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entergy needs independently of the power grid and v some
cases even feed elcelncity onto the grid lor sale (1llustraison
by Ron Magnes)
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Editorial

A Need for Public-Private Gooperation

he L5 electric power industry is going through

ile moat hundamental restructuring in a century,

a restructuring marked by increasing compe-
tition at all levels of the electricity enterprise. Qver the
next decade, changez in the indusatry are likely 10 be
driven by three competitive-market demands: electric-
ity cost reduction, which will enable U.5. industries to
compete more ellectively in global markets; enhanced
electric reliability, which will help meet the power
quality 1needs of an increasingly digital society; and the
customization of ulility zervices, including both the
diversification ol pricing structures and the conver-
gence of traditionally distinct consumer services.

Mceting the challenges of a competitive market will
require hoth institutional and technological responses:
One example of elforts to coordinate these responses is
the work of the Secretary of Energy Advisory Boardk
Eiectricity Sy=tem Reliahility Task Force, of which [ am
a member. The task force has already prepared a posi-
tion paper dealing with institutional issues related 1o
restructuring, and another paper—devaoted 10 tech-
nical issues—is currently being drafied. Together, these
position papers will provide a broad overview of how
industry and government can work together te bring
aboul a smooth transition to mere-competitive elec-
tricity markets.

One of the major institutianal questions addressed
by the 1ask force has bizen how 1o maintain power sys-
tem reliability at a time when the need Lo reduce costs
is driving up the volume of bulk power Lransactions.
In several parts of the country, independent system op-
erators (150%) are taking over control of transmission
networks under agreemenis with the grid owners.

[n other regions, wiilities bave separated their trans-
mission operations from their generation and retail
business. There is considerable uncertainiy, however,
about whether the Morth American Electric Reliability
Louncil (MERC) has the power to require 150z and
other transmission owner-operators to comply with its
standards.

To resolve this issue, the sk force has recom-
mended that Congress adopt legislation that woutd
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enable the Federa! Energy Regulatory Commission Lo
invest a sell-regulating organization—presumably
MERLC—with the authority to regulate the operations
of its members. If such authority were granted, SERC
could make i1s rules and procedures mandatory and
could tie system reliability 1o measurable performance
standards.

Successful restructuring of the industry in response
tx market forces will also require the use of advanced
technology. Innovative approaches are panicularly
needed Lo resolve the sometimes conflicting demands
for lawer costs and higher reliability and 1o supply the
cuslomized services demanded by electricity consum-
ers, who are being offered grealer choice among relail
service providers. Already, for example, some providers
are experimenting with the real-time pricing of elec-
tricity and are seeking ways 10 integrale electric power
service with such other services a# gas, cable, and tele-
communications.

Although the task force position paper addressing
such technical issues has not yet been completed, sup-
port is building for private-sector leadership of elec-
tric power R&D, with the L5, Department of Energy
manitoring this effort and identifying potential re-
search gaps. | would like (o go a s1ep further by urg-
ing increased coordination of public and private
research elforts in this area. EPRI is already working
with BOE and other stakeholders on an Electricity
Technology Roadmap initiative that is designed 10
extend our technical horizon and encourage a broader
collaborative research effort. Giiven the scope and com-
plexity of the R&D required, [ believe such public-
private research coeperation will be vital 10 ensure
that technologies are available to hetp meet the chal-
lenges of more-competitive electricity markets over
the next decade.

Karl 1ahlkopl
Yice President, Energy Delivery and Lhilizalion



ontributors

Emerging Markets for Distributed Resources
(page 8) was wrilten by Taylor Moore, Journal senior
feature writer, with principal assistance from lwo
members ol EPRIs Energy Conversion Division.
DAN RASTLER, manager for strategic options, came
to EPRI in 1981 as a project manager lor fuel cell
ww  systems. Previously he spent five
years with General Electric Com-
pany’s Nuclear Energy Division,
four years in the U.S. Air Force,
and one year with Toscopetro Cor-
poration. Rastler received a BS de-
gree in chemical engineering from the Liniversity of
California at Davis and an MS in mechanical engi-
neering from UC Berkeley.
DOL'G HERWMAN, manager for fuel cell evaluation,
- joined EPRI in 1993. Previously he
spent 10 years with Pacific Gas and
Electric Company in San Francisco,

where he managed various engincer-
ing projects. Herman received a BS

in mechanical engineering from the
University of Santa Clara and an M% in energy and re-
sources from the University ol Calilornia at Berkeley.

The Future of Metering (page 18) was written by
science writer John Douglas with assistance Irom
two members of EPRI's Energy Delivery and Utiliza-
tion Division.

DAVE RICHARDSON is currently target manager [or
advanced metering activities. Before joining EPRI in
1993, he was director of electrical engineering at U.S.

=a Windpower; during his seven-year
:‘f - tenure there, he was involved in

H electrical aystem design and devel-

i opment for over 4000 wind Lur-
bines. Earlier he was employed hy
Waulfsburg Electronics and Black &
Veatch. Richardson received B degrees in both physics
and electrical engineering [rom the University of

Kansas, an MS in clectrical engineering from the Uni-
versity of Missouri. and a PhD in electrical engineer-
ing [rom Kansas State Universily.

LARRY CARMICHAEL, manager for distribution
system communications and controls, came o EPR}
after two years as a project manager at Science Appli-
calions Internatienal Corporation.
Earlier he was a project manager
at Systems Control and worked as
a principal engineer at General
Electric Company’s nuclear utility
operation in San Jose, California.
Carmichael holds a 3% in chemical engineering [rom
the University of California at Berkeley and an MS in
mechanical engineering from Stanford Liniversity.

Environmental Management With ISO 14000
(page 24) was writlen by science wriler Steven Voien
with technical information from two ol EPRI’s envi-
renmental experts.

PAUL RADCLIFFE, manager of environmental
supporl services, has been with EPRI since 1987,
working as a project manager in (he areas of indus-
trind site redevelopment, air pollu-
tion control technology and eco-
nomics, and pollution prevention.
Earlier he was with Bechtel Cor-
poration for 18 years, working
on a variety of fossil power plant
projects, and with Babcock & Wilcox Company for
2 years as a field service engineer. Radcliffe received
a B in mechanical engineering from the illinois In-
stitute ol Technology and an MBA [rom Golden Gate
University.

WINSTON CHOW, leader of the land and water
product line, joined EPRI in 1979, Before that, he
spent seven years as a power plant design engineering
supervisor at Bechiel Corporation.
Still earlier, he worked for Raychem
Corporation on pelymer research
and development. Chow holds 1wo
degrees in chemical engineering—
a BS [rom the Liniversity ol Cali-
fornia at Berkeley and an MS {rom San Jose State
L niversity—and an MBA {rom San Francisco Sate
Liniversity,
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POWERCOACH Lite

ltheugh bulk power transactions are 1ypically a small fraction of
Al()tal revenues for utilities, they can represent a significant
fraction of ne1 earnings, adding tens of millions of dol-

lars Lo the botiom line. Given the growth and accel-

erating pace of today’s trading activity, however, power

companies face a difficult challenge in balancing profit

opportunities against risks. Based on EPRIE POWER-

QA H® software, which has significanily inlluenced

the way many utilitics think about and analyze power

marketing opportunities, POWERLCQALH Lite is a spread-

sheet program that is faster, more [lexible, and easier to use

and customize than its predecessor. This state-of-the-art

decision support sysiem helps trading analysts evaluate the

benelits and risks of prospective deals quickly and efficiently

and increases (heir ability 1o market their generating assets.

m For more information, contact Victor Miemeycr, (650) 855-2744. To order,
call the Electric Power Software Lenter; (800) 763-3772.
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Deliverables now available to EPRI members and customers

Insider Heat Pump

eveloped by Consolidated Technology € orporation of Olive Hill, Kentucky, in
D collaboration with EPRI and the National Rural Electric £.ooperative Association,
this highly efficient, sell-contained heat pump wa= originally designed to provide heating
and cooling lor manufactured homes. With the introduction of a new series of upllow
models, use of the Insider is also becoming popular in apariments, condominiums, hotels,
and achools. 1Inlike conventional heat pumps, which include outdoor units, the compact
Insider system fits entirely within a utility closet. Affordable and quiet, 1 is efficient
enough 10 be appropriate for many utility incentive programs. Developers of multifamily
housing complexes point to another of the [nsiter's advantages: it allews the energy used
in individual apartiments and condominiums to be metered =zeparately.
m For more information, contact Carl Hiller, (650) 855-8950. To orda, call Consolidated
Teclmology Corporation, (606) 286-5366.



Green Pricing Report

purred by customer demand, an increasing -
number of utilities have begun implementing green
pricing programs over the past (wo years. Through these programs,
customers pay a premiwm Lo support power {rom renewable energy sources.
Green Pricing: Fxperienie and Technology Options Assessment (TR-109204) presents
an overview of the status of green pricing programs in the Lintted Stales and of the
renewable technolegics used in those programs. Lt gives insight into the expanding
market for green energy, examiney the types of green pricing programs currently
olfered around the country, discusses issues and barriers associated with green power
marketing, and presents recommendations lor those interested in green marketing

or in crealing a green pricing program.
u For more information, contact Terry Peterson, (650) 855-2594. To order; call the EPRI
Distribution Center, (510) 934-42]2.

e — Office Complexes Guidebook

n the Linited States, office buildings form the largest component of the
I commercial energy-uzse sector, which spends about $65 billion annually on
utility bilis. The Office Complexes Guidebook (TR-109450) provides utility
marketing staff with 28 clectricity solutions to typical problems encountered
in office buildings. Each strategy is illusirated with an example drawn from
aclual experience. The solutions are based on innovative electrotechnolo-
gies Lthat can improve the quality of energy service, reduce energy costs,

enhance comfort, hoost productivity, and increase elecirification in

existing and new buildings.
. m For more information, contuct Karl fohnson, (650) 855-2183. To order, call the
- EPRI Distribution Center, (510) 934-4212.

Product Life-Cycle Management

roviders of energy services are rapidly introducing a wide
P variely of new products and services 1hat are radically
dilferent from their traditional ofterings. As a result, these
providers now manage an increasingly diverse sel of offerings
in various life-cycle stages. This report, Product Life-Cycle
Management (‘TR-108984), provides an understanding of
ihe markeiling and management techniques that are
appropriate for cach =stage, allowing energy service = s Dedeumomsuemet 0
providers to extend the life of successful product
lines and optimize the profiiability ol their
portlolio of offerings. The report draws heavily on -
examples [roin other competitive industries.

m For more information, contact Burk Kalweit, (650) 855-2329.
To order, call the EPRI Distribution Center, (510) 934-4212. | — N
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EPRI Center Aims for More
Efficient Semiconductor
Manufacturing

ecducing energy coits for semicon-

ducter manulacturing is a key goal
of one of the firs1 projects of the EPRI
Center for Electronic= Manufacturing,
Established last fall with SEMATECH—
the nonprofit semiconductor research

consortium—the new center i address-

ing productivity, environmental, and en-

ergy issues in the elecironics industry.
The initial projects of the center, which
is located at SEMATELCH ' headquarters
in Austin, Texas, will focus primarily on
the semiconductor industry:

More than 15 semiconductor plants
worldwide (including facilities in the
Linited Slates, Taiwan, South Korea,
France, the Metherlands, and Singapere)
are participating in the project to reduce
energy costs. Each plant’'s energy use,
electrically powered equipment, and

facility designs have been evaluated to
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Project Startups

New ventures of importance to power and service providers

identily opportunities for savings. Ta
ensure accurate comparisons between
plants, pilol surveys were conducted at
two of the facilities, an energy measure-
ment template was compiled, and a
weather normalization model was
developed.

By January ol this year, all (he sites
had submitted raw data for compilation.
A report covering these results and iden-
uifying the hest practices at the facilities
i= acheduled to be released this
summer. Also planned is the [or-
mation ol a users group [or semi-
conductor manufacturers and their
equipment suppliers. Participants
in the group will share information
and dizcuss how Lo redesign manu-
facturing equipment for better en-
ergy efficiency.

A fnal report that identifies and
prioritizes ways to improve effi-
ciency is expected w0 be released
in the fall. The report will include
recommendations on equipment
installation techniques that can
reduce the cost of wiring, breakers,
and other electrical equipment.

According to Bill Smith, EPRIs
manager for the new center, the
goals of this project are to present
stralegies [or reducing energy con-
sumption at the plants by 15% and
io help ensure that the next gen-
eration of manufacturing equipment
will be designed for increased energy
efficiency. This partnership between the
electric power and semiconductor indus-
trie= provides henefits for both: semicon-
ductor manufacturers will zave cnergy
dollars, and the power industry will gain
importam knowledge about the energy
consumption paiterns and requirements
of an important markel segment.

Remults [rom the project will alse be
useful 1o other indusiries that employ
clean rooms, says smith. These include
pharmaceutical manufacturers, biotech-

nology companies, chemical laboratories,
aero=pace firms, and other electrenics
manufacturers

Amang the other projects now under
way at the center is one on the use of ad-
vanced electrotechnologies—for example,
photocaalytic ultraviole( filtration and
electrolytic deionizalion—10 help reduce
the amount of waler required {or semicon-
ductor manufacturing.
w For more information, contact Bill Smith,
(650) 855-2415.

EPRt Responds to TRI
Reporting Requirement

PRI is developing a comprehensive

technical resource guide (o help
electric power companies accurately
estimate and report their discharge« of
toxic chemicals. This project is part of a
major EPRI effort to help the industry
respond to new emissions reporting
requirements.

Starting this year, power producers
with coal- and oil-hred generating plants
are required 10 estimate their releases of
apecific chemicals (including arsenic,
chromium, and zinc) imto the air, land,
and water. This information is submitted
10 the U.5. Environmenial Protection
Agency on its Form R and goes into a
multi-industry database known as the
Toxics Release Inventory (TRI). The EPA
maintains this database and makes the
information publicly available. The
inlent i 10 enable local emergency re-
sponse leams Lo react quickly and deci-
sively during accidenial releases and 10
encourage industries to reduce their
emissiens voluntarily.

A facility is required to submil esli-
mates even if the eslimates are zero.
Form R submissions containing 1998
daia are due te the EPA by July 1, 1999.
Facilities that fail (o file the form can he
fined as much as $25,000 per day.



EPRIs TRI coordinator, Barbara Toole-
('Meil, points out that the inventory
documents only the quantities of ¢hemi-
cals discharged and does not address
associated health risks. The health risk
issue is important 10 communicate, she
continues, since sonte substances that
wiilities generate in large quantities, such
as gas-phase acids, are believed o poze
minimal risks.

Effective communicatiin about health
rizks is just ene of the many issues that
will be addressed in the TRI technical
resource guide EPRI is now developing.
Data quality, data sourges, and estimation
methods will also be covered. The aim is
to help make TRI reporting easier, more
accurate, and less costly. Specific sections
of the guide will be made available on-
line via EPRIweb a= they are completed
later this year.

EPRI and other power industry organi-
zatiens responded swifdy when the EPA
released a draft of the new industry re-
porting requirements last july. EPRIs
commenis on the drafl were carefully
considered by the EPA in revising the
document. Since then, EPRI his contin-
ted its efforis to ensure that sound
technical information is available.

A number of EPRI products are helping
member companies [ulfill the reporting
requircments. For instance, EPRI has
developed a TRI soltware spreadshect
ard an accompanying repori w help
utilities review commercially available
TRI reporting software. Other useful
products inelude the PISCES database
and model, which utilitics can use 10
simulate power plani releases; the Fiis-
sions Factors Handhook (TR-105611),
which provides guidance on estimating
stack releases of (race substances; and
the CQFERS soliware for predicting the
chemical composition of solid-wastwe
streams.

& For more biformation, rontact Barbara
Toole-Q'Neil, (650) 855-1005.

Robot Under Development for
Removing Manhole Covers

moke, fires, and explosions in
S manholes are problens that utilities
with exiensive underground electrical
systems periodically face. In order for
fire-extinguishing or other measuns to
be implemented in such a situation, the
manhole cover must be remeved. When
it is removed, however, the flow of oxy-
gen into the underground structure can
trigger an explosion.

According to EPRIE Ralph Bernstein,
electric utilities experience about one
major event {typically an explosion) for
cvery 10,000 manholes per year. Minor
events, including smoke and small fircs,
are more frequent, occurring 10-50 times
more often. L.wirent industry practice is
for workers 1o use metal hooks to re-
move manhole covers, but rescarchers
are working on a better alternative for
performing this 1ask: a remotely con-
trolled robot that would keep all workers
at least 20 feet away from a potential
explosion.

Togetheer with Con=olidated Eclison
Company of Mew York, EPRI is funding
the development of a protolype robot
[or removing manhole covers. Early in
March, researchers lested a remotely
controlled robot that Foster-Miller has
developed 10 help the police diffuse
bomba. Lalled the ferret, this robot is
cquipped with a beltlike (raction system
similar to that of a snowmobile—a fea-
ture that enable= it te climb stairs and
crawl over obstacles.

Says Bernstein, who is managing the
robot project for EPRI, utilities would
like 10 moclify the ferret to make it more
rugged, cheaper, and direcily applicable
to manhole work. Speciflically, the new
robot would incorporate an impact de-
wvice 10 free covers and an clectromagnet
capable of lilting 9000 pounds. Also, says
L.eonard Burshitein, Consolidated Edi-
son’s manager for the project, the device
would most likely include wheels so that
it could move more swiftdy. “During a
single event, you might have several
manholes smoking,” explains Burshiein,
noting that most of his utility’s 225,000
manholes lie 300-600 fee1 apart.

The idea is for the rebot to be hauled
like a trailer and parked about 20 feet [rom
the manhole of concern. & utility worker
could then operate the device remotelw.
Because radio interlerence is common in
the densely populaied urban areas where
this wechnology would most likely be
used. a communications cable would
provide the remote control capability.

Bur=htein believes wilities might also
be interested in using the technology en
a routine basis—even for nonemergency
manhole cover removal. As he points out,
a single manhole cover weighs about 300
pounds, and the dirt and other debris that
get caked in and around a cover can add
10 the dilficulty of removing it.

Researchers are using the results of the
field te=ts early this year to plan the proto-
type system, which they expect will be
ready for its own ficld 1esting this fall.

@ For more information, contact Ralph
Bemnstrin, (650) 855-2023.
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THE STORY IN BRIEF Producing
electricity economically, efficiently, and reli-
ably in small, geographically dispersed units,
new technologies like fuel cells and micro-
turbines promise to transform the landscape
of power generation in a deregulated,
competitive future energy
services market. Such
distributed generators,
coupled with advanced
energy storage devices,
represent critical en-
abling technology for a
utility industry in the
process of restructuring.
Some energy companies
are already laying strate-
gic plans to use distrib-
uted resources to create customized service
offerings that can meet a variety of customer
needs. including premium power. peak power.,
and cogeneration requirements. EPRI offers a
giant portfolio of information and analytical
tools that can sharpen the competitive edge of
utilities pursuing the new business opportu-
nities posed by the advent of pint-size power

plants and other distributed resources.

by Taylor Moore

el f
4
e - 5 Wy

he topaigraphy of the L1.5. electricity supply system could

be about 10 change in a hig way. Much as computer lech-

nology has evolved {ram centralized, mainframe systems

to distributed networks ol various computing platforms,

the traditional paradigm of central-station utility gener-
ating plants is making roem—in anticipation of a deregulated,
competitive retail marke1 for energy services—for a strategic vi-
sion of smaller, distributed resources.

Today, central-siation fossil and nuclear plants supply 87%

of the electricity used in the United States; most of this elec-
tricity is generated by coal-, oil-, and
gas-fired plants that, on average, are
30 years old. Despite increasing en-
vironmental constraints, these aging
fossil generating plants continue to
provide efficient and reliable service.
1t is uncertain what form of genera-
tion will replace these planis as they
are retired, although most new capac-
ity in the near term is expected to be
high-efficiency, gas-fired combined-
cvele units producing low-cost, com-
modity-priced eleciricity.

$cyond that, beginning around the
year 2000, “it appears increasingly
likely that small, distributed genezat-
ing units will emerge, initially in niche
markets,” says Tony Armor, director of
generation technology development at
_EPRI. “At the same Lime, new manu-
facturing firms will begin 10 appear
that are {ocused nol on large boilers
and turbines bat on the assembly-line
production of microturbines, fuel cells, photovoltaics, and other,
yet 1o be developed, generating options. This developmem will
signal a change in the power buainess as revolutionary as the mi-
croprocessor was to the computer industry.”

Mo one is predicting the imminent demise of central-atation
generating plants, which—owing o engincering economies of
scale—have long produced aome of the lowest-coat electricity
available anywhere in the world. But new technologies for
smaller-scale, distributed generation promise o produce elec-
tricity as efficiently as larger plants and, in certain applications, at
a cost competitive with centralized generation. Moreover, many
analysts believe that the wiilily industry restructuring (into reg-
ulated distribution companies, independent transmission system
operators, unregulated generating companies, and integrated en-
ergy wervice providers) and the unbundling of prices for various
components of service (in contrast to lodays simpler, regulated
rates) could create many new opportunities for distributed re-
sources. such resources could he applied at or near customer
sites 10 manage multiple energy needs and to meel increasingly
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rigorous requirements for power qual-
ity and reliability. Distributed generatisrs
could also be deployed a utility sites—
for example, m substaiions for ransmis-
sion and distributien (T&D) grid suppert.
Some experts predict that 20% or more of
all new gencrating capacity built in the
United Staies over the next 10 to |2 years
could be for distributed applications, rep-
resenting a potential market of several tens
ol gigawatts,

Fueling such optimism abowt distrib-
uted generation is the current or imminent
commercial availability ol small, low-cost,
low-emissions  generating technologies,
heth conventional and advanced. In nu-
merous niche applications, mainly in com-
mercial and industrial customer markets,
such technologies could ofler direct com-
petition 1o today's regulated retail eleciric
rates and to tomorrows unbundled rate
structures,

Cenventional technologics for distrib-
uted generation range in capacity from
several tens of kilowatts o tens or hun-
dreds of megawaus and include recipro-
cating gas and dicsel engines as well as
larger gas turhines. Emerging technologies
include microturbines of 25-75 kW, fuel
cells of a few kilowails 10 a megawatt or
mare, and even renewables-based distrib-
uted generation =ources—Ior example,
photovoliaics, which may he increasingly
deployed on individual rooltops at the

scale ol a [ew kilowails as costs continue
i fall,

Distributed resources (or DR) include
muore than just small generators, however.
They also include the backup bauteries
and other storage lechnologies that, in
many cases, will be coupled with distrib-
uted generators to provide ride-through
capabhility during momentary power dis-
turbances and to maintain critical loads
during the few seconds it takes to switch
from grid power to on-site sources or vice
versa, Advanced energy storage syatems
hased on flywheels and uliracapacitors are
entering commercial use and could play
a significant role. In addition, distributed
resources are broadly defined to include
customer demand and peak-load manage-
ment lechnologies that can minimize or
defler the need for additional electricity
[rom the grid.

In theary, high market penctration by
distributed resources could lead 10 far-
[lung networks of small, interconnected
generators and other devices, enabling
utility s¥stems to seTve growing customer
energy needs white minimizing invest-
ment in and construction of new central
generating and grid capacity. But before
that vision becomes a reality, improved in-
Lerconnection technologies are needed 10
link multiple small generators together
into larger networks that incorporate real-
lime communication of markel prices and

Power Generation Value Chain

Centralized

Bulk Power

Market Wholesale market at

poal/interpool level

Bulk resellers,
wholesafe traders

Customers

Baseload ;nd inter-
mediate-load demand

Customer
load
Pricing and
returns

Commaodity pricing
and returns (percent-
ages in the low teens)

Local Logistical

Customer-Based
Retail Power

Decentralized end-use
market

On-site owners, nearby
end users

Power

On-site load following, plus
specific customer needs

Customer solution/bundle
pricing and returns (per-
centages in the high teens)

A new power generation value chain is expected to evolve as utility industry restructuring
creates niche opportunities for distributed resources. In contrast to commodity-priced bulk
power sold on the wholesale market, logistical power will involve local transactions between
retail intermediaries and specialized generation companies that may own some local as well as
bulk generating capacity. At the end-user level are sales of retail power, some of it generated
on-site at customer premises. Eventually, logistical generation companies may offer T&D bypass
and gas-electricity arbitrage services directly to customers, using networks of distributed

resources to compete with on-site generation.
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centralized, or perhaps local, automated
di=patich.

*Utility interest in the petential of dis-
tributed resources as a basis for new retail
produit and service offerings continues to
grow, [ueled by technical developments
and by the need to find new ways of deliv-
ering value to customers,” explains Dan
Rastler of EPRI% Energy Cenversion Divi-
sion, who manages two related DR target
areas. “Recent hreakthroughs in microtur-
bine and [uel cell lechnologies lor trans-
portation and s1ationary applications, cou-
pled with the resiructuring of the electric
power industry, are focusing attention on
disiributed reseurces a= a potential new re-
lail-access option and a new business op-
portunity for clectric and gas wiilities.”

Says Lhristopher Maloney, vice presi-
dent and general manager of Unicom Re-
sources, d subsidiary of the Chicago-hased
corporation Linicom (also Commonwealth
Edisons parent company), and head of
LInicom corporate develiipment group:
“We helieve that, over time, distributed
generation will play a critical role in shap-
ing our industry.”

Unicom formed an exclusive alliance
last vear with AlliedSignals power systems
unit 10 markel—in a 12-s1ate region and
in the Canadian province of Ontario—
Allicdsignals TurbeGenerator line of mi-
croturbines [or distributed applications.
The alliance s one of several Allied3ignal
has recently formed with energy compa-
nies to market and distribute its microuur-
bines. These pacts also include one with
Public Hervice Enterprize Group, which
coevers the northeastern states, and one
with Mew Energy Ventures of Los Angeles,
which is targeting West Coast businesss
as customers that could use microturbines
to reduce their wiitity bills. Other ventures
between utilities and major vendors of
distributed generating equipment include
Ballard Generation Sysiems (formed by
Mew Jersey—based GPL! and Canadian [uel
cell developer Railard Power Bystems) and
Plug Power (formed by Detroil Edison and
fuel cell developer Mechanical Technology
Inc.).

“Distributed generation has really be-
come a focus for the cempetitive forces
thal are converging to create what many



Because they offer high efficiency and tow
emissions, fuel cells are well suited for distrib-
uted generation applications. Already com-
mercially available are 200kW phosphoric
acid fuel cells (PAFCs), and moiten carbonate

fuel celis have been demonstrated at the 2-MW
scale. Solid oxide fuel cells ranging from 15 kW

to 3 MW could serve as small cogenerators in
commercial and multifamily residential build-
ings. Meanwhile, polymer electrolyte mem-
brane {PEM) cells are under development for
use in transportation vehicles and as station-
ary power plants at various sites. Cinergy
Corporation recently placed the first com-
mercial order for Ballard Generation Sys
tems’ 250-kW PEM fuel cell; a prototype is
already operating on the BC Hydro grid.

believe will be the next revolution
in our industry,” says Maloney. He
acknowledges that his bullish out-
look surprises some in the indusiry.
Commonwealth Edison was a pio- ;
neer ol large central-station genera- =
tion at the beginning of this century &
under its legendary founder, Samuel £
Insull. “Unicomn’s interest in dis-
uibuted generation 1oday is a rellec-
tion that the industry paradigms are not
onty shilting, they're being shauered.” Ma-
loney adds.

Structural changes drive

interest in DR

The potential and roles of distributed re-
sources in a compelitive energy markel
will depend heavily on the pace, exteni,
and geographic pattern ol regulatory re-
form across the country. Aliernative paths
10 industry restructuring have been iden-
tilied in EPRI research and have been used
10 [rame various markel outcomes and |-
ture scenarios lor the deployment ol dis-
tributed resources.

This work has yielded several insights.
For example, regions and states where
electricity prices are above average (such
as Calilornia, New York, the mid-Atlaniic
states, and New England) have the greal-
est potential [or DR penetration. Compe-
tition and the freedom ol retail customers
10 choose among energy providers may
evolve more rapidly in those regions, and
retail service companies and other play-
ers will enter those DR markets more
aggressively.

Ballard’s 250-kW prototype PEM fuel cell

The most promising customer markets
are businesses, [actories, and various other
sites needing steam or hot water from co-
generation: distributed generation tech-
nologies like fuel cells and small gas tur
bines are well suited for such sites. These
and other distributed resources can also
provide economical peak shaving, high
power quality, and standby and uninter-
ruptible power.

Distribution companies are expected 10
represent only [0-15% ol the future DR
market, since they will probably be pro-
hibited [rom mixing unregulated generat-
ing assets with regulaied T&D assets in
the same corporate entity. But distribution
companies are likely to [orm strategic at-
liances with unregulated retail alliliates,
energy servicecompanies, equipment ven-
dors, or other third parties that may own
or control DR assets.

EPRI analyses have ideniilied three
structural shilts in the electric power in-
dustry that are driving interest in distrib-
uted resources. First, the shilt away from
command-and-control market regulation
will result in the deregulation ol about

California installation of
ONSI's 200-kW PAFC

American Power’s 3-kW
prototype residential PEM
fuel cell and storage system

70% of the utility sector’s 1otal economic
value. The generation, trading, and retail-
ing segments ol the industry will become
much less regulated, while T&D [unctions

will be more regulated.

Second, an enormous transler ol gener-
ation assets [rom the regulated rate base 10
unregulated enterprises is under way. At
least 15 utilities have already announced
plans te divest themselves ol more than 25
GW ol generaling capacity. By 2001, (ossil
(uel plants 1otaling 100 GW could change
hands; by 2006, some 400-450 GW of ca-
pacity could be spun off from the rate base
ol investor-owned utilities, most of it sold
through auctions.

These shilts will, in turn, lead 10 a third
major shilt: the opening ol a $500 billion,
competitive wholesale and retail market
that includes not only electricity and gas
but also utilities that can be bundled with
energy services (e.g. water and cable com-
munications) and such ancillary services
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as [acility management and performance
contracting.

As a result of these major changes, “a
new value chain will form, and new busi-
ness models will evolve to seize markel
opportunities created by technology inno-
vation and by ideas imported from indus-
trics that are already largely deregulated,
such as telecommunications, natural gas,
and financial services,” notes Howard
Mueller, EPRI manager for corporate strat-
egy. “This value chain will be much larger
than the power industry alone and will
aim to serve a $1 trillion customer base for
all the services—energy, 1elecommunica-
tions, and infrastructure—needed by peo-
ple and organizations to operate in build-
ings.” Mueller says there are plenty of
signs that customers want to buy bundled
energy and infrastructure services, noting
the popularity of “total customer solution”

Microturbines of 25 to 100 kW that can be
mass produced at low cost are entering
commercial markets for distributed genera-
tion. They are designed ta combine the
reliability of auxiliary power systems used
on board commercial aircraft with the design
and manufacturing econo-
mies of automotive tur-
bochargers. The reliability
and durability of microtur-
bines for distributed ap-
plications remain to be
demonstrated. Shown here
are AlliedSignal's 75-kW
TurboGenerator (below} and
a 50-kW microturbine core
originally developed for use
in hybrid-electric vehicles,
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Compact combustion turbines
based on jet aircraft engine
designs and heavy-frame
industrial turbinesare commer-
<ially available in unit sizes of
1-100 MW, Simple-cycle units
can provide peak power or T&D
grid support. Advanced high-
efficiency designs incorporat-
ing waste heat recuperation are
ideal for industrial cogenera-
tion {(combined heat and
power) applications.

marketing in many other ser-
vice industries.

The new value chain is like-
ly to have five principal seg-
ments. Generating companies
will focus on producing power under war-
ket conditions. ‘Iransmission companies
or network operarors will run the high-
voltage systems [or long-distance power
transfers. Trading companies will buy pow-
er from generating companies and serve
as intermediaries 1o sell power to down-
stream customers. Loval distribution com-
panies for electricity, gas, telecommuni-
cations. cable service,
and the like will be the
platforms for deliver-
ing electrons, Bius, and
other services. Mean-
while, retail merchant
companies will sell the
services 1o customers,
buwing wholesale en-
ergy [rom traders and
gelting it to customers
through the distribu-
tivn companies

New opportunities in the value chain
EPRI experts believe the emergence of
such a value chain will coincide with three
other major trends. First, there will be both
consolidation and [ragmentation in the
power industry. The ownership of large,
centralized generating plants will be con-
solidated in order to cut production costs.
At the same time, new opportunities will
appear for localized and distributed gener-
ation in medium unit sizes 10 complement
this bulk supply system and (o serve as a
hedging asset to balance supply and de-
mand portfolios.

AlliedSignal’s 10-MW ASE120 aeroderivative gas turbine

Secoud, there will be an oulpouring of
new service offerings to meet the needs
al new wholesale and retail customers.
Wholesale market offerings will tend 1o be
structured; in the retail market, some cus-
tomers will want customized solutions
while most may prefer standardized, one-
rate service plans

Third, new lechuologies, both [or gen-
eration and for trading and transaction
procissing, will be used 10 help serve these
new customers. “Technology will pro-
foundly affect the way electricity is gen-
erated and brought w0 the competitive
market,” notes Rastler. On Lhe generating
side, there will be plant upgrades and the
reengineering of operation and mainte-
nance activities; enhanced real-time diag-
nosis and control; advanced gas turbines
and more-llexible operating cycles; and
improvements in distributed generation,
inciuding more 1ypes ol prime movers,
better controls, lower costs, and increased
reliability. On the irading and transaction
sicle, faster trading systems and bargain-
hunting expert systems will play a role, as
will advanced customer knowledge sys-
tems and the growing sophistication of
service offerings.

The new value chain envisioned will in-
volve three forms ol power. ommodity-
priced bulk power for wholesale transac-
lions at the power pool or interpool level
will be generated by large baseloacl and in-
termediate-size plants. (The price of such
baseload-generated electricity could fall in
a competilive market because most U.S.



Solar Turbines’ 4.2-MW Mercury 50 recuperated turbine

regions currently have a capacity =urplus.)

The second type of power—for local
(generally intrapool) purchase by distribu-
tion and retail mercham companies—is
called logistical power and will be gener-
ated in smaller amounts and for shorter
periods (o help halance wholesale =upply
and retail demand. [t will be produced by
specialized generation companies operat-
ing within regional electricity networks. In
cach region, hall a dozen such specialized
logistical praducers may emerge, each
supplying 40-50 energy companies. These
producers will offer backup reliability ser-
vices, peak-management contracts, anil
price risk containment insurance.

The third type of power, retail power,
will be sold at the end-user level as part of
a broader olfering (bundled with other
commodities and combined with lacility
services). Some of that power will be gen-
erated al cuslomer sites. Eventually, the re-
gional logistical companics mentioned
above could offer T&D bypass and arhi-
(rage services, using networked and other
interconnected lorms of distributed gener-
ation 1o compete with on-site distributed
generation.

“Industry rescructuring and the emer-
gence of a new value-added chain in the
preduction and delivery of glecuicity is
likely o lead 10 an explosion in electricity
product innovation,” says Rasller. “Dis-
tributed generation will offer the means
for praviding more-profitable, value-added
custom service olferings in the intermedi-
ate wholesale and rewail markets.”

Focus on customers

Uine upshot of indusiry restructuring along,
a new value-added chain i the emergence
ol an entirely new set of potential DR cus-
tomers. Merchant retail companics may
develop local netwarks of distributed gen-
eration to supiport their service business
Distribution companics could become cus-
tomers for distributed generawrs in the
1-2-MW range for operations support. En-
ergy demand aggregators may want 10 own
interests in similar-size units to help lirm
up loads for beter prices. Logistical com-
panie= may own some cogeneration or
small, digpered power unitd 1o balance
assel portlolios and provide (lexibility o
power contract (ransactions.

Given the anticipated involvement of
these types ol plavers, end users are ex-
pected to account lor no more than 15—
25% of the wrtal amouwnt of distriwed
generation that is insialled. B even that
percentage range could iranslate into very
large numbers ol insallations in vari-
ous 1ypes of buildings. EPRI has analyzed
asignificant nunber of key customer mar-
ket segments in dletail and has identified
a potential market totaling 1.6 million
existing eslablishments—representing an
aggregate load of 288 GW and annual
revenues of some 566 billion—where dis-
tributed rezources concgivahly could be
economical.

PR penetration of thise cuslomer mar-
kets is likely to occur gradually. But by
the time that retail ¢#leciricity markets are
[ully deregulated (araund 2002-2003), 1he

General Electric’s 45-MW LM6000 aeroderivative turbhine

equivalent of 25-30 GW of load may be
accesaible to distributed generaling units
in the 200-kW 10 1-MW capacily range.
During the transition to full retail compe-
lition, =ome dozen or more ulilities may
invest in on-site generating facilities in ap-
plications of 1-2 MW ax part of a strategy
Lo retain larger ruslomers, crealing a near-
term markel for distributed generation of
as much as 2 LW, Regulators may limil
such investments, however, to pilot pro-
grams or franchise= o unregulaied sub-
sidiaries, which are expected to take the
fead in developing distributed resources.
Throughotu the transition to compel-
itive enecrgy markets, the pace of DR
deployment will be sirongly alfected hy
regulatory treatment ol udilities’ siranded
costs. These include not only costs for non-
competitive central-slation power planis
built in a regulated environment—plants
hased on demand projections that turned
out 10 be toi high—but also wires charges
for maintaining and operating newly indle-
pendent transmission networks.
“Whether energy service wompanies
and customers can aveid or bypass these
wires charges and capture the full bene-
I ul distributed generation is an issue,”
says Rastler. “A vertically integrated wility
can identify economic henefits all the way
through its system, [rom lower general-
ing cozts to reduced T&D requirements.
But for a restructured, disaggregaled util-
iy, how those benefits can be capiured
through market mechanisms is still an

upen question.”
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Energy storage devices, including batteries
and advanced technologies like flywheels
and ultracapacitors, can be integrated with
distributed generators to provide peak power
orride-through power during transitions be-
tween grid supply and local generation. For
example, Trinity Flywheel Power's 700-kW
system, which features twin flywheel motor-
generators, can deliver electricity on demand
for 5 seconds. And Maxwell Energy Products’
PowerCache ultracapacitor cells can be con-
figured in series or paralle! arrays to meet a
range of storage requirements. A 28-celf
module can provide up to 12.5 kW of power
for a few seconds, and several modules to-
gether can provide ride-through capability
fora 75-kW microturbine,

Pollutant emissions witha potential im-
pact on local air quality could be another
wild card lor certain distributed generat
ing technologies. Most slales are expected
Lo [ollow the example of such slates as
California and Massachusetts, which offer
legal waivers 1o potentially lengthy per-
mitting requirements [or fuel cell genera-
Lors because of their intrinsically low pol-
lution and quiet operation State agencies,
however, may continue Lo strictly apply
low-emissions standards [or reciprocating
engines and gas turbines.

Uncertainties versus potential

Not every utility is readying business
plans to pursue distributed generation.
Some with low generating and T&D costs
and ample capacily reserves may [eel there
is plenty of time to wait until the full im-
pact ol deregulation on electricity prices
and industry structure—as well as cus-
toiner responses Lo those changes—can be
reasonably gauged. Many are [rankly skep-
tical that the customer markets lor distrib-
uted resources are as large as some ana-
lysts estimate. These utilities believe that
distributed resources will face tough com
petition, given the 2-3¢/kWh busbar cost
of available commodity-priced electricity.
And they note the numerous and signifi-
cant cultural and institutional barriers that
can casily dampen customers’ interest in
undertaking or contracting for on-site
generation. Still, many utilities acknowl-
edge the large potential for distributed re-
sources, even as Lhey express doubt about
how quickly it will materialize.
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COUATESY TRINITY FLYWHMEEL POWER

Trinity Flywheel’s 700-kW system

COURTESY BEACON POWER BORP.

Beacon Power’s 1-kW/2-kWh flywheel system
for use in cable TV and standby power
applications

TECHNTCLOGES GVERGY PRODLLTS

COURTES Y e
e

Maxwell’s PowerCache ultracapacitor cells and
modules

“We looked at our marginal costs [or
the T&D system several years ago LO see
what opportunities might exist [or defler-
ring some costs by installing distributed
resource options,” says John Nesbitt, a
distribution planning engineer with Wis-
consin Electric Power in Milwaukee, “but

we didn't lind any obvious situations
where we could save a lot of money. We
can still build distribution capacity pretty
cheaply, in the range of $100-8150/kW,
and average generation costs in the Mid-
wesl are pretty low as well. None of the
distributed options available today can
beat that.”

But. continues Nesbitt. who chairs the
client advisory group fer EPRi's DR Larget
lor energy services and delivery enhance-
ment, “there are viable applications for dis-
tribuled resources even withoul restruciur-
ing and deregulation 1[ a customer needs
a high-power-quality, high-reliability en-
ergy sotrce, has a heating load that can
maximize the potential efliciency, and is
willing 10 pay a premium price, [uel cells
and conventional generating technologies
are available that can do the job.

“The difficulty is that we don't really
know which way prices will go in future
compelitive markets. I it turns out there
is a wide dillerence in cost between peak
and olfpeak times of day, some customers
may feel sufficient incentive 10 own their
own generation for peak shaving. But
there arc a lot of others, including most
small customers, that won't want 1o deal
with markel price lluctuations and will
want to lock in a flat rate. The real oppor
tunities [or distributed resources may be
where they have always been—with large
customers.”

Nesbitt acknowledges that distributed
generalion gives electricily companies a
way to enter competitive markets beyond
their traditional service areas and can
serve as a markel entry vehicle 1o new
players with no service area. “ think that,
for a number ol reasons, there will be
more distributed generation.” he says.
“The rate at which it expands will largely
depend on what happens with pricing.
But while it seems that we're closer than
ever, il also seems that distributed gener-
ation has been just around Lhe corner for
a long time. Technclogy breakthroughs
that bring costs down considerably could
cause it. Lo really take off. Something ihat
can be mass produced inexpensively and
bought of [ the shelf has the best chance of
becoming a real option for a majority of
cuslomers.”



Optioning customers’ generators
Some wiilities already sce on their systems
a significant installed base of customer-
owned distributed generation that may be
ripe for very low cost conversion to dis-
patchable, firm peaking capacity. Lltilities
see this potential when they look at cus-
tomer sites that have emergency backup
generators, most of which are rarely called
into service or even started.

PacifiCorp of Portland, Oregon, is pur-
suing the development of customer-owned
backup generators a= distributed peaking
capacity. Following pilot tests last year, the
company = recruiling customers and ne-
gotialing commercial arrangements w pay
1o take over the operation and mainte-
nance of hackup generalors at customer
sites. PacifilCorp will retrofit the machines
with clesed-transition switchgear and a
soltware-based control system to make
them remotely dispatchable and aggregate
them as a significant block ol peaking ca-
pacity. Customers will collect a fee for the
conversion and will be paid [or electricity
their generator supplies to the grid.

David Engberg, technology business de-
velopment director at PacifiCorp Energy
Ventures, says the company is pursuing
this form of distribuled generatien not
only because il promises (0 be low in cost
but also because PacifiCorp has a business
interest in the dispaich and control tech-
nology being used. This technotogy, called
the Virtual Power Plant, is a compulter-
based sysiem developed by Encorp of For
Collins, Lolorado, for the remote moni-
toring, control, and grid paralleling of diz-
persed generators.

Converting installed backup generators
to dispatchable, firm peaking capucity “can
be a very low cost allernative for adding
capacity, on the order of 100/kW,” notes
Brian Beck, vice president of PacifilCorp
Energy Services. He says that correctly de-
termining the value of such a call option
on distribied generating capacity so that
it can be properly compared with alterna-
tive options is perhaps the biggest hurdle
10 using the approach.

“This type ol distributed generation
tends o get overlooked, but it can be valu-
able to a ulility and 10 generator owners
because i1 gives them some return on in-

vestment for what is otherwise a dead as-
set,” Beck says. “We will use it in the [u-
ture as one of the resources to help man-
age peak demand.” Atill, he adds, “its not
going to change the landscape.” He notes
that closed-transition switchgear is neither
standardized nor commodity priced. Its
cost—higher than that ol the simpler
switchgear commonly used lor backup
generators—can make conversion uneco-
nomical for units of less than a few hun-
dried kilowatts,

Integration with the grid

The neud lor less-expensive, standardized
switchgear i= only one of several isaues Lo
be addressed regarding the interface be-
tween distributed generation and utility
distribution systems—issues that are likely
to become more prominent as BR pene-
tration increases. Another is the need for
broadly accepted interconnection stan-
dards that ensure personnel salety and the
protection of customer-owned equipment
from distribution sysiem operations or
anomalies. Although some IEEE standard=
and guidelines for connecting distributed

resources with the grid have heen devel-
oped, partizularly for photovoltaics, com-
pliance is voluntary and often inconsis-
tent. Few ultilities have established generic
procedures [or communicating intercon-
nection requirements for on-site genera-
tion by customers.

In addition, 10 enable higher levels of
grid-connected distributed generation in
the future, it will be necessary 1o improve
power conversion and inversion techunol-
ogy through the us of thyristors or other
power electronic devices. Some distrib-
uted power sources;-inelucdingfuet-—cehs,
need inverters to convert de output 0
grid-quality ac, while other technolo-

gies

such as various lurbogenecrators—
require ac-ce-ac converters.

Mew, lower-cost, programmable power
electronic packages are needed that can
tlexibly serve the conversion and inver-
sion requirements for mest or all distrib-
uted power technologies, according to
Frank Geodman, a project manager in
EPRIs Energy Delivery and Utilization Di-
vision who is directing a startup effort to
pursue such development. “The next gen-

Distributed Generation Options

Type
S0 k-5 MW

Diesel engines

Efficiency (%)*

Standby power for commercial and
small industrial custorners; T&D support

Internal combustion 5 kW-2 MW

engines

Combustion 1-100 MW

turbines

Microturbines 25-100 kW

Phosphoric acid
fuel cells

Solid oxide
fuel cells

Molten carbonate
fuel cells

PEM fuel cells
Battery storage

Photovoltaic arrays

Flywheels

Stirling engines

Primary power; commercial cogeneration

Industrial cogeneration; T&D support

Standby power; remote power; commer-
cial cogeneration

Commercial cogeneration; premium
power

Commercial cogeneration; primary
power

Primary power

Residential customers; premium power;
remote power

Power quality; voltage regulation;
premium power

Remote power; peak shaving; power
quality; green pricing
Telecommunications, cable TV; premium
power

Residential customers; remote power

*Generating efficiency only (excludes recoverable thermal energy}; for PV arrays, sunlight to ac power.

Several recently improved and new technologies will ptay important roles in competitive strate-

gies involving distributed generation.
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EPRI Tools for DR Analysis

PRI's iwo distributed resource tar-

gets provide funders with a com-

prehensive portlolio of informa-
tion, technolegies, and analytical tools
for developing and executing new DR
business strategies. Drawing on expertise
in three arcas—customer systeims, energy
conversion, and power delivery—this
balanced program is creating and deliv-
ering products Lo help clients understand
and implement cost-effective distributed
resources.

The 1argets cover the spectrumn of
R&D from strategic business assess-
ments, information resources, and distri-
bution system invistiment planning 1ools
to the definition and development of
new DR technology producis lor retail
customer markets. DR applications are
being developed that can migrate from
niche markets 10 mass markets. The
EPRI targets offer numerous tailored
collaboration opportunities [er direct
client participation in pitol tests and cus-
tomer demonstrations of emerging dis-
tributed technologies that promise sig-
nificant benefits in critical competitive
applications.

Onc key EPRI informalion resource
s a CD-ROM-based DR equipment and
product database that presents detailed,
vendor-specific performance and cost
information on emerging and commer-
cially availahle distributed technologies.
This extensive database contains crucial
information for retail service analysts
and distribution planners interesied in
evaluating DR options for customer ser-
vice applications or in managing DR as-
sets. The database can be tapped with
two EPRI-developed analytical software
products for personal compulers: the DR
Technical Assessment Guide (TAG-DR)
and the Distributed Resources Work-
station. These Windows-based products
enable clients to perform customer- and
utility-specific calculations to determine
the cost and performance of various DR
applications,

The TAG-DR =oftware provides generic
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cost and performance information on
distributed generation and storage tech-
nologies, end-use technologies, and dis-
tribution system upgrade equipment.
Scheduled for general release this spring,
TAG-DR is designed to serve as a one-
stop information source and analytical
tool for preliminary planning for DR-
related implementation. It is intended
primarily for use by utility planners and
marketing and finance analysts for evalu-

T

& o

EPRIs considerable work in the area
of distributed resources includes 1he

stralegic business and technology
assessments documented in these
reports, which are available 1o
funders ol the distributed nesources
(argets.

Selected EPRI DR Reports

Distributed Resources Strategic Review:
Market Drivers Impacting Future Business
Prospects {TR-110245; forthcoming)

Understanding Customer Needs and Markets
for Distributed Resources {TR-109234-V1)

Markets for Distributed Resources: Business
Cases for DR Applications (TR-109234-V2)

Assessment of Micro-Generation Technolo-
gies for Distributed Generation Applications
(TR-107634)

State of the Art of Fue! Cell Technologies for
Distributed Power: Technical and Strategic
Assessment of Products, Markets, and Retail
Competitiveness {TR-106620-R1)

State-of-the-Art Assessment of Advarced
Combusticn Turbines for Distribited
Genergtion (TR-108862)

State-of-the-Art Assessment of Polymer
Electrolyte Membrane Fuel Cells for
Distributed Power Applications (TR-107064)

Commerciaf-Sector Solid Oxide Fuel Celfl
Business Assessment [TR-106645)

Santa Clara 2-MW Fuel Cell Demonstration:
Power Plant Test Report (TR-108252)

internal Combustion Engine Advances for
Distributed Generation Markets (TR-108861)

ating various DR options, for both the
regulated and the unregulated sectors of
the electricity industry.

To successfully implement distributed
resources as a business line, energy ser-
vice providers must be able (o offer cus-
tomers packaged, turnkey selutions. The
Distributed Resources Workstation en-
ables users to identify custom solution
packages that are best suited for individ-
ual customer applications. It can evalu-
ate DR options for such key energy ser-
vices as cogeneration, standby power,
peak shaving, premium power, and unin-
terruplible power. Recent enhancements
to the soltware have added capabilities
for modeling complex load shapes as well
as rate slructures for purchased energy.

“The DR Workstation enables cus-
tomer-specific analysis that can quickly
identify the optimum solution for com-
bining services and equipment to meet
individual custemer needs,” says EPRI's
Doug Herman, a project manager in the
DR area. “It prevides an analytical plat-
form that can help energy companies
evaluate all of a customer’s oplitons, from
buying power to installing on-site gener-
ation, installing load-control devices, and
improving energy efficiency.”

On the basis of load and rate model-
ing and the evaluation of various technol-
ogy and service acenarios, the DR Work-
station can generate a report that details
the economics of an eplimum customer
solution. Because the information is so
highly customized in terms of both local
ulility rates and customer needs, such re-
ports can have great strategic value for
marketing distributed resources. “Cor-
rect analysis of which DR options make
the most sense for each customer can
speli the difference between a successful
project and an unsuccessful one,” notes
Herman. “Companies that want to pur-
sue DR business opportunities have no
choice but to conduct this kind of de-
tailed, customer-specific analysis. The
DR Workstation greatly simplifies and
streamlines the process.” (B
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{ﬁ performance contracts be-

into these devices, elimi-
nate inductive components,
and make the devices com-

EPRI's Distributed Resources Workstation, which draws on detailed vendor- and
model-specific data on the performance and economics of various DR technolo-

ing wrapped around the
electron and the Blu, and
for the first time, we're see-

gies, can be used to analyze and compare alternative options for individual

patible with many applica-
tiona {to increase manufac-
turing volumes), we should be able 10
drive costs down and improve reliability.
We hope 10 eventually develop inverters
and other electronics that are smarter and
zignilicantly cheaper and that can be ap-
plied with nearly all types of distributed
resources.”

A flexible energy option
Although opinions vary widely about how
rapidiv and how extensively distributed
resources will be developed and deployed
in the Uniled States during this
period of power industry tran-
sition, there i litde disagree-
ment ahout their virtually in-
finite potential in developing
countries that have litile or
no existing power delivery
infrastructure. Moreover, in
Europe, rapidly growing cus-
tomer markets for cogener-
heat and
power) are providing opportu-

ation (combined
nitic= for distributed genera-
tion. The deployment of dis-
tributed resources abroad is
expected 0 help reduce costs,
which in wrn will make the
technologies more competi-
tive in LI.5. markens.
PacifiCorp and Linicom are
among the wility companies

customer applications.

actively pursuing DR projects oversas,
“Many of the manufacturers of distributed
generating equipment are getting a lot of
interest from governments and agencies
areund the world that don't have the hil-
lions of dellars needed to build central-
station power planis and transimission in-
frastruciure,” says Christopher Maloney of
Unicom Resources. “Global market forces
are crealing a need for thise technologies.”

Indeed, worldwide, the convergence aof

market competition, customer choice, and

OVERVIEW

Encorp’s Virtual Power Plant software is designed to let users monitor and
control multiple remote standby (emergency) generators at various lo-
cations via phone lines or other means of communication. PacifiCorp
Energy Ventures plans to use the Virtual Power Plant network to dispatch
small generators at customer sites as peaking capacity.

ing custemers and all the

energy services Lhey're de-
manding being considered on a par with
the asset side of the business.

“Utilities cleatly sce a patentially sub-
stantial competitive threat. Those of us en-
gaged in the energy services buainess,
however, now see a product or series of
products on the horizen that we can bun-
dle with natural gas, O&M, and such h-
nancial services as leasing. In addition, for
the tens of thousands ol customers that
have cogeneration requirements, we be-
lieve distributed generation is going 0 he
a very atlrative solution.

“Only
successlul distributed genera-

time will tell how

ton products and services
will be in penetrating the en-
ergy markel,” concludes Ma-
lonex. “There are still many
challenge= ahead, but we he-
licve distributed generation
52 61 will give Linicom and other
energy companies a [lexihle
energy solutien {or customers
that can complement electric-
ity straight [rom the grid.” =

Background informeation for this azti-
¢le was provided by Dun Rastler. Doug
Heyman, and Tony Armor, Encigy
Conversion Division; Howard Muelley;
Corporate Development; and Frank
Goodman and Gopalachary Rdma-

handran, Energy Oilivery and ['ti-
lization Division.
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The Story in Brief

As industry restructuring
introduces competition into
the retail electricity mar-
ket, utilities are seeking
ways to retain their present
customers and expand their
market share. An impor-
tant element in this effort
is the customization of
service—providing new
choices and new benefits to
individual clients. Some
customers may be attracted
by new ways to lower their
electric hills, for example,
while others are more
interested in premium
power quality. And beyond
the differentiation in
electricity service, new
opportunities are arising
for single providers to offer
multiple utility services,
including gas, telephone,
home security, and Internet
access. Whatever the
service option, more-
sophisticated customer
interface technology—
especially advanced me-
ters—will be needed to
meet the data collection
and communications
requirements of the utility
service revolution.




The Future

tis the nature of revolulions to make the familiar strange,

and few customer interfaces are as familiar as the electric

meter. Virtually unchanged for decades, the conventional

watthour meter is a common sight in both rural and urban

settings, in mansions and tenements. More than 110 mil-

lion residential meters are currently deployed in the United
States, and 3.5 million new ones are manufactured each year—
two-thirds of which are used as replacements. At an average
cost of only 520-$25 apiece, these simple electromechanical
devices pose a formidable challenge to those who want to re-
place them with more-powerlul alternatives that will better
serve utilities’ and customers’ future needs.

EPRI has accepted this challenge on behalf of its members
and is pursuing the development of flexible, low-cost meters
that will allow greater service customization in both residential
and commercial/industrial applications. Related EPRI efforts
involve market surveys to determine customer preferences
for new ypes of service, standard communications protocols
to help integrate advanced meters into the utility infrastruc-
ture, a nonintrusive load-monitoring system 0 improve end-
use data collection, new tools for load profiling, and pioneer-
ing research on #ensor lechnologies that could substantially
lower metering costs and enhance power quality monitoring.

“1 believe that the customization of utility services will he
the driving force in deregulated retail markets,” declares Karl
Stahlkopt, EPRIs vice president for energy delivery and uti-
lization. “And advanced metering provides the key to offering
such customized services.”

Meter as cash register

Traditionally, an electric meter has performed one basic func-
tion—keeping track of cumulative electricity consumption at
a customer site—and has been read manually by the same util-
ity providing the power and sending oul the monthly bill. As
customized retail services arc added, how-

ever, the meter will necessarily become b y J 0 H N D 0 U G I. A S

of Metering

more of a cash register—a sophisticated point-of-sale terminal
that dilferentiates between types of service, acts as a gateway for
multiple service providers, and enables real-time communica-
lion between utilities and their customers. In some cases, in-
[ormation from the meter may be obtained by one company,
processed by another, and seni to still another for billing—none
of the three being the company rezponsible [or actually sending
electrons through the distribution wires to the customer.

As retail customers are given greater choice among utility
services and providers, electric meters will have to monitor
each type ol service and make the resulting information avail-
able more readily and efficiently. Real-time pricing, for ex-
ample, is expected to become increasingly popular as a way
to reduce customers’ electric bills while improving utility load
profiles. This pricing option is based on the fact that the cost
of providing electric power may be several times higher dur-
ing peak hours than during off-peak hours. A meter that could
either record time-of-use electricity consumption or commu-

nicate real-time consumption levels to the provider would
enable customers to take advantage of lower off-peak rates.
Other capabilities might include appliance monitoring for cus-
tomer convenience and some form of automated meter reading
to reduce a utility’s dependence on the inefficient manual read-
ing process.

All these advanced [unctions, however, require fundamental
changes in meter design. In particular, the traditional electro-
mechanical meter is not capable of tracking time-of-use con-
sumption and does not lend itself to real-time communication.
And electronic meters that do have these capabilities—so-
called smart meters—have been too expensive ($110-$125)
for routine use with small or midsize customers. For such
applications to be cost-effective, the price would have to be
reduced to the $40-$80 range, according to a majority of utili-
ties that plan to implement advanced metering functions. One
of EPRI’s first priorities in advanced
metering research, therefore, has been
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to develop a new low-cosl, all-electronic
residential meter,

Metering the home

In the development of new meters [or res-
idential and commercial/industrial apph-
cations, two design features have bheen

given top priority—modularity and open
architecture. Modularity allows the new
melers Lo be customized easily to meet the
needs of various service providers and cus-
romers. Open architecture ensures that

Providing customized retail
electricity service to residential
customers will require more-
sophisticated electronic meters.
To make these meters inexpen-
sive enough to compete with
conventional electromechanical meters, EPRI
has focused on a design featuring modularity
and standardization. The result is the SE-240
meter, whose platform has a built-in elec-
tronic display and a standard interface and
can accommodate a variety of plug-in mod-
ules for such functions as communications,
time-of-use metering, and load monitoring.

e

modules [rom dillerent manufacturers are
compitible with one another.

The EPRI SF-240 residential meter is
the first result of this effort. It consists of
a standardized plailorm, which would or-
dinarily be owned by the utility distribu-
tion company, and plug-in madules, which
could be owned by another service pro-
vider or even by the customer. The plat-
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form has a built-in elecironic display for
conventional energy-use reading and is
based on a set of open-systems protocols
for data transmission so that any vendor
could manufacture compatible plug-in
modules. The modules themselves enable
such customized [eatures as time-of-use
billing, communications, prepayment, au-
tomated meter reading, and appliance
monitoring.

“Our ultimate goal is to facilitate retail
service restructuring by offering end-lo-
end open standards for the whole meter-
ing process, from pin connections 1o data
management,” says EPRIs Dave Richard-
son, target manager [or advanced meter-
ing. “The SE-240 is a key element in this
standardization initiative because it offers
an open-architecture meter platform in-

stead of the nsual proprietary platforms. In

the [uture, meters will become the point of
competition [or deregulated retail markets,
and the best way to keep costs down as me-

ters become more complex is through open

architecture thai enables easy upgrades.”

Technically, the E-240 is a residential
formn 2% meter, designed [or 240-V. two-
phase, three-wire service. Once the meter
is in full-scale production, iis cost is ex-
pecied to be comparable to that of conven-
tional meters. Pilot lots of the SE-240
are being made availahle exclusively to
EPRI members through the tailored col-
laboration program. Host utilities will be
able to choose plug-in modules that meet
their particular needs. Communications
capabilities are likely to he the moxt popu-
lar option, with multiple manufaciurers
already commitled to producing the re-
quired modules.

COURTESY WM NESIIT & ASSCCIATES

Several communications options are
currently being considered—including ra-
dio [requency, telephone modem, cellular
phone, power line carrier, and optical sig-
nal. Utilities are expected to choose the
communications media best suited 1o cus-
tomer characteristics. For example, radio-
[requency modules [or drive-by meter read-
ing would probably be chosen for urban
areas, while telephone modems would be
used with more-dispersed customers in
suburban or rural areas. For udilities that
continue to read meters manually, 1he pro-
cess could be speeded up hy whal is called
an Opto-Port module, which could be
used with existing handheld reading de-
vices, For offering more-sophisticated en-
ergy managemenl services, two-way com-
munication between customer and utiliry
could be provided bw a power line carrier
module.

Two other capabilities being pursued are
metering of multiple utility services and
load monitoring. Far combined metering,
researchers envision a configuration of the
SE-240—tentatively called the unified ser-
vice meter—designed (e record water and
gas use as well as electricity use, So [ar,
development work in this area has con-
centrated on gas and water flow sensors
and on interfaces for existing gas and wa-
ter meters. EPRI is cooperating with the
American Water Works Association on the

unified service meter.

A load-monitoring module could be
added to the SE-240 to enable a service
provider 1o obtain end-use data for plan-
ning, pricing, and program development.
Zuch a capability would also allow indi-
vidual customers to beiter control their
electricity consumption patterns and re-
duce their costs and could potentially de-
tecl faulty equipment. The new module
would use CPRI's Non-Intrusive Appliance
l.oad-Monitoring System {(NIALMS). Tra-
ditionally, load monitoring has required ei-
ther individual appliance meters or mulli-
channel meters with remote sensors on
appliances—both very expensive options,
NIALMS determines the energy consump-
tion of individual appliances in a house-
hold by analyzing small changes in the
voltage and in real and reactive power at
the meter.



Commercial and industrial metering

o preparation fur developing the next
generation of open-architecture, madular
for commercial and industrial
(C&1) applications, EPRI has conducted
three surveys to determine whal fealures

meters

utilities and their customers requing. The
first of these surveys focused on the needs
of 61 member udilities, selected 10 provide
a wide range of company sizes and loca-
tions, The survey revealed a variety of spe-
cific plan= [or retail competition, ineluding
inugvalive rates, energy inflormation and
management services, and power quality
services, The resulta of this survey were
complemented by two surveys of L&l cus-
tomers—seeking, respectively, the view-
paint [ram corporate headquarters and
that from the field—to determine which of
the valur-added services would be of in-
teres( to them and what thar might imply
for meter requirements.

A survey of 21 national account cus-
tomers focused on the advanced metering
needs of major relail, supermarket, restau-
rant, health care, lodging, and conve-
nience store chains, as well as industrial
customers and government agencies. Typ-
ically, national account managers purchase
energy services for major corporatiens
viith facilities throughout the country: Ac-
cording to the survey, power brokers have
already oflered most of these firms alterna-
tives 1o their traditional electricity pro-
viders—alternativis expected to yield cost
savings of 5-30% within five yeara. In con-
nection with these developments, the na-
tional account managers showed a stong
interesl in automated mitter reading, cus-
tomized billing, and outsourcing of energy
analysis and management services. Inter-
eatingly, few of the managers reporied
problems with pawer quality, although
many thought thatservice reliability might
become a concern in the future.

& somewhat different picture emerged
from a surviey of 757 customer facilities
nianagers, who are typically respinsible
for handling site-specific services. Some
40% of these local managers reported
power quality problems, and abow one-
third of them expressed willingness to pay
for premium power. Such responses are
being considered as a strong indication

o __a

that power quality monitoring might be
an important modular [eature for the new
&1 meter. In addition, 41% of the [acili-
ties managers were interested in learning
miore about real-time pricing options, and
33% =aid they would consider using a wiil-
ity’s communications nétwirk v obtain
various information services, including
energy data, security, end-use monitoring,
and
These responaes suggest the need

Inlernel  access  seTvices.
for various types of communica-
tions modules.

On the basis ol these findings,
EPRI prepared a preliminary ve-
quirements document [or the de-
velopment ol an advanced C&I
meter and sent the document to
20 mamdacturers in Morth Amer-
ica and Europe. [nitial empha-
sis has been placed im the devel-
opment ol modules for power
quality monitoring, nonintrusive
equipment diagnostic monitor-

g, encrgy management, and communica-
tions. More than a dozen [avorable re-
sponsis have been received, and a demon-
stration project involving prstolype= of
the new meters is scheduled for late this
year. A host utility is now being sought lor
the demunstration under EPRIs tailored
collabaratiom program.

“Much of the basie hardware has alreadv
been developed for an advanced C&1 me-

ter, which represents a major improve-
ment over so-called time-ol-use meters
thau dillerentiate only berween consump-
tion off-peak and on-peak.” says project
manager Larry Carmichael. “Chur efforts
are concentrated e developing the appli-
cations software needed 1o support new
energy seryvices. We are also concerned

about lowering the c¢ost 50 thal the new

The ability totellwhat appliances in a home
are in use at any given time—without having
to resort to expensive individual monitors or
sensors—would allow customers to better
control their electric bills and would give
service providers valuable data for use in
planning and rate design. EPRI's patented
Non-Intrusive Appliance Load-Monitoring
System (NIALMS) algorithms determine the
energy consumption of individual appliances
by recognizing patterns of change at special
meters, like the one shown here.

meter can be used in smaller customer fa-
cilitics. In addition. we're devcloping a
commercial-sector version ol NIALMS,
which we call C-NILMS, to provide more-
accurate monitoring of such complicated
equipment as large refrigeration and air
cunditioning systems.

Load profiling

L'nui) low-gost advanced meters are widely
available, however, mther stralegies will be
needed 10 #nable small and medium-size
customers o lake advantage of retail mar-
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ket testructuring, One aliernative (o col-
lecting real-time data for time-of-use pric-
ing is ta develop load profiles of dilferemt
customer segments. Given a particular
custonner’s metered 10tal energy use and a
load profile showing Lhe pattern of daily
energy use for that customer class, a wility
could estimate what the customer’s hourly
consumption would have been.

A small tonvenience storé open all
night, for example, might have a fairly
level daily load profile, ex-
cept lor sharp pealis during
summer alernoons, when its
air conditioning load is high-
est. Very dilferent load pro-

Cofigemaker
filez= would be =hown by a
g : B Well pump
welding shap or a law lirm.
* Blower

Even residential loads show

“ Relrigerator

B Cilothes dryer
B Water heater
B Air conditioner

tern operatigms and may even lose cus-
tomers. For example, il an alternative ser-
vice provider could determine which of its
competitors” custamers have usage pal-
terns that differ in substaniial and heneh-
ctal ways from their assigned load profile,
the alternative provider cauld olfer them a
nmore ailraitive rate.

“Clearly, load profiling s an increasingly
impisrtant and complex issue fer many
wtilities,” points out EPRI’s Jeremy Bloom,

76%

tensive database on hourly electricity con-
sumption for all major residential and
comnercial markel segments. The cenier
can also provide individual wtilities with
customized, weather-adjusted load pru-
filex for every hour of the year. In addi-
tion, CEED nlfers a variety of consulling
services on the use af its data {or model-
ing the consumption of specilc customer
groups.

Utilities can use loud shapes from CEED
directly in EPRIs Profithian-
ager software 10 select, and
then prepare 10 serve, par-
ticular market
Lpecifically, on the basis of

segments.
§a load profites ol various mar-
ket segments, ProftManager
can determine the sectors'
marginal profitability in light
of proposed service offerings.
In addition te elling a utility
the likely eflect of losing or

gaining a customer in a #pe-
cific market segment, Profit-

flanager can help determine
what wpe of rale structure

would previde a suitable bal-

ance hetween the cost of serv-

greal variability: consider, or B Gther applianices
example, the differences in and residual
load profile= for a home where
children are prisent all day
and a home that is usually un- Q.8 1
occupied between breakfast & N T T =——
m
% S 06 —
and supper. §
As retail deregulation pro- E 03 =T —
v c a
ceeds state by state, an in- g 04
creasing number of custom- 2 0.3 ! ,‘\ 1 |l
ers will be cligible for rates é 0.2 i l! rhict ——
based on load profiling. n > 0.1 ,,—“mﬁ-‘l.—:};s e el
Wew Hampshire, for exam- 0 L —
Midnight 6:00 a.m, Noon 6:00 p.m,

ple, customers with maxi-
mum demands less than 100
kW can choose electricity
suppliers that offer them load
profiling rather than time-of-
use metering. In Califarnia,
customers with demands less
than 50 kW are initally ¢li-
gible for load prefling, al-
though most of those in the 20-50-kW
range will eventually have 10 install me-
ters that record load data for zelected time
intervals

Reliance on load estimates rather than
on direci metering offers both advaniages
and risks. The main benefit is that load
profiling enables more customers to par-
ticipale in relail direct access while allow-
ing utilities to defer major investments in
new meters. On the other hand, by relying
onapproximate load data, utilities may ex-
perience more energy imbalances in sys-
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By applying NIALMS, customers and utilities can keep track of appliance use
and total energy consumption. This profile of household energy consump-
tion for an average weekday, for example, shows an early morning peak

for a water heater, a later peak for a clothes dryer, and a gradual rise in air
conditioner use throughout the afternoon, Aggregating such daily data
into a monthly cumulative report reveals that together the water heater
and the air conditioner account for about half of all the energy consumed in
this household. (Graphs courtesy Enetics, Inc.)

manager for relail market tools and ser-
vices, “We can help them in three ways: by
providing load research data, simplifying
the use of these data ler markei selection,
and reducing the amount of sample meter-
ing required 1o create load profiles.”

To help provide utilities with better in-
formation on cusiomer loads, EPR] has
eslablished the Center lor End-Lise En-
ergy Data, or CEED—the only national
clearinghouse for the collection, assembly,
and distribution of high-quality load re-
search results. CEED has created an ex-

ing a cusiomer and the rev-
A enue received.
Eventually, most utilities

will have to supplement the
data obtained from CEED
by conducting some lime-
recorded metering of elec-
tricity end use at their own
customess’ sites. This process
can be expensive and time-
consuming, but EPRI oflers
Reshape, a set of software
Lools to leverage existing dala and minimize
the need lor detailed metering. ReShape en-
ables a utility te construct load shapes from
easily obtainable sources of information,
such as billing records, customer surveys,
and small-scale metering projects. More-
costly end-use metering may then be re-
quired only for modeli calibration.

The need for standards

The most important unresolved issue re-
lated 10 metering a= the utility indusiry
prepares [or greater retail compelition is




the need [or standards on how meter data
are to be [ormatted and communicated. As
the firsl =siale © give electricily =ervice
providers direct aceess 1o all retail cus-
tomers, California has been at the [ore-
front of the somelimes cententious pro-
cess of adopting metering standards. In
May 1997, the Calilornia Public Utilities
Commission (CPLIC) ordered the statcks
three major wtility distribution cempanies
to hold a workshop with other interested
parties 10 develop the necessary standards
Jor metering equipment and [unctions.

Endorsing the use of open-architecture
standards, the report from this workshop
recommended that specifications for in-
terfaces, services, protocols, and data [or-
mats be “vendor neutral, published, freely
availahle” and be agreed vn “in an open
precess, under the auspices ol a recog-
nized natienal or international standards
hady.” The report also identified three key
metering systems [or whose interfaces the
uze of open-architecture standards should
be considered: the meter itself, the meter
data communicatians system, and the me-
ter dala management scrver (computer
syatem).

Responding to this workshop report in a
separate “joint comments” submital to
the CPLIC, oiber interested panies, in-
cluding EPRL. recommended wwe inter-
laces in particular lor the application of
open-architecture standards to facililate
retail competition: the interface hetween
he meter and the meter reading an<l com-
munications system and that beiween the
meter data management server and the
application software used by service pro-
viders. The group noted (hat standards
already exist [or the physical interface
between the meter and the meter socket
on the customer premises and said that no
standards are currenily needed hetween
the meter data communications and data
management ayslems, since specifications
for thi= link could easily be negotiated by
the companies involved.

Acting on these and other recommenda-
tions, the CPL'C in Movember 1997 issued
a decision covering meters and metering
services. The decision endorsed the con-
cept of open archileciure, established a set
of interim minimum standards e be used

during the transition period 1o retail direct
access, and created a working group 1o
permanent standards
the CPUL should adopt. The working
group was also asked (o indicate whether

recommend  wha

other standards are expected in the future
and o recommend a process lor reviewing
possible [uture changes to the permanent
standards.

EPRIs William Blair, manager [or infor-
matian and awlomation technology. ex-
plains the importance of the CPUL deci-
sion [or EPRI members: “At least a dozen
slate= are following clasely the metering
standards of Calilornia, so whal we're see-
ing here is probably the binh of de lacw
national standards, It now appears that
EPRI% Utility Communications Architec-
ture should play a key role in providing
the technical hasis lor these standards,
since 1'CA includes detailed protocols [or
meter data fermauting and data communi-
cations. =uch open-architecture standards
would facilitate the inmeroperability of
equipment produced by dilferent vendors
and used by energy service providers, me-
ter data management agents, and meler
agents, UCA would also enable the addi-
ton ol new services without massive sys-
tem upgrades and provide greater security
for customer data.”

Ongoing research

Even as discussions about metering strat-
egies and siandards continue, a techno-
logical wild card has appeared that may
change some basic assumptions. New cur-
rent and vollage sensors now cimerging
from the laboratory could help reduce the
cest of all-electronic meters enough to
make them competitive with electro-
mechanical watthour meters. The sensors
are created by a silicon-erching process
and thus can be built into the integrated
circnitry of an electronic meter, replacing
the current translormers now used. Re-
searchers helieve (hese semiconductor-
hazed sensors may also make power qual-
ity monitoring cost-eflective in many inore
situations.

Meanwhile, EPR] is condlucting surveys
of households (o determine the likely re-
sponse of residential customers o new
types of services made possible by ad-

vanced meters. In particular, customers
will be asked 10 indicate their interest in
aulomatic billing to a credit card, itemized
billing showing energy conswmpiion by
major appliances, time-al-use rates, and a
single hilling for multiple wility services.
The resulis of 1his survey, like those of the
C&I surveys already conducted, will help
utilities evaluate customer desire and will-
ingness te pay for new meters and 1he ser-
vices they facilitate.

To help members prepare for the me-
tering changes ahead, EPRIs Advanced
Mewering Targel has launched three new
Internet Weh =ites, One site (wwyiepri.
conV/pdg/dist/jrargets/am) provides gen-
eral information and is open 10 the pub-
lic. Another (www.epriweh.com/pdg/dist/

jtargets/am), open only o EPRI members,

provides in-depth, market-sensitive inlor-
mation on the metering indusiry. Both
sites include a database of domestic and
[oreign meter products and vendors, news
about advanced meters and automated
meter reading technologies, and guides to
metering publications. The third Web site
(wwwise240.com) is primarily for poten-
tial providers ol modules lor the 5E-240
meter. Detailed technical specifications for
interfacing modules with the SE-240 are
inclucled ar this site.

"EPRIs accomplishments in the ad-
vanced metering area illustrate the im-
portance ol collaborative research in an
era of retail competition,” concludes Karl
Ltahlkopf. “Not only are our eflorts pro-
ducing low-cost meters thal will help [a-
cilitate competition at the retail {evel, but
we are also making surc they encourage
the use of open architecture—rather than
proprictary protocols that could lock a
ulility into using the products of a single
vendor. In addition, our basic research has
led (o the development of new sensors that
could [urther revilutienize metering in
the near luture. And through £ooperation
with individual utility members and their
siate regulators, we are providing techni-
cal support for the development of nation-
wide standards lor formatting and com-
municating meter data.” L]

Background informatiosn for this artivle was provided

Iy Dave Richandsen and Larri Carmiichael, Energy
Delivery and Utilizadgon Division.
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Environmental

The Story in Brief 1so14000is a

series of voluntary international stan-
dards for implementing an effective en-
vironmental management system. Since
the first standards were issued in 1996,
hundreds of companies abroad and
dozens in the United States have cho-
sen to adopt them and become regis-

tered. Two U.S. utilities who moved

swiftly to do so say that they have real-
ized significant efficiencies and cost savings and that their environmental
stewardship has been enhanced. Questions remain about market acceptance
of the standards and about the response of regulators and environmental
groups. But many companies see ISO 14000 as a way to gain a competitive
edge and are acting accordingly. EPRI has a range of field-tested products
that can help utilities implement their environmental management goals—

whether or not those goals are driven by ISO 14000. b Y s teven VU i en
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14000

S GEMERATING FACILITIES GO, the Michigan City station—owned by
Northern Indiana Public Service Company—is not unique: it consists of a

500-MW coal-fired plant and three small gas boilers. What makes it

| | interesting is i1s location—or, more specifically, its neighbors. {in one
’ \ side i= an outlet mall bustling with customers; on another side is a
marina, with an adjoining national park and the blue water of Lake Michigan stretch-

ing beyond. Across a dogleg of the creek that supplies the station’s intake water is

a Ceast Guard facility; not far beyond that is an office of the state Fish and Wildlile
Division, which falls under the authority of the Indiana Department of Natural Resources.
“You could say we have interesied neighbors,” says John Flegel, environmental and chemical
compliance specialist at NIPS(O.

Because of the Michigan City plant’s location, NIPSCO has always exercised heightened vigilance
with regard 10 environmental issues—for example, paying special attention to stack opacity and
taking a range of measures to control dust from the Powder River Basin coal that is the plants
main fuel. Despite these measures and despile an excellent record of environmental stewardship,
NIPSCO chose in September 1996 to go further, launching an initiative to attain ISO 14000 regis-
tration, which it achieved in March of last year.

Moving to 150 14000 wasn't a difficult decision, according o NIPSCO's Arthur Smith, principal
execulivg and counsel, Environmental Affairs. “Adopting thise slandards was very consistent with

where we were going anyway. Upper management was always supportive.”
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Smith admits that achieving 1SO 14000
registration was “a bit ol work.” But he
says NIPSCO has reaped signilicant bene-
fits in 1erms of cost savings, reduced envi-
ronmental impact, and betler-managed
operations—so much so that it has now
gone on to register all four of its coai-fired
power plants and seven service lacilities.

Smith and other NIPSCO managers be-
lieve 1SO 14000 has been a net plus lor the
company Management at Niagara Mo-
hawk Power Corporation, the other U.S.
utility 1o adopt 1SO 14000, is equally pos-
itive. But are these two utilities the rule or
the exception? Should utilities that already
have an ellective environmental manage-
ment system (EMS) in place make the ex-
wra effort 10 adopt ISO 140007 Belore at-
tempting 10 answer these questions, it's

worth taking a closer look at what 1SO
14000 is—and what it isn'.

In the United States, large companies in the
chemical, automotive, and electronics in-
dustries are leading the way to 15014000
registration. Most of these—including IBM,
3M, Du Pont, and the Big Three automakers—
have significant international operations.
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Companies can choose

150 14000 is a series ol voluntary interna-
tional siandards lor implementing an el
fective EMS. The siandards are designed 10
help manulacturing and service compa-
nies ol any size—across all industries—
develop a unilorm set ol EMS elements
that will help them achieve their own en-
vironmental goals. Companies that choose
10 adopt the standards make a clear man-
agement commitment 10 an environmen-
1al policy, lormulate a plan 1o carry out
that policy, identily activities that signifi-
cantly impact the environment, and train
personnel in environmenial practices. Fi-
nally, they create an audit and senior man-
agement review system 1o ensure that the
program is implemented and maintained.

A registration audit may then be carried
oult by a third-party registrar that has been
accredited by a joint program ol the Amer-
ican National Standards Institute and the
Registrar Accreditation Board (ANSI/RAB).
Subsequent surveillance audits, conducted
once or twice a year, confirm continued
progress toward environmental goals and
are a condition ol maintaining regisira-
tion. As an allernative 10 registration, a
company may choose to simply declare it-
sell 1o be in conformance with 1SO 14000
standards.

Compared with many international reg-
ulatory standards, 1SO 14000 is a llexible
sel o criteria, one that is aimed at improwv
ing the process ol environmental manage-
ment rather than measuring pollution out-
put. Companies or organizations, even
those within the same industry, may have

widely dillering EMSs and performance
and still complty with 1SO 14000.

“What’s striking about these standards,”
says Winston Chow, EPRI's product line
leader lor land and water, “is what they're
not. They arent thick, complicated docu-
ments that lay out specific measures of
performance. They arent regulatory mea-
sures with the [orce ol law or a set of lim-
its on pollutants or emissions. They don't
address occupational health and salety re-
quirements. Instead, they’re short, rela-
tively simple principles that encourage a
company, lirst, 10 identily clear goals with
respect 1o the environment and, second,
10 find ways 10 measure progress toward
achieving those goals. The idea essentially
is that il everyone adopted roughly similar
environmental management praclices, we
would all be better of[”

EPRI's Mary McLearn, manager [or en-
vironmental assel management, notes that
EPRI has been working for nearly a de-
cade to develop a family ol tools, guide-
lines, and methodologies 10 allow utilities
to achieve their own objectives with re-
gard 10 environmental excellence. These
EPRI products anticipated the emergence
ol 1SO 14000 by several years, she says,
and can be used-—¢ither individually or in
combination—in implementing the new
standards.

1SO 14000 includes 20 siandards, the
first 5 of which were released in Seplem-
ber 1996. The foundation document in the
series, 1SO 14001, presenis core specifica-
tions [or developing an EMS and is the
only sitandard open 10 audit lor the pur-



poses ol registration (also called certifica-
tion, especially outside the United Siates).
All other siandards either support SO
14001 or tell how 1o analyze product char-
acteristics. The 14004 standard comple-
ments 14001, providing descriptions, ex-
amples, and practical advice for imple-
menting an EMS. [SO 14010, 14011, and
14012 comtain guidelines for audit proce-
dures and lay oul qualifications [or audi-
tors. The sixth standard—14040, which
came out inJune 1997—presents a (rame-
work [or the application of life-cycle as-
sessment principles. Future standards will
cover environmental labeling, site review,
and performance evaluation.

Where do the standards come [rom?
ISO, the International Organization for
Standardization, was [ounded in 1946 as
an independent, nongovernmental organi-
zation with a mandate to develop volun-
lary consensus standards [or goods and
services. 1SO's goal is 10 achieve greater
functionality of goods and services be-
tween countries and 1o develop standards
for emerging technologies. The organi-

zation’s standards cover everything from

credit card thickness to the salety ol wire
ropes to photographic lilm speed. 150 is
made up ol representatives [rom more
than a hundred countries, including the
United States, which is represented by
ANS{. Technical work, highly decentral-
ized, is carried out by some 2700 commit-
Lees, subcommittees, and working groups.
[1 100k lour years 10 develop and gain ap-
proval of the ISO 14000 standards released
1o date; a U.S. technical advisory group
participates in the development and re-
view process.

The 14000 series of standards grew out
of an increasing global interest in sustain-
able business practices—and out of a con-
cern that proliferating individual-country
environmental standards might lead to
more-restriclive trade barriers. In the laie
1980s, ISO released a series ol quality
management system standards (ISO 9000)
that have gained widespread international
acceptance. Adoption of the ISO 9000
standards is now generally viewed as a
beneficial business practice; in some in-
dustries and regions, il is a prerequisite
lor competingin the marketplace. The [SO
9000 series is not a model for or
a precursor of ISO 14000, how-
ever; the two sets of standards are
very dillerent, and the general
acceptance ol one doesn’t mean
the other will be similarly re-
ceived. Thus i's worth 1aking a
look at how the market has re-
sponded 10 I1SO 14000 alier the
first full year of the initial stan-

dards' availability

The market begins to ntove
Acceptance of ISO 14000 has been most
rapid in Europe and Asia, where regisira-
tion has been driven by proactive govern-
ment support. More than 450 companies
in Asia have lacilities registered. Some
300 of these are in Japan, whose Minisiry
of International Trade and Industry is ac
tively promoting the siandards; Canon,
Toyota, Sony, and Mitsubishi, for example,
are all moving rapidly 1oward registration.
A number of other Asian countries have
also adopted I1SO 14000.

In Europe, more than a thousand com-
panies have registered, with the majority
of these in the United Kingdom, Germany,
and the Netherlands. The European Com-
mission is currentty considering whether
SO 14000 standards may satisly the im-
plementation requirements of regulations
now being used in member countries—
the Eco-Management and Audit Scheme,
or EMAS, and the British environmen-
tal standards BS 7750. Canada has also
moved swiflly toward the new standards,
specilically lor the electric power industry.
The Canadian Electricity Association has
called for all its members 10 have an EMS
in place that is either [SO 14000 certilied
or is consistent with [SO 14000 standards.
The association will verily conformance
through random audits, using ISO 14001
as its benchmark specification.

The numbers are smaller in the United
States—something over 75 companies 10
date have registered=bul the names stand
out: IBM is looking at corporate-wide reg
istration; Rockwell and Lucent Technolo-




Implementing 1S0 14001

1SO 14001 specifies 17 elemenis [or developing a certifiable environmental manage-
ment system (EMS). These elements are designed to create continuous improvement,
but they do not specily how this improvement should take place or mandate specific

technologies or emissions levels.

-
-

Create a planning and action frame-
work by defining your firm’s com-
mitment Lo pollution prevention
and the environment.

2. Identify the significant environ-
mental consequences of your

products, activities, and services.

=

[dentify relevant laws and regula-
tions.

3

Establish environmental objectives
and targets lor your firm that are
consistent with company policy.

5. Create an environmental manage-
ment program—an action plan for
achieving objectives and targets.

L4

Establish management responsibil-
ity and authority as weli as finan-
cial resources for implementing
your EMS.

Provide skills and awareness train-
ing to employees so that they can
carry out their environmental re-
sponsihilities.

=

8. Set up procedures for internal and
external communicatien about en-
vironmental management issues.
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9. Establish documentation describing

10

11

12

13

14

15

16

17

the interaction of EMS elements.
Ensure effective procedures for
controlling and accessing system
documents.

Achieve operational control by
planning and managing operations
and activities in line with company
policy and objectives.

Identify potential emergencies and
establish preparedness and response
procedures.

Monitor key activities and track
perfermance.

Investigate and correct “noncon-
formances” to prevent recurrence.
Keep adequate records of ongoing
EMS performance, documenting
compliance, training, audits, and
cerrective actions.

Perform periodic audits of your
EMS 10 be sure it is operating as
intended and providing feedback
to management.

Review the EMS periodically 10
effect continual improvement.

gies are registering selected facilities;
Houda and Ford expect 10 be registered
within two years; Du Pont, 3M, General
Mators, and Chrysler are also moving to-
ward registration. Accerding to Paul Rad-
cliffe, a senior project manager at EPRI,
its no accident that these companies have
moved %o aggressively: “Most either have
operations averseas or campele in those
markets, 1l Europe and Asia are going 1o
1SC 14000, U.S. companies that operate
there will have (o do the same to avoid be-
ing placed at a competitive disadvantage.”

Radcliffe points out that this will have
ripple effects in the domestic economy,
even for companies that don't operate over-
seas. The Big Three automakers, he zays,
are already looking seriously at requiring
their suppliers—including their energy
suppliers—to be in compliance with 1SO
14000. To help put 150 14000 develop-
ments in perspective, EPRI has recently
prepared a white paper on the impact of
the standards on the wtility industry.

Brian Borolka, senior strategist at Wis-
consin Electric Power Company, observes
that there seems to be steady progress Lo-
ward market acceptance of 120 14000,
particularly in the auto and high-tech in-
dustries. “There’s a growing perception that
if we need (0 measure EM5s, 15@ 14000
might be the best standard to use.”

Divided regulators, mixed greens
[0 14000 puts regulatory agencies in
something of a quandary. On ene hand,
they recegnize that a flexible, market-
driven approach to pollution prevention
may ultimately prove more effective than
traditional command-and-control environ-
mental regulations; as the econemy grows
in size and complexity, regulators have
begun to realize they simply don't have the
resources to micromanage cempliance. A
set of standards like 150 14000—which,
rather than simply focusing on what
comes out of a stack or effluent pipe, en-
courages source reduction practices and
decision making that takes into account
effective life-cycle costs—makes sense.
On the other hand, regulators worry
that if they give special recognition or
preference to registered companies, those
companies may expect some form of regu-



reliel. This conflict i evident al
the L% Environmental Protection Agen-

latory

vy, which has endorsed the overall goals
of 150 14000 but has been wary of sug-
gestions thal it grant registered companies
some form of special treatment. A visible
fault line has emerged al the agency be-
tween those who see promise in [SO
14000—as a means of reinventing govern-
ment and harnessing market forces toward
the goal of pollution reduction—and those
who advocate a more traditional compli-
ance approach.

Late last year, however, the EPA took a
step toward adopting a single agencywide
position, and he step clearly favored the
reinventors. In an internal memo, Deputy
Administrator Fred Hansen declared: “En-
vironmental management systems hold
great promise [or improving environmen-
lal conditions in the United States and in-
ternationally.” Hansen gave Chuck Fox,
associate administrator for reinvention,
lead responsibility for EM4 pilots, pro-
grams, and communications and directed
his team o encourage EMS partrerships
with states and private-zector groups

A number of states haven't waited for
the EPA but have already begun 1o explore
the benefits of 120 14000. Mare than 12
are participating in a multisiate working
group established last summer. The slates
will each run 5-10 pilot programs and will
callaborate to assess the economic and en-
vironmental benefits. States see in [SO
14000 the potential [or doing a more effi-
cient job of protecting the environment
while at the same time helping the econ-
omy. According to one Wisconsin regula-
tor. “accountable devolution™ of regulatory
autherity is more elfective than a central-
ized command-and-control approach—an
approach, he says, that addresses barely
10% of “the opportunities and problems
associated with the environment.”

Michigan, although not a participant in
the multistate working group, has moved
forward with its own EM%-based experi-
ment. Companies that have a good com-
pliance record, have a [ermal pollution
prevention program, and are either 1543
14000 registered or have a similar EM5
are invited 1o join the Clean Corporale
Citizen, or C3, program. C3 firms receive

ey 1S0 14000 Standards and EPRI Products

Environmental Management System (ISO14001)

® Pollution Prevention Planning Guide (TR-104377)

8 ASAPP2: Accounting Sof(ware for Pollution Prevention (AP-106564)
® [nformation Strategies for Environmental Exceilence (TR-107694)

Environmental Performance Evaluation (IS0 14031)

® Environmental Performance Measurement Framework (TR-106078); being

revised in 1998

Life-Cycle Assessment (ISO14040)

® Li[e-Cycle Cost Management System (TR-105443, Vols. 1-3). soltware and

manual; being revised in 1998

® [ife-Cucle Decision-Making System (TR-105443, Vols. 4-5), software and

manual; being revised in 1998

D

-

EPRI has developed and field-tested a variety of products to help utilities implement their en-
vironmental management goals. Many of these products correspond directly to the individual

elements involived in 1ISO14000 registration.

permit waivers for site construction or
modilication, get [ast-track permits [or air
quality modifications, and are allowed (o
operate under a plantwide applicability
limit. Ford, Chrysler, and General Motors
have enter¢d the program; a number of
other companies are applying.

Over the coming years, these ongoing
demaonsirations will provide hard evidence
of whether 150 14000 does in fact make
good sense [or both the environment and
the economy. If the answer is positive, reg-
ulators seem prepared 10 get on board.
They may not, however, be joined by en-

vironmental organizations. According Lo
Michael McCloskey, chairman ol the Sierra
Club, EM% siandards that focus on im-
proving process rather than on measuring
specific pollution outputs are based on an
assumption that firms will be led 1oward
doing the right thing. But, he says, such
standards “stop shawrt ol inquiring about
whether the right thing in any given case
actually gets done.”

McCloskey acknowledges that a prop
erly implemented 150 14000 program
shauld improve a company’s overall level
of environmental performance, increase

March/April 1998 EPRIJOURNAL 29



=

The Albany steam station of Niagara Mohawk
Power Corporation was the first U.S. oil/gas-
fired electric generating station to adoptISO
14001. After achieving fasttrack registration
for the station in approximately one month,
the company went on to register three other
fossil fuel plants and two nuclear plants.

business buy-in (since it was developed
under the guidance ol the business com-
munity itself), and give market legitimacy
1o environmental goals. He also lauds the
fact that 1SO 14000 would set a lloor for
acceplable business operations, something
that may be of particular value in the
developing world. At the same time, he
worries that [SO 14000 registration might
mislead the public, implying that a given
(irm is minimizing its impact on the envi-
ronment when in [act “it's unclear how
much bad performance can slip through
the process-oriented net of 1SO 14000."
McCloskey also complains that U.S. firms
are nol required 10 make the resulis ol
their audits public and that there is inade-
quate provision in the 1SO 14000 process
[or public participation.

Some environmental organizations in
Europe have already come out publicly
against 1SO 14000, asserting that firms are
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The Michigan City generating station—a 500-MW coalfired
plantborderedby a mall, a marina, and a national park—was
selected by Northern Indiana Public Service Company as the
first of its facilities to adopt (SO 14001. It became the first
U.S. coal-fired plant to be registered to the new standards.

using it as a means ol getling around emis-
sions standards. U.S. environmental groups
are still trying to sort out what 1SO 14000
may mean lor the environment, but they
are walching the EPA and siate regulators
closely [or signs that existing legislation
may be relaxed. As McCloskey puts it, the
government “should steer clear of getting
entangled in [SO 14000.”

Yes, yes, and “not now, thanks”

Two U.S. utilities, Nitagara Mohawk Power
Corporation and NIPSCO, have moved
quickly and comprehensively 1o embrace
1SO 14000. What did these companies see

in the standards—but other utilities have
not yet seen—that made them 1ake the
plunge?

Christopher Kolarz, director ol Niagara
Mohawk Environmental, says, “We were
already good practitioners ol corporate en-
vironmental management, but we [elt this
would drive our compliance programto a
much higher level. And we were pretty
sure we would realize a host ol improved
operational efficiencies and other atten-
dant benefits—which, in fact, we have.”

Niagara Mohawk's managers were also
motivated by markel considerations. The
company is divesting itself of all its non-
nuclear generation capacity==lossil and
hydroelectric assets amounting 1o 4217
MW-=and sees 1SO 14000 registration as
a way to add value 10 the plants it will
place on the market. More broadly, Niag-
ara Mohawk believes that it
won't be long belore compa-
nies selling in international
markets will be required 10 be
registered—and that this will
rapidly work upstream 1o en-
ergy suppliers.

Niagara Mohawk registered
its frst fossil fuel plant in
April 1997. Kolarz describes
the process as something ol
a spriny, carried oul in about
30 days and requiring several
hundred hours ol prepara-
tion; all the work was done
in-house, but an ANSI/RAB-
accredited registrar was called
in [or the registration pro-
cess. By the end ol November
1997, the company had repeated the pro-
cess at three other [ossil plants and 1wo
nuclear plants. This year, il is pursuing
registration lor its hydroelectric generat-
ing capacity. It is also using its expertise 1o
help other companies. including some ol
its customers, implement the standards.

Kolarz says that many uiilities, espe-
cially those with a relatively robust EMS in
place, should be able to do most il not all
of the preparatory work (or 1SO 14000 in-
house. He feels strongly, however, that an
accredited auditor should be called in for
the registration phase. "Someone [rom the
outside has 10 take a took. 1 don't think



those companies that wholly sellcertil'y
are engaging in a process that will creale
optimum value [or them.”

Kolarz cites regulatory relations as one
ol the positive benelits ol 1SO 14000.
“State regulators have applauded our el
forts and aflirmed our environmental lead-
ership in vigorously pursuing voluniary
international registration,” he says. “This
doesn't diminish their regulatory responsi-
bilities, but it may provide them with the
opportunity 1o improve turnaround times
for applications and permits.”

Drawing on Niagara Mohawk’s experi-
ence, Kolarz has suggestions [or utilities
considering 1ISO 14000. First, he says, the
program will go nowhere without a strong
commitment from 1op management. Sec-
ond, companies should not use 1SO 9000
as a model, since its documentation re-
quirements are relalively onerous and
rigid; the 14000 standards are more fexi-
ble. Third, companies should make maxi-
mum use ol performance management ac-
livities already integral 10 their elforts, such
as business planning processes, measure-
ment meltrics, and external relations and
outreach. Says Kolarz, “Youcan cost-down
this ellort by doing most ol it yourself and
by keeping it lean and focused.” Finally,
Kolarz suggests that utilities 1ake a hard
look at the outside registrar they bring
in, choosing one that has utility industry
and environmental experience—not just
someone with 1ISO 9000 expertise.

*ISO 14000 is not {or the [aint of heart,”
he concludes. “It 1akes commiiment and
some hard work. But we're convinced i's
been a good thing for us.”

Like Niagara Mohawk, NIPSCO moved
quickly on ISO 14000. registering more
than a dozen [acilities in 1997; these in-
clude a large multiunit generating plant, a
sizable liquelied natural gas plant, and two
hydroelectric plants. The company used a
consuliant for the initial analysis, in con-
trast 10 Niagara Mohawk, but it then did
the rest of the preparatory work in-house.
Joe Baker, program leader for environmen-
1al auditing a1 NIPSCO, says that outol-
pocket costs-—including the cosis of reg
istration audils—were relatively small.
“There's a significant cost in personnel
hours, though. We had eight people who

spent about a quarter of their time on this
for more than a year.”

NIPSCOS John Flegel, who worked at
the plant level 10 help implement the stan-
dards, says that the 1SO 14000 process in-
tegrates a host ol dillerent programs and
procedures that once operated separatety.
The environmental and compliance sides
ol the house, he says, are now working
much more closely with operaiions. Be-
cause ol a firm management commitment,
acceptance has been good, right down 10
the shop floor, where people have goals
and work assignments directly related 10
the environment. “lt's moved responsibil-
ity for environmental issues [rom implied
10 defined. People now [eel more like this
is part ol running the business, not a sep-
arale issue.”

Flegel adds that 1SO 14000 has helped
move NIPSCO plants and facilitiesout of a
reactive mode, reducing the chances that
he has 10 be a firefighter. “It’s so much eas-
ier il someone calls and says, ‘Something
doesn't look right on the precipitator; bet-

ter get up here,” than if someone calls the
next day and says. ‘You won't believe what
happened.

From a corporate standpoint, NIPSCO'’s
Arthur Smith considers 15O 14000 a use-
ful management 100l in an area that “has

[XY)

not been as effecuvely managed as some
other areas.” and he points 1o concrete
operational elficiencies and cost savings.
“We thought our system was pretty good
already, but as we walked through the
process, we were surprised al the opportu-
nities that arose [or better performance.”
Smith says that because NIPSCO is do-
ing a better job a1 gening rid ol waste,
the company has been able 10 eliminate
longterm siorage [acilities, a significant
expense. And more clearly defined envi
ronmental goals have resulied in more-
locused training programs.

Like Niagara Mohawk’s Kolarz, Smith
believes 1SO 14000 will help his company
stay ahead of the regulalory and market
demand curves. He also points out that it
will help in terms of coordination with

United Kingdom
Japan
Germany
Netheriands
Korea
Taiwan
Switzeriand
Sweden
Austria
United States
Denmark
Fintand

Ireland

tSO 14001-Registered Sites

The United States lags behind European and Asian countries in the number of sites registered
to 15014001, as these datafromlastfall show. Registration by U.S.companies is growing, how-
ever, and some industry analysts estimate that for every registered company in this country,
there are 20 to 25 more that are implementing environmental management systems based on

the 1ISO14001 standard.
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possible acquisitions as
HIPELO grows, and that
it demonstrates 10 inter-
ested stakeholders that the
company is Armly com-
mitlted 1o environmental
improvement. When asked
it [50 14000 had given
BIPSLT a competitive ad-
vantage, he says yes and
then adds, “How much of
a competitive advantage,
of course, will depend on
customer demand.”

Californias Pacilic Gas
and Electric Company also
saw 150 14000 registra-
Lion as a possible compet-
itive advantage, particu-
larly with ita energy market moving lo-
ward deregulation. Three vears ago, PG&E
undertook an EPA-funded demonstration
project to benchmark its existing EM5
againsl developing 150 14000 standards.

After a companywide sell-assesament,
senior managers—citing two majirr chal-
lenges—decided not w0 implement 1500
14000. Fira1, they objected 10 what they
saw a a sirong emphasis on documen-
tation, which ran counter 10 the com-
pany’s “ingrained corporalte bias to mini-
mize paperwork.” Second, they [elt 150
14000's plant-by-plant approach to regis-
tration would be meaningless, because,
given the large number and diversity of
PG&ES energy scurces, the company
would not be able o tell customers “the
exact source of the electrons or gas mole-
cules we provide.” And registering all
1500 facilities, thev decided, would create
adminisirative costs and burdens that
would be unaccepuable.

PG&E noted that its participation in Lthe
demonsiration project allowed it to im-
prove its existing EM5 and helped position
it for eventual 150 14000 registration if
thal becomes a “valid busine=s nced.” For
the moment, however, PG&E has chosen
to wail and see.

An IS0 14000 checklist
%0 where does this leave a utility uving
to decide whether to take the 150 14080

plunge? Here are some of the costs, ben-
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During the IS014001 process, various
operating scenarios must be examined in
termsof the environmental impacts associ-
ated with turbines and all other power
equipment.

efits, and downsides a company may wish
10 consider.

A 1ypical electric generating facility may
require 9-12 auditing days [or registration,
with lees running approximately $1200-
£1500 per day. Costs for most service fa-
cilitics #hould be significantly less. Inter-
nal costs 1o prepare for an audit are both
more significant and more difficull o
quantify, since they consist mainly of em-
ployee hours and depend on a utility’s
existing EM*% and on the approach taken.
A wypical generating facility should take
three to six months to achieve registration,
although, as Miagara &ohawk has demon-
strated, the process can be carried out in
asshort a time a4 one month.

Potential internal benefits include im-
proved operating efficiencies, reduced
storage and disposal coats, less downtime
resulting from regulatory actions, fewer
emergency responscs, and fewer employee
claims. [n addition, a company will bene-
it f[rom more-eflective management con-
trol of parl of its wiirking capital—what
can be described as environmental assets.
External benefits may include better rela-
tiona with regulators, improved public and
community relations, and increased sales
due w green markeling.

In the control room of Niagara Mohawk’s ISO
14001 -registered C. R. Huntley steam station,
operators work from procedures that have
been mapped to significant environmental
aspects identified in the plant’s environmen-
tal management plan. The personnel know
the environmental impacts of facility opera-
tion and may, for example, modify operating
profiles at a given time to keep emissions
under the levels defined by the plant's oper-
ating permits.

To the extent 150 14000 is perceived as
reducing the risk of adverse environmen-
tal, health, and salety impacts, registration
may reduce insurance rates. One major
insurance carrier i= reportedly preparing
a lower-premiwm package for registered
companies. The commercial banking com-
munity ts examining 1SO 14000 lor pos-
sible use as a factor in loan qualification;
registration may result in betier and more-
tlexible financing terms. nvestment bank-
ers are looking at 150 14000 as it relates to
merger and acquisition activities. Finally
150 1400 may hecome an important stan-
dard of due diligence in legal actions, since
it establishes a track record ol consistent,
good faith efforts 10 manage environmen-
tal performance.

What about the downsides of [503 14000?



Certainly, implementing the standards re-

quires a significant commitment of per-
sonnel resources. Alier registration, regu-
lar audits require ongoing—alheit much
smalicr—ellorts. The standards also re-
quire significanl documentation. And this
documentation, although advaniageous
from information management and opera-
tions points of view, could be misinter-
preted. As MIPHCO Flegel paints out, an
150 14000-driven EMS wilt do a good job
ol documenting any operational noncon-
formances. A nonconformance s not nei
e==arily a regulaiory noncompliance, but
that distinction might not be clear 10 =ume
outside the field. In addition, some observ-
crs have suggested that 1500 audit dosu-
ments might be used out of context by an
adversarial party in litigation.

Focusing on the best possible EMS

1503 14000, in the end, i= a tool. U'neer-
winties remain as to whether it will even-
tually be embraced as the best possible
tool for evaluating and improving a ultil-
ity's EM~ and whether it will conler com-
petitive advantage. These uncertaintics
should not obhscure the fact thai—I1501
14000 aside

an effective, comprehensive,

At Niagara Mohawk's Dunkirk steam station,
on-site water treatment is performed to meet
the requirements of the plant’s discharge
permits. For ISO 14001 registration, a facility
must meet all relevant regulatory and legal
requirements; periodic assessments ensure
conformance. Whether a plant chooses to
minimize environmental impacts even further
is a decision made by management during
the targets and objectives phase of the ISO
14001 process.

and well-integrated EM&H will witheut
question improve a utility’s bottom line, iis
environmental performance, its market
position, and its relations with important
stakeholders.

EPRI has a range of products © help
members plan and develop the best possi-
ble EMS. These include waste-accounting
tools, guidelines for managing chemicals
and minimizing waste, and methods lor
benchmarking and iracking environmental
performance. The Lile-Cycle £ oal Manage-
mient System helps strike an optimal bal-
ance between environmental concerns and
econamic realities, enabling utilities to be-
come both cleaner and more competitive.

For 1998, EPRI% Pollution Prevention
and Environmental Excellence Target has
evolved into an Environmental Asset Man-
agement program—a development retlect-
ing a shift in focus [rom simple pollution
prevention toward helping members man-
age their envirommental assels as corpo-
rate business assets. In addition to provid-

ing wols and methodologies, EPRI will

continue to track the de-
velopment ol 150 14000
standards, as well as evilv-
ing market and regulatory
responsrs

In three o five years,
many ol the remaining
uncertainties about 150
14000 will probably he
ironed out. For some util-
ities, especially those 1that
already have robust envi-
ronmental programs in
place, the benefits of im-
14000
may already outweigh the

plementing 150
costs, and it may ni
make sense to wait wnlil
all the answers are in. For
utilities that do choose ta wait, taking a
hard look now at their existing EM&s and
henchmarking them against 1507 14000
standards may prisve 1o be a highly valu-
ahle exercise, This process will allow them
o identily and implement improvements
in their EMSs and alze 10 position them-
sclves 1o make the move ux 1501 14000 if
it eventually does, as Wisconsin Eleetric
Powers Brian Borofka says, “become the
gold siandaril for the industry.” ]

Further reading

SO 14000 Environmental Management Standards:
impact on the US. Utility Industry. EPRI White
Paper. March 1998,

1SO 14000 Standards for Environmental Manage-
meni. £PRI Issue Brief PS-109185.

Begley, Ronald."Value of ISO 14000 Management
Systems Put to theTest.” Environmental Science &
Technology, Yol. 31, No. 8 (August 1997), pp.
364A-366A.

“Digging Into Pollution Prevention.” EPA! fournal,
Vol. 18, No. 6 (September 1993), pp. 6-13.

Ont-line resources
1SO 14000 InfoCenter: www.iso14000.com

Articles and case studies on 1SO 14000 and EMSs:
www.trst.com

SO Web site: www.iso.ch

Forum far environmental groups interested in 1SO
14000: www.ecologia.org

Subscription-based service maintained by the
nonprofit Global Environment and Technology
Foundation: www.iso14000.net

Bag kground information fow this article was provided
hy Winston Chow, Produci Line Managentent Divi-
sion, and Paul Raddliffe and Mary M cara, Environ-
meat Division
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Aerosol Duct Sealing
Goes Commercial After
Successful Field Tests

eaks in residential air ducts cost L5

homeowners =ome $5 hillion a year
and can result in the loss of nearly a quar-
ter of the energy used 10 heat and cool
homes. Time-consuming conventional

leak repair—which requires testing the

ductwerk, paiching with mastic and duct
tape, and then retesting to make sure leaks
are sealed—is only ahout 60% eflective.

An innovative, cost-eflective technol-
ogy (hat pronises to greatly reduce
leakage rom heating and cooling ducis
in residential buildings is entering the
commercial market after succes=ful field
tests in about 1wo dozen homes hy EPRI
and several member utitities. The tech-
nology, aerosol ducl sealing, was con-
ceived and patented by Lawrence Berke-
ley Mational Lahoralory scientist Mark
Modera. It was developed and tesied
with support from EPRI, the California
Inatitute for Energy Elficiency, the LI 5,
Environmental Protection Agency, and
the U.5. Depariment of Energy.

Aeroseal, Inc.—an Austin, Texas,
startup company in which Medera = a

principal—is now marketing the technol-
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In the Field

Demonstration and application of EPRI science and technology

ogy 1o wtilities and other potential users.
Meanwhile, EPRI is looking for some
half-dozen member companies that are
interested in participating in a tailored
collaboration project to apply the tech-
nology. “Aerosol sealing could save
homeowners up (o $300 annually en
utility bills and could increase comfort
as 4 result of more-even heating and
cooling throughout a home,” says
John Kesselring, EPRYs manager
for customer heating and cooling
systems.

In the aerosol sealing procisss
fine adhesive particles are sprayed
into heating and cooling ducts. A
fan suspends the particles in the
airsiream so that they don't stick to
duct walls. As the airstream turns
sharply through holes in the duct
walls, the sticky particles adhere to
the edges of the holes and build up
seals. Leaks as large as 1 inch in
diameter can be sealed in this way.
The adhesive sealant used is com-
mercially available and environmen-
tally [riendly. The technology has been

judged safe by Underwriters Laborataries

and by Lawrence Berkeley's indoor envi-
ronment program.

tn the lield tests, 23 homeowners in six
slates gave researchers free rein to deter-
mine how well the duct
sealing technelogy per-
formed in their himes,
which represented various
construction and hasement
types. Logistical suppert
[or the 1ests was provided
by Linergy L.orporalion’s
Pl Energy; GPU subsidi-
arie= Pennsylvania Electric
and Metropolitan Edizon:
OG+E Eleclric hervices;
and Western Massachuseits
Eleciric, a subsidiary of
Mortheast Lhilities, n the
tests, miore than 80% of

supply duct leaks and 70% of return duct
leaks were sealed within two hours, com-
pared with the several hours that would
be required with conventional methods.
A brochure (BR-107894) on the technol-
ogy i= available from the EPRI Distribu-
tion Center, {510) 934-4212.

m For more information, contact john
Kesselring, (650) 855-2902.

Seismic Testing Program
Shakes Out Savings

n the past three years, 14 utilities that
I operate nuclear plants have shared
more than $2.4 million in savings on the
seismic qualification of over 500 equip-
ment items, thanks to a program man-
aged by EPRI Plant Support Engineer-
ing (PSE) in Charlotie, Morth Carolina.
Known by its acronym—5QURTS, for
seismic qualification reporting and
lesting slandardization—the program
was created (o increase dala sharing,
standardize est procedures, reduce
costs, and shorten schedules lor seismic
qualilication testing. The program now
has 22 wtility participants.

“Qur wosts for seismically qualifying

clectrical items dropped cramatically as
a result of using the SQURT= program,”




says David Lindley, a seismic engineer at
Carolina Power & Light.

Utilities must seismically qualily new
equipment flems that are not identical
to the ohsolescent parts being replaced.
Belore SQURT# was established, imany
different technical requirements and re-
sponse spectrums were used in perform-
ing qualification te=ts, and test results
were reported in various customized
formats. There was onlv limited sharing
of results between utilities. The high cost
of seismic 1esting and the time required
often made such testing a last resor
among available qualification methods.

SQURTS has already achieved its ini-
lial goals: Civer the past three years, it
has established a 15-g (esting response
spectrum, 33 standlard funetional and
seismic testing procedures, and a uni-
form reporting format. These standards
have driven down the cost of 1esting and
increased the usefulness of the results.
They have alzo reduced the witility effor
required 10 generate lesl plans and
accept reporis.

Test items from member utilities are

assernbled and tested on a six-wecek cycle.

Fach tes1 sequence is witnisssed by a
SQURTS utility test representative, who
gains substantial experience and insight
on equipment seismic response. For
emergency work, utilities may use the
%QURT?A process (o accelerite the quali-
fication of schedule-critical iteni=.

®ne 5QLRT= member utitity that has
tracked the program® impact on equip-
ment dedication cost= for electrical items
requiring seismic qualification reported
net savings of $375,000 over a two-year
period.

The SQLIRT= library a the PSE center
in Charlotte currendy has qualification
reports on over 500 items, =QURTH
members can reduce future testing by
procuring items covered by the reports.
= For morc information, contact Leonarid
Loflin, (704) 547-6010.

Medium-Voltage Transfer
Switch Keeps Ford Parts
Plant Humming

or more than a year, 2 Ford Malor
F Company parts plant that is a critical
link in the awtomaker’s just-in-time inven-
Lory system has avoided the voltage sags
and momentary power disturbances that
previously caused costly and crippling
production shutdowns. The reason for
the change is a new solid-state, medium-
voltage subgycle toad wransfer switch
developed lor EPRI and now available
from PowerDigm Systems of Baltimore.
Detroit Edison installed the thyrisior-
hased switch under a tailored collabora-
tion project with EPRI and has alzo
upgraded feeder lines to the industrial
substation at Ford's million-square-foor
Sheldon Rowd plant,

In response 1o voltage sags or other
diswurbances, the solid-staie switch can
transfer the plants elecirical load from
one feeder line to ancther in 4 millisec-
onds, or a= little as one-quarter of one
cycle of 60-Hz alternating current. Con-
ventional imotor-operated switches, in

contrast, requirg several cycles to com-
plete such a transfer.

A5 a result of the switch's high-speed
load transfer capability, disturbances
that previously could lead 10 a plant-
wide shutdown, with ripple eflects
throughout Ford’s production system,
no longer disrupt produition. The instal-
lation’s success is saving Detroit Edison
approximately $430,000 a year in service
guaranice payvments and is helping the
wility retain the Ford plant as a valued
customer,

With the Sheldon Road plant instal-
lation, Detroit Edison became one of
the first utilities in the country to imple-
ment this Custom Power product for
improving customer service reliability
and power quality. EPRI is developing
a variety of Custom Power Lools that
provide utilities with new ways to iso-
late faults and mitigate electrical distur-
bances on distribution systems,

m For more information, cantact Dave
Richardson at EPR1, (650) 855-2331. For
informarion specifically on ordering, con-
tact Todd Evdy at PowerDigm Systems,
(410) 265-4800.
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New
Technical
Reports

Requests for copies of reports shoutd be directad
to the EPRI Distribution Center, 207 Coggins
Drive, PO. Box 23205, Pleasant Hill, Califormia
943523; (510} 934-4212.

ENERGY CONVERSION

Condensate Polishing Guidelines for PWR
and BWR Plants: 1997 Revision
TR-101942-R), Final Report

EPRI Project Manager: P. Frattini

Soil-Structure Interaction Analysis Incorpo-
rating Spatial Incoherence of Ground
Motions

TR-102631, Final Report

EPRI Project Manager: H. Tang

Predictive Maintenance Guidelines, Vol. 2
TR-103374-V2, Final Report
EPRI Project Manager: R. Pflasterer

Qualified Life of Main Steam Isolation
Valves

TR-105416, Final Report

EPR! Project Manager: J. Carey

Evaluation of Stress Intensification Factors
for Circumferential Fillet-Welded or Socket-
Welded Joints

TR-106415, Final Report

EPRI Project Manager: S. Gosselin

Stress Intensification Factors and Flexibility
Modeling for Concentric and Eccentri¢
Reducers

TR-106416, Final Report

EPRI Project Manager: S. Gosselin

Analysis of Steam Generator Tubing From
Crystal River, Unit 3

TR-106483, Final Report

EPRI Project Manager: A. Mctiree

State of the Art of Fue) Cell Technologies
for Distributed Power: Technical and
Strategic Assessment of Products, Markets,
and Retail Competitiveness

TR-106620-R}, Annual Update

EPRI Project Manager: D. Rastler

Evaluation of a Hydrogen Sensor for
Nuclear Reactor Containment Monitoring
TR-106818, Topical Report

EPRI Project Managers: J. Hosler, R. James

Calvert Cliffs Nuclear Power Plant License
Renewal Application Technical Basis
TR-106843, Interim Report

EPRI Project Manager: J. Carey
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Preventive Maintenance Basis: Project
Overview Report

TR-106857, Final Report

EPRI Praject Managers: R. James, J. Gisclon

ORAM-SENTINEL User's Manual, Version 3.0:
Al Modes Maintenance and Safety Func-
tion Advisor

TR-107018, Final Repert

EPRI Project Manager: P. Kalra

in-Situ Coating of Condenser Tubes as an
Alternative to Retubing

TR-107068, Final Report

EPRI Project Manager: 1. Tsou

Field Evaluation of the 200-kW PAFC Unit
at the Pittsburgh Internationat Airport
TR-107126, Fina! Report

EPRI Project Manager: ). O'Sullivan

Plant-Specific Optimization of LWR Water
Chemistry

TR-107329, Finai Report

EPRI Project Manager: P. Millett

Generic Requirements Specification for
Qualifying a Commercially Available PLC
for Safety-Related Applications in Nuclear
Power Plants

TR-107330, Final Report

EPRI Project Manager: ). Naser

The Boraflex Rack Life Extension Computer
Code {(RACKLIFE): Theory and Numerics
TR-107333, Final Report

EPRI Project Manager: O. Ozer

BADGER: A Probe for Nondestructive
Testing of Residual Boron-10 Absorber
Density in Spent-Fuel Storage Racks—
Development and Demonstration
TR-107335, Topical Report

EPRI Project Manager: O. Ozer

Evaluating Commercial Digital Equipment
for High-Integrity Applications

TR-107339, Final Report

EPR! Project Manager: R. Torok

Use of FatiguePro Fatigue Monitoring
System for Evaluation of Local Plant
Instrument Data

TR-107534, Final Report

EPRI Project Manager: 5. Gosselin

DEFECT {Defective Fuel Element Code-T},
Vois. 1-3

TR-107887-V1-V3, Final Report

EPRI Project Manager: S. Yagnik

Trojan PWR Decommissioning: Large
Component Removal Project
TR-107918, Final Report

EPRI Project Manager: C. Wood

Preventing Biogas Generation in Low-Level
Waste

TR-107933, Interim Report

EPRI Project Manager: C. Hornibrook

1&C Upgrades for Nuclear Plants: Desk
Refevence 1997

TR-107980, Final Report

EPRi Project Manager: R. Torok

PWR Fuel-In Full Reactor Coolant System
Decontamination Qualification
TR-107986, Final Report

EPR! Project Manager: H. Ocken

Performance of NOREM Mardfacing in Plant
Valves: in Situ Application and Leak Rate
Testing of Feedwater Check Valves
TR-107987, Final Report

EPRI Project Manager: H. Ocken

Radiation Field Control Manual: 1997
Revision

TR-107991, Final Report

EPRI Project Manager: H. Ocken

Operating Limits for Silica, Calcium,
Aluminum, and Magnesium in PWRs
TR-107992, Final Report

EPRI Project Manager: P. Frattini

Design and Testing of a Landfil} Gas
Cleanup Systemn for Carbonate Fuel Cell
Power Planss, Vol. 1

TR-108043-V1, Final Report

EPR| Project Manager: 0. Herman

Design and Testing of a Landfill Gas
Cleanup System for Carbonate Fuel Cell
Power Plants, Vol. 2: Full-Scale System
{Proprietary)

TR-108043-V2, Final Report

EPRI Project Manager: D. Herman

Use of Spray Dryer By-Product in Road
Construction: Minnesota Demonstration
TR-108402, Final Report

EPRI Project Manager: D. Golden

Proceedings: Fifth International Conference
on Fossil Plant Cycle Chemistry

TR-108459, Proceedings

EPRi Project Manager: B. Dooley

State of Knowledge of Copper in Fossil
Plant Cycles

TR-108460, Final Report

EPRI Project Manager: B. Dooley

Use of Incremental Pricing in Coal Supply
and Transportation Agreements to Achieve
Power Sales

TR-108476, Final Report

EPRI Project Manager: J, Platt

Predicted Tube Degradation for Westing-
house Models DS and F Type Steam
Generators

TR-108501, Final Report

EPRI Project Manager: A. Mcliree

Pacific Gas and Electric Company’s
Advanced SCR Pilot Plant
TR-108525, Final Report

EPR! Project Manager; K, Zammit



Assessment of Thermai Loading Strategies
for the Yucca Mountain Site

TR-108537, Final Report

EPRI Project Manager: J. Kessler

Advanced Gas Turbine Guidelines:
Summary of Overall Operating History
and Experience From GE 7F in Peaking
Operation (EPRI Durability Surveillance at
PEPCO Station H)

TR-108607, Final Report

EPR!I Project Manager: G. Quentin

Laboratory Investigation of Sediment
Control at Riverside Water Intakes
TR-108621, Final Report

EPRI Project Manager: J. Tsou

Guidelines for the Selection, Use, and
RKandling of High-Temperature
Insulation

TR-108622, Final Report

EPRI Project Manager: J. Tsou

Turbine Entrainment and Survival
Database; Field Tests

TR-108630, Final Report

EPRI Preject Manager: C, Sullivan

High-Resolution Superconducting
Magnetometry for Nondestructive
Evaluation

TR-108649, Final Report

EPRI Project Manager: J. Stein

Stator Bar Wetness Detector
TR-108733, Final Report
EPRI Project Manager: ), Stein

Muitipurpose Canister Program in Retro-
spect: Perspective and lssues

TR-108736, Fina!l Report

EPRI Project Manager: O. Ozer

Corrosion Studies for Low-NO, Burner
Technology

TR-108750, Topical Report

EPRI Project Manager: W. Bakker

Design of the Fork+ Burnup Measurement
System

TR-108759, Fina! Report

EPRI Project Manager: O. Ozer

Validation of EPRl Mathodoalogy for
Analysis of Spent-Fuel Cask Drop and
Tipover Events

TR-108760, Final Report

EPRi Project Manager: O, Ozer

A Synopsis of the Technology Developed
to Address the Boraflex Degradation
Issue

TR-108761, Final Report

EPRI Project Manager: O. Ozer

Electric Motor Predictive Maintenance:
Draft Guidelines

TR-108773-V1, Final Report

EPRI Project Manager: J. Stein

Achieving an Effective Living Maintenance
Process: A Handbook to Optimize the
Process and Keep It That Way

TR-108774, Final Report

EPRI Preject Managers: R. James, J. Gisclon

Hot-Cell Postirradiation Examination of
Dresden-2 Fuel and Water Rods After Four
Cycdles of Hydrogen Water Chemistry
TR-108782, Final Report

EPR! Froject Manager: B. Cheng

Impact of PWR Primary Chemistry on
Corrosion Product Deposition on Fuel
Cladding Surfaces

TR-108783, Final Report

EPRI Project Manager: 8.Cheng

Requirements Engineering for Digital
Upgrades: Specification, Analysis, Tracking
TR-108831, final Report

EPRI Project Manager: R. Torok

improved Water Jet Performance for Steam
Generator Upper Bundle Hydraulic
Cieaning

TR-108857, Final Report

EPRI Project Manager: R. Thomas

Proceedings: 16th Steam Generator NDE
Workshop

TR-108858, Proceedings

EPRI Preject Manager: M, Behravesh

Internal Combustion Engine Advances for
Distributed Generation Markets
TR-108861, Final Report

EPR! Preject Manager: D. Rastler

State-of-the-Art Assessment of Advanced
Combustion Turbines for Distributed
Generation Markets

TR-108862, Final Report

EPR! Praject Manager: D. Rastler

PISCES Water Characterization Fietd Study,
Vols, 1-2: Sites A and B

TR-1088%0-V1-V2, Final Report

EPR} Project Manager: P. Chu

Water Treatment for Wet Electrostatic
Precipitators; Conceptual Design
TR-108926, interim Report

EPRI Project Manager: R. Altman

Infrared Thermography Anomalies
Manual

TR-108935, Final Repart

EPRI Project Manager: R. Pfiasteret

Biomass Cofiring Guidelines
TR-108952, Fina!l Report
EPR! Project Manager: E. Hughes

Evaluation of Advanced Filters for Compact
Baghouse Applications, Vol. 1z P84/Ryton
Composite Felt

TR-108980-V1, Topical Report

EPRI Project Manager: R. Chang

Evaluation of Advanced Filters for Compact
Baghouse Applications, Vol. 2: CeraMem
Ceramic Filters

TR-108980-V2, Topical Report

EPRI Project Manager: R. Chang

Analysis of Cobalt Deposition Mechanisms
In the Primary Coolant System of PWRs
TR-109006, Final Report

EPR! Project Manaeer: H. Ocken

Flue Gas Conditioning Trial at Rochester
Gas and Electric Russell Station
TR-109011, Topical Report

EPRi Project Manager: R. Chang

Ful-Scale Demonstration of a New Flue Gas
Conditioning Technology for Hot-Side ESPs
TR-109012, Topical Report

EPR! Project Manager: R. Chang

EPRI SCR Pilot Program at NYSEG's Kintigh
Power Station

TR-109039, Final Report

EPR! Project Manager: K. Zammit

Development of New Industrial Ashalloy
Material Using Fly Ash Cenospheres
TR-109042, Final Report

EPRS Project Manager: D. Golden

Assessment of Distributed Resources:

A Case Study for Tri-State Generation and
Transmission Association, Inc,

TR-109043, Final Report

EPRI Project Manager: D. Herman, D, Rastler

Assessment of PWR Fuel Cladding Corro-
sion for Extended-Cycle Operation
TR-109047, Final Report

EPR! Project Manager: B. Cheng

Environmentally Assisted Fatigue Crack
Initiation in Low-Allay Steels

TR-108051, Final Report

EPR! Preject Manager: R. Pathania

Photovoltaic Application Experience
Workshop Results (August 1997; Denver,

Colorado}

TR-109088, Final Report
EPRI Project Manager: F. Goodman

FGD Mist Eliminator Replacement Guide

TR-109108, Final Report
EPRI Project Manager: R. Rhudy

ENERGY DELIVERY AND UTILIZATION

Control Center Advisor for Load Manage-
ment (C2ALM)

TR-105187-R1, Final Repert

EPRI Project Manager: R. Adapa

Commercial Kitchen Ventilation Perfor-
mance Report, Vol. 13: Two Gas Prassure
Fryers Under Wall-Mounted Canopy Hood
TR-106493-V13, Fina! Repert

EPRI Project Manager: W.Krill
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Commercial Kitchen Ventitation Perfor-
mance Report, Vol. 14: Electric Combination
Oven Under Wall-Mounted Canopy Hood
TR-106493-V 14, Final Report

EPRY Project Manager: W.Krill

Commercial Kitchen Ventilation Perfor-
mance Report, Vol 15: Gas Combination
Oven Under Wall-Mounted Canopy Hood
TR-106493-V15, Final Report

EPRI Project Manager: W. Krill

Commercial Kitchen Ventilation Petfor-
mance Report, Vol. 16: Gas Underfired
Broiler Under Wail-Mounted Canopy Hood
TR-106493-V16, Final Report

EPRt Project Manager; W. Krll

Longitudinal Loading and Cascading
Failure Risk Assessment (CASE), Vol. 2:
Advanced Methods

TR-107087-V2, Final Report

EPR! Project Manager: P. Lyons

Longitudinal Loading and Cascading
Failure Risk Assessment {CASE), Vol. 3:
Wood H-Frame Tests

TR-107087-V3, Fina! Report

EPRI Project Manager: P. Lyons

Longitudinal Loading and Cascading
Failure Risk Assessment (CASE), Vol. 4:
Steel Pole Tests

TR-107087-V4, Final Report

EPRE Project Manager: P, Lyons

Fast-Food Restaurants Computer
Simulations, Vol. 11: Cleveland, Ohio
TR-107205-V11, Final Report

EPRI Project Manager: K. Johnson

Fast-Food Restaurants Computer
Simulations, Vol. 12: Teledo, Ohio
TR-107205-V12, Final Repont

EPRI Project Manager: K. Johnson

Fuli-Menu Restaurant Computer
Simulations, Vol. 11: Cleveland, Ohio
TR-107282-V11, Final Repont

EPRI Project Manager:K. Johnson

Evaiuation of Distribution System
Capacitor Switching Concerns
TR-107332, Firal Report

EPRI Project Manager: D, Richardson

Guide to Successful Implementation
of Coof Storage Projects

TR-107338, Final Report

EPRI Project Manager: M. Khattar

Measured Heating System Efficiency
Retrofits in Eight Manufactured {HUD-
Code} Homaes

TR-107737, Fina! Report

EPRI Project Manager: J. Kesselring
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Reliability-Centered Maintenance (RCM)
Technical Reference for Power Delivery
TR-108068, Final Report :
EPR! Project Managers:P. Lyons, H. Ng, D. Von
Dollen, P.Vujovic

Reliability-Centered Maintenance (RCM)
Technical Reference for Power Delivery:
Software User Manual

TR-108076, Final Report

EPRI Project Manager: P. Lyons

Laterally Loaded Rock-Socketed Founda-
tion Research

TR-108254, Final Report

EPRt Project Manager: A, Hirany

Non-Intrusive Appliance Load Monitoring
System (NIALMS): Beta Test Resuits
TR-108419, Final Report

EPRI Project Manager: L. Carmichael

Application of FACTS Devices to Increase
the New Yark State Central-East/Total-East
Interface Transfer Limits

TR-108505, Final Report

EPR! Project Manager: R. Adapa

Effect of Grout Thermal Conductivity on
Vertical Geothermal Heat Exchanger Design
and Performance

TR-108529, Final Report

EPRI Project Manager: C. Hiller

Application of EPRI's Transmission Reliabil-
ity Evaluation for Large-Scale Systems
{TRELSS) Program to BPA System
TR-108815, Final Report

EPRI Project Manager: R. Adapa

Nonlinear Analysis Methods for Sustained
Interarea Oscillations

TR-108821, Final Report

EPRI Project Manager: O. Sobajic

Geothermal Heat Pump Potassium Anti-
freeze Corrosion and Thread Sealants Study
TR- 108860, Final Report

EPR! Project Manager. C. Hiller

Guide for Application of Transmission Line
Surge Arresters; 42-230 kV

TR-108913, Final Report

EPR! Project Manager: 8. Clairmont

Soil Thermal Properties Manual for Under-
ground Power Transmission: Therma! Prop-
erty Measurements, Thermal Stability, and
the Use of Corrective Thermal Backfills
TR-108919, Fina! Report

EPRI Project Manager: T. Rodenbaugh

Fiber-Optic Cables in Qverhead Transmis-
sion Corridors: A State-of-the-Art Review
TR-108959, Final Report

EPRI Project Manager: A, Hirany

Disaster Planning and Mitigation Technol-
ogy: Interim Technology inventory Report 1
TR-108972, Interim Report

EPRI Project Managers: R. Bernstein, J. Oggerino

Using Activity-Based Costing to Manage
Profitability in the Energy Services Industry
TR-108983, Final Report

EPRI Project Manager: P. Meagher

Proceedings: Manhole Event Workshop
{August 1997; Lenox, Massachusetts)
TR-109109, Proceedings

EPRI Projact Manager: R, Bernstein

Residential Microwave Clothes Dryer:
Market Potential and Positioning
TR-109116, Final Report

EPRI Project Manager: T. Henneberger

Deep Cable Ampacities: Guidelines for
Calculating Ampacities of Cables Instaited
by Guided Boring

TR-109205, Final Report

EPRI1 Project Manager: 7. Rodenbaugh

Transients on Traasmissjon Systems:
500-kV Line Monitoring and Staged
Switching Tests

TR-109231, Fina! Report

EPRI Project Manager: M, Wilhelm

Evaluation of ASD Systems for Electric
Arc Furnace and Argon Oxygen Decarbur-
ization Refiner Baghouse Fans

TR-109254, Final Report

EPRI Project Manager: B. Banerjee

Gas Pipeline ASD Application Study
TR-109255, Final Report
EPRI Project Manager: 8. Banerjee

Charging Circuit Interrupting Device Test
and Evajuation: Field Test of Level 2
Connecting Equipment

TR-109366, Final Report

EPRI Project Manager: L. Sandell

Data Mining: An Introduction
TR-109453, Final Report
EPRI Project Manager: S. Kondepudi

Substation Integrated Protection, Control,
and Data Acquisition: Utility Communi-
cations Architecture—Interoperability
Test Plan

TR-109474, Interim Report

EPRI Project Manager: J. Melcher

Enhancements to ANNFTLF, EPR!'s Short-
Term Load Forecaster

TR-109482, Final Report

EPRI Project Manager: D. Maratukulam

ENVIRONMENT

Life-Cycle Cost Management, Vols. 4 and S
TR-105443-V4-V5, Final Report
EPRI Project Manager: M. MclLearn

Field Evaluation of Comanagement of Util-
ity Low-Volume Wastes With Righ-Volume
Coal Combustion By-Products: CL Site
TR-108242, Final Report

EPRI Project Manager: |. Murarka



Use of a Spreadsheet Program for Modeling
the Interaction of Low-Frequency Electric
and Magnaetic Fields With Biological Objects
TR-108473, Final Report

EPRI Project Manager: C. Rafferty

Developmental Toxicology Study in Rats Ex-
posed to 60-Hz Horizontal Magretic Fields
TR-108546, Final Report

EPRI Project Managers: C. Rafferty, R, Black

Source Reduction Demonstrations for
Utitity Wastes, Vols. 1-2
TR-109009-V1-V2, Final Report

EPRI Project Manager: ® Radcliffe

STRATEGIC SCIENCE AND TECHNOLOGY
Corrosion Fatigue of Water-Touched Pres-
sure Retaining Components in Power Plants
TR-106696, Final Report

EPRI Project Managers: B. Dooley, R. Pathania

CHAT Plant High-Temperature High-
Pressure Expander

TR-108518, Final Report

EPRI Project Manager: A, Cohn

Testing Methods for Prediction of Onset
of Interarea Spiit in a Full-Scale Real-
World Context

TR-108533, Final Repert

EPRI Project Manager: D. Sobajic

Water Recovery From Humidified Power
Cycles

TR-108545, Final Report

EPR! Project Manager: A. Cohn

Energy Storage in a Restructured Electric
Utility industry

TR-108894, Final Report

EPRI Project Manager: S. Eckroad

Moisture Nucleation in Steam Turbines
TR-108942, Proceedings
EPRI Project Managers: B. Dooley, T, McCloskey

Studies on the Mechanism of EMF interac-

tions With Cells: Cellular Stress Response in
Magnetic Fields, and Electric and Magnetic
Signal Transduction in a Membrane Protein
TR-108947, Final Report

EPR! Project Manager: C Rafferty

Review of Type IV Cracking in Piping Welds
TR-108971, Final Report
EPRI Project Manager: R. Viswanathan

Proceedings: Steam Turbine Stress Corro-
sion Workshop

TR-108982, Proceedings

EPRI Project Manager: R. Viswanathan

Proceedings: Year 2000 Emhedded
Systems Workshop

TR-109135, Proceedings

EPR! Project Manager: ). Weiss

Orders far EPRI-developed software should be di
rected te the Electric Power Software Center,

11025 Narth Torrey Pines Road, La Jolla, California
92037; (800} 763-3772

CORETRAN-01

Version 1.41 {HP-UX)

Division: Energy Conversion

EPR! Project Manager: Lance Agee

CPM-3: Core Physics Module
Version 1.00 (Windows)

Division: Energy Conversicn

EPRI Project Manager: Jason Chao

Electricity Book

Version 0.7 {Windows}

Division: Energy Delivery and Utilization
EPRI Project Manager: Art Altman

EOQOS: Risk and Reliability Workstation
Module

Version 2.6a (Windows)

Division: Energy Conversion

EPR! Project Manager: Frank Rahn

ESPRE: EPRI Simplified Program for
Residential Energy Analysis

Version 3.0 (FC-00S)

Division: Energy Delivery and Utilization
EPR! Project Manager: Kar! Jehnson

GTOP™ (Gas Turbine Overhaul Plan)
W5015C

Versien 0 (Windows)

Division: Energy Conversion

EPRI Project Manager: Robert Frischmuth

NO, LOI Predictor

Version 1.1 {Windows)

Division: Energy Conversion

EPRI Project Manager; Jeff Stallings

ORAM-SENTINEL

Version 3.0 (Windows)

Diviston: Energy Conversion

EPRI Project Managers: S. Fal Kalra, Jeff Mitman

PISCES: Power Piant Chemical Assessment
Model

Version 2.0 (PC-Windows)

Division: Energy Conversion

EPRI Project Manager: Barbara Toole O'Neil

PQDB: Power Quality Database
Version 1.0 (Windows)

Division: Energy Delivery and Utilization
EPR! Project Manager: Sid Bhatt

PQDS {Power Quality Diagnostic System}:
Event Madification Module

Version 1.0 {Windows)

Division: Energy Delivery and Utilization
EPR! Project Manager: Sid Bhatt

PQDS: Measurement Module

Version 1.0 {Windows)

Division: Energy Delivery and Utilization
EPRI Project Manager: Sid Bhatt

PQT8 (Power Quality Toolbox): Voitage
Sag Analysis Module

Versian 1.0 (Windows)

Division: Enargy Delivery and Utilization
EPRI Project Manager: Sid Bhatt

PQTB: Wiring and Grounding Analysis
Module

Version 1.0 (Windows)

Division: Energy Delivery and Utilization
EPRI Project Manager: Sid Bhart

RBR: Regulatory and Administrative
Burden Reduction

Version 1.1 (Windows)

Division: Energy Conversion

EPRI Project Manager: Frank Rahn

RCM Technical Reference for

Power Delivery

Version 1.0 {Windows)

Division: Energy Delivery and Utilization
EPRI Project Manager: Paui Lyons

RCM Workstation for Power

Delivery

Version 1.0 (Windows)

Division: Energy Defivery and Utilization
EPR! Project Manager: Paul Lyons

SCAAD: Strategic Capacity and
Analysis Database

Version 2.0 (Windows)

Division: Energy Conversion

EPRI Project Manager: Robert Frischmuth

SDWorkstation: Substation Design
Workstation

Version 1.1 (Windows)

Division; Energy Delivery and Utilization
EPRI Project Manager: Ben Damsky

TiM (Transmission Inspection and
Maintenance) System

Version 1.8 (Windows NT; Windows 95)
Division: Energy Detivery and Utilization
EPR! Project Manager: Paul Lyons

TLWorkstation™: Transmission Line
Workstation

Version 3.0 (PC-Windows)

Division: Energy Delivery and Utilization
EPRI Project Manager: Anwar Hirany

TRUE: Total Risk of Utility Emissions
Version 1.2 (Windows)

Division: Environment

EPRI Project Manager: Leonard Levin

UTWorkstation™ (Underground
Transmission Workstation): ACE
(Alternate Cable Evaluation)

Version 3.0 (Windows)

Division: Energy Delivery and Utilization
EPR! Project Manager: Tom Rodenbaugh
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EPRI Events

MAY

4-8

Cyclone Boiler Unit Operations
Kansas City, Missouri

Contact: Melanie Moore, (800) 745-9982

5-6

Secondary-Cable Workshop

Charlotte, North Carofina

Contact; Kathleen Lyons, (650) 855-2656

s-7

Vibration Analysis

San Antonio, Texas

Contact; Melanie Moore, (800) 745-9982

6-8

Generator Operation,
Troubleshooting, and Maintenance
Course

San Antonio, Texas

Contact; Melita Guetlert, (650) 855-2010

6-8

Internet for Plant Automation
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982

11-12

Continuous Emissions Monitoring
Program {Part 75) Audit Training
Course

New Orleans, Louisiana

Contact Michele Samoulides,

(650) 855-2127

11-12

Power Quality Opportunities in a
Changing End-Use Market

Knoxville, Tennessee

Contact: Martha Powers, (423) 974-8288

12-13

Plant Support Engineering Issues
Meeting

Charlotte, Narth Carolina

Contact; Brent Lancaster, (704) 547-6017

12-13

Power Plant Optimization Workshop
St. Louis, Missouri

Contact: Megan Boyd, (650) 855-7919

12-14

Agricultural Technology Alliance and
Food Technology Alliance Joint
Meeting

Memphis, Tennessee

Contact: Chuck Sopher, (703) 737-0401

12-15

Feedwater Heaters Short Course
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982

40 EPRIJOURNAL Maxch/April 1998

12-15

Hydrogenerator Maintenance Course
Atlanta, Georgia

Contact: Karen Goodeve, (416} 620-5600

12-15

Turbine Lube Oil/Electrohydraulic
Controls Working Group

Charlotte, North Carolina

Contact: Brent Lancaster, (704) 547-6017

13-15

MIDAS Training/Users Group

Phoenix, Arizona

Contact: Susan Marsland, (650) 855-2946

13-18

1998 CEM Users Group Meeting
New Orleans, Louisiana

Contact; Michele Samoulides,
{650) 855-2127

14-15

Seminar on the Prediction and
Mitigation of Severe Weather

Loads

Baltimore, Maryland

Contact: Kathleen Lyons, {650) 855-2656

17-20

International Ground-Source Heat
Pump Technical Conference
Stillwater, Oklahoma

Contact; Shelly Fitzpatrick,

(800) 626-4747

18-19

Chemical Decontamination
Conference

Greenville, South Carolina

Contact: Linda Netson,{408) 255-8079

18-19

OASIS Workshop

Danvers, Massachusets

Contact: Cindy Layman, {650) 855-8763

18-20

Advanced Pawer Quality Workshap
Knoxville, Tennessee

Contact: Martha Powers, (423) 974-8288

18-20

Joint DOE/EPRI/GRI Fuel Cell
Technology Workshop

San Francisco, California

Contact: Melita Guellert, (650) 855-2010

19-21

Simulator Acceptance Test Procedure
Workshop

Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

19-21

Vision at Low Light Levels
Ortando, Flerida

Contact; Larry Ayers, {800) 525-8558

27-29

Light Fair

Las Vegas, Nevada

Contact; Mark Gabriel, (650) 855-2660

JUNE

1-2

Symposium on improving Building
Systems

Fort Wornth, Texas

Contact; Mukesh Khattar, (650) 855-2699

2-5

Heat Exchanger Performanee
Prediction

Eddystone, Pennsylvania

Contact; Melanie Moore, (800) 745-9982

3

1998 Wires Conference and
Technology Expo

New Orleans, Louisiana

Contact: Melita Guellert, (650) 855-2010

8-11

PQA "98 Narth America

Phoenix, Arizona

Contact: Megan Boyd, (650) 855-7919

8-12

Structured On-the-Job Simulator
Training Program

Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

9-11

Prodictive Maintenanee Program:
Development and Implementation
Eddystone, Pennsylvania

Contact: Metanie Moore, (800) 745-9982

911

Steam Generator Strateglc
Management Workshop

Jackson Hale, Wyoming

Contact: Ulla Gustafsson, (650) 941-8552

9-12

Steant Turbine-Genarator
Maintenance and Inspection
Seminar

San Antonio, Texas

Contact: Pau! Sabourin, (704) 547-6155

9-12

3d International Workshop on
Welding and Repair Technology for
Power Plants

Scottsdale, Arizona

Contact: Brent Lancaster, (7G4) 547-6017

10

Water and Energy Conference

St Louis, Missouri

Contact: Kim Shilling, (314) 935-85%0



11-12

Plant Support Engineering SQURTS
Meeting

Richmond, Virginia

Contact: Brent Lancaster, (704) 547-6017

15-17

8th intarmational Joint 1SA
POWID/EPRI Controls Conference
Scottsdale, Arizona

Contact: Melita Gueilert, (650) 855-2010

15-17

Symposium on Balance-of-Plant

Heat Exchanger Nondestructive
Evaluation

Lake Tahoe, Nevada

Contact: Debbie Pascone, {704) 5476124

15-19

CHEC Users Group Mesting

Bellevue, Washington

Contact: Peggy Amann, (650) 855-225%

16

Pricing Strategy and Tactics Workshop
Washington, D.C.

Contact: Michele Samoulides,

(650) 855-2127

16

Value-at-Risk Workshop
Washington, D.C.

Contact: Michele Samoulides,
{650) 855-2127

16-18

Infrared Thermography: Level 3
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982

17-18

ProfitManager Training Workshop
Dallas, Texas

Contact; Lynn Stone, (972) 556-6529

17-19

Healthcare Initlative Conference
Memphis, Tennessee

Contact: Kelly Ciprian, (614) 855-1390

17-19

Innovative Approaches to Electricity
Pricing

Washington, D.C.

Contact: Michele Samoulides,

(650) 855-2127

18-19

ProfitManager Users Meeting
Dallas, Texas

Contact: Lynn Stone, (972) 556-6529

20-28

International Food Technology
Exposition

Atlanta, Georgia

Contact: Myron Jones, (650) 855-2993

21-23

Motor Rewind Seminar

Cleveland, Ohio

Contact: Melita Guellert, {650) 855-2010

22-24

Reactor Pressure Vessel Conference
Santa Fe, New Mexico

Contact: Susan Otto, (704) 5476072

22-26

Combined-Cycle Operstions for
Wtility Engineers

Castine, Maine

Contact: Sarah Vanberg, (816) 235-5623

23-25

Machinery Balancing Course
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982

23-25

Valve Packing: Application,
Configuration, Engineering

San Antonio, Texas

Contact: Melanie Moore, (800) 745-9982

25-26

EPR] Partnership for industrial
Competitiveness

Milwaukee, Wisconsin

Contact; Bill Smith, (650) 855-2415

25-26

3d National Green Power Conference
Sacramento, Caiifornia

Contact: Cindy Layman, (650) 855-8763

29-30

Ground-Penaetrating imaging Radar
Workshop

Ridgefield, Connecticut

Contact: Andrea Duerr, (650) 855-2719

30-July 2

6th Annual EPRI Terry Turbine Users
Group Meeting

Jackson Hole, Wyoming

Contact: Linda Suddreth, (704) 547-6061

JuLy

6-7

ServiceWster Assistance Program
Coordinators Meeting

Willlamsburg, Virginia

Contact: Brent Lancaster, (704) 547-6017

8-9

Improving Service Water System
Reliability

Williamsburg, Virginia

Contact: Brent Lancaster, (704) 5476017

13-14

3d international Conferenee on
Arsenic Exposure

San Diego, California

Contact: lanice Yager, (650) 855-2724

13-15

EPRIJASME Radwaste Workshop
Orlando, Florida

Contact: Michele Samoulides,
{650) 855-2127

13-17

Boiler Operating Theory
Fundamentals

Castine, Maine

Contact: Sarah Vanberg, {816) 235-5623

14-17

Machinery Alignment

Eddystone, Pennsyivania

Contact: Melanie Moore, (800) 745-9982

15-17

1998 Internationai Low-Level-Waste
Conference and Exhibit

Orlando, Florida

Contact: Michele Samoulides,

{650) 855-2127

20-22

Steam Turbine Performance
Monitoring and Diagnostics Course
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982

20-22

Technology Delivery Workshop
Denver, Colorado

Contact: Megan Boyd, (650) 855-7919

20-24

Drum Boller Unit Operations
Castine, Maine

Contact: Sarah Vanberg, (816) 235-5623

21

Extending Time Between Generstor
Inspections

Philadelphia, Pennsylvania

Contact: Jan Stein, (650) 855-2390

22-24

Power Plant Pumps Short Course
Eddystone, Pennsyivania

Contact: Melanie Moore, (800) 745-9982

27-3%

Supercritical Boller Unit Operations
Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

28-30

Fluid-Film Bearing Diagnossics
Eddystone, Pennsylvania

Contact: Melanie Moore, (800) 745-9982
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