Using Chinese nuclear technology to end the era of
Global Warming.

A suggestion by James P. Holm, P.E.



 Ending The Era Of Global Warming.
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The Complete Energy Picture

Thorium is energy’s untouched final frontier
Thorium is what fusion wants to be

Slinhtly radinactive thorium can be made to sel-uparade to a synthetic uranium adequate for use in a reactor. (See page 2 of Dr. Teller's paper)

Chart by IPCC. Thorium, Unconventional Qils
added by author.

There is 4 times as much thorium as uranium.
All figures expressed in Exajoule (Ej).

QOils: COZ? Emissions in MMtiyr.

P = Easily Pumpable or “Conventional Qil”
S = Shale 0il, B = Bitumen (¢r Oil Sands Qil), EH = Extra Heavy (or Tar-Like 0ils)
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3 Chemical Fuels (Combustion):
e Coal

 Qll

 Natural Gas

3 Nuclear Fuels (Fission):
e Uranium-235
e Uranium-238
e Thorium-232



Thorium?
Liquid Reactors?
“Come for the thorium, stay for the reactor.”

The Manhattan Project identified 3 viable energy paths:
Uranium, Plutonium, and Thorium.

Thorium had near-zero military potential and was subsequently
abandoned and forgotten.

80% of thorium’s nuclear waste is safe in 10 years, the
remainder, 300 years.

Regardless of the nuclear fuel used, a fluid fuel molten salt
reactor produces only several percent the nuclear waste
produced by a solid fuel reactor.

Molten salt resembles lava — fluid when hot, rock-like when
cold. This means if it leaks out, it turns solid and won’t sink
into the environment like radioactive reactor water does.



How the three different nuclear fuels work The Three Nuclear Fuels

1. The Uranium-235 Cycle Needs Only One Neutron

MNeutron striking radicactve atom, causing it to spit and make heat
|Frn o R e iy s

AR Uranium-235 can be used directly.
Ju s Uranium YXJXITT  Uranium-235 is the only naturaly radioactive atom :
RIS * Srvee *
L'E- -
unnfuim# Erokan atom forms inbo smaller atoms.
g = (0.7% of all Uranium)
- Common as gold. Naturally radioactive Uranium-235

2. The Uranium-238 Cycle Uses Two Neutrons

Thorium is ener¢
Thorium

SHghtly radioaciie thorium can be made to sell-upgrade 1o & synthelic uranium
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Pumpable 3. The Thorium-232 Cycle Uses Two Neutrons
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Becoming a
Radioactive Atom
Energy Sizes Proportional 27 Days
To Remaining Reserves
9 - N e Broken atom forms into smaller atoms.,
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Global Energy Sources  comoasiexs
Thorium-232 upgraded to reactor-grade Uranium-233



“Fire-places” make using our chemical fuels safe.

Furnace Hot Water Heater Car Engine



Reactors are fireplaces for nuclear fuels.
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Hotter reactors and the countries working on them:
Canada, China, Finland, France, Japan, Korea, Russia, South Africa, UK, USA.
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The United States has become ossified around the
first nuclear technology.
China is using 4 different nuclear technologies.

A W) piuiin
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Organizational Overview
The Chinese Academy of Sciences (CAS) and U.S, Department of Energy
(DOE) Nuclear Energy Cooperation Memorandum of Understanding (MOU)

MOU Executive Committee Co-Chairs

China - Mianheng Jiang (CAS) iL44ti
U.S. - PetelLyons (DOE)

Technical Coordination Co-Chars
China - Zhiyuan Zhu (CAS) %k _l_

US. - Slephen Kung (DOE)
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If | read this
diagram correctly,
we are looking at
the world’s first
dual reactor steam
turbine.

It’s like the world’s
first two cylinder
engine. Think about
what having two
cylinders instead of
one did for railroad
locomotives.

The power
implications are
significant.
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Long ago and far away over the
Air Force’s super secret
Area 51 airbase . ...

1-RESTRICTED' AREA-

NO TRESPASSING
BEYOND THIS
POINT




A Nuclear Reactor Powered Airplane

Marilyn and | saw this prototype next to the visitor’s
parking lot at Idaho National Laboratories in 2011.



Jet engines need fire-hot heat

so we invented a fire-hot reactor.
Far safer unpressurized radiation — like in every hospital.

reactor
thorium fuel

molten

salt
«— heat exchanger
r B i | -
air | turbine
3
ol o W @)
shaft A |
cmpﬁssuimmsm” CHAMBER : gell era‘[ OI'
1

FUEL BURNER JET FIPE AND
AlR INTAKE PROPELLING NOZZLE

The externally fired gas turbine process

This modified drawing based on Figure 2 of extemally fired gas turbine paper.



This led to the design of the 1,000 megaWatt (e)
EBASCO power plant molten salt reactor.

(Then President Nixon defunded the project because it had no nuclear weapons potential.)

.....

TAKEN FROM EBASCO DWG NO. SK-1655
Design study of MSBR. cell.

EBASCO Molten Salt Reactor + Confinement Cell

2,500 megaVatts (thermal) to produce 1,000 mega\Vatts (electrical)

70’ Diameter, 50’ High, 3’ thick confinement wall

=
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1000 MW(e) MOLTEN SALT BREEDER REACTOR
CONCEPTUAL DESIGN STUDY
FINAL REPORT — TASK |
SUBCONTRACT NO. 3560
WITH
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NUCLEAR DIVISION
OAK RIDGE NATIONAL LABORATORY .
OAK RIDGE, TENNESSEE This 300 page
UNDER .
us. atomic eneray commssion AT report is
CONTRACT NO. W-7405-eng-26 fl" ee Iy
downloadable.
Just Google
TID-26156



The Red-Hot Molten Salt Reactor
Basic ldeas

Start on 3.5 tons U235 + 14 tons of
U238 + 110 tons of thorium. (M-T)

Control
Can be built in 3 to 1,000 mega\Watt (e) sizes. Rods
Typically runs between 1,100F and 1,300F.

1,000 mega\att (e) size depicted here.

Reactor Tank

30 years worth

of thorium for a
1,000 megalatt *
electricity plant
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: Clear Salt Dump Tanks
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Single-Fluid “Converter” Molten Salt Reactor

Takes dissolved thorium in, converts it to a synthetic uranium, and then burns that down to almost nothing
leaving almost no nuclear waste. The tiny amount of waste remains dissolved in the salt.

Goes 30 years between salt cleanings - a simple precipitation process - the salt, FLiBe, lasts forever.
Thorium heat can be 2,000 times cheaper than coal heat.



Next:

Ending The Era Of Global Warming.

REMOVING ALL
GLOBAL WARMING CO2
FROM THE AIR

BY USING OLD
COAL POWER PLANTS
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" ® Report of
(®e Beyond 2020
L e
Lawrence Berkeley National Labs American Physical Society
Oak Ridge National Laboratory June 1, 2011 100 pages

March 4-5,2010 200 pages

Planet Earth’s CO2 level has never been higher than 280 ppm for the last % billion
years.

Now, at 390 ppm, man has taken Planet Earth’s atmosphere deep into unknown
territory.

“Fracking Frenzy” is just going to make everything worse.



U.S. Department of Commerce | National Oceanic & Atmospheric Administration | NOAA Research

Earth System Research Laboratory
Welcome to Mauna Loa Observatory!

X7
Global Monitoring Division
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Even if we stopped all burning now,
Global Warming would persist for over 1,000 years.

Proc Matl Acad Sci US4 > w072y, Oct 26, 2010 » PMC2OTI048
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1. Experts say no matter how hard we try, we will never end more than about half of all CO2
emissions. Combustion will remain a principal component of the global energy system for

centuries to come.

2. They also say about 350 BILLION tons of OLD CO2 must be removed from the air
immediately to avoid the worst of Global Warming’s Climate Changes.

So, HOW DO WE REMOVE GLOBAL WARMING FROM AIR?

(Right) Mono Lake in California.

It has been well-known for a long time that
alkaline lakes absorb CO2 from the air.

This means that ambient temperatures
and simple, cheap, and abundant natural
chemicals are involved.

It should be possible to build canals with the
alkaline chemistry of Mono Lake, use air
bubblers to contact the CO2, extract the
COz2 from the water, and then return the
water to the canals to absorb more COz2.

This process is known as:
“Direct Air Carbon Capture.”

An alkaline lake absorbs
CO, at an estimated rate of
~450 ton per acre per yr



My cell biologist wife helped. Baking soda was tried.
David Nicholson was unable to confirm the idea.
There are several paths and for now I’'m sticking to the “Official Chemistry.”
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Modeled after a process common in the paper industry, this is perhaps
the most accepted chemical process for removing CO2 from the air.

C02 Depleted

THORIUM
AIR
ouT 1 mol / liter Heat
NaOH Ca(OH), IN
(hydration)
(oS (Calcium
Hydroxlde) Hydroxide)
“Quicklime”
Removal of Transfer of CO, Regeneration of CO , gas
CO, from Air from Na* to Ca?* from solid calcite
\ “Washing Soda” “Tums”
(Sodium (Calcium
\\ Carbonate) Carbonate) COZ
IN 8Os CaCO, oOuT
(drying)
COz2 i e : :
iQusg Gas — Liquid Liquid — Solid Solid — Gas

Schematic overview of air capture process.

Frank S Zeman, ENVIROMNMEMNTAL SCIEMCE & TECHMOLOGY FVOL 41, MO, 21, 2007, p 7558 - T563

To drive the CO2 out of the solid calcite (Tums) you need a 900°C (1,650°F) kiln.



Companies have been formed to develop Direct Air Capture of CO2 systems.
Unfortunately, the capture process uses fire. They advocate oxy-fuel natural gas
which produces pure CO2 emissions which is then added to the captured CO2
stream. This restricts their systems to tiny amounts of heat and thus little CO2.

&£

1] LTI N ST SRR
\ Air In Ailout |

—

Captured CO,

Hydroxide
Solution

Air In Air Out

Oxygen
Plant

Carbonate Solids

Natural Gas

“Oxy-Fuel” 2 ek B
The CE Outdoor Contactor work-site.

Much more at: http://www.CarbonEngineering.com Dr. David Keith

Regeneration Cycle

\ Air-Contactor




Using nuclear’s muscle

First: Fire-hot molten salt reactors can be used to convert the world’s
1,200 largest power plants from coal or gas to nuclear — an immediate
30% reduction in total Global CO2 emissions.

Side benefit: — The power plant’s $ 120 million per gW-year coal is replaced with $ 50
thousand per gW-year thorium. Substantial lowering of your electric bill’s fuel-charge.

Second: By over-sizing the reactors, the power plants would have
sufficient additional heat and power to also remove a large amount of
Global Warming from the air.

We simply overwhelm man'’s ability to make Global Warming.

Y
=p‘ By recycling existing large coal burning power plants we make
ending Global Warming quick and affordable along with substantially

reducing your electricity bill.
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The world’s largest single source of
Global Warming. The world’s largest
mega-coal power plant.

China 395
UsS 286
India 64
Russia 56
Japan 45
Germany 41
UK 22

< The 1,200 mega-coal power
plants that are the master key to
ending Global Warming



Old coal burning power plants have the
“Right Stuff”’ for scrubbing CO2 out of the air.

Large coal storage yard for CO2 canals.
Ample adjacent land.

Cooling water access.

Local, state, and federal permits.

Proven team of skilled trades workers.
Strong local support.

Already paid for.

Basic site construction completed.
Hazardous waste storage in place.

Railroad access.

Road access.

Electric switchyard in place, grid access.
Computer and telecommunications in place.
Sewage and wastewater in place.
Electricity + CO2 capture doubles the value of the plant.

Big Bend is on navigable water.

Lacks connection to the national CO2 transmission pipeline.



The "Big Idea™
Clearse the alr of Global Warming COz during

What would an old coal ===
power plant with added

1 An alkaling lake srcrts
€0, #l an sstimated rate of
=450 0N par acro per yT

direct air CO2 capture ‘.
AT e
I o o k I i ke ? = Unneeded coal bumning boiler and smokestack
(Using Big Bend as an example.) == =L —H— =t —E
goreren Toom || | Borrrrinne - 7 ——————
. s - Ty " ) TSR ThortamF celed Moten Salt Reactor ! 10 ory Power Prant Cooling
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Coal Power Plant Converted to Thorium Nuclear
ety a

The power
amall under grourd Ersram rescion

5. New underground reactor.
7. New steam generators. _—
14. CO2 scrubber canal. __ = -|[idE. X
13. Air bubblers. e 2
15. Liquid-to-solid CO2 converter. Gpt =E .
16. Solid-to-gas CO2 Kiin.
17. CO2 gas liquefier.
18. CO2 disposal well.
21. COz2 to vehicle fuels refinery.
22. CO2 to ultramafic rock.

Notice? .
tn cmpharn £ MaliOpny = Catliipe — 3 Nalil,,
0 Atmospheric CO2 Scrubber to Roll Back Global Warming =~ oo
Tl

11. Scrubber canals in Big Bend’s .......c0 ...
n ow-u n n eed ed coal Sto rag e ya rd . Coal-Burning Power Plant Repowered with Thorium to Roll Back Global Warming




Would it continue to make as much electricity?

Yes. The green area indicates
off-peak electricity is available.

There are two types of air bubblers:

Steam turbine and Electric motor.

The steam bubblers run all the time.
The electric bubblers run only when

there is available electricity.

Enormous amounts of air must be
moved if the entire atmosphere is

to be scrubbed of Global Warming
COa.

Each 700,000 CFM (cubic feet per
minute) bubbler takes as much
power as a railroad locomotive.
100 bubblers on one reactor is not
unthinkable.

100% 350 mvv !

A

All Electric
Bubhlers Off
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At Minimum

All Electric

50% 175 muy
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Alm. increase [GiC/lyear]

What kind of results can we expect?
Man produced 35 billion tons of CO2 in 2011.
About 46% or 16 billion tons of CO2 will end up in the air.

This suggestion would:

 Immediately end 10 billion tons of Global Warming emissions by
converting 1,200 large power plants from coal to thorium.

* 11.5 billion tons of CO2 would be removed from the air per year by air

capture equipment added to 1,200 large existing power plants.

* Purpose built air capture facilities on new sites adjacent to existing

sites are an option for removing even more CO2.

CO2 Emissions vs. CO2 Air Levels
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What was presented:

 Global Energy, China’s New Nuclear.

 Ending The Era Of Global Warming.



Thank you for your interest.

www.coalZnuclear.com
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A US-China fast-neutron company
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Hyperion Power Module (HPM)
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BEW mPower™ Designer: Hyperion Power ;

Generation, Inc.
Clinch River - TWA

Reactor Power: 70 MWE
Electrical Output: 25 Mwe |
Outlet Conditions: 500C
Coolant: Lead-hismuth eutectic,
primary and secondary
loops View Larger Image
Fuel Design: Stainless steel clad uranium nitride c 9y
Spotlight Let a thousand reactors bloom.
3 Refueling: Entire reactor module replaced every 7 to 10 years

CHOOSE A SECTION >

10-year exchangeable nuclear module.



How The Global Warming Machine Works

Planet Earth's average temperature is 59F.
If there were no CO2 in the air, Planet Earth would he at 0 degrees F.

Planet Earth Getting Cocler ¢ \ye develop a second pair of lines for Methane we are in for big trouble fast.
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How Carbon Capture and Storage (CCS) works



Air Capture of CO2

CO2 Absorbing
Chemical

Air+ CO2 —> @009 — Air

CO2 Extraction Energy \L

- ! 602
. Power -

(g .::' .
iﬁli Steam Dld Coal Power Plant |

Undergruund Generators Converted To
i Thorium Muclear
Thorium

Reactor

Underground Disposal Well
How Air Capture of CO2 would work



Yields, Costs, and Concerns

RESULTS: 700,000 cubic feet per minute (cfm), 30" head (at the bottom of 30" of water) bubblers
= 6,559 grams of CO2 per minute per bubbler (at 50% efficiency). (as per Frank Zeman)

Base: 383 blowers = 2,512,097 grams, 5,526 pounds of CO2 per minute, times 60 = 331,560
pounds or 166 tons per hour. Times 8,760 hours per year = 1,452,233 tons per year.

Peak: 45 blowers = 295,155 grams, 649 pounds of CO2 per minute, times 60 = 38,940
pounds or 19.5 tons per hour. Times 8,760 hours per year = 170,820 tons per year.

Total: 1,623,053 tons per year. At $22 dollars per ton, that comes to about 36 million dollars per
year. Heat from thorium can be 2,000 times cheaper than heat from coal.

Oops, I'll have to trade off a few steam powered blowers for some more extraction heat. This is
based on Dr. Frank Zeman's 50% efficiency estimate. If the bubblers can be made to be 80%
efficient as some suggest, then the air capture tonnage would be in the range of 2.5 million tons
per year per reactor.

Using Dr. Zeman's comment that 442 kiloJoules is required to process one mole (449) of CO2
from air to pure extracted gas (123 watt-hours thermal per 1.55 0z).

This translates to 12,601 oz of CO2 per megaWatt-hour thermal or 787 pounds per mW-h (t).

Since the reactor puts out 2,500 mW(t), that would come to 1,969,000 Ib/hr or 985 tons per hr,
times 8,670 hours/year = 8.5 million tons of CO2 per year - an absurdly large figure.

According to Dr. LeBlanc, at $100 per kg of Uranium, this might come to about $3 million. $3
million divided by 8.5 million tons of CO2 comes to $0.35 per ton - an absurdly small figure.

How much will the chemicals cost and how fast will they be used up?



Costs

350 mW(e) Power Plant Costs

o Air CO2 Capture Plant Costs



Process chemical energy levels and
plant equipment diagram

Figure 2.B5.1a. Enthalpy level diagram

&0 NaOM + Ca0 + CO; (sequestration] + M,0 for €O, absorption and regeneration
&0 — by sodium hydroxide (NaOH). Note that
] Stapd each level has the same set of atoms. In
40 AM= 545 ldfmal the system studied here, some molecules
(Slaker + Causticizer) do not participate in specific physical
20 : L processes; for example, ideally, NaOH is
= o HIOH + CROMD, + O, (a) not transported to the calciner, nor does
2 Cal(OH), participate in the absorption.
= =
a - Step3
= AH=1792
2 an Step 1
- Wi/mol AH=-109.4 ki/mol
T &0 (Calctm) (Absorber)
k'
BO
w
-100 Wi, C0,+ Cal k), + Hy0 Step2
-120 MaOH » CaCD. » H.O Causticizer
140

Figure 2.B5.1b. Scheme of a plant for CO,
capture from air that uses NaOH as the
absorber. The pulp and paper industry
- calls the reactor labeled *precipitator”
NaOH K"_“ —> (0, a "causticizer.” In this reactor, calcium
Calciner o carbonate is precipitated and sodium
z

, hydroxide (popularly called "caustic
L Causticizer | soda” as well as “lime") is regenerated.
Precipitator

Na,CO, CaCOy
salution pracipitate

Ca0

€« air

Matural Gas



Comparison of Energy Requirements (in kJ/mol) for Air Capture

item Zeman Keith et al. Baciocchi et al.

energy required

alr contacting 88 12 30+
causticization 0 96 0
evaporation 63e 180 202
calcination (eff.) 256 (70%) 204 (88%)e 239 (75%)
CO2 purification? 16 » 168 27
CO, compression 19 19 e 18

total energy required 442 679 516 ¢
energy available '
heat of hydration 105+» 0 0 332

# 0, production (Zeman, Baciocchi et al.}), MEA capture (Keith et al.)

H,O4 — H,Oy) AH,.,=41kJ/mol@373K.0.1MPa

CRC Handbook of Chemistry and Physics, D.R. Lide Editor in Chief, CRC Press, 2000
{Author had to “Cherry-Pick™ among the various processes for nuclear.)



Practical example: Comparing The Cost of Thorium Heat vs. Coal Heat

(Coal:) It takes about 3 million tons of coal (costing $120,000,000 at US $40 per ton, delivered) to
make 1,000 megaWatts of electricity for a year.

(Thorium:) "Once up and running, 800 kg [1,760 pounds] of thorium (costing $50,000 at US
$28.40 per pound), would produce 1,000 megaWatts of electricity for a year [using a molten salt
reactor]." (Stated by Dr. David LeBlanc, Ottawa,

Canada, Ottawa Valley Research Associates Ltd. in a Google lecture on Feb 19, 2009.)

Comparing 3 million tons of coal priced at $40 per ton delivered with 1,760 pounds of thorium
priced at $28.40 per pound, we have $120,000,000 for coal [divided by] $50,000 for thorium.

So, heat from thorium is 2,400 times cheaper than heat from coal.

Watch Dr. LeBlanc's Feb 19, 2009, Google lecture on this
subject: http://www.youtube.com/watch?v=8F0tUDJ35S0



http://canadiancompanies.landoffree.com/company/Ottawa_Valley_Research_Associates_Ltd
http://www.youtube.com/watch?v=8F0tUDJ35So

= CCSFants
=, Gorage Bsn Centraids)

Carbon (CO2) Markets

Enhanced oil recovery
Cap-and-Trade
Carbon Tax

Proposed US CO2 Injection Pipeline Grid

1] 250 500 1030 Mies

wwrw.petrolog

— Carbon Ppelines

Current US COz2 Pipelines

European Energy Forum

\ o
\ 5

—"Emissierechten Futures

|~——Emissierechten Futures 2020

2011/12"
——7

T— -
l Stijging gas-en |~
| stroom-prijs '~|

| | T T T T
| i‘ L =it
i S EU Energy
‘ [ Duitse kem l Efficiency Plan
‘ t Ausstieg [ [ | T T
; A [\
[ o " LY\ N
| | “~ | oy
bt = - | N
" r | MN | i Set-Aside
| -y - :
|1 | ™A A N
——CDM sCERs : Vit




Uses for hotter reactors

Replacing Coal, Natural Gas, and Oil Fires With Fire-Hot Molten Salt
Powering plasma gasifiers to reduce almost anything organic to carbon

Splitting water to obtain the hydrogen needed to upgrade almost any carbon
to gasoline

Loeffler Boiler Emulator - Replacing coal boilers in today’s power plants
(i.e., TECO’s “Big Bend” power plant)

Stirling Hot-Air Turbines - Replacing natural gas turbines in today’s power
plants (i.e., TECO’s “Bayside” power plant)

Molten Salt Reactor Heated Kiln — Many industrial applications - concrete

Drive Brayton-Cycle helium gas turbines — more efficient electricity
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