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. Overview of HTS Power
Cable Projects in the United
States

L. The SuperGrid: An Energy
Vision for the World of 2050

The idea of using superconductors for the
transmission of electric power dates back to
the period immediately following their
discovery in 1911 by Kammerlingh Onnes and
his coworkers. In those days, of course, the
extremely poor critical state parameters -
current and magnetic field — precluded any
possibility of such application, their very low
transition  temperatures  notwithstanding.
During the decade of the 1950s, development
of the so-called “type II” materials matured
eventually enabling their application to high
field electromagnets universally found today in
medical and particle collider instrumentation.
By the 1960s, these events also renewed
hopes of using superconductors for power
cable uses, with several theoretical papers on
the subject appearing in a number of
engineering and physics journals.

in the late 1970s, two United States
National Laboratories undertook
demonstration projects probing the technical
advanced

and economic feasibility of

superconducting wire to power cables.  One,

at the Brookhaven National Laboratory,
actually resulted in a technically successful
cable carrying 1000 MVA of electrical power.
Nonetheless, these achievements did not
superconducting

mature into commercial

cables, primarily because of economic and
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social factors that had evolved by that
time...successful conservation efforts had
lowered expected electricity load growth such
that, ‘ironically, the incremental efficiencies
offered by superconductivity were no longer
required at the cost involved...an important
lesson in that the successful deployment of a
technology often rests on factors unforeseen
and outside its internal development.

The years from 1986 to the present
witnessed the discovery of the copper oxide
perovskite high temperature superconductors
and their coming-of-age in practical wire form,
engendering initially two, and now four, cable
demonstration projects sponsored by the US
Department of Energy underway in America.
We will describe the current status of these
projects and their relevance to those under
consideration and in existence by the People’s
Republic of China. Finally, we will present a
vision of a future energy economy, based on a
symbiosis of nuclear, hydrogen and
superconducting technologies for a planet free
of carbon emissions and least invasive of the
environment and ecology, which we believe
deserves careful consideration by the Chinese
people as their nation reaches toward
complete industrialization by the mid-21st

Century.

Vita

Dr. Paul M. Grant
Science Fellow

Senior Technical leader

Strategic Science and Technology
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Installation and Trial Operation of
35kV/ 121MVA, HTS ac Power Cable

The China's first HTS power cable system,
3 phases of 33.5m, 35kV/121MVA, warm
dielectric cables with terminations and
cryogenic facilities was installed in the China
Soufhem Power Grid at Puji substation of
Kunming, Yunan province in March, 2004,
Live-grid trial operation was started on April 19,
2004. This substation distributes electricity to
4  industrial customers (including 2
metallurgical refineries) and a residential
population of about 100,000.

in this talk, we will introduce the project
information, the detailed final design
parameters of the system, and the installation
highlight. Experimental data on ac current
carrying characteristic of short cable models
are presented and- discussed. Various results
from the 33.5 m system field tests and ftrial
operation will be reported.

Vita

Dr. Ying Xin, General Manager, received
a B.S. from Tianjin University in 1983, and a
PhD from University of Arkansas in 1991. He
has been working extensively on HTS material
and applications for 15 years, during which he
was for 8 years a senior researcher and lead
scientist at the Midwest Superconductivity Inc.,
Lawrence, Kansas, USA. He holds six US
patents in superconductor material and
applications and has an impressive publication
record. Dr. Xin assumed his present position

at Innopower in 2001
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R&D of 22.9kV/50MVA HTS
Transmission Cable in KOREA

The underground power transmission
systems have to be expanded according to the
increasing power demand in Korea, but it is
almost impossible to construct new cable
additional
underground transmission lines in Seoul. HTS
power transmission is one of the most feasible
solutions for solving the power system

tunnels and ducts to install

problems. HTS power transmission cables
appear to be the replacement and retrofitting
of underground cable in Seoul areas.

The 30m long, 3 phase 22.9kV class HTS
power transmission cabI‘e system have been
constructed by Korea Electrotechnology
Research Institute (KERI) and LG cable Co.
Ltd. that is one of the DAPAS program of 21st
century frontier project in Korea. DAPAS
program (Dream of Advanced Power system
by Applied Superconductivity technologies) is
the name of the Applied Superconductivity
Technology R&D program, which has been
selected as one of the 21st Century Frontier
R&D Program sponsored by Korea Ministry of
Science and Technology (MOST).

The HTS cable consists of Ag/Bi-2223
tapes, high voltage insulation paper which is
impregnated by LN2. The cables are rated at
22.9kV, 50MVA, and 60Hz and are cooled
with pressured liquid nitrogen at temperature
from 70 — 80K. The 30m 3-phase cable system
is evaluating for system performance and
long-term test.

Jeorewook Cho 10409810 am
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Vita

Jeonwook Cho earned his B.S. and the
M.S. degrees in Electricél Engineering from
1983 and 1985
respectively and the Ph.D. degree in Electrical

Hanyang University in
and Electronic Engineering from Yonsei
University specializing in the superconducting
power cables in 2001. Since 1990 he has
been a researcher in the Korea
Electrotechnology Research Institute (KERI).
He is involved With the development of power
cables of high temperature superconductors
and the superconducting energy storage
system(SMES) at KERI. He is the project
manager for the HTS power transmission

cable project in KERI.
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Applied superconductivity in China

Recently, the applications of
superconductivity are increasing significantly
in China. At the same time, energy shortage
appears to be a serious challenge to the
sustainable development. In this talk, we will
review the progress of HTS power application
in China and discuss the impact of HTS on the
electrical industry. The potential of HTS power
applications in China is great and international
the HTS

collaborations can promote

applications.
Vita

Prof. Zhenghe Han, Graduated from
Physics Dept. of Tsinghua University in 1982,
and received -his Ph.d degree from
Copenhagen University in 1996.He studied
and worked extensively in HTS research in
Europe from 1986 to 2000.Now he is the
derector of Tsinghua University’'s Applied
Superconductivity Research Center(ASRC).
Board of
Superconductor. Technology Co.,

Innova
Ltd and

Innopower Superconductor Cable Co.,Ltd.

Chairman of the
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HTS Transmission Network will be the
Key of 21st Century's Power Grid.

3 HTS Cable
Yokosuka (Japan), Copenhagen (Denmark)
and Carroliton (US)
After
milestones, the HTS Cable development has
been entered to the 2nd stage. Also, HTS
cable Projects are on-going in Korea and

Demonstrations in
were, successfully

implemented. these successful

China. 3 Bi-based Cable projects, which are in
the real network, have started in US under
international collaborations. Big Innovation of
Bi-based wire has been achieved. Ic,

Mechanical Properties, Anti-Ballooning
Properties and Yield of Bi-Based wires are
simultaneously  improved greatly. The
innovation of the Bi-based wire is the turning
point for the HTS application to the real
application for it's user-friendly characteristics.
HTS Cables

Capacity and Low Loss are Environmentally

with Large Transmission

Friendly, hence Indispensable for 21st
Century's Power Grid and the innovated

Bi-based wire is leading the HTS cable!
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Vita

Mr.Hata
Engineering, Faculty of Engineering of Tokyo
University and graduated in 1970. He joined
Sumitomo Electric Industries, Ltd in a same
year and started his carrier as a Production
Engineer of Underground Electric Power

majored in Electronics

Transmission Cables, out of which his efforts
focused on Oil-Filled Self-Contained Power
Cables. After that he transferred to Power
Cable Division thereafter to R&D Group. He
developed Polypropylene Laminated Paper
(PPLP) as a new high performance insulation
material, PPLP insulated AC 800kV OF cable,
Optical-fiber incorporated submarine cable,
PPLP insulated AC OF cable installed along
bridges, PPLP insulated 500kV DC submarine
HTS cable system, Gas-insulated
Transmission Line and sc on.

cable,

His major experience in Sumitomo
Electric is following:

1992: General Manager, Power Engineering
Department, Power Cable Division

1998: General Power System
Technology R&D Laboratories

2001: Senior General Manager, R&D Group

Automotive

Manager,

and General Manager,
Technology R&D Laboratories
2003: Executive Officer and Senior Vice

General Manager, R&D Group
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Max. Length of HTS Cables in the
Future

HTS power cable are a novel technology
for the future electric cable industry. There are
a lot of new projects planned and running in
the world. The max. length will be realized in
the next future in the LIPA project with a cable
length of 600 m.

There are different reasons for a limitation
of the cable length:

1. Physical limitations:

o Pressure drop, AC and heat loss
reduce the max. length to a
cooling station.

e The necessary good insulation
vacuum limits' the max. length of
the vacuum space.

2. Shipping limitations:
o The

reduce the max. cable length to a

requirement of transport
cable connection.
3. Maintenance and repair problems:
¢ Maintenance and repair

possibiliies reduce the max.
length of the vacuum space.

The technique for the manufacturing of

long length cryogenic envelopes up to 2000 m

length will be presented.

Vita

Dr. Klaus Schippil

Nexans Deutschland Industries, 30179

Hannover, Germany
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Research status of the manufacturing
technology and application properties
of HTS wires at InnoST

As the first
commercial manufacture of HTS wires in

company engaged in

China, InnoST has devoted great efforts to
improving the electrical performances and
application properties of its HTS wire products.
Based on huge amount of fundamental
research work, the short sample can achieve
=110 A and Jc =12 kA/cm2. Under strict
quality control, InnoST's HTS wires can be
manufactured reproducibly with length up to
tkm, Il over 90A and Je over 9 kA/cm2
Meanwhile, to demonstrate technical feasibility
and reliability of HTS power apparatus,
diversified wire-design has been carried out,
including reducing AC losses and thermal
conductivity, increasing insulation properties
and so on. On the other hand, in order to
further reduce the manufacturing cost, InnoST
also intensified its effort in R&D to realize
commercial manufacture 6f superconducting

precursor powder.

-10-
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Vita

Dr. Qing Liu, Director and General
Manager of [nnoST.Graduated with a
Bachelor of Science degree in Engineering at
the Department of Metallurgy and Materiat,
Chongging University, China in 1984. In
1987 and 1991, Dr. Liu obtained his Masters
and Doctor degree respectively, in
Engineering at the Depariment of Metal
Material and Techniques, Harbin Institute of
Technology in China, whilst at the same time
working as Assistant Lecturer at the faculty.
In 1991, Dr. Liu conducted his post-doctoral
research at the University of Science and
Technology of Beijing, and was promoted to
Associate Professor in the following year. Dr.
Liu  further pursued his advanced
technological research and development in
Denmark and in 1993, he acted as a Visiting
Researcher and Senior Researcher at the
Material Research Department of Risg
National Laboratory in Denmark for about six
years in respect of industrial materials
processing and related research. Dr. Liu
returned to China in 1999 and served as a
Professor and Tutor of doctoral students at the
Department of Material Science and
Engineering of Tsinghua University in China
since then. During the period from 1998 to
2000, Dr. Liu also acted as the chief
representative in China for the
Denmark-headquartered HKL Technology
Company and was responsible for promoting
the company’s products. In March 2001, Dr.
Liu widened his business exposure by
attending the Executive MBA Program held by
Guanghua School of Management Peking
University.

Dr. Liu joined InnoST since 2000 as
Director and General Manager. He is
responsible for coordinating and monitoring
the Company’s production, overall operations,
as well as the Company ' s strategic
development and investment planning.

-11-
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Development of a three phase
10.5kV/1.5kA HTS power cable

A 10-m long, 3-phase, 10.5 kV/1.5 kA
HTS power cable has been built and tested.
The warm dielectric technology is chosen by
using different winding schemes. The critical
current of the cable is more than 2800 A and
the total joint resistance of the conductor is
less than 0.12 uQ at 74 K. The AC loss
measurements showed the losses is less than
0.85 W/m at 74 K and 1.5 kAms/ 50 Hz. The
cable was operated continuously many times,
the results show that it is stable and reliable at
rating current for more than 5 hours. Finally,
the progress in 75-m, 3-phase 10.5 kV/1.5 kA
HTS power cable system was presented.

-12-
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Vita

Yinshun Wang, male, obtained Ph.D in

Applied Superconductivity Laboratory,
Institute of Electrical Engineering, Chinese
Then he did

postdoctoral research in MAYO and MIT from

Academy of Sciences 1998.

1998-2000, majoring in Micro-CT correction
and HTS flux pump of next generation NMR
high field magnet respectively. Since mid of
1995, he has being engaged in DC
characteristics of HTS such as anisotropy,
mechanical property (tension and bending),
homogeneity, heat cycling, AC losses of HTS,
contact-free methods for critical current and n
value. On the other hand, he did research on
stability of AC HTS magnet,
technology, jointing, wrapping insulation , high

winding

voltage insulation in low temperature etc. At
present, he is responsible for the "863"
three-phases 1.5kV/1.5kA HTS power cable
and take part in “973" applied basic research
of HTS
published about 30 papers and applied 5

item. During recent years, he

patents in HTS application field.
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The development of Superconducting
Fault Current Limiter at ABB

ABB, the world Ileader in Power
Technologies, is actively pursuing the High
Temperature Superconductor (HTS)

technology for power applications since its
discovery in 1986. Presently, the focus is on
the development of a SuperConducting Fault
Current Limiter (SCFCL).

SCFCL represents an ideal fault current
limiter, i.e. in normal operation the SCFCL is in
its superconducting state and has negligible
impedance. In the event of a fault, the
transition into the normal conducting state
limits the current very fast and in a passive
way. SCFCL can enable novel design of
electric grids, and bring added value to
existing grids. )

The SCFCL component is a composite
structure consisting of layers of bulk Bi-2212
ceramic, resistive metallic electrical bypass
and fibre reinforced composite. The
employment of a robust bypa"'”ss facilitates a
uniform quench in the SCFCL component
during a fault event. Depending on the level of
prospective fault current, a fault current is
typically reduced to areund 10 times nominal
current in the first current peak and further to
2-5 times after 50 ms into the fault.

In a case study carried with German Utility,
RWE it was shown that a SCFCL can provide
an ideal solution for grid-coupling.

In 1996, ABB installed the world first

SCFCL demonstrator in a Swiss hydropower

Makan Chen 4:40-5:10 prn
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plant, representing the first HTS power
2000, ABB
successfully developed and tested a single
phase 6.4 MVA SCFCL demonstrator, based
on a novel conductor geometry design and
Bi-2212
technology. Since then, the technology was
further
endurance testing was performed.

of the 6.4 MVA
demonstrator, together with the application
prospects of such Bi-2212 based SCFCL will

be presented and discussed.

installation  worldwide. In

innovative ceramic  fabrication

improved and performance and

The development

Vita

Makan Chen received his B.Eng. from
Harbin Institute of Technology, China in 1984
and studied at University of Sheffield, UK
where he received his Ph. D. in Materials
Science in 1990. He was a Research Fellow at
University of Cambridge, UK until 1995.
He joined ABB Corporate Research in
Switzerland in 1995 to work on power
"High
Superconductors” in
Electro-Technologies. In 1999 he became the
project leader for “Superconducting Fault
Current Limiter” where he led the development

applications of Temperature

department of

of a world leading technology on HTS at ABB.
In 2004 he joined the ABB Business Area
“Semiconductors” as  Senior  Process
Engineer.

He is the co-author of more than 50
publications and more than 20 patents in the
area of materials engineering, development of
HTS fault

applications of HTS.

current limiters and power

Makan Chen 4:40-5:10 pm
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Development of Ho-123 Coated

Conductors by PLD Method

We have developed Ho-123 thin films by
using pulsed laser deposition (PLD) method.
Ho-123 shows high Jc up to SMA/cm? in the
case deposited on single crystal substrates
such as sapphire and LAO. In this work, based
Ho-123 coated

conductors have been developed on flexible

on our PLD technique,
metal tape substrates. Oxide buffer layers
such as YSZ and CeO:2 have been deposited
by PLD method on textured Ni-alloy tapes.
Buffer
combinations of 1st and 2 buffer layers were

layer  structure  with  several
studied. Fine (001) oriented epitaxial growth of
FWHM=9~10 ° was

homo-epitaxial buffer layers consist of CeO:

achieved for the

and YSZ. Surface roughness was several nm
and the surface was almost flat with few
Ho-123

particles. film . deposition was

conducted on the buffer layers by PLD method.

Sample less than'0.2 pum in thickness showed
Je (77 K, 0T) over 2 MA/cm2, Sample with 1.4
Hm in thickness showed Jc (77 K, self field)
over 1MA/crv. In this sample, Ic was
153A-cmv, X-fay (103) pole figure of Ho-123
shows in-plane texture of approximately 9°.
This demonstrated fine epitaxial Ho-123
growth on YSZ / CeO2 / textured Ni-alloy tape.
SEM photograph of Ho-123 layer revealed
relatively smooth film morphology with some
particles. Furthermore, Jc-B characteristics at
4.2 K under the high magnetic field up to 30 T
were evaluated. Ic (4.2 K, 30 T) was 220A-cm»
when the external magnetic field was applied

parallel to the tape surface.
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