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I Acknowledgment and thanks

Director General Yanagisawa and your associates, thank you for creating this opportunity
that enables us to inform each other of our national programs and to discuss them.

By sharing our views and news we hasten the day when High Temperature
Superconductors will bring practical benefits to the citizens of our countries and we
reduce their development costs.

This view sharing began in Tokyo, in 1988, when NEDO graciously convened a meeting
on High Temperature Superconductivity in the Electric Power Sector, under the auspices
of the International Energy Agency (IEA).

At that time, Mr. Kenneth Klein represented the US. Since Mr. Klein’s retirement almost
ten years ago, Mr. James F. Daley has led the Department of Energy’s program.

Mr. Daley regrets that he cannot attend this meeting; he asked me to convey his best
wishes for a successful meeting and the continued sharing of views.

I look forward to telling Mr. Daley about the meeting when I return to the US.

II Scope

You have asked me to speak about the Development Strategy in DOE and present R&D
status of superconducting technologies in the Electric Power Sector in USA

Many other topics touch the topic about which you have asked me to speak.

11.a Identifying what is outside the scope of this talk

To avoid misunderstanding, I will identify a few of these related topics, before talking
about the topic on which you have asked me to dwell.

Scientific research employs magnets for many purposes. LTS magnetsme used for high
energy experimental physics, nuclear magnetic resonance and materials characterization.
The development of LTS magnets is fimded only for basic research by DOE.
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Throughout the world, hospitals and medical clinics use Magnetic Resonance Imaging.
The MRI magnets are wound with Nb-Ti, a material that is superconducting below 4.2
K, the temperature at which He liquefies. In recent years, consideration was given to
using Nl@n which is superconducting at temperatures near 10 K. This was considered
because advances in refrigeration technology made it appear that operation at the higher
temperature might improve reliability and save money. However, I am not aware of any
US maker who has chosen to bring IW@n MRI magnets to production. The DOE did
not find any of this work.

Medical researchers and others have devised sensors incorporating SQUIDS. During the
past ten years, some in the US have made SQUIDS from ceramic superconductors. That
effort was not funded by the USDOE.

In past years, the possibility of using superconductors in computers was considered by
IBM, but no such device was made for sale. I am not aware of any US plans to revive
such a project. The USDOE does not fund research on that topic.

Telecommunications rely on electronics. Indeed, some US firms are developing
components (e.g., filters) made from ceramic superconductors. The USDOD has funded
some work related to telecommunications. The USDOE did not fund any of this work.

Because of their tangential relation to the electric power sector and because of the
absence of DOE involvement, I will not speak I%rtherabout the topics just mentioned.

DOE does fund research that concerns the basic science of various kinds of
superconductors. This has no foreseeable consequence for the power sector and so this
research will not described here.

11.b Introducing what is inside the scope

I would like to begin my description of US activity to commercialize superconductivity
for the power sector by clari~ing the scope of that description

a) the status of superconducting technology

b) power sector includes electric utilities and their customers. Among these customers
are many for whom the availability, quantity, quality and price of electricity is important
to their businesses. For them, recent developments may offer new products.

c) the role of the US DOE

d) the role played by DOD which supported only two projects that bear upon application
to the electric power sector.

III The Status of LTS Technology in the Power Sector

Several firms offer superconducting devices for sale to the power sector. These
devices are microSMES and mini SMES and magnetic separators.
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Power Quality

Some US businesses are concerned about the quality of the power that is available
from the grid. These firms are often in heavy industry and manufacturing. The quality of
power means: reliable availability, voltage level, constancy of voltage level, harmonic
content and avoidance of interruption. Firms engaged in telecommunications place great
value in reliability.

Two features of today’s means of production underlie this commercial concern.
One feature is the increasing reliance on, or one might better say almost all-pervading use
of, computers and their vulnerability to poor quality power. These computers are used to
monitor and control industrial processes, as well as to assist in record keeping,
accounting and word processing. The second factor is the increasing use of continuous
production processes and lean inventory. A malfunction in one operation can halt
production everywhere.

Two firms have responded to the wish for enhanced power quality by developing
microSMSE. This device stores a small amount of energy, but can make it available very
quickly. This device can compensate for brief irregularities in the grid’s power. The
device uses LTS superconductor in a coil which stores the energy. Ceramic
superconductor is used in some models to convey the input and output current from 77K
to 4.2K where the Nb-Ti coil operates. One firm was formerly known as
Superconductivity Inc.; it is now a wholly owned subsidiary of American Superconductor
Corp. This firm has been developing rnicroSMES for many years and now offers
products for sale. The second firm is InterMagnetics General. It has recently delivered a
prototype microSMES to a US Air Force Base for testing by the Air Force.

Government purchase of a prototype has often been the practice of USDOD,
when fostering other technologies. That practice has not been part of USDOES program.
Government purchase reduces the risk to the firm developing the product. Government
testing reduces the risk to the early customers. USDOD would itself be a potential
customer of devices to improve power quality because USDOD uses many computers.
Further, USDOD strongly prefers to purchase products that are supplied by more than
firm. (Some large corporations US corporations also prefer this.) Thus it is not
surprising that USDOD purchased and tested microSMES for power quality.

Transmission Support

Today no US firm offers a SMES for transmission stabilization. However, BWX
plans to construct and demonstrate such a device made from Nb-Ti. It will store 100
MWsec and discharge this energy at the rate of 96 MW. The electrical interface between
the storage and the transmission line (perhaps 24 kV) is the subject of particular attention
because it is first of a kind. The estimated cost of the project is $30 million (3.9 billion*
and 24 million ECU) or more. The project is scheduled for completion in 2001. The
Defense Advanced Projects Agency (DARPA) is sharing the cost of this project by
paying $16 million of the $30 million or more total. This project is not part of a
sustained DARPA program on superconductivity for the power sector.

MiniSMES

Bechtel and Siemens are collaborating to offer a LTS SMES (100 MW, 20MWH)
that can be transported. No price range or customers have been announced. This project
is not supported by the US government. The project may draw on experience that
Bechtel gained by proposing to build the Experimental Test Module which was to prove
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the feasibility of a full-scle SMES. The Experimental Test Module was not funded by the
US government and was not built.

Magnetic Separators

Some industrial firms separate magnetic material from non-magnetic material.
The separation is done by an electro-magnet. Eriez Magnetics, a family owned business,
has constructed and sold several separators, using Nb-Ti magnets, to the paper industry
that wishes to remove impurities from the clay that is used to whiten paper. These
projects have not been funded by the US government.

Each of the projects, just mentioned, uses LTS for applications in the power sector. None
of them was funded by USDOE.

IV. Ceramic Superconductors

Unlike the situation for LTS, there are no commercial products for the US power
sector that use ceramic superconductors. US activity is devoted to research, development
and demonstration (RD&D).

The USDOE has actively encouraged progress toward applications of ceramic
superconductors in the electric power sector. This encouragement has taken two forms.
USDOE funds research at its National Laboratories and USDOE cost-shares development
and demonstration projects with the private sector.

.

IV.A USDOE Philosophy

When it allocates its funds, US DOE/EERE is guided by a few general thoughts

1. Fund only projects that bear upon ceramic superconductors.

2. Reduce ultimate time to market, by finding both the development of conductor and the
development of devices.

3. Integrate the entrepreneurial drive of the private sector and the love of research by
university and National Lab Staff in the program and its projects.

4. Be willing to fund competing designs for the same device or technology

5.

6.

7.

8.

9.

Fund the development of a variety of devices.

Encourage vertically integrated teams to propose development projects.

Require 50% cost-sharing from the private sector participants in these projects.

Request proposals without specifying detailed system or device characteristics.

Fund National Labs to conduct research underlying technology and first-of-a-kind
system prototypes.
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While easy to state, some of these general thoughts maybe amplified for greater clarity.
I will do that now.

2. Reduce ultimate time to market, by funding both the development of conductor and the
development of devices.

USDOE recognizes that this is a high-risk approach because system development began
before underlying technologies were established that could support commercial
performance/cost requirements. The most important of these underlying technologies is
HTS wires/tapes. Cryogenic systems are also important.

3. Integrate the entrepreneurial drive of the private sector and the love of research by
university and National Lab Sta# in the program and its projects.

USDOE recognizes that many of the firms that wish to be in this business do not have
enough capital to duplicate advanced research facilities that exist within US National
Laboratories and universities. Nor are these small fms able to hire the relevant, scarce
research skills. Thus these firms are encouraged to search for relevant skills and facilities
in the National Laboratories. At the same National Laboratories are encouraged to
establish cooperative research projects with those firms who wish it.

5. Fund the development of a variety of devices.

USDOE finds projects to make cable, current controllers, magnetic separators, motors
and transformers. In each case the project was proposed by a vertically integrated team
and selected in an open national competition. The project team contributes 50% of the
cost and is responsible for meeting their proposed milestones, cost and schedule. It is
important to emphasize that cost-sharing refers to technical development. USDOE does
not fund commercialization/deployment activities; they must be fully supported by
private funds.

6. Encourage vertically integrated teams to propose developmentprojects.

The vertical integration of non-competing companies includes a user (typically an
electric power company), a system manufacturer, and an HTS wire supplier. When
helpful, a National Lab may also contribute its scientific expertise.

8. Request proposals without specifying detailed system or device characteristics.

Proposals were invited for systems or devices that provide efficiency and other
improvements to the generation, delivery and use of electricity. The proposers were
allowed to define a project that matched their commercialization interests.

9. Fund National Labs to conduct research underlying technology and j?rst-of-a-kind
system prototypes.

This funding is reviewed annually, after considering the comments of independent
reviewers who listen to each National Laboratory’s staff during a two day, public
meeting. At this time, most of the Labs’ effort is concentrated at Argonne, Los Alamos
and Oak Ridge. Important research is also being done at Brookhaven National
Laboratory, National Renewable Energy Laboratory and Sandia National Laboratories.
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IV.B. The Roleofthe National Laboratories

USDOE funds National Laboratories to conduct research. Research objectives
are often defined in collaboration with fiis in the private sector or with the vertically
integrated teams mentioned earlier. Competing firms can and do work with the same
Lab, though usually not with the same group. Lab funding levels are determined each
year, after the US Congress decides on the total funding of the program.

Most of the research done by the Labs has focussed on advancing the
performance of high amperage conductor (i.e., wire/tape). In recent years, the emphasis
of that research has shifted from making tape from the bismuth family of ceramic
superconductors to coating substrates with the rare earth family, primarily Y13aCu0.
However, research on both systems continues. This research is often done in
collaboration with ASC or IGC. Recently, 3M has taken an interest in coated conductor
and is considering its potential economic feasibility in collaboration with Stanford and
LANL.

IV.C. The Role of the Universities

Universities may perform research in collaboration with National Labs and firms.
Several have done so and continue to do so (e.g., MIT, Northwestern, Pittsburgh
University, Stanford University, University of Houston and University of Wisconsin).

V. Activity Now Underway

V.A. Conductor

As mentioned, efforts are underway to develop high amperage conductor. Now,
several organizations in Japan, Europe and the U.S. can fabricate kilometer lengths of
superconducting tape made from silver (or silver alloys) and the bismuth family of
ceramic superconductors. Such tape is made, in the US, by ASC and IGC who will wind
coils and offer them for sale or who will provide the tape to cable makers. The technical
performance of this tape is good enough to allow a variety of devices to be made from it.
And, these devices demonstrate the technical potential for future application.
Nonetheless research continues to search for ways to increase performance, in particular
to increase the amount of current that can flow through a fixed cross-section. Work also
continues on methods to reduce the cost of this tape.

More and more USDOE funded research is being devoted to an alternative to the
tape, just mentioned. This alternative is called coated conductor. It consists of a film of
YBaCuO that is deposited on a suitably prepared substrate. It is hoped that this
alternative will provide two advantages over bismuth tape: (1) improved performance in
magnetic fields and (2) reduced cost.” Recent progress in the US has increased the
uniformity and the current carrying ability of such tape in samples that are less than a
meter long. Continued funding is planned and further progress is expected.
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V.B. Devices

V.B.1 Current Controller (oneproject)

Lightening, earthquakes, fallen trees and fallen utility towers can each cause short
circuits that result in surges of current that can be one hundred times greater than normal.
These fault currents can be destructive. A device to limit them is now being tested. The
device can detect a surge and redirect it into an HTS coil where the current will not harm
the rest of the system. The device would be installed in utility T&D stations or at the
service entrance to a large customer. The user could control the amount of current that
would trigger the device.

This device is being developed by a team comprising: Lockheed Martin (Systems
Integrator), Southern California Edison (end-user), InterMagnetics General (wire
manufacturer) and Los Alamos National Lab (supporting research). EPRI and the
California Energy Commission are providing some funding. The total project cost is 7.4
million $ of which USDOE provides 50%.

The project’s goal is a 15 kV current controller. The project is scheduled for
completion in 1999

V.B.2 Cable (two projects)

Increased T&D capacity has often required new rights of way or the disruption of
city streets to dig new trenches in which to lay cable. Cable of the same size, but with
greater ability to carry current, would enable replacement of today’s cable by one with
more capacity. Now, 2,200 miles of US underground cable is nearing the end of its
service life.

Two different projects are underway.

As part of the frost project, a cable, with an ambient temperature dielectric, has
been built and tested. The project team comprises: EPRI (team leader), Pirelli (Systems
manufacturer), American Superconductor (wire manufacturer) and Los Alamos National
Lab (supporting research). The total project cost is 5.5 million $ of which USDOE
provides 22%.

This project’s two goal are: (a) the design of 100 meter, 115 kV, 3 phase cable
with 3-5 times the power density of a conventional cable of same cross-sectional area and
(b) the testing of an already built 50 m, 115 kV single phase cable.

Unlike the f~st project, the second project’s goal is to develop coaxial cable with a
cold dielectric. To date, a 1 meter, 500 Amp cable and a 1 meter 2,000 Amp cable have
been built. The project team comprises: Southwire (Systems manufacturer),
InterMagnetics General (wire manufacturer) and Oak Ridge National Lab (supporting
research). At the end of 1997, the total project cost is 1.45 million $ of which USDOE
provided 14%.

This project’s goal is to design, construct and test a prototype 30 meter, 3- phase,
1,250 Amp, 12.4 kV cable. The cable will be located at Southwire’s facility in New
Carrolton, Georgia.
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V.B.3 Motor (one project)

Increased efficiency and smaller footprint are always welcome by industry and
utilities, which often use motors to drive fans and pumps. Both would be available from
a successful motor with superconducting field coils. Large motors (i.e., over 775 kW)
convert 30% of all US electrical energy to shaft power. 70 % of those motors could be
replaced by motors with HTS field coils.

A 150 kW motor (which exceeded its design goal) was built and tested in 1996.
The project team comprises: Reliance Electric (Systems manufacturer), American
Superconductor (wire manufacturer), Centerior Energy (utility end user), Air Products
and Chemicals (industrial end user), EPRI (advisors) and Sandia National Lab
(supporting research). By the end of 2001, the total project cost will be 20.5 million $,
of which USDOE will provide 49%.

This project’s goal is to build and test a 775 kW motor by 1999 and a 3875 kW
motor by 2001.

V.B.4 Generator Coil (one project)

As with motors, generators with increased efficiency and smaller footprint are
attractive.

A generator coil, made from Bi-2223 tape was built and tested. The project team
comprised: General Electric (systems manufacturer), InterMagnetics General (wire
manufacturer), Niagara Mohawk Power Corp. (utility end user) and Argonne, Oak Ridge
and Los Alamos National Laboratories, as well as New York State Institute for
Superconductivity (supporting research). The total project cost was 4.2 million $, of
which USDOE contributed 78’ZO.

The project completed a preliminary design for a coil for a 100 MVA generator,
tested a prototype coil (down to 16 K ) and evaluated the technical and economic aspects
of using the available Bi-2223 tape. The project was successfully concluded.

V.B.5 Transformer (two projects)

The size, weight, and fire hazard presented by conventional, oil-cooled
transformers limit the places where they can be situated. A transformer that used
superconducting coils and nitrogen coolant would be smaller, lighter and safer than
conventional models.

One project is underway and another project is planned.

As part of the first project, 1 MVA prototype transformer has been built and
tested. Its operating temperature is well below 77K. The project team comprises:
Waukesha Electric (Transformer manufacturer), InterMagnetics General (wire
manufacturer), Rochester Gas & Electric (utility end-user) and Oak Ridge National
Laboratory & Rensselaer Polytechnic Institute (supporting research). The total p@@

cost at the end of 1996 was 1 million $, of which USDOE provided 4990.

This project’s goal is to build a prototype transformer in the 10-100 MVA class.
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A second project was recently announced. This project would build a 10 MVA
prototype transformer that operated at or near 77 K. This prototype will be installed on
EDF’s grid during the year 2000. The project’s team would include ABB (transformer
manufacturer), EDF (utility end-user) and American Superconductor (wire
manufacturer). The ultimate goal is a 30 MVA commercial transformer. This is a private
venture whose total project cost is reported to be 15 million $. USDOE is not funding
this project.

V.B.6 Magnetic Separator (three projects)

Magnetic separators can be used to extract magnetic solid impurities, process
ores, treat water, separate isotopes, and separate compounds to which “magnetic tags” are
attached. It would be desirable to build a separator that required less power than ones
that use conventional electromagnets.

Two projects have investigated the use of Bi-2223 coils in magnetic separators.
The third project also plans to use Bi-2223 coils.

The first project was completed in 1997. It established that Bi-2223 coils could
be used in high-gradient separator that performed at least as well as conventional
separators, while using less power. The project team comprised: Los Alarnos National
Lab (systems manufacturer.), American Superconductor (wire manufacturer), and Eriez
Magnetics (industrial end user). The total project cost was 122 thousand $ of which
USDOE provided 57%.

The second project is now underway. It too uses Bi-2223 coils. The project team
comprises DuPont (system manufacturer) and Sumitomo Electric (wire manufacturer).
The separator is scheduled for completion by the end of the year 2000. This is a private
project whose cost is not available. USDOE is not fimding it.

The third project will begin soon. This project will build a reciprocating magnetic
separator using Bi-2223 coils. Its first applications are expected to be puri@ing kaolin
clay. The project team includes: DuPont (project leader), Carbco (manufacturer of
separators), not yet chosen US wire maker, and the National High Field Magnet Lab
(research support). The total project cost is estimated to be 6.4 million $, of which
USDOE will provide 50%.

V.B.7 Flywheels (two projects)

The size, weight, fire hazard and maintenance required by Pb-acide batteries
prompt the search for alternatives. Also, the lack of suitable sites for additional pumped
hydro storage prompts the search for alternatives. Bearings made from permanent
magnets and bulk YBaCuO offer the possibility of reducing losses by a factor of 100
when compared with conventional magnetic bearings. The use of these bearings would
allow flywheels to store energy for 12 hours.

One project is underway and a second project will soon begin. Both projects aim
to make possible peak-shaving and load leveling.

The first project is several years old. In their joint work, Argonne National
Laboratory and Commonwealth Research Corp. have demonstrated features that indicate
that 90% efficiency over 24 hours could be obtained in a 7 kW, 20 kwh FESS using an
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Evershed bearing system, including superconducting betings. This project has been
completely funded by Commonwealth Research Corp.

The second project was recently announced. Beside energy storage, this project’s
purpose is to enable utilities to offer high quality power to their customers. A 10-kWh
flywheel energy storage system will be developed. The project team comprises: Boeing
Phantom Works (system manufacturer), Southern California Edison (utility end-user),
InterMagnetics General (bearing supplier), Praxair Corporation, Cryenco Inc.,
(cryogenics), Ashman Technologies, and Argonne National Laboratory (research
support). The project’s duration is to be 3 years and its fi.mding is reported to be 7.5
million $ of which USDOE will provide 50%.

VI Status and Future Directions

Several firms offer Low Temperature Superconducting (LTS) devices for sale to
the power sector. These devices are rnicroSMES, for power quality, and mini SMES and
magnetic separators, to date used for kaolin purification.

Many of today’s development projects suggest that engineering barriers can be
surmounted and that a new generation of devices that are compact and efficient could be
built using ceramic superconductors. However, these devices must compete with already
available technology. This competition includes capital cost, as well as operating cost.
US DOE is actively encouraging the interested community to conduct RD&D to reduce
the cost of conductor to approximately 10$ per kAmp meter (1,300X per kAmp meter).

Two paths to that goal are being taken by USDOE:
a) continued funding for projects that develop devices which use the bismuth family of
ceramic superconductors and
b) continued emphasis on investigating the use of ReBaCuO in coated conductor.

VII Conclusion

Thank you for this opportunity to present the Development Strategy in DOE and
the present R&D status of superconducting technologies in the Electric Power Sector in
the USA.
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