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Editorial

Market Transformation: Learning to Like Our Vegetables

or many of us, vegetables are an acquired aste.

As children we may have been forced or bribed

to eal them, but as adults we've come w appre-
ciale them not only for their nuwritional vatue but for
their taste and the balance they bring w our meals.
Energy efficiency is in many ways the vegetable por-
tion of our energy consumpltion. We know its gisod lor
us, but we've typically been a lot more interested in the
other stull on nur plate—particularly, low eleciricity
hills and enough power on demand o run our increas-
ingly electric lilestvles. Lingler the highly regulated udil-
itv structure of the recent past. energy cfliciency was
managed by utilities, largely through demand-sicle
management (D3M) programs, The cost of these pro-
grams was recouped, with regulatory approval,
through rates:

fow, with power generation and cnergy services
quickly diverging and preparing (o operate in open,
competitive markets, new approaches are necded. While
D=&t programs wete eflective under regulation. they
have kew drawbacks in the emerging business environ-
ment. First, they typically involve short-lerm mar-
kering efforts with individual customers and depend
on financial incentives w keep program participants
interested. Efficiency gains tend o disappear when the
incentivis are drapped. Second, power providers have
no profit motive for encouraging energy elliviency un-
der an open market: its extremely dillicult 10 make
more money by selling less product. Mew aliernatives
to D54 must be firmly market-hased.

There is no wav 10 build a real market for energy
¢lliciency without translaling it into tangible henelits
that consumers can relate 1. Fortunately, energy elli-
cieney brings with it an enormous oppartunity: the
potential for a 20-40% reduction in cnergy consump-
tion carrie= a clear business advanlage lor anvone
who can make such elficiency gains work for the cus-
tomer's bottom line. The key is ©w understand market
transformation—the process ol making a fundamental
change in the market for energy-cfficient producis,
services. and practices in such a way that the change
hecomes permanent. =uppliers of gnergy and energy
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services who learn 10 use market transformation cffec-
tively will succeed in a competitive marketplace.

Some state regulators are anxious 10 find mecha-
nisms to accelerate the transflormation ol energy elfi-
ciency markets, and a lew states, including California,
are considering investing public lunds in privately man-
aged programs. In its most elfective form. this market
transformation approach is highly collaborative, involv-
ing cooperalivn among manufacturers, retailers, wuli-
ties, standards-setting organizations, government, anl
public-interest groups. Because the energy-efficient
technologies and methods produced in market trans-
fermation eflforts svnthesize detailed markel research
results with the concerns and innowvative ideas of many
participants upstream of the buving interface. they
tend 10 have a great deal of customer pull and a good
chance of establishing a permanent presence in the
markeiplace without the need lor ongoing incentivis

As this issue’s cover story illustrates, EPRI has incor-
porated market ransformation techniques lor many
years in its development and commercialization ol
advanced end-use technologies. [n addition, EPRI
recently joined with the Gias Research Institute and the
architect-engineering firm of Daniel, Mann, Johnson
& Mendenhall 1o form Global Energy Partners, a com-
pany designed to administer market transformation
prjests im behalf of s1ate regulatory agencies and
other similarly interested parties. Global Energy Part-
ners is looking forwaril 10 working with our members
or stakeholders to assisl in managing and administer-
ing market transformaticn. | belicve we are especially
well equipped 10 do this—our ellorts 1o create new
recipes for ellicient gnergy use in a broad range of ap-
plication= have been quile successful. And when you
succeed in developing palatable opiions, those vegela-
hles can go down very easily.

Clark W Gellings
Vice President. Client Relalions



Contributors

Selling Customers on Energy Efficiency (page =1
was written by science writer Christopher R. Pawicki,
with technical assistance from Marton Blau and
Jeremy Bloom.

MORTON BLATT, director of the Energy Delivery
and Ulilization Division, previously managed EPRIS
Residential wnd Small Commercial Busingss Linit. Be-
[ore coming 0 EPRL in 1983, he
was manager of end-use efficiensy
prigeams at Scicnoe Applications
Internaticnal Corporation. Blatt
holis a bachelors degree in me-

chamal engineering from Cooper
Union, an MS in industrial engineering from Mew
York University, and an %5 in business administra-
tion from San Diego State Lniversity

JEREMY BLOIM, manager of the market analysis
and resource management product line. joined EPRI
in 1992 to lead it= integrated resource planning pro-
gra, Befare that, he spent 10 years
a1 General Public Utilities, where
he specialized in demand-sicle plan-
ning, Blamu previsusly aught

operations research at Cornell Ling-

versily for four years. He earned a
B% degree in electrical engineering [ram Carnegic
Mellon Liniversity anil ¥% and PhD degrees in apera-
tions restarch from the: Massachusents Institute of
Technology.

Power Precision With UPFC (page 18) was writien
by Tavior Moore, Journal senior [cature writer, with
technical assistance [ Abdel-Aiv Edris of EPRDy
Energy Delivery and LtGlization Division.

ABDEL-ATY EDRI% i+ manager [or Flexible AL
Transmission System (FALTS) technology. He juined
EPRI in 1992 after 12 years with
LBB Asea Brown Boveri in sweden
and the Lnited States, whene e
worked in the development and ap-

plication ol reactive power com-

pensators and high-viltage de

tranamisaiom, Edris received a BS degree from Cairo
Liniversity. an M5 from Ain-5hams Lniversity in
EgypL. and a PhD [rom Chalmers Liniversity of Tech-

nology in sweden.

The Electricity Technology Roadmap (page 24)
describes a highly collaborative, long-term R&D
planning initiative currently being managed by EPRIs
Steve Gehland Brem Barker.

STEVE GEHL, as director of strategic technology
andl alliances, has led the roadmap initiative since
1997. Previously he served as director of strategic

1 = =vnthesis and as a manager of

generation and nuclear power
programs. Before coming 1o EPRI
in 1982, he was a stalt mewallur-
gisl at Argiinne Mational Labo-
ratory, where he conducted re-
search on nuclear fuel performance. Liehi received a
bachelors degree in meuwllurgical engineering from
the Uiniversity of Motre Dame and a PhIY in materials
scienie and engineering from the University of
Florida.

BREMT BARKER i manager oof atrategic and execu-
tive communicationg, Earlier he served for 12 years as
editor-in-chief of the EPRI Joumal. Before joining

EPRI in 1977, Barker spent four

WIS s A Private communications

‘ consultant and as an analyst lor
' L'RSA, an economiis consulting

firm. He also worked as an

inclustrial economist and stafl
author ac SR International and as a commercial
research analyst at UsX Corporation. He graduaicd
1 engineering science from johns Hopkins £ ni-
versily and carned an MBA at the University of
Pitishurgh.,
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Deliverables now available to EPRI members and customers

Forecasting Reports

$ Lhe electric power industry moves rapidly

Aloward competition, the role of forecasting is
changing dramatically. Market-related activities, such
as price [orecasting, markel share analysiz, and the
prediction of competitors’ costs, are becoming increas-
ingly important. Tackling these new activities will
require approaches better suited 1o the more competi-
tive environment. Future Forecasting Directions in the
Evolving Electric Power Industry (TR-109056) identifies
the industry’s key forecasting needs and discusses the
methods, wols, data, and skills essential for meeting
them. A uselul companion (o this report is Forecasi-

ing in a Competitive Electricity Murket (TR-110424),

the proceedings of EPRI% eleventh electric utility
forecasting symposium.
= w For more information, contact Ahmad Faruqui,
;‘__::'#-;‘5 (650) 855-2096. To ovder; call the EPRI Distribu-
tion Center, (925) 934-4212.

THELMA

his 10-velume report, The High-Efficiency Laundry Metering
Tand Marketing Analysis (THELMA) Project (TR-109147),
provides a readable overview ol a [our-year EPRI study of the
market potential of cfficient residential washing machines.
The report offers a market analysis template appli-
cable to any type ol product or service olfer-
ing. 1t lays out a coordinated strategy
for acquiring valuable information e 2
from consumers, manulacturers, dis- I
tributors, and retailers to enhance mar-
ket assessment, disiribution analysis,
and impact analysis. The data-gathering
techniques discussed include mail and
phone surveys, focus groups, product
demonstrations, and in-home interviews.
m For more mﬁ)rmmi(m, contact fohn K(’ssdring,
(650) 855-2902. To order; call the EPRI Bistribu-
tion Center, (925) 934-4212
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LightPAD 2.0

Al ESERN AREERT Iy

he rapid growth of lighting conservation programs in
Trec- nt years has resulted in increased demand for lighting
audits. EPRI% LightPAD soltware is designed (o improve the
speed and accuracy of these audits. It may be used to quickly
estimate a buildings lighting energy consumption and current 2 . e s
lighting levels or to define and compare alternative lighting L/ noBBE WY
systems. For ease of use at the work site, LightPAD 2.0 is
designed to operate on both desktop and poriable computers
including notebook and lightweight, pen-based tablet computers, VR e :
m For more information, contact EPRIS Lighting Information Office, (800) ﬁ‘./

525-8555. To urder, call the Electric Power Software Center; (800) 763-3772.

he sophisticated hospital environmenis of 1oday
Tare full of advanced electronic devices that can
be vulnerable 10 power quality problema. EPRI
developed the Power Quality Daiabase for the
Healthcare Industry (CD-109129) 10 help utilities
and their customers ideniify, solve, and prevent
such problems. This product i= the hrsrindustry-
specilic power quality and electromagnetic compati-
bility relerence database 10 be developed. Designed
for use with EPRI% broader PQ Patabase, also available on
compact disc, the daiabase is a scarchable hle containing 21 case studies and four
sets of system compatibility test reports. A document template customized for
medical facilities is included =0 that users can develop their own case studies,
m For more information, contact Sid Bhatt, (630) 835-8751. To ordex; call the Electric
Power Software Center; (800) 763-3772.

Digital Smart Ground Multimeter

ncreased competition has led (o more sales and purchases of clectric utility
I substations. The digital Smart Ground Multimeter (5GM) olfers power com-
panies a fast, accurate way (0 assess substation design andl integrity to ensure
the soundness of their investment as well a= the zalety of their workers. Lising
advanced current-injection techniques and digital signal processing, the 5GM
can quickly and easily measure the ground impedance on substation ground-
ing systems—regarcless of whether they are energized or de-energized. The
SGM can also mcasure touch voltage, step voltage, soil resistivity, lower
ground resistance, transfer voltage, and low impedance/continuity.
& For more infermation, contait ferry Melcher, (650) 855-2299. To oider; cafl tyn
Cosbhy at Hood-Paiterson & Dewar, (404) 296-5990.
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international Interest in
Y2K Project Rises

A growing number of international
companies are joining with L.S.

lirms in EPREs Year 2000 (Y2K) Embed-
ded sysiems Project, which ainis to help
participants get a handle i the Y2K

problem before the fast-approaching dead-
line of January 1. 2000.
%o [ar, the program participants include

companies [rom Australia, Barbados,
Bermuda, Canada, the Cayman Islands,
China, Colombia, England, Finland,
France, lsrael, Mexico, the Philippines,
Puerto Rico, 5t Lucia, and South Alrica.
More international companies are cx-
pected o [ollow uit in the coming
months; among those that have expressedl
interest are companies in Egypt, Ger-
many, Holland, Japan, Korea, and Russia.
In addition, many Y2K program partici-
[Fants based in the Uniled States have
operations in South America, Europe,
Australia, and Asia.

The EPRI program wis established in
October 1997 to address the Y2K issue in
embedded computer ayslema (computer
hardware and firmware). This summer, it
was cxpanded 1o incorporate the concerns
of nawural gas transmission and distribu-
tion companies. As ol mid-Sovember,
110 companies had joined the program,
including wilities, major oil companies,
ga= pipeline operators, telecommunica-

tions companies, and mining frms,
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Around the World

Focus on international projects and alliances

EPRI5 initiative s designed o increase
understanding ol the Y2K issue in em-
bedded camputer systems. The partici-
pants can use this understanding to
enhance their own remediation work.
Y2K is an inlrastructure problem that has
the patential ta impact EPRI metmbers,
their supplicrs, and theiv customers. The
implications for the power indus-
try vould be significant,
with problems rang-
ing lrom system
outages (o re-

duced power

quality if the
issue is not
appropriately
addressed.

The program
members share in-
formation through such avenues as quar-
terly workishaps and EPRIG Y2K Web site.

ks participants in the program, compa-
nies can maximize the value ol their in-
house resources by avoiding duplicale
ellorts, and they can benefit from the les-
sons learned by other companies. Over-
all. they can acquire a briader perspec-
tive on the Y2K problem, the ability to
benchmark their elforts, a greater voice in
the vendar communily, and the capacity
to accelerawr their own wirk,

As Joe Weiss ol EPRI cxplains, interna-
tional companies use much of the same
operating eijuipment that L5 companies
use. “Although there are cases in which
the equipment is dillerent, the methoclol-
ogy and approaches being shared in the
EPRI program are directly applicable,”
siys Weiss, who heads up the technical
aspects of the program. “The Y2K isdur is
just as relevant to the international com-
munity, Evervooe is working te keep the
lights on, keep the oil {lawing, and
maintain the praduction of fundamental
commodities.”

m For more information, contait Joe Weiss,
(650) 855-2751.

New EPRI-ESKOM Center Targets
Power Systems

new EPRI center. conceived o
A addres= the many transmission and
distribution challenges South Alrica faces
since emerging from its period of poliui-

cal, economic, and technical solation,

just completed its first year of operation.

Launched jointly by EPRI and ESKOM—
South Aflricas largest eleciric utility—

on Movember 3 of last year, the Souih
African Power ystems Studies Institute
[5%P551) focuses on training and research
in pitwer syslems analysis, planning, op-
erations, and control.

In South Africa® now-normalized
political environmeni. enginecrs must
plan for the interconnection of previ-
oualy isolated regional transmission net-
works. Buch interconneclions are 1aking
place at a rapid rate. At the zame lime,
cost pressures and other factors mean
that more power is required o llow along
existing (ransmission corridors. Adding
to Lthe challenge is a big push for electri-
fhecation throughout the country and
southern Africa in general; the delivery
network must be expanded to provide
the additional energy at decreasing costs
per connection. And the emergence of
new compelitive and cooperative power

pools requires that network design,




control, and operation must be well
understood. Power qualily is also a
growing concern.

Clearly, engineers in southern Africa
must take extraordinary care in design-
ing and operating the region™ luture
power delivery networks. However, the
skills needed to tackle the new technical
challenges are not abundant in the re-
gion. SAPSSI (which is not to be con-
fused with another EPRI-ESKOM center,
the South Alrican Centre {or Exsential
Communily Services) was crealed 1o
bridge this gap. its main geal is to help
enable the region’s electricily industry
lo optimize and expand its transmission
and distribution networks, SAPSSI is
working toward this goal through [or-
mal training and education, supporied
by technology transler, applied research,
and technical consultation.

The key priority in the center’s first
year was te train practicing engineers in
the application of EPR1 R&D relevant Lo
the issues they face. 1n all, 22 wraining
courses. seminars, and workshops were
held, with most of the attendees from
Souih Alrica. |he topics ranged from
system =tability to Flexible AC Tran=mis-
sion System, or FACTS, technology.
Ultimately, the center aims te establish
itself as the “institute of choice™ in power
systems training and research for all of
southern Alrica.

®nce SAPSSIS training
and research plan has met
its objectives, EPRI and
ESKOM will consider start-
ing a lor-profit consulting
and roubleshooting sub-
sidiary. The EPRI-ESKOM
partnership has agreed to
finance the center for three
years, after which it will be
sclf-supporting.

m For move infermation, con-
tact Ray Lings, (650) 855-
2N

EPRI Ramps Up International
Loan-In Program

ecognizing Lhe great value that inter-
R national persennel bring, EPRI is
working to enhance the program whereby
employees of its internatienal member
companies are loaned to EPRI for assign-
ments ranging from six months to two
years. EPRI has always valued a world-
wide perspective; ils international loan-
in program dates back 20 years. But
through EPRI International, a new divi-
sion launched last January, EPRI lus
placed increased emphasis on formaliz-
ing this program.

As part of this effort, in July EPRI1
establizhed the International Loan-in
Forum—a series of bimonthly meetings
at which the loan-in employees discuss
their needs and provide valuable insights
on the international market, (The lorum
is cochaired by Robert Holmes, a loan-in
employee from PowerGen of the United
Kingdem, and Martha McNeal, EPRI
International’s general manager of sales
operations.) And this fall, for the fivs1
time, EPRI asked the international loan-
in persenricl 1o review some proposed
rescarch largets in order to assess their
potential value (o the international
commuinity.

“liaving these employees en-site has
been a tremendeus benefit,” says Greg
Lamb, a customer service manager for
EPRI International. “They offer us a very
elfective way to become more familiar
with our members’ needs.”

As of early Movember, EPRI had 17
international loan-in empleyees [rom 10
ceuntries (Argentina, Fintand, France,
Japan, Korea, Mexico, Poland, Scuth Af-
rica, Sweden, and the United Kingdom).
Typically, their salaries are paid by the
member company, with EPRI subsidizing
some of the housing expenses. Most of
the employees are middle-level managers
and are responsible for overseeing their
companies’ relationship with EPRIL

When the loan-ins arrive at EPRI, they
are given nformation on and assistance
with housing, as well as help in ebtain-
ing a driver’s license. EPRI also strives to
aszist the loan-ins with cultural adjust-
ments—both to the United States and
to the EPRI work envirenment. In addi-
tion, it offers English classes lor these
employees.

In 1999, with input [rom the Interna-
tional Loan-in Forum, EPRI plans (o help
the loan-ins better define their daily re-
spensibilities while working at EPRI.
= For more information, contact Martha
McMeal, (650) 855-2922.
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STORY IN BRIEF
Despite energy efficiency's
inherent economic and
environmental advantages,
most residential, commer-
cial,and industrial custom-
ers pay it little heed in
their purchasing decisions.
Often, a concerted effort is
required to transform exist-
ing markets—to find ways
of overcoming barriers to
the adoption of energy-
efficient products, services,
and practices. In addressing
this challenge, EPRI inte-
grates customer research
with technology develop-
ment, engaging the right
combination of stakehold-
ers to produce lasting
efficiency gains in impor-
tant market sectors.

by Christopher R. Powicki

magine yeursell working lor a major appliance manufacturer in the

early 1990s. The U.5. Department of Energy has just indicated that

it would propose new energy efficiency standaxls [or residential

washing machines. These standards will effectively require you te

produce and sell a [ront-loading horizontal-axis (H-axis) washer

similar to those [ound in commercial laundromats. Unflortunately,
93% of consumers surveyed express a strong preference [or conventienal, top-
loading vertical-axis (V-axig) machines.

Do you toss corporate stewardship o the window and aggressively challenge
the standards? Put your head in the sand, hoping that other manufacturers will
develop an acceptable H-axis washer that you can knock ofl and exploit as a fast
second? Or do you partner with an organization that specializes in hringing
energy-ellicient 1echnologies to commercial reality, revisit consumer perceptions,
andl take a shot at transforming the existing market with the development of a
truly superior machine?

The last option iz obviously the preferred alternative. But its obvious only be-
cause the Meptune front-loading H-axis washer cedeveloped by Maytag and EPRI
is flying off showroom lloors at retail outlets across the country. lrontcally, DOE
has yel 10 officially propase new washer standards, but the brisk sales of the Mep-
tune and other domestically manufactured H-axis machines are quickly slicing
into the overwhelming markei share of the less-efficient V-axis machines.

“The ongoing transformation of the residential washer market is just one ex-
ample in EPRIs long history of marrying market research with the development
and transler of energy-elficient lechnologies and practices,” says Jeremy Bloom,
manager ol EPRIs markel analysis and resource management product line.

Energy

Efficiency



“There is no simple recipe [or achieving
lasting change, because each market car
ries its own umque problems and oppor-
tunities. Qur success has come [rom find-
ing the critical path for an innovative
product or technology and then bringing
10 bear technical and business acumen, a
detailed understanding of customers and
markeis, and an unrivaled iuternanonal
presence in energy elficiency. Once EPRI
identilies an opportunity [or substantial
efficiency improvement, all aspects are an-
alyzed in detail 10 develop an integrated
course of action for overcoming barriers
throughout the product cycle. By bringing
together the right combination of stake-
holders, we intervene where necessary to
enable lasting market effects.”

Transformation basics

Market transformation is a fundamental
objective of every entrepreneurial organi-
zation, [rom inventors tinkering in the
garage to multinational corporations look-
ing to launch new products or services. Al
its heart is the creation of a new set of cus-
lomer expectations or needs—a vacuum
that the entrepreneurial organization hopes
Lo be uniquely qualified (o hll.

“Conceptually, market transformation is
a very sumple process; iU's a matter of un-
derstanding and influencing the behavior
of customers and other market actors,”
notes Bloom. “But making il happen can
be extremely challenging, as generations
ol entrepreneurs well know. There is no
uniformly applicable [ormula. Because
barriers come in multiple [onins, shift over
time, and pop up in unexpected places,
many dilferem types ol intervenlions can
be required to achieve lasting market ef-
fects. And the watershed events in a suc-
cessful transformation are usually easier to
identily in hindsight than before or as they
occur.”

Market transflormation is emerging as a
central policy objective ol publicly funded
energy efliciency programs. Traditionally,
the emphasis has been on utility-directed
elforis 1o minimize the need [or new gen-
erating capacity, The Califorma Public Util-
ilies Commission (CPUC), [or example,
has long required the state’s investor-owned
electric utilities to olfer programs helping
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customers in their service territories im-
prove energy efliciency. As has been the
case in many other states, the California
utilities have offered rebates and low-
interest financig, performed educational
campaigns, provided on-site technical as-
sistance, and conducted other market in-
terventions o reduce barriers o the adop-
tion of energy-elficient technologies and
practices.

Once retail competition began in the
stare on March 31, 1998, however, the Cal-
iforma utilities were released rom the
obligation to plant for and acquire energy
resources [or a captive set ol customers. As
a consequence, the costs of energy elli-
clency programs can no longer be automat
ically recouped through a regulated rate
structure, weakening incentives for utili
ties to offer and manage effective pro-
grams. [n response to these changes, the
CPUC deternnned that [uture ratepayer
funded energy efliciency programs should
emphasize lasling market translormation
and that program administralion and im-
plementation should be open to both util-
ities and other organizauions,

From an energy efficiency perspective.
there are four basic types of translorma-
tion: incremental improvement of com-
mercially available products, redesign or
reengineering ol mulucomponent systems
or multistep processes, modificaton of the
behavior or practices ol customers and
other market actors, and mtroduction of
new technologies. trans-
formed markets are characterized by in-
creases in the demand for or use ol more-

Success(ully

efficient opuons These increases result
from interventions that reduce barriers to
the options and help bring about changes
in market structure or in the behavior of
market actors. Trans[ormation can be tem-
porary, partial, or complete, depending on
the degree to which market efflects last
alter the interventions have been elimi-
nated, reduced, or changed. In completely
transformed markets, [urther intervention
may be unnecessary. The products, ser
vices, or practices have reached a thresh-
old—the so-called tipping point—beyond
which they become sell-sustammg,.

“EPR! has been in the business o[ trans-
forming energy markets since ils incep

tion,” says Morton Blaut, director of EPRI's
Energy Delivery and Utilization Division,
“Identilying, developing, and commercial-
izing energy-efficient technologies and
practices are EPRIS core [uncuons. but
knowing what 10 pursue and how to pur-
sue 1t are nol enough. Experience has
shown thai, for most cusiomers, energy el-
tictency is not a fundamental expectation
or need. To achieve success in the market
place, most energy-elficient products or
services must satis[y other primary needs.
For example, they may improve the pro-
ductivity, enhance the quality, reduce the
cost, or mitigate the environmental impact
ol manufacturing processes. Or they may
demonstrate environmental stewardship or
enhance the comfort and [unctionality of
home and workplace environments. In ad-
dition to packaging efficiency with other
preferred attributes, we need to make cus
tomers desire energy efliciency in and of
itself—to elevate its position m their hier-
archy of needs—because of its economic
and environmental advantages. These con-
siderations are absolutely critical in prod-
uct design, development, and promotien.
and they are major challenges to lasting
market transformation.”

First cost is also a common problem: the
purchase price of energy-elficient products
is often ligher than that of comparable less-
ellicient ones. Unlike economuisis, most con-
sumers do not consider product lile-cycle
costs, and long-term energy savings are
less certain than sticker-price differentials.
The natural reluctance to adopt new, un-
familiar, and unproven technologies and
practices is an obstacle in all sectors. Split
incentives are another signilicant barrier
throughout the commercial sector and in
certain resideniial developments; for ex-
ample, builders or owners typically pay for
energy-ellicient improvements, but it is
the tenants who benefit from the lower en-
ergy bills. These are just a [ew ol the many
possible technical, instimtional, economic,
and perceptional barriers.

EPRI's success(u} transformation elloris
consist of several elements. The needs, per
ceptions. and motivations ol customers
and other market actors guide product
design, development, and commercializa-
tion. Alliances with government agencies,



industry groups. major manulacturers,
wrade allies, and others leverage resources,
provide valuable feedback, and [acilitate
the identification and elimination of im-
portant barriers. Technology transfer activ-
ittes—ncluding unbiased demonstrations
and multifaceted educational and training
programs==effectively neutralize many
others. Given the inherent complexity of
market behavior and the [act that energy
elficiency is usually not a major customer
expectation, the importance ol innova-
tion and persistence throughout the
process cannot be overestimated.

Partnering pays off

Working directly with major manu-
facturers to develop state-ol-the-art
products is a powerlul approach for
delivering the advantages ol energy
elliciency 1o customers, primarily be-
cause manulacturers already know a
lot about theirmarkets. From die out-
set. the Neptune washer’s develop-
ment was driven by customer percep-
tions and market conditions.

“In the early 1990s, the resiclential
laundry market stood out as a segment
ripe for rapid transition to higher-effi-
ciency technology.” says John Kessel-
ring, EPRI project manager. *DOE was
beginning 1o look at wew standards,
and the technology platform required
to meet them was already available.
But the high-efliciency H-axis wash-
ers that dominate European markets
were altracling scant demeslic inter-
est. Clearly, we needed a better under
standing ol consumer needs and percep-
tions in order to develop H-axis machines
that would meve in the U.S. marketplace.
The alliance with Maytag in 1992 provided
immediate access to application-specific
inlormation about customer beliefs. And
there were other advantages: attaching a
brand name 1o new techiologies can help
overcome consumer confidence barriers,
and established marketing, sales, and ser-
vice inlrastructure can eliminate barriers
10 cammercial success.”

Maylags market research had uncovered
an extremely strong prelerence for the Lop-
loading configuration characleristic of the
V-axis machines that account for more

than 98% ol U.S. residential washer sales,
From an operaling perspeclive, however,
H-axis teclmology makes sense only in a
[ront-loading configuration; a top-loading
machine would require an inconvenient
two-door design, with an external door
providing access 10 a curved internal one
in the wb itself.

“We were [lying in the face ol conven-
tional wisdom. given stated consumer pref

erences. but we thought H-axis techiuol-

Digging below the surface of customer research re-
vealed that consumers were not averse to energy-
efficient front-loading clothes washers per se but to
the bending and stooping they seemed to require. By
working out new technical solutions to this ergonomic
probiem, EPRI and Maytag created the extremely suc
cessful Neptune washer.

ogy was worth pursuing because future
energy efficiency standards wonuld virtu-
ally ensure a signilicant market share,” says
Maytags Dick Stilwell, director o[R&D en-
gineering services. “We joined other man-
ufaclurers in expressing concern over the
standards, bur we had a small project go-
ing on in the background, just in case.
EPRY's interest in a joint venture piqued
management interest, and the more we
looked alt the technology, the more enthu-
siastic we gor.”

To guide the development of an accept-
able and workable design, Maylag con-
ducted surveys to evaluate responses to
wooden mock-ups with various loading

configurations and 1o gain [urther insight
into consumer beliels. In parallel, EPRI,
DOE, the U.S. Bureau of Reclamation, and
26 electric, gas, water, and wastewaler
utilities (primarily in the western United
States) launched The High-Efficiency
Laundry Metering and Marketing Analysis
(THELMA) Project in 1993 10 analyze per
ceptions ol washer technologies and [ea-
tures through focus group discussions.
nationwide consumer surveys, and imer-
views with manufacturers, distribu-
Lors, and retailers,

“Carelul interpretation ol market
research is a must, because customers
don’t always say exactly what they
explains Kesselring. “We
uickly learned that customers were
notsaying they would never purchase
a front-loading washer. Instead, they

mean,”

were expressing dissatisfaction with
the bending required to load and un-
load laundry through the small door
typical of conventional front-leaders.
Ergonomics became a major design
issue.”

Other identified barriers to residen-
tial market penetration included con-
sumer satislaction with V-axis wash-
ers, unfamiliarity with H-axis tech-
nology, concerns about capacity and
cleaning performance, and higher
cosls. None were perceived as insur
mountable; rather they provided crit
ical leedback [or technology develop-
ment and markel interventions.

The Neptune incorporates major
ergonomic innovations: Lo [acilitae
loading and unloading, the tubis tilted 15
degrees [com the horizontal and is ac-
cessed through an extrawide, “slant-frront”
door In addition, the tub has a capacity ol
2.9 cubic fect—20% more usable capacity
than in standard top-loading machines.
Further important selling points [or the
Neptune and other H-axis washers were
quantified in THELMA held tests sup-
ported by DOE: H-axis machines use 65%
less energy and 40% less water than V-axis
machines and are 25% more ellecrive a.
soil removal; they also remove up to 30%
mare water during the spin cycle, {or
shorter drying cycles and additional en-
ergy savings.
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Maytag introduced the Neptune to resi-
dential consumers in a nationwide market
ing campaign in June 1997. Meanwhile,
under THELMA. electric and water utili-
ties in the Pacific Northwest collaborated
with dealers on promotional and educa-
tional programs for high-elficiency wash-
ers. The wtilities also designed incentive
programs on the basis ol THELMA recom-
mendalions, oflering cash rebates of up 10
$150 at the point of purchase.

“All across the country, consumer re-
sponst (o the new_generation ol high-
elliciency machines has far exceeded ex-
peciations,” says Kesselring. “The Pacific
Northwest uiilities, which had set aside re-
hate funds for about 2800 washers during
the first year, had 10 dig into their pockets
for almost [our tmes that amount Lo meet
the demand, which represented a 10%
jump in market share for H-axis machines.
On a national level, the Neptune's sales fig-
ures look very good—Maylag has had to
double planned production volume—and
other domestic manulacturers ol H-axis
machines are benefiting [rom increased
consumer awareness. TIIELMA research
indicated that U.S. consumers would buy
high-end. high-elliciency washers if they
were American made. and experience is
bearing that our.”

Adds Stilwell, “Although the Neptune
has carved out a prewy good niche, there’s
an even grealer opportunity within sight.
We recently proposed an industrywide
collaboration with environmemal groups
10 reach consensus on DOE's standards
We've come [ull circle: the anticipated
standards that looked like a threat just a
[ew years ago now represent an opportu-
uity for greater market share. The sooner
they are in place, the more dramatic the
market transformiation. and the better it
will be [or Maylag.”

Raising the bar on efficiency
Nowwithstanding Lhe Neptune's triumph as
an example of markel trans[ormation via
new product introduction, simply working
with major manulacturers to build a beuer
mousetrap is no guarantee of success, as
EPRI's work on another residential tech
nology—-electric heat pumps—illustrates.
EPRI's interest in increasing heat pump
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markel penetration through incremental
technology improvement dates back 10 the
late 1970s. By combining space healing
and cooling capabilities. heat pumps are
often more efficiemt than the standard
iwo-technology solution—heating via
eleciric resistance units or gas furnaces
and cooling via electric air condinoning
units. The HydroTech 2000 heat pump
was commercially introduced in January
1989 by EPRI and Carrier Corporation
alter an eight:year joint development pro-
gram. In addition to being 30% more effi-
cient at space conclitioning than conven-
tional airsource electric heat pumps, the
HydroTech 2000 oflered water beaiing and

-

The most advanced electric heat pump of its
time, the HydraTech 2000 failed commer-
cially because of its high initial cost. Never-
theless, the HydroTech’s unprecedented
efficiency and innovative features were too
important for the marketplace to ignore and
were soon incorporated into other, more suc-
cessful commercial products.

a host of new comfori, control, and reli
ability features.

“From a purely technological stand
point, the developmemt effort was a suc
cess, producing lasting market ellects.” re-
calls Kesselring. “*Within a couple ol years,
virwually all electric heat pump manulac-
turers were offlering units approaching the
HydroTech 2000’s elliciency, permimently
raising the bar for the technology. Also,
such innovative leatures as multiplespeed
indoor fans, self-diagnostic capabilities,

and integrated water heating and space
conditioning began popping up in other
commercial products. The problem was
that we advanced heat pump technology
beyond what the market would bear, pro-
ducing a unit with unprecedented effi-
ciency, performance, and comlort but a1 a
cost prohibitive to «ll but the most avid
technology enihusiasts, This experience
emphasized the imporiance ol market re-
search in setting technology development
goals and in devising eflective commer
cializalion strategies, and we've certainly
laken the lesson to heart.”

EPRI's subsequent heat pump activities
have locused on major market barriers;
have targeted specific markel segments,
such as manulactured homes and muli-
family buildings:; and have been guided by
customcr needs, including allordability as
well as comlor and reliability In the early
1990s. [or example, research revealed a
stubborn market barrier that was substan-
tially limiling the penetration of all heat
pump products: although the technology
olfered some clear advantages over tradi-
tional space conditioning options. ils sales
and service infrastructure was lagging be-
hind, Salespeople tended to recommend
the conventional systems they knew best.
Consumers who did buy heat pump equip-
ment somelimes experienced problems be-
cause of [aulty insiallation or inadequate
maintenance—problemns that sullied the
technology's reputation.

In response, EPRI initiated a market in-
tervention effort 10 increase customer sat-
isfaction with heat pump technology by
promoting the development ol strong sales
and service networks. Support from trade
groups and major manulacturers and sup-
pliers was enlisted to form the North Amer-
ican Technician Excellence (NATE) pro-
gram, which provides certification services
for technicians who work with electric
heal pumps and other heating, ventilation,
and cooling (HVAC) systems.

“By increasing the competence ol tech-
nicians. the NATE program is expected
to enhance the quality of heat pump m-
stajtations and maintenance,” says Nance
Lovvorn, manager of markeling training at
Alabama Power. “This will allow the tech-
nology to perform as billed, which at pres



ent i= far more important on the =how-
room {leor than any additional efficiency
gains. Dealers who know that customer
expectations will be met are likely 10 push
electric heat pumps more aggressivety
than they have in the past, and satizhed
customers arc likely 10 boost word-ol-
mouth salis.”

The power of advocacy
Energy-clficient
greal cosl-saving potential lor supet-

refrigeration  has

markets, since refrigeration systems
account for the majority of their
clectricity costs. But when EPRI% el-
ficiency improvement program was
in the Jormative stages in the mid-
1980s, the initial challenge was 10 re-
open the lines of communication be-
tween supermarkel companies and
eleciricity providers. “The appear-
ance and lifespan of perishable food-
staffe—which  strongly  inlluence
store profuability—depend on reli-
able refrigeration and uninterrapted
service,” says Mukesh Khattar, EPRI
project manager. “The supermarket
industry had formed a negative per-
ception of wtilities because of the ad-
verse cllects ol unloreseen power in-
lerruptions, even Lhough they were
infrequent.”

EPRI sponsored a national work-
shop o breali the ice, bringing to-
gether the wtility, supermarket, and
refrigeratissn industries o #stablish a
jeint technology planning and devel-
opment process. At this workshop, the
capabilities of some necenily developed
high-efficiency relrigeration sysiems were
desiribed by equipment manufacturers,
but supermarket representatives expressetl
doubis abowt field elfeciveness and reli-
ability.

“EPRI% original plan was (o pursue the
development ol new relrigeration 1echnol-
ogy, but we [ound that significant efliciency
gains coulkl be realized jusl by increasing
the nse of certain recently mtmduced
equipment,” recalls Khattar. “"But because
refrigeration systems are mission critical,
laboratory test results and manulacturers’
reliability and efficiency claims were not

enough o gain the supermarket industrys

With high-efficiency
refrigeration equipment
facing a hard sell at super-
markets, EPRI proved the
technology’s refiability
and cost savings in a com-
parative demonstration at
a busy Safeway store. The
convincing performance results, widely dissemi-
nated by supermarket organizations, utilities, and
other allies, helped increase the market share for
high-efficiency equipment from less than 5% to
more than 50% within two years.

arceplance. To overceme the performance
uncerlainty barrier, we gave the indusiry a
major role in designing a {ield demonsira-
tion program that wiuld provide the real-
world operating data required for in-
lormed technology decisiim making.”

[n 1987, a state-ol-the-art relrigeration

system was installed in the machine rmom
of a busy Saleway store in Menlo Park,
Calilornia, right nex1 10 a conventional
commercial syslem. The two syalems were
operated interchangeably, enabling guan-
tihcation and comparison ol clegtricity
consumption under thee same field condi-
which included

tions. The new sysicm
such leatures a= a multiplexed compressor
dissign, evaporative cendensers, lloating
head prissure, hist-gas delrosting, mechan-
ical and ambient subcooling. and liquid-
to-suction heat exchangers—reduced peak
demand by 30% and nsed 23% less energy
averall. In addition, concernz about =ys-
tem integration were satisflied, and re-
quirements associated witly reliability, ease

of aperativn and maintenance, and food
guality were met or exceeded.

The [ndings were disseminated through
industry channels. They also received a
stamp ol approval from a design review
panil that was formed by EPRI and in-
clucled store swners and operators, utilities,
and other market actors. “Although the su-
permarket industry'’s response was graclual,
the results were dramatic. Early installa-
tions in ¥aricus operating environments
proved successful. boosting confidence
and adding 1o the momentum. Within two
years, the market share for high-efficiency
relrigeration equipment increased from less
than 5% 1o over 50%," says Khauar. *{Cus-
tomer involvement and advacacy lueled
this translormation, as grocery stores and
encrgy companies worked wgether toward
common goals.”

The supermarket industry’s needs con-
tinue Lo guide EPRI% efforts to increase en-
ergy elliciency. Mew
high-efficiency store
designs and echnol-
ogies such as intelli-
gent deflrosting and
dual-path HVAL sys-
tems are being de-
veloped and demoen-
strated in collabora-
tion with major LL5
[ood rerailers, encrgy companies, equip-
ment manufacturers, component suppli-
ers, and other market actors. Working
with the major grocery chains—a dozen lo
date—i= an important element in EPRI%
strategy, hecause proven elficiency gains in
one store can lead 1o corporate-level de-
zign changes with regional or national
benelis, Saleway, for example, has widely
adopted cost-eflective elficigncy measures
on the basis ol the est store demaonstra-
tion resulis

“We
eppertunity for profit making

ook al energy efliciency a a great

anything
that cuts costs withmu mpacting sales
goes straight Lo te bottom line.” savs Rob
Uhl, relrigeration manager lor Saleway.
"But we are inhercolly suspicious of man-
ufagurers aflering higher-efficiency tech-
nology. EPRI separaies the wheat fram the
chaff by demonsirating new equipment
under real-world conditions, producing
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the performance data we need lor cflective
technology evaluations.”

Elevating awareness
In some seclors, parlicipants are so lo-
cused on meeting a single business ob jec-
tive that they become blind to other op-
portunities [or improving performance,
such as increasing energy elliciency. Mu-
nicipal waterand wastewater (MW W) util-
ilies share one overarching goal: to
protect public and environmemal
health by meceting regulatory re-
quirements. In complying with ex-
isting and emerging standards, wa-
ter supply and wastewaler trecatment
facilities use huge. and growing,
amounts of electricity These [acili-
ties currently account [or aboul
2=3% el total G.S. electric power
consumption. To increase their en-
ergy efficiency, EPR! initiated a eco- -
operative MWW program in 1990.
“Going in, we knew that trans-
{erming this market (o promote
wiser energy use¢ was possible bul
that we had to take into account a
[ew intrinsic challenges,” recalls [ZPRIs
Myron Jones, then project manager
"When you are dealing with public andl
environmental health issues, some degree
ol ovcrconscrvalism in system engincering
and operations is necessary. So we had to
determine where, and by how much, en-
ergy efliciency could be increased without
compromising salety. But to have any im-
pact in the marketplace, EPRI first had to
position itsell as a credible source of tech-
nical information and expertise—as an or
ganization that understands the municipal
water and waslewaler industries and can
worl: within their institutional Iramework
Lo meel regulatory requirements in a more
cost-eflective, energyellicient way.”
Collaborative alliances were established
with EPRIJs counterparts in the water and
wastewater fields, the American Water
Works Associalion Research Foundation
and the Water Environmem Research
Foundation. respectively. Through these
and other industry connections, market
research was conducted o identily signifi-
cam cnergy cfliciency opportunities and
barriers.
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*The sectors singleminded emphasis
on meeting regulatory standards hadover
shadowed the consideration ol energy
costs,” says Jones. “By raising municipal-
itics’ awareness ol the economic ramifica-
lions ol energy use, we thought we might
beable Lo creale the impetus [or more-ef[i
cient operation.” EPRIs market interven-

tions, combined with tightening municipal
budgets and the trend toward plant priva-

On-site energy audits, new design standards,and system
optimization guides are helpingto increase the energy
efficiency of ozonation facilities and to dispel the miscon-
ception that ozone technology is a prohibitively expensive
solution for municipal water disinfection.

lizalion or contract operation, are over-
coming these institutional barriers. Simple
consciousness-raising was the first step.
Thousands of brochures and educational
materials were distributed o help plant
managers and other key municipal deci-
sion makers understand electricity pricing
ancl 1o give them information on the po-
tential cost savings and operationaladvan-
tages associaled with elliciency upgrades.

In addition, the technical services of-
lered by EPRIs MWW program were
widely publicized. This program, adminis-
tered by the Community Environmental
Center {CEC) al Washington University in
St Louis, performs encrgy audits and
helps optimize the use of existing and
cmerging energy-intensive technologies
and praclices.

Audits have been conducted at aumer-
ous MWW lacilities to determine where,
how much, and how efficiently electricity
is used. Frequently, audits are subsidized
by the local electric wiility, “Audits are a
great way 1o learn more about important
customers,"” says Keith Carns, MWW pro-
gram manager and director o[ EPRI's CEC,

“Once they have a loot in the door, wiili-
ties can oller facilityspecific operating
strategies, incentives for the purchase ol
more-elficient equipment, or rate pro-
grams that yield utility load management
benefits as well as energy and cosl savings
lor the customer.”

On the basis of detailed audits, payback
periods can be calculated and staged im-
plementation plans developed lor imme-
diate, low-cost operational mocli-
fications and longerterm, capital-
intensive improvements. Common
recommendations include the re-
scheduling of nowcritical opera-
tions, the purchase ol standby gen-
erators Lo reduce peak demand, and
the installation of more-eflicient
equipment and modetn instrumen-
tation and control systems to opli-
mize energy-imensive operations.

“Encrgy surveys have been per-
lormed at more than 50 facilities in
our scrvice terrilory since 1994.”
says Clizabeth Kimmel. industrial
and commercial market manager at
PECO Energy “These surveys have
awakened facility managers to opportuni-
ties for significant bottow-line savings and
have led (o the implementation of energy-
ellicient technologies and practices by
many of our customers. In addition, the
surveys have positioned us as energy con-
sultants who know the water and waste-
water business.”

EPRI’s technology-based eflorts comple-
ment the audiling activities in promoling
awareness ol, and confidence in, more-
efllicient processes and practices. These el
[orts focus on cnergy-intensive operaiions
identilied in prior markel research. such as
pumping, aeration of wastewater, and
ozone disinlection of drinking water. Mar-
ketintervemions take the [orm of technol-
ogy innovations, perlormance evaluations,
field tests, largescale instaltations, operalt-
ing guidelines. technical relerence materi-
als, conlerences, and training seminars.

For pumping systems, new operating
slralegies, supervisory cotrol and data
acquisition systems, and adjustable-spced
drives are reducing overall energy use at
many MWW [acilities. In acralion-based
fine-bubble dil-

waslewaler lreatiment,



lusers and [eedback control systems are
decrcasing clectricity consumption with-
out sacrificing treatment perlormance.
Onc example is a new, high-elticiency fine-
bubble dilfused-air system known as the
Biomixer, which EPRI has helped overcome
performance uncertainty barricrs.

“EPRI's structural and process engincer-
ing review, performance testing, and subsi-
dized installation have been absolutcly
critical in gaining market acceptance,” says
Waync Bailcy, president and CEO ol Bio-
mixcr Corporation. “With EPRI’s backing,
we reenginecred our product to maximize
opcrating and energy cfliciency advantages
lor customers and then conclusively dem-
onstrated them in the [cld. The Biomixer
is now perccived as a proven acration so-
lution, as cvidenced by increased market
interest and a growing number ol com-
mercial installations.”

In some cases, the problem is not in scli-
ing the advantages ol a technology but
in corrccling misconceplions.
Ozone disinlcction systems
for drinking water facilitics
provide an example. The in-
stallation of thesc systems
is largely being driven by
tougher regulatory requirc-
ments to climinate persistent
pathogens, such as Crypto-
sporiditm, and 10 control by-
products ol traditional chlo-
rination disinlection. such as
trihalomcthanes. Ozone wa-
ter trcatment should be an
casy sell, since it’s the only
technology that can elflec-
tively deal with both chal-
lenges. “Bul ozonc sysltems
have a reputation [or being tremendously
costly to install and operate, causing water
treatment facilitics 1o think twice helore
commilting to the 1echnology,™ explains
Carns.

“Transforming the water disinlcclion
market requires that we climinate the de-
cision-making barrier created by cost mis:
conceptions. The problem is that ozone
systems arc typically overbuil. and en-
ergy-intensive ozonc generalors are com-
monly run nonstop at [ull capacity, with
no regard for variations in water quantity

and quality. To get a true handle on opez-
ating costs, we've helped optimize existing
installations by matching ozone produc-
tion to disinfection requirements and by
improving maintcnance practices.”

EPRIs
guides [or ozonation facilitics arc being

reference and  optimization
widcly applicd to help improve opcrating
clliciencies, yiclding average energy sav
ings ol 10-15%. Design standards arc be
ing devcloped t o minimize oversizing and
promole staged construction and thus to
recuce installation costs. Also, new geo-
metric configurations f{or comact basins
show promise lor improving cnergy cffi-
ciency by minimizing the amount ol ozone
required Lo treat a unit volume ol water.
Industry  analysts
predict that during the
next 10 years, facilities
producing over 153%
ol US. drinking water
will switch to ozone
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The development of a mobile demonstration unit was the
key to promoting highly efficient membrane technology for
by-product recovery and recycling at food processing plants.
Designed with the support of utility and food industry or-
ganizations, the unit lets food processors try out dozens of
commercially available membrane products to identify the
most effective system for sitespecific needs.

disinfection. EPRIs unbiased assessments
and practical guidelines are [acilitating
this market translormation by making the
decision to switch casier from an cco-
nomic perspeclive.

Taking the mountain to Mohammed

Innovative interventions can be as impor
tant to lasting market translormation as
sound, energy-clficient technology. as dem-
onstrated by EPRI efforts to increase the
use ol membranc technology for the re-
covery and recycling of hy-products in the

food processing industry. In the carly
19945, selling the bottom-line advantages
ol by-product recycling to this sector was
not the challenge. Translorming typically
discarded by-products into uselul process
inputs reduces the consumption ol raw
matcrials and increases total process cffii-
ciency; cuts wasle treatment and disposal
costs, reduces the regulatory responsi-
bilities associated with the discharge of
clMuents and the landlfilling of solids; and
demonstralcs corporatc  environmental
stewardship.

Moreover, membranc liltration systems
arc more compact, modular, and scleciive
than conventional evaporation and dlistilla-
tion systems. And they alford “global™ cn-
ergy clficiency bene-
fits: in-plant increases
in clectricity use (due
to the pumping encrgy
required to force cer-
tain products through
amembranc) arc more
than ollsct by reduced
energy consumplion
lor delivering process water and other raw
matcrials and [or treating and disposing
ol wasles.

Still, with all its advantages. [ood pro-
cessors have been reluctant o try mem-
branc technology According to EPRIs
market rescarch, the problem—as in the
case ol ozonation—was a bad reputation.
A couple of unsuccessiul experiences with
mcmbranes in the [ood processing indus-
try had been widely publicized. These ex-
periences were most likely the result of
Mcm-
branes are available in a bewildering array

improper mcmbranc sclection.

of conligurations and matcrials, and the
performance ol each commercial product
varies widely, dependirig on process stream
characteristics. Unflortunately, manulac-
wrers provided customers with little help
in identifying the optimal membrane [or a
specilic application.

IZPRI determined that changing this
negative perception would be difficult:
successlul membrane applications had not
been puhlicized in the past, and were un-
likely to be in the future, beeause of the in-
dustrys proprictary naturc. *“We decided
that the only way to get individual [ood
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processors to revisit their opinions about
membrane technology was through unbi-
ased. on-site performance testing of a wide
variety of commercial products,” recalls
Ammi Amarnath, EPRI project manager.
"Developing a cost-effective testing pro-
gram was going Lo be a challenge, and sim:
ply uying to coordinate the effiorts of
membrane manufacturers wouldn't work.
Instead, we conceptualized a novel market
wntervention for promoting the technology
as a whole and then engaged other trade
allies 1o suecessfully execute it.™

Amarnath came up with the idea of a
portable, self-contained applicaton test
system lor on-sile experimentation with
various membrane products at food pro-
cessing plants. With support [rom three
California utilities, the National Food
Processors Association, the Calilornia
League of Food Processors, and others. a
mobile trailer demonstration unit was de-
signed and built, and commercial mem-
branes were procured lrom manufacturers.
Application studies were performed at
eight plants in 1992, involving the analyss
oi process water, the identification and
testing of potentially appropriate mem-
branes. and the evaluation of perforinance
data to determine technical and economic
{easibility

Several participating [ood processors
subsequently contacted membrane manu-
facturers lor more-detailed testing of spe-
cific. products, leading 10 a number of
installations. One example involved an
Oberti Olive Company plant that was un-
der severe regulatory pressure to address
environmental issues associated with waste
ponds and solid wastes. Pilot lests per-
formed with the mobile demonstration
unit indicated that all process by-products
could be recovered and recycled. and ulti-
malely a full-scale, zero-discharge mem-
bruane and wastewaler reclamation system
was designed and implemented, eliminat-
ing the threat of plant closure.

EPRI and other parucipants publicized
the mobile units success, altracting the in-
terest and support of several national irade
associations. These groups in turn pro-
moted the unit’s testing capabilities to food
processors throughout the United States.
Under EPRI's aegis, membrane technology
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has been investigated at more than 100
[ood processing plants since 1992. Re-
cently, on the basis of promising test re-
sults, EPRI performed a complementary
market intervention to further the tech-
nology's prospecls: membranes are now
approved by the U.S. Department of Agii
culture’s Food Safety Inspection Service
for chilled-water cleaning and recycling at
poultry processing plants.

Although the increased penetration of
membranes in the [ood processing sector
cannol be quantified because of confiden-
tiality agreements, EPRI's collaborative ef-
lorts have produced lasting market effects.
The industry clearly Jooks at the technol-
ogy in a much more favorable light. In
addition, membrane manufacturers fre-
guently donate new. stateof-the-art mem-
brane modules to secure a spot on the
mobile unit and introduce their wares to
potenual customers and new applications.

“Innovanon, collaboration, impartiality,
and credibility—embodied by the mobile
demonstration unit—nhave helped put the
best foot forward for membrane technol-
ogy.” says Amarnath. “The turnaround in
the food processing industry’s perception
represents major progress loward endur-
ing market transformation, with signifi-
cant energy efficiency and cnvironmental
benefits.”

Persistence pays
Electne vehicles (EVs) represent one of
the great opportuniries for energy effi-
ciency and environmental improvement in
the twenty-first century. Japan's Institute
of Applied Lnergy estimates that EVs
would be over 40% more efficient for con-
gested urban driving than conventional
automobiles. and significant air quality
benefits are anticipated from widespread
EV use, even if loday’s [ossil fuel—heavy
electricity generation mix is maintained.
Despite its tremendous potential, mod-
ern EV technology has faced daunting tech-
nical and market barriers. Firsy, it seeks to
supplant a ubiquitous and strongly en-
trenched technology—the internal com-
bustion automobile—that has well-estab-
lished and fundamentally different fixel and
maintenance infrastructures. In addiuon,
consumer expectations for automobiles,

especially with regard o driving range and
acceleration, are extremely high.

During the oil crises of the 1970s, inter-
est in EV technology rose substantially,
and consumer surveys indicated that the
environmental and efficiency goals of EVs
were valued by much of the public. But in-
terest faded when fuel prices (ell, and ma
jor auto companies questioned whether a
real market existed or could be developed
for EVs. With much technical work to be
done and the lack of a firm commitment
from the auto mdustry, the push for EV
development was essentiaily dead by the
end of the 1970s.

Transforiing such a market requires
patience, lenacity, and a sharp eye for the
critical path. Since its initial involvement
in EV technology in 1977, EPRI bas played
an everchanging array of roles 1o address
shifting political conditions, technology
development needs, and market barriers.
“Over the last two decades, EPRI has ex-
hibited an unflagging commitment to
bringing EV technology to the market-
place,” says Ed Riddell, EPRI product line
leader “We've been the catalyst for con-
strucnve dialogue and collaboration be-
tween key markel actors. We've bridged
the gap when support from other major
research sponsors has lagged, and we've
provided continuous leadership, focusing
atlention and resources on the most criti-
caltechnical challenges at any given time."

One key milestone in FPRT sustained
EV development and market transforma-
tion programs occurred in 1983, when
EPR! and electric utilities formed the Elec-
tric Vehicle Development Corporation
(EVDC) m response to a drastic reduction
it DOE funding for EV research. DOE, in
collaboration with so-called converter
companies, had just completed a series of
unsuccessful vehicle testing programs: the
EVDC was (ounded to engage major U.S.
automakers in vehicle prototyping and
testing. “We needed Lo reestablish the
credibility of EV technology in the eyes of
the government and other stakeholders.
As original equipment manufacturers, au-
tomakers know a lot more about develop-
ing successful vehicles than converters can
ever hope 10,” recalls Riddell. “The other
objective was o establish a working rela



tionship between automakerts and electric
utilities, the two mustimportant players in
building viable EVs and the requisite sup-
port systems.”

In 1984, guided by EPRI markel seg
mentation research and a collaborative de-
sign [easibility study with DOE, the EVDC
initiated ellorts 10 develop and deploy
electric delivery vans in servicefleets. This
niche-locused strategy was considered 1o
be ideal lor field-prooling
the siate of the art in EV
technology because limited
range, sluggish accelera-
tion, extended charging
time, and other character-
istics were not showsltop-
pers for utilities and other
fleetoperaling businesses.
Under a joint EPR+Gen-
eral Motors program, 128
fulksize  G-Vans
placed in utility service,

were

and companies that recog-
nized the technology’s lim-
itations were able to suc
cesslully integrate the vans into their lleet
operations. Similar work with Chrysler re-
sulted in the development of the TEVan,
which was also tested in {leet applications.

“By 1990, the G-Van’s performance in
the held, encouraging results [rom DOE's
renewed testing and demonstration pro-
gram, and GM’s unveiling of the Impact
concept car had combined to signal that
commercially viable EVs were within
reach,” says Riddell. “The Calilornia Air
Resources Board responded with a major
market push. mandating that the seven
largest automakers introduce production
EVs by the wrn ol the century. EV tech-
nology had been advanced 1o the siage
where automakers were ready 10 assume
the lead in vehicle development. and it was
time lor EPRI 1o shillt its [ocus to other
critical issues—inlrastructure and EV per
formance. Regarding inlrastructure, au-
tomakers were content to let EPRI repre-
sent their interests in resolving the chal-
lenges associated with the [ender-10-grid
interlace. which they didn’t understand.”

EPRI formed the !nlrastructure Work-
ing Council (IWC) in 1991 to help steer
research 10 develop and standardize the

connection between EVs and the utility
grid. IWC participanis include automak-
ers, utilities, battery and component man-
ufacturers, and support groups such as
Underwriters Laboratories. Inlrastructure
standardization breaks down a major mar-
ket barrier [or all siakeholders by elimi-
nating compatibility concerns. Article 625
ol the 1996 National Electrical Code—
largely written by the IWC—provides the
first salety and insialla-
tion guidelines lor EV
charging equipment, and
technologies, codes, and
standards are being de-
veloped to address other
interface issues.

To upgrade EV perfor-
mance, EPRI, together
with major US. auto-
makers and DOE. also
cstablished the U.S. Ad-
vanced Battery Consor-

criteria [or the [ocused pursuit of mid-and
long-term batieries. and in the last seven
years, manulacturers have made significant
strides.”

Advanced nickel-metal hydride bauer-
ies that meet the USABC's midiern perlor-
mance standards are now commercially
available. and cost reductions cominue to
be pursued. Assuming that the current
rates of technical progress and USABC
funding are maintained, within the next
fine years lithium-ion and lithium-poly-
mer batteries will be commercialized, en-
abling EVs 10 approach the performance ol
conventional gasoline-powered vehicles.

“The persistence required 10 transform
the EV market might represent the ex-
treme, but we recognized long ago that so-
ciety is the ultimate customer [or EV tech-
nology,” says Riddell. “Although some
signilicant barriers lie ahead. the energy
elliciency, environmental, and national se-
curity benefits that will be realized rom
the reduced use of gasoline-
powered vehicles and reduced
dependence on [oreign oil jus-
tily the intensive eflort.”

Adds Bloom, “Despite its ad-
vanlages, increasing energy el-
(iciency is never as straight[or-
ward as one might hope. Mar
ket transformation can take a
long time, require multiple in-
terventions, involve the entire
value-added market inlrastruc-

The Epic minivan was based on the Chrysler TEVan,oneof
several electric vehicles developed for niche applications
with support from EPRI in the 1980s.When automakers
showed renewed interest in EV development in the 1990s,
EPRI shifted the bulk of its market transformation efforts
to the advancement of battery and infrastructure technol-
ogy, including vehicle charging stations.

tium (USABC) in 1991. Bautery technology
has long bcen the primary constraining
lactor for EV technology, limiting driving
range, acceleration. cost-efTectiveness, and
other importani characleristics. “Battery
manufacturers have never had large R&D
budgets, and in the absence ol a viable EV
market, they've had litle incentive to in-
vestigate anything other than incremental
improvemenis 1o the existing lead-acid
technology platferm,” says Riddell. “The
USABC supplies signiticant funding and
provides detailed 1echnical and economic

ture, and consume significant
resources. What makes EPRI
unique is its demonstrated
ability 10 meet this challenge
by analyzing all aspects ol an
opportunity for efficiency gains
and then systematically integrating market
research with technology development. By
conteptualizing and implementing collab-
orative, coordinated intervention strate-
gies, we can strongly inlluence the behav-
ior ol markel actors—to the benelit of
customers, industry, utilities. and society
asa whole." ]
Baclground information for this article was povided
by Morum Biatt. Johm Kesselring, Muhesh Khattea,
MyronJoncs, Keith Cams, and Amini Amamath of the
Encrgy Deliveny and Litilizatton Division and Jercy

Bloom and Ed Riddell of the Product Line Manage-
ment Diviston,
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Power Precision




THE STORY IN BRIEF

The promise of power electronics—

based FACTS technology to trans-

form transmission systems into high-
speed, precision networks is being realized on a part of
American Electric Power’s grid, thanks to pioneering col-
laboration between the utility, EPRI, and Westinghouse. A
third-generation FACTS device installed at an AEP substa-
tion is providing unprecedented levels of power flow con-
trol and operating flexibility. The device—the Unified Power

Flow Controller—and other, even more advanced elec-

tronic controllers to come represent a technology solution

for meeting the growing power transfer demands of emerg-

ing competitive electricity markets in the new millennium.

With UPHG ...




1 a remole corner of eastern Kentucks
near the border with West Virginia, the
worlds most advanced electronic

power transmission controller is help-

ing American Electric Povver use a niew

138-k¥ line and other transmission as-
sets to more reliably deliver more electric-
ity 10 meel the demand ol customers, in-
cluding several undergriund coal mines
[alled the Linified Power Flow Controller
(UPFQ), the equipment enables tranamis-
sion operatiors at AEP Inez substation (o
do something that is unprecedented in the
electric utility industry worldwide: simul-
tancously, instantaneously, and indepen-
dently control all three paramiters—im-
pedance, voliage, and phase angle—ihal
determing the direction and mag-
nifude of both real and rractive
poveer llow on a transmission line.

The third-generation embodi-
ment of EPRIs evolving vision for
Flexible AL Transmission System
{(FALTS) technology, the UPFC
herald= a sea change in the udility
industry’s ability o make electric-
ity flow as desired. It represents a
technology solution to a basic chal-
lenge raised by the increasingly
compititive supply market: how (o
accommodate the growing demand
for wheeling and open transmission
ateess while preserving the swabil-
ity and reliability of high-voliage
grids that were not designed to
serve as an integrated inlerstate
highway system for electricity.

At the [nez L'PFCs dedication
last June, the significanee of this
aillvance in power transmission
control capability and operating
flexibilily was evident in the re-
marks of executives [rom AER EPRI, and
the lormer Westinghousze Electric Corpo-
ration division that manufactured the con-
troller (now part of Siemina Power Trans-
mizsion and Distribution). Mor did 1he
importance of the moment or the devices
stunning technical performance escape
the attention of executives [rom other in-
terested utilities in attendance, some ol
whom were already considering how the
LPFC or a similar device could henciit
their transmission systems. For some time
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The world’s first UPFC, in-
stalled at American Electric
Power’s Inez substation in
eastern Kentucky, provides
dynamic voltage support and
flexible, independent control
of the flow of real and reac-
tive power on a new 32-mile
{S1-km) 138-kV transmission
line between Inez and the
utility’s Big Sandy substation.
Housed in a steel-frame build-
ing, the UPFC's two back-to-
back +160-MVA inverters can
instantaneously control trans-
mission voltage, impedance,
and phase angle, the parame-
ters that determine the direc-
tion and magnitude of real
and reactive power flow.

AEP's Inez substation

10 come, Wility engineers lrom around the
world will almost certainly be trooping 10
Inez 1o win ess the future of power trans-
mission in gperation.

“Through the 1ailored callaboration of
WEP, EPRI, and Westinghouse, we have
successfully created the power technology
of tomorrow, and we have 11 up and run-
ning loday,’
chairman, president, and chiel exectuive

»

said E Linn Draper, AEP%

and the chairman of EPRIs Board of Di-
rectors. "The Linthed Power Flow Con-

troller is. without question, one of the
most significant lechnological advances in
the history of the electricity industry” and
an example of “the advanced electronic
wols that will take energy delivery into the
new millennium,” Draper told the dedica-
tion attendees. He added that, on a practi-
cal level, the LIPFC is the realization of a
decade-long dream of AEP engineers [or
“a black box device that would essentially
allow us to dial in the desired Now of
power on a (ransmission line.”



Dedication guests view one of the UPFC's
three-level, 48-pulse inverters.

The UPFC's successlul operation at Inez
is a milestone in the evolution of a robust,
solidstate FACTS-based power delivery
system—the [ocus ol a broad initiative
launched by EPRI in cooperation with
member ulilites nearly a decade ago.
“FACTS technology will enable the deliv-
ery inlrastructure to reliably and Mexibly
meel the needs ol a competitive electricity
market, which is demanding greater con-
trol and precision in response to an ever
more complex marketing [unction and
to a digital microprocessor-based end-use
market that is increasingly sensitive 10
power quality issues,” noted Kurt Yeager,
EPRI's president and CEQ, at the dedica-
tion ceremony.

"The UPFC represents a [undamental
paradigm shilt in power delivery technol-
ogy [rom a mechanically comrolled nans-
mission system reflecting 1950s technol-
ogy lo an instantaneous, electronically
controlled system providing speed and
precision previously impossible,” Yeager
continued. “FACTS can literally transform
today’s power grid into a smart system ca-
pable of precisely moving power long dlis-
tances among a diverse group ol market
participants.”

Electronic valves

control flow

The UPFC and other advanced
FACTS contrellers use high-
power, silicon semiconductor
based switching devices called
thyristors. Multiple thyristors,
connected in series and cou-
pled with related hardware
and digital control systems,
can switch megawalti levels ol
power within milliseconds o0
synthesize a smooth, sinusoidal
voltage wavelorm—the electri-
cal components ol which are
independently variable. The
FACTS controllers employ var-
ious conligurations and com-
binations of thyristor-based i n
verlers lor specific applications.

According to Bruce Renz,
AEP’s vice presidem [or en-
ergy delivery support, today’s
emerging family of FACTS controllers
[unctionanalogously to the control valves
and variable-speed pumps in a water dis-
tribution system ol reservoirs, pipes, and
laucets. Along with surge-absorbing stor-
age Lanks, these valves and pumps enable
improved overall control of water low
patterns. Power systems—in which volt-
age and electric currcnt correspond to
water pressure and rate ol flow, respec-
tively—need the elcctrical equivalents of
valves, pumps, and storage. “Without
such tools, it is not possible to [ully un-
lize the inherent capacity ol any complex
electrical transmission system or to realize
the financial gains associated with the in
creased throughput they may allow,” con-
cludes Renz.

On atransmission network, power flows
according o the laws ol physics and not
necessarily along the shortest route be-
tween the points defincd in a comractual
transaction. Unimended loop {lows ol
electricity beyond a contractual path are
increasingly the cause of transmission bot
tlenecks that can limit power transfer ca-
pability, particularly il an area has 100 [ew
transmission lines and hence is capacity
constrained. Because, in most areas, new
transmission corridors are dilicult 1o site
and costly 1o build, most utilities are to-

cused on increasing the capability, control-
lability, and llexibility of existing transmis-
sion [acilities.

In the case ol the Inez substation, the
surrounding rural area was dependent on
long, heavily loaded 138-kV transmission
lines serving a power demand of approxi-
mately 2000 MW. The voltage stability
margin [or system contingencies during
normal operations was very small. Voli-
ages at some locations could be 95% ol
nominal, which is considered the lowest
acceptable level [or supply reliability. A
single contingency outage ol a 765-kV line
in the area would result in severe volt-
age drops and the thermal overloading ol
other lines. The loss of a second line could
cause an areawide blackou.

AEP wanted to build a new 32-mile (51-
km), high-capacity, double-circuit 138-kV
line between its Big Sandy and Inez sub
stations, but the amount ol power that
would actually flow on the new line was
still going 1o be constrained by impedance
and other ac transmission system parame-
ters. Dynamic vollage support and reactive
power compensation, along with high-
speed control ol power flow on the new
line, were needed 1o enable use ol the line
at [ull capacity

The $30 million UPFC is part ol a com-
prehensive $90 million area-reinlercement
plan implemented by AEP. The plan in-
cludesthenew 138-kV line, series rcactors
o limit loadings on existing thermally
loaded utility [acilities, and a 345/138-kV,
600-MVA transformer at the Big Sandy
substation. The UPFC regulates the Inez
138-kV bus voltages and controls six 138-
kV shunt capacitor banks at Inez and three
other substations.

In the UPFC, two identical =160-MVA
voltage-sourced inverters connected 1o
two sets ol dc capacitor banks provide a
contiol range ol £320 MVA. These modi-
lar inverters, along with a spare shunt
ranslormer installed at the substation,
give AEP signihcant [lexibility in configur
ing and operating the UPFC. The system
can operate in [ull UPFC mode to control
power {low with independent conirol of
real and reactive loads. and the series in-
verter can be switched to double the shunt
rating 1o *+320 MVAR. It isalso possible 1o
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deceuple the inverters al the comnon dc
bus and operate them a= independent
shurt and serivs contrellers. The UPFL
control logic is just as adaptable as the in-
stalled cenfiguration.

During normal operation, one al the
Inez inverters {unctions as a sialic com-
pensator, or STATCOM, providing voltage
support. In the event that either inverier is
outl ol service, the other can be discen-
nected from the dec-bus switches and op-
eraled independently lor reactive power
support, The STATCOM component of the
UPFC is the evolutionary link to he pre-
vious generation of FALTS devices, The
first STATCOM, rated *100 MVAR, has
been operaling successfully a the Ten-
nessce Valley Autherity’s Sullivan subsia-
tion since late 1995.

Located near Johnsen City in northeast-
ern Tennessee, on e edge of TVA's service
territory, the sullivan subsiation serves
seven local distributors and one large in-
dustrial customer. LUsed in coordination
with 84 MVAR ol mechanically swilched
capacitor banks that extend ils capacitive
range, the STATCOM unit protects against
unacceptable voltage drop on TVA's 161-
kV and 500-kV network in the event that
the substation’s main wansformer bank is
lost during winier peak conditions.

The STATCOM unil has allowed TVA
Lo save $14 million by delerring the costs
of either installing a second transformer
bank al Sullivan er constructing a fifth
L61-kV line into the area. In addition, the
unit has reduced TVA's need te use load
tap changers to incrementally adjust volt-
ages, thereby minimizing the potential for
a transformer failure that would typically
cost about $1 million 10 repair. And since
load 1ap changer operations have dropped
fram 250 a month 1o 6 a month, mainte-
nance costs lor the wp changers are sub-
stantially lower. "STATCOM 1= an out-
standing example of how new technology
can help maximize the use ol existing
transmission [acilities on a cost-eflective
basiz,” says TVA's W. ]. Muscler,

Multiple functions multiply benefits

Abdel-Aty Edris, the manager for FACTS
technology in EPRIs Energy Delivery and
Utilization Division, notes the [unctional
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The UPFC's excellent dynamic performance is iliustrated by these results from a 100-second
test on the Big Sandy-1nez line. As the flow of real power was varied, the UPFC shunt inverter
automatically compensated to maintain near-constant line reactive power and constant volt-
age at the Inez bus. The UPFC's voltage support capahility protects against voltage collapse in
casetwo transmission lines in the area are lost, and its power flow control capability enables

optimal transmission system utilization.

flexibility made possible by the UPFLs
multiple compensation capabilities—ils
ability to control line impedance, phase
angle, and transmission voltage—and con-
cludes that the controlier has “"enormous
potential for solving many of the system
operations problems facing the ulility in-
dustry.”

In a draft of a paper prepared lor pub-
lication in a professional journal, Edris
summarizes the expected benefits of the
Inez UPFC and quantifies its impact on
power Lransler capability and voltage qual-
ity. The bottom line: an increase of more
than 100 MW in power wansfer over the
new 138-kV Big Sandy-lInez line and ex-
cellent voliage support ar the Inez bus.
This dynamic voltage support is expected
to avert an area blackout in the event of
double-contingency conditions (the loss
of two lines) and to provide superior
power quality throughout the area.

The flexible. independent control of real
and reactive power [low on the new line
cnables optimal utilization of the existing

transmission facilities in the area. More-
over, says Edris, referring 1e informalion
provided by AEP, the overall system rein-
forcement frees up previously unnsable
transmission capacity, which is expected to
accommodate years of tead growth. And
the UPFC's reduction—by mere than 24
MW-—ol real power losses on AEP [acilities
in the region is the equivalent of reducing
carbon dioxide emissions at generating
plants by more than 85,000 (ons a year,

Evolution of innovation

Conceptual development af the UPFL, as
well as demonstration of jts rechnical and
economic feasibility, began in late 1991 in
work jointly spansored by EPRI, the West-
em Area Power Administration, and West-
inghouse, In (hat R&D, researchers at the
Westinghouse Science & Technology Cen-
ter near Piusburgh conducied demonsira-
tion tests and analysis using a Transient
Network Analyzer scale model. More re-
cently, the UPFCk impact on power sys-
tems has been extensively studied with




EPRI's comprehensive stability simulation
software—PSAPAC (Power Systems Analy-
sis Package). This software provides lor
several types of steady-state and dynamic
analyses of systemwide phenomena, in-
cluding the effects on power flow patterns.

Now, as part of Siemens Power T&D,
the former Westinghouse energy manage-
ment division is gearing up to market the
UPFC and similar FACTS devices Lo utili-
lies and (ransmission system operators
everywhere. “The UPFC installation at the
Inez substation 1s the first application of
a device that will be marketed to power
companies worldwide. There is already
much interest overseas in FACTS,” says
John Kessinger, general manager of the
Siemens Power T&D FACTS and Power
Quality Dvision.

“As the most advanced high-power con-
troller ever devised, the UPFC opens up
enormous possibilities=—so enorinous that
utility operators are abandoning much of
what they've historically used as guide-
lines and are embracing anew era in trans-
mission eontzol. Once again, technelogy
has provided a solution at a time when 1ts
needed most.” adds Kessinger “The cor-
porate commitment to FACTS will be sus-
lained al Siemens, and as part of Siemens
Power T&D, we expect to be able to offer
the utility industry an even broader set of
solutions because we will have access 10
addunional power delivery technologies
that can be integrated with power elec-
tronics like FACTS.”

In the North American market alone,
Kessinger estimates, every major utility
that operates a transmission grid has at
least one bottleneck that could immedi-
ately be improved with a UPFC. A high
percentage of these bottlenecks will likely
be dealt with over the next 5 10 10 years
as wholesale bulk power flows increase.
That's a big market for the UPFC and
other FACTS devices right there,” says
Kessinger

Al the Inez dedication, AEP’s Draper
noted that the UPFC and other FACTS de
vices are likely to play a critical role as new
electricily market mechamsms and trans-
mission system operalors assume greater
prominence tn transmission planning and
oversight, cost control. and delivery sys-

tem reliability. “It may be in the context of
the independent systein operator [1SOI
that the UPFC and other advanced tech-
nologies will make especially signilicant
contributions in the new era of power de-
livery;” he said.

“Ensuring the transinission {lexibility to
meel new and less-predictable supply and
demand conditions in the competitive
marketplace will be a very real challenge,”
Draper pointed out. “Advanced power
electronics will be a big part of the solu-
tion. Highly automated transmission—
with centralized contcol, greater speed,
and more flexibility—will be essential 10
address the increased demand, the need
{or greater access and expanded choice,
and the intense competiuon m the new
electrietty market.”

AEPs Renz added, *In the 1SObased
world of the twenty-first century. the
broad and integrated applic:ation of UPFC
and related FACTS technology will allow
maximum use of transmission grids and
provide the new control tools critically
important 10 rehable operation in a much
less predictable future.” Renz parentheu-
cally noted that AEP 1s considering as an
addiuon 1o the Incz UPFC a large super-
conducting magnelic energy slorage de-
vice that would collect, store, and release
electricity on the gnd, much as a surge
lank does with water

The next generation of FAGTS

The substantial existing utility market for
the UPFC notwithstanding, plans are be-
ing laid 10 1ake the next step in develop-
ing FACTS technology 1ast September,
the New York Power Authority approved
$35 million for an EPRI-managed project
with Siemens Power T&D 1o build and
install a first-of-a-kind convertible static
compensator (CSC) at the Marcy subsla-
tion near Uuca, New York. The $48 mil-
lion NYPA project, which is being co-
funded by EPRL. Siemens, and (3 other
utilities (including AEP), will proceed in
two phases, with completion by the end of
2002. NYPA expects the CSC 1o increase
by 240 MW the flow of electricity [rom
upstate New York, where most of its gen-
eration plants are located, to the down-
state areas of heaviest use

NYPA and EPRI have evaluated the con-
clivons and limits of the two major inter-
laces of the New York state lransmission
system 1o 1dentify the capabilities needed
by the CSC FACUS controller. The con-
troller isto serve initially as a shunt device
for voltage support and eventually as a se-
ries device for power flow management as
well. To be composed of several 100-MVA
inverter blocks, the CSC offers even
greater llexibility in configuration and op
eraton than the UPFC. It will be able 10
control power llow simultaneously on two
or more transmission lines at the Marcy
suhstation and to wn in at least fivemodes,
including as a STATCOM or a UPFC.

EPRl's Edris estimates that the shunt
portion of the CSC will increase the power
transler capability of New York state's To-
tal-East interface by 120 MW and that of
the Central-East interface by 60 MW. Us-
ing the sertes and shunt elements in com-
binauon could add another 120 MW of
ransfer capability 1o the Total-East inter-
face and another 60 MW 10 the Central-
East interface The CSC will also improve
voltage control. reduce system losses. and
enable the maximum use of New York’s
Lransmission system.

“The CSC will help costellectively get
power where it’s needed in New York siate,”
says Karl Stahlkopf, EPRI vice president
for energy delivery and utilization. *Like
AEP with the UPFC, NYPA is showing
greal leadership in applying this innova-
tive technology for the benefit of s cus-
tomers, and we are pleased to be of assis-
lance. As industry restructuring makes
new demands on power transmission sys-
tems, power electronic FACTS controllers
like the UPFC and the CSC offer the most
cost-effiective way 1o increase the amount
of power that can be transferred.” =

Further reading

Fardanesh, B., et al, "Convertible Static Compensator: Ap-~
plicatien to the New York State Transmussion Systern.”
1928 CIGRE Session, Paris, france, Paper No 14-103.

Reng, B, et al. “World's First Umifred Power Flow Contraller
on the AEP System.” 1998 CIGRESession, Parns, France. Pa-
perNo, 14107,

Edris, A, et al. ‘Controlling the Fiow of Real and Reactive
Power," IEEE Computer Applications in Power, Vol, 11,No. 1
(January 1998), pp 20-25

Bachground iformation for tius aracle was provided
by AbdclAly Edns, Enevgy Delvery and Unlhizationt
Divisian
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The Electricity
Technology Roadmap

THE STORY IN BRIEF

With more than 150 participating organizatioms to date, the
Electricity Technology Roadmap Initiative seeks to develop a comprehensive vision—through
the middle of the next century—ef opportunities for electricity-related mnovation to
benefit society and business. The roadmap will also translate that vision into a set of technology
development milestones and identify the R&D pathways by which they can be reached. EPRI
is leading this effort—intended to be an imguing activity with broad participation—as an
investment in the future and as guidance for broad-based public and private R&D investment.
This article provides a brief overview of the initiative; detailed articles on the roadmap's

progress and comtent will appear in subsequent issues of the Jewrnal.

he role of electnie power has grown steadily in bath
scope and imporiance over the past century. Develop-
mentis in key technologies—including electric lighting,
motors, computers, and telecammunications—have
continuously reshaped American life and increased the produc-
tivity of its cammercial and industrial loundation. Histarically, as
technology has advanced, electricity has accounted lor a
progressively larger share of total energy consumption.
It is now nearly 40% of the total in the United States
and in other countries with similar levels ol economir
development. This growth reflects the fact that elec-
Iricity-based innovation lies at the heart of economic
progress. It is also the kev 10 sustainable econamic
growth and opportunity in the developing world.
Over the past vear, EPRI has held workshops and indi-
vidual discussions with representatives [rom more than 150 or-

ganizations in various stakeholder communities—including in-
dustry, government, the public interest and environmental areas
and the R&D community—to identily poszibilivies for ineneas-
ing electricity’s value to saciety. These activities, the beginning of

the Electricity Technology Roadmap initiative, have vielded a set

of goals, or roadmap destinations, which include the following:
» Development of a more elficient, electronically controlled pow-
er delivery sestem 1o support the quality security, and competitive
market reguirements of the twenty-first century
» Lreation of integrated, customer-managed service networks to
provicle a growing array of customized oplions and intelligent
end-use capabilities
« Maintenance ol 115, econmmic prozperity and leader-
ship, sustained by innovation-hased productivity growth

« Eflective management of the coming ceniury’s global

sustainability issues through technology that resolves
contlicts between population griswth, economic devel-
opment, and resource availability, including environmen-
wal stewardship

Part of the roadmap initiative process has been to identily

capahility gaps that must be bridged il the desired destinations are
to be reached. These gap= pisse key RED, investment, and policy
challenges. & scientific and technological development roadmap
i now being created w address these gaps and challenges. It will
bie continuously updated to keep pace with advancing knowledge

and visian.



Transforming the power system

The roadmap’s pathway 10 the [uture be-
gins with one of the most fundamental
electric utility funclions: geuing clectric-
ity [rom the point o) generation 1o the
puint of use. Power delivery has been part
of the utility industry for so long that it is
hard 1o imagine that we have not already
optimized the process. However, the pow-
er delivery lunction is becoming more
complex with the onset of open power
markets, the introduction of medern dis-
trihuted generation and sell-generation
systemns, and the saturation of the exist-
ing transmission and distribution grid. As
a result, the reliability of power delivery
may decreaze, and lusses due to ransmis-
sion and distribution outages may lar out-
weigh the hoped-for customer benefits of

miles being added annually is declining,

The 1.5, electric power system is one of
the largest and most complex structures of
the technological age. lis expansion will
require a large jucrease in communica-
lions, control, and status-monitoring net-
works, thus creating further complexity
and posing additinmal risk to 1he infra-
structure. {mproved models and Lools will
he needed 1o deal with this increasing sys-
e complexity because, unaided, opera-
tions stalls will nmt be able 0 respond
quickly enough to detect and correct prob-
lems. The large-scale, real-time distributed
control requirements of the power system
will continue 10 challenge the state of the
art in distributed system management.

An additional concern is that all nther
infrastructures—including transportation.

manage an expenentially growing nwmber
ol commercial transactions, The hackbone
of the grid envisioned for 2010 will be
high-tcmperature superconducting  and
advanced polymer cable systems: power
[low management will be based on Flexi-
ble AC Transmission System [FALTS)
technology and wide-area communica-
tions and contral technologies capable of
eliminating bowlenecks in the wansmis-
sion sysiem,

The new grid will link power generation
to the customer over limger distances,
thus cantributing to supply Uexibility. [t
will also be capable of providing custom-
ers avcess w0 mpre-diversified generation
energy that
would atherwise be wasted (for example,

sources and 1o resources

flare gas lrom Mexico and the Alaskan

a competitive power industry. 0.4 North Slope). With propzr in-

In the United States, the lo- = centives and investments, all
cus is on new power delivery 3§ g customers would have acceds
technologies that will enable g 03 | o the power quantity and
integration @l the Morth Amer- § 1990 quality needed ar any time of
ican power delivery grid under % - 2020 day. Moreover. increased un-
increasingly broad control ca- ; 02 O~ dergrounding of the transmis-
pabilities and will also make 2 Ty sion infrastructure would re-
possible major tranalers of low- £ 0.1 20507  duce owtages and vulnerability
cost pawer over langer dis- B [ 1o hostile elements, reduce ex-
tances to meet the needs ol cus- E.: posure to electric and mag-
lomers. However, concern is B netic fields, and limit the wisual

140 20 30 40 50 60

growing that unless technolo-
gies 10 upgrade the power grid
arc deployed quichly, the in-
creasing demand for transmis-
sion resources may threalen the
newworks reliability.

The magnitude of bulk power transac-
lions in the Uniled States has increased
lourfold in the last decade, with abow
one-half of all domestic generation now
heing sold on the wholesale market hefore
it is delivered 10 customers. This growth
ociurs al a time when many parts of the
forth American transmisston nelwork
are already operating close 10 stahility
limits, as illustrated by recent widespread
outages in the western alates. Tradition-
ally. utilities would he adding new trans-
mission facilities (o handle the expected
load increase, bul becausc of the dilliculry
in obtaining permits and the uncertainty
of realizing an adequate return on invest-
ment, the number of 1ransmission circuit
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Electricity {% of total energy)

Electricity’s unparalleled flexihility, precision, and end-use efficiency have
a powerful effect on productivity. As electricity’s share of total world
energy increases, the amount of energy (tons of oil equivalent) required
to generate a unit of gross domestic product will fall substantialiy,

telecommunications, oil and gas, and fi-
nancial systems—depend on the electric-
ity infrastructure to power and control
their operations. The interdependence of
the various infrastructures means that fail-
wres in one can easily propagate o nithers,
mulliplying the damages associated with
systent failures. Synergies among these in-
frastructures can also be exploited by in-
novations that create operating efficiencies
through ntegration.

The new grid

By 2010, a unified, digially controlled
ransmission gridl will be needed to move
large amounis of pawer precisely and reli-
ably (hvsughoul Wonh America and o

imipact of the power system, A
new equilibrinm between ac

and dc
could also result from these

power  fransmission
1cchnological advances.

In addition o tran=lorming
the L5 prid, technological advances
could spearhead the creation of all-new,
les= costly transinission systems in the de-
veloping nations, including hoth lang-
diztance and urban delivery capabtlities.
These innovations would enable new busi-
ness apporiuntues in power marketing,
long-distance power Iransmission. and
end-user services in the most rapidly
growing regions of the world.

Improvements in the LLS. power deliv-
ery aystem will also beconie crucial in the
ceming decades, As industrial and com-
mercial customers become more depen-
dent on digital microprocessor systems,
their power quality and reliability require-
ments gre becoming more rigorous, and a



market [or high-quality, “premium” pawer
is developing. By 2010, this demand is
likely to pervade every sector of the goan-
omy and society. The roadmap therelore
envisions a sy=lem able to delivir electrid
power of any waveform, quality, and relia-
bility at a price that provides higher net
value 10 the user,

This system musl be able 1o function
with a widely implemented, grid-con-
nected array of distributed resources—fuel
cells, microturbines, renewables, and in-
ctgy atorage aysiems. With adequale in-
vesiment, technical innovations now on
the horizon could make possible thi= en-
tirely new level of system integration with-
in 10 years. That in turn would allow the
distribution system Lo become a compre-
hisrive commmon carrier as retail compet-
tion expands and energy and telecommu-
nicalions services conlinue Lo converge.
The faiture (o ilevelop such ools in pacal-
lel with the new sources of distributed
generation will pose several threats: the
disruption and paessible [ragmentatiom or
stranding of the distribution  swstem;
higher inlrastructure costs in pursuit of
power quality and reliability; higher costs
ui the end-use customer; and significantly
reduced economic productivity growth.

Putting the customer in charge

The customer load is also undergoing a
technological revolution. What's changing
ic the growing intelligence of this load and
the need to adapt 1o this intelligence. As
micropraces=ors become embedded in
every appliance and as this distribuied in

telligence becomes increasingly linked 1o
intelligent controllers thar provide direct
aceess o the Internet. the country’s eles

tricity and information systems will elliec-
tively be joined and, in time. will be able
w lunction as a single integrated networlk.
In the sman houses of the nal-too-distant
(uture, for example, controllers could au-
tomatically search the Internet lor access
to the lowest-cosi power or seek power
with other valued atributes {for example,
green power or high-reliability power lor
cvitical applications). A conwoller could
be programmed to take advaniage ol Lime-
of-day pricing =a that energy-intensive
activities like clothes drying would be per-
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World population has doubled since 1950 and is expected to reach 10 billion by 2050. Popula-
tion growth, driven almost entirely by increases in the developing world, is the single greatest
threat to global sustainability in the coming century. {Source: World Energy Council and Interna-
tional Institute for Applied Systems Analysis, Global Energy Perspectives to 2050 and 8eyond.)

lormed during off-peak periods. The sys-
tem might alsu diagnose problems with
household appliances and recammend
service il needed.

The electricity industry is already ex-
panding trom its traditional generation,
iransmission, and distribution dimensions
o include energy services, power mar-
keting, and information 1echnalogy-based
services and products—all of which are
designed (0 provide greater customer
value. With greater investment, significani
new business opportunities could be cre-
aled by aking the next step: the complete
transformation of the traditional power
supply network into a trulv customer-
managed service nelvork. Ollering the
customer control of electrons would be
a powerful change, shilting the power
provider from selling a cost-plus energy
commodity W lunctioning as a (lexible
“virtual udility” that would uliimately pro-
vide a wide array of intelhgent, individ-
ualized value-added services.

When elecirons and intelligence are
merged and controlled in a single Mow,
cuslomers are in a position 10 build cus-
tomized services that are closely ailored
o their particular needs. The resuliing
supersmart electric energy would be
completely flexible and contrellable; it
could be contigured to any desired wave
form throughaut the clectron path and
optimized [or specific ¢nd-use require-
ments. Moreover, it would automatically
sell-correct for any disturbanies.

It is likely thar this ranstormed newwork
—based on Lhe concept of a customer-
managed virtual wiilitv—wauld open the
gateway 10 a flood ol new intelligent elec-
trin services, or “inteliectrics,” that could
place new levels of comlort, convenience,
speed, efficiency, and adaptive intelligence
at the customer’s fingertips, But there are
perhaps even larger economic benefits s
be gained. To the extent that the newworl
spreatls throughout the economy and takes
on (he charactevistics of an instantaneous
economic “nervous system,” it would he-
come an important conduit for introduc-
ing new technologies both upstream and
downstream of 1he cusiomer laad, It would
also increase energy elficiency throughout
by linking the larger systemwide intelli-
gence with the intelligence embedded in
the customer load.

From commodities to services

The transformation 10 an intelligeni, cus-
tomer-managed service network would
move the business dynamic of the electric-
ity enterprise well beyond electricity 4= a
commodlity. This is in keeping with the
paradigm shilt in business toward render-
ing a service of far greater value than the
ariginal product. Du Pont, [or example, is
beginning o be paid lor the painting ol
carz, rather than for 1he gallons of paint it
delivers ta the automaker’s door. This puts
Du Poni inside the lactory, working with
the auto company to improve the quality
and vost of ¢ar painting. 1t shifts the work
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to the supplier and shifts the [inancial in-
cemive ol the supplier toward selling less
paint rather than more. Similarly, a chen+
ical company might make more money
selling crop protection 10 larmers rather
than more pesticides.

[n the same vein, during the era of end
use planning, the electric utility industry
was initially taced with the business irony
of being asked to sell less of its product
while receiving revenues only for selling
more. The eventual resolution gave birth
to the energy services industry, in which
utilities were paid for provable savings in
energy use. In the luture, while electricity
in bulk will still be needed at the whole-
sale level. the customers’ value chain will
shilt the most lucrative energy business
toward providing tailored services. The
development of enhanced energy services
within a customermanaged network will

will be shortchanged without a sufficient
infusion of R&D 10 bring down the cost
and increase the capability of the key in-
terface technology—interactive metering,
Advanced meters lorm the connection nec-
essary for customers 1o make their needs
and decisions known 1o the service com-
munity and for microprocessor-controlled
processes and appliances 1o be linked to
a growing variety ol alternative service
providers.

This is a chicken-and-egg situation not
unlike that experienced with early televi-
sion. The new meter will be ol marginal
benel 1 il there are no new services o be
delivered, and new setvices won't emerge
until the market density ol meters can jus-
tily them. Service providers may have to
subsidize advanced meters in the home 1o

jump-start the residential market. 1It's in

industrial and commercial environments,
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World energy use has tended to be dominated by single fueis—in the twentieth century, coal,
oil, and natural gas successively. While gas will continue to be the fuel of choice for the near
future. the world will move toward a much more balanced portfolio of energy options over the
next 50 years. (Source: World Energy Council and international Institute for Applied Systems
Analysis, Global Energy Perspectives to 2050 and Beyond.)

lead to substantially higher value [or the
energy consumer and sociely, increasing
productivity and resource efficiency while
reducing environmental effects and over-
all cost.

New possibilities [or services may ex-
pand beyond the management of energy 1o
the management ol comfort, convenience,
security, ambience, privacy, entertainment,
education, and caretaking. But the vision
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however, where the sirategic advantages of
advanced metering and the new imegrated
network will become most evident. There,
they will result not only in the delivery of
new intelligent services 1o the customer
but also in the delivery of innovation, pro-
ductivity; and effiiciency [rom business 10
business and the interlinking ol business
processes into new webs ol urban and in-
dustrial ecology.

The economic payoff

Economic growth and productivity have
received strong boosts in the past [rom
both shortterin and long-term invest-
ments in R&D. and such payolfs are likely
Lo increase with the advent of intellectrics
and a greater customer orientation. With
sufficient investment, new and emerging
electricity based technologies could revo-
lutionize manulacturing and many service
industries. The goal is 10 develop highly
efficient enterprises—thinking [actories
and their counterparts in the service sec-
tor—with sell-adapting processes 10 re-
design and change products and seivices
on demand, 10 minimize waste. 10 self:
diagnose and self-repair, and o specily or
creale appropriate forms ol energy input.

Such technology innovation could make
possible some major stretch goals [or the
U.S. economy, including doubling labor
productivity, cutling energy intensity in
hall (that is, halving the amount of energy
needed to produce a dollar of gross do-
mestic product, or GDP), and eliminating
mosl waste streams.

The roadmap initiative participants have
identified four enabling technology plat
forms that have the potential to signili-
cantly improve productivity in the next
20 years across a range of critical manufac-
wuring and process indusiries. These tech-
nology platfornis would also contribute 10
the comfort, convenience, and capability of
the intelligent home of the [uture as well
as the automated workplace. The four plat-
forms are new materials, advanced sensors
and controls, microminiaturization, and
infornation systems. They are reflected in
the Electricity Technology Roadmap be-
cause electvicity is essential 10 their devel-
opment and advancement and because
they will become integral components of
all future energy-consuming industries. As
such. they are essential “inlratechnologies”
on which U.S. productivity and strategic
competitive advantage depend.

Breakthroughs in these areas would sig-
nik:cantly impact many sectors of the
economy, including the electricity indus
ry iiself. For example, advances in carbon
{ullerene materials could lead 10 stiuctures
and systems with ultrahigh electric con-
ductivity, high strength-to-weight ratios



(100 times the sirength of steel at one-
sixth the weight), and high resistance to
corrosion. The same class of materials
could he manufactured 10 have semicon-
ducting behavior, excellent light-gathering
capability, and other properties that would
be uselul in a variety of industrial applica-
tons in addition to the conduction of elec-
iriity. The potential payoff 10 industries as
wide-reaching as aerospace, computers,
and energy would justify at least a dou-
bling of the R&D effort on advanced ma-
terials over the next decade.

Because of the widespread use of sen-
sors, miniature machincs, and informa-
Lion systems, advances in these technolo-
gies would yield extensive, compounding
benefits to the U.S. economy—through in-
creases in productivity and competilive-
ness, energy cfliciency and resource uti-
lization, GDP growth, and environmenial
protection. The failure to pursue these op-
portunities in an aggressive and timely
R&D effort is likely to result in a number
of penalties Lo the nation, including slower
economic grewth, loss ef jebs, greater
waste ol natural resources, loss of techni-
cal leadership in areas highly significant to
the luture of the global economy, and re-
duied resilience in dealing with the uncer-
tainties and threats of the fulure.

The challenge of giobal sustainability
Because it is difficult to see the global sus-
tainability problem holistically, there has
been a tendency to take a narrower poini
of view: food, family planning, structural
reform, law, climate, business, energy, cco-
nomic development, biodiversity. Unfortu-
nately, dilliculties in all these areas will be
driven by the seemingly inexorable in-
crease in a single variable-—global popula-
tion. The world is cxperiencing the great-
est demographic expansion in history. lts
populatien has doubled since 1950 and
will double again by 2050 to about 10 bil-
lion people. Beyond that date, anything is
possible: the populaticn could stabilize or
continue ils rapid rise. Population growth
is the greatest challenge facing the world
today, the greatest economic opportunity
in history, and society’s greatest blind spot.

Population growth will spur a substan-
tial need for economic and inlrastructure

Power Delivery
Superconducting cable

FACTS technology

Advanced distribution
automation

Superconducting magnetic
energy storage

Stationary fuel cells
Dc distribution network
Advanced metering

Underground distribution
construction

Cost reduction; cable length, insulation, and refrigeration
requirements

Cost reduction; nonsilicon devices

Sensors and software for repidly detecting and
correcting system problems

Increased storage capacity; reduced cost; grid integration

Scaling; thermal-cycling capability; electrolyte improvements
Dc/ac conversion; superconducting cable
Meters and communication systems; multiple-utility "virtual meters”

Polymer cables; underground corridors for integrated utility
services

Power Supply
Natural gas (central stations)

Natural gas (distributed
generation)

Coal {central stations)

Coal (coproduction)
Nuclear energy systems

Renewables {central stations}

Renewables (coproduction)

Reheat and intercooled turbine designs; high-temperature, high-
pressure turbine designs; oxygen/methane and air/hydrogen turbines

Ceramic blades and recuperators; solid oxide fuel cell systems;
integration of combustion turbines and fuel cells

High-temperature alloys; component development; carbon dioxide
capture

Process development; systems development and integration

Modularization; advanced man-machine interface; hydrogen
praduction; high-fuel-utilization cycles

Direct-drive, variable-speed wind turbine design and grid integration;
low-cost photovoltaic materials and processing

Biomass gasification process development; catalytic feedstock
production

Economic Growth and Productivity

Distributed controls and data
analysis

Smart materials

In situ sensing
Expedited prototyping

Smart sensors

Distributed intelligence; integration with sensor networks

Dynamic structures; integrated condition monitaring; biomedical
systems; micromachine technology

Miniaturlzation; throwaway designs; distributed computing
Parallel processing and advanced computing; high-fidelity simulation
On-board intelligence; optical, biological, and quantum computing

development. To support a sustainable [u-
ture, development must lake place over
the next century a a pace ol a least 2%
per year. l'his has been characterized as
the 2% solution, a sitnation in which a
number of factors—including productiv-
ity, energy efliciency, agricultural yield,
emissions reduction, and waler consump-
tion—improve across the board at a rate
of 2% per year or better. This will not
be easy, but it is in {ine with the cumula-
tive pace ol advancement in the United
States during the past centuty. If sustained
on a global scale through the twenty-first
century, these trends would allow robust
economic development while sparing the
earth. They should allow us 10 stabilize
world population (10 the extent that
wealth is a primary determinant ol popu-

lation growth), avoid atmospheric levels
of greenhouse gases above agreed-upon
strategic limits, provide sufficient food for
the bulk of the worlds people, and return
significant amounts of land and water to
their natural states,

The implications [or energy production
and use are profound. As population and
gross world product increase, the world
will need more energy than we currenils
consume. How much more depends on
the commitment to global electrification.
Because of Lhe elficiency and precision of
electric end-use technologies, doubling
electricity’s [raction of the world's 1otal en-
ergy consumption can reduce demand for
new energy by one-third, and this new en-
ergy can he produced from increasingly
carbon-lean sources.
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At least 810 million MW of electric
generating capacity will be necded by
2050 to realize this advantage, and even
that will only provide global per capita
electricity consumption equal o that ol
the United =tates alter World War 11. It
would mean bringing on line the equiva-
lent ol a large (1000-MW) power plant
every three or four days for the next 50
years. Moreower, to alabilize aimaspheric
carhbon concentiations at the levels pro-
posed by the Linited Mations [niergevern-
mental Panel on Climate Change, at least
half of that new capacity will have to be
carbon f{ree, and the average clliciency of
Jossil power generation would have o rise
10 50%, up from 35% Loday.

Power inlrastructure development will
be particularly important for the develop-
ing world, where large numbers ot people
arc migrating [rom rural to urban areas in
scarch ol economic opporiunity. The [rac-
tion ol the wuorlds population living in
urban areas will grow from 30% today 10
about 75% by 2051}, with mont of the
change occurring in the underdeveloped
nations. This growth will substantially
burden urban infrastructures and lead to
worsened health and welfare problems
urniless personal and civic prosperity can be
seeded thromgh aflordable electric power
—nominally at 5¢/kWh or less.

The exploding global demand for eles
tricity means that we will need all the

practical eleciric generating oplions we

the need for additional capacity largely
with gas-fred combustion turbines, while
the developing world will continue to rely
on indigenaus resources, particularly coal
in the case ol China and India. Continu-
ing to push the elliciency of combuztion
wurbine technology is a high R&D priority
because the turbines themselves will be
key components in every advanced com-
bustion system ol the [uture, regardless of
{uel.

The period rom 2020 o0 2050 will offer
a critical window of opportunity [or sig-
nihicant zhilts in global energy supply, pro-
vided that urgently needed R&D invest-
ments are made in the near lerm. This
longer time frame allows lor large-scale,
cost-eflective 1urnover of capital equip-
ment and for maximum uiilization of
technical breakthroughs, which will cer-
tainly occur if we make the R&D invest-
ments now: Advances in [uel cell technol-
ogy, passive nuclear plants, and renewable
generation options not only will increase
fuel llexibility but will also yield substan-
tial elMeieney and environmemal bene-
fits. The end reault could be an electricity-
hydragen global epergy econamy in the
voming cemury, which would provide
abundant, clean, sustainable energy while
expanding the otherwise limited availabil-
ity of Meshwater worldwide.

The rarbon-[ree poriions of the power
generation portfolio will become progres-
sively larger—continuing the long-lerm

trend of declining carbon concentration in
the global luel mix. Ensuring this i likely
1o require a 10-fold increase in R&D (o de-
velop noncarbon generation technologies
as well as methods of removing carbon
dioxide from power plant elfluent and the
atmosphere and sequestering it.

The central role of the environment
Environmental issues cut across almost all
the roadmap discussions—an indication
of their central role in energy development
in the coming century and the need Lo ac-
celerate work in the environmental &ci-
ences 1o guide both policy and technology
strategies. The value of gaining a betier
scientific understanding of Kkey cnviron-
mental issues will grow as pelicy propos-
als with greater and greawrr #conamic con-
sequences are debated.

The roadmap places the highest priority
an coming 10 a beter understanding of
climale change. This understanding is im-
portant because of the long-lerm risks as-
sociated wilh an unconstrained risc in at-
mospheric greenhouse gas concentrations
and because of the potential economic
cost Lo society if large near-lerm reduc-
tons in greenhouse gas emissions an
deemed urgent, Work is needed on the sci-
ences related to climate change processes
and eflects, as well as on an inlegrated
global analysiz that weighs proposed con-
irol costs and their distribution against the
vosts ol climate change cllects. In addi-

can find, along with enor- 13 tion. a technology strategy is
mous increases in elliciency Wood = 1.25 needed to identily and evalu-
throughout the entire energy i ate specific options for mov-
chain. A robust portiolio of 2 1.1} Coal = 1.08 ing away from £.0,-emiiling
advanced power pgeneratinn g £ power production systems
uption=—-I[ossil, renewable, = and fossil fuel-based trans-
and nuclear—will bhe essen- E 09 Oil = 0.84 portation systems.

tial Lo meet these growth re~- = ggl The wansporiation issue i
quircments, hoth domesii- 8 particularly important. In the
cally and globally. While the o Bl Gas = 0.64 context of demographics and
task may seem daunting, the 0.6 | environmental qualily, elec-
annual cost of achieving true i : : | trified transportalion is rap-
global electrification over the 1900 1920 1940 1968 1980 2000 2020 2040  idly becoming a necessity,

next hall-century is less than
the world =pends todav on
cigarette and alcohol con-
sumption.

Ovwer the next 20 years, the
developed world will mget
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Minimizing the patential for giobal climate change requires a continued
substitution of carbon-lean fuels, such as natural gas, for those high in car-
bon.{Carbon intensity is expressed in tons of carbon per ton af oil equiva-
lent.) Achieving an electricity-hydrogen energy economy through the
development of advanced, carbon-free power generation options is the
ultimate goal. {Mistorical data from the National Academy of Engineering.)

not just an option. And [uel
diversilication, which ¢an be
achieved primarily through
the use of clectricity, will help
maderate the global competi-
tion for petroleum as devel-



oping countries build their transportation
aystems. Conventional oil production is
lilkkely to peak by the second quarter of the
coming century under almost all re-
rource scenarios—ijust at the time
that emerging economies in Asia,
Latin America, and Africa will

be adding at least 40 mil-

lion harrels a day to global 90
demand. Competition [or
the worlds highly geo-
graphically concenlrated
petraleum reserves could
lead to increasing global
insability, distorting glob-
al security and miliary
policy 0 an ever-greater

100
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extent over (he next sev-

Hross Ward Product ($ trilions)

20

natives are availahle. 10

eral decades, unless alter-

In fac, the Tuwure of
electricitys role in trans-
portation looks particu-
larly bright. Considening
recent advances in vehicle
and battery development,
it i& quite possible that
emissionless electric, hy-
brid, and fuel cell-pow-
ered vehicles will compete
aggressively in the markel [or persinal
ransportation by 2020. Sell-guided vehi-
cles may also become available to free up
transponiation time [or work or leisure ac-
tivities, The relationship between trans-
pertation systems and the electric power
industry could even be revolutionized by
the development ol self-generating electric
(Tuel cell-powered) vehicles thai serve as
mobile power sources, providing electric-
ity 10 the grid during the 90% ol the time
that they. like most cars, are not on the

road,

Working for the future

The defining challenge of the coming cen-
tury will be to balance the “trilemma” of
interfocking sustainability issues—the
economic aspirations of rapidly expanding
populations in the developing world, en-
vironmental quality. and natural resource
availability. Technology innovation is the
best praspect for resolving conflicts be-
tween population, presperity, and pollu-

209 ¥ i % 8 9 A0
Population (billions)

The magnitude of the global sustainability problem can be seen
as the product of world population, economic development,
and primary energy consumption, This sustainability “faotprint”
has grown by a factor of 100 in the last 50 years and by 2050
will be 1000 times as large as in 1950. Electricity can help mod-
erate this growth.

tion. We have seen innuvative technology
development eszentially make the [ortunes
of the worlds great economic powers over
the last century. With much advanced
technology now mature and ready lor ap-
plication in other parts ol the globe, the
developing world can leaplrog the slow
technology developmeni process and en-
joy a vastly improved quality of life—with
much higher resource elliciency—while
further advances are pursued.

In [act, the entire history ol technology
strongly supports this central premise of
the Electricity Technology Roadmap Ini-
tiative: With aggressive R&D investment,
future electricity-bhased technolugical in-
novations can contribute o much-needecd
improvements in virtually every aspect of
life in the coming century. But merely
identifying the destinations ol our pre-
lerred future is only the beginning ol the
roadmapping process. Identfying and
eliminating the technology gaps that are
obstacles o our traveling the road suc-

cesslully i= a tougher prob-
lem—one that the initia-
tive parucipants are now
wrestling with.
solving that problem
will require even broader
participation by public and
private organizations, in-
cluding lederal and state
legislative hodies, national
laboratories, academic in-
stitutions, and privale in-
dustry as well as the elec-
tricity enterprise. Funding
20 and carrying out the R&D
& itsell will require a strong
extension ol this collabora-
tion, as neither the govern-
ment nor industry can fulfill
the roadmapss vision alone, Cre-
aling consortia to work on specific
key technologies will be an important
part of future wark. as will warking with
government groups Lo create incentiives far
widespread invalvement in technology de-
valapment and application.

The results of this work promise o have
a strong inflluence on the future, An inte-
grated portlolio of innovations will [uel
an unprecedented growth in global mar-
kets and ecanomies, leading to a new cra
of human opportunity. Closely linked o
thiz visinn of economic and =ocial progress
will be a new era ol global environmien-
tal and political swability arising [rom
brenkthroughs in global energy efliciency
and conservation,

The roadmap proposes Lhal a susiain-
able world can be achieved i the coming
century, easing the great tensions between
population growth and natural resource
limits now predicted. The technological
advances needed are within our grasp, and
with commitments from industry and gow-
ernment. the R&D resources 1o produce
them can be found. Regrettably, however,
wday this essential investment in innova-
lion i= being sacrificed. The roadmap ini-
tiative secks Lo restore those commitments
on the basis ol destinations defined by the
stakeholders themselves. (]
Background information for this irtiche was pravidid

by Bient Burleer, Strategic and Exesutrve Conimenca-
tions, and Steve Gehl, Strategic Technalogy &llimees,
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Online Library of Power
Quality Solutions

lectric utilities face a growing chal-

lenge in dealing with customer power
quality problems created by clectrical dis-
twrhances and system incompatibilities. In
many cases, viable solutivins and recom-
mended practices {or avoiding power
quality problems have been documentid
and made available to individual utilities
and their customers, but there is currenly
no general clearinghouse for such infor-
mation. The result is that wtility personnel
sometimes spend needless 1ime and eflor
risearching power quality prisblems that
have already been selved.

In rezponsze, EPRI's Power Electronics

Applications Center (PEAL) has assem-
hled a library ol more than 65 wechunical
documents that member utilities can
access [rom personal computers o help
customers apply the latest results ol
luboratory and field investigations Lo
sotve their power quality problems. The
library inciudes documents from PEALs
series of publivations on power qualiry
problems and salutions and from a quar-
terly newsletter on system compatibility
rescarch. 1t is available on EPRIS elec-
vonic information network, EPRIweb,
and also on CD-ROM [or both Windows
and Macintosh computers. Users can
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In the Field

Demonstration and application of EPRI science and technology

brawse through the publications or search
for a specific 10pic, using the Adobe soft-
ware included on the Web site and the
CD. Documents may be printed rom a
laptop computer—in the office or m the
ficld—and distributed to customers at
remole locations

Utilities using the PEAL Online Library
estimate that it saves 2 hours a month per
person in a customer service or lechnical
support group. The projecied savings in
customer support time range from $6000
te 260,000 a year, depending on the size
ol a utility’s cusiomer service group.

Utilities may customize the library 10
comain only the documents they wani,
and documents can be distributed 10
customers with utility-specific
logos and graphics. The library
can easily be included on a
conmipany’s intranet, providing
employee access [rom virtually
anywhere. Utilities can also load
the library onto the Internet,
allowing customers direct access.
“The customized library is exactly
what we wanted,” say= Frank
Sinicola of Consolidated Edison
Company of Hew York. “We are
ollering 1 on Con Edison intra-
net and have also included it on
our Internet Web site.”

The PEAL Online Library, including the
most recent publication=, can be accessed
through the EPRIweb power quality page
(www.epriweb.cormn/csg/pq). The CD-ROM
i= availabile from the EPRI Cusiomer
Assistance Center, (800) 313-3774.

New Surge Protection Measures
for Appliances

ouseholds are using an increasing
H number of microprocessor-hased
electronic appliances—Irom personal
compulers, entertainment centers, and
microwave ovens ta stoves, heat pumps,

and =ecurity avstems. Overvollages caused
by electrical switching transients and
lightning strikes can damage or destroy
these popular, high-value appliances.
Even when the appliances survive a
power surge, they may &till he affected,
such as in a computer lockup. Lightning
alane is estimated Lo be responsible for
half a billion dollars in L5, property dam-
age annually, accarding to the Mational
Severe Slonms Laboratory. Surge damage
may account for B0% of claimed losses,
wilh direct lightning strikes accaunting
for the rest.

Mosl properly losses attributed to
surges can be prevented by adding surge
protection either at the appliance or in
the power and communications wiring
systems. Even appliances with several
wiring sysiems can be protected [rom
surges. For a growing number of casex,
however, surge protection information
and devices supporied by a nationally
recognized code or standard are non
readily available.

In a firat step toward minimizing surge
damage and associaled losses, tate Farm
Insurance Companies, fllinois Power, and
the EPRI Power Electronics Applications
Center (PEACQ) joined forces 10 create a
document called *Recommended Practice
for Residemial Surge Protection.” After
analyzing input [rom a variety of 1echni-
cal experts, the collaborators reached
consensus on essential elements of surge
protection, including wiring and ground-
ing. Using practices developed in this
project, [Hlinois Power is helping ils resi-
dential and small commercial customers
protect their electronic appliances and
ither valuable praperty from surges. (n
addition, results from the cooperative
elfort will enable EPRI and its members
(o promote better national and interna-
tienal standards related to end-use surge
protection.

“With the help ol our customer Slate
Farm Insurance, we are now better able



to respond to all customers’ concerns
aboult surge protection,” says Jim May of
[llinois Power. The insuranci: cotmpany,
meanwhile, is explaring ways o educate
pulicyholders, emplovees, and agents
aboui this issue. Roger Wint of State Farm
savs that the resulls of the engineering
elfort with PEAC and Illinois Power
“could help eheck the recent growth in
damage loss claims for valuable electronic
equipment.”

The next step beyond the recom-
mended-practice document is a con-
sumer-oriented publication addrissing
specific methods ol residential surge
protecticn. The Mational Institute of
standards and Technology is working
with the project team to develop this
consumer guide.

& For more information, contact Marsha
Grossman, (650) 855-2899.

Benefits of Utility-Customer
Collaboration Highlighted

o raise awareness ol the benefits of
Tactive partnerships= between utilities
and their customers in solving common
problems, EPRIY Community Environ-
mental Center recently docwmented
PECQ Energys development ol a new
operating strategy and iither energy man-
agement measures for one of Philadel-
phia’s major wastewater treatment plants.
These measures have lowered peak
demand, reduced pumping costs, and
improved energy efficiency

The =outheast Water Pollution Control
Plant processes an average of 110 million
gallons of wastewater per day (4800 L/4).
Flow rates increase quickly during storms,
since many sewers in older parts of the
city carry both domestic wastewater and
storm runofl. Peak llows maw last [or
omly short perinds but must be pumped
and processed at the treatnient plant 10
meel discharge permit requirements.

During storms, as much as 70% ol the
treatment plant’s 9200-hp equipment
load is used 1o process wastewater and
pump treated effluent inte the Delawire
River. Short intervals ol high demand,
especially during periods when on-peak
rates apply, significantly increase billing
charges to the city. In 1996 and 1997,
PELCO Energy partnered with the city o
identify a plan for madilying the plants
operation to reduce its prak electricity
demand and save the city money while
mainlaining elfluent quality.

PECEY Energy analvzed monthly de-
mand profiles lor the treatment plant 10
identify recurrent demanil peaks and
then produred a detailed outline of the
plants billing farmula. Peak demand was
correlated with rainfall events. Alernative
operating strategies to reduce demand,
electricity consumption, and aperiting
co#ls emerged [rom a study of the billing
[ormula.

Key leatures of the adopted strategy
included an instruction program to tm-
prove plant operators’ understanding of
how energy management could be inte-
grated into treatiment procedures. Opera-
tors also learned how tiv use the plant
priicess compuler W monitor real-time
operating daia and predict when wetwell
overflow levels would be reached so that
they could fine-tune the timing of pump
startup and shutdown.

In addition, a load-shedding scheduls

that cowers various llow regimes during
on- and ofl-peak periods was developed
far the plant. Operatirs also instituted a
plan for maximizing wetwell and inlluent
sewer slorage capacity to reduce pump-
ing costs and cul power consumption.

The southeast Water Pollulion Contral
Plant is now in its second year of energy
conacrvation operation. During the first
live months of operation under the new
strategy, the plant realized a 14% reduc-
tion in power demand charges, Electricity
consumption decreased by 10%, and sav-
ings on the plants clectric bill averaged
£16,000 per month.

“We could not have achirved these cost
reductions without PECO Energys assis-
tance,” says Andrew Sherman, sperations
supervisor at the treatment plant. *PECO
identified the eritical billing areas where
maximum savings could be realized with
minimum eflort.” The atility’s Danahue
Scotl adds, “Madilying billing demand
without allecting treatment performance
paid big dividends for the city ol Phila-
delphia and created a happy customer for
PEL O Energy.”

EPRIs =1udy documenting the energy
monitoring and manage ment effort is
available [rom the EPRI Customer
Assistance Center, (800) 313-3774.
® For more information, contat Keith Carns,
(314) 935-8598.
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To order reports, contact the EPRI Distributien
Center, 207 Coegins Drive, FO. Box 23208, Pleas-
ant Hill, CA 94523; (925) 934-4212.To order
software, contact the Electric Power Software
Center, 11025 North Torrey Pines Road, La Jolla,
CA 92037; (800} 763-3772.

Energy Conversion

Impact of Powder River Basin Coal on
Power and Fuel Markets

TR-109000

Target; Fuel Supply Management

EPRI Project Manager: J. Platt

Guidelines for the Fluid Dynamic Design
of Power Plant Ducts

TR-109380

Targets: Coal-Fired Boiler Performance
Optimization and Combustion NO, Controf;
Primary Particulate Control

EPRI Project Managers: J. Maulbetsch,

G. Offen

CORETRAN Tech Transfer Workshop
TR-109621

Target: Nuclear Power

EPRI Project Manager: L. Agee

International RETRAN Conference, 1998
TR-109622

Target: Nuclear Power

EPRI Project Manager: L. Agee

Condenser Configuration and Performance
Evaluation Using Computational Fluid
Dynamics

TR-109725

Targets: Steamn Turbines, Generators, and
Balance of Plant; Repowering Strategies

EPRI Project Manager: J. Tsou

Streamlined Reliability-Centered Mainte-
nance {SRCM) Program for Fossil-Fired
Power Plants

TR-109795

Target: Plant Maintenance Optimization
EPRI Project Manager: R. Pflasterer

EPRI Report on Boraflex Seismic
Assessment

TR-109927

Target: Nuclear Power

EPRI Project Manager: R Mahini

Streamlined Reltability-Centered Mainte-
nance at MidAmerican Energy’s Council
Bluffs Energy Center, Unit 3

TR-109989

Target: Plant Maintenance Optimization
EPRI Project Manaser:R. Pflasterer
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Technical Reports & Software

Streamlined Reliability-Centered Mainte-
nance at Montana Power Co.'s Colstrip
Unit 1

TR-109950

Target: Plant Maintenance Optimization
EPRI Project Manager: R. Pflasterer

Reactor Pressure Vessel Flaw Distribution
Development: Inspection of Shoreham
RPV—Progress Report

TR-110143

Target: Nuclear Power

EPRI Project Manager: S. Rosinski

The New Environmental Drivers: Chal-
lenges to Fossil Generation Planning and
Investment

TR-110261

Target: Fuel Supply Management

EPRI Project Manager: J. Platt

Power Plant Tolling: Profits at the Point
of Convergence?

TR-110262

Target; Fuel Supply Management

EPRI Project Manager: J. Platt

Computerized Maintenance Management
System and Maintenance Work Process
Integration

TR-110272

Target: Plant Maintenance Optimization
EPRI Project Manager: R. Pflasterer

Coal Quality Impact Model™, Version 2.0:
User Manual

AP-110502

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO, Control
EPR! Project Manager: D. O'Connor

Laboratory Investigation and Model
Development of Flue Gas Mercury
Adsorption Using Solid Sorbents
TR-110533

Target: Air Toxics Control

EPRI Project Manager: R. Chang

Assessment of Coal Handling for Fuel
Flexibility

TR-110957

Target: Fuel Supply Management

EPRI Project Manager: D. O'Connor

Proceedings: 1998 Feedwater Heater
Technology Symposium

TR-111046

Target: Steam Turbines, Generators, and
Balance of Plant

EPRI Project Manager: J. Tsou

Proceedings: 1998 Heat Rate Improvement
Conference

TR-111047

Target: Coal-Fired Boiler Performance
Optimization and Combustion NO, Controt
EPRI Project Manager: J. Tsou

Small CHAT Plant: Transient and Part-Load
Characteristics

TR-111193

Targets: New Combustion Turbine/Combined-
Cycle Design and Risk Mitigation; Atmo-
spheric Particutates and Precursors

EPRI Project Manager: A. Cohn

Template for Submission of Risk-Informed
In-Service Testing Program for Pumps
and Valves

TR-111204

Target: Nuclear Power

EPRI Project Manager: F. Rahn

Hydro Operational Restrictions Forum:
Agency and NGO Workshop Summary
TR-111248

Target: Hydro Performance Optimization and
Asset Management

EPRI Project Manager:T.O'Shea

Proceedings: 2nd Annual EPRI Workshop
on Power Plant Optimization (May 1998)
TR-111316

Target: Coal-Fired Boiler Performance
Optimizatien and Combustion NO, Control
EPRI Project Manager: J. Stallings

W PISCIS: Processor and Interactive System
for Core Intelligent Simulation

Version 1.0 (HP-UX)

Target: Nuclear Power

EPRI Project Manager: L. Agee

M RPVDATA: Reactor Vessel Materials
Database

Version 1.4 {Windows)

Target: Nuclear Power

EPRI Project Manager: S. Rosinski

M wasteWORKS 98
Version 1.0 (Windows 3.1, 95, 98, NT}
Target: Nuclear Power
EPRI Project Manager: C. Hornibrook

Energy Delivery and Utilization

The High-Efficiency Laundry Metering

and Marketing Analysis {THELMA) Project,
Vol. 7: Product Users—Field Monitoring
TR-109147-V7

Target: Residential Appliances

EPRI Project Managers: J. Kesselring, R. Gillman



Distribution Automation Pilot Project at
Georgia Power Co.

TR-109486

Target: Distribution System

EPR! Project Manager: W, Blair

Add-On Heat Pumps: A New Marketing
Perspective

TR-109735

Target: Residential Heat Pump Technology
EPRI Praject Manager: C. Hiller

Near-Optimal Cool Storage Controller
Development: Field Testing During the
1997 Cooling Season

TR-109767

Target: Commercial Building Thermat Storage
EPRI Project Manager: M. Khattar

San Diego Environmental Service Depart-
ment’s Ridgehaven Green Building
Demonstration Project: Case Study
TR-109810

Target: Commercial Building Heat Pump
Technology

EPRI Project Manager: M, Khattar

Unitary Cool Storage Field Demonstration
TR-109924

Target: Commercial Bullding Thermal Storage
EPRI Project Manager: M. Khattar

The Evolving Role of Marketers in the
Restructured Electricity Market
TR-111004

Target: Power Markets and Resource
Management

EPRI Project Manager: A_Altman

Ground-Source Heat Pump Bentonite-
Based Grouting Research: Review of
Literature on Existing Bentonite-Based
Grouting

TR-111035

Target: Residential Heat Pump Technolegy
EPRI Project Manager: C. Hiller

Written-Pole Motor Generator Technologies
Application Guide

TR-111036

Target: End-Use Power Quality Mitigation
Systems

EPRI Project Manager: B. Banerjee

Modeling Development of Converter
Topologies and Control for Back-to-Back
Voltage Source Converters

TR-111182

Target: Substations

EPRI Project Manager: A. Edris

An Evaluation of Web-Based Residential
Energy Bill Disaggregation Software
TR-111182

Targets; Residential Heat Pump Technology;
Residential Water Heating Technology;
Residentia! Appliances; Multifamily Housing;
Manufactured Housing; Promoting Energy
Preducts for Mass Markets

EPRI Project Manager: J, Kesselring

Proceedings: Substation Equipment
Diagnostics Conference V
TR-111282

Target: Substations

EPRI Project Manager: S. Lindgren

Proceedings: Substation Equipment
Diagnostics Conference Vi
TR-111314

Target; Substatiens

EPRI Project Manager: S. Lindgren

§ EDC: Engineering Desigh and Costing
Model

Version 1.0b {Windows 95)

Target; Distribution System

EPRI Preject Manager: S. Chapel

6 Electricity Book

Version 0.75.1 {Windows 95, NT)
Target: Power Markets and Reseurce
Management

EPRI Project Manaser: A. Altman

W PAD: TLWorkstation™ 3.0 Module
Version 3.0 (Windows 3.1, 95, NT)
Target: Overhead Transmissien

EPRI Project Manager: A. Hirany

W PQDS (Power Quality Diagnostic
System): Simulation Module Production
Version 1.0 (Windows 95, NT)

Target: Power Quality

EPRI Project Manager: S. Bhatt

W UTWorkstation: CABLEFUN {Cabie
Ampacity Fundamentals Program)
Version 3.0 (Windows)

Target: Underground Transmission
EPRI Project Manager: T. Rodenbaugh

M UTWorkstation: CABLEREF (Cable
Reference Database)

Version 2.1 {Windows)

Target: Underground Transmission
EPRI Project Manager: T. Redenbaugh

M UTWorkstation: PCFIELD
Version 3.0 {Windows)

Target: Underground Transmission
EPRI Project Manager: T. Rodenbaugh

M UTWorkstation: PULLPLAN
Version 3.0 {Windows)

Target: Underground Transmission
EPRI Project Manager: T. Rodenbaugh

Environment

Site 24 Compact Disc Containing Environ-
mental Data, Photographs, and Graphic
Displays; User’'s Guide

TR-110830

Target: MGP Site Remediation and Health Risk
EPRI Preject Manager: A Quinn

Small CHAT Plant: Transient and Part-Load
Characteristics

TR-111193 (see listing under Energy
Conversion)

EPRICSG

National Accounts Manager: Design

Study

TR-109726

Target: Information and Encrey Management
Services for Mass Markets

EPRI Project Manager: D. Cain

Assessments of Emerging Technologies
for Wireless Communications
TR-110125

Target: Wireless Applications and Services
EPRI Project Manager: S. Drenker

Listening to Small and Medium Businesses:
Opinions, Attitudes, and Decision Making
in Open Energy Markets

TR-110406

Target: Understanding Energy Markets

EPRI Project Manager: R. Gillman

Getting Closer™; A New Way of Under-
standing the Cultural Values and Rituals
Surrounding the Use of Energy
TR-110817

Target: Understanding Energy Markets
EPRI Project Manager: R. Gillman

Utility-Customer Communications Options
for the “Last Mile”

TR-111023

Target: Information and Energy Management
Services for Mass Markets

EPRI Project Manager: S. Drenker

Worldwide Satellite Communications for
the Energy Utility Industry

TR-111052

Target: Wireless Applications and Services
EPRI Project Manager: S. Drenker

An Evaluation of Web-Based Residential
Energy Bill Disaggregation Software
TR-111192 (see listing under Energy Delivery
and Utilization}

Strategic Science and Technology

Internet Energy Management: A Security
Analysis

TR-111015

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

Value of the Small-Punch Test for Evaluat-
ing Fracture Toughness of Nuclear Pressure
Vessels

TR-111142

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

Influence of Silicon on the Corrosion
Resistance of Stainless Steel in Coal
Gasification Environments

TR-111181

Program: Strategic Science and Technology
EPRI Project Manager: W, Bakker
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February 1999

1-2

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

Contact: Sherryl Stogner, {(704) 547-6174

1-5

Supercritical Bailer Unit Operations
Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

3-5

ASME Section X| Flaw Evaluation
Charlotte, North Caralina

Contact: Sherry! Stogner, {704) 547-6174

8-10

Electric Motor Predictive Maintenance
Orlando, Florida

Contact: Megan Boyd, {(650) 855-7919

8-12

Cyclone Boiler Unit Operations

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

8-12

NDE Instructor Training

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

9-10

Workshop on COSTAR (Concrete Structures
Aging Reference) Manual

Charlotte, North Caralina

Contact: Brent Lancaster, (704) 547-6017

15-19

Magne-Blast Circuit Breaker Users Group
Clearwater Beach, Florida

Contact: Brent Lancaster, (704) 547-6017

16-17

Gas-Electric Partnership Meeting
Houston, Texas

Contact: Dick Schmeal, {713) 963-9307

16-17

Simulator Specification and Procurement
Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

17-19

EPRI Healthcare Initiative

Denver, Colorado

Contact: Kelly Ciprian, (614) 855-1390

17-19

Service Water Engineer Training
Charlotte, North Carolina

Contact: Sherryl Stogner, {704) 547-6174
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EPRI Events

21-24

7th Substation Equipment Diagnostics
Conference

New Orleans, Louisiana

Contact: Michele Samoulides, {650) 855-2127

22-25

Microbiologically Influenced
Corrosian

Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

23-25

1999 Condensate Polishing Workshop
Santa Fe, New Mexico

Contact; James & Co, (707) 829-3500

23-25

Simulator Acceptance Test Procedure
Warkshop

Kansas City, Missouri

Contact: Sarah Malinowski, {816) 235-5623

24

Water and Energy Conference
Sarasota, Florida

Contact: Kim Shilling, {314) 935-8590

25-26

Municipal Water and Wastewater Program
Meeting

Sarasota, Florida

Contact: Kim Shilling, {314) 935-8590

March

1-5

Boiler Operating Theory

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

8-12

Turbine Operating Theory

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

8-12

Visual Examination Technology: Level 1
Charlotte, North Carolina

Contact: Sherryl Stogner, (704} 547-6174

131-12

Waorkshop on Ground-Penetrating
Imaging Radar

Ridgefield, Connecticut

Contact: Andrea Duerr, {650) 855-2719

15-18

Advanced Structural Analysis and Design
Methods for Power Line Upgrading
Haslet, Texas

Contact: Kathleen Lyons, (650) 855-2656

15-18

Generator Monitoring and Diagnostics
Orlando, Florida

Contact: Don Mason, (610) 490-3212

15-19

Basic Electrical Theory for Power Plants
Kansas City, Missouri

Contact; Sarah Malinowski, (816) 235-5623

15-26

Ultrasonic Examination Technology: Level 1
Charlotte, North Carolina

Contact; Sherryl Stogner, (704) 547-6174

17-18

Health Facility Planning, Design, and
Construction

Tampa, Florida

Contact: Kelly Ciprian, (614) 855-1390

22-26

Generator Operating Theory

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

28-31

1999 EMF Science Seminar
Denver, Colorado

Contact: Robert S. Banks Associates,
{612) 623-4600

29-April 2

Designing, Developing, and Evaluating
Fossil Plant Training Programs

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

April

5-9

Simulator Instructor Techniques

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

8-9

Workshop on AC Losses

Palo Alto, California

Contact: Kathleen Lyons, (650) B55-2656

1214

Power Quality Challenges in the
Semiconductor Industry

Tempe, Arizona

Contact; Karen Forsten, (423) 974-8291

12-14

Transmission Inspection and Maintenance
{TIM) System Training Class

Las Vegas, Nevada

Contact: Kathleen Lyons, {650) 855-2656



12-15

Conference on Power Plant Impacts on
Aquatic Resources

Atlanta, Georgia

Contact: Cindy Layman, {650) 855-8763

12-16

NDE for Engineers

Charlotte, North Caralina

Contact: Sherryl Stogner, (704) 547-6174

12-16

Simulator Instructor Station
Operations

Kansas City, Missouri

Contact: Sarah Malinowski, {816} 235-5623

13-14

Forecasting Symposium

Denvey, Colorado

Contact: Paige Polishook, {650) 855-2010

15-16

TIM System Users Group Meeting

Las Vegas, Nevada

Contact: Kathleen Lyons, (650) 855-2656

20-23

Structured On-the-Job Training
Program Design, Development, and
Implementation

Kansas City, Missouri

Contact: Sarah Vanberg, (816) 235-5623

27-29

Preserving Equipment Qualification
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

May

3-7

Steam Plant Operations for Utility
Engineers

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

10-11

Continuous Emissions Monitoring (CEM}
Preconference Tutorial

Cincinnati, Ohio

Contact: Michele Samoulides, (650) 855-2127

10-13

Industrial Energy Technology Conference
Houston, Texas

Contact: Sam Woinsky, (713) 963-9336

10-14

Combined-Cycle Operations for Utility
Engineers

Kansas City, Missouri

Contact: Sarah Malinowski, (816) 235-5623

10-21

Ultrasonic Examination Technology: Level 2
Charlotte, North Carolina

Contact: Sherryl Stogner, {704} 547-6174

12-14

1999 CEM Users Group Meeting
Cincinnati, Obhio

Contact: Michele Samoulides, (650) 855-2127

17-21

Orum Boiler Unit Operations

Kansas City, Missouri

Contact: Sarah Malinowski, {816) 235-5623

19-21

Yransformer Reliability: Management of
Static Electrification

Monterey, California

Contact: Paiwe Polishock, (650) 855-2010

23-27

5th International Conference on Mercury
as a Global Poliutant

Rio de Janeiro, Brazil

Contact: Ron Wyzga, (650) 855-2577

24-27

PQA'99:North America

Charlotte, North Carolina

Contact: Megan Boyd, (650} 855-7919

24-28

Supercritical Boiler Unit Operations
Kansas City, Missouri

Contact: Sarah Malinowski, {816) 235-5623

26-28

Valve Symposium

Lake Tahoe, Nevaéa

Contact: Linda Suddreth, (704) 547-6061

31-June 4

Cyclone Boiler Unit Operations

Kansas City, Missouri

Contact: Sarah Malinowski, (8316) 235-5623

June

2-3

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

Contact: Sherryl Stogner, {704} 547-6174

2-4

Corrasion and Degradation Conference
St. Pete Beach, Florida

Contact; Brent Lancaster, (704) 547-6017

7-11

Visual Examination Techniology: Level 2
Charlette, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

o

Retail and T&D Expo

Atlanta, Georgia

Contact; Lora Cocco, (650) 855-2620

10-11

Electromagnetic Interference Qualification
of Digital Equipment

Charlette, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

12-17

Joint ISA POWID/EPRI Controls and

Instrumentation Conference
St. Petershurg, Florisa
Contact: Paige Polishook, (650) 855-2010

14-18

ABB Circuit Breaker Users Group Meeting
Chariotte, North Carclina

Contact; Brant Lancaster, (704) 547-6017

14-18

Service Water Heat Exchanger Testing
Charlotte, North Carolina

Contact: Sherryl Stogner, (704) 547-6174

14-23

Ultrasonic-Testing Operator Training
for the Detection of IGSCC

Charlotte, North Carolina

Contact: Sherry! Stogner, (704) 547-6174

15-17

3d Annual In-Service Inspection and
Nondestructive Evaluation Workshop
Minneapolis, Minnesota

Contact: Sherryl Stogner, (704} 547-6174

16-18

Healthcare Initiative Conference
Seattie, Washington

Contact: Kelly Ciprian, {(614) 855-1390

17-18

CHUG Meeting

Portland, Maine

Contact; Eryn Schroeder, {650) 855-2259

21-23

1999 Plant Maintenance Conference
Atlanta, Georsia

Contact; Cindy Layman, (650) 855-8763

22-25

Steam Chemistry: Interaction of
Chemical Species

Freiburg, Germany

Contact: Barry Dooley, (650) 855-2458

23-25

5th Piping and Bolting NDE

Conference

San Antonio, Texas

Contact: Susan Otto-Rodeers, (704) 547-6072

27-30

Technology Management Workshop
San Francisco, California

Contact: Megan Beyd, (650) 855-7919

28

Water and Energy Conference
Vancouver, Canada

Contact: Kim Shilling, {314) 935-8590

29-30

Municipal Water and Wastewater Program
Meeting

Vancouver, Canada

Contact: Kim Shilling, (314) 935-85%0
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services, M/A 18

Modehng, large-system, J/F 36
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