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Arctic 1ce shelf breakup reported

Largestice shelfin region was solid for 3,000 years

Ev Magze Fox

REUTERS 3

WASHINGTON, Sept. 22 — The largest ice shelf in the
Arctic, a gohd feature for 3,000 years, has
broken up, scientists in the Unmited States and
Canada said Monday. They said the Ward Hunt
Ice Shelf, on the north coast of Ellesmere Island
in Canada’s Nunavut territory, broke into two
main parts, themselves cut through with fissures.
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Power Outzage

"We are sick
and tired of
them, and they
had better
changel”

Chicago Mayor
Richard Daley on
the August 1999

Blackout
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Brothers and sistersl!
I want to tell you this.

The greatest thing on earth is to have the love of
God in your heart...

and the next greatest thing is to have electricity in
your house!
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The Energy SuperGrid

Paul M. Grant
Science Fellow

Chauncey Starr
Founder & President Emeritus

Electric Power Research Institute
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I. Any discussion of the application of
energy technology must involve, from
the very start, an explicit social and
political scenario

IT. The unique aspect of energy as a life-
sustaining necessity separates it from
the jurisdiction of many of the usual
“laws” of economics
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Design a global energy economy to meet
the needs of a densely populated
industrialized world of 1079 souls in
2050.

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

..without requiring any major scientific
discoveries or breakthroughs

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Nuc

A Symbiosis of
ear/Hydrogen/Superconductivity

Tec
Non-

nnologies supplying Carbon-free,

ntrusive Energy for all Inhabitants
of Planet Earth
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Diablo

1100

1 MW
Towers,
1000 ft

apart

’-k . R ~

s
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You have to make it, just like electricity

Electricity can make H,, and H, can make
electricity (2H,0 < 2H, + O,)

You have to make a lot of it
You can make it cold, - 419 F (21 K)

P. M. Grant, “Hydrogen Lifts Off,” Nature, 10 July 2003
The Energy Super6Grid - Paul M. Grant, 23 September 2003 (= d d |
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Fathers of

Dewar

Cryogenics

Kammerlingh-Onnes
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e AR T Electrical Conductivity

One ldea:

R Just Goes « »

to Zero!

°®
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b
| §
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oprember 27 &2 207 Electrical Conduc'rivifx

The Most Popular:

R e-
Freezes Out! ,Q)

T
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015

gnRs / o il
310 f
4078 [— - Ty
0,08
Thus the mercury at 4.2 K has entered
a new state, which, owing to its i o
° ° ° 10° ;
particular electrical properties, can be '
9,00

called the state of superconductivity B

H. Kamerlingh-Onnes (1911)
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o ° ¢ ? Electrons Pair Off!
BCS Equation
¢ () () ?
® T. =1.14 0, exp(-1/ A)
o
o 71 0, = 275K,
o Y 21=0.28,
e’ . Te =9.5 K (Niobium)
o ° © ¢
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538 PROCEEDINGS OF THE IEEE, VOL. 55, NO. 4, APRIL 1967
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Brookhaven 1975-86

135 kV, 1000 MVA, 3¢, 115 m

Nb,Sn, 7-9 K

LTS ac Cable

- Technical Success

« Economics Unclear

stobMzer  Hb,y5n lape sereen  slabiliser  insuiation skid
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1986.:

Another Big Surprise!

Bednorz and Mueller

IBM Zuerich, 1986

The Energy SuperGrid - Paul M. Grant, 23 September 2003
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" (1}
September 23 & 24, 2003 The Pr ize!

[. Georg Bednorz, left, and K. Alex Muller after learning they had wan the Nobel Prize in physics

2 Get Nobel for Unlocking Superconductor Secret
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‘ “The Miracle of 1 989”‘

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l




Symposium on Nuclear Energy

and the Hydrogen Economy )
September 23 & 24, 2003

HTSC Cable
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5,000 NI Power

USING SUPERCONDUCTORS TO WHEEL . ...
Source = ralura gas-
ENERGY OVER LONG DISTANCES - ' buming turkin plart IHITIGI EPRI
He=r

study on long
distance (1000 km)
) HTSC dc cable
AT i cooled by liquid
hitrogen

-- 1997 --

T F 3

CRCUIT SCHEMATIC

P.M. Grant, S. Schoenung, W. Hassenzahl, EPRI Report 8065-12, 1997
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SC-LVDC
+

LH,

Ha
G

Pcyrt #1 v

Multiple circuits
can be laid Hz

Ha
in single trench c,\l

rcyrt #2
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:.\\ :lt 1/
-

School

DNA-to-order.com

HTSC/MgB,

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

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l




Symposium on Nuclear Energy
and the Hydrogen Economy )

SuperéGrid

Nt/

September 23 & 24, 2003
ac Generatipn | <—  Nudear power plants
] 11 I
% -
e dc dc
I I |
Hy —=| Fuelcall | H,
I I I I
IE-:I 4 ac ac &
] 1 11 | 11
Load Load Load Lt Lonad

Continental SuperGrid

C. S. Starr, “Continential SuperGrid,” Nuclear News, Spring Issue, 2002

The Energy SuperGrid - Paul M. Grant, 23 September 2003
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HV Insulation

“Super-
Insulation”

Superconductor

Hydrogen

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Electricity
Power (MW) | Voltage (V) | Current (A) Critical Annular
Current Wall
Density Thickness
(A/cm?) (cm)
1000 +/- 5000 100,000 25,000 0.125
Hydrogen (LH,, 20 K)
Power (MW) Inner Pipe H, Flow Rate “Equivalent”
Diameter, Dy, (m/sec) Current Density
(cm) (A/cm?)
500 10 3.81 318
3 e =] | ‘

The Energy SuperGrid - Paul M. Grant, 23 September 2003




Symposium on Nuclear Energy The rma I Lo SSéeSs

and the Hydrogen Economy )

September 23 & 24, 2003
W, = 0.5e0 (T4, , - T%.). where Rad iation
W, = Power radiated in as watts/unit area Losses
o = 5.67x10-12 W/cm?K*
Tsc = 20K
€ = 0.05 per inner and outer tube surface
D, = 10 cm
W, = 3.6 W/m

Superinsulation: W,f = W, /(n-1), where
n = number of layers
Target: W,f = 0.5 W/m requires ~10 layers
Other addenda (convection, conduction): W, = 0.5 W/m
W;: =W f+W,=1.0W/m
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dT/dx = W./(pvC,A),, where

dT/dx = Temp rise along cable, K/m

W = Thermal in-leak per unit Length

p = H, Density

v = H, Flow Rate

Cp = H, Heat Capacity

A = Cross-sectional area of H, cryotube

Take W+ =1.0 W/m, then dT/dx = 1.89x10-2 K/m,
Or, 0.2 K over a 10 km distance

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Electrical
Insulation

“Super-
Insulation”

Liquid Nitrogen @
77 K

Superconductor

Supercritical Hydrogen
@ 77 K
2000 - 7000 psia

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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and Relative Density of H2 as a Function of Pressure at 77 K

Sep wrt LH2 at 1 atm

1.2

o ¢

1 ]
L 2
L J
0.8 ~

-
2 Supercritical X\¥

M 100% LH2

Rho(H2)/Rho(LH2)
(@]
(0)]

L 4 N\

50% LH2

O .¢ 1 1 1 1
0 2000 4000 6000 8000 10000

Pressure (psia)

H, Gas at 77 K and 1850 psia has 50% of the energy content of liquid H,
and 100% at 6800 psia
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Some Storage Power

Factoids (6W) Storage (hrs) | Energy (6Wh)
TVA Raccoon

Mountain 1.6 20 32
Scaled ETM SMES 1 8 8

One Raccoon Mountain = 13,800 cubic meters of LH2

LH, in 10 cm diameter, 250 mile bipolar SuperCable
= Raccoon Mountain

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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AN A =
a

¢

H2
I=al
@ Cryo I/C Station

H, Storage SMES

500 m Prototype

“Appropriate National Laboratory”
2005-09
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Current stabilization via voltage control

» AC interface (phases)
* Ripple suppression
* Charge/Discharge cycles

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Power Electronic Discretes
* GTOs vs IGBTs
» 12" wafer platforms
* Cryo-Bipolars
- Minority carrier concentration
- Doping profiles

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Hydrogen Issues

+ Safety

* Generation (electrolysis)
* Cryocoolers

» Liquid vs Pressurized Gas
* Flow Rate

- Storage

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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\/\«/ \N_ .\,\, W — FACTS/IC
/ “Use E)dstlng Overhead ROW”

FACTS/IC

My RTO e Hydrogen Tanker Truck Fueling

50 Miles
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Thanks, Jimmy/

Three Dimensions
Superérid - A superconducting, H,-

cooled interstate “backbone”
connecting regions coast to coast.

RegionGrid - Two grid operators (East
and West) with upgr'aded high capacity
lines to transmit power regionally.

City6rid - Local mini- and micro-grids
with distributed intelligence, energy
resources, and demand response

Integrated systems architecture enables
NationalGrid operations across all dimensions.

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Il Urban Biomass

HTGCR
Nuclear Plant

|,
2 o

Commercial

- Energy H,
Storage

Residential
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+ 50,000 V,,
100,000 A
10 6W

Thermal

Insulation
Electrical
Insulation

LiqUid Hz
@ 21K

"The Energy

Pipeline”

Vacuum
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Small Scale
Demonstration

Nexans LH,

Transfer Line

| P

The Energy SuperGrid - Paul M. Grant, 23 September 2003
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- 0.025 $/kWh Electricity ->0.22 $/kWh
Hydrogen
* Hydrogen flowing @ 1 m/s -> 0.6 MW/cm?
» Delivering 2000 MW Hydrogen -> 67 cm
dia pipe
Electricity via superconductivity is essentially
free!

» To power all cars in the US with hydrogen
would require expropriating all present
electric power generated in the US

- German studies show water emissions fr'om

The Energy SuperGrid - PquhM. Grant, 23 September 2003 =l
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This part of cable is at ambient temperature

Cryostat:
Thermal
insulation
(vacuum )

HTS conductor

ribbons—
Outer jacket Electrical insulation Suppcl;rt
system tube

Metallic shield

Liquid N, Refrigerant
Operates at -200°C

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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Flexible, Evacuated

Liquid N
gt Double-Walled Outer Pipe

Current-Carrying to Chilker
Flexible, Superconductive
Porous.wa" merial b ‘L g 4 e e Bt st e e e e O e e e
Inner Pipe T

................................................................

-----------------

Liquid N2 i
from Chiller

Dielectric and
Shield Layers

Ground-Potential Superconductive
Shield Material

The Energy SuperGrid - Paul M. Grant, 23 September 2003
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(Superconductivit

- Gen I (BSCCO/Ag)

- Wire Cost & Performance }Sl
/kAxm
- Gen II (Y123 CC) 10

- MgB, 2
- NBTi 0.90
* Length
- Gen I (BSCCO/Ag) > 1000 m
- Gen II (Y123 CC) 10
- MgB, > 100
- NBTi > 1000

» Joints & Splices
- H T SThe Energy SuperGrid - Paul M. Grant, 23 SepTembeﬂF@D =2l
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» Cryoplants: Cost & Performance
- Liquid or Gas?

- ECE = 0.20 Teog /(Tgink = Teold )
- Cryo-unit Cost ~ $5/W Rating
- Vacuum
- Continuously pumped, periodic or sealed?
- Distance between ports
- Gettering materials

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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- Cable

- Parallel vs. Coaxial
- Flexible vs. Rigid
* Power
- Balance between Voltage & Current
- dcvs.ac
- ac Losses (ripple factor)

The Energy SuperGrid - Paul M. Grant, 23 September 2003 =2l
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HTSC Cable
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i Projects
| 1998 2000
| 1999 2005
| Pirelli | 50m/115kV/2kA | || 130m/24kv/2.5kA || 900m/66kv/0.7kA
DOE "EPRI" 3ph "Frisbie" 3ph "LIPA"
EdF 50m/225kV/2.6kA/3ph
' Southwire | 30m/12.5kV/2.6kA/3ph 300m/15kV/3ph "AEP"
|
IGC 400m/35kV/3ph "Albany”
. NKT 30m/60kV/3kA/3ph “COP"
|
'SEI/TEPCO| |[30m/e6kv/ika] || 100m/66kv/1kA/3ph
proto Japanese National Program?

The Energy SuperGrid - Paul M. Grant, 23 September 2003
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