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Forgive me, Father, for I have sinned….

Grant, P.M.,  Superconductivity and Electric Power: Promises, Promises...Past, Present and Future, 
IEEE Trans. Appl. Supercon. (1997) 7 112-133
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1. Wires & Films 2. Medical Imaging 3. High Energy Physics

4. Rotating Machinery 5. Dark Matter 



Physics World, October 2009

…a future editor of
Nature…?



Warning!
Cuidado!
Achtung!

This presentation will:
1. Be iconoclastic
2. Have little to do with materials science 

(however, see talk VV4.2 tomorrow morning!)



Wire



NbTi
Nb3Sn

 - The Workhorse Wires -



First HTSC “Wire”

Gen 1



Praveen Chaudhari, 1937 - 2010
Physics Today, p.64, April 2010



Gen II Coated Conductor

American Superconductor SuperPower



Wire Performance



Cable Design 
Anthology



Garwin-Matisoo, 1967



Brookhaven – Late 70s, Early 80s



Graz, Austria – Late 70s



Pirelli – Detroit Edison Demo:  1999-2001
Successful Superconductivity Performance!



Various ac HTSC Cable Designs

Sumitomo

Ultera-ORNL

Nexans-AMSC
Pirelli



Various dc HTSC Cable Designs

EPRI: Schoenung, Hassenzahl, 
Grant (1997)
 +/- 50 kV, 50 kA, 5 GWBICC: 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



A Superconducting dc Cable
EPRI Report 1020458 (2009)

Hassenzahl, Gregory, Eckroad, Nilsson, Daneshpooy, Grant

Monopole Specs

100-kV, 100-kA, 
10-GW
66 K < T< 69 K





HTSC Cable Demonstration Projects Worldwide
Past, Present…Future?



HTSC Cables
- Deployment Opportunities -



The US Transmission Grid(s)
• 300,000 km

• 500 companies
• 10% Losses



NERC Interconnects

Source: DOE 2006 National Electric Transmission Study



Pacific Intertie
• HVDC, +/‐ 500 kV, 3.1 kA, 3.1 GW
• 1,362 km
• ~50% of LA Power Consumption 
• Converter/Inverter Losses ~ 5%
• Ohmic Losses ~10%

Celilo I/C Station
“A Mountain of Silicon”



North American HVDC



The “Green” Energy Economy



www.sunzia.net



Clovis, NM

“Three Girl Friends”



1250 Miles

4 GW

460 Miles

500 kV



HTSC Cables
- Deployment Realities -





US Department of Energy
Budget of the Office of Electricity Delivery 
and Energy Reliability: FY 2010-11 (103 USD)

   ?             ?

WOW ! “Obama Cash”



A Modest Proposal
-”Upbraiding” the Utilities-

• More than a half-century of successful 
demonstrations/prototyping power applications of 
superconductivity (1950s - > “beyond” 2000, in Japan 
and US)…low- and high-Tc…now sitting “on the shelf.”

• Why aren’t they “in the field” today?
• Is their absence due to…

– Cost?
– Hassle?
– or “lack of compelling” need?
– or “all of the above?”



• US utilities have long claimed to “want”…
– Efficient long-length cables
– Oil-free transformers
– Energy Storage
– Fast fault current limiters at high voltage (FCLs)
– Efficient rotating machinery (aka, motors and generators)

• Well, we got ‘em.  Utilities claim:
– They’re too high-cost, because,

• The wire is too expensive.
• They have to be kept too cold.
• Electricity is cheap, and “in field” energy efficiency is not a 

“compelling” driver
– Anyway, we can solve our needs by incrementally improving 

the “old” ways (don’t ever underestimate the ingenuity of a 
utility engineer to improvise, adopt and adapt) 



“Then…a modest proposal…”

• If the “cost” of the wire in any given application were 
to be “zero,”…

• Would the utilities then “buy them?”  And sign a 
“letter of intent” to purchase “x” number?
– e.g., Fault Current Limiters, for which US utilities have long 

claimed a need
• “Zero cost” would be obtained as a Federal or State 

“tax credit” for the wire cost of the quantity 
purchased by the utility equipment vendor or the 
utility itself…

• Well?



Questions for US HTSC Wire 
Manufacturers

• AMSC
– Estimated gross revenue from wire sales (and actual delivery) for 

FY2011?
– Note: 3Q10 gross revenue from wire sales was 1.8% of total quarter

• SuperPower
– Same as AMSC #1 above
– Estimated employee/manpower growth in CY2011

• Ultera/Southwire
– Is Carrolton plant cable (Gen 1) still in operation?
– Plans to replace/extend?

• Nexans/AMSC/LIPA
– Status of Gen II wire/cable upgrade

• AMSC/ConEd/DHS
– Status/funding of Project Hydra



HTSC Cables
- SuperCables -



“Hydricity” SuperCables:
“Proton/Electron Power (PEP) to the People”

+v I
-v

I

H2 H2

Circuit #1 +v I
-v

I

H2 H2

Circuit #2

Multiple circuits
can be laid 
in single trench



LH2  SuperCable
HV Insulation

“Super-
Insulation”

Superconductor

Hydrogen

DO

DH2

tsc

Roughly to Scale:
• Overall 30 cm Diameter



Supercritical H2 SuperCable
Electrical 
Insulation

“Super-
Insulation”

Superconductor

Supercritical Hydrogen 
@ 77 K

1000 – 7000 psia

Liquid Nitrogen @ 
77 K



Electrical 
Insulation

“Super-
Insulation”

Superconductor

LNG @ 105 K
1 atm (14.7 psia)

Liquid Nitrogen @ 
77 K

Thermal 
Barrier to LNG

LNG SuperCable
Design for eventual 
conversion to high 
pressure cold or liquid H2



Hg-1223 !



HTSC Cables
- MegaProjects -



A Canadian’s View of the World



The Mackenzie Valley Pipeline 

1220 km
18 GW‐thermal
2006 ‐ 2010

http://www.mackenziegasproject.com





Electricity Conversion Assumptions
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)

SuperCable Parameters for LNG Transport

0.35 m  (14 in)Effective Pipe Diameter

0.1 m2Effective Pipe Cross-section

0.53 m3/s @ 5.3 m/sLNG Volume Flow

440 kg/m3LNG Density (100 K)

230 kg/s @ 5.3 m/sCH4 Mass Flow (12 GW (HHV))

Wellhead LNG + Electricity 
MVP Scenario



It’s 2030
• The Gas runs out!
• We have built the LNG SuperCable years 

before
• Put HTCGR Nukes on the now empty gas 

fields to make hydrogen and electricity 
(some of the electricity infrastructure, 
e.g., I/C stations, already in place)

• Enable the pre-engineered hydrogen 
capabilities of the LNG SuperCable to now 
transport protons and electrons.



SuperCities & SuperGrids
• Nuclear Power can 
generate both electricity 
and hydrogen – 
“Hydricity”

• Hydricity can be 
distributed in 
underground pipelines 
like natural gas

• The infrastructure can 
take the form of a 
SuperGrid

• …or a
SuperCity

Supermarket
School Home

Family Car

DNA-to-order.com

Nuclear
plant

H2

H2

HTSC/MgB2

Supermarket
School Home

Family Car

DNA-to-order.com

Nuclear
plant

H2

H2

HTSC/MgB2



SuperSuburb
SuperSuburb

Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s

SuperSuburb
Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s => 6.8 kg/s

SuperSuburb
Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s

SuperSuburb
Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s

SuperSuburb
Households: 300,000
Electricity:  1800 MW
Hydrogen:   800 MW

SuperNuke
electrons + protons

=> 2600 MW

~ “San Jose” ~ “Diablo Canyon”

250 km

SuperCable
Voltage:  +/- 20 kV
Current:  45 kA
H2 Storage:  28 GWh
H2 Flow:  2 m/s => 6.8 kg/s

“Grant Equivalent 
Households”



Powering the Middle East
- “The e-Pipe” – The Ultimate Vision!

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 !



Caveat Emptor
(wisdom from Garwin-Matisoo, 1967)

• “…for low power levels and sufficiently 
short distances…it will be more 
economical to use conventional ac EHV 
transmission.” 

• “…the use of superconducting power 
lines appears feasible.  Whether it is 
necessary or desirable is another 
matter entirely.”


