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Part 3: A Strategic Plan for the 21st Century-
Industry Reports on its Contributions to EnergtJ Education

This report concludes the series of articles developed by Dr. James
Winebrake, Assistant Professor in the Integrated Science and Technol
ogy Program at James Madison University. His objective-to outline a
method for collaboration between academe, the government, and in
dustry in order to raise energy education to much higher efficiencies- ~
may seem visionary. But already, a mutually beneficial interaction is
in the first stages of development. Three representatives of different
segments of industry describes how cooperative efforts presently un
derway are moving along Dr. Winebrake's trajectory.

Integrative Problem-Solving:
The Basis of Modern R&D

Ric/lard L. Rudman
Senior Vice President and Chief Opemting Officer
Electric Power Research Institute

INTRODUCTION

Professor James J. Winebrake argues compelling ly the need for
we ll-rounde d, technological problem-solvers capable of inte grating as
pects of many di sciplines into their expertise. He calls for an "in tegrated
science and technology" curriculum that reflect s the ver y real and urgent
chan ges we in technology-driven industr ies like electric power currentl y
face.

From its inception more than a century ago, the electric power in
dustr y ha s been shaped by technological innovation . And innovations
ha ve often come from the unexpected convergence of seeming ly di spar
ate field s. But today, an unpreced ented number of d isciplines are repre
sen ted in the generation, delivery, and use of electr ic power-from elec
trical and chemical eng inee ring to nuclear ph ysics, computer sciences,
telecommunicat ions, regulatory policy, busine ss planning, and econom-
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ics. The emergence of environmental issues like global climate change,
which now shape many of the decisions utilities make, has added sub
stan tially to the range of disciplines that succe ssful utilities must now
master in their da y-to-day operations.

The trend toward multidisciplinary expertise in our industry, as in
many others, is certain to intensify. Competitive business conditions
ha ve created increased demand for collaborative initiatives that bring
together a wide range of pla yers, often from very different industries and
representing a spectrum of scientific fields. At the same time, the pros
pects for tomorrow's advances are more and more likely to be found in
technology fusion-the productive and often unexpected convergence of
very d ifferent lines of research. Most important of all, solutions to the
complex environmental and energy problems we face are increasingly
holistic in nature, addressing the interaction of many different parts of
highly complex systems in an integrated whole. Companies must partici
pate in a global trade of ideas and innovations in order to compete suc
cessfully. We're reall y in the bu siness of knowledge innovation, after all,
as some analysts have put it-the nurturing and de velopment of new
ideas that create new markets, new opportunities, new competitive op
tion s.

Together, these emerging business and research trends ha ve inten
sified the need for individuals who can integrate technical and scien tific
knowledge with experience and training in bu siness planning, public
policy, government, and a wid e ran ge of fields.

That's a tough challenge. The sheer volume of knowledge is said to
be doubling about ever y seven years- particularly in technical fields.
Half of what students learn in their first year of college is obsolete by the
time the y graduate. The pace of change is just as dizzying for technical
experts at an y stage in a career. By training "professional generalists," as
Dr. Winebrake proposes, colleges and universities will help equip indi
viduals with the ability to remain responsive to the rapidly accelerating
pace of change.

What kind of world will college graduates of today enter? Part II of
thi s paper will look at the changing nature of technological solutions in
industry. Part III will explore how global competition and changing
government and business priorities are shaping the future of science and
technology research. Part IV will look at the changing face of R&D, par
ticularly the kind of collaborative initiatives that the Electric Power Re
search Institute (EPR!) has pioneered.
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THE NATURE OF TECHNOLOGICAL
SOLUTIONS IS CHANGING

The Need for Holistic Approaches
Twenty years ago, environmental issues tended to be addressed on

the local or regional level. Increasingly we've come to understand that
both energy and environmental effects have an impact on complex sys
tems and require holistic approaches-solutions that take into account
many different fields of expertise.

The best example is global climate change. Determining whether
there is indeed a risk, and quantifying exactly what the nature of that
risk might be, requires work in far-reaching disciplines, from advanced
computer modeling and climate studies to emissions control technolo
gies and health effects research. We need to understand not only the
nature of today's power plants and the potential effects of man-made
emissions but also how natural systems such as the ocean and the atmo
sphere interact dynamically.

But that's just the beginning. Mitigation measures must be assessed
for both cost and benefit, an enormously complex task that brings to
gether chemists and climate scientists, electrical engineers and econo
mists. And because this is a global issue, we need to integrate into our
solutions knowledge about the specific conditions of individual coun
tries, including their economic situation and stage of technological devel
opment. The most enlightened efforts of a single nation or even a group
of nations, after all, will have little impact without an international con
sensus and strategy. As research and policy-making evol ves, we will
need individuals who can bring these diverse pieces together to formu
late coherent holistic approaches.

The same is true even when we 're addressing regional or national
environmental issues. Air toxics, for instance-trace elements emitted by
power plants-have recently come under increasing regulatory scrutiny
in the US. A rational response not only requires understanding the extent
of the emissions and their potential health threat-research that embraces
a variety of diverse fields-but also requires developing cost-effective
control measures. And because we are dealing with not only scientists
and policy-makers but the public, we need people who can communicate
complex scientific and technical issues directly and convincingly.

At EPRI, we've seen the convergence of fields reflected in our own
program. Originally we organized our R&D by specific technical areas,
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analogous to college courses. More recently we've reorganized the
Institute's work into more than 80 "targets," each of which may bring
several disciplines to bear on finding solutions to specific industry chal
lenges. Moreover, we now offer a variety of joint targets-R&D that
bridges several distinct fields of technology or science. We've created
Community Technology Solutions teams, for instance, to support sus
tainable community growth and development through improvements in
infrastructure. The aims include improved energy efficiency, environ
mental quality, and disaster-resilient solutions. By its nature, the work
requires scientific generalists with knowledge of specific technologies as
well as broad community needs.

A Greater Emphasis on Technology Fusion
The nature of technological solutions is also changing. In the past,

the path toward technological innovation typically lay in discoveries
within a single field . The more we could master within a particular dis
cipline, the more insight led to innovation.

But we've begun to see a very different trajectory toward innova
tion-not a single line but rather multiple lines of research, often in very
different fields, that suddenly and often unexpectedly converge to create
breakthroughs. The big R&D leaps of the future, many analysts agree,
will come not from incremental advances but from the fusion of very
different technologies to create wholly new innovations.

In the 1960s and 1970s, for instance, NASA developed advanced
imaging technologies for the space program. Now petroleum geologists
are using the same techniques to locate oil reserves underground. (The
data they supply has helped our industry better estimate oil and gas
reserves and plan long-term energy strategy.)

The electric power industry has benefited from technology fusion
in other ways. In the 1970s, the aerospace industry developed new tur
bine technologies for jet engines that took advantage of insights into both
engineering design and new materials technology. General Electric took
up the result and developed advanced combustion turbines which today
offer tremendous environmental and cost benefits as a means of gener
ating electricity.

More recently, the convergence of advances in computer systems
and telecommunications has led to something few of us envisioned 10
years ago: the Internet, a truly global communications network that is
creating linkages that are only just beginning to reveal the range of pos-
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sible applications. Some companies now base their entire business strat
egy on the Internet, which is revolutionizing not only communications
but information and product distribution in many industries.

Technology fusion is, by its nature, collaborative. The challenge is
to have people with the breadth of training and expertise to serve as a
bridge for collaboration, to recognize the promise of new advances in a
wide range of fields , and to explore ways to apply them in very different
kinds of applications. Beyond that, we need an overarching structure for
R&D that allows key players to exchange information and insights and
to synthesize very different perspectives, ideas, ways of doing things
that are much more powerful than anyone company can come up with.

The Need for Targeted Technology Scanning Capability
The accelerating pace of scientific and technical development is

challenging. Advances occur fast-often in fields of study outside an
industry's focus, increasing the need for experts to bridge diverse disci
plines and identify, via technology scanning, important developments
that can be imported. In fields as diverse as biology, software design, ma
terials science, and chemistry, new knowledge is gathered so rapidly that
many industries scramble to create in-house technology scanning capa
bility: a way to quickly identify promising developments.

To anticipate longer-term advances, the electric power industry
supports a program of strategic R&D. Part of that effort is what we call
"future watch"-providing utilities with current information on future
technical, business, and social trends that could affect the use of electric
ity and the structure of the Ll.S, utility industry in the future . Also , we 're
conducting and monitoring exploratory research in emerging areas of
science and technology that could radically alter the course of the elec
tricity enterprise-including high-temperature superconducting wires
and the application of neural network and fuzz y logic approaches to
advanced control systems to generation and deliver electricity.

At the same time, to take stock of nearer-term development with
immediate practical applications, EPRI produces technical assessment
guides that integrate the Institute's experience and expertise in multiple
scientific and technical disciplines to provide members with a single
source assessment of key new technologies, including current and
emerging generating and storage technologies, as well as distributed
generating options such as solar, small combustion engines, and fuel
cells. These assessment guides are now being offered in formats that can
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provide customized cost and performance information based on specific
individual operating conditions.

SCIENCE AND TECHNOLOGY
ARE NOW GLOBAL ENTERPRISES

The Blurring of Industry Lines
Driven in part by technology fusion, the past decade has seen an

other trend: the blurring of industry lines . Not long ago, the telecommu
nications, computer, and electric power industries seemed distinct enter
prises; today they're starting to merge in ways only beginning to be
understood. For instance, EPRI recently entered into a joint development
agreement with the Oracle Corporation, an information management
leader, to develop a networked computer that will use the Internet to
allow utilities to provide a wide array of new energy services, such as
home automation, real-time pricing, and appliance monitoring capabili
ties. That initiative brings together experts in software design, informa
tion and telecommunications systems, manufacturers, and marketing in
a completely new mix.

Similar examples abound. At first glance, an Institute devoted to
energy R&D might seem to have little connection to the field of medical
care. But in fact, EPRI has pioneered the development of innovative
microwave technology that offers a more efficient and effective way to
decontaminate medical waste. We recently began testing an ultraviolet
device installed in air filtration systems that can dramatically slow the
spread of tuberculosis. To recognize the potential of such integrated
systems, we need researchers and program managers who can see be
yond the narrow confines of a single discipline.

The Rise of Global R&D
Just as the borders between industries have begun to fall, so too the

geographic boundaries for both research and competition are falling as
advances in telecommunications put every part of the globe in touch
with every other part. To stay abreast of developments in rapidly evolv
ing fields, US experts must now collaborate with scientists in many other
nations. As a result, networks of international affiliations are springing
up to hasten progress in many fields. EPRI, for instance, recently signed
a ground-breaking agreement with the Polish Power Grid Company to
work together. The agreement will help Poland create an advanced
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transmission and distribution system efficiently and cost-effectively. And
because the agreement specifically involves technical institutes and uni
versities throughout Poland, it enables our researchers and utilities to
expand their network of expertise.

The same trend is around the world. In Europe, for example, there 's
Eureka, a collaborative R&D program aimed to create strategic collabo
rative partnerships among its 24 member nations. In France, the National
Center for Telecommunications Studies (CNET), the research arm of
state-owned France Telecom, has been forging international alliances
with other telecommunications research centers, including Italy's Center
of Studies in Telecommunications Research (CSELT), Japan 's IT Labs,
and British Telecom Labs. Canada has created the National Research
Council's Industrial Research Assistance Program, which promotes col
laboration between small manufacturers and scientific and engineering
expertise in government labs, universities, and research centers.

The rise of international networks and affiliations adds yet another
level of complexity to the work we do. As we're learning at EPRI, the rise
of global R&D initiatives has created new demand for professional gen
eralists in fields such as international law , public policy, intellectual
property rights, and business.

TH E NATORE OF COMPETITION AND
COLLABORA TIVE R&D IS CHANGING

Need to Justify R&D at the Bottom Line
The 20th century has seen unprecedented technological and scien

tific progress. We live longer, healthier, more productive lives than ever
before. So it seems ironic that, over the past decade, as competitive pres
sures have intensified, both government and ind ustry have reevaluated
their commitment to R&D. Overall spending on basic research slowed
dramatically in the 1990s. According to recent figures from the National
Science Foundation and the Brookings Institution, industry spending on
research and development has fallen significantly over the past decade.
Competitive pressures have sharpened the focus on near-term results
with identifiable bottom-line benefits. And, the commitment to basic re
search, which is risky and expensive by nature, has eroded significantly.

The same trend is altering the landscape of government-funded
research. As recently as 15 years ago, it was accepted that manufacturers
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would conc entrate on research that was 1 to 5 years out. Most collabo
rative R&D organizations focused on projects with a horizon of 5 to 10
years. And the federal gov ernment took over responsibility for funding
the longer-t erm work, the really exploratory, high-risk research.

That's rapidly changing. The federal government, under tremen
dous pressure to cut costs , is substantially downsizing its commitment to
R&D. The American Acad emy for the Ad vancement of Science recently
called these " the most significant across-the-board funding cuts to the
research and development enterprise in the post-World War era ." Even
in ind us tries that remain committed to R&D, there is a growing empha
sis on the bottom line.

What will that mean for the R&D enterprise of the future? Intensi
fying competition means scientists and technologists will have to work
more closely than ever with business planners. In that role , we must
argue persuasivel y the benefits of what we do, and ensure that basic
research find s its fullest value in practical applications. For that, we will
need both spec ialists and generalists who can work closel y with business
strateg ists. Just as importantly, we will need leaders in business who
have adequate grounding in the sciences to understand the potential
benefit s of basic R&D.

Change in R&D
At the same time, the structure of R&D must remain responsive to

the changes in industr y. In the electric power industry, we're seeing the
eme rgence of dual-track programs that expl icitly combine short-term so
lutions with longer-term R&D-a trend reflected in other industries, as
well. Over the past decade, for instance, we've supported an aggressive
program to create a new generation of solid-state electronic controllers to
replace the mechanical switches that have traditionally been used to
control the flow of electric power over the nation's complex grid. The
resulting system, which we call a flexible AC Transmission system, or
FACTS, ha s required a long-term vision and commitment. But at that
same time, we've targeted near-term development programs that have
yielde d advanced equipment that has already been rapidly deployed to
prove the benefits of FACTS and maintain support for longer-term re
search. Such dual-track programs are likely to become more central to
R&D in an increasingly competitive environment.

In order to fund neces sary research and development, many com
panies and R&D labs are forging new alliances with manufacturers, gov-
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ernment agencies, env ironmental gro ups and others. Such alliances have
already brought together unl ikely partners. Fierce compe titors ha ve
joined in targeted collaborative ventures in the race to de velop flat panel
dis plays to replace conventional cathode ray television screens and com
puter monitors , for instance. In the intensely compe titive field of con
sume r ph otographic products, a handful of major companies, all head
to-head competitors-Kodak, Fuji, Nikon, Canon and Minolta-agreed
several years ago to an unprecedented collaboration . The goa l wa s to
develop a brand new generation of ph otographic systems based on ad
vanced film and camera concepts that would jump start fresh growth in
the industry.

We've seen the same unprecedented alliances in the electric po wer
industr y. Perhaps the most striking are those that have brought ut ilities
together with public interest environmental groups to find solu tions to
specific env ironmental issues. In one example, researchers, biologists, ad
vocacy groups, and the ut ility industry joined forces to examine whether
power lines and lights threatened shore birds on the Ha wa iian island of
Kauai and to draft speci fic solutions that would protect these birds. In an
even broader collaborative effort, seve ral US utilities, along with the Na
ture Conser vanc y and a non governmental organization in Belize called
Pro gramme for Belize, have form ed the Rio Bravo project. The goal is to
volun tarily offset some of the ut ilities' em ission s of carbon di oxide by
conservin g and managing a 120,OOO-acre tropical forest in Brazil.

Again, such all iances demand individuals with a broad rang e of
expe rience and the ability to br idge both technological and pol icy areas,
as well as scien tifically trained generalists able to comm unicate the is
sues to the general public.

Miniconsortia Address the Need for Rapid Solutions
Traditionally, collaborative R&D efforts have been formed to ad

dress challenges larger than single pla yers alone can manage. The y ha ve
typically focused on long-term problems. But a new kind of collaboration
is emerging, driven by the accelerating pace of technological change and
the need for quick responses to urgent problems. These so-called mini
consortia are brought together to resolve a specific, narrowly delineated
issue . The y ma y exist for no more than a year or two and then d isband.

Man y miniconsortia are being established within the framework of
larger R&D inst itutions, using the model of small entrepreneurial groups
working within larger corporations. EPRI, for ins tance, has mo ved to-
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ward a program that combines a broad portfolio of shared research with
initiatives tailored to the needs of a small group of members-or in some
cases, even a single member. The new model that's emerging can be
represented by a pyramid. The base constitutes the research that all
parties fund and whose results are shared by all. At the top are the
narrowing layers that represent varying degrees of customized research
and development.

The same layering is emerging at many other consortia. There's the
traditional broad collaborative effort, in which many members fund a
particular area and share in the results. Then there are arrangements in
which members fund an area jointly and individual members follow-up
with research of their own to shape the results to their specific needs.

The new model directly addresses the need for both competitive
and collaborative R&D. But it also creates new levels of complexity in
managing and carrying out research. The rise of miniconsortia has cre
ated new demand for individuals who can assemble a diverse team,
establish a carefully defined agenda, and manage highly technical work
in a short period of time . The skills required include not only technical
know-how but management capabilities such as team-building, strategic
planning, and technology transfer. And because these alliances must
move quickly or be left behind, they demand experts already up-to
speed in several related disciplines who can integrate the efforts of this
new form of consortia.

CONCLUSION

Intensifying competition has sparked a debate over the future of
collaborative R&D. The question is simple. Do competitors have any
reason to collaborate? The answer that is emerging is yes. Even in highly
competitive marketplaces, the evidence shows, there are many examples
of productive collaboration. Why? What we're learning is that targeted
collaboration designed to advance an entire industry or open up whole
new markets benefit all the players. So in the end, intensifying compe
tition is likely to build support for collaborative R&D. And that, in turn,
will increase the demand for scientific generalists-individuals with a
strong grounding in science and a range of knowledge that allows them
to work in a variety of fields.
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Developing A Long-Term
Learning Strategy for Industry
Chllck Miles
John son Controls

In today's radically changing world, we are often asked to do more,
faster, with less resources. The rapid change prevalent today, driven by
the world around us, affects the competitiveness of our organization and
causes us to look for new ways to perform our duties within that orga-


