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ITraditional synthetic fuel processes
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Example: Iraditional Coal to Liquid

Fischer-Tropsch Product
Synthesis Upgrade
Synfuel
(- Sulfur ¢ &
{ . Product «.

'H,S

Water-Gas Gas Cleanup
Shift
CO + H,0 > CO, + H, COZ (25,000 tpd)

Vent or Sequester

Over 65% of carbon in feed is lost




Nuclear Hybrid Coal to Liguid

Fischer-Tropsch Product
Nuclear Plant Electrolyzers Synthesis

Synfuel

&
;S Sulfur &%
H,S Product &.¢

Gasifier CO, Gas Cleanup
« Uses 70% less coal

* Virtually no CO2 emissions

» Over 95% of carbon in feed is converted to product




\What do low emIsSIons cost?

1000
800
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400
200

Standard CTL ~ CTL with CTL with light CTL with high
carbon capture water reactor temp reactor

B GHG emissions (g CO2-eq / mile) B Synfuel cost ($/gal)

« Comparable to conventional CTL with CO, cost of $50/ton
« Major nuclear cost is capital cost of reactors (2002 costs)

* Only nuclear has a clearly lower carbon emission than the
baseline of conventional light crude oill




Can Also Use Other Energy Sources

Fischer-Tropsch Product

Electrolyzers Synthesis

wind, solar,
geothermal,
biomass

Synfuel

&
» Sulfur &%
H,S Product &g

Gasifier CO, Gas Cleanup

» Uses renewables, but intermittency requires operating
flexibility or storage of hydrogen and oxygen

« Can be smaller scale than with a dedicated nuclear plant




Hybrid systems can use multiple feeds

Energy Sources
Nuclear (Gen 3 and 4)
Geothermal
Biomass/MSW
Supplemental wind/solar

Energy Forms
Heat at various levels
Electricity
Shaft work
Steam
Water splitting (H.)

 Water

Air separation (N, / O
Carbon Sources | | i (N2 10,)
' - Desalination
I LR Waste heat recovery,
» Coal / petcoke nonevaporative cooling
+ Oil shale / oil sands
* Heavy petroleum
W PETO Processes
« Carbon dioxide - _
—lﬁ » Synthetic diesel / gasoline Secure
* Methanol / dimethyl ether low CO’
. # 2!
Hydrogen zzl:tlhetlc/naturall gas domestic
Sources ylene I propylene supplies
« Ammonia / fertilizers
* Methane



Nuclear Energy for. Upgrading
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VWY CONVErSIoNHexinility?

 Natural gas price (nominal $/MCF)

—— —
2000 2005
Source: EIA Monthly Energy Review
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ynfuel + O,

CO,+ H,0
+ energy
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Biomass Methane

Methanol

Fischer Tropsch fuel (CH,)
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 Reactions at standard conditions of 25 C and 1 atm
« Thermal input/recovery efficiency is 70%

 Electrolysis efficiency is 75% based on electricity. Power
generation is 33%, for 25% overall thermal efficiency




All synfuels reguire similar.energy.input
Whenstartinginemieos

B Electrolysis
E=r'WGS

3 Fuel synthesis
—4&— HHV of fuel (kJ/mol)

Energy input (kJ/mol)

: =5 T T
500 L Syngas Methanol Methane FT
synfuel
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Coal (CH) >, Methanol

Biomass (CHOH) / Methane

Fischer Tropsch fuel (CH,)
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CO,-to-methanol reguires much,energy.

O Fuel value of feed

B Hectrolysis

S 2500 - @ Gasification
g O Fuel synthesis
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Methanol Why is CO, so different?
500 - elvae * Largest need for H,
« Low production efficiency
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— Power generation 33%
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HighpliempiElectrolysis o oks better

B electrolysis

@ gasification
O fuel synthesis
2000 -
1500 -
1000 -~
500 H
0 — h:l—'—L:ﬁ
500 4 CO2 Coal Biomass

Data from J. O’Brien/INL
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Overall View of the HTE Test System
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Nuclear energy’s potential roles

Near term Near term
* natural gas g ST Wiy * natural gas
 coal » coal / petcoke
* biomass * unconventional fossil
« electrolysis * biomass
Long term Long term
* high temperature - cpal
electrolysis * biomass

unconventional fossil
gas hydrates
CO, recycling

* thermo-chemical
water splitting
 gas hydrates

-

) +Courtesy Dt R, Carrington

Yy

Near term Long term

ST il + coal * nuclear
ey * natural gas < renewables
— * nuclear * gas hydrates

\I. l + coal with CO, capture
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* When making synfuels, consider the sources of
carbon, hydrogen, and energy individually

* Nuclear systems provide a low CO, source of energy,
but the conversion efficiency between energy forms
(heat, electricity, hydrogen, others) is important




