency at the point of end use may be pos-
sible if brealkihroughs can be achieved
across an array ol industrial electrotech-
nologies, including high-temperature plas-
mas, microwave synthesis and processing,

and eleclron beams

Confronting carbon

Even il developed as rapidly as possible,
advanced low- and noncarben energy
technologies may be insufficient w0 pro-

duce the reductions in CO, emissions that
may be needed in the next century. Cap-
ping atmospheric concentrations of CO, at
the levels believed necessary to reduce the
risk of climate change will require con-
taining cumulative emissions in the next
century within a budget of 800-1000 giga-
tons of carbon.

In order 10 reduce the net global atmo-
spheric venting of CO,, carbon sequesira-
tion technologies that either capiure CO,
at the point ol energy conversion or re-
mave it from the aumosphere may bhe nec-
essary. The £O, would have 10 be securely
stored aver ithe long term in carbon sinks,
such as geological [ormations, terrestrial
ecosystems, or Lhe ocean. Both the global
terrestrial carbon reservoir and the ocean
are larger sinks than the atmosphere.

Carbon sequestration ie valuable [or
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both the carbon reduction it achieves and
the risk mitigation it vepresents. By
eliminating or weakening the link be-
tween fossil fuel use and carbon emis-
sions, low-cost sequestration technologies
would give power project developers
greater llexibility in designing and operai-
ing [ossil plants. Such technologies will be
essential for ensuring investor interest in
preserving [ossil [uel options through the
(ransilion to a more diversilied energy fu-
ture. Many environmemal, chemical, and
engineering challenges remain to be
solved, however. Breakihroughs in basic
science as well as in process engineering
will be needed to achieve the technologi-
cal capability for large-scale, economical
carbon sequestration.

Most scenarios far the world’s future primary
energy mix project a significant increase in
the use of low- and noncarbon resources,
including renewables-based forms like solar
photovoltaics, wind turbines, and biomass
fuels. Substantial cost and performance
breakthroughs are essential in order for envi-
ronmentally preferred renewable technolo-
gies to economically supply a significant
share of the world’s energy needs.

Solar photovoltaics

A possible harbinger of the future could
come into being in just a couple of years
if a 1300-MW combined-cycle plant pro-
posed by Norsk Hydro is blessed by the
Norwegian government. The project aims
to reform natural gas (in a process similar
1o that used [or ammonia productien) Lo
produce hydrogen-rich gas for vse in gas
turbines. CQ,, a waste produrt, would be
separated out by means of a conventional
absorption process and then injected into

an olfshore oil field in the Morth Sea [or
enhanced oil recovery. The plant’s gas tur-
bines, modified 1o accommadate the fuel,
would generate 9% of Norway’ (otal elec-
tricity. The likely result would be to reduce
the need for power from offshore gas 1ur-
bines, which now account for all of Nor-
way’s electricity-related carbon emissions,
Bul the project also poinls out a problem
with current carbon removal technologies.
1L is estimated that because of the =ignifi-
cant elliciency penalty [or capturing CO,,
electricity from the project would cost over
one-third more than electricity [rom a sim-
ilar natural-gas-fired plant with no CO,
capture.

One ol the bolder ideas [or the [uture of
fossil [uels—proposed by Jesse Ausubel,

who directs the Program [or the Human

Wind turbines

Envirenment at New
York City’s Rockeleller
University—entails the
integration of industrial

ABLE ENERGY LA AATERY

ecology and sustainable
electrification. The con-
cept pul forth by Ausu-
bel and ethers is based
on 5-GW, uliracompact
(locomotive-size), zero-

COURTESY HATIONAL

emission power plants.
These ZEPP= would [eature a wet oxida-
tion process with circulating supercritical
CO, Methane would be injected into the
CO, to react with oxygen and drive an
ultrahigh-speed, high-efliciency turbine op-
erating at very high pressure. Liquid CO,
would be bled off for sequestration. Ausu-
bel envisions a fleet of 500 such ZEPPs—
sited near major gas lransmission pipe-
lines—in aperation by 2050.
In Morway, Aker Maritime recently an-

nounced an initiative 1o develop a similar
ZEPP The development of ZEPP= for cem-
merrial applications, however, will require
breakthroughs in turbine design, high-
pressure systems, materials {or high tem-
peratures and pressures, and long-term
CO, storage. Any of these breakthroughs
would be valuable for meeting other criti-
cal energy technology needs even il ZEPP4
are not successfully developed.

The promise of

distributed generation

Certain technologies may play a strong en-
abling role for more than one destination
envisioned in the Electricity Technology
Roadmap. Among the most promising of
these are technologies for distributed gen-
eration, which can be sited close to end
users [or increased conversion effi-
ciency and reduced delivery infra-
structure requirements. Most distrib-
uted generation technologies also
have broad potential application in
areas where no electricity infrastruc-
ture exists, including developing
countries.

Fuel cells are an important distrib-
uted technology, with half a dozen
lypes under development for power-
ing vehicles or for use as stationary

VNG CORP

generators. These stationary genera-
tora could range from small-scale, distrib-
uted units for on-site premium power to
larger modules ideal for coupling with gas
turbines lor central station or distributed
generation. Combined fuel cell-gas wur-
bine plants promise the highest conver-
sion efficiency (abave 70%) of any known
[ussil fuel generating cycle and, therefore,
the lowest carbon emissions of any fossil
power system. And low-cost [uel cells may
eventually he coupled with PV (o form an
innovative energy storage technology.
With their strong promise of high elli-
ciency, emerging [uel cells are an attraclive
option. However, their currently high cap-
ital cost must be reduced by at least an
order of magnitude [or them 1o be widely
uscd for bulk power generation. Cost may
be a less important lactor in distributed
applications.
Proton exchange membrane (PEM) fuel
cells are a focus of current R&D for use in
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advanced electric vehi-
cles beginning in the
next decade. They also
could
wide-scale use in dis-
tributed generation ap

eventually see

plications i progress in
cosl reduction and per-

A\

formance improvement
continues on track.

Electric-drive vehicles
powered by small, lightweight PEM fuel
cells operating at about the boiling tem-
perature of water are under development
by more than a dozen hirims worldwide, in-
cluding General Molors, DaimlerChrysler
and Toyota. The PEM fuel cell designs of
interest to automakers—350-100-kW units
with 40% efficiency—would also be attrac-
tive for stationary distributed applications,
including backup or preminm power for
residences or commercial buildings. 1l cost
and performance targets for vehicle appli-
cations can be reached, stationary PEM
fuel cells are likely 10 cost less than $500—
S700/kW.

Once [uel cell or hybrid-electric vehi-
clesare in common use, they could be con-
nected to buildings or local disiribution
networks when notneeded for wravel, form-
ing an extensive distributed power gen-
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Cost reductions and increases in con-
version efficiency, combined with
innovative application concepts,
could lead to the widescale deploy-
ment of photovoltaic technology
over the next 50 years. The possi-
bilities range from PV systems inte-
grated into the exterior walls of
buildings, as at 4 Times Square in
New York City, to a network of PV

. power satellites in space. First pro-

= posed in the 1970s, power satellite

% concepts are being reassessed as

' launch and PV costs come down.

| Envisioned are arrays capable of

- beaming gigawatts of power to the

. earth as microwaves for conversion

- to electricity. Thousands of square

meters in area, such arrays would

' require an order-of-magnitude

' reduction in cost to be economical.

eration and storage network. One million
such vehicles in use by 2010 could con-
tribute S0-100 GW of generating capacity,
or 5-10% ol anticipated U.S. capacity. 1o
enable 1the remote control and manage-
ment of the complex networks, interaciive
communications technologies would also
have to be widely available.

Energy R&D requirements

Fisr crealing the needed energy portlolio
of the future, the roadmap targets as im-
perative an increase in electricity genera-
tion and end-use R&D of al least $2 bil-
lion a year, ta be shared between Lhe pub-
lic and private sectors. The roadmap calls
for these resources to be focused primar-
ily on knowledge development in the es-
sential environmental sciences, on tech-
nical hreakihroughs in noncarbon energy

sources, and on the more intelligent use of
energy through digital control and process
miniaturization. This proposed increasze in
R&D investment is consistent with the
1997 conclusions ol the Energy Research
and Development Panel of the Presidents
Commiuee of Advisors on Science and
Technology, but the roadmap goes signifi-
cantly beyond the PCAST panel in Lenins
ol the zcope and pace ol recommended
research.

As a first step 1oward achieving the road-
map’s near-, mid-. and long-term goals, the
participants produced a preliminary esti-
mate of the US. R&D funding needed
over the next 10 years for progress toward
the destinations in ail areas (not just gen-
eration). According to this estimate, the
total U.S. funding requirement [or
the R&D envisioned in the road-
map is about $7.7 billion a year, or
about $4.6 billion a year more than
current L.S. funding for energy
R&D. The needed increase is the
equivalent of only about 2% of all
current U.S. R&D spending.

Any reasonable estimate of the
total research funding reequired
globally pales in comparison with
the growing gross world product,
which now exceeds $30 (rillion a
year. This suggests that mustering
the political consensus 10 invest in
the necessary broad-based, collabo-
ralive research program and to impiement
its results is likely to be a greater challenge
than generating the ngeded financial and

PAT AAWLNGS COURTESY NASA

human resources. The world can afford to
achieve sustainahility if it chooses, and 1t
would thrive il it did so. Yet around the
world, energy R&D funding is on the de-
cline. More enlightened, forward-looking
thinking is urgently needed. The required
R&D commitment cannot watit for the im-
minent crisis.

B8eyond electricity

The roadmap envisions a sustainable, en-
vironmentally benign global society for
the year 2050—a society powered by a ro-
bust, balanced portiolio of supply technol-
ogies capable of providing reliable, aflord-
able clectricity. But ensuring that future
requires action now. Achieving the signifi-




Energy-Carbon Canflict R&D Funding Requirements

Goals and Technology Gaps

10-Year Funding ($ millions/yr)

Current

Additional
Needed

Total
Needed

Increasing the efficiency of natural gas central
stations to over 70%

Materials to withstand high temperature and
pressure in high-efficiency designs

Innovative cycle designs

Reducing emissions of gas-fired distributed
generation systems by half

Ceramic blades and recuperators for gas turbines
for increased aperating temperature and efficieney

Materizals for high-reliability fuel cells

Improving the thermal and resource efficiency of
coal-based generation to reduce emissions by half

High-temperature materials for ultrasupercritical
steam cycles

Hot-gas cleanup for gasification and pressurized
fluidized-bed combustion systems

Commercially viable advanced coproduction
systems (coal and biomass refineries}

Low-cost air separation and advanced catalys®s
for higher efficiency and reduced emissions in
coal processing

Coal and biomass process development

Carbon capture and sequestration technology
with a cost of under $40 per ton of carbon

Low-cost methods for capture at ambient
temperature and pressure

Assessments of feasibility and environmental
acceptability of final storage methods

Cost-competitive renewable generation
technologies

Smailer footprint, lower-cost solar and wind
generators through increased efficiency

Low-cost mass production of equipment

Reliable, maintenance-free distributed renewable
power systems for rural and remaote locations

Public acceptance of a new generation of cost-
competitive nuclear power plants

Resolution of safety and proliferation concerns
High-fuel-utilization designs
Shont construction times and low initial cost

Integration with the production of hydrogen for use
as an energy carrier

Environmental knowledge base for global
climate change

Realistic global models and assessments of global
climate change

Strategies and policies that protect the environment
at the least total cost for alt global users

100

<100

100

<100

100

300

<100

700

100

100

200

200

300

500

200

200

200

300

400

700

600

900

Total funding

1600

2000

cant global deployment of such technolo-
gies in 50 years means they must be ready
for introduction by 2020-2025.

“Realizing electricity’s [ull potential for
solving the trilemma will require the de-
velopment and deployment of myriad new
technologies—some evolutionary, some
revolutionary,” says EPRIs Yeager. “Suc-
cess will come only [rem the dedication of
purpose and cemmitment of resources
from a bread range of stakeholders. The
world needs a visionary program of coor-
dinated R&D, collaboratively supported
by private enterprise and public institu-
tions, in order 1o achieve the broad and
global secietal benelits oflered by inneva-
tion in power-generating and electricity-
based technologies. The time to act is now
il we are to identify, develop, and deploy at
the required pace and scale the energy
technologies the world needs fer the
twenty-first century.”

The initkal Electricity Technology Road-
map effort illuminates a path Lo a better
future—Ifor the United States and for the
world. Its vision extends far beyond elec-
teicity as merely a form of energy. It fuses
power with the information technology
revolution and the many innovations en-
abled hy and dependeni on this new mega-
infrastructure. The roadmap's integrated
portiolio of opportunities and potential in-
novations can benefit humanity every-
where on the planet. Success will fuel the
development of global markets and accel-
erate growth, while protecting global secu-
rity and the environment and broadening
the base of human opportunity. (]
Further reading

Electricity Technology Roadmap: 1999 Summary and Syn-
thesis, EPRL 1999. (1-112677,Vol. 1.

Eftectricity Technology Readmap: Electricity Supply. EPRI.
1999.CI-112677,Vol. 2.

Hanisch, C.“Exploring Options for CO, Capture and Man-
agement,” Environmentatl Science & Technology, Val. 33,
Na. 3 (February 1, 1999}, pp. 66A-70A.

Science, Special Section on Energy, Vol. 285, No. 5428
(July 30,1999), pp.677-711,

Holffert, b, et al."Energy Implications of Future Stabiliza-
tion of Atmospheric CO, Content,” Nature, Vol. 395, Ne.
6705 (October 29, 1998), pp. 881-884,

Bachground information for this article was provided
by Brent Barker (bbarker@epri.com), Caorporate Com-
munications; Steve Gehl (sgehl@epricom), Sirategic
Technology and Alliances; and Dan Rastler {drastler@
epri.com), Terry Peterson (tpeterso@epri.com), and
John Stringer (jstringe@epri.com), Science and Tech-
nology Development Division.
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THE STORY [N BRIEF New satellite technologies and services are creat-

ing innovative communications solutions for energy companies—solutions

that match the industry trends toward distributed resources, two-way cus-

tomer communications, and business expansion into new areas. In addition,

utilities interested in diversifying their businesses by investing in telecom-

munications have a growing number of opportunities in the satellite sec-

tor. The high costs and signal delays that limited the use of satellites in the

Utility Communicatio

past are giving way to the expanded capabilities of small, low-earth-orbit

(LEO) satellites. These can meet a broad range of operational and strategic

business objectives in energy system management and customer-oriented

information services. Networks of higher-altitude, bigger LEO satellites are

an emerging broadband communications vehicle that will be able to meet

the more advanced needs of utilities well into the next decade.

ore than hall a cemury ago, Anthur L. Clarke pre-
dicted that a revelution, possibly as far-reaching
in its elfects as the printing and electronics revo-
lutions, would result from the use of satellite net-
works in space for global, real-time communica-
tions. Today, his vision is validated nearly every
lime someone walches television, pays for gaso-
line with a credit card, or makes an international telephone call.
But probably not even (larke could have imagined the [lull
magnitude o the explosion ignited as saiellites have converged
with other technologies for voice and dala communications—
not just with 1elephony and broadcasting bul alse with cellular
radio and the [nternet.

According 1o the U.5. Mational Aeronautics and Space Admin-
istration, more than 3500 zatellites now orbit the earth, relaying
enormous amounis of voice and data traffic in frequent bursts of
low-power, radio-frequency transmisstens, Uniil fairly recenly,
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the high couts of satellites, both to manufaciure and to launch,
and of the large ground stations they 1ypically required had con-
fined their use 10 very high value applications. These include de-
fense communications and inelligence, weather and other envi-
ronmental monitoring, public communications networks, and
broadcast and cable television.

Qver the past decade or %o, as the responsibility for launching
and operating =atellite networks has exiended beyond military
and government hands to the private sector, the array of com-
mercial and business-oriented applications has been growing.
Some of the more familiar examples are detailed earth imaging,
remote monitoring of dispersed locations, and highly accurate
location and tracking using the continuous signals of the Global
Positioning Systemn (GPS).

Satellite-based business and personal voice and data services
are now available throughout much of the world. Meanwhile, ad-
vances in technology continue to reduce the size and cost of satel-



by Taylor Moore




lites and also of ground terminals, some
current examples of which are handheld
and cost under $300.

Forth and South America will see a
mammoth new wave of business and con-
sumer applications of satetlite communi-
cations in the next fivee 10 six years if even
hall of the projects that have been an-
nounced come to pass. In just the past lew
years, major aerospace, electronics, cont-
mumnications, direct satellite broadcasting,
and inlernet service companies have un-
veiled ambitious plans 10 roll owt very
high speed, very high capacity broadband
dala services (some with voice) lor Inter-
net, multimedia, and corporate networks,
some 1200 additional low- and medium-
earth-orbit satellites deployed in large con-
s1ellations are required for these networks,

which are expected 1o cost more than $20

Orbcomm Global operates the first commer-
cial network of LEQ satellites for mobile data
and messaging communications. The net-
work has 28 satellites in orbit and 15 gate-
way ground stations installed or under
construction on five continents; it is coordi-
nated by a control center in the United
States. Multiple satellites can be carried into
orbit by a single rocket, either a rocket
launched from a high-flying L-1011 air-
plane or an Orbital Sciences pad-launched
Taurus rocket. A commercially available
Orbcomm application for electric utilities
features Scientific Atlanta’s compact, fixed-
site remote terminal unit for custormer meter
reading and distribution system automation.
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billion; many of the new satelliles are al-
ready in orbit.

The convergence of computers, televi-
sion, and the Internet against the back-
drop of an ongoing revolution in commu-
nications technology is rapidly creating a
greed [or speed arxl a virtually insatiable
appetite for bandwidth, or high data ca-
pacity, among users of all sorts the world
aver. Manty of the major technology com-
panies view satellites as essential for real-
izing the vision of global broadband wire-
less communications.

Satellite technology, specifically the 1ech-
nology for small, low-earth-orbit (LEQ)
satellites, makes it possible 10 remotely
monitor and control dispersed equipment
and systems by using relatively inexpen-
sive, rapidly deployable infrastructure on
the ground. The technology’s relevance 1o
numerous applications by energy compa-
nies has long been recognized. Sateltites
are used 10 a limited extent by oil and gas
companies, for example, to control and
communicate with far-flung preduciion,
pipeline, and tanker networks.

Electric utilities, which are major users
of all types of Lerrestri-
al communi-
cations tech-
nologies, also
use some satellite
communications. But

cost (given the poten-
tial number of ground
terminals) and the some-
times several seconds of
signal propagation delay
with geostationary-orbil
{GEQ) saiellites have
limited their applica-

tion by electric awtilities

until very recently, Typically, the econom-
ics have been compelling for only a few im-
portant sites, such as remote substations.
And the propagation delay has made the
technology unsuitable for applications in-
volving critical, real-time protection mecha-
nisms, which abound in utility power =ys-
tem operations.

New and emerging LEQ satellites—clas-
silied by their size, operating altitude and
frequency, and bandwidth capacily as big
LEOs and little LEOs—effectively counter
the constraints of cost and propagation
delay. They are expected to olfer energy
companies a multitude of innovative com
munications capabilities that could have a
huge impact on the companies' ability 10
manage assets and resources at remole or
witlely dispersed locations.

The new capabilities are highly relevant
to the current industry trends 1oward dis-
tributed energy and information assets,
improved two-way customer communica-
tions, and business expansion beyond tra-
ditional boundaries, both nationally and
globally. Continued advances in salellite
technology will radically ex-
tend the scope of economic
deployment throughout the
energy industry, even where
near-real-time system perfor-
mance is required.

“The increasingly complex
and data-intensive energy sys-
tems of the lnure will require
communications capabilities




that go far beyond those of the technol-
ogies now being emploved,” points out
Steve Drenker, area manager for inlorma-
lion syslems and telecommunicalions in
EPRICSG. “Mew generations ol satellites
are creating more options [or solving
many of the econamic and technical prab-
lews of dispersed, low-intensity data com-
munications. The new satellites are di-
rectly applicable for remote monitoring,
metering and control, and portable com-
munications.

“Clectric utilities and other energy com-
panies that are diversifying through in-
vestments in telecommunications are dis-
covering that the =atellite sector is rich
with opportunity. A recent round ol li-
censing by the U.S. Federal Communi-
cations Commission has brought several
new entrants lo the satellite netwerk field,
and new business alliances are being
formed. In addition, the next generation ol
satcllites will greatly expand the univers=e
of economical, even revenue-generating,
cammunications applications for energy

companies.”

Business context of communications
Energy companie: expect comimunica-
tions technologies to meet demanding
standards of reliability and availability.
And in order far zatellites o be widely
used by ultilities, they must satisly those
requirements at a lower cost than terres-
trial options, including telephone circuits,
[nternet virtual private networks, mi-
crowave radio. and the large broadband
fiber-optic networks that many utilities are
insialling for their mosi data-intensive,
corporate-level applicatious.

A kev determinant ol the cost of terres-
trial options is the distance that signals
must travel. In contrast, satelliles can pro-
vide wide-arca coverage with circuit costs
that are insensitive 10 distance. Also, sal-
ellite circuits are unaffected by terrestrial
emergencies, such as hurricanes, torna-
doex, and floods (although =ome signals
can fade out in heavy rain). And =atellites
can be combined with wrrestrial systems
to provide econiimical coverage that meets
diverse needs. =an Francisco-based Pacific
Gas and Electric, for example, manages its
mobile work{orce by using a combination
of 70% terrestrial wircless data service and
30% satellite service.

In an EPRICSG strategic aszessment of
satellite technology for udility applications
published las1 year, the direct relevance of
satellites to two critical business impera-
tives for utility campanies was high-
lighted. The first of (hese imperatives is
cost reduction.

“Cost reduction is directl¥ related to the
use ol physical and human assets, which
in turn depends on information abuiut sys-
tem or assel state and on
the ability Lo control that
state,” explains Ron Skel-

ton, the computer and communications
consultant and lormer EPRI empleyee
who produced the assessment. “To reduce
costs, the power transmission and dis-
tribution systems and the mobile utility
worklorce ol the luture will be highly in-
strumented. With improved sensing and
dala processing, in the near future we may
see several orders of magnitude more data
being captured and communicated. The
wrend toward distributed generation like-
wise will dramatically increase the number
of siles and the amount ol information re-
quired for monitoring, diagnostics, and
control.”

The =econd business imperaltive for util-
ily companies i= the need to find and de
velop new sources of revenue. Wide-area
communications technologies, especially
satellites, provide innovative opportunities
for expanding customer bases and offering
additional services. “Utilities are no longer
constrained by their traditional service
areas, and strategic plans to derive ad-
ditional revenue from both national and
international expansion are nol uncom-
mon,” notes Skelton.

Judging from these asmumptions about
the future, information infrastructure will
become more critical 1o companies in
achieving their operational and strategic
objectives. “The scenarios being consid-
ered would potentally have very large
numbers ol remote, distributed elements,
Skellon says. “For example, one could
imagine every insulator or valve having
a buill-in processor and communications
device. Such a topology means that the
communications infrastructure elements
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will always have a major, even dominant,
influcnce on what is economically [easible.
Terrestrial communications inflrastructure
cosls are olten prohibitive [or many of to-
morrow’s utility applications.”

Wide range of applications

and options

Satellite technology is well suited for a
wide range of ulility core business appli-
cations and lor providing more-advanced
support [or applications involving two-
way customer comununications and In-
ternet access. Utilities' primary internal
communications needs are [or system op-
eration, lelemetry and meltering, mobile
messaging, and dala communications in
support ol asset management and work-
lorce automation.

As a value-added reseller of Orbcomm USA
services, Salt River Project markets Spatia—
a satellite-based system for near-real-time
communications and the processing of
remote monitoring and metering data for
water, electricity, and natural gas utilities in
the western states.

Telemetry applications typically involve
one-way monitoring or two-way monitor-
ing and control modes. Many trends in the
electric utility indusiry today—including
business expansion into new territory
(e.g., through merchant power or distrib
uted generation), real-time pricing, and
national account marketing—involve le-
lemetry. There are also increasing require-
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ments lor more-refined metering of power
flows and sensing of power quality at more
locations. A key driver for telemetry is
communication with field personnel for
dispatch, reporting, and access to the geo-
graphic inlormation system dalabases
used in automated mapping and [acilities
management.

Relatively small, inexpensive LEO satel-
lites in nongeosynchronous orbit at alti-
tudes of 7581500 kilometers {$70-930
mi) operate at VHF and UHF [requencies
below 500 MHz, which allows their sig-
nals 10 penetrate [oliage and some build-
ing structures. Litlle LEOs offer narrow
bandwidth but potentially global cover-
age, given a conslellation with enough
satellites to hand off or store and forward
traffic as they move across the line of
sight. Each satellite is visible only inter
mittentty and for short periods.

Litle LEO satellites are expected 10 be
ideal as a low-cost communications infra-
structure for simulianeously supporting
telemetry and other applications, particu-
larly in situations where there are no vi-
able aliernatives. For example, many oi
and gas wells in Canada are in remote
areas where telephone lines do not reach
and even cellular service is not available.
The production companies use GEO sat-
ellites 10 closely monitor pressures, tem-
peratures, and Nlow rates [or those wells
and 10 open or close them or adjust flows
remotely. The technology is expensive—
costing five times what cellular service
would cost il it were available—but its
ability 10 meet the companies’ business re-
quirements is invaluable. Little LEO sys-
tems are expecled 1o ofler service and
equipment at significantly lower cost than
the GEO technology.

Metering and connect-disconnect ser-
vices, two utility applications ol conven-
tional telemetry that are usually costly
when performed by field personnel, are
prime candidates for the use of satellite
communications. For a typical utility with
remole lerrain, as few as 3% of the meters
can account for nearly 20% of 1o1al meter
reading costs. Several companies already
olfer, or have announced plans 1o offer,
automated meter reading equipment and
services using little LEO satellites.

Another satellite service, implemented
in combination with landbased networks,
gives [leel managers the ability 1o commu-
nicate instantly with their drivers. The
voice dispalch service feawures a push-to-
talk communications channel. A manager
could even have a real-lime deskiop com-
puter display of Reet activity and location:
vehicles could be equipped with GPS re-
ceivers and transmitters that would route
data 10 a satellite, which would then relay
the information, either directly or over the
Internet, 1o the manager's computer

According 10 EPRI's assessment, little
LEOs are the best option for a broad range
of bidirectional dala communications
when the total amount of data 10 be trans-
milted is relatively small and the length
ol inclividual messages is short {1ypically
500 characters or less). They are also the
preferred choice [or1wo-way communica
tions when low-cost terminal equipment
and low service rates are required. Ap-
plications of possible interest 10 utilities
include meter reading and load manage-
ment, supervisory control and daia acqui-
sition (SCADA) [or distribution systems,
monitoring of field personnel. industrial
monitoring and control, vehicle monitor-
ing, assel tracking and slalus reporting,
emergency communications, security and
other alarm monitoring, point-of -sale vend-
ing, and direct-to-home interactive services
(i.e, as a return path).

Big LEOs have higher capacily and op-
erate at microwave [requency bands above
1 GHz. They arc the best option for mo-
bile voice communications and data conr
munications when the amount of data is
significant and warrants the additienal
cost of link setup and 1akedown time. Big
LEOs can provide continuous regional or
global coverage like litlle LEOs. but they
are generally restricted to applications (or
which highercost terminal equipment
and service rates ol $3 per minute can be
justified.

As a result of the advent ol commercial
salellite imaging networks, there are new
possibilities for detailed mapping ol utility
service areas. Resolution is already as fine
as 3.8 meters (19 1), and in the near [u-
wre. it will be 1 meter (3.3 1) in black and
white and 4 meters (13 1) in color. Satel-



Messages will be sent
hatween users—persons
or machines—when one
or both are equipped
with a Leo One commu-
nications device.
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lite imaging in combi-
nation with mapping
and facility data and
GPS signals is quickly
becoming a powerful
package [or asset man-
agement, feld inspec-
tions, calibration and
maintenance, compli-
ance reporting, on-site
engineering, and fleel
management. Providing messaging capa-
bililies to mobile workers equipped with
laptop computers or personal digital assis-
tants is enabling an unprecedented level of
workforce management that can be in-
valuable during emergencies.

GPS applications for vehicle navigation,
which have been booming in Japan and
Europe, arc now beginning to take off in

Leo One USA Corporation has a license to begin operating a
constellation of 48 high-capacity LEO satellites in 2002. This
network will provide a range of near-real-time communications
services to users around the world, including tracking and fleet
management, monitoring and remote control, two-way mes-
saging, emergency services, and transaction processing. Each
satellite’s footprint—the area on the earth where it is visible

at any given point in its orbit—will be roughly the size of the
United States. The constellation’s orbital configuration and
inclination will provide global, overlapping-footprint coverage,
with more than one satellite visible to users at all times. Two
primary gateway ground stations in the continental United
States are planned, with a third in Alaska.

the United States. Combining navigation
and communications functions would al-
low rapid position fixing in case of emer-
gencies, and integrating GPS and cellu-
lar radio in single units could allow map
displays to be embedded in hands-free
mobile phones. In fact, within the next
couple of years, the Federal Communi-
cations Commission will require all new
cell phones in the United States to be
equipped with GPS signal receivers,
Meanwhile, innovative applications in
fleet management and network time
stamping—applications that are of keen
interest to utilities—are emerging [or GPS.
Because they are as accurale as atomic
clocks at a fraction of the cast, GP% signals
can be used for the precise synchroniza-
tion of a variety of voice and data net-
worls. Such timing accuracy could be of

o In some cases, the

receiving gateway wifl

0 Users connected to the
wired terrestrial netwark

route the message to will also initiate messages,
another gateway, from which will be reuted to a Leo
which It will be delivered One gateway and delivered
via the appropriate via a Leo One satellite to a

communications path. communications device.

considerable benefit in improving the
management of the electric power grid by
making it possible 1o record system anom-
alies precisely.

An information superskyway?

The I[nternet is rapidly expanding the
range of applications for satellite-based
data communications. Two of the most
popular of the applications are accessing
the Internet itself and connecting remote
sites o corporate networks, Some satellite
systems, including those of satellite TW
providers, allow users to browse Web
pages and download data—at 400 kilo-
bits per second (kbps)—through a 21-inch
(53-cm) roof-mounted dish receiver con-
nected to a personal computer with an in-

Fall 1999 EPRIJOURNAL 23

ARTWORK COURTESY LED OME LSA CORP




Utilities Invest in Satellite Communications

significant number of electric util-
ities——investor-owned companies,
rural cooperatives, and public and
using
satellite communications today,
primarily for limited telemetry
and control funclions at remote substa-
tions. Other applications include reading
remote customer melers automatically:
managing the power demand of customer
loads, including hot water heaters and air
conditioners; and managing mobile utility
workforces, with satellites typically serv-
ing as a remote extension of cellular radio.
Meanwhile, utility use of Global Position-
ing System data for mapping and mobile
location tracking is increasingly common.
To cost-effectively automate the remote
substations across its large service ter-
ritory, Southern California Edison (SCE)
developed the worlds hrst ultrasmall-
antenna-terminal commercial satellite sys-
tem licensed by the Federal Communica-
tions Commission for substation 5CADA
(supervisory control and data acquisition)
applications. Deployed in 1995, the system
features flat-array ground terminals with
antennas 0.3 meter (1 ft) across. The ter-
minals communicate with a geosynchro-
nous-orbil &ateltite via spread-spectrum,
Ku-band microwave at data rates of up to
2.4 kbps. An external notebook-size elec-
tronics module handles signal transmis-
sion, conversion, and processing.
SCE’s Ross Fernandes, satellite commu-

municipal utilities—are

nications program manager and sentor cor-
sulting engineer, says that the system—
called Llttra-Mer™ —is used for SCADA
communications to monitor and control

terface card. This capability could becone
a valuable tool for extending a utilitys en-
lerprize network 10 remote olfices around
the world.

Many utilities are basing their enter-
prise sirategy on the use of Internet tech-
nologies on private networks. called in-
trangts. The value of the Internet as a
research 100l and a vehicle for communi-
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over 150 remote substatiens. The sub-
station remote terminal units are polled
every 4 secends to report any change in
the status of substation equipment. In the
first year of operation, SCE estimated that
Ultra-Met saved it $30 million compared
with other automation and communica-
tions options,

LCE says Ultra-Met is the firat Ku-band
sateflite communications tech-
nology capable of error-free data
communications, even during
heavy rain (exceeding 3 inches
an hour). In addition to SCADA
for electric, gas, and water utili-
ties and for oil and gas pipe-
lines, the system can support
distribution automation, pole-
top monitoring and control, and
weather or hydrological data
cotlection.

In another effort, Phoenix-
based Salt River Project devel-
oped and markets Spatia™, a
satellite-based =ystem for near-
reaj-time communications and
the processing of remote moni-
toring and metering data for wa-
ter, electricity, and natural gas
utilities. SRP markets Spatia—
primarily in the western states—
asa value-added reseller of Orb-
comm USA network services.
These services are available via the firsc
commercial LEO (low-earth-orbit) =atel-
lite constellation, which was developed by
Orbital Sciences Corporation and Tele-
globe of Canada. (Recently, Orbcomm an-
nounced that a licensee in the L'kraine is

cating with customers is likely 10 continue
to expand exponentially. But for many
companies, although their fixed campus
networks have sulficient bandwidth (v
support intranets, their remote offices, cus-
tomers, and mobile workers generally do
nol. [ntranets require powerful servers and
sophisticated networking, and deapite the

gains in time and cost efficiencies they can

planning to use its sateliite network and
equipment o monitor environmental con-
ditions at the Chernobyl nuciear power
slation.)

Bruce Hallin, directer of business devel-
opment for Spatia, says SRP ia installing
low-cost remote terminal units at about
200 sites for its customers, which include
municipal water sysiems and electric util-

Southern California Edison uses its Ultra-Net system

to monitor and control over 150 remote substations in
its service area, Ultra-Net features very small antenna
{0.3-meter), flat-array ground terminals, which commu-
nicate with a GEO satellite via Ku-band microwave.

ities, irrigation districts, government agen-
cies, mings, and other industrial opera-
tions. Electric utility applications include
remote substation telemelry, load profiling
and analysis, system control, alarm notifi-
cation, and near-real-time monitoring of

help companies achieve, inadequate band-
width can make network performance un-
acceptable 10 users:

The explosion of the Internct and the
World Wide Web, multimedia, stream-
ing wideo, and compressed audio down-
loads~—together with the almost wtal ac-
ceptance of remote workers—has nearly

exhausted the bandwidth capabilities of



peak electricity use for customers. The
system can also remotely monitor reactive
power and temperature and could be used
lor customer billing applications. “The
business is in a real growth mode, and as
we work with more customers, we're dis-
covering new applications that we hadn't
envisioned,” says Hallin.

Satellite sysiems [caturing very smmall
aperture terminal (VSAT) technology are
being used by dozens of rural electric
cooperatives and municipal utilities for
S5CADA applications at remote substa-
tions,
meter reading, and, in
some cases, for load

for customer

control. 5Several of
these utilities are us-
ing low-cost (about
$6000) ground termi-
nals developed by
Mova-Met Communi-
research
that was supported
by EPRI and the Ma-

Rural Electric

cations in

tional

Looperative Associa-

tion (MRECA). Mow a

wholly owned subsid-
" iary ol Stratos Global

Corporation, Mova-fet

offers integrated hard-
ware and network services customized for
5CADA applications for the electricity, gas,
and oil industries.

Called SCADA-5ATs, Nova-Nets all-
weather terminals are capable of operating
with other distribution system menitor-
ing and control equipment because they
incorporate the EPRI-developed Utility
Communications Architeclure (UCA™),
“The result,” says Bill Blair, the EPRI proj-
ect manager [or both the SCADA-SAT and

the so-called last mite of land-based cir-
cuits (i.e., the connection 10 the user).
is a tesult, the prospect ol a massive-
bandwidih, satellite-bused Internet service
planned as part of several major global
satellite networks whose deplovment will
begin early in the nest decade, is appeal-
ing 1o many companies

“1f a company pay= three Limes more for

UCA eflorts, “is an integrated distribution
automation system.” The terminals can
also be linked with radio systems to oper-
ate as signal repeaters for communication
with other remote sites. Models are avail-
able for ac or dc (including photovoltaic)
power.

A major user of Nova-Net’s VSAT tech-
nology is Buckeye Power. which began
applying it nearly a decade ago Lo moni-
tor and manage the loads ol its member
distribution cooperatives in Ohio. During
periods of peak electricity use, some cus-
tomer loads are remotely controlled via
radio signals to reduce the need for addi-
tional purchased power. A recent expan-
sion has brought Buckeye Power’s network
to around 250 ground terminals.

Carolina Power & Light was attracted
to the Mova-Nel technology not ouly be-
cause it costs less and is easier to install
than leased telephone circuits but also be-
cause il can withstand exireme weather.
CP&Ls service territory, which includes
Cape Hatteras, was severely damaged by
Hurricane Fran in 1996. Land-line and
cellular communications to 80-90% of the
utility’s substations were lost, in zome
cases for weeks. All ground-based com-
munications infrastructure had o be re-
built.

CP&L noticed that V3ATs installed by
the neighboring Morth Carolina Munici-
pal Power Agency enabled it to maintain
SCADA communications with distribu-
tion substations through the full course
of Fran’s fury. “That impressed us quite
a bit,” says Scott Bowen, a CP&L senior
technical specialist for distribution sys-
tems. “We had looked into satellite com-
munications in the 1980s, but the costs
appeared prohibitive. When we investi-
gated again after Fran, the costs had de-

its lmernet access hut gets a 10-fold in-
crease in bandwidth, the economics could
be compelling,” says Sketton. *1f sacellite
Internet access indeed ushers in the levels
of bandwidih that many =atellite experts
arr talking aboul, business users could ac-
tually interconnect their local area net-
works across their intranets as a private

switched network. 5Such a network would

clined enough to be comparable o those
of dedicated telephone circuits.”

Bowen explains that “such items as re-
quirements for trenching and fault protec-
tion were continually driving up the cost
of telephone circuits, and at some point,
the curves crossed. We can now install
VSAT satellite communications ai a sub-
#tation a lot more quickly and, in many
cases, at a lower cosl than we can a lele-
phone circuit. Monthly service costs are
comparable to those for phone circuits,
and | expect they will be lower in the
fong run. In our experience, the day-to-
day reliability has been better than that
of phone circuits.” CP&L expects to soorn
have about 185 VSATs installed al substa-
tions; units are routinely specified for new
substations.

Recently, in hall a dozen slates, mem-
bers of MRECA's Cooperative Research Net-
work participated in a successful field test
of Orbcommss little LEO satellite commu-
nications for remole meter reading and
substation monitoring; terminal hardware
from Scientific Atlania was used. One par-
ticipating utility, East Mississippi Electric
Power Association, developed a custom-
ized application for operating a distribu-
lion circuit recloser at a remote substation.

“LEO technology looks promising and
should be valuable to electric cooperatives
for remote meter reading, monitoring,
and, to some extent, control of field equip-
menl,” says Marty Gordon, senior pro-
gram manager {or the NRECA research
network. “Although LEO satellites are not
suitable for use with real-time SCADA sys-
lems at substations that require device
scanning every few seconds, they can be a
valuable communications ool for an ¢lec-
tric cooperative’s distribution automation
and meter reading efforts.” n]

operale at significantly higher &peed and
lower cost than currently possible with
public data network services.”

The consulting firm Booz-Allen &
Hamilon {orecasts that the global market
for broadband communications will grow
o nearly 200 billion by 2005 and that
wpace-bazed =vstems will capture 10-15%
of that market. The majority of broadband
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communications will he carried by terres-
triat fiber, local microwave, and digial
cable networks that telephone and cable
companies are already expanding and up-
grading. However, the cost of these ser-
vices could be undercut by operators of
big LEO satellite networks who, alier sell-
ing a [irm amount of reserved capacity, of-
lered discounted bandwidth on a nonguar-

anteed basis.

Nova-Net Communications pro-
vides private satellite networks
that use VSAT (very small aper-
ture terminal) technology for vir-
tually error-free, high-reliability
data communications. The com-
pany specializes in SCADA (super-
visory control and data acqui-
sition) applications for remote
facilities. Its customers include

oil and gas pipelines and more
than a dozen electric utilities.
EPRI provided support for Nova-
Net's development of a low-cost
VSAT that is used by several rural
electric cooperatives.

Satellites and strategic options

EPRIs =trategic assessment ol satellite
communications lor utilities includes an
overview ol the technology: the various
classes of satellites, their technical [lea-

tures, and a comparison ol the range of

performance and appropriate application
oplions. It also provides a detailed de-
scription (current as of late 1997) ol the
husiness plans of various satellite network
ventures.

The lTower-altitude orbit of litle LEO
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=zatellites reduces the one-way signal prop-
agalion dilay to 6.3 milliseconds, with sig-
nificantly reduced latency (cumulative de-
lay), and alzo reduces signal attenuation.
These featuris make Lhe satellites directly
applicable for some utility remote moni-
1oring and control [unctions. Propagation
delay a1 any altilude 1ends 10 be the con-
trolling performance issue for most time-
sensitive utility applications, such as dis-
tribution system SCADA.
(One 60-Hz cycle lasts
17 milliseconds.)

In addition, the re-
duced signal attenuation
means that ground ter-
minal antennas c¢an be
simple; some can even
be as small as the whip
antenma of a cell phone,
satellite voice service us-
ing a handheld terminal
i= expected to be avail-
able Trom networks of
little LEI W

Because little [LECER ase more [uel 1o re-

main in proper orbit, their lile spans (five
(o seven years) fan be as little as half tho=
of bigger satellites operating at higher alti-
tudes. A constellation of 48-50 litle LEOs
would be required for continuous cover-
age of either the world or the continental
United Htates, depending on their orbital
pattern and ahitude.

The only gurrent constellation of liude
LEQsz i= operated by Orbcomm Global, a
joint venture ol Orbital Sciences Corpora-

tion and the Canadian company Teleglobe.
The constellation consists of 28 =alellites
that provide intermitient global coverage
for two-way communications services, in-
cluding messaging, emergency alerts, po-
sition reporting, and remote data collec-
tion. Orbcomm has a license Tor up to 36
salellites.

Leo One USA i_orporation is planning a
new constellation of 48 satellite= 10 pro-
vide continuous coverage ol the conlinen-
tal United Staies, Recently licensed, the
constellation is scheduled to begin operat-

end of 2000, ini-
tially with just 2 satellites.

ing by the

When all 48 are operating by
lawe 2002, zays the company,
the lLee One network will
provide near-real-time, low-
intensity data communica-
tions with latencies under 30
seconds.

In general, large G:EO satel-
lites are the system of choice
for applications requiring either continu-
ous service or bandwidih on demand and
data rates of 1.5 Mbps and higher. GECs
are most appropriate for applications that
do not require mobility and can accom-
modate dish antennas ol 1-3 meters (3.3—
9.8 1) in diameter. Terminal cosl= range
from %5000 10 $25,000, and monthly con-
linuous-service rates of $50,000-$100,000
must be justified.

Mo=t current and plannid LEL) nel-
works involve the use of very small aper-




ture lerminal (VA3AT) wechnology, which
[or many utility applications provides the
best combination of cost, capability, cen-
trol, and coverage. [.omTier L orporation
recently announced that as a result of im-
proved electronics design and signal mod-
ulation, i is developing a VSAT-based LEQ
system that will offer substantially greater
bandwidth (for dala rates of up o 155
Mbps) al even lower cost, enabling multi-
ple simultaneous applications in a com-
plete enterprise network. These could in-
clude five mobile video monitering from
dispersed remote sites, coupled with voice
and data communications.

EPRI’s strategic assessment discusses
the key terresirial communications tech-
nologies competing with saltellites and also
olfers insights on important technical and
operational issues conlronting the com-
mercial satellite services industry. One
problem is that of rocket launch failures.
During the paslt year, half a dozen failures
involving civilian and military payloads
have resulied in losses totaling $3.5 hil-
lion. Another problem is that many an-
nounced satellite communications ventures
are struggling financially because of over-
optimistic projections ef carly customer
cemmitments.

Opportunity and timing

EPRI's assessment of satellite communica-
tions concludes there is ample opportu-
nity for low-risk wility applicatiens that
can deliver business advantages. More-
over, the study suggests, the time is ripe
for wiility equity investments with satel-
lite service providers as stralegic business
partners.

A clear distinction is drawn belween
little LEQOs, which are optimized for low-
cost, low-data requirements, and hig LEQOx,
which are aimed a greater-bandwidih ap-
plications. The markets and the technical
rizks of big LEOs are lormidable, and cur-
rently their services are not well aligned
with the core utility businesses of electric-
ity generation and delivery. However, hig
LEOs may provide new opportunitiex for
broadband communications for the cnergy
indusiry.

Regarding litile LEOs, a distinction is
made between constellations 1hat are de-

Big LEOs/
Little LEOs MEDs GEOs
Satellites
Altitude 750-1500 kmn 750-11,000 km 36,000 km

Bands and frequencies

VHF, UHF below

L and S microwave

K microwave

500 MHz {1.6 and 2.5 GHz) {19 and 29 GHz)
Weight 40-125 kg 350-500 kg Up to 1200 kg
Complexity Low High to very high Variable low
to high
Cost to build, Low Very high Higbh to
launch, operate very high
Terminals
Power required Low Low High
Type Handheld or Handheld fixed Fixed and
embedded and portable portable
Antenna Whip, helix, or Helix Dish or phased
dipole array
Location and Medium High Very high
orientation limits
Propagation
Rain attenuation Low Medium High
Foliage penetration High Low Low
Building penetration Medium Low Very low
Multipath interference Medium High High
Noise background High Medium Medium
Services
Position location Yes Yes Yes
Data communications Yes Yes Yes
Voice communications No Yes Yes
Cost
Terminals $50-$500 $2000+ $2000+
Monthly services Low High High

Note: LEO stands for low earth orbit; MEO, medium earth orbit; GEO, geosynchronous orbit.

signed for continuous coverage and those
that are not. The latier’s temperal and spa-
tial gaps in communication will require
users to make Irade-olfs, which could be
significant [or some applications. Little
LEOs meet many of the core telemetry
needs of energy industries now and will be
capable ol meeling growing requirements
in the future. The systems that provide
continuous service will be the most uselul
10 utilities. .

Further reading
Worldwide Sateltite Commmunications for the Energy Utility
Industry. EPRICSG, Inc. July 1998.TR-111052.

“Satellites Provide Low-Cost Link to Remote Substa-
tions,” Electrical World, Vol 211, No. 12 {December 1997),
pp.35-37.

8i-Directional Sarellite Communications Terminal. EPRI,
December 1995.TR-103577.

Background information for this article was provided
by Steve Drenker (sdrenher@epri.com), EPRICACG,
and William Rlair (bbluir@epri.com), Science and
lechnalogy Development Division.
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® As the final days of the twentieth century approach, time is running out for dealing

with the so-called millennium bug, which threatens virtually all commercial computer-based

systems. For the electric power industry, embedded systems in control hardware—

systems featuring built-in microprocessor chips—have posed the most difficult challenge,

since the chips are often harder to locate and deal with than software problems.

The utility industry, assisted by EPRI's Embedded Systems Program, has gotten a firm handle

on this problem and has now nearly completed its Y2K preparations. ®

The P@lver to

he deregulation ol the power indusiry has
spurred unprecedented competition. Yel utilities are
showing that they can =1ill cooperate—at least when
faced with a 1echnical problem too big lor any one
company to handle alone. The most pressing such
problem is the year 2000 (Y2K) issue, which vriginated in the
decision of early compuier programmers to 1ake a shortcut
and encode year ilaes with two rather than four digits. When
1899 passes into the year 2000, many digitally based systems
may mallunction by nusinterpreting 00 a= 1900, 1980, or
some other default date.

As providers of a crucial national inlrastructure, electric
utilities have taken Y2K seriously from the start. The software
issucs have been under study and remediation since the mid-
1990s. Mot until 19961997 however, was it realized that
Y2K problems could also strike the microprocessors thal are
built into digital control, monitoring, and

scend

run industrial processes and plants, route Lelephone calls, op-
eralie household appliances, and perform a inyriad of other
applications in both the home and the workplace. Embedded
microprocessor-based systems control and monitor clectricity
generation and flow at hundreds of points in a power plant
and along the way 1o end-use sites.

Once alerted o the potential impact of Y2K on embed-
ded systems, the industry asked EPRI 10 create a collabora-
Live program for sharing technical information and building
an industrywide knowledge base. Begun in the {ail of 1997,
this effort produced an industry consensus on assessing Y2K
problems and developing selutions. As a result, by mid-1998
almost the entire induswry was well on the way 1o remedy-
ing the embedded-system problems in a cost-efleciive, timely
manner. On August 3, 1999, the Morth American Electric
Reliability Council (NERL) s1ated that “more than 99% of

the U.5. and Canadian electricity supply

data acquisition systems—devices used (o b y D awn L ev y systems are ready lor Y2K.” But some final



lesting and contingency planning remain,
and as Jim Fortune, operations manager of
the EPRl Y2K Embedded Systems Pro-
gram, says, “This is a problem for which
you cannot be a second late.”

The embedded problem

Cmbedded systems based on dedicated
microprocessors are a major issue because
of their widespread use in a variety of
equipment and because of different stan-
dards for designing and manufacturing
both the systems and the microprocessors.
Worldwide, more than a billion embedded
chips control electronic equipment rang-
ing from telephones, thermmostats, and tele-
visions to cars, credit card readers, and CAT
scanners.

In the power industry, embedded sys-
tems control mission-critical operations in
energy generation, transmission, distribu-
tion, and metering. On the generation side,
for instance, they run a plant’s distributed
control sysiems, programmable logic con-
trollers, environmental control systems,
and process instrumentation. On the de-

Embedded microprocessor-based systems
control mission-critical functions in all
stages of power production and delivery. To
identify and remediate potential Y2K prob-
lems in these ubiquitous devices, power
companies around the world have under-
taken unprecedented equipment testing.

livery side, they control substation auto-
mation, protective relays, energy manage-
ment systems, and supervisory control and
data acquisition systems.

With embedded systems, clocks may b
either hard-wired as chips or encoded in
software; thus, to properly assess potential
Y2K problems, one must consider both
the microprocessor and the system in
which it operaies. I the microprocessor is
susceptible w0 a Y2K failure that will cause
the system o malfunction or stop run-
ning, the microprocessor must either be
replaced or be reprogrammed by replac-
ing the EPROM, a programmable memory
device. Il neither is possible, the entire
embedded system must be replaced. But
many embedded devices in the power in-
dustry are integrated with others to form
large, complex systems that operate in
concert with complex software routines,
which themselves may have Y2K prob-
lems. Early on, this situation was a major
headache for utility engineers.

To deal with embedded sysiems, a com-
pany must inventory every piece of equip-
menl that has a chip in it—a difficult chal-
lenge in itsell. In some cases, emhedded
chips are inaccessible. And an engineer
trying o lind the clocks in an embedded
systent may not be able 10 see them all:
large control systems can have 60 or 70
clocks, not all of which are displayed on

the operators’ screens. 1Us hard to tell if
some devices even have clocks.

The next step is to assess the criticality
of each device to the company’s business.
Whether or not a device is mission criti-
cal depends on its importance 10 ensur-
ing safety, the continuation of business,
and regulatory compliance, and that varies
from plant 1o plant. if a device is found to
be critical, it must be tested. That entails
advancing the built-in elecironic clocks to
December 31, 1999—usually while equip-
ment is down for scheduled maintenance
or refueling—and letling the device run
into the simulated year 2000. Then engi-
neers check to see whether the device per-
formed its critical function. For instance,
if it was programmed to flip a swilch, did
2 1M it did Nip the switch correctly, did
performance monitors display the wrong
date or print out nonsense data?

The testing problem is complicated by
the fact that there are a number of dates,
both before and after December 31, 1999,
that can cause Y2K problems, and devices
must be tested for each of these dates as
well. Another issue is the sensitivity of
s0me embedded systems to power on/ofl
functions; that is, some noncompliant de-
vices may appear to operate properly as
long as they are pewered on, but il the
power goes off in 2000 and then back on,
their internal clocks may reset to 1900.

Generation
s Distributed control systems

® Programmable logic devices
controllers ¢ Relays
® Remote terminal units ¢ Meters
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As utilities conducted testing and learned
mere about the scepe and depth of the
Y2K problem, they came 10 appreciate that
it would be impossible o identily and fix
all the potential embedded-chip problems
in time. “Fortunately. a significant fraction
of the devices are what we call date dumb
—the date doesnt matter,” explains Char-
lte Siebenthal, director of the EPRI Y2K
program. The vast majority of Y2K non-
compliance problems are cesmetic in na-
ture and do not affect the functional per-
formance of the devices. Therefore, the
program participants have focused on
the mest impertant work—dealing with
mission-critical devices. This decision bhas
served to maintain all critical functions
while saving billions of dollars and several
years ef testing,

Response to deadline 2000

{n mid-1997, EPRI Y2K technical manager
{oe Weiss first warned EPRI and its mem-
bers of the petential for embedded-systems
problems. In September 1997, EPRI hosted
an industry meeting in Scottsdale, Arizona,
to [ind out the level of concern about the
issue. Power companies responded by ask-
ing EPRI Lo take the lead in developing
an tndustrywide Y2K knowledge base. To
build such a hase, the companies would
have 1o put competition on the back burm-
er and share infermation openly.

Y2K was a preblem the likes of which
utilities and their vendors had never seen
before. They had a little more than two
years 10 find or create solutions—but no
experience, beeks, or blueprints 10 guide
them. Together the industry and EPRI had
10 learn in real time what the problem was,
how big it was, and what it 100k 10 solve .

“EPRI% program was designed 1o pro-
vide a forum for a coordinated industry
technical response to the Y2K problem,”
says Siebenthal. "It has served as a focal
point for systematically collecting, orga-
nizing, sharing, and discussing technical
infermatien abeut embedded systems so
that participants can assess and mitigate
potential problems.” Members gel access
(o a continuously updaied Lechnical data-
base, a World Wide Web site [or the rapid
disseminatien and discussion ol results,
and workshops for education and network-
ing. They alse receive a newsletter, system
and component testing guidelines, reports
o[ lessons learncd, contingency plans and
reactive strategies, and help in forming
collaborative test teams.

As a result of EPRIs high credibility in
the area of embedded systems, program
membership has grown beyond the power
industry (see sidebar, p. 34). Weiss, who
had worked with the major control system
vendors in EPRIs Instrumentatien and
Control Program, helped build a strong

network of organizations with good tech-
nical information to contribute. This net-
work includes the U.S. Department of En-
ergy, the U.S. Departmen of Defense, and
such companies as Microsoft, Metorola,
Intel, Hewlew-Packard, DEC (now Cem-
paq), and the Big Three car manufacturers.
“General Motors, Ford, and Chrysler prob-
ably know mere about embedded micro-
processor-based systems than anybody be-
cause they've been putting them in cars for
years,” says Weiss, who arranged for the
sharing of test information between EPRI,
the autemakers, and six large electric util-
ities that serve them.

“EPRI's Embedded Systems Pregram is
a medel for Y2K coeperation and informa-
tion sharing across company and industry
lines,” says John Koskinen, chair of Presi-
dent Clinton’s Council on Year 2000 Con-
versien. “It has helped utilities deal more
elfectively and efficiently with this unique
problem. 1 am confident that the lines of
communication cstablished through this
program will be valuable 1o the industry
well after January 1, 2000.”

Building and sharing the data

The Y2K knowledge base, which contains
inventory lists, test procedures, and test
results, is at the heart of the EPRI pro-
grami. Recently the base has been ex-
panded 1o include contingency-planning

Bk

0 R < -
Distribution ; .ﬁ&iﬁgﬂéustdmw

® Global Positioning System ® Supervisory control and data ® Seguence-of-event recarders * Metars L

recelvers acquisition systems ® Global Positioning System F

® Interutility ties ® Programmable logic controllers receivers " |

® Relays ® Remote terminal units ¢ Load tap changers

® Meters ® Digital fault recorders ® Relays | l]
¢ Communications devices * Meters 4

.. ¥

Fail rggg_iiia_lio!ihmi.' 31 1



strategies, both internal and external com-
munications plans, and information about
facility operations.

The EPRForganized Y2K Gateway Team
facilitates data identitication, acquisition,
and entry into the knowledge base. Team
personnel work with program members
on a daily basis through (ace-to-lace con
tact, phone calls, mail, and the Internet.
“To ensure the integrity of the knowledge
base and reduce problems associated with
the high degree of variability in the data,
one service we provide is data entry,” says
team manager John Allen. “It’s basically a
quality control [unction. We input the par
ticipants’ inlormation in a consistent way
so that it can be elficiently retrieved by
members using the database.”

The Gateway Team also coor
dinates activities ol common in-
terest to members, as when one
member wants Lo wilness an-
other’s test of a particular com-
ponent or system. By lacilitating
the sharing of test information,
the team helps to prevent dupli-
cated efforis. For example, since
the ¥oneywell TDC 3000 dis-
tributed control system is [ound
in both [ossil power plants and
oil refineries, members as diverse
as Texaco and Louisville Gas and
Electric could direcily use Y2K
test data on this system [rom any
other participating company.

The Y2K knowledge base cur-
rently has more than 20,000
items, only a small [raction of
which have been deemed critical.
Aggregated test results [or criti-
cal items are presented and are
linked via hypertext to the origi-
nal test dala.

Internet communications help mem-
bers get inlormation quickly, and the EPRI
Y2K Web site has evolved to meet chang-
ing member needs. The technical knowt-
edge base is posted on the Web site, mak
ing it possible [or members to upload and
download data directly. The site also con
tains information about the Y2K work
shops and other program activities. Mem-
bers can register on-line for upcoming
events or can access presentations and
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EPRI's Embedded Systems Program has
assembled—and continually updates—
a comprehensive, international on-line
knowledge base of Y2K equipment test
results and other technical information.
The program also sponsors regular
quarterly workshops, regional and
specialized workshops, and Web site
training sessions to keep its members
abreast of the latest Y2K developments.

minutes lrom evenis they were unable 10
attend. They can also use the Web site
to post information directly to interest
groups. Although regional and customized
training is available on request, members
can consult a complete on-line training
manual that includes an orientation to the
Website and instructions for searching the
database by company, vendor, component,
and testing inlormation. All member in-
quiries are addressed within 24 hours. The
Web site has been such a success that led-
eral offiicials have encouraged other trade
groups Lo create similar Y2K inlormation-
sharing sites.

Early on, the program expanded beyond
the Web site and database to tacilitate net

working and the sharing of remediation
experiences. The program has hosted over
a dozen workshops—a general quarterly
series, plus regional and specialized meet-
ings—with more than 2500 participants.
“One ol the keys 10 success has been an-
ticipating the members’ needs,” points out
Siebenthal. “Each quarterly workshop has
introduced them 1o the next step in the
process and pushed them to move laster.”
At the lirst workshop, participanis looked
at the questions, what is the problem and

what is EPRI’s role in solving it? The sec-
ond workshop focused on designing a
program that would address embedded
systems. The third, fourth, and ifth work
shops dealt with technical issues concern-
ing the equipment [ound in power plants,
Lransmission systems, and subsltations.

The workshops have covered issues
with practicality and depth. “For instance,
transmission and disirihution waorkshops
initially locused on sharing test plans, pro-
cedures, and results [or various specilic
T&D devices and systems,” says EPRI
Y2K T&D manager Bill Steeley, “and then
moved on to address integrated tests de-
signed Lo rell over entire substations and
other parts of the T&D system.”

As more devices have been
tested and more problems reme-
diated, the program’s workshops
have evolved 10 address such in-
terlace issues as contingency plan-
ning and supply chains and such
emerging topics ol concern as dis-
tributed control systems, boiler
control systems, and natural gas
distribution.

l
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An interface issue that has received con-
siderable attention is telecommunications,
which early on was recognized to be the
glue that held utility operations and grid
operations together. While most energy
companies own and operale private tele-
communications systems Lo support their
business activities. they still have critical
dependencies on public networks [or both
voice and data communications. Thus tele-
communications was added to the critical
technical areas and has been addressed in



both workshops and pilot  High

progranis involving informa-
1ion sharing and contingency-
planning discussions between
wiilities and their telecommu-
nications service providers,

Iripatt

Lessons learned

One of the biggest leszons
learned was that business
rcadiness is an acceplable
goal. Siebenthal tells of une

gntingency planning

very progressive participant
that channeled censiderable
executive and budgetary sup-
port into proactively dealing
with Y2K: “Basically they
were going 10 fix everything,
as good engincers do. But

Low

when they came into the pro-
gram, they discovered that
this approach was not time-
or cost-elfective and really was nol even
necessary. Instead, the company became
comfortable with 1he concept of making
systems business-ready.”

Another hiey lesson, according to EPRI'%
Jim Fortune, was that companies them-
sefves are responsible for the equipment
they use and had best avoid relying solely
on information from others, including
vendors.

The crucial issue ol vendor responsi-
hility in the Y2K problem needed 10 be
addressed, but the fear of litigation had
stopped nearly everyone's tongue. Nine
months before any fedcral legislation, EPRI
legal counsel Barbara Greenzpan neguli-
ated 120 separale agreements in which
members and vendors pledged o share
Y2k technical information because ol the
national urgency of the issue. EPRI also
facilitated a series of workshop= to help
program participants’ lawyers betier un-
derstand the significance of Y2K techni-
cal issues and the value of inlormation
sharing. To further [acilitate the exchange
of information, the Edison Eleciric In=u-
tute and the National Assaciation af Man-
ufacturers worked lor legislation—signed
into law by President Clinton in October
1998—that provides liability protections
for organizations with respect Lo their Y2K
information disclosures and statements.

Low -

1 esthng and

BEmBihabion

views and the communica-

=y tion stream al the micro-

F processor level. Many pro-

gram members helped review
the sprcification. and the key

|

|

' equipment vendors provided
access (0 their proprietary
communications protocols.

“The TransAla test was

| very ambitious,” says Weiss,

| “and it bolstered conhdeuce

| in the plant tests performed

|

up till then. While the earlicr

lests assessed the funciion of

Probability of Occurrence

Thegoal of theindustry’s Y2K preparation is to shrink the field of probable
events to avoid a high likelihood of serious problems, such as the loss of a
generator or transmission line. Testing and remediation efforts reduce an
event's prabability of occurrence, while contingency planning can mini-
mize the impact of any problems that do develop. Low-probability, low-
impact events are essentially nuisance problems, such as incorrect dates
on data screens, that do not impair missian-critical functions,

Taking vendors out of the adversarial
role and making them a part of the pro-
gram benefited exeryhody, savs Siebenthal.
EPRI has urganized meetings with many
equipment vendors, hoth large and small,
20 Lhat members conducting field tests
could benefit from their input. Such well-
known cimpanies as Honeywell, Bailey
Controls, Fuxboro, Bentley ®evada, ABB.
Siemens, and Allen-Bradley agreed to meet
with teams of program participants, pro-
vide information for the knowledge base.
and make workshop presentations about
their Y2K aclivities.

“We got the vendors involved to the ex
tent that il we tested a device and it [ailed.
they didn't have 10 come out and figure
out why, because we were using the same
test program they used.” says Sichenihal.
“In many cases we dralted a test program
and gave it 10 the vendor. who said. yes,
that will work, or told us how to madify it,”

EPRI5 Joe Weiss cites another major
advantage of the programs collaborative
approach: individual members have pro-
vided demonstration sites lor the beneht
of ihe entire membership. In early July of
this year, for example, EPR] helped Trans-
Alta Utilities perform a test at its Sundance
unit 6 coal-fired plant near Edmonteon,
Canada, w confirm the relationship be-
tween the digplays tha a plant operater

High X i
integrated syatems, this was

the first test Lo examine what
happens to each individual
chip.” In addition, the =t
the value of
open discussions inlernation-

demonsiraved

ally and between customers
and vendors—hallmarks ol
the EPRI Y2K program.

Do companies joining the program late
in the game still beneft? “If they're really
behind the eight ball, there's a huge
amount of value o them,” savs Fortune.
“The program immediately belps them get
up Lo speed so they can decide what w ac-
cept [rom other cempanies’ testing and
where they'll have o do testing of their
awn, I they're ahead or think they're
ahead, its a great way lo benchmark their
eflorts against what others hayve done.”

“The program has allowed the indusiry
Lo look at the Y2K issue in a much more
comprehensive way than an individual
utility ever could,” says Ric Rudman,
EPRI’s chiel operating allicer and the pro-
gram’s execwtive sponsor. “The compre-
hensive dalabase has enabled the industry
Lo quickly assess ils mission-critical sys-
tems and identify areas where problems
existed. The quarterly warrkshops have en-
abled real-lime sharing of test information
among the program participanis.”

Are we ready?

There is good reason to believe that the
Morth American power industry 15 pre-
pared lor the turn of the millennium. In
general, the industry’s Y2K we=1ing has
gone smoothly. Mare than 100 [oz=il plants
and many tansmission [acilities have
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moved their clocks lorward (0 2000 with-
out any significani preblems, and many
companies have announced the readiness
of key [acilities. These companies include
American Electric Power, Baltimore Gas
and Electric, Consolidated Edisen Com-
pany of New York, Florida Power & Light,
Niagara Mohawk, Ontario [lydro, Public
Service Company ef Oklahoma, Southern
Calilernia Edison, Southern Company,
Virginia Pewer, and Wisceusin Electric.
Ou the puclear side, plant operators
have generally perfermed their Y2K test-
ing during scheduled maintenance or
refueling shutdewns—or during torced
outages—ler economic reasons. (At this

writing, a handlul of the country’s over 100
nuclear power plants still had e complete
the testing of nonsafety systermns; most of
these plants are duplicates of types where
remediation werk has already been com-
pleted.) None eof the Y2K problems identi-
fied in nuclear plants have involved safety
systeins.

Ontarie Hydre was ene el the first util-
ities o conduct large-scale testing at a re-
mediated nuclear plant, setting computer
clocks forward at iis Bruce unit 5 reactor
and monitering the simulated passage into
the year 2000. The reactor, which was
scheduled for a routine maintenance out-
age after the test, continued 0 operate

Participation Crosses Barders

lobally, the Y2K issue is so impor-

tant that it has ferced industries

10 look beyond their own geo-
graphic borders and traditional enter-
prises te find good technical inferma-
tion. The EPRI Y2K Embedded Systems
Pregram currently has 114 participants
representing over 200 cempanies in the
United States, Canada, Mex-
ico, Bermuda, Puerto Rico,
Barbados, the Cayman Is-
lands, St. Belize,
Colombia, France, England,
Finland, Seuth Africa, Israel,
China (Hong Kong), Singa-
pore, Taiwan, Japan, Aus-

Lucia,

tralia, and the Philippines.
“We now represent over
80% ef all electricity sales in
North America,” says pro-
gram operations manager Jim
Forwune. Since many electric
utilities are alse retail distrib-
utors of natural gas and since
most generating companies
include a significant amount of natural-
gas-fired generation in their product
mix, natural gas was added to EPRIs
Y2K program as a majer technical area.
To avoid duplication of effort, EPR] bas
ceerdinated its activities in this area with
those of the Gas Research Institute. It has
also cosponsored a number of contin-
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gency-planning workshops with GRI in
order to ensure that the Y2K eftorts of
the two industries are synergistic.

I addirion to the electric and gas util-
ities that censtitute most ol EPRYs mem-
bership, a broad range of ether organi-
zations are finding what they seek in
EPRI's Y2K program. These include in-

ternational energy companies, such as
Shell, Texaco, Chevron, Conoco, Enron,
and Pemex; independent power preduc-
ers, such as Calpine, InterGen, and Sithe
Energies; and even industrial enter-
prises, such as Newmont Gold and Lu-
cent Technologies. All compaﬁies have
been encouraged to join at the:€orporate

without incident at full generating capac-
ity. “Everything worked the way it was
supposed to,” says David Kwan, the util-
ity’s Y2K project manager. Two weeks be-
fore advancing the clocks at Bruce 5, a
duty shift crew had rehearsed the test on a
simulator.

There is also cenlidence regarding over-
all reliability issues. Jehn Koskinen—who
as chair of the presidents Y2K ceuncil
works closely with the Department of En-
ergy, the Federal Energy Regulaiery Com-
mission, and other government agencies—
says that any oulages in the United States
will be in the nature of minutes or heurs,
not days er weeks. NERC, the industry or-

and Industries

level so that their subsidiaries, both do-
mestic and international, can share the
benefits and so that the program can
obrain information on a broad range of
equipment. To jein, a company need not
be an EPRI member, but it must have
embedded systems similar to those
found in the power industry, and it must
agree to share its Y2K find-
ings with other program
participants.

“We've gotten our money’s
worth,” says Chevron’s Steve
Stadnicki, an expert en em-
bedded systems. He coordi-
nates all the oil company’s
demestic and international
Y2K efforts involving these
systems, which play roles in
such facilities as refineries
and chemical plants and in
operations ranging [rem eil
production and pipeline ep-
eration to shipping and mar-
keting. “I've been very happy
with the information-sharing and techni-
cal aspects of the EPRI pregram,” he says,
“especially the detailed information on
cempliance, contingency planning, and
cemmunicatiens, Our lawyers have been
very happy with the legal workshops,
and others have benefited from the proj-
ect management workshops.” 0



ganization responsible [or managing power
grid reliability issues in North America,
agrees. A NERC report indicated that, by
April, fewer than 3% of all tested compo-
nents needed Y2K fixes. Errors tended 1o
be nuisances rather than serious threats:
most would not alfect functions that keep
lights on in homes and businesses.

NERC has been intimately involved
with the Y2K issue since May 1998, when
it was charged by DOE. acting on behall of
the president’s Y2K council, Lo verily that
the North American electric power indus-
try would be Y2K ready by July 1. 1999.
NERC established a monthly survey pro-
cess 1o monitor the progress ol individ-
ual utilities toward the industry readiness
goal. Also, to ensure that Y2K technical in-
formation is readily available 1o smaller
organizations. EPRl and NERC cospon
sored a series ol [ive regional workshops.
Over 250 companies=—including rural
electric cooperatives, municipally owned
utilities, public wiility districts, and in-
vestor-owner distribution companies—
participated in these workshops.

Contingency planning

Contingency planning is an important part
ol overall Y2K preparedness. MERC spear-
heads coniingency planning at the na-
tional and regional grid levels. while EPRI
focuses on technical issues and individual
corporate contingency planning. On Sep-
tember 8 and 9. NERC will conduct an
extensive drill to test backup communica-
tions systems and practice the comin-
gency processes necessary for maintaining
electricity service in the event ol a Y2K
problem. Utilities have been developing
contingency plans that include training
people to run power plants manually in
the event ol unforeseen mallunctions ol
electronic controls, bringing back retired
personnel who know how 1o operate lacil-
ities manually, and stalling normally un-
manned substations on the night of the big
rollover.

EPRI is working closely with NERC 1o
determine what has 10 be done coopera-
tively between now and the end of the
year, especially in terms of NERC contin-
gency-planning drills, Lo ensure grid relia-
bility. EPRI is also developing an early

EPRI has worked closely with NERC, which is responsible for grid reliability issues, to ensure
that any local Y2K problems will not build into major, wide-area disturbances in the 10 NERC
reliability regions. The three North American ac power grids—the eastern, western, and Texas
grids—are connected by dc tielines, across which disturbances and instabilities cannot pass.

warning system Lo monitor possible tech-
nical lailures at international sites where
clocks will first roll over to the year 2000.

EPRI and its members also are currently
assessing the role of the program in the
post-2000 period. "It won't suddenly end
on December 31." says Rudman. “There
will be a winding-down period as utilities
continue Lo Lest systems and assess their
performance on other tricky dates—in-
cluding February 29, which causes prob
lems in certain digitally based equipment.”

Despite some doomsayers, most people
don't seem all that worried about Y2K. In
an April 1999 public opinion poll of 600
U.S. adults conducted by Research nter
national/Cambridge. awareness of the Y2K
issue was high (91%), but most people
were not worried about Y2K and electric-
ity disruptions. A key [inding was thatre
liable. reassuring information at the local
level and normal preparedness for winter
events will help maintain this calm as the
millennium approaches.

Siebenthal says that industry officials
expect the Y 2K transition Lo cause isolated
blips similar to those they handle all the
time—as, [or example. when a tree falls

across a distribution line. Incidences are
expected 1o be isolated rather than wide-
spreadand their impacts manageable. "We
want Lo reduce the probability ol some-
thing signilicant happening to the proba-
bility of an ice storm or a hurricane,”
Siebenthal concludes.

John Ballance manages Southern Cali-
fornia Edison’s power grid dispaich and
operations. He will spend New Years Eve
at Edison’s grid control centerand expects
a boring evening with few or no problems
related 10 Y2K. Ballance is more worried
that the turn of the millennium will bring
out more revelers than usual, resulting in
an increased number of minor power dis-
ruptions due to cars hitting electrical
poles, gunshot damage 1o electrical insu-
lators, and the like. “The real challenge on
New Years Eve,” he says, “will be 10 pre-
vent all problems [rom being labeled Y2K
related ™ u

Background information for this aiticlc was provided
by Charlic Sichenthal (csichont@cpricom). Jim For-
tune thfertune@c pri com), foc Weiss (jooweiss@cpri.
com), Bill Stecley (wsicelex@cpri.com), and Susan
Marstund (smarslan@cpri_com) of ic Scicnce und
Technology Development Division.
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River Bend Uses E0QS for
Shutdown Safety

M aintenance outages at nuclear

power plants typically entail com-
plex task networks, whese salety impli-
cations must be analyzed. To enhance
salety and shorien outages at its River
Bend nuclear plant in Louisiana, Entergy
Corporation wanted an analysis tool far

aulomating outage salety reviews. Specili-
cally, it wanted a wol that would require
no additional training for eutage plan-
ning stalf and that weuld have sullicient
detail (o let them determine how compo-
nent outages allect the =tatus ol outage

safety lunctions. Moreover, River Bends
outage planners could not alflord 10 use
conservative assumptions that would
adversely limit planning flexibility and
[orce longer oulages.
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In the Field

Demonstration and application of EPRI science and technology

Entergy chose 10 use EPRI% EQO%
(Equipment out of Service) software 10
develop a probabilistic salcty analysis for
shutdown operations al River Bend and to
evaluale the plant’s shutdown operatiens
protection plan (SOPP). EQQS wranslates
a schedule of work aciivities inio a set of
color-coded timelines, each of which is
associaled with specilic administrative
guidelines. The program also generalrs a
risk profile that displays
the chance of core dam-
age in each shutdown
condition. River Bend
stalf then make sched-
uling dicisions on the
basis of this profile and
the plants defense-in-
depth measures.

The River Bend plant
was already using an
EOQQS model [or power
operations, so extend-
ing the analytical meth-
od to outage salety
analysis offered eco-
nomic benefits. The
shutdown maocdle) uses
a lot ol the same data
as (he model for power
operations, for exam-
ple. As a result of this
data sharing and the
consistency between
the models, costs for
additional staff wrain-
ing and for maintain-
ing (wo sets ol data have bren avoided,
and meaningful safety comparisons
between on-line and shuudown opera-
tions can be made.

Because EOOA can simultaneously
record inputs from both Scheduling and
Opcrations, points out Entergy's David
Weller, the ellects ol adding emergent
work can he maonitared efficiently and
without delay. “EQOS betier enables the
stafl to know what scheduled work o put

on hold in order to accommodaie an
unplanned event and ensure plant safety,”
he says.

“EOOQ5 also operates on a componerl-
level model. This helps us mainiain a
short vuage.” Weller adds. “In past out-
ages, we had 1o wait for one sysiem work
window Lo close before opening the nexi.
Our EOOS model allows us to continue
work on a=sysiem as long as the compo-
nents needed for its safety function re-
main available.”

With the EOOS shutdown model in
place, River Bend staff can quickly evalu-
ate changes in (he outage schedule. In a
few minutes, with essentially two clicks of
a computer mouse—to import schedule
data and to run the schedule assessment—
the mtafll can generate an outagewide SOPP
safety review.

The EOOS software (SW-105871-DK)
is currenily in use at more than 70 nu-
clear plants at 30 utilities, including =ome
plants outside the United States. Entergy
is among several utilities that have adopted
ECIOS at all their planis for all modes of
operation.

m For more information, contact Frank
Rahn, frahn@epri.com, 650-855-2037.

Manhole Cover Remover Tested

tility personnel who respond to cable

lailures and other prablems in urban
underground distribution systems often
encounter smoke and fire. And the hrst
priority before five fighting or other mea-
sures can be implemented—removing the
manhole cover—can create the most dan-
gerous of conditions: an explosion irig-
gered by the rush ol oxygen into the
undlerground structure. Electric utilities
experience about one major underground
event—typically an explosion—per year
for every 10,000 manholes, says Ralph
Bernstein, a program manager in CPRIS
Science and Technology Development



Division. small fires, smoke, and ather
miner events occur 10-50 times more
[requently.

The current method of removing a man-
hole cover is ta secure a 2-foot (0.6-m)
steel hook into an opening in the 300-
pound (140-kg) dizk and manually pull
it off. Laked-on dirt and other debris
can make a cover eapecially dilficult 1o
remove. For some time, the wility indus-
try has sought a «afer allernative 1o this
practice. Researchers have envisioned a
remuotely controlled robotic device that
could loasen and reliably lift a stuck man-
hole cover while all personnel remained a
sale 20 feer (6 m) awas

Recently, EPR) and Consolidaed Edi-
son LCompany ol Mew York funded the
develapment of a prototype device [ar
removing manhole covers. The contrac-
tor, Foster-Miller, modified a remotely

controlled rohot—called the lerret—that

was vriginally developed 10 help police
deluse hombs

A trailer-mounited, remotely controlled
manhole cover removal system has evolved
in this work. The system [eatures an im-
pact hammer called a RAM and a power-
lul electromagnet with a lifting lorce of
more than 5000 pounds (2250 kg). Both
the electromagnet and the impact hammer
are raised and lowered by battery-powered
linear actuators. 4 handheld remote con-
il box is connected to the system by cable
but remains salely electrically isolated.

Once the system is rolled into position
and braked, the operator can quickly en-
gage the electromagnet and lilt a manhule
cover. [ the cover is stuck in its frame, the
operator can hitit with the RAM, which
produces a force comparable i that of a
[2-pound (5.4-kg) sledgehammer.

Last February, EPRI and Con Edison
personnel observed the initial held trials
of the manhole cover removal sy=tem in
the streets of Boston, where Foster-Riller
i= based. Because the wtility distribution
system in the area i= not situaled under-

I — - = - = gl

A manhole cover is lifted by the remotely controlled system’s electromagnet during trials in
Boston.The RAM impact hammer is the vertical cylinder to the left of the magnet,

ground, the device was we=ted on 210-
pound (95-kg) sewer and telephone syz-
letm manhole civers,

The devite easily lilted wo sewer cov-
ers and a welephone cover. It initially had
dilficulty with another wlephone cover, on
which there was sand. After the sand was
brushed olt, however, the electromagnet
held on i1 the cover, and its linear aclua-
tor—with a pulling force of 3500 pounds
(1600 kg)—pulled the caver up. A= Piero
Brentani of Fosier-hliller notes. “In some
cases, like this one, the linear actuatork
pulling lorce is enough 10 break a cover
loose [rom the mounting ring without the
operators having to use the RAM.”

Brentani also emphasizes the electrical
isolation of the handheld control box as
i key salery leatwre of the cover removal
systern. The box i neither grounded nor
connected 1o any part of the wiring; all
the connections to switches are through
double-insulated, automotive-type relays,
with a minimum insulation 1 ground
of 500 %. The 125-%¥ (ac) switches them-
selvis are rated to military specificatin,
“Thus the possibility that the switch
lever= or the contresl box enclosure will

become energized is practically nil,” Bren-
lani says

ilter the inital wrials in Bostsn, the
prototype manhole cover removal system
was transported to Mew York City, where
i_on Edison’s underground distribution
crews will use it, as needed. in actual ser-
vice, “We will be getting [eedback [rom
the field operations crews as they hecome
lamiliar with the system,” says leonard
Burshicin, Con Edizon's manager for the
project. "As the crews respond to events,
use of the system has 10 be incorporated
into the sequence ol steps they are trained
in and routinely [ollow. Lintil our perzon-
nel are fully familiar with the systein,
will be used in streets that do not have
heawy traffic.”

EPRIs Bernatein says that alter eating
i= comipleted this vear, a prototype of the
manhole cover removal system could be
available to other utilities, and, if there ix
enough demand, a commercial version
could be developed.

m For more information, contact Raiph
Bernstein, rbemste@epri.com, 650-855-
2023, or Walter Zenger, wienger@epri.com,
650-855-8943.
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EPRI Customer Assistance Center

Delivers Solutions

D elivering the preducts, resources,
and expertize that customers need

when they need them—is the primary
purpose of the EPRI Customiér Assistance
Center. Established in 1998, the center is
designed to streamline the crucial transfer
of EPRI technology to ensure thal solu-
tions are readily available in iodays com-
petilive environment. Over the past year.
it laa helped more than 12,000 ¢customers
on a wide range of energv-related issues.

“We et up the Cuslemer Assistance
Center as a real one-stop. full-service
resource,” explains center manager Rob
Glover. “In many cases, all the client
needs is quick infarmation ahout an EPRI
product or publication. But when the
problent is more involved—and it olten
is—our cuslomer service team can work
as in-depth facilitators to ensure that it is
solved. This means working iirectly with
the client 1o identily the EPRI knowledge.
10ols, or expertise that will address the
problem, making sure that the technology
or information is actually delivered, and
assisling in its applicalion, il necessary.
itar geal i complite customer satisfac-
tion, with particular atiention to guick
response and closure,” says Gilover.

The centers information hotline is
the starling point for its services, provid-
ing customers a single-point entryway
into the EPRI organization. & 1echnical
resource specialist warks with the caller
and arranges for a response from the
appropriate technical stalf member within
48 hour=. The center fields inguiries on a
range of Lopics, from the latest advances
in fuel cell technology to nuclear plamt
water chemistry guidelines. Customers can
also access the center by e-mail or fax, if
they prefer, and get the same perzonalized
£ervice.

[n many instances, providing informa-
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tion i= only the firat step in dealing with a
caller’s problem. When furiher, hands-on
activity is required, the center’s Jump*tart
program can help clients with the design
and implementation of custom projects in
the field, In addition 10 1apping the exper-
tise of EPRI% in-house sialf and technol-
ogy centers for such projects, Jumpinns
allow customers to draw on preapproved
contractors, who have demonatrated their
capabilities in the arca of imerest. Stan-
dardized contract terms make it possible
(0 s(art up projects i one or wo days,
and becawse center stalf handle the paper-
work, cuatomers can fecus on technical
tssues and stay on schedule.

sunflower Electric Power Corporation
turned to the Customer Assistance Center
for help in last-tracking MPDES (Mational
Pollutamt Discharge Elimination satem)
permit applications. The projeci was put
into action without costly delays through
the Jump=tart program. A permit appli-
cation Tor sunflower was filed within two
months ol project startup, and the com-
pany was granted a permit in time 10
restart the generating units in question
s scheduled.

To [urther speed the siartap of proj-
ecls, customers can manage the lunding
under the centers deposit accoum pro-
gram, which holds an undedicated mem-
ber deposit in an account administered
by EPRI atalf. When the company needs
[unds—to cover the costs for JumpStan
projects, lraining sessions, tailored col-
laboration projects. or any other EPRI
service—il has immediale access 1o i
account, therehy streamlining the proce-
dure= involved in project implementation.
Currently, EPRI members have estab-
lished 39 deposit accounts.

The center also olfers customized client
services in the publication and training
areas, For example, it helped Wisconsin
Electric: Pewer Company repackage EPRI
information ax a document taitored for

the utilitys own customers, “Cener safl
coordinalett the publication’s customiza-
tion and distribution Lo our customers by
market segment,” says Julie Thorsen of
Wisconsin Electric. “They really went owt
of their way to tailor EPRI information to
our needs.”

Customized worksheps and seminars
are also available through the center (o
help members apply EPRI products lor
maximum value. A company can send em-
ployees 1o courses ollered by EPRI ollices
or technology [acilities around the coun-
(ry, arrange 10 bring trainers to its swn
sites, or work with center personoel o
develop special classes on =aues of high
priovity 1o the company or its cuslomers.

solving individual problems is the cien-
ters daily challenge, but it has a longer-
term focus as well. *We pay a low of atten-
tion 10 what the hotline callers are asking
for, since it gives us both brisad-brush
and dewailed information about membirs’
needs,” says Liane Freeman. EPRIE direc-
tor of communications and customer ser-
vice. "such knowledge not only helps us
respond mwore eflectively 1o luture requests
bul alse provides us with a kind of leed-
back about what we could spend more
eflert on. 1t really another way EPRI lis-
lens Lo ils cuslomers.”

How to Contact the EPRI
Customer Assistance Center

Hotline: 800-313-3774 (press 4)
or 650-855-2121 (press 4)
E-mail: azkepri@epri.com
Fax:972-556-6521

Customers outside the United States:
can access the center by dialing the
AT&T 10ll-[ree access code for the
appropriate country and then dialing
or asking the operator for H00-313-
3774.



To place an order, call EFRI Customer Service at
B800-313-3774 or 650-855-2121, and press 1 for
software or 2 for technical reports.

Energy Delivery

Muitimode Transportable Battery Energy
System for Salt River Project, Vol. 1: Dasign
and Installation

TR-110859-V1

Target: Distribution Systems

EPRI Project Manager: S. Eckroad

PTLOAD (Power Transformer Loading Soft-
ware) Version 5.0 for Windows 95/NT 4.0:
User's Manual

AP-111247

Target: Substation Operation and Maintenance
EPRI Project Manager: S. Eckroad

Aging of Polymeric Distribution Insulators
TR-111515-V1

Target: Distribution Systems

EPRI Project Manager: B. Bernstein

Distribution Cable Containing Moisture-
Resistant, Liquid-Crystalline Polymer
TR-112238

Target: Underground Distribution infra-
structure

EPRI Project Manager: B. Bernstein

Reliability-Centered Maintenance for
Distribution Systems and Equipment:
Four Application Case Studies
TR-112924

Target: Distribution Systems

EPRI Project Manasger: H. Ng

W DTCR: Dynamic Thermal Circuit Rating
Version 20 (Windows 95, NT)

Target: Substation Assets Utilization

EPR} Project Manager: A. Edris

W LPDW™ 5.0:Lightning Protection
Design Workstation

Version 5.0 {(Windows 95, NT)

Targets: Overhead Transmission; Distribution
Systems; Underground Distribution Infra-
structure

EPRI Project Manager: V. Longo

M PTLOAD: Power Transformer Loading
Software

Version 5.0 {(Windows 85, NT)

Target: Substation Operation and Maintenance
EPR! Project Manager: S, Eckroad

M XVisor: Expert System for Transformer
Assessment

Version 1.0 {Windows 95, NT}

Target: Substation Operation and Maintenance
EPRI Project Manager: B. Ward

Technical Reports & Software

Energy Utilization

A Business Guide to Foodservice
TR-106841-R1

Target: Foodservice Facilities Solutions
(EPRICSG)

EPRI Project Manager: J. Kuegle

Green Power Guidelines, Vol, 2;: Assessing
Small- and Medium-Sized Business Market
Segments

TR-109192-V2

Targets: Understanding Energy Markets
(EPRICSG); Renewable Technology Options
and Green Power Marketing

EPRI Project Managers: B. Kalweit, T. Peterson

Building Successful Customer Relationships
{Training Course Through the Retail Market
Assistance Center)

TR-111432

Targets: Understanding Energy Markets
{EPRICSG); Enhancing the Success of Innova-
tive Customer Technologies (EPRICSG); Pro-
ducing Successful Retail Products and Services
EFRI Project Manager: L. Ness

Power Quality for Electrical Contractors:
Applications Guide, Vol. 1—Power Quality
Fundamentals

TR-111762-V1

Targets; Power Quality for Satisfied Commer-
ciat and Residential Customers; Power Quality
for improved Industrial Operations; Power
Quality Basics [EPRICSG)

EPRI Project Managers: M. Grossman,

W. Moncrief

Power Quality for Electrical Contractors:
Applications Guide, Vo). 2—Recommended
Practices {Revision 1}

TR-111762-V2R1

Targets: Power Quality for Satisfied Commer-
cial and Residential Customers; Power Quality
for Improved industrial Operations; Power
Quality Basics (EPRICSG)

EPRI Project Managers: M. Grossman,

W. Moncrief

Forward Price Forecasting for Power
Market Valuation: Excerpts Introducing
Valuation and Forecasting Approaches
TR-111860-R1

Target: Power Markets and Risk Management
EPRI Project Manager; V. Niemeyer

21st Century Customers, Vol. 1: Industry
and Manufacturing

TR-111918-V1

Target: Technology Innovation and 21st
Century Strategy (EPRICSG)

EPRI Project Manager: T. Henneberger

21st Century Customers, Vol. 2: Business
and Commerce

TR-111918-V2

Target: Technology Innovation and 21st
Century Strategy (EPRICSG}

EPRI Project Manager: T. Henneberger

Independent Restaurants: An introduction
to Business Characteristics, and Energy-Use
and Decision Criteria

TR-112005

Target: Understanding Energy Markets
{EPRICSG})

EPR Project Manager: R. Gillman

Methods for Customer Information System
and Billing Evaluation: Advanced 8illing
and Customer Operations Support
TR-112067

Target: Advanced Billing and Customer
Operations Systems (EPRICSG)

EPRI Project Manager: D. Cain

Anticipating Competitor Response in
Retail Electricity Price Design

TR-112087

Target: Power Markets and Risk Management
EPRI Project Manager: A, Faruqui

The Small Office Market: Size, Business
Diversity, and Energy Choices
TR-112097

Target: Understanding Energy Markets
(EPRICSG)

EPRI Project Manager: R. Giliman

User Guide: ESPRE Windows
Version 1.0

AP-112119

Targets: All residential targets

EPRI Project Manager: J. Kesselring

Assessing Changes in the Residential
Telecommunications and Electric Market-
place: Parts 1-3

TR-112125-P1-P3

Target: Understanding Energy Markets
{EPRICSG)

EPRI Project Manager: R. Giliman

Manufactured Housing Heat Pump
Demonstration Program

TR-112340

Target: Residential Heat Pump Technology
EPRI Project Manager: S. Saleh

Power Electronics in the Healthcare
Industrey

TR-112431

Target: Power Electronics (EPRICSG)
EPRI Project Manager: B. Banerjee
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Power Electronics in the Semiconductor
Fabrication [ndustry

TR-112432

Target; Power Electronics (EPRICSG)

EPRI Project Manager: B. Banerjee

Pulsed Power Technology and Applications:

Scandinavia

TR-112566

Target: Customer Power Conditioning
Solutions (EPRICSG)

EPRI Project Manager: C. Mansson

Waveform Characteristics of Voltage Sags:
Statistical Analysis

TR-112692

Target: Power Quality for Improved Energy
Delivery

EPRI Project Manager: A. Sunearam

Load Profiling and Settlement for
Retail Markets Methods Assessment
Study

TR-112785

Targets: Understanding Energy Markets
{EPRICSG); Load Data Analysis for Power
Marketing {EPRICSG}

EPRI Project Manager: R. Gillman

W Market Forecasting Workstation
Version 2.1 {(Windews 95, NT)

Target: Producing Successful Retail Products
and Services

EPRI Project Manager: B. Kalweit

Environment

Review of Methods for Source Apportion-
ment and Sensitivity Analysis in Three-
Dimensional Air Quality Models for
Particulate Matter

TR-112070

Target: Atmospheric Particulates and Precursors
EPRI Project Manager: M. A. Afian

Users Guide for LARK-TRIPP Version 1.0:
A Toxic Release tnventory Estimation Tool
for Land Release Estimating and Record
Keeping at Power Plants

AP-112371

Target: Groundwater and Combustion By-
Products Management

EPRI Project Manager: A, Quinn

1998 Summary of Consortium on Atkali-
Aggregate Reactivity in Concrete
TR-112453

Target: Comhustion By-Product Use

EPRI Project Managers: C. Dene, D. Golden

Power Plant Validation of the Mercury
Speciation Sampling Method

TR-112588

Target: Plant Multimedia Toxics Characteriza-
tion (PISCES}

EPRI Project Manager:P. Chu

Proceedings: 1998 EPR! Clean Water Act
Section 316 (b) Technical Workshop
TR-112613

Target: 316 {a) and (b} Fish Protection Issues
EPRI Project Managers: D. Dixon, K. Zammit
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Generic Sampling and Analytical Plan for
Mercury Speciation Stack Sampling
TR-112687

Target: Plant Multimedia Toxics Characteriza-
tion (PISCES)

EPRI Project Manager: P. Chu

M PISCES: Power Plant Chemical Assess-
ment Model

Version 3.03 (Windows)

Target: Piant Multimedia Toxics Characteriza-
tion (PISCES)

EPRI Project Manager: P. Chu

W RAMAS GIS: Linking Landscape Data
With Population Viability Analysis
Version 3.0 {Windows 95, 98, NT}

Target: 316 (a) and {b} Fish Protection Issues
EPRI Project Manager: R, Goldstein

B RAMAS Risk Calc: Risk Assessment With
Uncertain Numbers

Version 30 {Windows 95)

Target: 316 (a} and {b) Fish Protection Issues
EPRI Project Manager: R. Goldstein

Fossil and Renewable Generation

Proceedings: 1996 EPRI Workshop on NO,
Controls for Utility Boilers (August 1996;
Cincinnati, Ohio)

TR-107629

Target: Coal Boiler Performance/Combustion
NO, Control

EPRI Project Manager: J. Stallings

Cost Benefit Analysis for Maintenance
Optimization

AP-107902

Targets: Steam Turbines, Generators, and
Balance of Plant; Plant Maintenance Optimiza-
tion (EPRIGEN})

EPRI Project Manager: R. Pflasterer

Predictive Maintenance Program: Develop-
ment and Implementation

TR-108936

Target: Plant Maintenance Optimization
(EPRIGEN)

EPRI Project Manager: R. Pflasterer

Value-Based Maintenance Grid for
Assessing Work Management

TR-108937

Targets: Steam Turbines, Generators, and
Balance of Plant; Plant Maintenance Optimiza-
tion (EPRIGEN)

EPRi Project Manaser. R. Pflasterer

Green Power Guidelines, Vol. 2: Assessing
Small- and Medium-Sized Business Market
Segments

TR-109192-V2 (see listing under Energy
Utilization)

Improving Existing Fossil-Fired Power
Plants: Industry Discussions—Vol. 1,
Highlights; Vol. 2, Details

AP-109342

Target: Steam Turbines, Generators, and
Balance of Plant

EPRI Project Manager: A. Armor

Cyclone NO, Control: Technology and
Issues Assessment

TR-110499

Target: Coal Boiler Performance/Combustion
NO, Control

EPRI Project Manager: D. O'Connor

Turbine-Generator Maintenance Outage
Interval Extension: Turbo-X Version 1.0a
User’s Manual

AP-110998

Target; Steam Turbines, Generators, and
Balance of Plant

EPRI Project Manager:T. McCloskey

CMMS Implementation at Cinergy:
Computerized Maintenance Management
System

TR-111151

Target: Plant Maintenance Optimization
{EPRIGEN)

EPR! Project Manager: R. Pflasterer

Superheater Corrosion in Ultrasupercritical
Power Plants: Long-Term Fietd Exposure at
TVA’s Gallatin Station

TR-111239

Target: Boiler Life and Availability Improvement
EPRI Project Manager: W. Bakker

Achieving NO, Compliance at Least Cost:

A Guideline for Selecting the Optimum
Combination of NO, Controls for Coal-Fired
Boilers

TR-111262

Target: Coal Boiler Performance/Combustion
NG, Control

EPRI Project Manager: G. Offen

How Competitive Market Dynamics Affect
Coal, Nuclear, and Gas Generation and Fuel
Use: A 10-Year Look Ahead

TR-111506

Target: Fue! and Power Supply

EPRI Project Manager: J. Platt

Fuel and Power Price Volatilities and
Convergence

TR-111564

Target; Fuel and Power Supply

EPRI Project Manager: J. Platt

Robust Controller Design for Simultaneous
Control of Throttle Pressure and Megawatt
Output in a Power Plant Unit

TR-11162%

Target: 1&C and Automation for Improved
Piant Operations (EPRIGEN)

EPRI Project Manager: R, Torok

Proceedings: Workshop on Intelligent
Sootblowing Applications

TR-111631

Target; 1&C and Automation for Improved
Plant Operations {EPRIGEN}

EPRI Project Manager: R. Shankar

Photovoltaic-Based Projects and Ventures:
Development Guidelines

TR-111892

Target: Renewable Technology Options and
Green Power Marketing

EPRI Project Manager:T. Peterson



Maintenance Optimization Project at
Merom, Vol. 1: Work Culture and Process
Improvements

TR-111897-V1

Target: Plant Maintenance Optimization
{EPRIGEN)

£PRI Project Manager: R. Pflasterer

Maintenance Optimization Project at
Merom, Vol. 2: Heat Rate Improvement
TR-111897-V2

Target: Plant Maintenance Optimization
{EPRIGEN)

EPRI Project Manager: R. Pflasterer

Pretiminary Economic and Engineering
Evaluation of the Foster Wheeler Advanced
Pressurized Fluidized-Bed Combustor
Technology With Advanced Turbine System
{ATS) Gas Turbines

TR-111912

Target: Coal Power Systems Development
EPRI Project Manager: J Wheeldon

Sodium Phosphate Hideout Mechanisms:
Data and Models for the Solubility and
Redox Behavior of lron (i1} and Iron (th)
Sodium Phosphate Hideout Reaction
Products

TR-112137

Target: Boiler and Turbine Steam and Cycle
Chemistry

EPRI Project Manager: B. Dooley

Hydro Relicensing Forum: Preferred
Practices Guidebook

TR-112168

Target: Hydropower Operations, Relicensing,
and Environmental Issues

EPRI Project Manager: M. Blanco

Distributed Generation Market Study:
Advanced Turbine System Program
TR-112174

Targets: Emerging Distributed Resource
Technologies (EPRIGEN); Distributed
Resources Information and Tools for Busi-
ness Strategy Development

EPRI Project Manager: D. Rastler

Survey of Instrumentation and Control
Practices in the Process Industries for
Application to the Power Utilities
TR-112230

Target: 1&C and Automation for Improved
Plant Operations {EPRIGEN}

EPRI Project Manager: R. Torok

Proceedings: Distributed Resources

Week 1998, Strategies for Successful
Implementation

TR-112300

Target: Distributed Resources Information and
Tools for Business Strategy Development

EPRI Project Manager: D. Rastler

Proceedings: Third National Green Power
Marketing Conference—Seiling Green
Power in Competitive Markets

TR-112315

Target: Renewable Technology Options and
Green Power Marketing

EPRI Project Manager; T. Peterson

Nuciear Generation

Recommendations for an Effective Flow-
Accelerated Corrosion Program
NSAC-202L-R2

Target: Nuclear Power

EPRI Project Manager: B. Chexal

Guidelines for PWR Steam Generator
Tubing Specifications and Repair, Vol. 2,
Revision 1 Guidelines for Procurement of
Alloy 690 Steam Generator Tubing
TR-016743-V2R1

Target: Nuclear Power

EPRI Project Manager: A. Mcllree

Guideline for Sampling in the Commercial-
Grade-ltem Acceptance Process
TR-017218-R1

Target: Nuclear Power

EPRI Project Manager: L. Aparicio

PWR Primary Water Chemistry Guidelines,
Revision 4, Vols. T and 2

AP-105714-R4

Target: Nuclear Power

EPRI Project Manager: P Millett

Valve Application, Maintenance, and
Repair Guide

TR-105852-V1

Target: Nuclear Power

EPRI Project Manager: V. Varma

GERS Formulated Using Data From the
SQURTS Program

TR-105988-V2

Target: Nuclear Power

EPRI Project Manager; R, Kassawara

Infrared Thermography Field Application
Guide

TR-107142

Target: Nuclear Power

EPR} Project Manager: P. Zayicek

Air-Operated Valve Evaluation Guide
TR-107322

Target: Nuclear Power

EPRI Project Manager: J. Hosler

Fiber-Optic Sensors in Nuclear Power Plant
Radiation Environments, Phase 1
TR-107326-V1

Target: Nuclear Power

EPRI Project Manager: R. Shankar

Steam Generator In Situ Pressure Test
Guidelines {Revision 1}

TR-107620-R1

Target; Nuclear Power

EPRI Project Manager: M. Merilo

Experience With Depleted Zinc Oxide
Injection in BWRs: 1999 Progress Report
TR-108741

Target: Nuclear Power

EPRI Project Manager: H. Ocken

Use of Chemical Pretreatment to Enhance
Liquid Waste Processing

TR-109437

Target: Nuclear Power

EPRI Project Manager: C. Hornibrook

Utility Use of Constant Scaling Factors
TR-109448

Target: Nuclear Power

EPRI Project Manager: C. Hornibrook

Guideline for the Evaluation and Treatment
of Corrosion and Fouling in Fire Protection
Systems

TR-109633

Target: Nuclear Power

EPRI Project Manager: T. Eckert

Flow Meter Guideline
TR-109634

Target: Nuclear Power

EPRI Project Manager: T. Eckert

The Boraflex Rack Life Extension Computer
Code, RACKLIFE: Verification and Validation
TR-109926

Target: Nuciear Power

EPRI Project Manager: R Mahini

Evaluation of Combined-Cycle Combustion
Turbine and PWR Nuclear Plant

TR-109961

Target: Nuclear Power

EPRI Project Manager: J. Carey

Design and Testing Description of an
Application-Specific Integrated Circuit for
Reactor Protection and Control
TR-110044

Target: Nuclear Power

EPRI Project Manager; 1. Naser

Experience-Based Interview Process for
Power Plant Management With a Pilot
Application to Aging of Outage Support
Equipment

TR-110089

Target: Nuclear Power

EPRI Project Manager: G. Sliter

Eddy Current Testing of Service Water Heat
Exchangers for Engineers: Guideline
TR-110392

Target: Nuclear Power

EPRI Project Manager: K. Krzywosz

ORAM-SENTINEL Demonstration at Indian
Point 3

TR-110716

Target: Nuclear Power

EPRI Project Manager: J. Mitman

Proceedings: Embedded Pipe Decontami-
nation Technology Workshop

TR-111277

Target; Nuclear Power

EPRI Project Manager: R Thomas

Secondary Degradation of Defective Fuel
Rod: Simulation Test at the Halden Reactor
{Part 1: IFA-600)

TR-111590

Target: Nuclear Power

EPRI Project Manager: B. Cheng

User Manual: Alloy 600 in PWRs Database,
Version 2.0 for Microsoft Windows
AP-111607

Target: Nuciear Power

EPRI Project Manager: R. Pathania
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ORAM™ Version 4.0 Functional Specifica-
tion Outline

TR-111652

Target:Nuclear Power

EPRI Project Manager: J. Mitman

Proceedings: 1997 EPRI International Low-
Level-Waste Conference

TR111657

Target:Nuclear Power

EPRI Project Manager: C. Hornibrook

Evaluation of the Decontamination of the
Reactor Coolant Systems at Maine Yankee
and Connecticut Yankee

TR-112092

Target: Nuclear Power

EPRI Project Manager: C. Wood

Characterization of Ringhals-3 Tube
Support Plate Crevice and Tube Deposits
TR-112110

Target: Nuclear Power

EPRI Project Manager: A. Mcliree

PWR Restart Ramp Rate Restrictions
TR-112140-V1

Target: Nuclear Power

EPRI Project Manager: B. Cheng

Effect of Startup Ramp Rate on Pellet-
Cladding Interaction of PWR Fuel Rods
TR-112140-V2

Target: Nuclear Power

EPRI Project Manager: B. Cheng

Boron Control and Monitoring for a PWR
Fuel-In Full System Decontamination
TR-112145

Target: Nuclear Power

EPRI Project Manager: H. Ocken

Spent Fuel Pool Cooling and Cleanup
During Decommissioning: Experience at
Trojan Nuclear Power Plant

TR-112351

Target: Nuclear Power

EPRI Project Manager: C. Wood

Proceedings: 1996 EPR! Surface Chemistry
Workshop

TR-112481

Target: Nuclear Power

EPRI Project Managers: A. Mcllree, P Millett

Proceedings: 1997 ASME/EPRI Radwaste
Workshop

TR-112658

Target: Nuclear Power

EPR! Project Manager: C. Hornibrook

Capsule Corrosion Tests on Alloy 600
Steam Generator Tubes in Acid
Environments

TR-112748

Target: Nuclear Power

EPRI Project Manager: A. Mcllree

A Parametric Study of the Lead-induced
Stress Corrosion Cracking of Alloy 690
TR-112775

Target: Nuclear Power

EPRI Project Manager: A. Mcliree
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Film Analysis of Alloy 600
TR-112776

Target: Nuclear Power

EPRI Project Manager: A. Mcliree

Circuit Breaker Timing and Travel
Analysis

TR-112783

Target: Nuclear Power

EPRI Project Manager: J. Sharkey

Isolated Phase Bus Maintenance Guide
TR-112784

Target: Nuclear Power

EPRI Project Manager: J. Sharkey

Proceedings: 1999 EPRI Workshop on
Startup Oxidant Control

TR-112815

Target: Nuclear Power

EPRI Project Manager: A. Mcliree

IPEEE Seismic Insights

TR-112932

Target: Nuclear Power

EPRI Project Manager: R. Kassawara

M EOOS: Risk and Reliability Workstation
Module

Version 2.6b {Windows)

Target: Nuclear Power

EPRI Project Manager: . Rahn

Strategic Science and Technology

Volatility of AQueous Sodium Hydroxide,
Bisulfate, and Sulfate

TR-105801

Program: Strategic Science and Technology
EPRI Project Manager: B. Dooley

Steam, Chemistry, and Corrosion in the
Phase Transition Zone of Steam Turbines
(Vol. ¥; Vol. 2, Parts 1 and 2)

AP-108184

Program: Strategic Science and Technology
EPRI Project Manager: B. Dooley

Capacitors for Electric Utility Energy
Storage

TR-108888

Program: Strategic Science and Technology
EPRI Project Manager: S. Eckroad

Home Networks and Personal Access
Devices: A State-of-the-Art Assessment
Study

TR-111375

Program: Strategic Science and Technology
EPRI Project Manager: J. Kesselring

Compressed Air Storage with Humidifica-
tion: An Economic Evaluation

TR-111691

Program: Strategic Science and Technology
EPRI Project Manager: A. Cohn

Measurement of Creep Crack Growth Using
Miniature Specimens

TR111716

Program: Strategic Science and Technology
EPRI Project Manager: V.Viswanathan

Covolume Simulation of Thermal-Hydraulic
Phenomena onTwo and ThreeDimensional
Unstructured Grids

TR-112000

Program: Strategic Science and Technology
EPRI Project Manager: L. Agee

Reference Manual for On-Line Monitoring
of Water Chemistry and Corrosion:

1998 Update

TR-112024

Program: Strategic Science and Technology
EPRI Project Manager: B. Syrett

A Dynamic Information Manager for
Networked Monitoring of Large Power
Systems

TR-112031

Program: Strategic Science and Technology
EPRI Project Manager:N. Abi-Samra

Colloids in Saturated and Partially
Saturated Porous Media: Approaches

to the Treatment of Colloids in Yucca
Mountain Total System Performance
Assessment

TR-112135

Program: Strategic Science and Technology
EPRI Project Manager: J. Kessler

Vaporiiquid Partitioning of Sulfuric Acid
and Ammonium Sulfate

TR-112359

Program: Strategic Science and Technology
EPRI Project Manager: B. Dooley

Real and Reactive Power Tracking: Proof of
Concept and Feasibility Study

TR-112416

Program: Strategic Science and Technology
EPR! Project Manager: N. Abi-Samra

Decentralized Damping of Power Swings:
Feasibility Study

TR-112417

Program: Strategic Science and Technology
EPRI Project Manager: N. Abi-Samra

Optimal Control of Nonfinear Systems With
Neural Networks, Vols. 1 and 2
TR112422V1-V2

Program: Strategic Science and Technology
EPRI Project Manager: D. Sobajic

Multilayer Nanoscale Thermal Barrier
Coatings

TR 112440

Program: Strategic Science and Technology
EPRI Project Manager: W. Bakker

Creep Strength and Fracture Resistance
£valuation for High-Temperature
Materials

TR 112778

Program: Strategic Science and Technology
EPR! Project Manager: W, Bakker

Gas-Phase Formation of WaterSoluble
Organic Compounds in the Atmosphere:
A Retrosynthetic Analysis

TR-113096

Program: Strategic Science and Technology
EPRI Project Manager: A. Hansen



September

15-17

Value and Risk Management: Essential
Skills

Hilton Bead, South Carolina

Contact: Cara Lee Braithwait, 888-332-8258

20-21

Condition Assessment and Failure
Mitigation of Splices and Connectors
Las Vegas, Nevada

Contact: Gayle Robertson, 817-439-5900

20-21

Switching Safety and Reliability Conference
Denver, Colorado

Contact: Debbie Marcin, 410-373-8020

20-24

Combined-Cycle Operations for Utility
Engineers

Kansas City, Missouri

Contact: Cassandra Maslowski, 816-235-5623

20-24

Operations Training for Nonoperators
Kingston, Tennessee

Contact: Sherryl Stogner, 704-547-6174

20-October 1

Ultrasonic Examination Technology: Level 1
Charlotte, North Carolina

Contact: Sherryl Stogner, 704-547-6174

21-22

Power Transformers Working Group
Portland, Oregon

Contact: Barry Ward, 650-855-2717

21-23

Introduction to Hydro Asset Optimization
Dallas, Texas

Contact: Carolynn Santos, 650-855-2889

21-24

Steam Turbine Performance Monitoring,
Diagnostics, and Improvement
Eddystone, Pennsylvania

Contact: Melanie Mcore, 610-490-3216

22-24

High-Voitage Current Transformers and
Bushings: Failure Prediction and Prevention
Portiand, Oregon

Contact: Cindy Layman, 650-855-8763

23-24

3d Gas-Electric Partnership Symposium
Houston, Texas

Contact: Lynn Stone, 972-556-6529

EPRI BEvents

27-28

4th Annual Global Climate Change Seminar
Columbus, Obio

Contact: Christopher Gerlach, 650-855-8579

27-29

RCM Users Group

Las Vegas, Nevada

Contact: Lora Cocco, 650-855-2620

27-October 1

Drum Boiler Unit Operations

Kansas City, Missouri

Contact: Cassandra Maslowski, 816-235-5623

28-30

Infrared Thermography: Level 3
Eddystone, Pennsylvania

Contact: Melanie Moore, 610-450-3216

29-30

Valuing Generation Assets in Competitive
Markets

Cambridge, Massachusetts

Contact: Cheryl Mumm, 617-864-7900

29-October 1

Detection and Control of Flow-Accelerated
Corrosion in Fossil Power Plants

Dallas, Texas

Contact: Doug Munson, 650-855-2573

October

1

Industry Overview Courses: Petrochemicals,
Petroleum Refining

TBA

Contact: Sam Woinsky, 281-419-1122

4-5

Containment Inspection: Visual
Examination Training, Level 2
Charlotte, Nerth Carolina

Contact: Sherryl Stogner, 704-547-6174

4-8

Cyclone Boiler Unit Operations

Kansas City, Missouri

Contact: Cassandra Maslowski, 816-235-5623

5-8

Pressure Relief Valve Application,
Maintenance, and Testing

Orlando, Florida

Contact: Melanie Moore, 610-490-3216

6-8

ASME Section XI Flaw Evaluation
Charlotte, North Carotina

Contact: Sherryl Stogner, 704-547-6174

6-8

Substation/Switchyard Predictive
Maintenance

Eddystone, Pennsylvania

Contact: Melanie Moore, 610-490-3216

11-12

New Product Development for the
Impending Energy Market
Scottsdale, Arizona

Contact: Lynn Stone, 972-556-6529

11-13

Air-Operated Control Valve Application,
Maintenance, and Diagnostics

Orlando, Florida

Contact: Melanie Moore, 610-490-3216

11-14

Boilers and Boiler Controls/Burner
Management Systems

Kingston, Tennessee

Contact: Sherryl Stogner, 704-547-6174

12-13

Power Quality Interest Group
Clearwater, Florida

Contact: Marsha Gressman, 650-855-2899

12-13

Simulator Specification and Procurement
Workshop

Kansas City, Missouri

Contact: Cassandra Maslowski, 816-235-5623

12-14

Valuation, Pricing, and Risk Management:
Energy Book System Training

Austin, Texas

Contact: Cara Lee Braithwait, 888-332-8258

13-14

Healthcare (nitiative Conference
Charlestan, South Carolina

Contact: Kelly Ciprian, 614-855-1390

13-14

Live-Working Warkshop

Lenox, Massachusetts

Contact: Judy MacPherson, 413-49%-5701

14-15

Capitalizing on the Load Management
Opportunity

Palm Beach, Flerida

Contact: William Smith, 650-855-2415

17-20

Gasification Technologies Conference
San Francisco, California

Contact: Barbara Freel, 650-855-2253
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18-19

Motor Rewind Seminar
Farmington, New Mexico
Contact: Jan Stein, 650-855-2390

18-20

Transmission Inspection and Maintenance
{TIM) System Users Group

Dallas, Texas

Contact: Gayle Robertson, 817-439-5900

18-22

Operations Training for Nonoperators
Kingston, Tennessee

Contact: Sherryl Stogner, 704-547-6174

18-22

Visual Examination Technology: Level 1
Charlotte, North Carclina

Contact: Sherryl Stogner, 704-547-6174

19-20

instrument Monitoring and Calibration
Users Group Meeting

Harriman, Tennessee

Contact: Vicky Buchanan, 704-547-6158

19-21

Power Quality Technical Training
Knoxvilie, Tennessee

Contact: William Berry, 423-966-5429

19-22

Maintenance and Repair of Heat
Exchange Equipment

Eddystone, Pennsyivania

Contact: Melanie Moore, 610-490-3216

20-22

1999 Distributed Resources Conference
Phoenix, Arizona

Contact: Cindy Layman, 650-855-8763

23-22

Municipal Water and Wastewater
Program Meeting

Nashville, Tennessee

Contact: Kim Shilling, 314-935-8530

24-27

Managing the Marketing Research Process
in a Deregulated Environment

Dallas, Texas

Contact: Lynn Stone, 972-556-6529

25-26

Workshop on the Application of
Transmission Line Nonceramic Insulators
Lenox, Massachusetts

Contact; Judy MacPherson, 413-499-5701

25-November 5

Ultrasonic Examination Technology: Level 2

Charlotte, North Carolina
Contact: Sherryl Stogner, 704-547-6174

26-27

Gas-Electric Partnership Workshop
Houston, Texas

Contact: Dick Schmeal, 713-963-9307
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26-27

Transmission Transfer Capabilities
Workshop

Birmingham, Alabama

Contact: Peter Hirsch, 650-855-2206

26-29

Protective Coatings

Eddystone, Pepnsylvania

Contact: Melanie Moore, 610-430-3216

28-29

Power Electronics Experts Conference
Monterey, California

Contact: Teresa Boykin, 919-859-5010

28-31

Worldwide Food Expo ‘99
Chicago, lllinois

Contact: Barry Homler, 419-534-3713

November

1-2

PQ501: Power Quality Business
Opportunities

Knoxville, Tennessee

Contact: William Berry, 423-966-5429

2-4

Second EPRI European Conference
Vienna, Austria

Contact: Stephen Lee, 650-855-2486

8-11

Advanced Structural Analysis and
Design Methods for Electric Power Line
Upgrading

Haslet, Texas

Contact; Gayle Robertson, 817-439-5500

9-10

Center for Waste Reduction Technologies-
EPRI Water Management Workshop: Issues,
Technologies, and Solutions

St. Louis, Missouri

Contact: Sam Woinsky, 281-419-1122

9-11

PQ301: Advanced Power Quality Workshop
Knoxville, Tennessee

Contact: William Berry, 423-966-5429

11-13

Root-Cause Analysis

Eddystone, Pennsylvania

Contact: Melanie Moore, 610-490-3216

15-17

Service Water Corrosion: CHECWORKS
Cooling Water Application Training
Palo Alto, California

Contact: Doug Munson, 650-855-2573

15-19

International Conference on Sealing
Technology and Plant Leakage Reduction
Charlotte, North Carolina

Contact: Brent Lancaster, 704-547-6017

15-19

NDE for Engineers

Charlotte, North Carolina

Contact: Sherryl Stogner, 704-547-6174

15-19

Visual Examination Technology:
Level 2

Charlotte, North Carolina
Contact:Sherryl Stogner, 704-547-6174

16-17

Power Quality for the Polymer Processing
Industry

Charlotte, North Carolina

Contact; Pam Helms, 704-602-4100

17-18

Operational Reactor Safety Engineering
and Review Groups

San Antonio, Texas

Contact: Cindy Layman, 650-855-8763

29-December 3

Ultrasonic Examination Technology:
Level 3

Charlotte, North Carolina

Contact: Sherryl Stogner, 704-547-6174

30-December 2

Nuclear Utility Procurement
Charlotte, North Carolina

Contact: Sherryl Stogner, 704-547-6174

December

6-7

Second Workshop on Intelligent
Sootblowing

Las Vegas, Nevada

Contact: Brent Lancaster, 704-547-6017

6-10

NOE Technical Skills Training: Level 3
Basic/Specific

Charlotte, North Carolina

Contact: Sherry) Stogner, 704-547-6174

7-9

PQ311: Advanced Power Quality
Workshop

Knoxville, Tennessee

Contact: William Berry, 423-966-5429

8-9

Maintenance Rule Users Group
Scottsdale, Arizona

Contact: Brent Lancaster, 704-547-6017

13-17

Operations Training for Nonoperators
Kingston, Tennessee

Contact: Sherryl Stogner, 704-547-6174

13-17

Visual Examination Technology:
Level 3

Charlotte, North Carolina

Contact: Sherryl Stogner, 704-547-6174
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