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I Why Superconducting DC Cable?

To obtain, in a single EHV |HVDC DC
technology, the:

Massive power transmission
capability of EHV ac and HVDC

Cost advantages of HV dc over EHV
ac

Multiple interconnection capability of
ac

Unobtrusiveness & high reliability of
underground dc cables

System control features of dc
systems

Minimal right of way of underground
cables

EPPIE | ietiicinsm
RESEARCH IMSTITUTE

© 2011 Electric Power Research Institute, Inc. All rights reserved. 19



I Cost & Loss Comparison:
5 GW, 1500 Mile -

‘ransmission Line

AC HVDC |HTSDC
765 kV | +/- 800 | @ $50/kA-m wire cost ($20/kA-m would
KV halve costs):
100 kV dc 200 kV dc 400 kV dc
Station cost, $M | 2300 940 750 750 750
(incl. compensa.)
Line cost, $M/mi | 5.2 3.6 14.5 9.8 7.4
(wire only) (9.6) (4.8) (2.4)
Line cost, $M 7,800 5,400 22,000 15,000 11,000
($/kW-km) ($0.62) | ($0.43) | ($1.70/kW-km) | ($1.20/kW-km) | ($0.90/kW-km)
TOTAL | 10,000 {6,300 23,000 15,000 12,000
Losses at full 13.3% |12.7% |5.0% (250MW)| 5.0% 5.0%
load (665MW) | (635MW) (250MW) (250MW)
Capitalized cost | 1000 950 380 380 380

of losses, $M

765 line: 2 single ckt, 6 bundle Drake; substation losses @ 1.7%. 800 kV Bipolar line: 6 bundle Drake; converter losses
@1.5%. HTS DC line: losses assume 1 cold W per meter with 12 W per W refrigeration & 3% for VS converters.

AC and HVDC costs based on ABB costs (IEEE PSCE 2006) for 3000 MW, 750-mile line, escalated @ 2.5% per year. HTS
DC line costs per EPRI 1020458, Appendix C. Cost of losses capitalized @$1500/kW using 10% interest rate [ATB].

=PI | reseirc istiurs

© 2011 Electric Power Research Institute, Inc. All rights reserved.
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1,000 mile, 5,000 Megawatt Power Equivalents

Overhead Power L:‘ngs_

" 600 ft. Right-of-Way

|

25 i. Right-of-Way

HTS DC Power Cable

High power transmission capacity;
Low transmission losses;
Compact;
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LNG-based hybrid coolant for BSSCO Energy Pipeline@85-100K

With high carbon enriched fractions of liquefied natural gas (LNG) as
coolant, the energy pipeline can be operated at 85-100K:

By using conventional LNG as the main component, the (2+
component are used to realize the cooling liquid of 85-100 K.
» Composition: LGN plus €2+ (C2+) components such as ethane etc.
»Pressure: 0.1~1.0 MPa
»Temperature: 85~100 K

Development of the
compensating refrigerator
for hybrid coolant energy
pipeline.

c:ll: 'TI: T

(d) Stirling (e) Pulse Tube



Ic-T Properties of Bi2223 Wires (DI1-BSCCO)

0.1
Parallel Magnetic Field (external) / T

This Picture is supplied by Dr. K. Sato from SEI
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Power Power User

Insulation

Fuel Fuel

H\[€] Pipeline Insulation  Cable Insulation

10m/10kV Superconducting Energy Pipeline
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30m, * 100kV/1KkA Energy Pipeline

_ +100 kV +100 kV .
Insulation Insulation
medium medium
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“~nitrogen transfer lines
“current leads

thermal isolation

mounting plate with
opper connections

MCP BSCCO 2212
bifilar coils
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A Distribution SCFL 11-15kKV phase, 800-2KA, . load current will limit ~65-75% when

assembled with 3 SFCL modules
-1 A '
~ |2sm
. _ &:h ﬁ

)
5

\ . ) W D | U N B3 -!J q
Distribution SCFL 15k phase illustration !

A Transmission SCFL 138kV phase, 1700A . load, 40kA prospective will limit
~65-75% if assembled with 14 SFCL modules
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Test of A DC FCL module -10kV/400A

B The 10kV/400A-2Q2 FC-SFCL module is designed
and manvufactured. The critical current is about

500A, and the short-circuit current could be
limited from 12kA to 6kA ;

B When the dc impact voltage is 10kV, the
maximum resistance is about 0.8Q) when
recovery time is set at 300ms and impact current
is 2.2kA~5.5 times of the rated current.

0 50 100 150 200 250 300
Current / A

The critical current test results The impact current test results The resistance test results (10ms, 5ms)



Design of a 40kV/2kA DC Fault Current Limiter

B The Current Limiter consists of 6X4 modules, the deign is listed
at the table.

Number of Modules 6X4

Height/mm 1600

Outer Diameter/mm 800

Length of YBCO Tape/m 800

Operation Temp./K 65-77

Pressure at the Dewar 1 atm

Rated Voltage/kV 40

Critical Current/A 1200@77K; 2500@65K
Rated Current/A 2000@65K

40kV/2kA DC Fault Current Limiter



Fabrication of the Fault Current Limiter




Test of the Fault Current Limiter

Circuit of the test facility

R-T during current impact Quench Recovery

Impact Current



IEE-CAS: Design of a 200 kV/1.5kA DC Resistive FCL

Design of a current-limiting Unit
In non-inductive coil type.

Items Value

Length of YBCO Tape (m) 54

1D (mm}p 200

O {mm) g£70

Intertum Ciap (mm) 5

Resistance (£2) . o
o 2980 300K

N Value (01-1pV/icm) 386

Rated Voltage (kV) 30

Break-Down Voltage (kV) 15.0

Rated Current (A) 200.0

Peak current (A, with duration of 100ms) 900.0

Safety Temperature Limit (K) 300.0

For a 200 kV/1.5kA DC Resistive
FCL, 8 units are connected in
parallel to form an unit-group,
and 80 unit-group are connected
to achieve 12 ohm of resistance
at 100K, reducing the fault
current to about 16KA.
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Cryostat of YBOOD wroidal coil
fior 2 G class SMES

Single-stage GM cryo-cooler
of S0W & 20 K for coil

¥ ROO unit col
Coil support

Cooling plate for conduction cooling

5 pairs of connections (o 3 unit coils

through 5 pairs of HTS curent leads Stining pulse tube cryo-cooler for curment lead nnd thermal shield
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8MW, 12rpm

AT

Converteam ATG: 8MW, 12rpm, sample design option

B [E Converteam A& : SMW/12rpm #B5 EHIK R K EHL;
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KF: Matthews, Physics Today, 62(4), 25, April 2009
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Our ambitions @'ECUSWWQ
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Superconductivity has matured sufficiently that
we can follow an ambitious plan:

« Design, develop and manufacture a full-scale
multi-megawatt superconducting wind
generator

= |Install this superconducting drive train on an
existing modern wind turbine in Thyboregn,
Denmark, replace existing PM generator
(3 MW Class, 14 rpm, 128 m rotor)

& envision =" NE = omon

*« Prove that a superconducting drive train is
A E\/ SHI =» | P o
S RN Crrewsmies Grewe lighter, smaller and cost-competitive.
= F hof UNIVERSITY OF TWENTE
SRS SNVEL - Start Date: 2015-03-01

m :UITIL:.ILIJ;..-l' e End Date: 2019-04 30
Fer Ft.-~-.|-.1-.E.;:I:-:-.”'lli'l-::':':. .I1I':Illl=|




Elements of the EcoSwing | _
superconductive generator @) =S v ERA S

o High power density
stator with copper
coils

Rotor

Superconductor
coils
Cold iron yoke

T Cryocooling

Self sustaining Coldhead
m Harizan 2020 thermal insulation Working gas pipes
E n Union Fundir -
for Rasamreh & Mnowasicn VLM + compressors in nacelle
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CHISESE ACADEMY OF SOTENCTS

Www.cas.cn

500kW/1500rpmSiate S & B ( LiEBS. BIFRF)
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R E RO R PR 30A
,,,,,,,,,,,,,,,,, FE LRI RUE 96.33%
BEmMESEEITIEX 77K
BEENIRE 1.6 mm/s
SR BRS 99 dB

{GINEERIMNG, CHINESE ACADEMY OF SCIEMCES
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[From Dr. Koichi Kitazawa]
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