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Prologue 
England, 1966 



Submitted 28 February 1966 
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Wheeling Watts into 
Central London More 
Efficiently 
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Metal T (K) " 
(#!cm) 

Outer 
Diameter 

(cm) 

Loss (W/
km) 

Cu 340 2$10-6 6.0 46,500 

Be  77 2$10-8 6.0 460 

Al 20 3$10-9 6.0 470 

Nb 4 0 10.4 0 

HC1 = 0.16 T 
Fault I = 40 kA 

Operating I = 1.6 kA 
Surface H = 7 mT 



Cost of “Extra” Generation to Offset I2R Losses (CEGB, 1965):  220 £/kw 

Note:  A Perfect Conductor is not Absolutely Required!  
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Garwin-Matisoo 
USA, 1967 



Submitted 24 June 1966 

Rationale:  Huge growth in generation and consumption in the 1950s; cost 
of transportation of coal; necessity to locate coal and nuke plants far from 
load centers. 

Furthermore, the utilities have recently become aware of the advantages 
of power pooling. By tying together formerly independent power systems 
they can save in reserve capacity (particularly if the systems are in 
different regions of the country), because peak loads, for example, occur 
at different times of day, or in different seasons. To take advantage of 
these possible economies, facilities must exist for the transmission of 
very large blocks of electrical energy over long distances at reasonable 
cost. 
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*2006 costs relative to 1966 are estimated from the Bureau of Labor Statistics table of annual Consumer Price Indices that can 
be found at ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt. The 2006/1966 ratio used above is 6.19.  The YE2010 costs would 
be about 8% higher that YE2006. 
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Additional  
LTSC Cables 
(1975-1985) 



Graz, Austria – Late 70s 
110 kV  330 MVA 



Brookhaven – Late 70s, Early 80s 



e+\e%2:%T'@=5%



The HTSC Era 
Wires & Cables 
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Oxide Powder 
1. Powder 

Preparation 

A. Extrusion 
B. Wire Draw C. Rolling Deformation & Processing 3. 

Oxidation  - Heat Treat 4. 

Billet Packing & Sealing 2. 
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American Superconductor SuperPower 
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Sumitomo 

Ultera-
ORNL 

Nexans-
AMSC 

Pirelli 
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EPRI: Schoenung, Hassenzahl, 
Grant (1997) 
 +/- 50 kV, 50 kA, 5 GW BICC: Beales, et. al, (1995) 

40 K, +/- 20 kV, 10 kA, 400 MW 

EPRI: Hassenzahl, Gregory, 
Eckroad, Nilsson, Daneshpooy, 
Grant (2009) 
 +/- 50 kV, 100 kA, 10 GW 
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Monopole Specs 
 
100-kV, 100-kA, 
10-GW 
66 K < T< 69 K 
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US HTSC Cable Demonstrations 



HTSC Cable Demonstration Projects Worldwide 
Past, Present"Future? 
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HTSC Cables 
- Deployment Opportunities - 
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Source: DOE 2006 National Electric Transmission Study 
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www.sunzia.net 



Clovis, NM 
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1250 Miles 

4 GW 

460 Miles 

500 kV 





HTSC Cables 
- Deployment Realities - 



•  Will TA go 
forward using 
superconducting 
cables? 

•  Uncertainties: 
/  ERCOT? 
/  Renewables? 
/  Silicon City? 

Filled up 
with VSC’s 
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HTSC Cables 
- SuperCables - 
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Roughly to Scale: 
•  Overall 30 cm Diameter 
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HTSC Cables 
- MegaProjects - 



The Next American Big-Bang-a-Tron 
Bob Wilson 
Bill Foster 
Peter Limon 
Ernie Malamud 

The Pipetron!Stay tuned for Lance Cooley’s Talk This 
Afternoon! 
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Concept: 
 
•  Wellhead generation 
by natural gas in Qatar 
•  Transport power via 
HTSC cable to the 
Levant 

Specifications: 
 
•  1610 km 
•  50 kA, +/- 50 kV 
•  5 GW 
•  1.3 x Pacific Intertie ! 

,55%M.D*%D5I/60%<jf)WO#!"%Y!__VZ%



+%T'7'29'7’1%X95E%/J%0;5%</6=2%



!"#$%&'(#)*+#$,&--#.$/+0#-+)#$

!""#$%&
!'$()*+,-.&/0
"##1$*$"#!#

"11023344456&'(#)*+#7&809:;#'15':6





M=5:069:90(%T/7>5619/7%+11?3I^/71%
Wellhead Power Capacity 18 GW (HHV) 
Fraction Making Electricity 33% 

Thermal Power Consumed 6 GW (HHV) 

Left to Transmit as LNG 12 GW (HHV) 
CCGT Efficiency 60% 
Electricity Output 3.6 GW (+/- 18 kV, 100 kA) 

,?I56T'@=5%.'6'350561%J/6%e\4%C6'71I/60%

0.35 m  (14 in) Effective Pipe Diameter 

0.1 m2 Effective Pipe Cross-section 

0.53 m3/s @ 5.3 m/s LNG Volume Flow 

440 kg/m3 LNG Density (100 K) 

230 kg/s @ 5.3 m/s CH4 Mass Flow (12 GW (HHV)) 
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Kashiwazaki Kariwa:   8 GW ! 

KK Wind Equivalent (8 GW) 

•  Power per Tower    8 MW 

•  Number of Towers    1000 

•  Inter-tower Distance    1000 ft 

•  Total Area (miles x miles)    43.5 x 43.5 
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SuperTies 
- “Hotel California” - 
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EPRI Report 1013204 (2006) 
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Cost of Electricity ($/
kWh) 

Line Losses 
in 

Conventional 
Transmission 

(%) 

Annual Value 
of Losses on 

10 GW 
Transmission 
Line @ 50% 

Capacity (M$) 

Additional 
Capital Costs 
for HTSC and 
Refrigeration 

(M$) 

FRB 
Discount 
Rate (%) 

Period 
for ROI 
(Years) 

0.05 5 % 110 52,574 5.5 % 62 

Base Assumption: C/P “Gen X” = $50/kA!m 

“Deregulated Electricity” will not 
underwrite this ROI, only a “public 

interest” investment analogous to the 
Interstate Highway system makes sense 
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"a future editor of 
Nature"? 
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