-7- (3) Carbon dioxide forCoal
gasification and waste treatment

Gasification permit to use pipes for coal
transportation

° coal to Syngas : solid to gas
Wood and biomass to syngas  solid to gas
° Fisher Tropsch syngas to synfuel

e coal and Waste by plasma gasification
process electricity to syngas and to synfuel




FISCHER-TROPSCH SYNTHESIS

Basic reactions in the F.T. synthesis

Paraffins formation

(2n+1)H,+nCO=CnHy,,,+nH,0
Olefins formation

2nH,+nCO=CnH, +nH,0
Alcohols formation

2nH,+nCO=CnHg,,, ;) OH+(n-1)H,0
Other reactions may occur during the F.T. synthesis

depending on catalyst conditions and working parameters of the reactor

Water gas shift {

CO+H,0=C0O, +H,
Bondouard disproportionation
2CO0=C+CO,
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e Most important aspects for F.T. reactors are

1 — High reaction heats
2 — Large number of products produced by varying vapor

3 — Temperature HTFT = 340°C pressure or LTFT 220-240°C

e Main reactors developed since 1950

1 — Slurry bubble-column reactors with internal cooling tubes
2 — Multi tubular fixed-bed reactors with internal cooling

3 — Circulating fluidized bed reactor with circulating solids, gas
recycle, cooling in the gas/solid recirculation loop

4 — Fluidized bed reactors with internal cooling

Ref. Chem. Eng. January 20090p::23=27
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Syngas Composition (mole%)
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..39.2%
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H20
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...23.0%

.. 10.3%
1.5%
0.7%
0.8%
0.8%

EMRS FALL MEETING
Varsaw 13-15 sept 2010
Symposium A



Syngas Composition (mole%:)

CO....39.2%
H2....23.7%
H20..23.0%
C02...10.3%
CH4....1.5%
H25 .....0. ™%
N2 .. .08%
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CO2 to synfuel:a new process

80.000b/day
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INNOVATION PROCESSES FOR FISHER TROPSCH SYNTHESIS \

Capacity of the Process 80.000 baril/day form coal (131.000 MWh)

A Conventional route Fisher-Tropsch Energy Theoretical
and M-T-O processes from minimum
(methanol to olefins) network 350MW

3C+4H,0>2CO+4H,+CO,—>2(-CH,)alcane + 2 H,0 + CO
1000 MW

A Innovation route

3C+6H,0—>3C0,+6H, > 2(-CH,-) + 4 H,0 + CO,

820 MW — 15 % reduction of CO, than
the conventional route

— 20 % less work to the gasifier
A if=FIZ=is produced via { nuclear
wind
solar

this process becomes a method for consuming CO, and may bypass the difficulties in the direct use of
H, as a fuel

Da+Aamd+ \AIND / DONNT7 / 1997100 N LIIAARvrAarnAYFYy DN ClacecAar D WaricrlhAvreaeAr




CHINA:Coal to liquid plant in
Mongolia

A new coal to liquid plant in Erdos
Operate by Shenhua Group the biggest coal producer in China

Production of 1 million tons per year of diesel and
petrochemical products

Capture and storage 3.6 millions tons of CO2 in oil
fields

e Science 25 sept 2009 vol 325 p 1646
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