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"If scientists and
engineers think they
can build something,
they will invariably do
it...

| without much thought
. to the consequences!"
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The Energy Lemmas

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 10°° souls in 2050

(10°2 by 3000?)

*Accomplish this within the highest levels
of environmental, esthetic, safe,
reliable, efficient and secure engineering
practice possible.
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A Symbiosis of
Nuclear/Hydrogen/Superconductivity

Technologies supplying Carbon-free,
Non-Intrusive Energy for all Inhabitants
of Planet Earth
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- Safe Nuclear Power (fission and fusion)
* Superconductivity

* Hydrogen

* Energy Storage

» Environmentally Friendly

* No Greenhouse Gases

* Non-Eco-Invasive

» Global in Scope
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Fig. 1 Production Volume of Energy Resources
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Fuel Element

Graphite shell
Graphite matrix

Silicon carbide
UQO2-kemel
Buffer PyC layer

Fuel particle
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Helium gas cooled (Brayton Cycle)
- Won't melt down
- Direct turbine drive

"Baseball” packaged fuel
- Continuous fuel replenishment and removal
- Theoretical 100% availability

Modular Design

- Scalable: 100 - 500 MW units
- High safety and security factor

Economical
- 1.2 cents/kWh ... cheaper than coal
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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
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Fathers of Cryogenics

Nllee, D23,
Dewar Kammerlingh-Onnes
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Thus the mercury at 4.2 K has entered
a new state, which, owing to its
particular electrical properties, can be
called the state of superconductivity

H. Kamerlingh-Onnes (1911)
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Bednorz and Mueller

IBM Zuerich, 1986
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]. Georg Bednorz, left, and K. Alex Muller after learning they had won the Nobel Prize in physics.

2 Get Nobel for Unlocking Superconductor Secret
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PRYSICS TODRY

PHYSICS TOMORROW: ESSAY CONTEST WINNER
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RESEARCHERS FIND
EXTRAORDINARILY HIGH
TEMPERATURE
SUPERCONDUCTIVITY IN
BIO-INSPIRED NANOPOLYMER

Paul M. Grant
May 2028

'orty-two yoars ago, Johannes
Georg Bednorz and Karl Alex
Muller startled the world with their
unexpectedd discovery of superconduc-
tivity in layored copper oxide
perovekites ol temperatures substan-
tially higher than previously thought
possible. The history of this break-
is well known, and n large
number of related compounds were
found over the succeeding years, cul-
minating in 2002 with Au-2023—a
triple-layer Cu) complex with an am-
bient transition

of Stanford University envisioned the
possibility of very high temperature
superconductivity in specially de-
signed organic chuin systema At
that time, the prevailing Bardeen—
Cooper-Schrieffor (BCS) theary suc-
censfully explained all known super-
eonductivity as being mediated by
electron-phonon coupling,  Little ob-
served that BCS could apply to any
fermion pairing sustained by & gen-
eral boson field, inchuding, for exam
phe, one derived from excitans or mog-

p
of 175 K, synthesized by Paul Chu
and his collaborators in Houston.
Such materials have found a number
of communications and electric power
applications, especially in distribution
cables, transformers and passive RF
filters, but remnin limited by the need
for eryogonic packaging.

Now that Hmitation might be the
stufl of history. At lnst manth's gen-
ernl meeting of the North American
Physical Society (NAPS), held in
Cuernavaea with VR-holo simil-sessions
i Winterlon, Newark, Wichita and Vie-
toria, a collaboration between scien-
tists at the Combined Universities of
Ensenada-La Jolla (CUELT) and the
Harvard-MIT Center for Biosynthetic
Engineering (HMCBE) announced the
discovery of superconductivity at
reater than 800 K in & labaratory-
created, computationally designed
polymer with structural properties
akin to DNA. Tt is widely believed
that the discovery could profoundly
affect the future course of global en-
ergy development.

Organic roots
In the 1960w, physicist William Little
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nons. In the woak-coupling limit, the

*8 trunsition tempernture, T,
typically about 10 K
strong-coupling variant of BCS devel-
oped by William McMillan and
Gornsim Eliashbery suggestod that
supervonductivity mediated by lattice
wibrations would not be possible above
30-40 K: To paraphrase Berndt
Mathiss, “You can't moke s erystal
structure that would be stable under
such strong internctions”

Littho's concept involved replacing
the phonons—characterized by the
Debye temperature—with excitons,
whose much higher charncteristic en-
ergies are on the order of 2 eV, or
21000 K. If excitons were to become
the electron-pairing “glue,” supercon-
ductors with Ts as high as 500 K
might be possible, even under reln-
tively weak coupling conditions. Lit-
the ovon proposed o possible maliza-
thon of the idea: n structure composed
of a conjugated polymer chain
(polyene) dressed with highly po-
larizabbo molecules (aromatics) as side
groups.  Simply stated, the polyene
chain would be o normal metal with
a single mabile tlectron per C-H mo-
locular unit; electrons on separate

he
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HTSC Wire Can Now Be Made!
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LH, SuperCable

HV Insulation

“Super-
Insulation”

Superconductor

Hydrogen
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10 TIT. II1
Continental SuperGrid
C. S. Starr, “Continential SuperGrid,” Nuclear News, Spring Issue, 2002
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The Standard Model

@ﬁ':;?:&mfmw Model of Elementary Particles
[Svinbol] 4 hazs in Force Carriers
(Gauge Bosons)

P

Three Generations of Matter(Fermions)

111

Photon 0

Electro-
magnetism
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Inter actions
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Lampshade for one layout of the 34 km. 3 TeV VLHC Booster
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Low-Field VLHC
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* Energy Transport Tunnels are an

* Communication enabling technology
* People for the SuperGrid

» Material

..and, with minimal maintenance, once
constructed, they're there for
millenia! (unless they carry water!)

New Yorker, 9/1/03. 'City of Water”
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North America

Arciic Ocean
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Regional Grids Interconnection in 2001-2002
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NEPN

¢ AC
¢ —¢ DC

Regional Grids Interconnection in 2005
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NEPN

""" P Possible International
connection

o —® AC
—¢ 0DC

Regional Grids Interconnection in 2010
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South America
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Back to the Moon

Lunar Helium-3 Is

Well Documented _l

* Helium-3 concentration 7
verified from Apollo 11, 12,
14, 15, 16, 17 and U.S.S.R.
Luna 16, 20 samples. '

Current analyses indicate
that there are at least
1,000,000 tonnes of helium-3
imbedded in the lunhar
surface.
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HTGCR RT-SC

2001 4 2010 " 2100

»

Cryo-Si GPS-Laser Fusion
Guided TBM
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Mega-Cities
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538 PROCEEDINGS OF THE IEEE, VOL. 55, NO. 4, APriL 1967

Superconducting Lines for the Transmission
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10 MW Community
Substation

H, Storage

T
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mz Heat Exchanger for AC\
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Grant Household Power Requirements

Watts | Avg | Peak
Elect | 2000 | 4000
Therm | 4000 | 8000

Does not include
3 automobiles!

Peak Power for 250,000 GHE's
Electrical: 1000 MW

Thermal:

2000 MW

The Next 1000 Years: The Global Energy Super6Grid - Paul M. Grant, 23 September 2003 cCrrel



Yakutsk From
Sakhalin

West Baikal @ North America

Turkmenistan Sakhalin

¢

Gas Pipelines

. Major Gas Supply
. Major Gas Demand

.,ﬂ-w—

L s “"'"". e [ e
| UNITE Do o2 remgi
hm"“m il LI .. : :: : '-_‘-,.\ N .m
- STATES L. o ¢
L g uiaborta Gtry ! o

. GAlip &

3 ARABIA - S

The Next 1000 Years: The Global Energy SuperGrid - Paul M. Grant, 23 September 2003 CErrel




South America
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