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It’s Crowded Down There
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“911”
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“The Present Grid”

Wired Magazine, June 2001
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27 July 1987

“White House Conference on Superconductivity”
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Thanks to…

• Jim Daley USDOE/OETD
• Alan Wolsky ANL (“Purple”)
• Bob Hawsey ORNL
• Balu Balachandran ANL
• Dean Peterson LANL
• Alex Malozemoff AMSC
• Steve Eckroad EPRI
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United States Department of Energy
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OETD Budget
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OETD Wire and SPI Strategic Plan
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EPRI/Pirelli Cable (1993 – 1998)

• Warm Dielectric (CD Design Study)
• 30 meters (eventually 50)
• 115 V, 1000 A (eventually 3000 A)
• Terminations + Joint + 90 Degree Bend
• Final test in Pirelli lab in Columbia, SC
• During final test, “blister/balloon” 

uncovered as an issue in Gen I HTSC 
tape manufacturing
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Southwire/Carrolton 30-m Cable

• 12.4 kV, 1.25 kA, 3 phase
• Cold dielectric
• IGC, NST Gen I tape
• n ~ 2-3
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Detroit Edison Frisbee Project
• Cable Specs

– 130 m, 24 kV, 3 φ, 3000 Arms, LN2

– Substation Location, 4” Dia. Surface Ducts
• Advantage to Utility

– 1:1 Overhead to Underground
– Elimination of 120 kV Subtransmission

System Due to Lower I2R and CV2 Losses
– Utilize Existing 4” Conduit Infrastructure
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Frisbie Layout

130 m cable
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Detroit Edison Frisbie Cable

• Design based on proven warm temperature dielectric 50-
m EPRI/Pirelli prototype

• Cable passed laboratory qualification test
• Tensile stress under pull < 30 % design
• Best evidence is stainless steel used for cryostat 

underwent hydrogen embrittlement when welded 
exacerbated by strain during pull.

• Resulting cracks degraded vacuum preventing HV 
operation

• LV ac operation at full current inferred hysteretic losses 
less than 1 W/m

Why did it fail?



Symposium on HTS Cable Application
Kunming City, PRC   24-25 June 2004

US HTS Cable Program/SuperGrid
Paul M. Grant, W2AGZ Technologies

HTS Cable Support Centers 
in the US

?
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Current US Cable Projects
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“Albany”
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“Albany”
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“Albany”
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“Long Island”
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“Long Island”
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“Bixby”
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“Bixby”
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“Bixby”
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“Bixby”
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US HTSC Conductor Development
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Stanford MgO IBAD
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AMSC 1G (BSCCO-2223) Production Status
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IGC-SuperPower Gen 2 MOCVD/IBAD Progress
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AMSC/ORNL/MIT Gen 2 “non-vacuum” Process
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The SuperGrid
An Energy Vision for the World of 2050

Chauncey Starr and Paul Grant
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Earth at Night - 2000
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Earth at Night - 2050
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The 21st Century Energy Challenge
Design a communal energy economy to 
meet the needs of a densely 
populated industrialized world that 
reaches all corners of Planet Earth.

Accomplish this within the highest 
levels of environmental, esthetic, 
safe, reliable, efficient and secure 
engineering practice possible.

…without requiring any new scientific 
discoveries or breakthroughs!
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A Symbiosis of 
Nuclear/Hydrogen/Superconductivity
Technologies supplying Carbon-free, 

Non-Intrusive Energy for all Inhabitants 
of Planet Earth

Its Solution
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P.M. Grant, The Industrial Physicist, Feb/March Issue, 2002

Supermarket
School Home

Family Car

DNA-to-order.com

Nuclear
plant

H2

H2

HTSC/MgB2

SuperCity
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Co-Production of Hydrogen and Electricity

Source: INEL & General Atomics

Reactor
Vessel

O2
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Nuclear “Hydricity” Production Farm

INEEL & General Atomics
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“Hydricity” SuperCables

+v I
-v

I

H2 H2

Circuit #1 +v I
-v

I

H2 H2

Circuit #2

Multiple circuits
can be laid 
in single trench
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SuperCable Monopole
HV Insulation

“Super-
Insulation”

Superconductor

Hydrogen

DO

DH2

tsc
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Power Flows
PSC = 2|V|IASC, where

PSC = Electric power flow
V = Voltage to neutral (ground)
I = Supercurrent
ASC = Cross-sectional area of superconducting annulus

Electricity

PH2 = 2(QρvA)H2, where

PH2 = Chemical power flow 
Q = Gibbs H2 oxidation energy (2.46 eV per mol H2)
ρ = H2 Density 
v = H2 Flow Rate 
A = Cross-sectional area of H2 cryotube

Hydrogen
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Electric & H2 Power
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Thermal Losses
WR = 0.5εσ (T4

amb – T4
SC), where

WR = Power radiated in as watts/unit area
σ = 5.67×10-12 W/cm2K4

Tamb = 300 K
TSC = 20 K
ε = 0.05 per inner and outer tube surface
DSC = 10 cm

WR = 3.6 W/m

Radiation
Losses

Superinsulation:  WR
f = WR/(n-1), where

n = number of layers

Target:  WR
f = 0.5 W/m requires ~10 layers

Other addenda (convection, conduction):  WA = 0.5 W/m

WT = WR
f + WA = 1.0 W/m
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Heat Removal
dT/dx = WT/(ρvCPA)H2, where

dT/dx = Temp rise along cable, K/m
WT = Thermal in-leak per unit Length
ρ = H2 Density 
v = H2 Flow Rate
CP = H2 Heat Capacity 
A = Cross-sectional area of H2 cryotube

Take WT = 1.0 W/m, then dT/dx = 1.89×10-5 K/m, 
Or, 0.2 K over a 10 km distance
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Remaining Issues

• AC interface (phases)
• Ripple suppression
• Charge/Discharge cycles

Current stabilization via voltage control
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Remaining Issues

• GTOs vs IGBTs
• 12” wafer platforms
• Cryo-Bipolars

– Minority carrier concentration
– Doping profiles

Power Electronic Discretes
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SuperCable H2 Storage

32201.6TVA Raccoon Mountain

20201Alabama CAES

881Scaled ETM SMES

Energy (GWh)Storage (hrs)Power 
(GW)

Some Storage 
Factoids

One Raccoon Mountain = 13,800 cubic meters of LH2

LH2 in 10 cm diameter, 250 mile bipolar SuperCable
= Raccoon Mountain
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SuperCable Prototype Project

H2 e–

H2 Storage SMES

Cryo I/C Station

500 m Prototype

“Appropriate National Laboratory”
2005-09
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RegionGrid Interconnection

H2 e–

H2 e–

My RTO

Your RTO

50 Miles

FACTS/IC

FACTS/IC
“Use Existing Overhead ROW”

Hydrogen Tanker Truck Fueling
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North American 21st Century 
Energy SuperGrid

H2

e–

H2
e–

H2

e–
H2

e–

Commercial

Residential

BMW Z9

Heavy 
Industry

Energy 
Storage

Solar 
Roofs

Urban Biomass
HTGCR 

Nuclear Plant
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The Energy SuperGrid
http://www.energy.ece.uiuc.edu/supergrid.htm.

A Workshop Sponsored by
The Lounsbery Foundation

&
EPRI

25 – 27 October 2004

University of Illinois, Urbana – Champaign
Contact Tom Overbye for Details
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China:  Present



Symposium on HTS Cable Application
Kunming City, PRC   24-25 June 2004

US HTS Cable Program/SuperGrid
Paul M. Grant, W2AGZ Technologies

China:  2015 - 2020
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Will China Build the 
World’s First SuperGrid?
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“You can’t always get what you 
want…”
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“…you get what you need!”
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