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Material

NbTI
Nb,SN
MgB,
Bi,..Pb,Sr,Ca,Cu,0, (y =8+ 10)
Bi,Sr,CaCu,0, (y = 8 + 10)
REBa,Cu,07,,
(RE: Y, or other rare earth elements)

NbTi Nb,Sn MgB,
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MgB,

Bi 2223 (1G)
Bi 2212
Y 123 (2G)

ReBCO123-2G

Picture: AMSC
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Jianyi Jiang, Hanping Miao, Yibing Huang, Seung Hong, Jeff A. Parrell, Christian Scheuerlein, Marco Di Michiel, Arup K. Ghosh, UIf P. Trociewitz,
Eric E. Hellstrom, and David C. Larbalestier

Reduction of Gas Bubbles and Improved Critical Current Density in Bi-2212 Round Wire by Swaging
IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 23, NO. 3, JUNE 2013 6400206
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Manufacturer Place/Country/Year Y Type Data HTS
Innopower Yunnan, CN, 2004 WD 35 kV, 2 kA, 33 m, 3-ph. Bi 2223
Sumitomo Albany, US, 2006 CD 34.5 kV, 800 A, 350 m, 3-ph. Bi 2223
Ultera Columbus, US, 2006 CD 13.2 kV, 3 kA, 200 m, 3-ph. Bi 2223
Sumitomo Gochang, KR, 2006 CD 22.9 kV, 1.25 kA, 100 m, 3-ph. Bi 2223
LS Cable Gochang, KR, 2007 CD 22.9 kV, 1.26 kA, 100 m, 3-ph. Bi 2223
Sumitomo Albany, US, 2007 CD 34.5 kV, 800 A, 30 m, 3-ph. YBCO
Nexans Hannover, D, 2007 CD 138 kV, 1.8 kA, 30 m, 1-ph. YBCO
Nexans Long Island, US, 2008 CD 138 kV, 1.8 kA, 600 m, 3-ph. Bi 2223
Nexans Spain, 2008 CD 10 kv, 1 kA, 30 m, 1-ph YBCO
Sumitomo Chubu U., JP, 2010 CD 10 kV, 3 kA DC, 20 m, 200 m Bi 2223
VNIIKP Moscow, RU, 2010 CD 20 kV, 1.4 kA, 200 m Bi 2223
Nexans Long Island, US, 2011 CD 138 kV, 2.4 kA, 600 m, 1-ph. YBCO
LS Cable Gochang, KR, 2011 CD 154 kV, 1 GVA, 100 m, 3-ph. YBCO
LS Cable Seoul, KR, 2011 CD 22.9 kV, 50 MVA, 400 m, 3-ph. YBCO
Sumitomo TEPCO, JP, 2012 CD 66 kV, 5 kA, 15 m
Furukawa TEPCO, JP, 2012 CD 275 kV, 3 kA, 30 m Bi 2223
Sumitomo Yokohama, JP, 2012 CD 66 kV, 200 MVA, 240 m, 3-ph. Bi 2223
Ultera New York, US, 2015 CD 13.8 kV, 4 kA, 170 m, 3-ph. YBCO
Nexans Essen, Germany, 2013 CD 10 kV, 40 MVA, 1000 m, 3 ph. Bi 2223
LS Cable Jeju Island, Korea, 2014 CD 154 kV, 2.25 kA, 500 m, 3 ph. YBCO
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Industry high
current lines

Picture: Vision Electric

Grounding of HVDC
Lines

Picture: Nexans
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Connect
renewables

Picture: J. Minervini, MIT

Larger power, long
distance transmission

Picture: C. Rubbia, IASS
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Supply data
centers

Picture: J. Minervini, MIT

Degaussing of
ships

Picture: B. Fitzpatrick, HTS Peerreview2010
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Picture from:

Nature Physics 2, 794 - 796 (2006)
doi:10.1038/nphys472

Wired for the future

John Clarke & David C. Larbalestier
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Source: High-Temperature Superconductivity for Power Engineering, Materials and Applications, Accompanying Book
to the Conference ZIEHL Il, Future and Innovation of Power Engineering with High-Temperature-Superconductors, 16-
17 March 2010, Bonn, Germany
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1) ,Status of Development and Field Test Experience with High-Temperature Superconducting Power Equipment, Working Group D1.15, June 2010
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Country Inst. Application Data Phase Year HTS
Switzerland ABB Distribution 630 kVA/18,42 kV/420 V 3 Dynl1l 1996 Bi 2223
Japan Fuji Electric Demonstrator 500 kVA/6,6 kV/3,3 kV 1 1998 Bi 2223
Kyushu Uni
Germany Siemens Demonstrator 100 kVA/5,5 kV/1,1 kV 1 1999 Bi 2223
USA Waukesha Demonstrator 1 MVA/13,8 kV/6,9 kV 1 Bi 2223
USA Waukesha Demonstrator 5 MVA/24,9 kV/4,2 kV 3 Dy Bi 2223
Japan Fuji Electric U Demonstrator 1 MVA/22 kV/6,9 kV 1 <2001 Bi 2223
Kyushu
Germany Siemens Railway 1 MVA/25 kV/1,4 kV 1 2001 Bi 2223
EU CNRS Demonstrator 41 kVA/2050 V/410 V 1 2003 P-YBCO
S- Bi 2223
Korea U Seoul Demonstrator 1 MVA/22,9 kV/6,6 kV 1 2004 Bi 2223
Japan U Nagoya Demonstrator 2 MVA/22 kVI16,6 kV 1 2009 P-Bi 2223
S-YBCO
Germany KIT Demonstrator 1 MVA, 20 kV 1 2015 P-Cu/S-YBCO
USA Waukesha Prototype 28 MVA/69 kV 3 2013 YBCO
Japan Kyushu Demonstrator 2 MVA 1 2011 YBCO
Australia Callaghan Demonstrator 1 MVA 3 2013 YBCO
Innovation
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Normal Operation Short-Circuit

unlimited

Time

Ideal Fault Current Limiter
Fast short-circuit limitation
No or small impedance at normal operation

Fast and automatic recovery

Fail safe
Applicable at high voltages
Cost effective




Normal Operation Short-Circuit

unlimited

Time

Ideal Fault Current Limiter
Fast short-circuit limitation
No or small impedance at normal operation

Fast and automatic recovery

Fail safe
Applicable at high voltages
Cost effective




Normal Operation Short-Circuit

Recovery

unlimited

Time

Ideal Fault Current Limiter
Fast short-circuit limitation

No or small impedance at normal operation

Fast and automatic recovery

Fail safe

Applicable at high voltages

Cost effective




Normal Operation Short-Circuit

Recovery

unlimited

Time

Ideal Fault Current Limiter
Fast short-circuit limitation
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No or small impedance at normal operation

Fast and automatic recovery

Fail safe
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Lead

Institution

Country

Super-

conductor

Application

KIT D 1997 320 kVA, 203 kJ NbTi Flicker compensation
AMSC USA 2 MW, 2,6 MJ NbTi Grid stability

KIT D 2004 25 MW, 237 kJ NbTi Power modulator
Chubu J 2004 5 MVA, 5 MJ NbTi Voltage stability
Chubu J 2004 1 MVA, 1 MJ Bi 2212 Voltage stability
KERI Korea 2005 750 kVA, 3 MJ NbTi Power quality
Ansaldo I 2005 1 MVA, 1 MJ NbTi Voltage stability
Chubu J 2007 10 MVA, 19 MJ NbTi Load compensation
CAS China 2007 0,5 MVA, 1 MJ Bi 2223 -

KERI Korea 2007 600 kJ Bi 2223 Power-, Voltage quality
CNRS F 2008 800 kJ Bi 2212 Military application
KERI Korea 2011 2.5 MJ YBCO Power quality

BNL USA 2013 3 MJ YBCO Grid storage
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Source: IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 15, NO. 2,
JUNE 2005 1931

Development of MVA Class HTS SMES System for Bridging Instantaneous Voltage Dips
Koji Shikimachi, Hiromi Moriguchi, Naoki Hirano, Shigeo Nagaya, Toshinobu Ito, Juniji
Inagaki, Satoshi Hanai, Masahiko Takahashi, and Tsutomu Kurusu
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Superconductivity as a key technology from small
electronics to large magnet applications
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Figure: Outotec

Prof. Dr.-Ing. Mathias Noe, KIT ,Large Scale Applications of Superconductors*
31 International Conference on Superconductivity and Magnetism, 29. April — 3. May 2012, Istanbul, Turkey
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Magnetic heating has been started to enter the market but ....
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First products demonstrated at Hannover Fair in 2013
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A MagLev vehicle track is being built with 200 m and it will connect 2 buildings at
Federal University of Rio de Janeiro
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Superconductivity as a key technology from small
electronics to large magnet applications

3 %
$ |
s ~N s ~N
e
N y —> &% y
~ N s ~N
e
”
. %
_ y — y
s ~N s | N
e U
(
-
_ y _ y

AT s s &

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr



K

11)$ +)$.
+4
0

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

@

I"#$

74



K

11)$ +)$.
+4
0

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

@

"#$ %

75



> < $ M=- $H H o $

KIT w s 76



1 %

> ) /I$5 9$)

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr



%

3

10 mm

)

1 mm

Microwave Te

10GHz 01 THz

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

100 pm

10 pm

infrared

10 THz

"#$ %

1 nm

Ullra violet

100 THz

100 PHz

$

78



H 8 IH @

[ee]

>88&&& 8
1 211)/2 g
III %
R

” 4

KT w s 79



% )

04.06.2013 80 . S
- T<<T, ¢
<
% Ibias < Ic
3 /
v

Voltage (mV)

\VA




Superconductivity as a key technology from small
electronics to large magnet applications

3 %
$ |
s ~N s ~N
e
N y —> &% y
~ ~N s ~N
e
”
. %
_ y — y
s ~N s | ~N
e .
(
-
_ y _ y

AT s s =

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr



-+

#% % ( *

Magnet Applications Technology Status Present Favourite Future Options

MRI Magnets Commercialupto 3T NbTi MgB,, REBCO

NMR Magnets Commercial up to 1000 MHz ~ [NbTi, Nb,Sn REBCO

Accelerator magnets In operationupto 9 T NbTi Nb,Sn, REBCO, BSCCO
Fusion magnets Demonstrator NbTi, Nb,Sn REBCO

R&D and industry magnets |Commercial up to nearly 20 T [NbTi, Nb,Sn MgB,, REBCO, BSCCO

Power System Applications

Cables Close to commercialisation BSCCO, REBCO MgB,

Rotating machines Demonstrators BSCCO REBCO, MgB,
Transformers Demonstrators REBCO -

Fault current limiters Close to commercialisation REBCO, BSCCO -

SMES Prototypes NbTi MgB,, REBCO
Other Applications

Current leads Commercial up to a few kA BSCCO REBCO
Electrodynamic levitation  [Demonstrator NbTi BSCCO, REBCO
Superconducting levitation |Demonstrator REBCO -

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

'#$  $

82




-+

#% % ( *

Magnet Applications Technology Status Present Favourite Future Options

MRI Magnets Commercialupto 3T NbTi MgB,, REBCO

NMR Magnets Commercial up to 1000 MHz ~ [NbTi, Nb,Sn REBCO

Accelerator magnets In operationupto 9 T NbTi Nb,Sn, REBCO, BSCCO
Fusion magnets Demonstrator NbTi, Nb,Sn REBCO

R&D and industry magnets |Commercial up to nearly 20 T [NbTi, Nb,Sn MgB,, REBCO, BSCCO

Power System Applications

Cables Close to commercialisation BSCCO, REBCO MgB,
Rotating machines Demonstrators BSCCO REBCO, MgB,
Transformers Demonstrators REBCO -
Fault current limiters Close to commercialisation REBCO, BSCCO -
SMES Prototypes NbTi MgB,, REBCO
Other Applications
Current leads Commercial up to a few kA BSCCO REBCO
Electrodynamic levitation |Demonstrator NbTi BSCCO, REBCO
Superconducting levitation |Demonstrator REBCO -
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Thomas A. Edison in his laboratory in New Jersey, 1901

1 Credit: Underwood & Underwood, publishers. "The most famous inventor of the age--Thos. A.
& + D 5 Edison in his laboratory, East Orange, N.J., U.S.A." 1901. Prints and Photographs Division,
Library of Congress.
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