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EDITORIAL

Collahorative R&D in an Era of
Heightened Competition

Until recently, nobody would have expected hard-nosed business leaders from high-technology firms to
resort to a strategy of collaboration with potential competitors, especially in an era of aggressive
competition. Collaboration is not usually associated with competitive advantage. However, the counter-
intuitive has happened. Competitors are working with each other to develop generic understandings

of, and capabilities in, advanced technologies. Each will later customize what they've leamed according
to their own business strategies and use it to develop competitive products.

Why does this approach make sense” Because the enormous resources required to develop
new technology can deplete the coffers of even large individual firms, sometimes to the extent that they
cannot afford the product development and the launch investments necessary to enter the market. Under
these circumstances, many high-tech firms have concluded that they have little to lose and a lot to gain
by collaborating in the early stages of R&D—the precompetitive portion of the innovation cycle.

What does this have to do with the electric utility industry? First, this is a high-technology
industry. The machinery and equipment it uses took decades and enormous investments to perfect, and
there is no reason to expect this capital-intensiveness to change. Second, the industry is shifting from a
largely monopolistic structure to an increasingly competitive one. Third, today's demands are stretching
the capability and economic effectiveness of current equipment, increasing the importance of developing
advanced technology.

There is a remarkable similarity between these circumstances and the ones that have led to
the collaborative strategy embraced by traditionally competitive high-tech firms. Electric utilities share the
enormous responsibility of providing reliable electricity service to a growing national economy in an
environmentally acceptable manner; it makes sense for these companies to share the costs and risks of
developing the basic technological capability that all will need for success in the marketplace. At EPRI,
the industry’s research arm, we share the challenge by helping our members lower costs, manage risks,
and develop the technology of the future.

Who will succeed in this competitive environment? Since all of EPRI's members have access to
the technology, the competitive edge will go to those who apply it most effectively. In any case, it is the
ratepayer and society that will finally gain from the utility industry’s commitment to the future and its support
of the EPRI program: using scarce resources more productively and developing better ways to protect our
environment will assuredly lead to an improved quality of life for us and for the generations to come.

Mottt

Dominic Geraghty, Director
Office of Corporate and Strategic Planning
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A new air-source heat pump coming onto the market offers
efficient, cost-effective space conditioning and water
heating in one system.
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After an extensive engineering and test program, the
electric G-Van is ready to move into commercial production
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Analytical codes and O&M guidelines for rotating
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50 Measuring the Value of Improved Visibility
To ensure that policy debates on emissions control are
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ithin the short lifetime of

the Electric Power Re-

search Institute, the idea

of cooperative R&D has
grown from novelty to necessity. When
EPRI was incorporated, in 1972, its
founders had to create—virtually from
scratch—a new type of institutional ap-
proach to fulfilling the scientific and
technological needs of the electric power
industry. Inadvertently, they also estab-
lished a model for many R&D consortia
that have followed. Some of these, like
EPRI, support a broad spectrum of on-
going research; others are designed to
focus on a specific problem for a limited
time. In both cases, the need for coopera-
tion is growing rapidly as a variety of
American industries face mounting
global competition, escalating research
costs, and rapidly increasing complexity
of technology.

The press of international competition
has now reached the very heart of Amer-
ica’s technological enterprise. Many
American companies have chosen short-
term means of competing—Dby cutting
costs rather than adopting a long-term
strategy of investing in research. The
proportion of U.S. gross national product
devoted to nondefense R&D is currently
lower than it was 20 years ago, and the
percentage spent on R&D related directly
to industrial growth is the smallest of all
major industrialized nations. The strong
effect this reduced commitment has had
on innovation is reflected in recent pat-
ent data. In 1987, foreign inventors re-
ceived nearly half of U.S. patents, and no
American company was even among the
top three recipients—all of which were
Japanese companies.

“As competition and the pace of tech-
nological change accelerate, the impor-
tance of R&D and the advantages of a
collaborative approach are magnified ac-
cordingly,” says Dominic Geraghty, di-
rector of EPRI’s Corporate and Strategic
Planning Office. “A research consortium
provides a mechanism for sharing cost
and diversifying risk while offering

How do you get the edge when business com-

petition becomes really fierce? The surprising
answer for the 1990s seems to be, cooperate
with some of your competitors on research. By
participating in R&D consortia, individual
companies can share the cost of the early stages
of R&D—giving them an advantage over in-
ternational rivals—and still compete with each
other through development of their own
unique product lines. Pioneered in regulated
American industries by groups such as EPRI,
the consortium concept quickly swept the
globe, finding particular favor in Japan. Now,
with the recent relaxation of antitrust restric-
tions on R&D for nonregqulated businesses,
precompetitive cooperative research has blos-
somed in the United States, resulting in the
formation of 115 consortia that represent over a

thousand companies.
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economies of scale and reducing unnec-
essary duplication of effort in addressing
issues generic to the industry. It can also
foster a creative environment for cross-
fertilization of ideas through pooling hu-
man talent, which has become increas-
ingly scarce in several key fields. EPRI
not only has served as a pioneering
model for such R&D consortia but con-
tinues to forge new paths in such areas
as technology transfer and international
cooperation.”

Trends in collaboration

The origins of today’s R&D consortia lie
in the limited technical programs long
conducted by industrial trade associa-
tions. These programs traditionally fo-
cused on such “housekeeping” functions
as developing standards, conducting
tests, and addressing safety issues. Early
examples include the American Concrete
Institute, formed in 1905, the American
Iron and Steel Institute, 1908, and the
American Petroleum Institute, 1919.

In contrast to the strictly noncompeti-
tive activities of trade associations, re-
search related directly to product devel-
opment has traditionally been conducted
by individual companies. Until recently,
most of these companies had little incen-
tive to cooperate in R&D. For decades,
large American manufacturers were
technologically self-sufficient and had lit-

Benefits of Consortia

Continuity

It often takes years of research

to turn a good idea into a

useful product. Consortia are

better able to commit funding

for the long haul and are less
likely to scuttle a project ju%,t
because budget is needed

elsewhere.
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tle to fear from foreign competition. In
addition, federal law restricted research
activities between companies on much
the same basis as it did other joint
ventures; the restrictions included a
threat of treble damages in antitrust
suits.

Such antitrust considerations were of
less concern, however, to companies in
regulated industries, including electric
utilities. In 1965, the Electric Research
Council was organized to explore ways
through which various segments of this
industry could cooperate on R&D. A task
force study adopted by the council in
1971 found that “present levels of R&D
simply will not enable our industry to
do what it must do to meet growing de-
mands for electrical energy in ways envi-
ronmentally acceptable.”

Against this background, EPRI was
founded in 1972. Within a year, the new
Institute was undergoing a baptism by
fire as the Arab oil embargo ushered in
a period of energy crisis. EPRI funding
grew rapidly as a variety of new pro-
grams were added to help electric util-
ities cope with fuel shortages and rising
costs. In 1976, the Gas Research Institute
(GRI) was formed to provide similar as-
sistance to gas utilities.

In 1984, a third regulated industry—
the Bell telephone system—underwent a
drastic change that led to the formation

of another major R&D consortium. As
part of the court-mandated breakup of
the national system into seven regional
operating companies, Bell Communica-
tions Research (Bellcore) was formed to
serve as a central technical resource.
Taken together, Bellcore, EPRI, and GRI
accounted for about 85% of total U.S. ex-
penditures on collaborative industrial re-
search in 1984.

A new breed

Collaborative R&D in nonregulated in-
dustries also received a boost in 1984
with passage of the National Coopera-
tive Research Act. This law applied less
stringent antitrust rules to R&D joint
ventures and removed the threat of tre-
ble damages. Since its passage, some 115
research consortia have been formed, in-
volving more than 1000 companies. And
there is a possibility that antitrust rules
will be liberalized further to allow joint
product development, as permitted in
some other countries.

Why would so many companies be
willing to collaborate in today’s tremen-
dously competitive business environ-
ment? One reason is that in many indus-
tries, the traditional rivals are no longer
the ones to beat—foreign competitors
are often the greater threat in a largely
international marketplace. In addition,
most US. consortia go only so far in




their cooperative work. This new breed
of consortium has mainly emphasized
precompetitive research: individual com-
panies pool their resources to ready a
technology for commercialization, then
proceed independently to develop com-
peting products. While these products
are based on the same technical knowl-
edge, differences in management strat-
egy, packaging, quality, marketing, and
service still provide the consortium
members a broad field on which to com-
pete against each other. And because ex-
pensive research costs have been shared,
all participants realize a preproduction
cost advantage over nonconsortium com-
petitors.

In their recent study of collaborative
industrial R&D, Herbert Fusfeld and
Carmela Haklisch of Rensselaer Poly-
technic Institute identified several distin-
guishing features of the new consortia.
They found that precompetitive research
programs are usually tied to the com-
panies’ strategic plans for new business
growth—such as the development of an-
other generation of memory chips in the
electronics industry. Also, participants
include many of the large companies
that were previously self-sufficient in
technology development. Most of these
companies are in high-technology indus-
tries and use the cooperative research
ventures to supplement their own large
R&D programs in order to secure a com-
petitive advantage in the global market-
place. Finally, as the number of industry
sectors involved in such research has in-
creased, so have the scope of activity and
the types of collaborative mechanisms
used—mechanisms ranging from simple
joint ventures to independent institutes
and research corporations.

“At the heart of these new approaches
to collective industrial research are fun-
damental changes in the patterns of R&D
and its external relationships [for exam-
ple, to corporate planning],” Fusfeld and
Haklisch conclude. “Recently established
groups have a more strategic agenda to

| support precompetitive activities.”

Case studies

Two consortia in the electronics industry
illustrate the potential of, and the prob-
lems facing, the new generation of col-
laborative R&D centers. One is the
Microelectronics & Computer Technol-
ogy Corporation (MCC), which began
operation in 1983 just north of down-
town Austin, Texas. Sponsored entirely
by private funds, MCC was formed at the
suggestion of William Norris, founder
and chairman of Control Data Corpora-
tion, as an answer to Japanese collabora-
tive work on a new generation of com-
puters. The consortium is owned by 20
corporate shareholders, including not
only such computer firms as Control
Data, Digital Equipment Corporation,
and Hewlett-Packard, but also several
companies from other industries, such as
Boeing, 3M, and Eastman Kodak. Work
at MCC is broadly directed at a variety of
issues related to computer design, soft-
ware, and applications.

Some 25 miles south of MCC are the
facilities of the Semiconductor Manufac-
turing Technology Initiative (Sematech),
created in 1987 and sponsored equally by
the federal government and private
member companies. Sematech’s mis-
sion—to develop advanced techniques
for making integrated circuits—is both
more narrowly focused and more manu-
facturing oriented than that of MCC. The
consortium was formed at the behest of
the Department of Defense, which had
become concerned that increasing reli-
ance on imported chips could pose a na-
tional security risk. Most of Sematech’s
14 corporate sponsors, including IBM, are
manufacturers of semiconductors or
computers, and unlike MCC, the consor-
tium has its own chip production facility.

In addition to their contrasting goals
and organization, the two consortia have
also followed very different approaches
to daily operation. Although both insti-
tutions initially anticipated that about
half their employees would be on loan
from member companies for 2—4-year as-

Benefits of Consortia

Diversified Risk

R&D inevitably produces
failures as well as successes.
Consortia can pursue several
approaches to a problem,
knowing that at least one is
likely to be a winner.
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Benefits of Consortia

Financial Clout

Research is an expensive
proposition. Cost sharing
permits consortium members
to pursue more and larger
research projects than could
be afforded by any single
company. Results are equally

available to all members.

signments, MCC reportedly found its
members reluctant to make such a high
commitment of technical expertise. Only
about 15% of MCC'’s current employees
are on loan. With its later start, Sematech
tried to avoid this problem by interview-
ing candidates from several member
companies for each job, thus creating an
intramural rivalry for good positions. As
a result, Sematech’s work force is about
evenly divided between employees on
loan and those hired directly.

Another crucial difference is funding.
MCC members are free to choose which
of several dozen projects they want to
support. The result has reportedly been
a shift away from some of the consor-
tium’s ambitious original goals and a
greater emphasis on short-term results.
Sematech members contribute 1% of
their annual semiconductor sales reve-
nue, which is then matched by govern-
ment funds. This arrangement has led to
more financial security and a longer time
horizon for research. With an annual
budget of $200-250 million—more than
three times as large as MCC's—Sematech
has also been able to provide critical
support to beleaguered manufacturers of
semiconductor processing equipment.

It is still too early to assess the effect
either consortium may have on Amer-
ica’s competitiveness in electronics, but
some progress is clearly evident. MCC

8 EPRIJOURNAL March 1990

has reported the transfer of more than
100 technologies to member com-
panies—technologies ranging from an
artificial intelligence software program
to a new method for bonding chips to
circuit boards. The first commercial
product based on MCC technology was
announced in 1987: the NCR Corpora-
tion’s Design Advisor, an expert system
for designing integrated circuits. Sem-
atech recently completed construction of
its state-of-the-art chip fabrication facil-
ity. Sematech members hope that,
through work at this facility, they will be
able by the early 1990s to gain access to
new semiconductor processing technolo-
gies two or three years earlier than
would otherwise have been possible.

In addition to establishing R&D con-
sortia among themselves, many com-
panies are seeking other ways to cooper-
ate in research. One approach with
broad social implications involves closer
work with universities. In 1988, corpo-
rate research funding at U.S. universities
totaled about $850 million, nearly three
times the amount invested just seven
years earlier. The mechanisms range
from one-on-one industry/ university
R&D partnerships—essentially a con-
tracting out of research formerly done
in-house—to major campus-based cen-
ters with many corporate sponsors. Stan-
ford University’s Center for Integrated

Systems, for example, began with dona-
tions of money to build a facility from
some 20 companies and donations of
equipment from 64 others.

Consortia around the globe

Rising international competition has, of
course, deeply affected companies in
other nations as well, prompting many
of them to form new R&D consortia. In
Japan, the latest consortia continue to
follow a well-established practice of gov-
ernment-industry cooperation, long
known as “Japan, Inc.” In Europe, most
large consortia involve companies from
several countries and are aimed at in-
creasing the technological competitive-
ness of the European Economic Commu-
nity (EEC) vis-a-vis Japan and the United
States. Another aim is to promulgate Eu-
ropean technology standards in prepara-
tion for EEC market integration in 1992.
Japan and several European countries
have strong cultural traditions encourag-
ing industrial cooperation, as well as less
restrictive antitrust rules.

The key to collaboration among Japa-
nese companies is the Ministry of Inter-
national Trade and Industry (MITI).
While providing only limited govern-
ment funds, MITI has been able to orga-
nize and set policies for several research
consortia, whose members include some
of Japan's leading companies. The Very




Benefits of Consortia

Creative Synergy

Doing innovative work is the

primary goal for consortia.

Specialized resources, close

interdisciplinary cooperation,
and the free exchange of ideas

leads to a whole that is greater

than the sum of its parts.

Large Scale Integration Project, which
lasted just four years (1976-1979), helped
catapult Japanese semiconductor manu-
facturers to dominance in circuit chip
production. The Fifth-Generation Com-
puter Project, which was organized in
1981 and inspired the formation of MCC
in the United States, has been develop-
ing advanced computer hardware and
software, including artificial intelligence.
More recently, the Advanced Telecom-
munications Research Project was
formed to provide an organizational um-
brella for four related R&D consortia,

Numbers
Going the Wrong Way

Short-term product goals and the debt-
service costs of mergers and buyouts are
taking their toll, just when innovation is
becoming a worldwide competition. As a
share of GNP, our nondefense R&D lags
behind that of West Germany and Japan,
and it isn’t catching up. Also, nearly half
of U.S. patents are going to inventors
from other countries.

RESE
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and the Optical Technology Research
Corporation has begun to develop ad-
vanced integrated circuits that make use
of both electronic and optical elements.
One of the world’s most ambitious col-
laborative research efforts is the Euro-
pean Framework Program for R&D. In
1987, the EEC Commission approved $6.2
billion to provide five years’ support un-
der the program for multiple R&D con-
sortia, some of which were already in ex-
istence at the time. One of these con-
sortia, known as ESPRIT, has 62 member

| companies and five separate programs
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in information technology. Another,
BRITE, is devoted to basic research re-
lated to industrial technologies, and
RACE is developing advanced telecom-
munications with much higher message-
carrying capacity.

Another major initiative is EUREKA,
which provides a centralized funding
mechanism for cooperation among Euro-
pean nations on a wide variety of re-
search projects. Some 18 nations are tak-
ing part in the EUREKA program, which
has so far committed $4.5 billion to 214
projects—ranging from development of

Source: U.S. Patent
g0e and Trademark Office. Total
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R&D Consortia Around the World

Name

United States

Electric Power Research
Institute (EPRI)

Gas Research
Institute (GRI)

Semiconductor
Research Corp. (SRC)

Microelectronics &
Computer Technology
Corp. (MCC)

Bell Communications
Research (Bellcore)

Semiconductor
Manufacturing
Technology Initiative
(Sematech)

Europe

British Alvey
Directorate (ALVEY)

European Strategic
Program for Research in
Information Technologies
(ESPRIT)

European Computer
Research Center (ECRC)

European Research
Cooperation Agency
(EUREKA)

10 EPRI JOURNAL March 1990

Members

691 electric utilities

311 producers,
pipelines, and
distribution utilities

27 electronics
manufacturers

20 electronics, high-
tech, and aerospace
firms

7 regional firms of
former Bell system

14 semiconductor
manufacturers, plus
federal funding

60 organizations
(universities,
manufacturers,
government agencies,
and laboratories)

62 information
technology companies

Siemens, Bull, ICL

Commission of
European Communities
and firms from 18
nations

Purpose

Technologies for
electricity generation,
delivery, and use

Technologies for gas
supply, delivery, and
use

Generic science
underlying
semiconductors

Computer and
information sciences
and technologies

Compatible technology
for nationwide
telecommunications

Technology for
integrated-circuit
production

National capability
in six information
technology areas

European capability
and standards in five
information technology
areas

Logic programming
techniques and
prototype workstation

Facilitation of
high-tech product
development in
Europe

Origin and
Lifetime

1972,
ongoing

1976,
ongoing

1982,
ongoing

1983,
ongoing

1984,
ongoing

1987,
ongoing

1983,
5 years

1983,
10 years

1984,
ongoing

1985,
3-5years

Annual
Funding

$380 million
(1990)

$183 million
(1990)

$35 million
(1990)

$65 million
(1990)

$1.1 billion
(1990)

$200 million
(1990)

$105 million
(avg year)

$400 million
(1990)

$1.24 billion
(avg year)

$15 million
(1986)




Name

Europe (continued)

EUREKA Project on
High-Definition Television
(HDTV)

Basic Research in
Industrial Technologies
for Europe (BRITE)

Research in Advanced
Communications for
Europe (RACE)

Japan

Central Research
Institute of the Electric
Power Industry (CRIEPI)

Very Large Scale
Integration Project (VLSI)

Institute for New-
Generation Computer
Technology (ICOT)

Advanced
Telecommunications
Research Project (ATR)

Optical Technology
Research Corp.
(OTRC)

International
Superconductivity
Technology Center
(ISTEC)

Sources: Bellcore and EPRI.

Members

Phillips, Thomson
Group, Bosch,
Thorn EMI

100 firms

Commission of
European Communities
and over 100
organizations

11 electric utilities

Fuijitsu, Hitachi,
Mitsubishi, NEC,
Toshiba

8 computer firms and
national government

39 firms, including
mayjor electronics
manufacturers

18 firms, including
major electronics
manufacturers

46 electronics,
computer, and
utility firms

Purpose

Development of 50-Hz-
based HDTV system

Transnational R&D
cooperation for
European economic
strength

Technology base for
integrated broadband
networks in Europe

Technologies for
electricity generation,
delivery, use, and
economy

Development of
integrated-circuit
manufacturing
equipment

Fifth generation
computer system
concept, architecture,
and software

Planning and basic
research in four
telecommunications-
related areas

Development and
production of
second-generation
optoelectronic
integrated circuits

Hot-superconductivity
research, processing-
technology
development, and
information exchange

Origin and
Lifetime

5 years

1985,
5 years

1985,
10 years

1951,
ongoing

1976,
4 years

1981,
8-10 years

1985,
ongoing

1986,
10 years

1988,
ongoing

Annual
Funding

$44 million
(avg year)

$82 million
(1990)

$650 million
(avg year)

$200 million
(1989)

$75 million
(avg year)

$50 million
(avg year)

Decided
annually

$6.7 million
(avg year)

$25 million
(1989)




electronically controlled vehicle brakes to
a European version of high-definition
television.

Meanwhile, the U.S. government has
also taken steps to increase cooperation
between its own 700 laboratories and
private companies. In particular, federal
laboratories can now participate
in mixed public-private R&D consortia.
Federal laboratories can also form joint
ventures with private companies
through the Cooperative Research and
Development Agreement, or CRADA,
which enables the laboratories to provide
facilities and labor to conduct research
funded by the industrial partners.

Factors in success

Trying to institutionalize cooperation
among a variety of people and organiza-
tions with different, and often compet-
ing, interests inevitably creates conflict.
The success of a research consortium de-
pends in large measure on how well
these conflicts are resolved in favor of
mutually agreeable goals.

Some of the key factors in making con-
sortia successful were outlined in a 1987
presentation to The Conference Board by
Alan Chynoweth, vice president for ap-

Benetfits of Consortia

Pooled Talent 4 .

plied research of Bellcore and a member
of MCC’s board of directors and technical
advisory board. (Chynoweth has this
dual position because Bellcore is a mem-
ber of MCC—what he calls “a consor-
tium consorting with a consortium.”)
This type of research organization repre-
sents a “constant and age-old balancing
act, that between cooperation and com-
petition,” he says. Specifically, success
depends on balancing those factors that
bring participants closer together (“cen-
tripetal forces”) against those that pro-
mote disintegration (“centrifugal
forces”).

Among the centrifugal forces,
Chynoweth identifies both personal atti-
tudes (the “not invented here” syn-
drome) and, on the other hand, legal
questions (such as the rights to intellec-
tual property), nervousness over anti-
trust rules, and suspicions that some
companies receive benefits out of pro-
portion to their contribution (the “free
ride” problem). Arrayed against these
are the centripetal forces, which tend to
be mainly economic: “Consortia enable
fragmented industries to achieve some of

the advantages of size. They allow to
some degree the simulation of vertical

integration further upstream into longer-
range research, and perhaps more im-
portant, they allow the assembly of a
critical mass of precious, scarce top-
quality expertise.”

To balance these forces successfully
and produce useful research results, all
R&D consortia have to wrestle with sev-
eral generic issues. Clear goals are
needed to reduce wasted effort, but di-
vergent interests among the partners of-
ten make formulation of a mutually ac-
ceptable mission difficult. Continuity of
funding is necessary for research that
lasts many years. In addition, critical
questions arise as to how much choice to
give each of the partners in sponsoring
favorite projects. Strong leadership is
necessary to marshal independent re-
searchers into an effective R&D team, but
consortium managers must also have
sufficient diplomatic skill to deal effec-
tively with member executives. Most im-
portant of all, consortia must find effective
ways to manage technology itself —from
projectinception to product transfer.

Management of technology

This theme has found particular reso-
nance in the writing of Gerhard Mensch

Top people are scarce, but they tend to attract each other. Consortia can afford to build teams

of talented individuals from a variety of disciplines and specialty areas to get the job done.
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Benefits of Consortia

Reduced Duplication

Centralized planning and coordination ensure that research is done only once. Operating at the

hub of a kind of information clearin

P

the critical path.

of the University of Berlin, who says a
key factor in the management of technol-
ogy is the “spaghetti effect.” In other
words, simply building up an inventory
of new technologies in the hope that they
will be adopted by manufacturers is like
pushing on a wet noodle—it goes no-
where. “A well-established finding of in-
novation research,” Mensch writes, is
“that ‘technology push’ is an inferior way
to introduce new technologies on the
market; ‘"demand pull’ is a major factor-
for successful innovation. If this demand
is lacking, the rate of innovation is low.”

The management of technology gen-
erally involves three separate activities.
First, an R&D consortium must make
sure that the research it undertakes will
address its members’ needs. Second, di-
rect member involvement in research
projects, at least in an advisory capacity,
can help ensure continuous feedback
and support. Finally, technology transfer
to members at the end of a project will
most likely have to take a variety of
pathways if a product is to become com-
mercially successful.

The challenge of meeting these re-
quirements is now becoming more
broadly appreciated. In their book The

ghouse, consortium researchers can quickly find and pursue

New Alliance: America’s R&D Consortia,
management consultants Dan Diman-
cescu and James Botkin argue that “over-
all, the subject of managing new technol-
ogy . . . persists as a serious weakness of
the R&D consortium movement. This of-
fers an important clue, too, to the deeper
weakness of the U.S. firms when it
comes to competition against better
managed Japanese firms.”

A major part of the problem, they be-
lieve, is that member companies tend to
underestimate the amount of effort and
the investment—in both money and hu-
man resources—they must make if they
are to benefit from technologies devel-
oped by a consortium. “In most cases
management isn't prepared to tackle the
assignment or hasn't anticipated the in-
ternal cost involved.”

Dimancescu and Botkin conclude
that better concepts of organization
are needed to counter this tendency.
“Knowledge is going to have to be
treated as a strategic ingredient with in-
formation as its raw material; financial
experts are going to have to learn the
particularities of laboratory scientists;
engineers are going to have to talk to
nonengineers.”

The EPRI connection

EPRI has had to face the challenges of
mission, funding, leadership, and man-
agement of technology since its incep-
tion. Although the Institute’s task sounds
straightforward enough—to manage
R&D for the benefit of the electric utilities
and their customers—the practical diffi-
culties of accomplishing this goal soon
became apparent. First, the focus of
EPRI’s research was necessarily much
broader than a single technology or dis-
cipline. The technical challenges of an in-
creasingly complex and systems-oriented
industry had been growing for decades
before EPRI was founded; and EPRI’s pro-
gram would eventually encompass virtu-
ally every aspect of generating, deliver-
ing, and using electricity. There was a
realization from the beginning that EPRI
as an organization could bring important
elements of efficiency, continuity, and
perspective to the industry’s research;
but it was not clear how crucial these as-
pects would become until the environ-
mental movement began to burgeon and
the economy tightened up for the long
term.

Over the years, such issues have regu-
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larly tested EPRI and its approach to R&D
and found them to be both sound and
flexible. EPRI has addressed the question
of choices for new technology develop-
ment—the demand pull from utilities—
largely by way of an industry advisory
structure. By sending members of their
own technical staff to work with EPRI
project managers in planning new re-
search, utilities ensure from the outset
that the resulting R&D projects will ad-
dress their agreed-upon requirements.

However, utilities also have specific
R&D priorities related to their own tech-
nical or financial situations. How can an
organization like EPRI achieve a balance
in its generic industry program that is
also responsive to these specific priori-
ties?

The Institute has found workable solu-
tions to this problem, although the issue
of individual versus industrywide needs
will continue to be a challenge, as it will
with any collaborative organization. One
solution has been to survey EPRI mem-
bers periodically to find out which areas
of the R&D program they feel to be the
most and least deserving of emphasis.
This company-by-company perspective
has resulted in effective fine-tuning of
the R&D program as formulated with the
representative advisory structure. Al-
though EPRI members cannot at present
restrict their funds to specific research
projects, they do have clear oppor-
tunities to become closely involved with
research of special interest, primarily by
participating in demonstration programs
and making early use of the resulting
products. In addition, some EPRI bene-
fits, such as the use of its test facilities,
are available on a fee-for-service basis
for solving individual member problems.

While a project is going on, utilities
are encouraged to lend employees to
EPRI to help manage technology devel-
opment while gaining firsthand informa-
tion about how a new technology can be
applied. This formal program has pro-
vided an important opportunity for di-
rect utility participation in several major
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EPRI projects. Over the years, some 179
such employees—representing 39 U.S.
utilities and 10 foreign utilities—have
come to EPRI.

At the completion of a research proj-
ect, a variety of technology transfer
mechanisms come into play. Personal
communication is the most effective ap-
proach to achieving tech transfer, and
such one-on-one contact is encouraged
whenever practical. Other traditional
methods include publications, work-
shops, and demonstrations at host util-
ities. But experience has made it clear
that additional mechanisms—particu-
larly vehicles that are demand oriented
and user friendly—are needed to get
technologies and information transferred
effectively.

One new approach, now in the proto-
type stage, is EPRIGEMS, packages of in-
teractive software on specific topics that
can be used by utility personnel to solve
problems as they arise at a plant or even
on remote line locations. With these
packages, which often integrate the re-
sults of a dozen or more EPRI research
projects into a single expert system, prac-
tical assistance from EPRI can be as close
as the nearest desktop computer. An-
other prototype, EPRINET, is a computer
network that utility personnel will be
able to use to sift quickly through the
mass of EPRI research results to find the
specific information they need and to
quickly identify the key EPRI staff mem-
ber to contact for further information.
EPRINET even offers real-time computer
conferences on topics of critical interest,
such as electric and magnetic field re-
search. For both EPRIGEMS and EPRINET,
EPRI’s goal is strategic: to use advanced
technology to increase the effectiveness
of communications with its member util-
ities. The latest in artificial intelligence
frameworks and telecommunications
technology enables member utilities to
access the latest EPRI technology and in-
corporate it into their own planning and
operations with the least delay and ef-
fort.

“EPRI has seen the need to go beyond
technology transfer as it is usually un-
derstood, so we are adopting a broader
concept of science and technology man-
agement,” says Dom Geraghty. “In par-
ticular, we are paying more attention to
defining the size of the market among
our members for research results before
we start a project. We are broadening the
number of ‘pathways’ to the marketplace
available to our R&D project managers.
For example, in addition to the tradi-
tional ‘dissemination” approach to tech
transfer, we have set up an arm’s-length
venture fund to help commercialize tech-
nologies that are needed by utilities but
that may not fit into the specific business
plans of existing vendors. While we did
not call them strategic business alliances
then, we have sought such arrangements
since EPRI’s inception and continue to
emphasize manufacturers’ involvement
in sharing costs and shepherding prom-
ising new technologies to market. Each
of these activities, together with normal
licensing arrangements, could expand
and accelerate the availability of new
technology for utilities, and any supple-
mental funds they generate will be
plowed back into research.”

Geraghty also points to EPRI’s Benefits
Assessment Program as an example of
how consortia can become more ac-
countable to their members. In this
ongoing program, EPRI works with indi-
vidual utilities as they calculate the dol-
lar value of having introduced EPRI
products onto their systems. In purely
economic terms, the benefit-cost ratio for
utility participants has averaged three or
four to one. In addition, however, the
program has revealed numerous un-
quantifiable benefits that many utilities
have regarded as even more important.
These benefits include the enhanced
ability of EPRI members to keep up with
rapidly changing technology and the
availability of objective, up-to-date re-
search results that can be used in public
forums dealing with such policy issues
as acid rain and nuclear safety. Partici-




Benefits of Consortia

Funding Leverage

With the ability to do unique
R&D on a large scale, consortia
carry the power to attract
additional support and
funding from government,
related industries, or other

interested groups.

pants in the benefits assessment also re-
ported that this effort “opened some
eyes” in their utilities about missed op-
portunities for applying new technology.

A bright future

In addition to staying well informed on
their members’ needs, it is important
that consortia keep a close eye on out-
side issues and economic forces that af-
fect their industry—to anticipate and
have enough flexibility to adapt to the
demands of the time. With its beginnings
largely in the supply-side concerns of the
early 1970s energy crises, EPRI has
broadened its focus significantly over the
years with the tremendous growth of en-
vironmental concern and, most recently,
the rise of global competition, which has
heightened the importance of industrial
electrotechnology. Other changes occur
more suddenly, as in the case of EPRI’s
emergency response on behalf of the
utility industry to the accident at Three
Mile Island. Member utilities and their
customers benefit not only from the
long-established lines of research but
also from the flexibility that comes with
having a pool of talent and information
available to respond to changing needs.
One of the most important changes for
some of the largest U.S. consortia in the
coming years is likely to be increased co-

————
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operation with research organizations
abroad. Although many consortia in this
country were started to help American
companies keep up with foreign compet-
itors, there will be increased pressure for
them to cooperate more with interna-
tional groups as technology becomes
even more complex and expensive.
Again EPRI has been among the leading-
edge models for other consortia, in this
case because of its extensive cooperative
activities with foreign utilities and re-
search groups. One leading example of
this activity is EPRI’s work on advanced
nuclear reactors with passive safety fea-
tures, which now has support from sev-
eral nations.

“EPRI is still unique in several respects;
over its first 17 years, it has already had
to wrestle with some difficult problems
that other consortia are just beginning to
face,” says Dom Geraghty. “Probably the
most important factor is sheer size. With
more than 700 members—more than
twice the number belonging to the next
largest consortium—we have to be more
innovative in such areas as technology
transfer to our member utilities. Also,
many of the scientific and technological
challenges facing the utility industry al-
ready have global implications, includ-
ing environmental protection, nuclear
safety, and the need for greater energy

efficiency. That’s why EPRI must become
a leader in seeking international cooper-

ation in research in these areas and trad-
ing our own know-how prudently for ac-
cess to foreign technology.”

Beyond the immediate advantages a
consortium offers its members, in terms
of competitiveness and cost sharing, Ger-
aghty also sees R&D consortia as provid-
ing benefits to the public at large. “EPRI
does more than just provide utilities
with new gadgets; it enables them to
partake in an important industry com-
mitment to discharge their social respon-
sibilities in a cost-effective manner.
That’s why our industry has emerged as
a leader in understanding environmental
issues and developing advanced technol-
ogies to protect our environment. The
same is likely to be true for other R&D
consortia as their programs broaden and
they take on the challenge of increasing
the nation’s competitiveness in global
markets. Cooperation in research is now
a necessity in many industries, which
means a bright future for consortia like
ours.” u

This article was written by John Douglas, science writer.
Background information was provided by Dominic
Geraghty, Office of Corporate and Strategic Planning.
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n recent decades the pace of develop-
ment in computers and telecommuni-
cations has become so swift, and the
applications front so broad, that close
observers now regard the information era
as an almost undeflectable force for the
future, possibly rivaling the Industrial
Revolution in its eventual social impact.
Certainly the rate of generational ad-
vance in information technology has been
unprecedented. Product development cy-
cles for computers are now measured in
months—typically 24 to 36—and just
keeping up has become a major challenge
for most organizations. U.S. firms now
devote about 40% of all equipment ex-
penditures to information-related tech-
nology. And astute firms in the informa-
tion technology business see the need to
keep several generations of machines in
the R&D pipeline to ensure enough flexi-
bility for survival.
But just where is our society going with
all of this technology? How and where
are we going to use all of this new com-

The Power of Informatio
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puting power? Will it, in fact, transform
our industries and our economy, the
structure of our organizations, the very
nature of work and the workplace, our
educational and creative pursuits? Ex-
ploring this phenomenal growth and its
potential impact on the business world
was the basic challenge set before the 60
participants at the 1989 EPRI Summer
Seminar, entitled “Implications of Future
Advances in Communication and Infor-
mation Technology.” Six speakers cata-
lyzed two days of wide-ranging discus-
sion among members of EPRI’s Advisory
Council and Board of Directors and their
guests—prominent leaders from aca-
demia, government, and industry.

Engine of the revolution

John Armstrong, vice president for sci-
ence and technology at IBM, kicked off
the meeting with a fast-paced overview
of the outlook for computers and infor-
mation technology. “Miniaturization,” he
emphasized, “is one of the basic mes-
sages for the future. It is the engine of the
computer revolution. We have been min-

iaturizing components over the last two
decades at a compound rate of 15-30%
per year. And I'm confident that this en-
gine will be just as strong for another 10
to 20 years and probably beyond. Eventu-
ally, we will see billions of bytes on a chip
the size of your fingernail”

As a result of this basic compression
in scale, Armstrong sees compact pro-
cessors as powerful as today’s main-
frames emerging in the next 10 to 15
years. “No doubt about it. And by that
time we will also have the ability to build
computer parts atom by atom or atomic
layer by atomic layer,” he said. Emphasiz-
ing just how far we have come technolog-
ically, he reminded everyone that when
he was in high school it was considered
axiomatic that no one would ever see an
atom, let alone build parts with them. To
lay that idea to rest, he showed the semi-
nar participants a photograph of individ-
ual atoms.

Looking a bit further out at the evolu-
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tion of the computer, Armstrong envi-
sions the growing inclusion of optical
technology, the eventual use of supercon-
ducting circuits, and storage capacities al-
most beyond belief. “Light will play as
large a role in future computers as it does
in today’s telecommunications, with the
first inroads being optical fibers for inter-
connecting subsystems. But supercon-
ductivity? Probably not before 2010. It’s
not until power densities in integrated
circuit wires get above 10 million amps
per cubic centimeter—ten to a hundred
times higher than possible today—that
the absolute advantages of superconduc-
tivity will be important. As for storage,
sometime in the next few decades we will
begin to approach the kinds of informa-
tion storage capabilities you get in living
creatures.”

Does he mean that we will someday see
biologically grown computers? Pressed to
speculate by several participants, Arm-
strong added, “Like a lot of things, the
popular notion of ’Biochips’ has a nugget
of real promise and a lot of hype. We are

ONS

Speakers at the most recent EPRI Summer

Seminar see dramatic changes coming from
advances in information technology. On the
hardware side, miniaturization of components
will continue to drive innovation. Much of the
tremendous power of twenty-first-century per-
sonal computers—greater than that of today’s
mainframes—uwill be invested in more natural
man-machine interface capabilities, including
practical speech, handwriting, and image rec-
ognition. But more important will be the effect
information technology will have on how we
do business. Manufacturers’” instant access to
retail sales data will give new meaning to
demand-driven production, leading to greater
choice and customization of products. And
innovative use of “‘corporate connectivity”’ is
likely to change the shape of business manage-
ment across the board, from administrative
procedures to teleconferencing to organiza-

tional hierarchy.
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Armstrong

“Miniaturization is the
engine of the computer
revolution. We have been
miniaturizing components
over the last two decades
at a compound rate of
15-30% per year. And
I’'m confident that this
engine will be just as
strong for another 10 to
20 years and probably
beyond. Eventually, we
will see billions of bytes
on a chip the size of your
fingernail.”

already beginning to see the integration
of biologically sensitive probes and sili-
con microprocessors on the same chip.
But that’s a very different thing—I'm ex-
traordinarily skeptical about computers
of the future being grown out of protein.”

Nevertheless, Armstrong’s point is that
storage capacities will continue to pro-
gress toward the biological level of bil-
lions and eventually tens of billions of
bytes per square inch, and that comput-
ing power, by today’s standards, is going
to go out of sight. But what is not evident
is where all this computing power will be
used. What will it mean when virtually
everyone has the equivalent of a main-
frame or two at their fingertips? The an-
swer from Armstrong’s point of view is to
use the power to get rid of the finger-
tips—that is, to move toward faster, more
natural modes of interaction with a com-
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puter than the byte-by-byte tapping of to-
day’s keyboard.

“The world is not going to drown in
excess computer power,” said Armstrong.
“This additional power is going to move
out into improving and diversifying the
computer’s interaction with the user. We
will be moving toward the recognition of
handwriting, speech, and images, which
all require data rates and processing
power that are many orders of magnitude
greater than typed instructions.

“Coming soon, as a result, you will
have direct manipulation of PC displays,
where, for example, you can write a sum
sign on the screen over a column of num-
bers and get an answer. In 5 to 10 years,
you will be able to write on or dictate
to an electronic notebook, where your
notes and instructions will be turned im-
mediately into readable text. And full
speech recognition is around the corner.
Right now it is possible—in experimental
systems—to get up to 97% accuracy us-
ing 20,000-word vocabularies. But this
is, of course, very stilted, disconnected
speech,” Armstrong said, making his
point by drawing a disconcertingly long
pause after each word. “The fully con-
nected speech of normal conversation is
still beyond today’s technology—the al-
gorithms are just too complex. But even-
tually, we will be talking very naturally to
the computer.”

What Armstrong is suggesting is that
much of the advance in computer power
will go into making the computer not
only faster and friendlier, more powerful
and versatile, but also more transparent
to the user. If so, this should help make
computers more acceptable partners in
the work world and in the home; and by
helping to bypass today’s constraints of
computer literacy, it would also, arguably,
speed and deepen their penetration into
society.

As the forum turned from hardware
developments to the broader implications
of information technology, Armstrong re-
minded the participants that “we are still
very early in the spread of computers

into our lives and into our culture. As an
industry, we are perhaps about where the
electric power industry was in 1910.”

Armstrong was referring to the time
when electric power was on the threshold
of a second and fundamentally different
phase in its development. Before 1910, it
was used primarily as a substitute for
such things as gas lights and large steam
boilers. After World War I, however, it be-
gan to transform industry in new and un-
predictable ways. Small unit drives and
the flexible electric cord combined to
open up the factory floor to total reorga-
nization and surging productivity. And
after World War 11, still a third door was
opened by the convergence of new con-
trol technologies and electronics. Arm-
strong’s point is that no one in 1910 could
see very far beyond the substitution
phase. It was difficult to conceive that this
new technology—electricity—would al-
low you to actually rethink the basic pro-
cess of production.

Henry Kelly, senior associate at the Of-
fice of Technology Assessment, picked up
Armstrong’s thread. “Trying to forecast
the implications of electricity in 1910, we
would have missed much of the modern
world—most consumer applications, in-
dustrial processes, air conditioning and
the opening of the South, electronics, au-
tomation, and computers, to name a few.
In fact, the entire information revolution
is itself an outgrowth of the ability to ma-
nipulate electricity. No one could have
envisioned the ability to move, store, and
manipulate information in this manner
just 80 years ago, or that moving informa-
tion would become the dominant form of
work in the U.S. today.”

As was the case with electricity, Kelly
sees the information revolution proceed-
ing in two stages. The first involves var-
ious forms and types of direct substitu-
tion. The second, which we are just now
entering, involves “deeper adjustments,
not readily understood, where you re-
think the product entirely and how you
go about making it. It is in this phase that
the unexpected, indirect effects begin to




Personal
Computers Take Off

Miniaturization and improvements in user-
friendliness have increased personal com-

puter sales dramatically and broadened the

base of users from the technical expert to
the common man. In particular, the bur-
geoning of home use implies that personal
computers are being truly assimilated by

society as a part of everyday life.
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emerge and eventually dominate.” In
Kelly’s view, it will take a generation or
more for these deeper adjustments to
work their way through our institutions.

“We are still playing catch up. With the
scaling in integrated circuits, the cost of
maneuvering information dropped by a
factor of 1000 in the last 15 to 20 years,
and our economy is still trying to adjust
to that reality. And we see the cost drop-
ping by another factor of 1000 in the next
20 years. Ultimately this will cause very
profound changes in the nature of our
economic institutions—in their size and
structure, in the way they contract with
one another, in the psychology of man-
agement, and in the relationships to the
market.”

Kelly remarked on how some of these
adjustments have already begun to play
out. Looking at the manufacturing sys-
tem, he noted that firms are getting some-
what smaller—the number of people per
establishment peaked in 1967 and has
been going down ever since. He also
noted that the preponderance of new jobs
created in this country are now struc-
tured around the handling and manage-
ment of information. And in terms of pro-
duction inputs, the mix is changing from
the physical to the transactional. Since the
mid-1970s, manufacturers have been us-
ing less materials and energy and more
services. The result in Kelly’s view is an
economic trend of providing “more value
added per pound of stuff.”

According to Kelly, one likely clue
to the still-deeper adjustments looming
ahead can be found in the ability of in-
formation technology to dramatically in-
crease customer choice—and, by putting
the customer firmly in the driver’s seat, to
essentially alter the logic of production.
Evidence can be found in the food indus-
try. In Kelly’s view, it's no coincidence
that the average supermarket in the
United States now carries some 20,000
products, up from around 3000 in 1948.
The basic reason is not so much greater
floor space as tighter inventory control
and tighter linkages throughout the en-

tire food-processing chain.

“You need to look no further than your
ordinary frozen pizza,” said Kelly, “to see
how much information technology is now
embedded in food products. When the
bar code on the package slides across the
scanner, not only is the checkout speeded
up, but the information is captured, auto-
matically triggering inventory control,
product reordering, and a host of market-
ing, communication, and delivery sys-
tems upstream. It can go all the way back.
It’s hard to find a farm these days that
doesn’t have a computer somewhere in a
backroom tied into a network. For the su-
permarket, it allows smaller batching of
products; for the consumer, ever-expand-
ing choice.”

Taken to an extreme—and it looks like
we might get there someday—it will be
the point of consumer purchase that trig-
gers the entire production train. Dupont,
said Kelly, did a study that revealed it
took 66 weeks for one of their fibers to
work its way through the system to end
up on a retail shelf in the form of a bath-
ing suit. “They and others plan to do
what the grocery stores have done. In-
stead of enormous inventories of prod-
ucts moving sluggishly through the sys-
tem, the purchase of a bathing suit will
someday automatically register in pro-
duction systems up the line—apparel to
textile to chemical. There will be smaller
production batches and wider variety.”

What Kelly is suggesting is a reorienta-
tion of manufacturing, a sort of paradigm
cartwheel where the information revolu-
tion ends up turning the Industrial Revo-
lution on its head. It’s not that the factory
system is thrown out. It's that the supply
dominance of the last two centuries—the
focus on achieving efficiencies through
the standardization of jobs and products,
through mass production and mass mar-
keting—slowly yields the factory floor to
the demand side.

"The first revolution, the Industrial
Revolution,” said Kelly, “took people
from producing their own things with
their own hands and put them into facto-
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ries where the dominant form of work
was an assembly line. They gave up pre-
cisely tailored products to create large
quantities of cheap, uniform products. In
the second revolution, the information
revolution, where the dominant form of
work is information, we will now be able
to get individual tailoring and productiv-
ity at the same time. In this emerging
world, the customer is king and has an
array of choice that only the wealthy few
could have experienced in preindustrial
times.”

One lasting result of the new priorities
will be to require business of all types to
pay more attention to highly selective, in-
dividual markets, and this, according to
Kelly, “vastly increases the importance of
design, inventory control, and communi-
cation.” He cited advertising as a barome-
ter of change. “Shares of U.S. advertising
are already shifting toward forms directly
targeted to individuals. Direct mail, for
example, is growing, whereas network
TV is down.”

The reengineering of business

Extending Kelly’s belief that information
technology represents the leading edge of
a business transition toward the cus-
tomer, Mike Hammer, president of Ham-
mer & Co., stated that three issues will
come to dominate virtually every indus-
try in the 1990s—strategic marketing, in-
stitutional innovation, and what he terms
“the reengineering of business.” Said
Hammer, “The reasons for the emergence
of these three are simple. First, the mass
market is dead; second, change has be-
come a constant condition; and third, in-
formation technology is opening up radi-
cally new ways to redesign your business
from the ground up—processes, struc-
tures, organizations. And if you don't do
it, your competitors will. They will eat
your lunch.”

As a consultant, Hammer said, he has
seen too many firms still fixated on their
own needs and their internal problems.
“We supply it. They buy it. After that, it’s
their problem,” he said in parody. He
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doesn’t believe such firms can long sur-
vive in the new business climate. The ba-
sic reason is that they still see every cus-
tomer as the same. Or, worse, they don’t
see the customer at all. “There is an im-
portant notion buried in the word cus-
tomer,” he said, “custom, customize—fo-
cusing on the specifics. The lingering
belief in the mass market has a major
drawback today: it is a lie; your cus-
tomers are not the same. Just ask them.”

Knowledge, then, becomes a prerequi-
site of customer relations because “you
can't do anything for your customers if
you don’t know anything about them,”
said Hammer. He envisions organizations
moving to acquire the tools and the com-
mitment to better understand their cus-
tomers. The basics as he describes them
are market analysis and market segmen-
tation—Dboth drawing on the rapidly ex-

Kelly

“In the Industrial Revolu-
tion, people gave up pre-
cisely tailored products to
create large quantities of
cheap, uniform products.
In the information revolu-
tion, we will be able to
get individual tailoring
and productivity at the
same time. In this
emerging world, the cus-
tomer is king and has an
array of choice that only
the wealthy few could
have experienced in
preindustrial times.”

panding capabilities of information tech-
nology—and beyond those a strategic
market orientation, focused primarily on
relationship management. His first im-
perative for the 1990s, strategic market-
ing, centers ultimately on service. “Your
relationship with a customer is largely a
transactional one—you must look at the
total relationship and consider that as a
basis for services.”

As firms reposition themselves toward
their customers in an increasingly com-
petitive  environment, Hammer and
others foresee an evolution toward more
resilient organizations. “Change is no
longer an episode,” said Hammer. "It is a
constant condition. And to meet it every
business is going to have to cultivate flex-
ibility, responsiveness, opportunism.” In
Hammer’s view, these traits are best de-
veloped and carried out in what he calls
“the accelerated organization—flat, net-
worked, multidimensional, informed—
one that can create ad hoc organizational
structures to meet new situations.” These
are the kinds of structures that best sup-
port, and are best supported by, fast-
paced information networks.

Hammer emphasized that these new
accelerated organizations must embrace
innovation in ways not widely practiced
today and must be prepared for the
greater risks that are inherent in stepping
up their innovative activity. “My point,”
he said, “is that if you want to cultivate
innovation, then you have to allow peo-
ple to fail. The fact is that most innova-
tions are failures; if you expect most of
them to be successes, then you are not
serious about innovation.”

From his own observation, Hammer
believes that an orientation toward inno-
vation must become a deeply embedded
attribute of corporate style or culture, em-
anating from the very top. To drive home
his point, he told the story of an executive
at Citicorp who had been told repeatedly
by his management, “Don’t ask permis-
sion, just get it done.” One day, Hammer
went on, “this guy had a great idea, he set
it in motion, and he executed it well. But




it failed. Called into his boss’s office the
next day, he was handed a promotion.
‘But I don’t understand,” he said, ‘I
thought you were going to fire me.” His
boss looked up at him and said testily,
"Fire you? I can't afford to fire you! I just
spent $20 million educating you!"”

Just as Kelly talked about moving be-
yond the substitution phase into “deeper
adjustments,” Hammer talked about “re-
engineering” to describe the systematic
effort to implement radically new ways of
working that exploit information technol-
ogy. “The intent,” he underlined, “is not
to automate existing ways of working but
to find new and better ways.” Fond of
examples, Hammer used a recent case of
innovation at Ford Motor Co. to illustrate
how information technology can allow
firms to refashion some of their most
deeply entrenched patterns of business
behavior.

According to Hammer, in the mid-
1980s Ford was implementing a major
cost-cutting program in which it planned
to reduce itsaccounts payable department
from 500 to 400 people by improving and
upgrading its information systems. The
company was justifiably proud of the
prospect of reducing costs by 20%. How-
ever, shortly thereafter, Ford representa-
tives went on a tour of Mazda, where the
company was a shareholder, and asked to
see the accounts payable department.
What they found was not 400, not 100, but
just 5 people, who were using just one-
seventh the computing power of Ford.
Analyzing the situation, Ford found that
when it had computerized, it had carefully
automated the traditional accounts pay-
able process, while Mazda, in contrast,
had fundamentally redesigned the pro-
cess. Inshort, Mazda gotrid of theinvoice.

The traditional accounts payable pro-
cess involves three pieces of paper: a copy
of the purchase order sent to the supplier,
a receipt from the receiving dock, and an
invoice from the supplier. When the three
pieces of paper match, a check can be
made out to the supplier. A match is pro-
cessed quickly, but a mismatch, said
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“Change is no longer an
episode. It is a constant
condition. And to meet it
every business is going
to have to cultivate flexi-
bility, responsiveness,
opportunism. These are
best carried out in the
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—flat, networked, muiti-
dimensional, informed—
one that can create
ad hoc organizational
structures to meet new
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Hammer, “leaves the accounts payable de-
partment in disarray. The problem here is
that tracking down mismatches and re-
solving these problems typically consume
80-90% of the time of the department.

“At Mazda, they eliminated the mis-
match problem. They just enter the pur-
chase order into the computer system and
put a terminal on the receiving dock.
When a part arrives, the guy at the receiv-
ing dock simply calls it up, and if he finds
it was ordered, he hits a big button that
says ‘OK,” and in 30 days the computer
automatically cuts a check and sends it to
the supplier. The innovation here was to
eliminate the paper trail by paying on
receipt of goods, not on receipt of an in-
voice. If the order can’t be found in the
computer, they just send it back.”

Ford has since taken up the Mazda ap-
proach and has reduced its accounts pay-

able department to 150 people, and to its
surprise, financial controls have also im-
proved. “The payoff,” said Hammer, “is
thatfor the first timethe financial data and
physical data match, and the company is
set to take the innovation even a step fur-
ther. It is telling its suppliers that it will
pay for parts not on receipt but on use. If
suppliers deliver their parts to Ford just
in time—that is, on the very day they are
needed in Ford’s production—they will
be paid immediately. Ford is in effect tell-
ing suppliers: ‘If you match your produc-
tion to ours, we will reward you.”” Ford’s
immediate goal in all of this, added Ham-
mer, is to get rid of “the greatest evil in
manufacturing today: inventory.”

But Ford’s simple reengineered system
will have still other, deeper impacts. It
tends to link the production cycles of two
disparate organizations, binding supplier
and customer into a new relationship.
And internally, it takes disparate depart-
ments—purchasing, accounts payable,
and receiving—and begins to bind them
together into an operational whole. “It's
not just the jobs in accounts payable that
are impacted by this simple move,” said
Hammer. “It goes way beyond, from pur-
chasing to receiving to the factory floor to
customer relations.” In Hammer’s view,
the reengineering possibilities opened up
by information technology will begin to
reintegrate the organization, a cohesion
that will “turn around the disintegration
of the firm into functional pieces that
began over 200 years ago with Adam
Smith.”

Exactly how the industrial organization
will evolve in an information-based era
was a subject of great interest to the par-
ticipants, and one to which they were to
return.

Voices of concern

Most participants, on the basis of their
own businesses and institutions, rein-
forced Hammer’s and Kelly’s observa-
tions about an evolving customer orien-
tation, and they acknowledged the accel-
erating dependency of our society on
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information technology. But at times the
room was alive with skepticism and un-
answerable questions. Some participants
were not comfortable with or convinced
of the notion of an information revolution
—it seemed overstated, too grand, too
sweeping. Others focused on the major
hurdles ahead, ranging from software bot-
tlenecks to issues of cultural and institu-
tional inertia. Others clearly foresaw new
problems being created with information
technology, ranging from issues of privacy
to jobs to education to investment policies.

“The hardware is moving very fast,”
said Walter Baer, director of advanced
technology at the Times Mirror Co., “but
software shouldn't be glossed over. It re-
mains a major bottleneck, difficult to con-
trol and difficult to predict.” And Gordon
Hurlbert, president of GCH Management
Services, added that “the limiting factor in
the information business is the high cost of
systems development. From my experi-
ence in the steel business, we have the
conceptual ability to cut costs signifi-
cantly with information technology, but
what delays its implementation is that
the systems development cost runs from
one to two times the hardware costs. We
have got to get the development costs
down.”

John Armstrong acknowledged the
challenge. “We have found exactly the
same problem in other industries. And as
a result, we now have major R&D invest-
ments going into software, application
development tools, and connectivity.
Roughly 50% of research at IBM is now in
software, and the percentage is greater
than that on the development side.”

Anne Carter, chair of the Economics De-
partment at Brandeis University, pin-
pointed the nagging question of jobs and
job satisfaction that arose repeatedly
throughout the two days. “People that
participate in our economy want more out
of it than just the amenities of consump-
tion. They want good jobs. And our econ-
omy is not as proficient at designing good
jobs as it is at designing good products. I
think this is a central concern for the fu-
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ture. Will information technology help us
design better jobs for people?”

Tora Bikson, senior social scientist at
the Rand Corp., said she sees evidence of
“real potential for job enrichment through
information technology.” Citing her re-
search on how information technologies
mix with and transform the nature of
white-collar work, she said that “the adop-
tion of this kind of technology becomes
less an event than a process. It takes on a
life of its own, with the workstation be-
coming a real partner in information han-
dling. Given a good tool, people will use it
to do the specific task for which it was
purchased but will then go on to use it for
other applications. It begins to support an
expanding array of intellectual and social
tasks.

“For example, we took a retirement task
force at the Los Angeles Department of

® Bikson

“The adoption of informa-
tion technology becomes
less an event than a
process. It takes on a life
of its own, with the work-
station becoming a real
partner in information
handling. Given a good
tool, people will use it to
do the specific task for
which it was purchased
but will then go on to use
it for other applications.
It begins to support an
expanding array of intel-
lectual and social tasks.”

Water & Power [LADWP] and randomly
split it into two groups and gave one
group network-based PCs. We found the
level of both task and social interaction to
be orders of magnitude higher with the PC
group—not only through the network,
but they actually met more often, had
more telephone contact, and after a year
seemed to want to maintain their new con-
tacts. They went on to build a system on
their own to interact more broadly with
retired LADWP workers by using tele-
phones, computer dialing, and a voice
synthesizer. Now they have an on-line re-
tiree directory and skills bank—it will be
useful, for instance, if emergency assis-
tance is needed.”

Henry Kelly was less certain about the
changing nature of work. He acknowl-
edged that “job structure is the most im-
portant but also the most ambiguous part
of how information technology will be
used in the workplace. Two radical poles
are still possible: that manual work will be
replaced throughout with rewarding, cre-
ative jobs, or that we will end up building
all creativity into about 10% of the work-
force. The jury is still out. There are a lot of
policy and economic issues that will help
shape this future.”

Education will be among the largest of
these. It is clear, according to Kelly, that
“those without education are going to get
clobbered in the emerging work world.
The jobs will be less mechanical, less the
kind of thing you can learn by watching
someone else or by reading a manual
More important in the future will be the
ability to work with people, to learn from
other people, to create new solutions to
unstructured problems, and to work with
customers in solving problems.”

Interestingly, few of the participants
seemed overly concerned about problems
of computer literacy in future generations.
Rather they seemed far more concerned
that the educational process would focus
narrowly on technical matters. As Tora
Bikson put it, “People are becoming more
computer literate, but not broadly edu-
cated. The problem is that technical




knowledge will continuously obsolesce. In
the long run, we need more substantive
knowledge, well beyond the computer
knowledge.”

Benjamin Dysart, professor of environ-
mental systems engineering at Clemson
University, added, “I'm concerned with
how we bring larger institutional, politi-
cal, and social problems from the real
world into our computing framework.
Modeling with supercomputers will cer-
tainly help our understanding of some of
the higher-order complexities of the envi-
ronment, say. But as an educator, I'm
scared that our students—our next gen-
eration of professionals—just might be-
lieve that most of the really hard problems
in life can be reduced to a form that can be
put neatly on a green screen.”

Floyd Culler, president emeritus of
EPRI, spoke strongly on this point. “Be-
cause of pent-up demands for replacing
or modernizing the infrastructure of our
society, for cleaning up our environment,
and for modernizing our manufacturing
plants to meet competitive pressures,
there will clearly be growing needs for
capital goods and skilled services. We
will not clean up the environment with
information alone—nor will we rebuild
our roads, sewers, dumps, airports, and
housing stock. To pay for infrastructure
improvements will cost a minimum of $10
billion to $30 billion a year, according to a
recent National Academy of Engineering
study.”

Many participants were clearly uncom-
fortable that an information-driven econ-
omy would seem to ignore such funda-
mentals as the nation’sinfrastructure. Cer-
tainly, telecommuting and teleconfer-
encing would seem to hold out hope for
reducing the burden on our transporta-
tion system and indirectly our environ-
ment. Couldn't they assist in reducing
construction costs or streamlining design
or improving efficiencies? Such questions
were posed time and again.

The potential of these technologies ap-
pears strong in concept, but teleconfer-
encing had been an obvious disappoint-

ment to most participants. Many had tried
it and found the format awkward and the
vital social chemistry missing. Someone
asked bluntly, “When are we going to have
a system that works well enough to begin
to reduce our travel budgets?”

Armstrong of IBM said, “In roughly 5
years, we will begin to see the kind
of capabilities I think you are looking
for—travel budgets should begin to ease.
And in 5 to 10 years, we will see entirely
new workstations with high-resolution
screens with simultaneous voice, visual,
and application windows for discus-
sion purposes. Then you will have an
interactive system with which you can
hold meaningful technical or business
discussions.”

Robert Johansen, director of new tech-
nologies at the Institute for the Future,
pointed out that video conferencing is ac-
tually growing. “There are now more than
1000 two-way video installations in North
America. And there is some real promise
that PC technology will drive costs lower
and use higher.”

Nevertheless, Kelly’s data suggest that
such systems may be facing an uphill
battle in terms of alleviating congestion.
“Theoretically, information technology
should free you from geographical re-
strictions. Back offices should be able to
go off to the boondocks, people should
cease commuting and work at home,
business meetings should occur over the
airwaves. So far, it hasn’t happened. And
our population is not spreading out;
actually, the concentrations around our
major metropolitan areas east and west
are increasing. People need access to ser-
vices to fix things and get things done, and
they want direct contact with other peo-
ple. As a result, the net demand for trans-
portation around cities is getting larger,
not smaller. I would describe the transpor-
tation area in one word—depressing.
There are fewer ideas in this area than
almost anywhere else. The key is what will
replace theautomobile? The automobile is
freedom.”

With concerns like freedom, mobility,

Johansen

“One of the building
blocks of the future orga-
nization will be the busi-
ness team—small, cross-
organizational, ad hoc,
situationally cohesive,
task-oriented, and
deadline-driven. These
teams are where the real
work will be done in the
future—fueled by the net-
work structure of informa-
tion technology.*

and social contact at issue, the answers to
our transportation problems must eventu-
ally reach beyond the obvious and press-
ing—congestion, infrastructure repair,
and environmental assault. Certainly one
of our limitations is our inability today to
envision much beyond the substitution
phase—telecommuting for commuting,
teleconferencing for conferencing, and so
on. The challenge for the next half century
will come when we begin to rethink the
nature of connectivity and the process of
moving about. There is no doubt that in-
formation technology will play a central
role in this redefinition.

The new teamwork

The participants were clearly fascinated
by the implications of information tech-
nology and by its potential for organiza-
tional change. Leading one such discus-
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sion, Robert Johansen reminded every-
one that “we are a long way from un-
derstanding just how the information age
will change the organization. Stan Davis,
for example, notes in his book Future Per-
fect that we didn’t get an industrial orga-
nizational model until late in the indus-
trial era—in the late 1920s to the early
1930s—and Davis argues that it will be
about 2020 before we have a clear idea of
the organizational model for the informa-
tion-based era.”

Nevertheless, Johansen went on to say,
it is the emerging conventional wisdom
that one of the fundamental building
blocks of the future organization will be
the business team—"small, cross-organi-
zational, ad hoc, situationally cohesive,
task-oriented, and deadline-driven. These
teams are where the real work will be
done in the future—fueled by the net-
work of information technology.”

Part of the larger organizational shift
from hierarchical forms toward flatter,

faster, more responsive models, the new
teamwork concept is cropping up under
many different names. Hammer de-
scribed one variant with the term acceler-
ated organization; others use such names
as network-based organization, flexible orga-
nization, or cluster organization.
“Whatever the name,” said Johansen,
“there is general agreement that this form
of organizational structure is what is
needed for the 1990s. This is not just a fad;
teams are emerging as a form of bureau-

Connedctivity in the Electric Utility Industry

‘m a strong believer that the infor-

mation age is being driven by con-
nectivity,” said James Howard, chair-
man, president, and CEO of Northern
States Power, who led the seminar dis-
cussion on the implications of infor-
mation technology for electric utilities.
“When I first arrived at NSP, I looked
around at the information side of our
business. I found personal computers
everywhere, as far out in the boon-
docks as you can imagine, engaged in
every kind of application. And depart-
mental minis were everywhere, but
with no design for connectivity. We
also had three database management

systems and 15 programming lan-
guages, and our key systems—power
plants and customer service—had be-
come very independent and very iso-
lated.”

NSP, like many firms adapting to the
strong decentralizing force of com-
puter miniaturization in the last two
decades, had computerized depart-
ment by department, function by func-
tion, often with highly incompatible
systems. The result, said Howard,
was that “vital information became
trapped in specific applications, un-
available to most people in the corpo-
ration. Overall, I saw lots of innova-

tion, little strategic discipline, and is-
lands of information everywhere.”
Linking these islands has become a

central strategic issue for NSP, largely
because of changes in the industry’s
business climate. NSP is preparing to
operate less as a regulated monopoly
and to become more involved in mar-
ket competition. As a result of the
sweeping changes anticipated, How
ard is trying to “establish a new strate+
gic outlook on information.” Among
other things, he sees competition
speeding up the decision-making pro-
cess throughout the industry, requir-
ing faster and better information from
all parts of an organization. Managing
the information will require a plan tg
allow the right level and aggregation
of information on such matters as op
erations, costs, markets, prices, and

competitive situations to flow into th
corporate decision-making framewor
at just the right time. “Our challeng
now,” said Howard, “is to unlock thal
information and make it widely avail
able—to create a new architecture tha
allows corporate access to key infor
mation while still serving critical locs
needs.”

NSP is now building a “data ware
house” as a pivotal first step in estab)
lishing connectivity—and as a meanf
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cratic bypass, driven by things like dereg-
ulation, merger and acquisition, and ex-
ternal competition. Virtually all business
schools are in strong agreement. It is a
conclusion from MIT’s Management in
the 1990s Program and the thesis of Peter
Drucker’s new book, The New Reality. It
worries me a bit because there is now
such complete consensus. Team-based or-
ganizations are very innovative, but we
are now in danger of believing that teams
can do everything. We shouldn't idolize

them. They are an important new ele-
ment but not a substitute for bureaucracy.

“Although teams are often very critical
of bureaucracies, it is essential that the
bureaucracy survive,” said Johansen. He
and others view the traditional hierarchi-
cal organization as a kind of substrate
through which the faster, more mobile
teams can operate and draw strength. In
this construct, the two elements become a
mutually supportive and mutually de-
pendent system, with the hierarchy act-

ing as the glue that keeps the renewing
but firebrand teams from flying apart.
As Johansen pointed out, such systems
of organization have already been ex-
tremely successful in a number.of indus-
tries: “Teams have always operated in
aerospace, construction, R&D, and con-
sumer electronics. Teams are not new.
What is new is the scale and range of

”

their use.” But he foresees some real
downside risks in the new teamwork en-

vironment. In particular, he feels that the

to uncover some of the potential op-
portunities for a new, information-
based corporate strategy. Howard ex-
pects to have the corporate database
built within the year, and then it will
begin to be filled from all parts of the
organization. In a related project, the
company is also narrowing the range
of hardware and software it uses, with
particular attention to connectivity.
NSP is now well positioned to be-
zome a leader in the broad area of con-
nectivity, an area that many regard as
the next real frontier in information
systems in electric utilities. The imme-
diate benefit, as Howard suggests, will
oe to coalesce the individual functions
within an organization into a more
competitively paced business entity.
But connectivity as a concept is likely
10 move beyond this initial role as it
secomes a strategic tool for realigning
celationships throughout the new
susiness environment. Externally, util-
ties will become linked in new ways
‘o their customers, to suppliers, and to
ach other. Internally, power plant
romponents will be connected to their
yperators more comprehensively and
n real time. And operators, in turn,
~ill have better links with the outside
~vorld through emerging technical
support networks, including com-

puterized expert systems. Connec-
tivity, then, is in many ways becoming
a metaphor for utility outreach in the
new competitive age.

The customer connection may be the
most important for the immediate fu-
ture. Howard commented that because
of the regulatory environment, the
utility industry has long been focused
internally and not on the customer and
the marketplace. “This has got to
change,” he said. “Competition means
we are going to have to get closer to
our customers, find out what they
want,
choice. We must come to recognize in-
formation as an asset to be managed

and provide them greater

and tied directly to the strategy of the
business.” Just how far that strategy
will go is unclear, but the implications
are large. Mike Hammer laid out the
prospect when he said, “Utilities are
sitting on one of the greatest under-
valued assets in America today—their
customer database.”

In terms of utility operations, the fu-
ture implications of information tech-
nology are equally large. Howard and
others cited numerous examples of
cost control in electric utility oper-
ations stemming from today’s infor-
mation technology. Technical trouble-
shooting will take on a new dimension

in the next few decades, when utilities
are able to draw upon a network of
on-line experts and programmed ex-
pertise from around the world. And
information databases now under de-
velopment will open a vast array of
knowledge beyond the capabilities of
individual utilities to acquire.

But the real payoff is likely to come
when we are able to superimpose the
equivalent of an electronic “nervous
system” onto the power plant. Chaun-
cey Starr, president emeritus of EPRI,
addressed this potential when he pre-
dicted that “real-time diagnosis as a
preventive routine is going to be one
of the major developments coming out
of information technology for electric
utilities. This means we will be able to
analyze utility operations on a contin-
uous basis, looking for indications of
slightly off-normal performance that
can warn operators of trouble ahead.
Wehavedone this on individual pieces
of equipment, but to do it comprehen-
sively is one of the pending develop-
ments that supercomputers and expert
systems will provide. This will change
the availability percentages of power
plants from the 60s to the upper 80s.
We should see benefits to our industry
and to our national economy on the
order of $10 billion a year.” 8]
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Howard

“Because of regulation,
our industry has long
been focused internally
and not on the customer
and the marketplace. This
has got to change. Com-
petition means we are
going to have to get
closer to our customers,
find out what they want,
and provide them greater
choice. We must come to
recognize information as
an asset to be managed
and tied directly to the
strategy of the business.”

short-term, fast-track orientation of teams
will work against the implicit promise of
job security and affirmative action in
large organizations and, in some cases,
against the quality of product or service,
even corporate reputation. Tora Bikson
observed that “teams are not easy to
manage. We have found that they will
soon make an end-run around the hierar-
chy in an effort to get their task done.”
Progressive adjustments for dealing
with these potential drawbacks—even
basic shifts in corporate thinking—will be
required if teams are to become a truly
accepted part of doing business in corpo-
rate America. Compensation has become
a critical hurdle in this respect. “So far,”
said Johansen, “top management has
given verbal support, but they are not
giving rewards; nor are they relieving the
workload. Eventually, as the value of
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these teams becomes recognized, we will
have to givethemsomerein and find new
ways to combine individual compensa-
tion with team rewards. We should prob-
ably keep our eyes on the Nordic coun-
tries, where some interesting compensa-
tion models are being formed. As a
general rule, these countries are more col-
lectively oriented than the U.S. and more
individualistic than, say, Japan.”

Understanding what makes teams suc-
cessful is also critical. Teams, according to
Johansen, have a demonstrable life cycle,
which—drawing from the Drexler/Sib-
bet Team Performance Model™—he char-
acterizes as a seven-stage evolutionary
process. In stage one, the orientation
stage, the basic question before the team
is Why are we here? In stage two, trust,
the question becomes Who are you? In
stage three, goal clarification, it changes
to What are we going to do? And in stage
four, commitment, it becomes How are
we going to do it? Execution of the plan
begins with stage five, the implementa-
tion stage, and accelerates in stage six,
high performance, when the team is mov-
ing in high gear. Finally, in stage seven,
renewal, the team efforts shift toward try-
ing to diffuse the changes brought about
by the team throughout the organization.
Presumably at this point the team is aban-
doned or, in rare cases, rechartered.

Johansen refers to the middle stage in
this model—stage four, commitment—as
the corner of the process, around which
the team focus and dynamics shift from
the various preparation stages to action.
“Americans,” he pointed out, “drive hard
to turn this corner quickly, because they
are eager to show results. Japanese teams,
in contrast, spend much more time in the
first two stages, acquainting themselves
with the project and with each other and
building interpersonal bonds.” Experi-
ence has shown that shortcutting the
early stages does not always lead to a fas-
ter conclusion; misunderstandings up
front can lead to inefficiencies down the
road.

The Team Performance Model is useful

in differentiating the needs and relation-
ships of the team at different points in
time. Significantly, the kinds of informa-
tion technology useful in supporting the
team at various stages mirror these rela-
tionships. The early stages in a team's
evolution usually involve a same-time,
same-place format (that is, face-to-face
meetings in a conference or work room),
whereas in stages three and four, team
members may be linked from different lo-
cations by conferencing-type networks.
And by the time team members move out
to accomplish their respective missions—
the results stages, numbers five and six—
they may simply want to keep each other
up to date in a different-time, different-
place format by leaving and retrieving
messages in what Johansen calls “store
and forward modes.” Laptop computers
are important tools for team members on
the run operating in the latter stages of
high performance.

Groupware is the generic term Johansen
gives to these new supporting technolo-
gies, which can “help expedite meetings,
give teamwork a real boost, and unify
members separated by an entire conti-
nent,” according to the jacket on his book
of the same name. “Groupware,” Johan-
sen told the participants, “isn’t really a
new class of products, but rather a new
perspective on telecommunications and
computing where the end user is now a
collaborative team. Building blocks can
include local area networks, private net-
works, PCs, e-mail, workstation environ-
ments, gateways, voicemail, and so on.
We are at the very early stages of de-
signing environments and tools with a
collaborative team in mind. Just look at
U.S. business conference rooms. They
don't invite cohesion or decision making,
there is little sense of focus, and they
don't really promote productivity. There
is a great deal of room for innovation
here. IBM has taken some steps; it has 16
sites set up to help facilitate mostly ad-
versarial meetings, and it is now offering
related software and facilitation services
in a commercial market test. I usually
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suggest that businesses begin by intro-
ducing just a little groupware into their
meetings.”

Johansen recognizes that the term
groupware is one of a number of banners
for the same type of teamwork support
emerging in the computing world. Other
terms being used include group decision
support systems, shared systems, data inter-
pretation systems, interpersonal computing,
and computer-supported coordinated work.
The real point, in Johansen’s mind, is not
which one will prevail but that “all the
labels will probably disappear in 5 to 10
years, because we will take team-oriented
information support for granted.”

The speed at which information tech-
nology can transform business prac-
tices—spurring teams, establishing a new
reality for the phrase customer-driven,
and stepping up the immediacy of ordi-
nary transactions—was an area of clear
fascination for the participants. Several
marveled at the swiftness with which the
fax machine has come to dominate the
movement of business information in the
last few years.

But more than speed is involved in the
way information technology is affecting
American business. It is beginning to
open new patterns of connectivity, stimu-
lating and supporting the creation of
teams drawn from all parts of the organi-
zation, forging new bonds with cus-
tomers and suppliers alike, and giving
fresh meaning to the idea of reintegrating
the firm—weaving the functional pieces
into operational coherence. The challenge
for the next decade or two will be to
transform this great potential for connec-
tivity into reality. Ironically, the same
entrepreneurial spirit driving innovation
in connectivity is also the spirit of inde-
pendence producing a near anarchy of
new products and systems. The result is
that many firms today are sitting with
tens or hundreds of isolated islands of
information. Connectivity, then, is both
the promise and the challenge of the in-
formation era as it opens the twenty-first
century. [
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tour of the fossil fuel power

industry of the Soviet Union

reveals a country where the

cost of electricity is measured
in kopeks per kilowatthour, where huge
cogeneration plants pump hot water di-
rectly into homes, and where daily plant
makeup water peaks at those hours when
most people take baths. As if stepping
into a different world, the American visi-
tor discovers a land of 16,000-MW power
stations, of standardized plant designs,
and of centralized authority that can dic-
tate the application of new technologies
across the utility grid. Overall, the out-
sider encounters a variety of sights and
practices quite different from anything in
the United States—from giant factory test
stands for the steam testing of fully as-
sembled turbines to the small, cramped
quarters where world-renowned turbine
design experts work without benefit of
computers.

Yet, as EPRI senior program manager
Anthony Armor and Russian-born con-
tractor Ishai Oliker confirmed during
their trip to the Soviet Union this past fall,
the vast Soviet power industry—with all
its apparent strangeness—offers exciting
possibilities for information exchange
and technical cooperation with utilities in
the United States. In this age of glasnost,
with new doors to the West opening ev-
ery day, Armor and Oliker became the
first representatives of the US. electric
utility industry to receive an official invi-
tation to see the Soviet fossil fuel power
industry firsthand.

As guests of Leningrad’s Central Boiler
and Turbine Institute (CKTI), the two
Americans visited some of the Soviet
power industry’s major fossil fuel power
stations, manufacturing sites, research
and development labs, and universities.
More than a walking tour, the trip gave
Armor and Oliker the chance to meet
Soviet utility managers and technical spe-
cialists and to discuss operating practi-
ces, technology developments, and future
possibilities for technical cooperation.
The Americans returned with a wealth of

Two American experts took a fact-finding

tour of the Soviet Union'’s fossil fuel power
industry this past fall, visiting some of the
USSR’s major power plants, manufac-
turing facilities, research institutes, and
universities. The visitors found a number
of the Soviets’ concerns to be similar to
those in the United States—a sharp focus
on efficiency and a growing commitment to
environmental protection, for example.
But the pursuit of these areas has resulted
in some intriguing approaches that differ
conceptually and technically from present
U.S. practice. Computer modeling of new
technology has been eschewed in favor of
extensive, full-scale in-plant testing. Very
large, highly standardized plants are the
norm, with wide use of supercritical units.
And power plants are often situated near
urban population centers to provide central-

ized district heating to housing complexes.
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technical information, some available in
an EPRI report, which describes such
intriguing aspects of the Soviet power
industry as the wide use of supercritical
boilers, the use of water chemistry
methods exotic to Western engineers, and
the use of central cogeneration plants to
provide district heating to entire cities.
More important, the two utility ambassa-
dors established a bridge for further com-
munication and cooperation between the
world’s second largest producer of elec-

Across the
Northern Hemisphere

tricity, the Soviet Union, and its largest
producer, the United States.

Open discussions

The two-week journey in October 1989
spanned thousands of miles: from Lenin-
grad, near the Baltic, and then inland to
Moscow and the Siberian city of Barnaul,
formerly closed to Westerners on account
of its concentration of power facilities
and defense-related industry. “We were
warmly welcomed everywhere,” says
Armor, “with no restrictions on cameras
or on access to any part of the power
plants or factories. From the moment we

Their two-week trip last October took EPRI’s Tony Armor

and Russian-born contractor Ishai Oliker more than

halfway around the globe. Traveling by air from
San Francisco, the Americans touched

down in New York and Helsinki before

arriving in Leningrad for their first
power plant tour. They later

took a night sleeper train /
to Moscow and then an 2 »
Aeroflot flight to
Barnaul, Siberia.
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arrived in the Soviet Union, we were
greeted with openness, enthusiasm, and
hospitality.”

Throughout the trip, the Soviet hosts
freely exchanged information with their
American guests. Oliker, a scientist and
businessman who worked in the Soviet
power industry for nearly 20 years before
emigrating to the United States in 1974,
served as an interpreter and helped
Armor respond to the numerous ques-
tions posed by the Soviets at every stop
on the tour: What strategies are Ameri-
cans using for NO, control? How is profit
determined in power transfers between
utilities? What progress is being made in
the application of superconductors? “In
the course of the trip, we and the Soviets
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discovered that we shared a great deal of
curiosity about power generation in each
other’s country, as well as many goals
and technical concerns,” says Armor.

Discussions reflected a heavy reliance
on fossil fuels in both countries. The So-
viets have an installed fossil fuel power
base of about 249 GW, representing about
75% of their total electric generating ca-
pacity, compared with about 500 GW in
the United States, accounting for about
70% of the total. The Soviets rely heavily
on oil and natural gas, which account for
half of their total installed capacity. The
export value of these fuels, however, is
moving the Soviets toward greater use
of coal, a change that can be seen in
stepped-up research on pulverized coal
and fluidized-bed boilers.

n keeping with their commitment to

fossil fuels, both countries make im-

proved fossil fuel plant performance a

major thrust of R&D. A need to con-
serve fuels in the Soviet Union, along
with growing concerns about the produc-
tivity of heavy industry, is driving the na-
tional effort to improve fossil fuel plant
availability, heat rate, and service life.
Many of these efforts, including the de-
velopment of new operating practices
(such as sliding pressure in supercritical
boilers) and equipment designs (for ex-
ample, titanium turbine blading), parallel
utility programs in the United States. In
spite of fundamental differences in their
supporﬁng economic systems, the Soviet
and American power industries face simi-
lar economic pressures to conserve fuels,
optimize the use of their existing capacity,
and develop designs for more-efficient
future power plants.

In addition, both Soviet and American
power producers are balancing their tech-
nology decisions against environmental
concerns. A new environmental aware-
ness has surfaced in the Soviet Union in
just the past few years, including a stated
intention to reduce emissions from fossil
fuel power plants to levels now accepted
in Western Europe and the United States.

In the course of the trip, Soviet utility per-
sonnel constantly raised environmental
issues in their discussions with the Amer-
icans, emphasizing their increased use of
environmental control technology and in-
terest in Western equipment and ap-
proaches. In a joint venture that typifies
the entrepreneurial “cooperatives” now
permitted under Gorbachev’s perestroika,
the Soviets have recently teamed up with
Finnish and West German manufactur-
ers to form Energy-Ecology-Engineering
(EEE), an organization that will develop
new emissions control technology and—
if all goes as planned—market it to the
world.

As reported to Armor and Oliker, the
Soviets have now started to explore envi-
ronmental controls such as flue gas SO,
scrubbers, which have not yet been fitted
to the great majority of their fossil fuel
plants. The Scandinavian Flakt group,
however, is already supplying advanced
electrostatic precipitators for old coal-
fired plants, while the West German firm
Steinmuller is designing a catalytic NO,
reduction system for a modern cogenera-
tion facility in Leningrad. In Barnaul,
Siberia, an ambitious program in flu-
idized-bed combustion design is under
way. In addition, the Soviets are seeking
to reduce emissions through improve-
ments in the efficiency of existing capac-
ity, including the retrofit of cogeneration
equipment for district heating to older
electric generating stations.

Going supercritical

An important factor in Soviet efforts to
improve the thermal efficiency of their
power plants is their use of supercritical
boilers for more than 35% of their fossil
fuel plant capacity. The Soviets installed
their first 100-MW supercritical unit in
1966 and have since emerged as the
world’s largest supercritical power pro-
ducer. Today, they have almost 220 super-
critical units in operation at both co-
generation and electric-only plants, with
standardized ratings of 300, 500, 800, and
1200 MW. The United States has about 170

units, and Japan, approximately 60. The
Soviet Union and its trade partners in
Eastern Europe, Cuba, and mainland
China have now installed more super-
critical boilers for electric power produc-
tion than the rest of the world combined.

For Armor and Oliker, the tour offered
a chance to study the Soviet response to
some of the operational and maintenance
problems that have beset supercritical
units in the United States, Western
Europe, and Japan. An EPRI report re-
cently documented the excellent avail-
ability record of later-generation super-
critical units in the United States—as
good now as subcritical units. Operating
problems with the first wave of units (or-
dered in the 1960s and 1970s), however,
caused supercritical units—in spite of
their performance advantages—to fall
out of favor with most US. utilities order-
ing new plants.

Asmany US. utilities know from expe-
rience, the increased steam pressures and
temperatures in supercritical units can
improve the thermal efficiency of fossil
plants by up to 5% over a good subcriti-
cal unit; yet operation with supercritical
steam conditions requires careful start-
up and control practices to avoid severe
stresses on boiler and turbine compo-
nents. In addition, supercritical units de-
mand exacting attention to water chemis-
try if the supercritical fluid is to be kept
from carrying corrosive impurities to the
boiler and turbine.

Armor and Oliker were particularly in-
terested in the Soviet practice of injecting
oxygen into the feedwater of supercritical
units to control corrosion. This neutral-
oxygen water chemistry treatment, so
called because of its high concentrations
of oxygen and maintenance of a pH be-
tween 7 and 8, represents an approach
nearly opposite to the all-volatile treat-
ment (AVT) used in most American super-
critical units, where hydrazine and am-
monia are injected into the feedwater to
reduce oxygen concentrations.

Rather than fighting oxidation with
AVT, the neutral treatment encourages it.
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The oxygen added to the feedwater reacts
with iron impurities to form a protective
black magnetite oxide film on the inner
walls of steel tubes and other compo-
nents. According to the Soviet specialists,
injection of hydrogen peroxide into the
feedwater, which quickly decomposes
into oxygen and an OH radical, is the
most effective variation of the neutral
treatment. At some stations, however, the
Soviets treat feedwater with gaseous oxy-
gen. At one Moscow power plant, Armor
and Oliker watched as engineers injected
air directly into the condensate to achieve
oxygenation.

oviet field tests show that the
neutral-oxygen method produ-
ces only half the iron concen-
trations in boiler feedwater
and steam that AVT does, while reducing
the need for chemical cleaning and im-
proving the operating flexibility of the
boiler. One drawback of the method is
that it cannot be used with copper-alloy
components, which may corrode faster
under neutral conditions than with AVT.
To overcome this problem, the Soviets
have developed a modified, combined
treatment that uses small concentrations
of ammonia and a slightly higher pH and
that is said to work better than AVT on
copper-alloy tubing. In general, Armor
and Oliker were sufficiently impressed
with the Soviet use of neutral treatment
to pinpoint it as a high-priority topic for
further investigation in the United States.
In work that will draw directly on im-
proved communication with the Soviets,
EPRI plans to initiate research later in 1990
to explore the possible usefulness of the
neutral and combined treatments in U.S.
supercritical units.

A related Soviet operating practice that
caught the attention of Armor and Oliker
is a unique approach to variable-pressure
operation, a strategy in which steam pres-
sure in the boiler is varied to match load
shifts, improve heat rate, and avoid
stresses in the turbine and valving. The
Soviets slide the pressure in their furnace

walls down through the critical point as
loads are reduced, reaching subcritical
conditions, and then go supercritical
again when demand for power increases.
The Japanese also slide the pressure in
their supercritical units this way; how-
ever, they use a complex, spiral tubing in
their furnace walls (also now used in two
U.S. subcritical units) that is designed to
prevent temperatures from getting too
high as flow conditions change within
the tubes. The Soviets, by contrast, use
the more conventional, vertical tubing in
their boiler walls; yet they appear to be
enjoying the heat rate and operational
benefits of the sliding pressure mode
without significant tube failure or avail-
ability problems. A closer look at their
boiler designs, operating practices, and
availability data might yield information
valuable to U.S. utilities, many of which
are considering modifying older units for
variable-pressure operation and would
like to do so without making major
changes in boiler design.

The promise of district heating

The wide use of cogeneration plants for
district heating is another remarkable fea-
ture of the Soviet utility landscape that
received special attention from Armor
and Oliker. In contrast with the United
States, where cogeneration is mainly the
province of independent power pro-
ducers and where only a few utilities op-
erate district heating plants, cogeneration
in the Soviet Union is a large-scale, cen-
tralized activity that encompasses more
than one-third of all steam-electric power
plants. First established in the 1920s, So-
viet district heating has always been at
the center of efforts to conserve fuels;
and now, as environmental awareness
grows, it is increasingly viewed as a key
to minimizing emissions.

As guests at the Southern heat and
power station of Lenenergo, the utility of
Leningrad, and at power station 26 of
Mosenergo, Moscow’s utility, Armor and
Oliker viewed two different approaches
to district heating. The 500-MWe, 1100-

MWth Southern station, one of several
plants in Leningrad’s open district heat-
ing system, delivers hot water directly
to the residences of more than 150,000
people for everyday uses, such as bath-
ing, and for space heat. Morning and eve-
ning bath times are indeed the peak
hours in such a system, which must con-
stantly draw on a flow of makeup water
from the city’s main supply. Lenenergo,
the first Soviet utility to use district heat-
ing, now supplies 35 billion thermal kWh
of heat per year to 13,000 buildings, 45%
of Leningrad’s heat load. A utility com-
parable in capacity to the largest in
the United States, Lenenergo maintains
10,000 MW of installed power, including
12 cogeneration plants, 6 hydro facilities,
and a 4000-MW nuclear station.

In contrast to Lenenergo, Mosenergo
operates a closed system that pipes hot
water through heat exchangers at resi-
dential and industrial sites, supplying
both heat and electricity to more than
85% of the national capital’s 9 million
people. The Moscow network even sup-
plies heat to a huge outdoor bathing pool
that covers more than 8 acres, where the
city’s inhabitants find steamy relaxation
in spite of surrounding winter tempera-
tures of —30°C and below. Another im-
pressive landmark in the Mosenergo sys-
tem is station 26, the world’s largest dis-
trict heating plant, which occupies 90
acres and is typical of a Soviet trend
toward large, modularly constructed,
multiunit power stations. It contains two
80-MW subcritical and seven 250-MW su-
percritical units with peak capacities of
1410 MWe and 4000 MWth. Five pipes,
each 5 feet in diameter, deliver hot water
at 135°C from the station and wind
through Moscow for more than 25 kilo-
meters. Makeup water flows from the
Moscow River, 13 kilometers away.

Apart from impressing the Westerner
with their size, these district heating sys-
tems make striking examples of total
plant utilization. The Southern station op-
erates as a baseload plant through the
depth of the Leningrad winter, using vir-
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tually all its condensed water for heat-
ing. The resulting midwinter heat rate of
approximately 6000 Btu/kWh is close
to the maximum efficiency a power
plant can achieve, contributing to the
published year-round average of 7680
Btu/kWh for all Soviet district heating
plants—about 15% better than the best
U.S. fossil fuel electric plant and 23% bet-
ter than the US. average.

The economic advantages of such
highly efficient plants, combined with the
opportunity to limit emissions in urban
areas, could encourage the development
of new district heating schemes in the
United States, where only a few, smaller
plants are in operation today. Another al-
ternative under study for EPRI is the use
of district heating plants to provide
chilled water for cool storage and air con-
ditioning to customers at warmer times
of the year, a strategy that could help util-
ities manage loads and improve year-
round efficiency.

“There is a potential opportunity,
through technical cooperation with the
Soviets, to develop and expand the use of
district heating and cooling in both parts
of the world,” says Oliker. “The trend to-
ward international cooperation on envi-
ronmental issues such as acid rain, global
warming, and reductions in greenhouse
gases could further motivate the two
countries to work together in this area.”

New designs

As they moved between power plants
and major Soviet R&D institutions and
manufacturing facilities, Armor and Oli-
ker noted work in progress on a num-
ber of innovative designs for boilers, tur-
bines, heat exchangers, and other kinds of
generation equipment. The design of last-
stage turbine blading—built of titani-
um—for a 1200-MW tandem compound
supercritical unit was the subject of a
brief meeting at CKTI in Leningrad with
Professor L. M. Zesina, a world authority
on turbine hydrodynamics. The Ameri-
can visitors noted a striking contrast be-
tween the high quality of work at that
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institute and the small cubicles and
gloomy surroundings in which Professor
Zesina and the other scientists conducted
their research. Both at CKTI and later at
Moscow’s All-Union Heat Exchange Insti-
tute (VTI), personal computers, individ-
ual telephones, facsimile machines, and
copiers were nowhere in sight. Yet, as
Armor reports, “the hand-drawn turbine
blade designs and detailed calculations
that Professor Zesina carried in a portfo-
lio under her arm, representing a life-
time’s work, would probably measure up
to any in the world.”

For Oliker, formerly a senior scientist at
CKT]I, the visit was something of a profes-
sional reunion, and included surprising
news from former colleagues that a recir-
culation water deaeration system that he
had designed in the early 1970s has now
become standard equipment at Lenen-
ergo district heating plants. “Almost
nothing had changed in the equipment or
physical layout of the institute since my
leaving in 1974,” he says. “My old work
area, the people working nearby, the ar
rangement of furniture were all almost
exactly the way I had left them.”

Against this background, which ap-
peared to be frozen in time, the Ameri-
cans found the Soviets designing for the
future. At both the LMZ turbine factory in
Leningrad and the Sibenergomash boiler
factory in Barnaul, Armor and Oliker
were impressed by advanced technology
designs, including many features unique
to the Soviet Union.

he LMZ factory, which has been
producing heavy machinery
since 1857, constructs turbines
for nuclear, fossil fuel, and dis-
trict heating plants. Of the 15,000 em-
ployees, there are 7500 qualified engi-
neers, 500 in the turbine design group
alone. During the factory tour, the Ameri-
cans saw shrouded titanium blading
being assembled for the last-stage blad-
ing of eight 1000-MW nuclear units, con-
trol stages that alternate ferritic and aus-
tenitic blading for lock-tight operation

under temperature, and designs to eli-
minate keyways in turbine disks—fre-
quently the cause of maintenance prob-
lems in Western turbines.

The huge Barnaul boiler factory in-
cludes buildings from a German Mes-
serschmitt plant captured by the Soviet
Army at the end of World War II; they
were disassembled and hauled in pieces
to the Soviet Union. The factory now pro-
duces hundreds of boilers each year for
the cement, fertilizer, metals, and power
industries. Talking shop with the resident
boiler experts, Armor and Oliker learned
of innovative designs already in service:
acompact, 215-MW tangential-fired annu-
lar boiler at Novo-Irkutz and a 150-MW
low-NO, unit at Ustilinskaya that uses a
spiraling fireball to burn poor-quality
coal in 1-inch pieces. They also saw de-
signs for boilers that burn coals with high
ash content, including an open-cast lig-
nite coal that is 40% ash, 40% water, 10%
oxygen, and only 10% fuel.

Also in Barnaul, at power plant 3,
Armor and Oliker watched CKTI field-
testing of a new generation of fluidized-
bed combustion (FBC) boilers that the So-
viets plan to implement on a widescalein
the 1990s and into the next century. The
Soviets have already installed many in-
dustrial FBC boilers and are completing a
much larger, 135-MW bubbling-bed util-
ity version that is now being installed at
power plant 3, a large cogeneration facil-
ity serving more than 300,000 people.
This unit will undergo a two-year test
program to burn coal from the Kansch-
Achinsk region of Siberia. The hope is
that the abundant calcium in this coal will
absorb pollutants from the combustion
gases and thus make it possible to oper-
ate the boiler without the addition of the
limestone used in most FBC designs. A
separate project to design 500-ton/hour
circulating-fluid-bed boilers for utility
use is also under way at the Sibener-
gomash factory in Barnaul.

The FBC site at Barnaul was just one of
the outstanding Soviet test facilities noted
on the trip. At CKTI in Leningrad, Armor
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and Oliker saw a 30-ton boiler capable of
supercritical conditions that is used ex-
clusively for testing. Even more impres-
sive by virtue of sheer size were the six
turbine test stands in the cavernous
reaches of the LMZ turbine manufactur-
ing plant. Linked to an on-site 300-MW
power plant, these huge fixtures allow
factory steam testing of fully assembled
turbines as large as 1200 MW—a capabil-
ity not available in the United States.

For Armor, whose work in fossil fuel
plant performance has taken him through
manufacturing plants in North America,
Europe, and Asia, the unique Soviet test
facilities in both factories and power
plants suggested a possible new field of
opportunity for large-scale testing of
technologies developed in the United
States. He also noted that the Soviets had
little reluctance to test new technologies
in the power plant, a practice that might
provide U.S. utilities with opportunities
for quick field tests. Through such ar-
rangements, the Soviets might gain access
to technologies such as digital diagnostics
and environmental controls, in which
they lag behind the United States.

“There are definite possibilities for co-
operative work of benefit to both the
United States and the USSR,” says Armor.
“And the possibility of using test facilities
and power plants adapted for the effec-
tive use of low-rank coals may be of real
interest to our utilities. Although it would
have been unthinkable 10 years ago, to-
day it’s not hard to imagine working to-
gether with world-class institutes like
CKTI and VTI—or even with Soviet con-
tractors if the payoff is there.”

Modular plants

Beyond the value of their test facilities,
the Soviets might also offer valuable les-
sons to U.S. utilities in modular plant de-
sign. The Soviet use of large, centralized
power stations, represented by the gar-
gantuan, 16,000-MW development at
Ekibastus, Siberia, is part of a commit-
ment to multiunit installations that are
built over time in standardized incre-

ments—f{rom gas turbines of a few mega-
watts to 1200-MW supercritical units.
While reducing the range of design op-
tions, centralized authority speeds the
construction process by establishing stan-
dardized ratings and designs that can be
replicated by different manufacturers. In
most Soviet plants, the dimensions of tur-
bine halls and their wall panels, beams,
roofing, and cement foundation blocks
have been standardized. The use of these
prefabricated components leads to quite
spacious plants; however, the Soviets
claim that the standardized approach
more than pays back the civil engineering
costs of extra size. U.S. utilities now ex-
ploring ways to quickly but gradually
add capacity at existing power stations
may want to assess this Soviet experience,
particularly with regard to the economics
of trading away design options for a fas-
ter construction path and reduced capital
outlays.

The integration of the Soviet power in-
dustry with the educational system is an-
other case where centralized authority
seeks to achieve an efficient result, albeit
while limiting individual choice. Armor
and Oliker took time on their trip to visit
the prestigious Moscow Power Institute
(MPI), where the more than 2000 engi-
neers and technicians who graduate each
year are educated specifically for careers
in the power industry. The students actu-
ally become part of the industry when
they enter school, training for specialties
—such as water chemistry engineer or
controls specialist—that will be their ca-
reers, often for life, upon graduation. Or,
they may go on to become part of the
research staff at their institute, which is
involved in everyday industry operations
and field testing. MPI and other Soviet ac-
ademies provide the Soviet power indus-
try with a steady flow of talented, techni-
cally trained young people, an achieve-
ment that could stir envy among U.S.
utilities recruiting from a dwindling pool
of graduates. The well-developed pro-
grams at these Soviet centers of learning
and research would appear to make them

ideal candidates for student and faculty
exchange, information give-and-take, and
a general opening of communication with
educational institutions in the United
States.

From the campus to the power plant,
the Soviets are opening a world of op-
portunity for cooperation between the
planet’s two largest power industries. The
awakening of a new, enterprising spirit
in the Soviet Union was evident to Ar-
mor and Oliker at every stop on their
trip—from the privately owned fast-food
stands and barbecue grills now springing
up along highways to major, international
joint ventures such as the Energy-Ecol-
ogy-Engineering group. Everywhere they
traveled in the Soviet Union, Armor and
Oliker found their hosts eager to initiate
cooperative ventures with utilities and
other organizations in the United States.

As doors open and barriers come
down, U.S. utilities may choose to explore
the opportunities that wait along the path
cleared by Armor and Oliker. A next step
might be an official visit to the Soviet
Union by a committee of utility execu-
tives, who could assess for themselves
some of the opportunities for cooperative
work. This committee might then report
back to EPRI with recommendations
about the future of the U.S.-Soviet utility
relationship.

As Armor sees it, speaking from more
than 20 years of experience in the power
industry of the United States, “We and
the Soviets share the same needs to make
efficient use of our fuel resources, to pro-
tect the environment, and to provide our
homes and industries with electric power.
Our power industries appear to be one
area of life where we can focus on our
similarities instead of our differences.”
Oliker, invited back to his native land af-
ter 15 years away, underscores the same
thought when he says, “I never thought
this day, and this opportunity, would ar-
rive in my lifetime.” [

This article was written by Jon Cohen, science writer, from
interviews with Tony Armor, Generation and Storage Division.
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PG&E Research Serves
Up Better Burgers

hat’s it take to cook a stack of hot-
cakes, a hamburger, or some hash

browns exactly right? The fry cook goes
by a practiced eye and nose, but whoever
runs the business has to go by the books.
Even the griddle behind a fast-food
counter is subject to audit for its energy
efficiency and cost.

But how to measure and compare per-
formance? Thanks largely to Pacific Gas
and Electric, there’s now a uniform test
method that is impartial as to energy
source and can be used across the food-
service industry. It has been approved by
the American Society for Testing and
Materials as ASTM F-1275, “Standard Test
Method for the Performance of Griddles,”
and is effective this month, March 1990.

Until now, griddle manufacturers of-
fered a variety of tests for gas and electric
models, making it difficult for commer-
cial users to compare alternatives. As an
official of the National Restaurant Asso-
ciation put it, “We’ve had UL and AGA
certifications to tell us a griddle is safe,
but we've never known if it will cook a
hamburger.” One procedure, for exam-
ple, measured the full-load energy re-
quired to boil water. But this didn't ac-
count for the range of energy expended
in typical use, from cooking just a few
patties to cooking a griddleful. The new
method specifies uniform procedures for
measuring energy performance at low,
medium, and full loads; it also measures
idle energy use and griddle surface tem-
perature uniformity.
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PG&E’s research was nothing if not
thorough. The utility enlisted the cospon-
sorship of EPRI, the Gas Research Insti-
tute (GRI), and the National Restaurant
Association and then conducted more
than a year of work in its test kitchen.
Thousands of rigorously uniform ham-
burger patties were used.

EPRI project manager Karl Johnson,
chairman of the ASTM subcommittee
sponsoring the test method, is enthusiastic
about the results. “The data and documen-
tation ASTM got from PG&E really speeded
the committee’s consensus,” he says, “and
the ASTM test method is an authoritative
way to transfer such research results to
the foodservice industry.”

Johnson says that PG&E—still with
EPRI and GRI sponsorship—now has
work under way toward a uniform test
procedure for deep-fat fryers. And plans
are afoot to develop test methods for ov-
ens, steamers, combination ovens, ranges,

and broilers during the next several
years. “Nationwide, utilities serve more
than 730,000 foodservice organizations,
which buy about $800 million of cooking
equipment every year,” says Johnson.
“Utilities have an important stake in pro-
moting efficient energy use.” m EPRI
Contact: Karl Johnson, (415) 855-2183

Hands-On Classes
in EMF Measurement
he facilities of EPRI’s High-Voltage
Transmission Research Center at
Lenox, Massachusetts, are proving to be
almost made to order for a new research

and educational effort focused on the
measurement, analysis, and prediction
of magnetic fields created by various
sources in ordinary household settings.

General Electric, which operates the
center, has built a 1200-foot length of 23-
kV, three-phase distribution line and is
now completing a test house to simulate
various combinations of grounding sys-
tems and appliance loads. One workshop
on electromagnetic field (EMF) measure-
ment was held in each of the past two
years, and two more are now scheduled
for 1990, reflecting the growing utility in-
terest in EMF.

Greg Rauch, the project manager for
EMF measurement technology, empha-
sizes the practical nature of the effort—
hands-on experience with various instru-
ments on the market for magnetic field
measurement, and special attention to the
problem of distinguishing among the
many EMF sources that may be present.

Workshops are limited to 35 partici-
pants. Each workshop is 1% days long,
and the $1600 cost for each utility in-
cludes an EPRI-developed stand-alone re-
corder (STAR) and accessories. STAR mea-
sures 60-Hz magnetic fields and logs
them on three orthogonal axes, together
with records of time and distance.

The new test house is actually a shell,
with just one finished bathroom; other
interior walls have been left unsheathed
so that wiring and appliance configura-
tions can easily be altered. The house is
“surrounded” by a simulated subdivision
of 17 other homes—service drops and
variable-load boxes that create authentic
conditions on the distribution line.

Most residential magnetic field sources
are obvious, Rauch admits—primary (4-
kV and up) and secondary (120-240-V)
distribution lines and cables, and conven-
tional appliances. But he also cites non-
code or unusual field sources, such as
multiple electrical grounds in a house or
the third wire added to establish two-
point control of a hallway light. Also,




ground return currents cause magnetic
fields around the metal water piping of-
ten used for grounding household electri-
cal, phone, and cable TV services.

EMF measurement instruments are
not new for the most part, according to
Rauch, but standard protocol for their
use is only now evolving through EPRI-
sponsored research. “That work is about
98% complete,” Rauch says, “and the next
step will be to develop a model—a com-
puter program—to predict fields.

“The test house gives us the oppor-
tunity to manipulate conditions, too—to
change grounding, for instance. That will
add tremendously to the value of the
workshops, over and above the training
in EMF measurement.” m EPRI Contact:
Greg Rauch, (415) 855-2298

Nuclear Plant Software
Goes to Detroit

I Ieating, ventilating, and air condi-
tioning (HVAC) systems for General

Motors cars will be the unexpected bene-
ficiaries of an artificial intelligence (AI)
tool first developed for EPRI members to
use in nuclear power plant applications.
PLEXSYS (plant expert system) is a pro-
gramming tool for developing software
to be used in expert systems. Its claim to
fame is its convenience for users who
know power plants but not computer
programming,.

Introduced two years ago, PLEXSYS can
represent plant components, subsystems,
and systems and their functional interde-
pendencies, and it can manipulate their
behaviors to simulate various circum-
stances. The package is a specialized ex-
tension of an expert-system development
tool called KEE (Knowledge Engineering
Environment), which is based on a so-
phisticated AI language called LISP.
PLEXSYS combines and integrates those
languages, transliterating them to simpler
form for applying artificial intelligence.

When PLEXSYS was demonstrated at

the GM Technology Center, its potential
was so clear that CEO Roger Smith au-
thorized corporation-wide licensing for
unlimited use. For the first application,
GM expects to model HVAC components
(shapes, sizes, material specifications)
and behaviors (power requirements,
working fluid flow rates, performance
coefficients, and so on) and their all-
important interdependencies. Any num-
ber of “if . .. then” system design alter-
natives can thereafter be tested against
such variables as power and space in the
conceptual envelope of a new car.

An analogous power plant application
is the piping and instrumentation of an
emergency feedwater system, replete
with valves, pumps, controls, and inter-
connections for a seemingly endless list
of functional arrangements. PLEXSYS can
model that system and separately model
various problems and their solutions.

PLEXSYS can do more than aid the de-
signers of power plant systems. It also
can help plant operators by automatically
determining the operability of a system
or subsystem on the basis of the status
of its components. Shift crews can use
PLEXSYS in training for emergencies—
trying different approaches and immedi-
ately learning the consequences. Simi-
larly, it’s a means of reliability analysis, a
way to extrapolate fault trees from low-
level failures up to serious events.

o Q
PLEXSYS was developed for EPRI by In-

tellicorp, which is helping to commercial-
ize the package among utilities and else-

”.M.

where. General Motors is one of several
prospective users outside the electric util-
ity industry. UK-Shell, another licensee, is
expected to use PLEXSYS in planning its
North Sea oil distribution network of
ships, pipelines, and storage facilities and
in making output forecasts for up to 30

years. And Toshiba has licensed PLEXSYS
in Japan, both for its own use and for
marketing in that country. m EPRI Con-
tact: Siddharth Bhatt, (415) 855-8751

Top-Loading Fuel Cask
Costs Less to Handle

Anew kind of concrete storage sys-
tem for spent nuclear fuel is ex-
pected to prove easier and less costly to
handle than previous systems made of ei-
ther concrete or metal. Demonstration
this spring will be jointly funded by EPRI,
DOE, Wisconsin Electric Power, and Pa-
cific Sierra Nuclear (PSN). PSN is furnish-
ing the prototype cask, and researchers at
DOE’s Idaho National Engineering Labo-
ratory (INEL) will conduct the tests.

The demonstration unit will hold 17
PWR spent-fuel elements (a standard cask
of the same design would hold 24). The
test regimen will measure both thermal
and radiation performance—the ability
to dissipate heat and provide adequate
gamma and neutron shielding.

The new system includes a ventilated
concrete cask and a sealed inner con-
tainer for the fuel. Annular airflow paths
between cask and container walls are de-
signed to dissipate decay heat by natural
circulation. But the novel feature is top
loading, which should make for faster
handling as well as simpler machinery.
The whole system is expected to cost less
than today’s systems because the free-
standing cask can be built in a supplier’s
shop and delivered where needed.

A topical report on the standard, 24-
element cask design has been submitted
to the NRC; it has elicited a list of ques-
tions, some of which are expected to be
answered by data from the demonstra-
tion at INEL. When the topical report is
eventually approved by the NRC, utilities
using the PSN cask technology can cite
the report in support of their site-specific
license applications. m EPRI Contact: Ray
Lambert, (415) 855-2788
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RESEARCH UPDATE

Residential Program

Integrated Heat Pump System

by Arvo Lannus and John Kesselring, Customer Systems Division

Rising energy prices and greater con-
sumer emphasis on comfort and ser

vice have created a growing market for high-
efficiency space-conditioning equipment in
the United States. In late 1982, EPRI joined
with Carrier Corp. to develop an advanced air-
source heat pump. The goal was to meet the
consumer's need for improved efficiency and
comfort as well as the electric utility industry’s
need for end-use equipment that, while con-
serving energy, does not degrade electrical
system load characteristics.

Since this project began, the development
of high-efficiency equipment has been given
additional impetus by the adoption of federal
minimum-efficiency standards, which will be-
come effective for split-system heat pumps
and air conditioners in 1992. These standards
will render obsolete about 90% of the prod-
ucts manufactured today. Moreover, the grow-
ing worldwide concern over global climate
change may ultimately require combustion-
energy-using equipment (including electrical
equipment, since electricity generation in the
United States is over 70% fossil fuel based) to
be as efficient as technologically feasible.

Objectives and initial studies

EPRI had several technical objectives in
launching this project: high heating efficiency;
high cooling efficiency; good dehumidification
capability; low indoor and outdoor sound
level; peak power demand reduction (0.67 kW
per nominal ton of capacity) and demand-
limiting controls; improved defrosting capabil-
ity; thermostat setback and setup controls;
and waterheating, thermal storage, zoning,
and reliability characteristics commensurate
with those of existing heat pump products.
These technical objectives were set on the
basis of an analysis of airsource heat pump
equipment on the market in 1982 and the pro-
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jection of efficiency trends to 1987, the ex-
pected completion of the research project. It
was recognized, however, that the targets
might have to be tempered by manufacturing
and economic considerations, especially if
engineering feasibility and market analysis
studies, to be conducted during the first
phase of the project, revealed the targets to
be unrealistic.

The initial project phase involved the techni-
cal screening of a wide variety of improved
component options (e.g., variable speed, ice
storage, hot water storage, use of non-
azeotropic fluids) and system configurations
(economizer cycle, Granryd cycle, nonrevers-
ing refrigerant circuit). Some of the configura-
tions were analyzed in greater detail by com-
puterized engineering-design codes, which
were validated by tests on laboratory sys-
tems. These studies led to the choice of the

final design, which incorporates a variable-
speed compressor and fan and uses a novel
refrigerant-piping scheme for integration of
the water-heating function.

System design

The heat pump system consists of three major
components—an outdoor fan/coil unit, an in-
door fan/coil unit, and a compressor unit—
coupled with a standard electric (or gas) wa-
ter heater (Figure 1). The outdoor unit employs
a multirow, louvered-fin heat exchanger and a
single-speed fan and is the only component
exposed to weather. The indoor unit is very
similar to a standard fan/coil unit, except for
the variable-speed fan drive. As in conven-
tional systems, the supplemental heating ele-
ments are located in the indoor fan/cail unit.
The compressor unit represents a new de-
sign: it contains a hermetic, reciprocating

ABSTRACT A new air-source heat pump has been developed

that integrates efficient space conditioning and domestic water heat-

ing into one system. The heat pump incorporates electronically com-

mutated, brushless dc motors in the compressor and the indoor

blower drive and has a tube-in-tube refrigerant-to-water heat ex-

changer that acts as a condenser for heating water and as an evap-

orator in the defrosting mode. The refrigerant-piping scheme avoids

the problem of refrigerant and oil accumulation in the unused heat

exchanger and uses only three flow control devices. Production of the

unit in 2- and 3-ton capacities has begun.




compressor driven by a permanent-magnet
dc motor; a tube-in-tube heat exchanger with
two double-wall, vented refrigerant tubes en-
cased in a water tube; a stainless steel water
circulating pump; system control and elec-
tronic drive modules; an accumulator; and
flow control valves and other “pumping” com-
ponents.

The variable-speed drives for the compres-
sor and the indoor fan are brushless dc mo-
tors that have a three-phase stator and a rotor
with four-pole ceramic permanent magnets,
mounted circumferentially. The motor drive
was developed by General Electric Co. in
conjunction with this project and is now in lim-
ited production. The use of a variable-speed
drive with a standard production compressor
required some compressor redesign.

Water heating by heat pumps and air con-
ditioning systems is not a new technology.
Desuperheater coils were introduced on
these systems almost 10 years ago, and heat
pump water heaters (dedicated airto-water
heat pumps fitted to hot water tanks) have
been marketed with varying success for al-
mostthatlong. There have also been attempts
to combine a waterheating condenser with
the heat pump refrigerant cycle. All of these
designs have employed rather complex refrig-
erant circuitry and a multitude of flow control
valves, however, and most were never com-
mercially introduced.

The refrigerant circuit of the new integrated
heat pump system is covered by two U.S. pat-
ents, with foreign patents pending. The con-
cept is simple, involving a tube-in-tube heat
exchanger (with two refrigerant circuits and a
water tube) through which water is pumped
on call by the waterheating temperature sen-
sor. One refrigerant circuit is for the discharge
gas from the compressor, which always
passes through the heat exchanger; the other
circuit is for the low-pressure liquid-vapor that
is evaporated in the heat exchanger during
the defrosting mode.

In the winter, the water-heating heat ex-
changer acts as a desuperheater and a par-
tial condenser, depending on the capacity re-
quired for space heating. In the summer, the
water-heating heatexchanger recovers waste
heat from the space-cooling operation by

Figure 1 The integrated heat pump system employs a tube-in-tube heat exchanger (with two
refrigerant circuits and a water tube) through which water is pumped on call by the water-

heating temperature sensor.
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desuperheating or fuly condensing the dis-
charge gas from the compressor, depending
on the load. When neither space heating nor
cooling is required, the heat exchanger heats
water by condensing the compressor dis-
charge gas.

The six main operating modes of the sys-
tem are space heating, space and water heat-
ing, water heating, space cooling, space
cooling and water heating, and defrosting. In
addition, fan operation occurs atvarious times
during these modes, and operation of the
supplemental electric resistance elements in
the indoor fan/coil unit and the water heater
tank also can occur. In general, the upper ele-
ment of the water heater tank is not controlled
by the heat pump control logic, so the cus-
tomer can set hot water temperatures higher
than the 130°F (54°C) produced by the heat
pump.

Technical performance

Table 1 gives the integrated heat pump sys-
tem's heating seasonal performance factor
(HSPF) and its seasonal energy-efficiency ra-
tio (SEER), the standard efficiency rating mea-

sures used in the United States for heating
and cooling, respectively. To put these mea-
sures in the larger perspective of the tech-
nology available on the U.S. market today,
consider that the sales-volume-weighted aver
age HSPF for heat pumps sold in the United
States in 1988 was 6.85, and the average
SEER was 9.1.

Because the integrated heat pump system
is new, there is as yet no official industry or

Table 1
CAPACITY AND EFFICIENCY RATINGS

2-Ton 3-Ton

Operating Mode Unit Unit
Heating

Capacity at 47°F (Btu/h) 24,800 36,000

Capacity at 17°F (Btu/h) 15,800 21,400

HSPF for Region IV (Btu/Wh) 8.8 9.0
Cooling

Capacity at 95°F (Btu/h) 24,900 37,000

SEER (Btu/Wh) 13.4 14.0
Water heating

Capacity (Btu/h) 19,800 20,800

Coefficient of performance 2.6 1.9
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System

Conventional heat pump with
electric water heater*

Table 2
SYSTEM COMPARISONS OF ANNUAL OPERATING COSTS
FOR THREE LOCATIONS

Atlanta, Georgia

Heating (kWh) 6,038
Cooling (kWh) 4,876
Water heating (kWh) 5,370
Operating cost (3$) 1,174
Gas furnace with electric air
conditioner and gas water heatert
Heating (therms) 511
Heating fan (kWh) 334
Cooling (kWh) 4,620
Operating cost ($) 846
Integrated heat pump
Heating (kWh) 4,734
Cooling (kWh) 3,295
Water heating (kWh) 2,938
Operating cost ($) 791

Columbus, Ohio Portland, Oregon

12,173 8,431
2,605 1,026
5,459 5,469
1,147 822

864 736
578 475
2,470 973
885 712

10,083 6,572
1,771 706
3,355 3,341

862 585

*Heat pump HSPF of 6.85 and SEER of 10, water heater efficiency of 95%.
tFurnace efficiency of 92.2%, air conditioner SEER of 10.5, water heater efficiency of 65%.

government-approved rating method that ac-
counts for water heating efficiency when that
function is integrated with space conditioning.
Moreover, it is difficult to allocate power con-
sumed by the compressor and fans to space
conditioning and water heating when both are
occurring simultaneously. Therefore, the wa-
ter-heating coefficient of performance given in
Table 1 is only an approximate measure of the
efficiency of water heating and applies to that
part of the operating cycle when the system is
running to heat water only.

The high efficiency of the heat pump means
that its power demand during peak heating or
cooling load hours is considerably lower than
that of the average heat pump or air condi-
tioner on the market today. For utilities with
heating or cooling load management pro-
grams, the heat pump incorporates a de-
mand-limiting control option. Upon receipt of
an appropriate signal from the utility's load-
control receiver switch at the customer’s
premises, the heat pump compressor is lim-
ited to 80% of the speed at which it would
otherwise run to meet the heating or cooling
requirements of the house. The resistance ele-
ments in the water heater are disabled, allow-
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ing the water temperature to drift down a max-
imum of 5°F (3°C). If the system is in the heat-
ing mode, the demand-limiting control also
deenergizes the first stage of supplemental
resistance heating; however, the higher
stages are allowed to operate when called for
by the thermostat. Laboratory tests and anal-
yses indicate that the load reduction attribut-
able to this control feature is approximately
0.4 kW/ton during peak heating periods and
0.3 kW/ton during peak cooling hours.

Market and economic
analyses

Market prospects for the integrated heat
pump have also been evaluated. By 1988,
shipments of unitary (factory-assembled) heat
pumps had grown to approximately 835,000
per year. About 85% of the units shipped in
1988 were residential units, and the rest were
commercial. Of the residential heat pumps
that were shipped, new single-family and mul-
tifamily construction absorbed about 54%,
whereas replacements and conversions ac-
counted for 31%. On the basis of earlier mar
ket surveys conducted in the course of this
project and for a previous DOE project, it is

estimated that about 8% of the new construc-
tion market and 35% of the replacement mar-
ket would be accessible to the integrated heat
pump if the payback period for the first-cost
premium can be kept to less than five years.
This translates to a market potential of 108,000
units per year for which the integrated system
and other high-efficiency heat pump products
would compete.

Table 2 compares the operating cost of the
integrated heat pump system with those of
(1) a conventional heat pump combined with
electric resistance water heating, and (2) a
high-efficiency gas furnace combined with
electric air conditioning and gas water heat-
ing. Localy prevailing electricity and natural
gas prices were used in the comparisons. The
integrated system offers annual operating
cost savings of 25-33% compared with the
all-electric system and 3-18% compared with
the gas and electric system.

Field demonstration

To gain operating experience with the inte-
grated heat pump, 10 prototype units were
installed in occupied residences in January
1987 and were continuously operated until
late 1989, when they were replaced with pro-
duction model units. Data were taken every 15
minutes by a computer at the field site and
were transmitted every 24 hours to a central
computer at Carrier's R&D laboratory in Syra-
cuse, New York. The data were then reduced
and analyzed every morning to determine if
there were any field operating problems that
required attention.

During the past year the occupants of the
test homes have generally been very satisfied
with the heat pumps’ performance and very
pleased with their quiet operation. Not only
were the prototype units replaced with pro-
duction models, but the number of field test
sites was expanded to 31 homes. On the
basis of market acceptance, future product
improvements may include ice storage and
compatibility with home automation systems.

Production status

The advanced heat pump, tradenamed
HydroTech 2000, began production in July
1989. A pilot run of 30 units was conducted




earlier in 1989 for final testing and rating pur
poses, and those units were sent to utilities
participating in the EPRI field test program and
to selected Carrier distributors. HydroTech
2000 is now available in 2- and 3-ton (nominal
cooling) capacities, with 5-ton units to follow
later this year. The product carries the usual
UL and CSA (Canadian Standards Associa-
tion) certifications and is listed in the Air Con-

ditioning and Refrigeration Institute’s directory
of unitary heat pump equipment.
Recognizing that the electronic drive and
integrated waterheating technology is new to
the residential and light-commercial air condi-
tioning field, EPRI and Carrier have conducted
a staged product rollout, preceded by exten-
sive training for dealers and distributors and
briefings for utilities. In the first phase, eight

Carrier distributors (located in the Southeast,
the Midwest, and the Pacific Northwest) intro-
duced HydroTech 2000 through selected
dealers. In the second phase, now in prog-
ress, 27 additional Carrier distributors are
marketing the unit. The first two phases to-
gether involve about two-thirds of the Carrier
distributor organization. Nationwide distribu-
tion will follow later this year.

Transportation Program

The Electric G-Van

by Gary Purcell, Customer Systems Division

PRI is sponsoring two promising electric
E vans, the G-Van and the Chrysler TEVan.
The electric G-Van (Figure 1), based on the
General Motors Rally, is the product of coop-
erative activity involving EPRI, GM, Chloride EV
Systems, and Magna International. G-Van
specifications include the following: lead-acid
battery, power steering and brakes, single-
speed transmission, off-board charger, 1550-
pound payload, 256-cubic-foot cargo area or
space for five passengers, 125-inch wheel-
base, 60-mile urban driving range per
charge, 52-mph top speed, and acceleration
from 0 to 30 mph in 13 seconds.

Limited production is expected to begin in
1990, and 500 vehicles are planned for the
first year They wil be the first full-production
electric vehicles offered for public sale in the
United States since the early 1900s. GM sup-
plies the van's body and chassis; Chloride EV
Systems supplies the power train and bat-
teries; and Magna International assembles
the electric vehicles through its subsidiary,
VEHMA International.

In May 1987, EPRI contracted with Cars and
Concepts to assemble three proof-of-concept
vehicles, with cofunding from Southern Cali-
fornia Edison. In October 1987, after a feasibil-
ity study was performed, the three vehicles
were constructed. On the basis of this con-
cept demonstration, EPRI issued a request
for proposal, and in July 1988, VEHMA was

selected to bring the vehicle to production.
Phase 1 of the VEHMA contract covered pro-
duction engineering, including the redesign of
the van for assembly-line production and the
calculation of a preliminary cost estimate. This
phase was completed in December 1988.
Phase 2, which is scheduled for completionin
May 1990, includes a test program, setup for

production, and a final cost estimate.

Before a vehicle can be offered for public
sale, the federal government requires that it
be certified; that is, the manufacturer must
sign a document indicating that the vehicle
has passed certain federal government crash
tests. In addition, the industry itself typically
performs other tests (e.g., for dust intrusion

Figure 1 The electric G-Van is based on the body and chassis of the General Motors Rally. The
G-Vans are being assembled as electric vehicles by Magna International through its subsidiary,
VEHMA International. They are scheduled for production in 1990.
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ABSTRACT The electric G-Van will go into commercial produc-

tion in 1990. Preparation for production has involved several steps,

including the assembly of 3 proof-of-concept vehicles, 8 test vehicles,

and 25 prototypes. VEHMA International will assemble the vans, Gen-

eral Motors will supply the bodies, and Chloride EV Systems will pro-

vide the power trains. It is expected that the electric G-Van will fill a

clear market demand for clean, reliable transportation.

and water leakage) to ensure the overall qual-
ity of the vehicle. VEHMA built eight test vehi-
cles to satisfy these requirements. All federally
mandated tests were completed on these ve-
hicles by January 1990, and all industrial stan-
dards tests are to be completed by produc-
tion startup.

In mid-1989, VEHMA began to set up for
assembly production [t selected the facility
and began to organize the personnel and ac-
quire tooling.

In parallel with production engineering,

VEHMA built 25 prototype G-Vans, which were
purchased by EPRI and various utilities. These
prototypes were assembled according to pro-
duction-design specifications and put into
service in order to obtain an early indication of
possible real-world problems.

Sales and service of the production vehi-
cles will be handled by selected GM fleet
dealers. Any early problems with the power
train will be serviced by VEHMA in regional
centers. However, GM dealer personnel will be
trained so that eventually the dealers will pro-

vide full service. Since electric vehicles con-
tain fewer and simpler components than gas-
oline vehicles, they are expected to have
fewer maintenance problems and to be highly
reliable.

The challenge during the next three to five
years is to introduce the electric vehicle in the
commercial market. This is a step-by-step
process that is initially dependent on utility in-
terest and support to seed the market and
improve the products. The necessity of cop-
ing with environmental pollution is the stron-
gest incentive for the use of electric vehicles.
Beyond that is the economic incentive, which
for utilities is an increase in off-peak electricity
sales. For each electric vehicle, this increase
is equivalent to off-peak sales to 1.5 U.S. resi-
dences.

As more vehicles are produced for the
market, their costs will come down. Because
of lower maintenance requirements and
cheaper fuel, the life-cycle costs of electric
vehicles will eventually approach those of in-
ternal-combustion vans. The electric vehicle
market will initially be concentrated in com-
mercial vans. When smaller cargo and pas-
senger models go into regular production,
however, the market will broaden to include
the large personal van and auto market.

Component Reliability

Minimizing Vibrations in Fossil Fuel Generating Units

by Thomas McCloskey, Generation and Storage Division

v ibration problems in rotating machinery
are a major contributor to forced or un-
planned maintenance outages in fossil-fuel-
fired power plants. Turbine blade failures,
many of which are caused by vibration-re-
lated fatigue stresses, are the leading cause
of steam turbine outages for large fossil fuel
plants in the United States, costing utilities
more than $235 million annually. Conversion
of large units to cycling operation has also
increased blade failures.

Lateral and torsional vibrations in turbines,
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generators, pumps, fans, and motors cost util-
iies more than $170 million annually. Rotor
dynamic instability and hydrodynamic forces
induced by the working fluid and by coupled
mechanical-hydraulic interactions cause vi-
brations that can damage rotor. bearings, and
seals and adversely affect foundation, piping,
and ductwork.

EPRI has developed a series of trouble-
shooting tools to help utilities determine the
root causes of turbine blade and other rotat-
ing machinery failure. With this knowledge

utilities can identify the costs and benefits of
possible solutions and apply an overall strat-
egy of reducing repair costs, increasing avail-
ability, and improving rotating machine life.

Turbine blade vibration

In conjunction with Stress Technology, EPRI
has developed an interactive code called
BLADE (blade-life algorithm for dynamic evai-
uation) to provide utilities with an independent
means of analyzing and troubleshooting vi-
bration-related blade failures (RP1856-7). The




code uses finite-element techniques to ana-
lyze the fundamental causes of blade failure,
thus helping utilities make the most cost-effec-
tive redesign and repair decisions. By predict-
ing remaining blade life, the code can also
help optimize inspection intervals and ensure
safe, reliable plant operation.

BLADE constructs a dynamic model for a
blade group by mathematically replicating a
single-blade model. The group model then
uses turbine stage dimensions and operating
characteristics to calculate vibration charac-
teristics, including natural frequencies and
mode shapes, and forced responses to the
applied excitation spectrum.

Using the local-strain approach to fatigue
analysis, BLADE predicts when cracks will oc-
cur in high-stress regions, such as the blade
root fillet. The method registers alternating
stresses of various amplitudes and accumu-
lated information on their damage in order to
predict the time of failure. Southern California
Edison was one of the first utilities to apply the
BLADE code. SCE estimates thatover 95% of
the steam-induced failures in the last two rows
of its low-pressure steam turbines have re-
sulted from fatigue caused by tangential-
mode vibration. SCE had already used har
monic shrouding and, later, continuous har-
monic shrouding (CHS) to prevent tangential-
mode failures on 16-inch blades at its Hunting-
ton Beach Unit 4 L-1 stage. In 1985, it consid-
ered using CHS on longer blades (28.5
inches) at Huntington Beach Unit 2.

Using BLADE, SCE was able to evaluate the
stresses in the original short-arc shrouded
blades in Unit 2 and predict the life expec-
tancy of the blades with the CHS maodification.
BLADE indicated that the design would not
introduce new, failure-inducing stresses, and
SCE successfully installed the modified de-
sign (Figure 1). The resulting savings are esti-
mated to be $1.28 million. SCE has now identi-
fied 111 additional rows of constant-speed
main turbine blades in its system that can
benefit from this modification in the foresee-
able future.

TVA and Pacific Gas and Electric have also
used the BLADE code to analyze the potential
advantages of replacing conventional stain-
less steel low-pressure blades with titanium
alloy blades at several of their fossil plants
(EPRI Journal, November 1985, p. 22). An en-
hanced, IBM PC version of BLADE will help util-
ities analyze and troubleshoot high-temper-
ature blades for use in steam and gas tur-
bines and address such problems as creep
fatigue and hot corrosion. Development of a
comprehensive blade manual for inspection,
failure-cause analysis, and repair/refurbish-
ment is also under way and will be available
in 1991 (RP1856).

As an extension of this analytical capability,
EPRI has also developed a system for on-line
measurement of dynamic blade stresses,
natural frequencies, and mode shapes
(RP1856-7). In STEMS (stress telemetry moni-
toring system), strain and pressure gauges

ABSTRACT EPRI has developed a number of tools that allow

utilities to independently assess the root causes of vibration problems

in rotating machinery. These computer codes and guidelines to help

utilities analyze turbines, generators, motors, pumps, fans, and other

plant machinery are able to reduce outages, minimize repair costs,

and extend component life. These technologies will go far toward

making better use of rotating machines and improving future designs.

Figure 1 BLADE code finite-element model of a
single bladed disk. This model was used as
the basis for retrofitting a continuous har-
monic shroud on a Unit 2 turbine generator
at Southern California Edison’s Huntington
Beach station.

£
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attached to turbine blades transmit data to a
rotating FM antenna/transmitter. The signals
are then transmitted to a stationary antenna/
receiver for processing by spectrum analysis
and the BLADE code. STEMS helps utiities
predict the root causes of blade cracking and
evaluate alternative design, operating, and re-
pair options. SCE used STEMS to evaluate the
CHS application at its Huntington Beach sta-
tion and to compare actual data with BLADE-
predicted values. The test results validated
the BLADE code and showed relatively small
dynamic stresses under the full range of oper-
ating conditions. Future EPRI work in the area
of in situ blade vibration monitoring will in-
clude the investigation of nonintrusive laser
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Figure 2 Frequency spectrum of typical feedpump vibration problems. The ratio of pump vibra-
tion frequency to running speed can be used to determine the major causes of machine failures.
A frequency/speed ratio of 2, for example, could indicate a misalignment or cracked shaft.
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based systems for measuring axial and tor
sional vibration.

Rotor and bearing vibration

The combination of aging rotating machinery
and high reliability demands has elevated the
importance of vibration monitoring of main tur
bine generators, auxiliary turbines, motors,
pumps, and fans in power plants. EPRI re-
search in this area has resulted in two key
tools, developed by Mechanical Technology:
FEATURE (finite-element analysis tool for utility
rotordynamic evaluation) and the companion
code COJOUR, a computer program for ana-
lyzing large turbine-generator bearings.
FEATURE determines the critical speeds,
overall stability, and vibration response of ro-
tating machinery, such as steam turbine gen-
erators, drive turbines, combustion turbines,
pumps, fans, and motors. The second release
of the code adds a static alignment option for
bearing-load computation and a number of
output upgrades. A multilevel analysis capa-
bility allows accurate modeling of machines
that have several concentric rotors or flexible
housings, such as long, slender vertical
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pumps. To effectively model rotor systems us-
ing analytical tools such as FEATURE, coeffi-
cients representing bearing stiffness and
damping characteristics are needed. Unfor-
tunately, such information is generally unavail-
able for large bearings like those in turbine
generators.

Addressing this need, EPRI developed
COJOUR to analyze fixed and tilting-pad fluid-
film bearings. COJOUR incorporates models
of heat generation, turbulence, and inlet
groove oil mixing, and it accommodates com-
plex variations in geometry, such as overshot
grooves and lift pockets.

FEATURE and COJOUR produce graphics
output, including plots of the rotor and bearing
models, bearing-pressure profiles and rotor
mode shapes, deflected shapes, and orbits.
One graphics option interfaces with the Tek-
tronix IGL package to provide output on that
manufacturer's equipment. A second option
makes all graphics output accessible on IBM
PC and compatible microcomputers.

A number of utiities have applied the FEA-
TURE/COJOUR package successfully to a vari-
ety of rotating equipment. For example, users

have determined optimal locations for vibra-
tion sensors; developed an understanding of
the behavior of complex, highly instrumented
vertical pumps; and analyzed several me-
chanical-drive turbines, boiler feedpumps,
and fans. Potential applications include deter
mining the effects of turbine misalignment,
controlling fan critical speeds, solving hydrau-
lic instability problems, understanding the out-
put of monitoring systems, and evaluating the
dynamic performance of replacement rotors
and bearings.

In arecent application of FEATURE/COJOUR
to horizontal pumps conducted by the Ma-
chinery Vibration Institute of Case Westemn
Reserve University, excessive vibration was
minimized in a boiler feedpump at Delmarva’s
Indian River plant. COJOUR and FEATURE
were used in a two-phase process to com-
pute journal bearing dynamic properties and
rotor vibration, respectively.

In the first phase, a FEATURE/COJOUR com-
puter model was developed and calibrated to
replicate the reported feedpump rotor vibra-
tion characteristics. In the second phase, this
calibrated model was used to perform various
“what if" studies on journal bearing modifica-
tions. Results showed that replacing the exist-
ing pump inboard journal bearing with a piv-
oted-pad journal bearing would help solve the
vibration problem.

In addition to the application of FEATURE
and COJOUR to boiler feedpumps, EPRI is de-
veloping a comprehensive series of guide-
ines that cover operation, maintenance, and
repair/refurbishment of these pumps. Typical
hydraulically induced vibration problems in
high-speed, high-energy-input boiler feed-
pumps can be divided into several categories
on the basis of their vibration frequency and
other operational and design parameters (Fig-
ure 2).

These guidelines have been successfully
used in several utiity applications. At two
identical 800-MW units operated by TU Elec-
tric, boiler feedpump hydraulic instability in
the range of 450-500 MW severely restricted
use of the units for load following and fre-
quency control. Using guidelines developed
by Energy Research & Consultants, TU Elec-
tric learned that severe vibrations similar to




those its pumps were experiencing can be
induced by an improper geometric relation-
ship between the pump impeller and the dif
fuser. With modifications to the first and sub-
sequent stages, the pumps now operate sat-
isfactorily over the entire load range. Over 50
centrifugal pumps have been modified to
date; the result has been over $17 million in
savings to TU Electric.

At the Mercer station of Public Service Elec-
tric & Gas (PSE&G), several boiler feedpumps
have exhibited severe vibration-related prob-

lems, including rotor dynamic and hydraulic
instabilities at reduced load, and have re-
quired increased maintenance because of ex-
cessive internal wear. On the basis of the EPRI
guidelines, several recommendations were
made to attempt to solve these problems. For
example, the clearances between impeller
and diffuser were modified, and anti-swirl slots
were machined in the balance disk bushing to
reduce the rotor dynamic and hydraulic insta-
bility problems. By implementing these and
other EPRI recommendations on one of its

boiler feedpumps, PSE&G improved overall
pump reliability, increased pump capacity, re-
duced the subsynchronous vibration range,
and decreased maximum shaft vibration.
Field troubleshooting tools such-as BLADE,
STEMS, FEATURE, and COJOUR, and guide-
lines like those developed for boiler feed-
pumps, can enable utilities to take the lead in
solving vibration-related problems with their
rotating machinery. The result will be in-
creased plant availability, reduced mainte-
nance costs, and improved component life.

Air Quality Research

Human Perception of Visibility

by Peter Mueller and James Davis, Environment Division

Visibility degradation due to air pollution
is a growing public concern, especially
in areas possessing exceptional scenic re-
sources. National parks and monuments,
designated in the 1977 Clean Air Act Amend-
ments as Class | federal areas, are consid-
ered to be particularly important in this re-
spect. The impacts of concern are layered
discoloration of the landscape by plumes and
impairment of vista contrasts by uniform and
layered hazes. Current air quality regulations
include provisions for evaluating, preventing,
and remedying existing and future impairment
of visibility in Class | areas. Moreover, pro-
posals to strengthen and expand these provi-
sions, and lawsuits seeking more stringent
enforcement by the EPA, continue to focus at-
tention on the issue.

Because thermal power production re-
leases sulfur dioxide (SO,) and nitrogen ox-
ides (NO,)—some of which end up in atmo-
spherically formed particles—emissions from
utility operations could contribute to the occur-
rence of atmospheric hazes. The origins of
such hazes, however, depend on factors such
as weather, humidity atmospheric chemistry,
and emissions from a wide variety of natural
events and human activities. In addition to the
need to quantify the relative importance of

these factors under given circumstances,
there is a need to relate the alterations in at-
mospheric particles to changes in human per-
ception of vistas. This leads to the problem of
how to characterize human perception objec-
tively and quantitatively.

EPRI’s Environment Division has undertaken
a comprehensive, multidisciplinary research

program to provide the knowledge and tools
for evaluating the relationship between utility
operations and layered and uniform hazes (at
both local and regional scales). The approach
to the problem has four steps:

o Atmospheric emissions transport and che-
mistry—relating emissions sources to atmos-
pheric aerosol properties and concentrations

ABSTRACT EPRIresearch efforts have resulted in important sci-

entific advances relating to the role of atmospheric aerosols in the

human perception of visibility. A new instrument for quantifying human

visual perception provides a tool for evaluating the current scientific

and legal definition of visibility impairment. Moreover, a novel com-

puter model now offers a means for enhancing our understanding of

the complex interactions between atmospheric aerosols, radiative

transfer, and human psychophysics—factors that determine how

changes in haze level influence visual air quality.
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o Atmospheric aerosol optics and radiative
transfer—relating atmospheric aerosols to the
transmission of light between a scene and an
observer

@ Psychophysics—relating changes in light
intensity and color to human visual perception
and aesthetic quality judgments

o Valuation—relating aesthetic value to eco-
nomic value

Sources of haze-producing emissions can
thus be related quantitatively to perceived visi-
bility and the corresponding socioeconomic
implications. This approach can guide re-
searchers and inform policymakers and utility
managers on the essential aspects of the visi-
bility impairment issue.

The first step, finding the link between at-
mospheric aerosols and emissions, is also a
component of research on other issues, such
as acidic deposition and compliance with air
quality standards. All these issues require
knowledge of atmospheric physics and
chemistry, which has been enhanced by
EPRI's sponsorship of theoretical, laboratory,
modeling, and extensive observational (field)
studies. Integrating such knowledge informs
those concerned about the relationships be-
tween emissions, atmospheric processes,
and air quality.

This update addresses the second and
third steps, which involve human percep-
tion—the element that has made visibility im-
pairment difficult to understand, describe,
and quantify. The fourth step, quantifying the
relationship between aesthetic quality and
economic value through refined valuation
methods, is also ongoing (see the research
update on p. 50 of this issue).

Accurate optical instruments have been
available for many years for directly measur
ing intensities and wavelength distributions of
light. Only recently, however, has the technol-
ogy been applied to the environmental (as
distinct from navigational) visibility impairment
issue. Two essential applications are in re-
lating the physical and chemical properties of
particles to the atmospheric transmission of
light, and routinely monitoring visual ar qual-
ty. The technology can also be used for
establishing the physical characteristics of the
light incident on the eye and relating this to
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human observations, which are more subjec-
tive.

One widely used approach is based on
color standards developed for matching
paints and cloth by the Commission Interna-
tionale de I'Eclairage (CIE). In addition to color,
contrast and visual range are central to hu-
man perception. All of these factors are influ-
enced by the complex interaction of ambient
lighting conditions, the observer's experience
and visual acuity, the scene content, and the
particles in the haze.

Recently, EPRI-sponsored research has
made important advances that relate aerosols
in the light path to subjective judgments, spe-
cifically in calculating human perception of
vistas and in measuring how changes in at-
mospheric aerosols alter human perception of
colors and color differences.

Visibility perception
simulation

Many factors must be considered to fully ac-
count for perceived colors and color differ
ences in vistas: the concentrations, size distri-
butions, shapes, and light-scattering and
-absorption properties of major classes of at-
mospheric particles; the intensity and color of
light (radiance) reflected from individual
scene elements; the illumination of the light
path from all directions; the scattering of light
by particles in the light path; the observer's
distance from the scene elements; the posi-
tion of the sun in relation to the viewing direc-
tion; and the psychophysical response of the
human eye-brain system. All these factors
have been accounted for in the landscape
color visibility model (LCVM), a unique com-
puter code developed for EPRI by A. Clyde Hill
and his colleagues at the University of Utah
Research Institute. This model now makes it
possible to simulate the way people perceive
vistas.

The LCWM employs a mechanistic repre-
sentation of current radiative transfer theory to
calculate the intensity of light as a function of
wavelength reaching the observer along the
light path from the direction of dominant
scene elements. The model can be used to
simulate uniform hazes, layered hazes, and
plumes by dividing heterogeneous light paths

Figure 1 Comparison of measured and mod-
eled color differences (AE), i.e., contrast, on
different days at the Grand Canyon’s Hava-
supai Point, showing match to a 1:1 line.
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into homogeneous segments that can then be
modeled in sequence. The LCVM is divided
into two modules, which can operate sepa-
rately or in concert. The phase module first
calculates the scattering properties of the at-
mospheric gases and particles in the light
path as a function of aerosol characteristics,
meteorological conditions, scattering angles,
and wavelengths. The main module combines
this information on phase functions with scene
characteristics and employs radiative transfer
theory to calculate the light reaching an ob-
server from the direction of each scene ele-
ment.

As part of the study, observations were ob-
tained at the Grand Canyon in 1984 and 1985
to test and improve the data collection
methods needed for initiating the model cal-
culations and for relating the output to opin-
ions provided by park visitors and a panel of
residents. One set of field measurements was
used to test the ability of the LCVM to simulate
landscape colors and color differences for
typical scenes using actual data. A compari-
son of modeled and measured values for
color differences (a model output related to
contrast) resulted in a virtual 1:1 correlation
(Figure 1).

After successful testing, the first application
of the model involved evaluating the sensitivity
of perception parameters (hue, purity, and
color differences) to observational circum-




stances. The most important factors turned
out to be target distance, sun angle, particle
concentration, and particle type. For exam-
ple, the LCVM-simulated color difference de-
creases with decreasing sun angle and with
increasing target distance, particle concen-
tration, or percentage of fine particles in the
aerosol.

When comparing these field measurements
and model results with human judgments of
scenic quality. it was found that the survey
techniques previously employed by others
biased the subjects’ reporting of aesthetic ex-
perience by drawing their attention to the influ-
ence of aerosols. Subsequently the principal
investigators explored an innovation for ob-
taining unbiased observer opinions by mea-
suring the subjects’ viewing times and aes-
thetic quality rankings for 8- by 10-inch backiit
color transparencies (instead of projected 35-
mm slides). Ranking the images was found to
be superior to using a subjective rating scale
unfamiliar to the subjects. It was discovered
that the time required to rank a vista was in-
versely proportional to the quality ranking, im-
plying that viewing time can be a direct indi-
cator of aesthetic quality.

Measuring visibility
perception

Concurrent with the development of the land-
scape color visibility model, Ron Henry and
Luis Matamala at the University of Southern
California developed a new device for directly
measuring human perception of colors. The
device was used to appraise the applicability
of commercially employed color theories and
technologies (including the CIE standards) to
visibility assessments. A prototype of this vi-
sual colorimeter for atmospheric research
(VICAR) was also used in the vista studies by
A. Clyde Hill.

The VICAR (Figure 2) is an asymmetric, bin-
ocular color-matching device through which
an observer views, in the instrument, an ad-
justable color spot with one eye—while the
other eye views the ambient scene. It is asym-
metrical in that each eye is adapted to differ
ent lighting conditions; the VICAR eye is
adapted to a standard white background,
while the other eye is adapted to ambient con-

ditions. Using potentiometer dials, the viewer
adjusts the instrument's color spot to match
what is perceived in the naked-eye view in
terms of the quality, color, and brightness of a
scene element of interest. The instrument then
registers quantitative CIE color indices of hu-
man perception, which can be compared with
direct CIE index measurements by using stan-
dard optical instruments, such as telespectro-
photometers.

Although colorimeters have long been used
in colorvision research, they were not used
specifically in atmospheric visibility studies
until 1984. All colorimeters at that time were
designed to be operated with indoor lighting
intensities, over short distances, and under
controlled laboratory conditions.

Unlike earlier colorimeters, the VICAR is
able to match the high luminances found out-
doors, producing luminances of several thou-
sand footlambert. The device is also unique in
its ability to measure the appearance of one
color as seen through other, semitransparent
colors. The new VICAR requires only one ordi-
nary 110-Vac, 8-A power circuit to operate and

is easily portable, measuring 21 inches long,
10 inches wide, and 16.5 inches high and
weighing 44 pounds. Furthermore, it is rug-
ged and capable of withstanding a wide
range of temperatures (-10°C to 35°C ) and
other environmental conditions, enabling it to
maintain stable calibration over several weeks
in the field.

Tests of a prototype VICAR by A. Clyde Hill
and his colleagues during their 1984-1985
field study generally found excellent agree-
ment between the multiple-observer VICAR
matches and both modeled (LCVM) and mea-
sured (spectrophotometer) CIE indices for
color purity and hue. The VICAR performed
equally well for targets at various distances
and under different viewing conditions. Hill's
group concluded that the CIE system was in-
deed adequate for specifying colors and
color differences in visibility measurement
and modeling studies.

A more recent field study using a newer
model VICAR was undertaken by Ron Henry
in 1988 (also at the Grand Canyon) to further
examine the use of CIE chromaticities and

Figure 2 Ron Henry demonstrates the use of the visual colorimeter for atmospheric research
(VICAR) by viewing the Los Angeles skyline through the haze from atop the engineering building
at the University of Southern California. The potentiometer dials are used to adjust the instru-
ment’s internal color spot (viewed through the eyepiece) to match the scene colors as perceived
in the naked-eye view. On the basis of the color matches, the VICAR records color indices to

quantify human perception of colors.
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color difference formulas in visibility modeling
and research.

As in the previous study, the experimental
evidence (this time from a single observer)
showed that the standard color calculations
worked very well for nearby objects. Contrary
to the Hill results, however, the CIE system
failed to predict the appearance of distant nat-
ural objects. Color differences between small,
distant objects, as measured with the VICAR,
were almost a factor of 10 greater than those
recorded by means of a spectrophotometer. It
remains to be determined, by means of other

field tests, whether this discrepancy is real,
and if so whether it could have been caused
by differences in target-area resolution for the
VICAR and spectrophotometer methods, which
could have resulted in a “distance effect.”

On the other hand, the differences between
the perception-based (VICAR) and spectro-
photometric measurements could—accord-
ing to a speculative hypothesis—stem from a
possible inherent discounting by the human
eye-brain system of the role of path luminance
on the color of distant objects.

If true, this reasoning would suggest that

distance may not be as important to visibility
perception as the LCVM simulations have indi-
cated, and that substitution or modification of
the CIE system in such models may be neces-
sary. It would also challenge the current use of
photographs and computer-generated im-
ages—which cannot yet account for a three-
dimensional distance effect—as a basis for
establishing the economic value of changes
in visibility. Not surprisingly, these implications
are causing debate among visibility profes-
sionals and promise to guide the direction of
future research.

Air Quality Research

Measuring the Value of Improved Visibility

by Victor Niemeyer, Environment Division

eleases of sulfur dioxide (SO,) by elec-
Rtric utilities and other sources can lead
to the formation of sulfate (SO,) in the atmo-
sphere. Because much of that sulfate is in the
form of fine particles (1-10 micrometers in di-
ameter), it is one of the many factors that con-
tribute to light scattering, which degrades visi-
bility (e.g., visual range, contrast, coloration).
SO, emissions from a wide variety of sources
can contribute to visibility reductions on a re-
gional basis, depending on wind velocity, hu-
midity, and various aspects of atmospheric
chemistry. The emissions from one particular
source can also contribute to visibility reduc-
tions on a local basis.

Visibility is regulated under sections of the
Clean Air Act that require the weighing of
costs and benefits in determining the need to
control emissions. Partly in response to that
requirement, several studies over the last 15
years have attempted to estimate the dollar
value of visibility changes. Some of these
studies have claimed large benefits from im-
proved visibility resulting from reductions in
SO, emissions. EPRI and others, however,
have identified serious methodological short-
comings in these pioneering studies that limit
their useful application in policy debates.
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For thisreason EPRI has been conducting a
systematic effort to understand the strengths
and weaknesses of methods for valuing visi-
bility improvements and to further advance
the state of this science. The EPRI effort has
drawn on the skills of a multidisciplinary team
from the variety of fields involved in valuing
visibility—psychology, economics, sociology,
and decision analysis. The focus has been to
advance the methodology of visibility valua-
tion rather than to obtain specific estimates of
values for a particular policy debate.

Estimating the value people attach to visibil-
ity improvements is a difficult problem, primar
ily because visibility is not a commodity that
has a market-determined price. It is, instead,
what economists call a public good—some-
thing that provides value to individuals and
the community but is not bought and sold.
Some public goods (e.g., highways, police
and fire protection, flood control, public health
and weather services) are provided through
government action, but others, including air
and sunlight, are provided by nature. Be-
cause these goods are not traded in markets,
sophisticated methods are needed to infer
their values.

There are two general approaches for at-

tempting to value public goods. Thefirstis the
indirect approach of observing actual behav-
ior exhibited by people and then inferring the
value of a good from those observations. An
analyst, for example, can assess the value of
a national park by considering the amount of
money people pay to visit it, including park
entrance fees, the value of the visitors' own
time, and travel costs. The reasoning is that
the value of the park must be at least as great
as what people spend in getting there or they
will simply not go.

The indirect approach has proved unreli-
able for visibility valuation, partially because of
the difficulty of isolating visibility from other
attributes that affect value. In one study, an
attempt was made to assess the value of visi-
bility through a hypothesized effect of visibility
on housing prices. Consistently separating
visibility from other factors affecting housing
prices, however, proved too difficult to permit
a precise and reliable estimate of the dollar
value of visibility.

Indirect methods also fail to take into ac-
count “existence values,” which can be an
important aspect of public goods. A person
on the East Coast may value the fact that a
place such as Yellowstone National Park ex-




ists and is preserved in a pristine state (with-
out visibility impairment), even if that person
never goes there.

A second general approach is to ask peo-
ple directly what they are wiling to pay for a
public good. Contingent valuation (CV) is the
most widely used technique for doing this in
the area of visibility valuation. In the CV ap-
proach, a sample population is surveyed
through personal or malil interviews and asked
directly how much they would be willing to
pay for improved visibility. The answers, which
are contingent on the description of the im-
provement, can then be analyzed.

There are numerous points where errors or
bias can generally enter the contingent valua-
tion process. The analyst must define a hypo-
thetical transaction that precisely describes
the visibility improvement that people can buy.
The improvement must be illustrated in a way
that the respondents will understand. Sociolo-
gists have discovered that people often inter-
pret survey questions in unexpected ways,
especially when they are unfamiliar with the
context of the survey.

The hypothetical transaction must be
framed in a way that encourages the respon-
dents to take the question seriously. If it is not,
they may say they are willing to spend unreal-
istically large amounts for the public good be-
cause they do not view the dollars they spend
as real.

In presenting the hypothetical transaction to
be valued, care must be exercised to avoid
giving clues to people about what answer is
expected by the researchers. Psychologists
have discovered that survey respondents un-
consciously seek such clues even when they
are unintended by the researcher.

Research has demonstrated that there are
different values heid by subgroups within so-
ciety. These subgroups cannot be forced into
a single model of consumer benefit.

At the analysis stage, it is difficult to sepa-
rate zero bids that denote no valuation from
zero bids that denote a protest over the inter-
view process or nonacceptance of the hypo-
thetical transaction.

For visibility, there are additional complex-
ities in inferring the values of changes. One is
that although people are generally familiar

ABSTRACT Utility releases of sulfur dioxide to the atmosphere

can degrade visibility. Some attempts to estimate the dollar -value of

visibility changes have claimed large benefits from improved visibility

attributable to reductions in SO, emissions, but the studies that gen-

erated these estimates have suffered from serious methodological

flaws. Improved understanding and methods are needed to ensure

that regulators and policymakers have the best information available

when assessing the costs and benefits of controls. In response, EPRI

has been conducting a systematic effort to further advance the state

of this science.

with the concept of reduced visibility, it is hard
to measure and define in meaningful ways to
nontechnical audiences. Using scenic vistas
to show the possible changes may bias valua-
tions upward. On the other hand, more com-
mon vistas (e.g., City streets) may not cover
enough distance for people to be able to per-
ceive the changes in visual range; conse-
quently, some studies have used visibility im-
provements of 100-200% in valuation inter-
views rather than the 10-20% improvements
(for a few days per year) that can realistically
be anticipated from policy options for control-
ling SO,. In addition, specialists in visual aes-
thetics have discovered that subtle color and
scenic variations in photographs can domi-
nate the aesthetic quality of real vistas, as well
as photographic presentations of those vistas.

Second, in many cases visibility is affected
by meteorology more than by emissions. This
makes it difficultto represent realistic changes
because the changes may not be easily per
ceived at the conscious level. A reduction in
emissions may lead to slight improvements for
many days a year that are hard to notice or
may lead to easily noticeable changes but for
only a few distinct weather day types. This
adds to the challenge of ensuring that the re-

spondent understands the contingency being
valued.

Third, when people see examples of poor
visibility, they may associate the haze with ad-
verse health effects, evenif there are none or if
the health effects are being assessed directly
in another part of the analysis. Consequently,
their estimates of visibility values may include
additional values for perceived health benefits
from the clearer air. This effect biases the esti-
mated value of visibility improvements up-
ward.

Previous studies using contingent valuation
to quantify the value of visibility improvements
have suffered from the problems and com-
plexities described above. In part, this is be-
cause contingent valuation covers a multitude
of research disciplines, such as psychology
and economics, and researchers have not in-
tegrated the results from these disciplines
when creating the study and interpreting the
results.

EPRI research

The research being sponsored by EPRI ad-
dresses several areas related to contingent
valuation of visibility benefits. First, the re-
searchers are specifically trying to develop
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Figure 1 Robert Mitchell interviews a Cv respondent to elicit her responses on the value of
improved visibility. The respondent is reading a card that describes a specific emission control
program. Ten different program cards are used. During the interview, Mitchell will ask the
respondent whether she would vote yes on a referendum for the program and, if so, how much
she would be willing to pay before she would switch her vote.

survey design and implementation methods
that correct some of the problems with pre-
vious studies. A second effort has been to
create and widely distribute a preliminary psy-
chological framework for evaluating the re-

sponses people make to CV questions. Third,
work is ongoing to advance a more reliable
theory of statistical analysis for CV survey re-
sponse data. Fourth, computer-generated
photographs are being created to simulate

Figure 2 Using computer-modified photographs allows the Cv researcher precise control over
the levels of haze presented in an interview. Shown here are two different levels of haze that
were added by computer to an original clear-sky photograph. These photographs have been
tested in focus groups and found to be preferable to using actual photographs of alternative
haze levels. Actual photographs are affected by slight changes in elements of the scene (e.g.,
leaf color and lighting) that are unrelated to changing haze levels.
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changes in visibility conditions at a given
vista. Using actual photos limits the degree of
variation in visibility that can be shown to the
survey respondents, and with actual photos it
may not be possible to realistically demon-
strate the visibility improvements that can be
achieved.

The EPRI work is being conducted by a
multidisciplinary research team to ensure that
knowledge from all relevant fields is incorpo-
rated into the project. A group of project advi-
sers with representatives from utilities, the EPA,
the National Park Service, and the technical
community is providing ongoing guidance to
the project. The central point of focus for
much of the work is the design and testing of
a contingent value survey questionnaire by
Robert Mitchell and Richard Carson. This
concrete embodiment of the methodology
has been extensively reviewed by the multi-
disciplinary project team and by the project
advisers.

The EPRI methodology was administered
on a pilot case basis in the eastern United
States with the intent of examining how well it
addresses the issues discussed earlier. Inter
views were carried out with 150 respondents;
materials such as photographs and “program
cards” were used to illustrate the improve-
ments that different emission control alterna-
tives might achieve (Figure 1). A draft report
discusses the methodology improvements re-
alized by using the new survey design and
identifies unresolved issues.

Preliminary results

Some important survey design clues have
been elicited from this pilot program. For ex-
ample, more than one-third of the respon-
dents made errors in simple ranking tests on
photographs (i.e., ranking photographs from
best to worst visibility). This demonstrates the
difficulty people have in distinguishing be-
tween small changes in visibility and indicates
the important role of thresholds for visibility
improvements. Below the thresholds, people
are unable to appreciate the visibility change
and may therefore assign it a low value.
Many respondents ranked alternatives
strictly on either visibility or their monetary
cost. A relatively high fraction (10% of the




sample) would pay nothing even for the great-
est visibility improvement presented, and
more than half of the sample would pay noth-
ing for programs with fewer than six days of
improved visibility. Conversely, 10% of the
sample would pay more than four times the
average for the whole sample. This indicates
three distinct groups of people that should be
treated differently in future analyses.

The results indicate a high level of uncer

tainty surrounding any interpretation of the
quantitative conclusions of the research out-
come. They also indicate that extrapolation
from previous contingent valuation studies to
new situations is problematic.

Future directions

EPRI's research has made a number of ad-
vances in applying contingent valuation to vis-
ibility values, and EPRI plans to continue these

advances. Some of the next steps in the pro-
cess incorporate computer-generated photo-
graphs into the survey instrument. Figure 2
illustrates the high quality of the computer
modified photographs that are now available.
The current work on eastern visibility valua-
tion is scheduled to be completed by the end
of 1990. Further into the research program, in
1991 and beyond, the methodology may be
modified for use in national park areas.

Nuclear Plant Life Extension

LWR License Renewal

By Richard Burke, Nuclear Power Division

Recognizing the significant additional
contribution that currently operating nu-
clear power plants could make toward satisfy-
ing our nation's electric power needs in the
next century, the Department of Energy (DOE)
and EPRI agreed in 1984 to conduct a cooper
ative program to extend the useful lives of
nuclear power plants for a substantial period
beyond the current, 40-year licensed oper-
ating lifetime.

Laying the groundwork

The first phase of the program involved pilot
studies of a representative boiling water reac-
tor (BWR), Monticello, and a representative
pressurized water reactor (PWR), Surry Unit 1.
Those studies, completed in 1988, resulted in
the conclusion that there are no major tech-
nical or engineering-related obstacles that
would preclude safe operation of either type
of nuclear power plant appreciably beyond 40
years.

At present the operating licenses of more
than half of the nation’s 112 nuclear power
plants are scheduled to expire within a period
of 15 years, beginning in the year 2000. It fol-
lows, then, that a necessary next step toward
realization of the goal established by EPRI and
DOE is to clearly define and validate the regu-
latory processes that will govern the renewal
of operating licenses for many of those plants.

The Nuclear Management and Resources
Council (NUMARC), chartered to represent the
industry in all matters involving generic regu-
latory policy issues and on the regulatory
aspects of generic operational and technical
issues affecting the nuclear power industry,
formed its NUPLEX (nuclear utility plant fife ex-
tension) working group in June 1988 to take
lead responsibility for all industry activities re-
lated to license renewal. The primary goal of
the working group is to have a predictable,
workable, and demonstrated license renewal
process in place by the early 1990s. EPRI and
DOE are very supportive of that goal and have
been closely coordinating their license re-
newal activites with those of the working
group since its inception.

The collaborative efforts of the NUMARC
NUPLEX working group, EPRI, and DOE have
resulted in a number of documents bearing
on license renewal, which have been submit-
ted to the Nuclear Regulatory Commission
(NRC) for review and comment.

Perhaps the most significant of these docu-
ments was submitted by the NUMARC NUPLEX
working group in April 1989. Bearing the title
NUMARC NUPLEX Position Paper on License
Renewal Rulemaking, it sets forth the indus-
try's proposal as to the contents of regulations
the NRC should adopt to govern the renewal
of nuclear power plant operating licenses.

The proposed regulations are based on the
premise that the NRC's review of a renewal
application, in the absence of a rule waiver or
a determination by the commission that fur
ther information is needed in an individual
case, should be limited to identification and
evaluation of systems, structures, and compo-
nents that are significant to safety and subject
to age-related degradation.

While the pilot plant studies initiated by EPRI
and DOE in late 1984 did not reveal any major
impediments to the operation of nuclear
power plants in excess of 40 years, they did
resultin the identification of a number of areas
that warranted further technical research.
These additional studies are proceeding with
EPRI and DOE funding under the guidance of
the NUMARC NUPLEX working group. Two of
the 10 subject investigations have recently
been completed, and reports describing the
results have been submitted to the NRC for
review. These industry reports, as they are
called, are entited PWR Containments and
BWR Pressure Vessels. At the time of this
writing, the working group’s schedule for the
submittal of the eight remaining reports is as
follows: PWR Pressure Vessels and BWR
Reactor Pressure Vessel Internals, February
1990; PWR Pressure Vessel Internals, April
1990; Cables in Containment, Class 1 Struc-
tures, PWR Reactor Coolant System, and

EPRI JOURNAL March1990 53




ABSTRACT The U.S. Nuclear Regulatory Commission is in the

process of preparing a proposed rule for license renewal of currently

operating commercial nuclear power plants. In order to provide timely

exercise of the rule, a license renewal application must be submitted

by a lead plant in the early 1990s. Applications will be prepared by two

utilities, with active support from EPRI, DOE, and NUMARC. It is ex-

pected that these lead plant applications will establish the specific

format and requirements for future submission and, by a feedback

process, define or validate the confirmatory R&D needed to support

license renewal.

BWR Containments, June 1990; BWR Primary
Pressure Boundary, August 1990.

Two additional products developed under
the auspices of the NUMARC NUPLEX working
group worth noting are its Study of Generic
Environmental Issues Related to License
Renewal and Methodology to Evaluate Plant
Equipment for License Renewal. These were
submitted to the NRC for review in May and
October of 1989, respectively.

The generic environmental issues report
presents an analysis of the environmental im-
pacts expected to result from operating a nu-
clear power plant for 40 years beyond its initial
license term. The study compares those im-
pacts with the impacts of operation during the
initial license term and the impacts of alterna-
tive sources of power. The analysis leads to
the conclusion that the generic environmental
impacts of operating a nuclear power plant
during the license renewal period are lower
than or comparable to the impacts resulting
from operation during the initial license term.
The analysis also shows that the generic envi-
ronmental impacts of extended operation are
lower than those estimated when the original
plant operating licenses were granted.

As its title implies, the methodology docu-
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ment is intended to set forth the industry’s
thinking as to how nuclear power plant equip-
ment should be evaluated in terms of its ser
viceability beyond the initial, 40-year license
term. The methodology presented is based
on the following precepts:

o License renewal focuses on ensuring con-
tinued safe operation for the license renewal
period.

o License renewal is based on continuation of
the plant’s current licensing basis.

o Existing plant programs contribute to ensur
ing continued safe operation.

o Both deterministic and probabilistic ap-
proaches exist for identifying and reviewing
equipment within the scope of review for li-
cense renewal, and for subsequently identify-
ing plant equipment that requires further eval-
uation.

o Avariety of options are available to address
equipment that is identified for license re-
newal evaluation.

Refining the renewal process

Before nuclear power plant license renewal
can be broadly viewed by the industry as a
viable source of “‘new” electric generating ca-
pacity, a predictable and validated regulatory

process must be in place. In January 1989,
EPRI and DOE initiated a five-year research
project specifically designed to facilitate at-
tainment of that goal. As in the case of the
earlier pilot plant studies, the -$20-million-plus
LWR lead plant license renewal project is
being cofunded by DOE and EPRI, with sub-
stantial cost sharing by two contracted host
utilities: Northern States Power and Yankee
Atomic Electric. Project management ser
vices on behalf of DOE are being provided by
Sandia National Laboratories.

The specific objectives of the project, being
conducted at Northern States Power's Mon-
ticello BWR and at Yankee Atomic's Yankee
plant, a PWR, are as follows:

o Successfully demonstrate the NUMARC
NUPLEX working group’s Methodology to Evak
uate Plant Equipment for License Renewal.

o Perform plant-unique evaluations of sys-
tems, structures, and components identified
through the methodology by utilizing the les-
sons learned from ongoing studies and incor-
porating the technology and methods pro-
vided in the EPRI reports on the pilot plant
studies and the industry reports being devel-
oped under NUMARC NUPLEX working group
guidance.

o Examine plant operational practices, main-
tenance programs, and data collection to
support life extension.

= Prepare and submit a complete license re-
newal application to the NRC.

o Provide the basis—through appropriate
technical, licensing, and codes and stan-
dards support—to maximize the applicant’s
probability of success in its interaction with,
and response to inquiries from, the NRC, the
EPA, FEMA, and other authorities, including
local and state jurisdictions, during the license
renewal process.

o Provide periodic feedback to the NUMARC
NUPLEX working group on the progress of the
lead plant license renewal project.

o Document the license renewal process for
use by other utilities.

The planning phase of the LWR lead plant
license renewal project has produced two
principal products: detailed project manage-
ment plans and the industry report on meth-
odology.




Each of the participating utilities has pre-
pared and published a project management
plan outlining the project scope, resources,
and schedule and indicating how these ele-
ments are to be coordinated and managed
throughout the project, the level of corporate
support that is to be provided, and the
responsibilites and areas of authority of the
project management team members. Each
plan will be updated at approximately mid-
year each year during the course of the
project.

As previously noted, the industry report
Methodology to Evaluate Plant Equipment for
License Renewal was developed under the
auspices of the NUMARC NUPLEX working
group and, in a strict sense, it is not a “deliver
able” of the LWR lead plant license renewal
project. The lead plants were responsible for
its trial use, however, and for providing recom-
mendations to the NUMARC NUPLEX working
group as to how it could be improved to en-
sure consistent results. The report reflects the
invaluable and rather extensive feedback pro-
vided by lead plant project personnel.

The second phase of the project, license
renewal preparation, will culminate in the sub-
mittal of a license renewal application to the
NRC by each of the lead plants. During this
phase, all plant equipment evaluations will be
completed and documented and the applica-
tions will be prepared. License renewal ap-
plications are scheduled to be submitted

in June and December of 1991 by Yankee
Atomic and Northern States Power. respec-
tively. Intermediate reports describing the re-
sults of applying the NUMARC methodology to
a representative portion of each of the lead
plants were completed in December 1989.
Reports describing the full application of the
methodology at Yankee and Monticello will be
available in April 1990 and January 1991, re-
spectively.

The third and final phase of the project will
be renewal licensing. After the license re-
newal applications are submitted to the NRC,
there will be a period of technical reviews,
meetings, and hearings that will very likely re-
quire the continuance of technical support to
the lead plants. The project will be considered
complete upon NRC disposition of the license
renewal applications, which is currently ex-
pected to occur late in 1993.

Related tasks

A number of other products wil be developed
in connection with LWR lead plant license re-
newal project tasks. Each host utility wil de-
velop a report on the technical evaluations
that will be required for the license renewal
application. Whereas the reports on applying
the Methodology to Evaluate Plant Equiprment
for License Renewal will focus on the identity
of specific plant components whose suitability
for continued use during the license renewal
term warrants detailed evaluation, the techni-

cal evaluation reports will discuss those eval-
uations and the actions the utiities have deter-
mined to be appropriate in support of license
renewal. The Yankee report will be available
in January 1991, and the Monticello report, in
July 1991.

Another key task at each of the lead plants
will be the detailed examination of operating
and maintenance practices to provide assur
ance that they are appropriate with respect to
minimizing age-related concerns. Any im-
provements considered desirable to enhance
license renewal at Yankee will be reported in
January 1991, and any identified at Monticello
will be reported one year later.

Plant life extension implementation plans
based on the results of the detailed evaluation
of components identified through application
of the NUMARC methodology and the exam-
ination of O&M practices also will be devel-
oped by the lead plant utilities. The Yankee
plan will be available in January 1991, and the
Monticello plan, in January 1992. Yearly up-
dates are scheduled. Most of the information
being developed by the lead plants for ulti-
mate use in support of their license renewal
applications is being retained in electronic
database format. Each host utility will publish
a summary report describing the key infor
mation and data management techniques
that were foundto be most beneficial: Yankee,
in January 1991, and Northern States Power,
in May 1993.

Underground Residential Distribution

Increasing Distribution Cable Life

by William Shula, Electrical Systems Division

Polyethylene—insu)ated cable for 15-k\
class service was first used extensively
in the 1960s to provide underground service
to residences. A major factor leading to the
quick acceptance of this new material was the
trend toward underground residential distribu-
tion (URD) systems. Because polyethylene is
inexpensive, is easily spliced and terminated,

and has excellent dielectric properties, it was
viewed as ideal insulation for URD cable.
Thus, millions of feet of solid dielectric cable
were placed in service without lengthy field
trials or evaluations of performance life being
conducted.

Within a few years, evidence mounted that
polyethylene-insulated cable was not going to

last the expected 40 years. High early-failure
rates led to the examination of insulation re-
moved from failing cables, which revealed a
widespread form of degradation—treeing.
Unlike conventional treeing, these failures de-
veloped only in the presence of water and
thus were termed “water trees.” In addition,
URD cable was experiencing corrosion of the
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ABSTRACT High early-failure rates for polyethylene-insulated
cable have spurred efforts to develop longer-lasting underground dis-
tribution cable. As a result of increased research, underground resi-
dential distribution cables put in service today are expected to outper-
form and outlast their predecessors. In designing cables for longer life,
engineers are confronted with many choices concerning cable insula-
tion types, construction methods, processing techniques, and installa-
tion procedures. The EPRI-developed Distribution Cable Research
Digest, a compilation of industry research findings, has proved to be a

valuable aid, as have EPRI computer codes and guidelines on cable

pulling, neutral sizing, and insulation shield rating.

Figure 1 Moisture problems are the reason
most cables fail to achieve their 40-year
expected life. Left: Water tree propagating
from cable strand shield. Upper right: Halos in
cable samples, caused by moisture and other
volatiles. Lower right: Cable neutral corrosion.
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unprotected copper concentric neutral as a
result of being directly buried without a pro-
tective covering (Figure 1).

Consequently, when EPRI began operations
in 1973, cable insulation treeing and concen-
tric neutral corrosion were among the first re-
search topics addressed. The ultimate objec-
tive of work in this area has been to develop a
superior, long-life distribution cable.

The cable specifications developed by the
cable engineering section of the Association
of Edison llluminating Companies are used
extensively by the utility industry. These speci-
fications (AEIC-CS-5 for polyethylene and
cross-linked polyethylene and AEIC-CS-6 for
ethylene propylene rubber) are recognized as
basic. The approach that EPRI has taken has
been to supplement them with findings from
recent research so that utiites can realize
the benefits of increased cable fife and cost-
effectiveness.

Designing for long cable life

Today, the utility cable engineer is confronted
with many choices concerning cable insu-
lation, construction, and processing tech-
niques. Cable insulations include tree-re-
tardant high-molecularweight polyethylene,
cross-linked polyethylene (XLP), tree-retardant
cross-linked polyethylene (XLPTR), and a vari-
ety of types of ethylene propylene rubber
(EPR). Cable construction options include
bare versus jacketed neutrals, solid versus
stranded conductors, and unfiled versus
filed strands. In addition, several jacket mate-
rials are available, and processing choices in-
clude steam and dry curing.

As a primary guide in selecting cable, EPRI
suggests a comprehensive economic anal-
ysis based on the present worth of revenue
requirements. This approach is necessary be-
cause a cable with a low first cost does not
necessarily have the lowest lifetime cost. EPRI
has developed an easy-to-use computer pro-
gram for the economic comparison of alterna-
tive cable designs. The input parameters are
easily obtained, and extensive technical skills
are not required (Figure 2).

EPRI research has shown that cable life can
be increased by exercising proper cable han-
dling and installation practices and by sup-




plementing AEIC specifications with criteria in
such areas as insulation cleanliness, conduc-
tor and insulation shield materials, cable
jacket materials, conductor concentricity, core
conductor types, and cable processing
methods and testing. While EPRI's criteria
cover incremental changes that individually
may seem minor, together the increments can
add substantially to cable life. Going one step
further, EPRI has developed suggestions con-
cerning the best balance of cable cost, relia-
bility, and service life. The materials and con-
structions considered are readily available
and widely used for cable directly buried in
earth or installed in conduit.

To help utilities develop specifications for
improved distribution cable, EPRI has pre-
pared the Distribution Cable Research Digest
(EL-6271). This easy-to-use volume consoli-
dates valuable cable information from various
EPRI publications. It covers specifications for
long-life cable, discusses economic consider
ations, and summarizes completed cable re-
search projects.

A recent utiity application illustrates the
usefulness of this digest and of EPRI's cable
economic analysis program. The utiity ana-
lyzed various cable options to extend service
life, including direct-buried cable with either
XLP insulation, XLPTR insulation, or XLP insula-
tion with an overall cable jacket. Using cable
ife estimates provided in the Research Di
gest, the utility performed an economic com-
parison of the options, incorporating invest-
ment costs, energy losses, and replacement
costs. In this study, the XLPTR-insulated cable
was found to be the most economical for each
of four cable sizes (#2 aluminum, #2/0 alumi-
num, 500-kcmil aluminum, and 1000-kcmil
aluminum). The study assumed that concen-
tric neutral corrosion was not a problem. The
utility points out, however, that a serious corro-

Figure 2 Cable design economic analysis. This sample output of EPRI's economic analysis
program for URD cable displays the present worth for three cables with a bare copper concentric
neutral but different insulation types. The program also gives the levelized annual cost at 40
years (in $/ft-yr) for each option—$1.39 for the XLP-insulated cable, $1.20 for the EPR-insulated

cable, and $1.18 for the XLPTR-insulated cable.
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sion problem could make the jacketed cable
an economically justified option.

Cable-pulling code and
guidelines

EPRI research has also focused on cable in-
stallation. In RP1519, EPRI set out to update
maximum pulling lengths for a wide range
of cable constructions. Laboratory tests were
run on 23 types of solid dielectric cable (600 V
through 138 kV) to determine the following

e Static and dynamic coefficients of friction
between various cable coverings and ducts,
with and without pulling lubricants

= Maximum allowable pulling tension for cop-
per and aluminum conductors pulled by eyes
or grips

o Response of various cable constructions to
shear loading
o Maximum allowable sidewall-bearing pres-
sure for various cable constructions

The tests showed that these cables can tol-
erate tensions and sidewall-bearing pres-
sures far in excess of the limits formerly con-
sidered acceptable. To assist utility engineers,
EPRI developed a handbook containing pull-
ing guidelines (EL-3333). It also developed
the CABLPUL computer code (and an accom-
panying handbook) to help duct system de-
sign engineers quickly perform pull tension
calculations. CABLPUL is available from the
Electric Power Software Center individually or
as part of the EPRI Distribution Workstation
(DSworkstation)
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New
Contracts

Project

Customer Systems

Workshop on Residential Ventilation
(RP2034-34)

Attic Radiant Barrier Analysis (RP2034-36)

Lighting-HVAC Interaction Study and
Design Guidelines (RP2285-16)

Field Testing and Commercialization
Support for Hybrid Breaker Remote Switch
(RP2568-14)

Cool-Storage Seminar Support
(RP2732-31)

Pinch Technology Case Study-—Paper
Plant (RP2783-19)

Development of Advanced Off-Peak or
Base-Loaded Heat Pump Water Heaters
(RP2958-9)

Integrated Value-Based Planning:
Understanding the Policymaker
Perspective (RP2982-6)

Space-Conditioning System
Characterization and Component Analysis
and Selection (RP2983-13)

BIDMET Project (RP3086-1)

Overview of Commercial
Electrotechnologies in Japan (RP3138-2)

Generation and Storage
Optimum Cycle Chemistry for Once-
Through Units (RP1403-45)

Thin-Film Solid-Oxide Fuel Cell Electrolytes
(RP1676-14)

improved Boiler Inspection Systems
(RP1865-10)

Guidelines for FGD Materials and
Corrosion Protection (RP1871-23)

Early Applications of Photovoltaics in the
Electric Utility Industry (RP1975-6)

Geothermal Reservor Assessment Based
on Slim Hole Drilling (RP1994-4)

EPRI Coal Quality Impact Model
(RP2256-4)

CAES Thermodynamic Software
Development (RP2488-16)

TVA Test Program Support (RP2543-12)

Power Plant Control Design for Utility
Purposes (RP2710-12)

Using Flue Gas Chromatography to
Determine Coal Quality in Real Time
(RP2819-13)

Fossil Plant Simulation and Training
Technical Support (RP2923-6)

Permanent-Magnet Synchronous Motor
(RP2984-1)

Funding/
Duration

$42,100
8 months

$23,300
5 months

$350,600
24 months

$27,700
7 months

$38,400
6 months

$115,600
8 months

$80,400
5 months

$120,400
20 months

$75,700
4 months

$69,900
7 months

$49,100
4 months

$202,600
17 months

$326,400
36 months

$1,500,000
72 months

$232,200
13 months

$154,700
15 months

$400,000
17 months

$300,000
7 months

$39,400
8 months

$243,800
12 months

$267,000
27 months

$43,000
6 months

$164,900
13 months

$491,200
20 months

Contractor/EPRI
Project Manager

Energy International, Inc./
J. Kesselring

Davis irergy Group, Inc./
J. Kesneinng

Ross & Baruzzini, Inc./
K. Johnson

Plexus Research, Inc./
L. Carmichael

Synergic Resources
Corp./R. Wendland
Linhoff March Inc./
K. Amarnath

E-Tech Division of Marvair
Co./C. Hiller

Temple Barker & Sloane,
Inc./P. Hanser

Dorgan Associates, Inc./
M. Blatt

Charles River Associates,
Inc./W. LeBlanc

Energy International, Inc./
M. Blatt

Black & Veatch Consulting
Engineers/R. Dooley

Northwestern University/
R. Goldstein

Babcock & Wilcox Co./

S. Gehl

Battelle, Columbus
Laboratories/P. Radcliffe
Ascension Technology/

J. Bigger

University of Hawaii at
Manoa/ E. Hughes

Black & Veatch Consulting
Engineers/A. Mehta

Enter Software Inc./

R. Schainker

Fluidized Bed
Technologies Inc./T. Boyd
Southern Company
Services Inc./S. Divakaruni

Tennessee Technological
University /0. O'Connor

Science Applications
International Corp./
S. Divakaruni

Reliance Electric Co./
J. Edmonds

Project

Quantifying the Dynamic Operation
Benefits of Storage Technologies
(RP3116-1)

HTSC Motor Development (RP3149-1)

Nuclear Power

Irradiation-Assisted Stress Corrosion
Cracking Under Simulated BWR Conditions
(RPC101-3)

Purchase of Results of Monticello's RPV
Exam (RPC105-4)

Alloy 690 Qualification: Corrosion Tests
Under Prototypic Heat Flux and
Temperature Conditions (RPS408-6)

BWR Stability Solution Method (RP958-5)

Electrochemical Fusion Studies
(RP2614-56)

Fundamentai Experimental Study of
Subcooled Bubbly Boiling Flow
(RP2614-60)

Separate Effect Tests to Understand Cold
Fusion Phenomena (RP2614-62)

BWR Containments Industry Report
(RP2643-30)

Development of Three-Dimensional CAD
Models of ALWR Conceptual Design
(RP2660-54)

Chemical Analysis of Advanced
Containment Experiments—Phase C
Samples (RP2802-17)

Guideline for Maintenance of Terry Turbine
Controls (RP2814-14)

Industry Consensus Terminology Related to
Aging of Nuclear Power Plant Components
(RP2927-7)

Hydrogen Water Chemistry Fuel
Surveillance at Hatch-2 (RP2946-4)

Development of Guidelines and Criteria for
Nuclear Piping Evaluation and Design
(RP2967-2)

Fracture Toughness Characterization of
RPV Steels (RP2975-14)

Response Surface and Lookup Tables for
Fire Vulnerability Evaluation Methodology
(RP3000-39)

Information-Gathering Guidelines for Fire
Vulnerability Evaluation (RP3000-41)

Rapid Repair Adviser for Motor-Operated
Valves (RP3007-1)

Severe Accident Management Technology
(RP3051-2)

PWR Primary System Modeling
Improvements for MAAP 3.0 B (RP3131-3)

Nuclear Power Data Collection Guide
(RP3200-1)

Funding/
Duration

$219,800
10 months

$821,600
52 months

$1,400,400
38 months

$100,000
1 month

$611,900
31 months

$120,000
14 months

$245,900
11 months

$70,300
20 months

$35,700
2 months

$124,100
9 months

$48,700
4 months

$50,000
8 months

$183,600
7 months

$75,300
15 months

$855,300
62 months

$550.000
17 months

$115,700
8 months

$70,000
10 months

$40,000
12 months

$100,000
7 months

$342.100
19 months

$199,200
11 months

$74,300
9 months

Contractor/EPRI
Project Manager

Electric Power Consulting
Inc./B. Louks

Reliance Electric Co./
J. Edmonds

General Electric Co./
R. Pathania

Northern States Power
Co./M. Behravesh

Westinghouse Electric
Corp./A. Mcliree

Computer Simulation and
Analysis Inc./L. Agee

SRI International / . Passell

Arizona State University /
S. Kalra

SRl International / V. Chexal

Multiple Dynamics Corp./
J. Byron

Nuclear Information
Sciences /G. Vine

AEA Technology/
B. Sehgal

Dresser-Rand Co./
R. Kannor

MPR Associates /G. Sliter

General Electric Co./
P Rudling

Duke Power Co./Y. Tang

Materials Engineering
Associates Inc./
T Griesbach

U= werziny of California at
Los # .1 Sursock

Professional Loss Control
Inc./J. Sursock

Pacific Gas and Electric
Co./K. Sun

Fauske & Associates Inc./
A. Oehlberg

Science Applications
International Corp./F. Rahn

NUS Corp./B. Chu
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New
Technical
Reports

Requests for copies of reports should be directed to
ResearchReports Center, PO Box 50490, Palo Alto,
California 94308; (415) 965-4081. There is no charge
for reports requested by EPRI member utilities, U.S.
universities, or government agencies. Reports will be
provided to nonmember U.S. utilities only upon pur-
chase of a license, the price for which will be equal
to the price of EPRI membership. Others in the
United States, Mexico, and Canada pay the listed
price. Overseas price is double the listed price. Re-
search Reports Center will send a catalog of EPRI
reports on request. To order one-page summaries of
reports, call the EPRI Hotline, (415) 855-2411.

CUSTOMER SYSTEMS

Status of Static UPS

Applications in the United States
CU-6498 Final Report (RP2918-5), $100
Contractor: Chester & Schmidt Consultants
EPRI Project Manager: B. Banerjee

Office Productivity and

Workstation Environment Control
Workshop: Research Planning

CU-6556 Proceedings (RP2891-7); $100
Contractors: W. |. Whiddon & Associates, Inc;
Ostgren Associates, Inc.

EPRI Project Managers: M. Blatt, K. Johnson

Utility Opportunities for New Generation
CU-6605 Proceedings (RP2950-4), $100
Contractor: Synergic Resources Corp.

EPRI Project Managers: H. Gransell, W. LeBlanc

Requirements for an Advanced

Utility Load Monitoring System

CU-6623 Final Report (RP2568-10); $25
Contractors: New England Power Service Co.;
Plexus Research, Inc.

EPRI Project Manager: L. Carmichael

ELECTRICAL SYSTEMS

Far-Infrared Laser

Inspection System for Cable

EL-6411 Final Report (RP794-4); $32.50
Contractor: United Technologies Research Center
EPRI Project Manager J. Porter

Probability Methods Applied to Electric Power
Systems: Second International Symposium
EL-6555 Proceedings (RP1352); $70

EPRI Project Manager: R. Kennon

Substation Control and Protection Project:
System Requirements Specifications
EL-6592 Final Report (RP1359-1); $32.50
Contractor: Westinghouse Electric Corp.

EPRI Project Managers: S. Nilsson, L. Mankoff

Substation Control and Protection Project:
Communication Interface Specification
EL-6594 Special Report (RP1359-7); $25
Contractor: Westinghouse Electric Corp.

EPRI Project Managers: S. Nilsson, L. Mankoff

Extended Transient—Midterm Stability
Program Package: Version 2.0, User Manuals
EL-6648 Final Report (RP1208-9); $32.50
Contractor: Ontario Hydro

EPRI Project Manager: M. Lauby

ENVIRONMENT

Precision of the EPA Seven-Day Cerio-
daphnia dubia Survival and Reproduction
Test: Intra- and Interlaboratory Study
EN-6469 Final Report (RP2368-2); $32.50
Contractor: Battelle, Columbus Division
EPRI Project Manager J. Mattice

MYGRT™ Code Version 2.0: An IBM Code
for Simulating Migration of Organic

and Inorganic Chemicals in Groundwater
EN-6531 Final Report (RP2879-2); $32.50
Contractor: Tetra Tech, Inc.

EPRI Project Manager: |. Murarka

Techniques to Develop Data

for Hydrogeochemical Models

EN-6637 Final Report (RP2485-9); $47.50
Contractor: Radian Corp.

EPRI ProjectManager: I. Murarka

Regional Integrated Lake-Watershed
Acidification Study (RILWAS):

Major Findings for Adirondack

and Blue Ridge Mountains

EN-6641 Final Report (RP2174-1); $47.50
Contractor: Tetra Tech, Inc.

EPRI Project Manager: R. Goldstein

EXPLORATORY RESEARCH

1989 Symposium on Biological
Processing of Coal and Coal-Derived
Substances

ER-6572 Proceedings (RP8003); $350
EPRI Project Manager S. Yunker

GENERATION AND STORAGE

Dissimilar-Weld Failure Analysis and
Development Program, Volume 8: Design

and Procedure Guide for Improved Welds
CS-4252 Final Report (RP1874-1);, $25
Contractor: The Materials Properties Council, Inc.
EPRI Project Manager: R. Viswanathan

Fabric Filters for the Electric

Utility Industry, Volume 3: Guidelines

for Fabrics and Bags

CS-5161 Final Report (RP1129-8); $32.50
Contractors: Southern Research Institute; Grubb
Filtration Testing Services, Inc.; Electric Power
Technologies, Inc.

EPRI Project Manager: W. Piulle

Fabric Filters for Electric

Utility Industry, Volume 4

CS-5161 Final Report (RP1129-8); $750
Contractors: John P Clay, Consultant;
Wm. Nesbit & Associates; Electric Power
Technologies, Inc.

EPRI Project Manager: W. Piulle

Remaining-Life Estimation of Boiler
Pressure Parts, Volume 3: Base Metal Model
CS-5588 Final Report (RP2253-1); $32.50
Contractors: Combustion Engineering, Inc.;
Central Electricity Generating Board

EPRI Project Manager: R. Viswanathan

Remaining-Life Estimation of Boiler
Pressure Parts, Volume 4: Metallographic
Models for Weld-Heat-Affected Zone
(CS-5588 Final Report (RP2253-1); $40
Contractors: Combustion Engineering, Inc.;
Central Electricity Generating Board

EPRI Project Manager: R. Viswanathan

Guidelines for the Prevention of Economizer
Inlet Header Cracking in Fossil Boilers
(GS-5949 Final Report (RP1890-6); $10,000
Contractor: Ontario Hydro

EPRI Project Manager: D. Broske

NUCLEAR POWER

Chemical Decontamination of

BWR Fuel and Core Materials:

Hot Cell Examination of BWR Fuel
NP-6515-M Final Report (RP2296-12; RP2460-1);
$25

Contractor: Babcock and Wilcox

EPRI Project Managers: H. Ocken, R. Yang

Integral Transport Computation of Gamma
Detector Response With the CPM2 Code
NP-6527 Final Report (RP2352-3); $32.50
Contractor: S. Levy Inc.

EPRI Project Managers: R. Breen, O. Ozer

Deposition of Cobalt on Surface-Treated
Stainless Steel Under PWR Conditions
NP-6528 Interim Report (RP2008-1); $25
Contractor: Atomic Energy of Canada, Ltd.
EPRI Project Manager: H. Ocken

BWR Pilot Plant Life Extension Study

at the Monticello Plant: Phase 2
NP-6541-M Final Report (RP2643-2); $32.50
Contractor: Northern States Power Co.
EPRI Project Manager: M. Lapides

Evaluation of Fire-Retardant Fluids

for Turbine Bearing Lubricants
NP-6542 Final Report (RP2969-2); $32.50
Contractor: Encotech Inc.

EPRI Project Manager: J. P Sursock

Fuel Consolidation Demonstration:
Spent-Fuel Storage Area Analysis
NP-6551 Interim Report (RP2240-2); $120
Contractor: Northeast Utilities Service Co.
EPRI Project Manager: R. Lambert
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CALENDAR

For additional information on the meetings
listed below, please contact the person
indicated.

APRIL

2-6

Analysis and Design of

Transmission Structures

Haslet, Texas

Contact: Dick Kennon, (415) 855-2311

10-11

Competitive Power Markets:
Implications for Utility Operations

and Strategic Positioning

Baltimore, Maryland

Contact: Steve Chapel, (415) 855-2608

10-11

Monitoring Equipment Environments
During Nuclear Plant Operation
Baltimore, Maryland

Contact: George Sliter, (415) 855-2081

10-12

Electric Thermal Storage

Users Group Meeting and Exposition
Washington, D.C.

Contact: John Kesselring, (415) 855-2902

17-19

Conference: Life Assessment and

Repair Technology for Combustion

Turbine Hot-Section Components

Phoenix, Arizona

Contact: Vis Viswanathan, (415) 855-2450,
or James Allen, (415) 855-8929

17-20

Transmission Tower Foundations
Haslet, Texas

Contact: Dick Kennon, (415) 855-2311

23-25

New Technologies:

Issues in Occupational and
Environmental Health

Bethesda, Maryland

Contact: Cary Young, (408) 755-4301

24-27

Electrical Potpourri

Haslet, Texas

Contact: Dick Kennon, (415) 855-2311

2-4

Innovative Pricing and Planning
Milwaukee, Wisconsin

Contact: Bill LeBlanc, (415) 855-2887

8-11

1990 SO, Control Symposium

New Orleans, Louisiana

Contact: Paul Radcliffe, (415) 855-2720

JUNE

1-13

Applications of Power

Production Simulation

Washington, D.C.

Contact: Mark Lauby (415) 855-2304

25-29

Control Center Operator (Dispatcher)
Training Simulator

Philadelphia, Pennsylvania

Contact: David Curtice, (415) 855-2832

JULY

29-August 3

International Conference:

Indoor Air Quality and Climate
Toronto, Canada

Contact: Cary Young, (408) 755-4301

AUGUST

28-30

International Conference: Measuring
Waterborne Trace Substances

Baltimore, Maryland

Contact: Winston Chow, (415) 855-2868

SEPTEMBER

18-20

Conference: Condenser Technology
Boston, Massachusetts

Contact: John Tsou, (415) 855-2220

OCTOBER

15-17

Incipient Failure Detection:

Predictive Maintenance for the 1990s
Philadelphia, Pennsylvania

Contact: John Scheibel, (415) 855-2850

MAY

1-3

1st International Symposium on
Biological Processing of Coal

Orlando, Florida

Contact: Stanley Yunker, (415) 855-2815
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NOVEMBER

14-16

1990 Market Research Symposium
Atlanta, Georgia

Contact: Thom Henneberger,
(415) 855-2885




Authors and Articles

Barker

onsortia for R&D Advantage
(page 4) was written by John
Douglas, science writer, with guidance
from Dom Geraghty, director of EPRI’s
corporate and strategic planning.
Geraghty was named to his present
position late in 1989 after serving as
executive assistant to Richard Balz-
hiser, EPRI’s president, for nearly three
years. He was previously a technical
manager in the Institute’s Utility Plan-
ning Methods Center, where he devel-
oped information on plant investment
tech-
niques and software to aid decision
making. He joined EPRI in 1977 after
spending four years as an engineer

options, including analytical

and energy analyst with Irish govern-
ment agencies. Geraghty has a BE and
a PhD in chemical engineering from
University College in Dublin and an
MBA from the University of Santa
Clara. =

Making Connections: The Pow-

er of Information Technology
(page 16) draws together threads of
fact and insight about electronic infor-
mation technology and its implications
for utilities. Brent Barker, EPRI’'s man-
ager of corporate information, wrote
the article from what was said at the
1989 annual seminar of EPRI’'s Advi-
sory Council, held last August.
Barker served as the Journal’s editor
in chief for 12 years, until last fall. He
came to EPRI in 1977 after working suc-
cessively as a research analyst at USX
Corp., an industrial economist at SRI
International, and a communications
consultant. Barker graduated in engi-
neering science from Johns Hopkins
and earned an MBA at the University
of Pittsburgh. m

he Soviet Power Industry Opens

Its Doors (page 28) was written
by Jon Cohen, science writer, assisted
by Tony Armor of EPRI's Generation
and Storage Division.

Armor has headed the Fossil Plant
Performance Program since its for-
mation in 1985. He came to EPRI six
years earlier as a project manager.
From 1968 to 1979 he was with General
Electric, first as a technical leader in
steam turbine engineering and then
as a program manager for supercon-
ducting generator design. Before that
he taught in polytechnic schools in
London, England. Armor has a BS in
mathematics and an MS in mining
engineering from the University of
Nottingham. ]
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