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We need non-fossil energy sources ASAP.

The immediate US problem is oil T mostly used
for transportation.

Ammonia can fuel vehicles requiring range and
power that cannot be provided by batteries.
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NKi cking the c¢can
will kill our grandkids

A If we wish to preserve a planet similar to that on
which civilization developed and to which life is
adapted, paleoclimate evidence and ongoing climate
change suggest that CO, needs to be reduced from
Its current 385 ppm to at most 350 ppm

A Phase out of emissions from coal/oil is itself an
enormous challenge. However, if the tar sands are
thrown into the mix it is essentially game over

AOur governmentos target
2°C, Is a recipe for global climate disasters, not a
nguardrai | "

James Hanson, June 2011
http://www.columbia.edu/~jeh1/mailings/2011/201
10603 _SilencelsDeadly.pdf




We coul d have
Spril ngo
AAmericads finew pooro is

cl asso

Ad40% of this countryos bl
hoverty

A33% of this countryédés dh
Ive In poverty
AMi |l Il i ons of college gr ad

Alncreasingly fAunusual 0 v
citizens hundreds of $billions/a

A Well-heeled established/special interest groups
(e.g., nbigo oil, gas, c
policy to protect their fiefdoms/technologies




Global Warming Predlctlons
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Anthropogenic Change In
Ocean pH 1700s 1990s

—0.12 0.1 _0.08 —0.06 —0.04 ~0.02 0

NBusiness as wusual o wil |l ki1 | |


http://upload.wikimedia.org/wikipedia/commons/9/9e/WOA05_GLODAP_del_pH_AYool.png
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Technology policy lies at the core

of the climate change challenge.

"If we try to restrain emissions
without a fundamentally new set
of technologies, we will end up
stifing economic growth,
Including the development
prospects for billions of people.

"We will need much more than a
price on carbon.

Prof. Jeffrey Sachs o _
Economist, Columbia University 1 € t e c h no | o gl €5 d

Director of The Earth Institute

rich world will need to be adopted
Pt sciam comarice cimid=echnological-keys-to-clmate- rapid|y N poorer countries.

protection-extended



00% of the stuff we use iIs fuel

material Mtonnes/a (% Imported)
aluminum 3.25 (45%)
ammonia 22 (45%)
plastics 28 (?)
steel 93 (25%)
cement 100 (20%)
nat gas 403 (19%)
coal 858 (2%))
oil 984 (71%)

xfuel s/ tot al 90.12%



coal will soon run out.

NOow 2065

A Proven world coal reserves = 843 gigatonnes ElA 2006
A At current consumption rate, would last 132 years
AAt 2.5% increase/year, it
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shale noit |l o wi |

@2.5%/a growth,
oil + kerogen is
gone in ~90 years

Total world kerogen reserve ~500 gigatonnes
(~3/5hs that of coal) POE 2006
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GAS WILL SOON RUN OUT
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Aot enough (~350* quads)

AThe fAvast dep
cl ean Ameri can
require hydofracking,

whi che

Arequires the injection of
vast amounts of water and
ANchemical so

£80-70% of which plus any
leached salts eventually
ends up back on the
surface and/or in the water

supply


http://upload.wikimedia.org/wikipedia/en/c/c0/U.S._Natural_Gas_Production_1900-2005.png

Oil will run out first

NOow 2045

A Proven world oil reserves = 243 gigatonnes ElA 2010

A At current consumption rate(89 million bbls/d),
would last 53 years

AAt 2.5% increase/year, it



USA ENERGY
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Source: Energy Information Administration, Annuael Energy Review 2009

Total 94.6 quadrillion Btu


http://upload.wikimedia.org/wikipedia/commons/1/17/USenergy2009.jpg

The Costs of Addiction

The US produces only ~91 of the ~260 billion
gallons of petroleum used/a

We pay ~$400 billion/a for imported oil

From 1976 to 2007 we spent $7.3 trillion to

Nmaintain a US presenceo
http://www.foreignpolicy.com/articles/2010/08/05/the_ministry _of oil defense

Andé
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http://upload.wikimedia.org/wikipedia/commons/8/86/InflationAdjustedDefenseSpending.PNG

Post-9/11 COST OF

MAT NTAT NI (NTopLevelsin
PRESENCE 0 *Afghanistan and Iraq

. . . 200,000 B

A25,000 killed including >6000US =~ =

troops&~24, 000 of t hey,l ' :
£$3.2- 4 trillion (US only) 1000
40,000

/550,000 VA disability claims

o P o o0 o0 o b o
Empower ment of the ﬁ° °°° °é?r’°§‘/‘°‘°"°

I ndustrial compl e x Qunnghiomicmiuve gmgAGHENFTAN o f

from Amy Pelasco,"The Coal of Insg

huge fAHomel and Sec ushmhwonyOus  mRAC
Terror Operations Since 2011,"

bureaucracy - Loss of civil liberties Congnons Aowach S N g TOTAL
etc.

fevastated economies 1 Iraq, *http://costsofwar.org/
Afghanistan, and now ours



http://costsofwar.org/sites/default/files/chart-image/homepage-chart_3.jpg

RESOURCE WARS?

In 2003 and again in 2010, Pentagon
studies concluded that the greatest danger
posed by global climate change is not the
degradation of ecosystems per se, but
rather the disintegration of entire human
socileties, producing wholesale starvation,
mass migrations and recurring conflict
OVer resources



We must implement the
producti on o
synfuels ASAP



Is DOE on the right track?

nNAt this polnt, VvVITrt.L
assoclated with the production,
distribution, and onboard storage of
hydrogen for personal transportation
use faces signifilcant

Review of the Research Program of the
FreedomCAR and Fuel Partnership: First Report
(NRC/NAE 2005)



http://www.nap.edu/catalog.php?record_id=11406
http://www.nap.edu/catalog.php?record_id=11406

To o

Most of the synfuel should be

N Nuc |

Energy dense i liquid at
ambient temperature and
moderate pressure

Possesses about one-half of
the energy density of gasoline
(same as methanol) and has
50% more energy volume-wise
than liquid hydrogen

Can be used directly in fuel
cells, internal combustion
engines (ICEs), and
combustion turbines -
conversion is straightforward

Easy to store, deliver, and
dispense - extensive
Infrastructure already exists

No ngreat | eaps
required

e ar AMMO n

Absolutely AGreers
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Therestisn NUCLEAR HYDROC

Special/small engine apps & aviation will still require CHy-based fuels

c O

t 0s possi bl e ¢t tlsaymDMEealeseJestcﬁrfebm
nucl ear o hydroge & any carbon sol

o

Ahere wouldndt be enough cheap bio
Arenewabl eo carbohydrate/ fat C (foc

ﬁC II ecting sufficient CO, from the air going through nuclear reactor
cooling towers (e.g., LANLOGs nGreer

Close-coupling nuclear reactors with cement/lime kilns would be far
more practical & equally GHG-neutral

however

The US woul dndot need enough cemen
requiredto makeallof t he synfuel | t OS
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Industrial
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HOW MUCH?

guads
2011 % total oll
16.7 42.3%
7.14 18.1%
3.39 8.6%
9.66 24.5%
0.7 1.8%
0.62 1.6%
1.30 3.3%

total quads NH3 =
total quads CH, =

guads
2050

16.7/2
7.14/2
3.39/2
2
0.7
0.62
1.3
15.27
2.96

synfuel
NH
NH
CH
NH
NH
CH
CH,/NH,



Nuke-Powered Cement Kiln/Carbonaceous
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http://en.wikipedia.org/wiki/File:CemKilnSP4.jpg

Why nGHG neu

A Lime/OPC based concretes inevitably absorb
CO, from the atmosphere

A That process increases their strength but
lowers their pH

ApH | owering is fibado onl
rebar corrodes (a fundamental weakness of
todayos concregete structi

Solution?
Use a more durable (& cheaper) rebar material



Basalt Fiber Concrete Rebar

1. Higher specific strength - one ton of basalt rebar
replaces 9.6 tons of steel

2. Far more resistant to corrosion/deterioration

3. Same coefficient of thermal expansion as concrete

4.No permanent deformation when bent

5. Chemically inert, compatible with concretes having

d Iﬁe rent p H http://pulwell.en.alibaba.com/product/211051519-
200709139/Basalt_fiber rebar BFRP_rebar_composite re
bar.html

| tod be very cl
with Nuke power



Arenewabl eo ener
coul dnot produce ¢
US quads ('09) comment
solar 0.11 unreliable
wind 0.7 unreliable
geothermal 0.37 not renewable
biomass 3.88 maxed out
hydro 2.68 maxed out

Estimated requirement = 18.3 quads

That 0s why we
Nnucl ear renal



Wind Power [MW]

ONE REASON WHY YOU C.
FACTORY WITH WIND POWER
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Average power a 20% of nameplate capacity (22.8 GW)



HOW MUCH SYNFUEL cont.

A At 22.5 kJ/g, 15.27 quads/a worth of
ammonia corresponds to 715 million
tonnes-about 35 tiI mes t |
current consumption & 60 times Its
current production

A At 145k BTU/gal, 2.965 quads/a of CHy
synfuel* corresponds to ~20.4 billion
bbl / a (v s260 lloa/g)o s

*The CO; going into CHx will be scrubbed from the off gas of close-
coupled nuke-powered cement plants (~390 million tonnes OPCJ/a)



How much nuke power
would be needed?

Ammoni a: Johnos~680dKWhr/tomm c
processheat-assisted SSAS energy requirement
fig. correspondsto 0.833 Joul e0s wor
fuel heat per joule electrical input, s o e

A 15.27 quads/a of fuel ammonia would require
15.27/0.833 quads =1.93E1?PJ/ a of el e

A which corresponds to 6.13E1J / s é

A which corresponds to ~613 full-size (~1 GWe)
reactors



How much .G
CHy: L ANL dseeniFreedomo anal vy

suggests that 1 Joul e
r e a c ttlwerntalspower could produce
~0.4 Jouledos worth of

A 2.965/0.4 quads/a corresponds to 2.48E!L J/s
(watts) é

A which would require another ~100 full-size
reactors



How much nukeéaé

| Om not through yet be
descendants must also reindustrialize

t helr country (reverse
Aout sourcingo) and r erfr
deal of its crumbling infrastructure

t oday 0s -tkasspartoenergy use
= 57.4 quads/a a 820 full-size reactors

Consequently

They will need at least 1500 big reactors




The Nucl ear Pat

A the civilian nuclear industry
developed as it did because Adm .=
Rickover chose Light Water
Reactors (LWRsS) to power his
submarines

ALWRsburn®5U not fdAuranf
are therefore not sustainable :

A DOE is not investing a significant
fraction of its resources to
developing either of two possible

genuinely sustainable nuclear fuel
cycles




A

A

What O0s
l ndustry

Too expensive to build (extreme
operating pressures require
massive containment vessels)

Too expensive to fuel due to poor
thermal efficiencies, limited fuel
assembly lifetimes, & intrinsically
expenswe/polltlcally problematic
fissile (require:

Too 0 d-ispenty\@WR fuel
contains enough plutonium and
other TRU to render waste
management problematic but not
enough to make reprocessing
(Airecyclingo) W O |
Unsustainable - fissile material
is?U (not Auraniu
donot breed enou:
refuel themselves

wrong wIi th
0s nl i1 ght

Containment Structure

Pressunzer Steam
Gene mfor‘

1 =i~ Generator :
18 - . ' E —"/

,TMJ / diid

5
H/

Control b I ;
Rods

Reactor
Vessel

[ Condenser




Todayos reactors
t helir fuel 0s poter
3% fission products}
1% plutonium
Enriched 0.50% Pu-239
uranium fuel 0.25% Pu-240

>  Pressurized —>| 0.15% Pu-241

water reactor

96.5% U-238 96% uranium
3.5% U-235

0.83% U-235
0.40% U-236
94.77% U-238

trace % minor actinides
Np, Am, Cm, é




| s t here NPl ent

According to the NEA/ I
there is about 16 million tonnes of natural

urani um avall abl e at a

Since Mankind would need about 10,000
GWedos worth of nucl ear

to become totally-ngre

through reactors consume ~200 tonnes of
raw uranium/GWe-yr, 16 million tonnes
corresponds to an 8-year fuel supply.

http://www.ne.doe.gov/neac/Meetings/June92009/ANTT_Final_report_209_meeting.pdf

\


http://www.ne.doe.gov/neac/Meetings/June92009/ANTT_Final_report_209_meeting.pdf

Breeder react or s a |

conventional fuel

p’ £
&

fission

‘I
neutron




Relative Amounts of Nuclear Fuel in the
World

Toda
& most
of D C
A GEN
reactors




Is DOE on the right track?

NO!

AWrong reactors
AWrong fuel cycles
AToo little

AToo late
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Reac Helium Exc’:u
tor anger
Coolant

Production Pant
DOE/ I NL 6ranning Gen tV option (aka NGNP)

Another 235U burner - non sustainable
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DOE/ | NL 6 supGENIVieamndidate-a fbur ner o

breeder - if reconfigured, it could become a Liquid Metal Fast Breeder (of
plutonium from 238U) Reactor (aka IFR)

U2 GAEdT ()



A better breeder 1 the Liquid
Fluoride Thorium Reactor (LFTR)

Neutron
transparent

“Hot” salt to heat exchanger

Ny

ﬁ b ar Thorium
Fertile Sait ' tetrafluoride -
Recycled =
Fuel Salt

e N

it
o

» oore sustain addntnona[
_fission in the core and I

i-;ueildgait A< ooty Y ' Thorium is

uranium-233
in the blanket

Recycled
Fertile Salt

“Fuel” salt core

HF Electrolyzer (TLiF-BeF,259UF ) Fertile” salt blanket

(7LiF-BeF,-ThF,)

Internal continuous «Cold” salt from External “batch”
recycling of blanket salt heat exchanger processing of core sait,
done on a schedule




What makes LFTR different?
1. Liquid fuel

Both fission and fAb
In stable, low viscosity, low vapor
pressure liquids which are
CONTINUOUSLY circulated through
heat exchange & purification modules

Thorium-based

SOLID g Liouio :
* The mat er i af3Uoblamedr n
; by continuously breeding 23°Th. Since
it is not a practical material for nuclear
weapons, the AEC devoted much less
attention to it than the 235U/238UY 239py

1
AS

CRYSTALLIZED \J A )

* breeder cycle
7L|F-BGF2'233UF4 3 ﬁ Ch e ml S t 6 S Re a C t
CONTINUOUS chemical processing
FLUORIDE FUEL FOR A MOLTEN SALT REACTOR permits steady-state operation and a

much smaller total fissile
inventory/kW, than any other sort of
nuclear reactor



ORNLOs Mol ten Sal't R
(1965-1969)

OTE MAINTENANCE |
NTROL ROOM |

1. Reactor Vessel, 2. Heat Exchanger, 3. Fuel Pump, 4. Freeze Flange, 5. Thermal Shield,
6. Coolant Pump, 7. Radiator, 8. Coolant Drain Tank, 9. Fans, 10. Fuel Drain Tanks,
11. Flush Tank, 12. Containment Vessel, 13. Freeze Valve.
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A. ..l ess
vapor p
Aésmall e
heat capacity
Aési mpl e
Aémuch |
doesnot

e

Aé.l ess chance o t her ma
(FLiBe possesses lower heat conductivity and the
reactor core naturally tends to stay at a fixed
temperature)

Aémuch | o-dex)fisgil&inventory in both the
reactor and ancillary fuel recycling system

Aémore easily managed radwas:

©Owuvw v
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Q

And should therefore be much cheaper



LFTR would be walk-away safe

Stable reactivity

.y o R

Fuel already melted B 525 1 e e e

No internal pressure 2
(makes it cheaper too) s

Freeze rlug

A A GRS
FET e gt e
XL .:-'.

/mmnu

1 '._f-;
e *1;‘

Melting freeze plug - L. = e
dumps salt to tank i

.
o

S v:fh‘J\V//)\\\Y//
iR
§

Salt from rupture or leak /S
will solidify Passive cooling

dump tank



Uranium from a commercial LFTR will

not be used for weapons.

New U233 fuel

”\ N

Uranium .
separator Fissile
U-233 core
Fertile

New Th232 Th-232 blanket

India, Pakistan, and North Korea
demonstrated far less technically
challenging and costly paths.

Breeds only as much
U-233 as it consumes.

Removing any will stop
the LFTR.

U-232 contamination
will be 0.13%.

A 5 kg sphere of it
radiates 4,200 mrem/hr
at 1 meter.

After 72 hours of
exposure a weapons
worker will likely die.



LFTR produces < 1% of the long-lived
radi ot oxi ¢ waste of

Radiotoxicity of wastes

10°

108 - A .
PWR uranium actinides

107 .

106 .
natural U ore

10° |

104 fission products

103 . o~
102 | .~ LFTRthorium actinides ™

10t L

101 102 103 104 105 106
Years



LFTR fuel would never run out

A@~2.7 g/cc, the mass of the I
km depth (the @ axd42ElStenndsl eo p .

A Total CH, (coal + shale kerogen + petroleum + natural gas)
reserves* = 843+500+170+125 = 1513 gigatonnes

A Wt fraction CH, = 1513E9/4.2E17 = 0.0000039 (3.9 ppm)
A @ 12 ppm, Th in the same rock & 4655 gigatonnes

A @ 200 Mev/atom, the fission of one gram of thorium via
LFTR produces 8.3E'° Joules of energy and no GHG

A Combustion of one gram of CH, produces about 37,000
Joules of energy plus ~3.1 g of GHG

\ LFTR:xfossil energy = (4655/1513)(8.3E10/3.7E4) = 6,800,000:1

*Recent EIA estimates



More Killer Apps

ADesalination: the Mid Eas
drought/famine/economic problems could be
solved with ~100 reactors

A Cheap, safe, fast, & consumer-friendly US mass
transit: more trains & more tracks - remember
your Eurail pass?

A Meaningful work/employment for everyone (not
just Nserviceo Jobs): the
Infrastructure could be totally rebuilt

A No more resource limitations: cheap electricity
means that we coul d woul d



SUMMARY

Aviankind must switch to non-fossil energy sources ASAP

AThe most immediate problem (esp. for the USA) is cil most
of which is utilized as a transportation fuel

AAmmonia is an attractive synfuel fuel for vehicles which
require more range/power than can be provided by
reasonablesize batteries

Af that ammonia is produced with energy generated by a
Arenewabl eo nuclear fuel cycl
absolutely ngreeno, and avail

Politically correct firenewabl



Primary Sources

GOOGLE/WIKIPEDIA/internet for just about everything
speci al mention t oé

A ammoniafuelnetwork.org: website devoted to promoting
ammonia as a fuel 1 links to research reports, slide shows,
etc

AKirk Sorensendéds fAEner gyfifree mt
pdfs of ORNLOs MSBR research
forum, & links to modern papers/lectures/slide shows

AAl vin Weinberg and H. E Goel
Age of SubgtOStTut &0i415i8t6y00 r e f
of Romedso di r elLinptste @rowthtand n s
Mankind at the Turning Point) about the inevitability of
AMal t husi an Catastropheo whe



http://www.ammoniafuelnetwork.org/

EXTRA SLIDES



High thermal absorption, fission cross
sections lead to low fissile mass & cost

Th-232 Pa-233 U-233 U-235 U-238 Pu-239

thermal

|nte|'- . . . . . .
mediate

fast




The Age of Substitutability*

A With breeder reactors future society
could subsist with relatively little loss
of living standard on infinite or near-
Infinite minerals

A Such a civilization would be based
largely on glass, plastic, wood, cement,
iron, aluminum, and magnesium

*Goel |l er, H. E. and Wei nber g, Sciance 28| .Februanfild7Bk @lsc’OF €l 50458605 u b s t



Fuel | S Ma hnktedmesdcuree*

STUFF RESOURCE % In resource TONS

CHx . ** Coal + ol + gas >75 1.0E+13
C., limestone 12 2.0E+15
Si sand, sandstone 45 1.2E+16
Ca limestone 40 5.0E+15
H_, water 11 1.7E+17
Fe basalt 10 1.8E+15
Al clay 21 1.1E+15
Mg seawater 0.012 1.0E+15
N air 80 4.5E+15
O air 20 1.1E+15
S gypsum 23 1.1E+15

**90reco= recover agehdrgy balahceh positi ve

*Goell er, H. E. and Wei nber g, Sciance 28| .Februarnfil976 @lsc’OF €l 50458605 u b st i t



How could our
grandkids make
3 quads worth of
Ngr eeno (
synfuel?



Why our grandkids will want
more cement than we do
AThey must repair/repl
crumbling infrastructure - roads, bridges, etc
A Asphalt will be rare/expensive
Al't s made of abundant

A Its manufacture could provide them with
enough CHy synfuel for aviation, etc.

A Manufacture/use via LFTR would render it
GHG-neutr al via nNncarbo



Alm High! Use air cooling.

A typical 1 GW. L WR 0 s
cooling tower evaporates
20,000 gal of water/min.

LFTRs could achieve good
effircienci es w
: cooling




Nuclear power was kindest to the
human environment in 1969-1996.

Energy Accidents Fatalities Fatalities per

Chain with >4 GW-year
fatalities

Coal 185 8,100 0.35

Oil 330 14,000 0.38

Natural 85 1,500 0.08

m=ie 75 2 500 2.9

Hydro 10 5,100 0.9

Nuclear 1 28 0.0085

htpp://gabe.web.psi.ch/pdfs/PSI_Report/ENSAD98.pdf Paul Scherrer Institut, November 1998, Severe Accidents in the Energy Sector



Global environmental problems mount.
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http://upload.wikimedia.org/wikipedia/commons/c/c7/Aquatic_Dead_Zones.jpg
http://en.wikipedia.org/wiki/NASA_Earth_Observatory
http://en.wikipedia.org/wiki/NASA_Earth_Observatory
http://en.wikipedia.org/wiki/NASA_Earth_Observatory

Energy and coal use is growing
rapidly in developing nations.

Quadrillion Btu Quadrillion Btu
00 o G 250
istory | Eroecions M Rest of World
0
; ; 404 .
o MNon-OECD Europe and EuraSIa 200 - BWindia
Bl Central and South America 339 B United States
- M Africa 150 MChina
B \iddle East 257
BNon-OECD Asia 207
200 - 168 100 -

150

100 50 4

1990 2000 2004 2010 2020 2030 2004 2010 2015 2020 2025 2030

Non-OECD energy use World coal use

http://www.eia.doe.gov/oiaf/ieo/world.html



Radiation, fission products, and
heat damage solid fuel.

Pellet

Zirconium
cladding
must
contain
fuel and
fission
products
for
centuries.

Cladding

A cross section of fuel rod



Solid fuel reactors use only 3% of
the potential energy.

3% fission products}

1% plutonium

Enriched 0.50% Pu-239
uranium fuel 0.25% Pu-240
>  Pressurized —>{ 0.15% Pu-241
water reactor .
06.5% U-238 96% uranium S
3.5% U-235

0.83% U-235
0.40% U-236
94.77% U-238

trace % minor actinides
Np, Am, Cm,

é



All thorium can be burned, but only
0.7% of uranium is fissile U-235.

(000 <

293 t of 39t of 1000
U;0q S 0 Ui enriched MV:?/?‘Sf‘)Of MW*yr of
0 .
(3.2%) UO, heat electricity
0.9t of 0.8 t of 0.8 t of 233pPa 2000 1000

metal heat electricity

WISE nuclear fuel material calculator: http://www.wise-uranium.org/nfcm.html
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CHEMISTRY™*

he nformul ao of wt
(CHx) 802 (S102) 122 (CaCO3) o045 Fe p11all other pzs

The nformul ao of t he
O 5884 Sl.1931 H(0X) 0658 Al 0507 F€.0132€  CHX 00004

Wei nberg & Goeller, AThe Age of Sul



We Must Avoid Exaggerated Claims!

Nneare promoti ng an-sizedam@monib-or a
generating) unit to be I nstal
produce LNH3 for aboiNews80 cen
Scientist, 1 sep11*

Mo gas stations have air separators?

AAre gas stations wired for multimegawatt electrical inputs?

ADo they/we expect subsidies far greater than that which
generated 200 7#upmfoodgphces? ve r un

|l nconvenient truth: at today
producing just the H in a gallon of LNH3 (via HTE @850C)
would be about $2.25.

*http://www.newscientist.com/article/mg21128285.100-ammonia-cleans-up.html



http://www.newscientist.com/article/mg21128285.100-ammonia-cleans-up.html
http://www.newscientist.com/article/mg21128285.100-ammonia-cleans-up.html
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The USAOs O |

AJS consumption ~290 billion gallons/year (2/3rds for
transportation)

AJS production ~91 billion gallons/year
AGasoline ~140 billion gallons/year
Miesel ~30 billion gallons/year
Asphalt ~30 million tonnes/yr (2.1% of total)
COSTS
AMor e Climate fiChangeo (tornac
AEconomic & social stagnation
AQil imports currently cost us ~400 $billion/year

AFrom 1976 to 2007, we spent 7.3 $trillion tax dollars to
Amai nt ai n a US presenceo in

ADuring that same period weodve
maintain/sustain our dependency on foreign oil - current
cost ~0.7 $trillion/a



The US Armyos fienergy dpf==*5 o> =-=x-o- :
established need & technical basis during the in-situ NH3 vs gasoline for a typical Amy

19600s supply vehicle company*
AGM/Allison/Allis Chalmers
: A : . 8000000
established NH;0s ut i | it .
6000000 gasoline —

gas turbines, and fuel cells
4000000

Mortable nuclear powered Haber . 2000000 / nuclear NH3
Bosch-based NH; plants were o = . 5

designed ' ' '

Ihr. tranrpmrtsd

0 100 200 300 400

Mrogram petered out because days in country
the Armyo6s tiny p Tosenhal¥s
produce enough (80 gal/hr)

Wedore still fighting foreign war s
taxpayers $400/ gal for the Army?o
know how to make and use ammonia more efficiently i which

brings us to a discussion of more appropriate nuclear reactors



material Mtonnes/a (f Imported)

aluminum 3.25 (45%)
ammonia 22 (45%)
plastics 28 (?)
steel 93 (25%)
cement 100 (20%)
nat gas 403 (19%)
coal 858 (2%)
oil 984 (71%)

xfuel s/ tot al 90.12%



The nNnSweet Spot o
Production

A Cheap electricity i stranded power
sources (e.g., windmills situated where
t hereds | ots of wind
off-peak nuclear/coal-generated power

A Inexpensive process heat i concentrated
sol ar & ( mMore pract.
generated by high temperature nuclear
reactors (conventional light water reactors
(LWRs) arenot hot enc



Renewable energy, end of 2008 (GW)

Large hydropower

Bl Biomass heating”

12*+10
0.5 [0 Solar collectors for hot
& water/space heating*
67** 52 50 13 /—03 [0 Wind power

B Small hydropower

[ Ethanol production™*

[l Biomass power
860

[0 Geothermal heating*

[0 Solar PV, grid-connected

m Oil
m Coal M Biodiesel production™*
O Natural Gas

Niicléir Enéiiy B Geothermal power

@ Hydroelectricity @ Concentrating solar thermal
m Biomass power (CPS)
0 Solar B Ocenn (tiadal) power
O Biofuel *
T t | R bl ® Geothermal GWth
Olala. senawaple 0 Wind ** Billion liters/year

http://en.wikipedia.org/wiki/Renewable energy


http://upload.wikimedia.org/wikipedia/commons/6/6e/Ren2008.svg

Protactinium-233

Protactinium-233 decays
slowly over a month to
uranium-233, an ideal fuel

Thorium-233 decays
quickly to
protactinium-233

Uranium-233 fissions,
releasing energy and
neutrons to continue the

process

Natural thorium

O It is impossible to
release the energy of
thorium all at once.

absorbs a neutron
from fission and
becomes Th-233

m-232

Thoriu



Renewable energy would wreck

L

Jesse E. Ausubel

ADirector, Program for the Human
Environment, Rockefeller University.
AProgram Director, Alfred P Sloan
Foundation.

AFormer Director of Studies, Carnegie
Commission on Science, Technology,
and Government.

http://phe.rockefeller.edu/jesse/index.html

the environment

Flooding the entire province of Ontario
behind a 60 m dam would provide 80%
of the power of Cal
nuclear electric plants.

Displacing a single nuclear power plant
with biomass would require 1,000
square miles of prime lowa farm land.

Wind farms on 300 square miles of land
could displace a 1 GW nuclear plant.

60 square miles of photovoltaic cells
could generate 1 GW.

Powering New York City would require a
wind farm the size of Connecticut.



Relative Comparison:
Uranium vs Thorium Based Nuclear Power

Thorium LFTR

(liquid fluoride thorium reactor, low
pressure high temp)

Uranium LWR

(light water reactor, high pressure
low temp)

Plant Safety Good (but very high pressure) Better (low pressure, passive
containment)

Burn Existing Nuclear Waste Limited Yes

Radioactive Waste Volume (relative) 1 1/30th

Waste Storage Requirements 10,000+ yrs. ~300 yrs.

Produce Weapon Suitable Fuel Yes No

High Value By-Products Limited Extensive

Fuel Burning Efficiency >95%

Fuel Mining Waste Vol. (relative) 1

1 >1000

World fuel Reserves (relative)

Fuel Type Solid Liquid
- Fuel Fabrication/Qualification Expensive/Long Cheap/Short

Plant Cost (relative) 1 (high pressure) <1 (low pressure)

Plant Thermal Efficiency ~35% (low temp) ~50% (high temp)

Cooling Requirements Water Water or Air

Demonstrated 1950-1970

Development Status Commercial Now

Source: http://lwww.energyfromthorium.com/ppt/thoriumEnergyGeneration.ppt



Do oo Io Do Do Do

More Info.

Spark-lgnited Ammonia Engines and Gensets
thollinger@hydrogenenginecenter.com

Ammonia-Powered Diesel Engines, nolson@iastate.edu &
vagosta@optonline.net)

Ammonia-Gasoline and Ammonia-Ethanol Engines
sbohac@umich.edu)

Ammonia-Gasoline Engine Conversions
casey@lasercompliance.com)

Solid-State Ammonia Synthesis (SSAS) jganley@howard.edu)

Cracked ammonia (alkaline) fuel cells (Apollo Energy Systems)
http://www.electricauto.com

Molten salt/thorium-fueled reactors
http://home.earthlink.net/~bhoglund/



mailto:thollinger@hydrogenenginecenter.com
mailto:nolson@iastate.edu
mailto:vagosta@optonline.net
mailto:sbohac@umich.edu
mailto:casey@lasercompliance.com
mailto:jganley@howard.edu
http://www.electricauto.com/

Perspectives on the US Energy Future

2008

~14 Quads*

(2.41 Bbbl crude oil)

Current US Electric

Power Production Units
Biomassi 270

ACoal Fired Boiler i 1,4600
Aetroleum Coke i 31
ACombine Cycle NG i 1,686
AComb. Turbine i 2,882
Miesel i 4,514

Auel Oil7 13
AGeothermal i 215
Adydroi 4,138
Ancinerators i 96
ANG Boileri 776
ANucleari 104

KOil Fired Boileri 327
Molari 31

Awind - 341

(US Chemical Plants ~15,000 )

*Source: DOE Historical Net Electricity Generation by State by Type of Producer by Energy Source, 1990-2006

2
M ~24 Quads*
(4.11 Bbbl crude oil)

(assumes ave. 2% growth in demand year to year)

w w W wWw

w

~ 2000 LFTRs
<10% Coal
< 10% Petroleum (electric cars)

Yucca Mountain not needed for long
term waste storage

Electricity and other products

w w W wWw

~ 150 LWRs
> 70% Coal
> 95% Petroleum (transportation)

2+ Yucca Mtns. for long term waste
storage (~$180B)

~ 2000 LWRs
§ Not enough uranium supply for this

< 10% Coal
< 10% Petroleum (transportation)

10+ Yucca Mtns. for long term waste
storage (~$900B)




8000
Global Fossil Carbon Emissions *

1RO 7000
—  Total

"""" —— Petroleum HAE s s S s o1 G000
— Coal

------- —— Natural Gas e L e D B s AR (27418,
—— Cement Production

[r— [ntegral corresponds ™ f T 4000

to~20-25% of wofk | dos
| R L e L pre-industrial-age - f <3000

fossil fuel (most of the

) N.e.a.s.y...t.o.... mi.....e..ﬁ.t...u..f.{oao

1800 1850 1900 1950 2004
*http://en.wikipedia.org/wiki/Fossil Fuel

Million Metric Tons of Carbon / Year



Why FAST reactors require big

Cross Section (b)

1o+ L

1l::l+3 1

1[:|+2 _|

1o+l |

1 I 1 I 1 I
1072 10~% 102 1072 10-1 10"

fissile Inventories

T: (http:l/wwvv:.nndc.bnl.gov/sigmalpfot)

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

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

L+ THERMAL— ... pho +— FAST-

i i i

| I 1 | 1 I |
10+ 1 10+ 10+3 10+ 10+> 10+8 10+ 7
Incident Energy (eV)




Why 233U is a better fuel than 23°U

Cross Section (b)

~—— ™ 235 fission
4™ T L 233 fission

—_— e T T T T T T T T T T T T T T T T T T

—_

I I | | | | | | I I I I I
107> 10~% 107F 107 ¢ 10°L 109 1o+l ot q0+3 10t 10t 10tE 10t

Incident Energy (eV)

http://www.nndc.bnl.gov



A Solid state electrochemical process - works like a fuel
cell in reverse

A 550°C steam adsorbs and decomposes on a |
electrocatalyst at the anodic side of a proton conducting
ceramic (PCC ) membrane

A Hydrogen atoms from the decomposed steam are
stripped of their electrons by an external voltage and
become protons. Remaining oxygen atoms recombine
and volatilize and are separated from the steam loop as
a separate by-product.

A The resulting protons conduct through the PCC
Nnel ectrolyteo via defect ho

A Chemically combine with adsorbed nitrogen on the other
(cathode) side to form ammonia



Mankind Must Switch to Nuclear

Power

AWedre rapidly using up the
first to go will be petroleum

Aln doing so wedre rapidly d
Al n an Il ncreasingly hungry w
wind/solar are too unreliable, too expensive, & and too

dilute* to power modern industrial societies

A If it were to be implemented properly, nuclear power could
satisfy 100% of amdaaw knaterial wesds e
with no GHG emissions

o

dayos approach to | mpl eme
sustainable, too ndirtyo,

D —
O n<

Xpensiv

O 5

*Renewable power densities: wind 1.2 W/m?2, photovoltaic 6-7 W/m?



ALGAL BIOFUELS?

Typical Claim: Since algae contain
bioreactors fed with flue gas from coal fired power plants, etc., we

could grow our own Abiodiesel o i n a
l ndustrial waste gases & doesnodot cor

BASIS document: " Ai r |l i ft Bioreactors fomnd Al ga

Eng. Chem. Rev., Vol 44, No 16, 1654-1663, 2005. (MIT)
Gas 4

out

Data: in bright sunlight, the algae slurry
Sun light absorbed/utilized ~ 80% of the CO, ¢
corresponds to ~0.0017 CO,/s

MI Tos
bioreactor A 1 GWe coal-fired power plant emits ~250
kg CO,/ s ~tRatamsl | i on 0
40 dia. gl ass
tubing T about
. 86 of 1t facing
8% CO, flue gas inlets- the sun

total ~800 cc/minute



WHY n2 FIl uil do

DOEGs 1 flui d Astraw mano MSI
single solventsaltia nsi mpl eo design b
to operate as a breeder (unresolved chemistry issues)

A 2 flui d breederos fissil e
separated from the surroundi:l

Arenders salt clean-up chemistry (FP removal) easier/cheaper
Areduces fissile inventory

Arenders 2P a r emoval wunnecessary?®
Aenhances negative temperature/void coefficients (safety)

*The Pa isolation step required by a 1 fluid breeder is not only
difficult/expensive but creates a proliferation issue because it would
all ow Aterrori s#4dionotd) produce pure
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ACS Publications
W High quality. High impact

Exhaust Back Iron Exhaust
Port Port

Piston it — " Piston
Cylinder Intake Permanent Winding | Intake Cylinder

Port Magnet Connecting Rod Port

Free Piston Linear Alternator - 50% eff. on lean NHj/air mix @48:1 CR

Published in: Qingfeng Li; Jin Xiao; Zhen Huang; Energy Fuels 2008, 22, 3443-3449.
DOI: 10.1021/ef800217k
Copyright © 2008 American Chemical Society

10/4/2011



LFTR-Powered, Close-Coupled Cement &
Green Freedom™ Synfuel Plants

ExMaust Gat Electrostatic— scrubber

= — . .
Ve h &SR
l" '-' . .{ tg it Stago 1
v Y E K>COs3 soln KHCO; soin
| ."’] e '_ { v
{ 1S5
|\ Stege 2
| \5) Electrolyzer
G -‘_,‘-i:? . 0,+CO;
ey Stage 3
a7 Molten salt jacketed M H
Riser Ppo Ji”:' =) 02 | 0> i
Blown - s ]::-_; Stago 4 byproduct s e p an
plasma e | B /s
: l co,

Synfuel synthesis

arC  Rotary Kin ,'/
7 LFTR

OPC
clinker

MeOH}GasoIine,
Diesel, JP-8 etc.



http://en.wikipedia.org/wiki/File:CemKilnSP4.jpg

Multi
Effect
Distillation
(Optional)

e pn g,

Steam
Turbine

Vitrified
Glass

Distilled
Water

Electricity

Universal waste treatment/recycle system: One of
NnPrescription for the Pl an
technologies (the others are the IFR and boron synfuel)



2007: MARTIN / KUBIC, LANL: Air capture with K ,COj
Green Freedoni™ conceptmaking gasoline with CCfrom air withnuclear energy

Uses the reactpros cool i1

Ca=nt ' S o>

Crmmat
" @

Figure 3

E==

!

1l




Green Freedomo:
assumption Is suspect

A The air passing through a typical GEN I
nukeodos cooli ng tower¥
15% of the carbon (CO,) required by that
concept capled syofieelglant

A This problem is further exacerbated by the
fact that even sophisticated air scrubbing
systems* usually don(¢
about 60% of the CO,

*http://people.ucalgary.ca/~keith/Misc/AC%20talk%20MIT%20Sept%20
2008.pdf




VYA W A\ Using (cooling) towers 2

N
-
o
ol

MNaOH spray tower air capture unit: key parameters

Parameter Value Motivation

Tower diameter 110m Equal to cooling tower

Tower height 120m Equal to cooling tower

Air velocity 2 m/s Reasonable value®

COy capture efficiency from air - 50% Reasonable valusb

Mean drop diametar 0.7 mm Spray distribution from a hollow-cong spray nozzla

NaOH concentration in solution  3—6 mol/1 Adjusted to minimize evaporative loss based
on local climate.

Carbonate capturad per ]:uas's" 0.2 mol/l Based on numerical model of falling drops

Solution fow rate | m¥s Fixed by above parameters

Pressure drop accross tower® 22Pa Based on numerical model of falling drops;
excludas wall friction.

Electricity use .4 MW Based on 75% fan and 85% pump efficiency

Carbon capture rate TaO00 tCfyr  Fixed by above parameters

Capital cost® $12million  (Cooling tower costhx 1.5°

Operation and maintenence cost 400,000 $vr  Conservative guess

|
R, j
TABLEB.2

*The air velocity trades off higher COs throughput, i.e. lower capital cost, with increased fan energy
(since fan energy goes as the square of velocity). While this value is not optimized, it falls in the
likely range of the optimal value since capital costs baloon for air speeds much below this, and fan
electricity costs dominate for values much above this.

PThe capture efficiency trades off higher CO; throughput, ie. lower capital cost, with increasad
solution pumping. Becauss higher efficiencies require exponentially more energy to achieve, but low
efficiencies drive up capital costs, 50% is in the likely optimal range.

“The contactor has additional cost over a cooling tower of fans and some liquid-handling components.

In the contactor, CQis absorbed into NaOH
solution forming sodium carbonate (J)GO;),
which is then sent to the "causticizer", where
the NaOH is regenerated by addition of lime
(CaO) in a batch process.

The resulting CaCOsolid is sent to the calciner
where it is heated in a kiln to regenerate the
CaO, driving off the CQin the process known
as calcination.

The CQ is then captured from the flue gas by
conventional means (such as an amine
system), compressed, and sequestered for Ic
term storage.

The net result is that C(s concentrated from
atmospheric levels to those required for
compression and storage.

The primary inputs are energy, wateand small
amounts of NgCO,; and CaCQ to make up
for losses in the regeneration process

Carbon capture rate: 76,000 tC/yr

If CO, capture efficiency 50%
as stated by the authors



2007 HOLBROOK Why Ammonia?

A Ammonia is the only practical (viablelfuid fuel that can be
made from water, air, and renewable eneggit - __

A Energy dense

A Clean burning direct fuel: no carbon

A Excellent hydrogen carrier

A Widespread use/experience (#2 chemical
I US consumes 20 million tons per year
I 130 million tons produced annually worldwide

A EXxists as liquid at moderate pressure/temperature Transmissior
and firming storage for renewables

A Large existing market and delivery infrastructure

A Ammonia pipelines ~3000 miles currently used

A No corrosion or embitterment problems

A Approximately 4.million tons of largetank ammonia storage




Hydrogen Energy System Coupled with Ammonia Economy
www1.doshisha.ac. jp/~enﬂ=;ent/research/exampIe/ammonla en.pdf

Various noer af Ammania

Ferilizers, chemicals, artificial fibers

Fuel for automobdes («Gasoline)
Refngerant (¢*CFC)

Hydrogen storage and
transportation medium

SHGh My orogen asignt rato
‘Ease of harding

wep | ow cost production

Reductant of NO_(SCR)
*NG, emissiens from shps and plants
= On board, on-site production

Electrolytic synfhesis of ammonia under atmospheric pressure

[ Power su

nETT Arodic: N*—N+3e
ael"J'T Ak AT H, - 3K
o . N +3H = NH,

3
- =5 Cathodic: 12N, +3e = N

ESS e
—Bioken sat =8 Totat 12Nyt 32 Hy = K.
Anode Cathcce - .

Prciple of electrolyic synthesis of NH;  Theoredcal elecirolysis voltage
from H, anc N, under amosphedic 0.054V 22 800K
pressurs ’

AN 2% NpreTan CoTIeT 27 RYSTORON ST ST

q’gw l,-m, -ua

Fllll Nl

Anwdic. OF—+120;r2¢

Buk:  N?=32HO
= N."‘lg" a2 C}

Cathedic: 12N, +3e =N

Prnciple of electirolyiic syrthess of

NH, from 5.0 and N;

Total 12 N,+32K,0
=+ H, + 38 0,
Thaoetca dectolysis voliage
117 Va8 K



LFTR-Powered Cement
Kiln/Carbonaceous Synfuel Plant cont.

AThe production of 3 quads worth of
synfuel would co-generate about 390
million tonnes of OPC

AToday we only use about 100 million
tonnes of OPC per year

27707



. . , 'l Lawrence Livermore
Estimated U.S. Energy Use in 2009: ~94.6 Quads 4 National Laboratory

Net Electricity
0.01 Imports

Solar

25 T8)iN14) g N
1208 \

.
rrliva

2610

=
5464

Commercial
849

Trans-
portation
2698

Source: LINL 2010. Data is based on DOE/EIA-0354(2009), Aogust 2010 If thes information or 4 teproduction of it is wsed, Credht mast be given 10 the Lanrence Livermore National Laboratory
and the Department of Fnergy, under whose aunspsces the work was performed. Distributed slectncity represents only retail slectricity sales and does nat include self-generation. FIA
reporty fMows for non-thermal resources [).e., hydro, wind and solar) in BTU-egquivalent values by asseming a typical fossil fuel plant “heat rate” The efficiency of electnoty preduction is
cubculatod o the totsl retail electricty delivered divided by the primary sewegy input info slectriony generation. End use efficency is estimated as 80N for the revidential, commercial and
Incustrial sectors, and as 25% for the transpoctation sector, Totals may not equal sum of components due to independant rounding LLNL-MI-410527


http://upload.wikimedia.org/wikipedia/commons/5/54/LLNL_US_Energy_Flow_2009.png
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http://upload.wikimedia.org/wikipedia/commons/6/67/Electricity_Production_the_USA.svg

Putting out the FIRE

A The USAO6s economic system has becc

speculations of an unregulated financial sector (Einance,
Insurance and Real EstateiTd| REo) whi ch has gro
while much of the rest of the economy has withered

It is primarily due to the fact that our government protects the
fiefdoms of the nestablishmento (e
health professions & the insurance, financial, & pharmaceutical
Industries) while subjecting both us and new ideas to the tender
mercies of untrammeled capitalism

OQur governmentos policies have enc
which has left us with crumbling infrastructure and insufficient
good jobs to provide a decent standard of living for many

A This combined with the consequences of Peak Oil and Global

Warming constitute facts which must be addressed

A A properly implemented Nuclear Renaissance could provide a

technological fix

*total special interest lobbying expenditures in 2008 = $3.3 billion

http://www.opensecrets.org/lobby/index.php



George A. Olah, Alain Goeppert, and G.K. Surya Prakash, i Ch e mi c
recycling olJOrgCOm. Vdl. 34 Mo, 2, 2009



