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It is difficult to make predictions, 
especially about the future. 
 
Niels Bohr, Yogi Berra, Sam Goldwyn, Casey Stengel, Will Rogers, Dan Quayle, Mark 
Twain, Albert Einsteir, Winston Churchill, Enrico Fermi, Groucho Marx, Confucius,  



 

 



 

 

Why Fossil Fuels? 



 

 



 

 COST FOR PLANT 
 

Syngas Generation  65-70% 
 
Fischer-Tropsch Syn. 24-21% 
 
Upgrading to Fuels  19-9% 





Shell Pearl in 2011 was ca $150,000 bbl/day; Sasol 
was about $27,000 bbl/day 
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 Feedstock Pretreatment 
 
Natural Gas:  Easy since a gas 
 
Coal:  Remove ash only; heteroatom in  
  carbon fraction. 
 
Biomass:  Drying is energy intensive; high 
  oxygen content. 



Oxygen removal 

BIOFUEL B.V. 

The Challenge of  Biomass Conversion:  
Oxygen Removal 
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Syngas Purification 
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Syngas Generation 
65-70% of Cost 



 

 
1950:  Only proven option was Lurgi and this was used by Sasol. 
 
 
Today:  Many options but most produce low H2/CO ratio (1.6-
 2.1). 
  Commercial versions of most have reached their   
  maximum size. 
 
Future:   Molten Iron or Molten Salt 
  Compact Gasifier 
    Ionic Membrane Separation 
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Figure 4.  Photograph and schematic of the Catlettsburg, Kentucky bench 
scale test facility.  



Figure 6.  Photographs of key MEFOS facilities: (A) Electric arc furnace, (B) 
Universal converter  

(A) (B) 



 

 Molten Metal/Salt Gasification (representative, 
not complete list) 
 
1971 Kellogg Process, molten sodium carbonate (Cover et al., Chem. Eng. Proc., 69, 31, 
 (1973). 
1984 Molten Iron Pure Gasification Process, (Henrich et al., Chemie-Technik, 13, 45 
 (1984). 
1996 Hymelt Gasification Process (D. Malone, Commercialization of the Hymelt process 
 for Illinois coal, Final technical report, July 1, 2002 through Sept 30, 2003. 
2002 HIsmelt Gasification Process (Burke and Gull, Smelting Reduction for Iron Making, 
 Bhubaneswar, 18-10 December, 2002. 
2008 HydroMax Advanced Gasification Technology, Diversified Energy, FeSn alloy. 
2012 Molten Salt Gasification, developed by US DOE Idaho National Lab., Western 
 Hydrogen Ltd., licensed rights. 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

Schematic of units involved in the conventional FTS process (upper) and the one that is possible 
by eliminating the air separation unit (bottom) . 



 

 



 

 



 

 



 

 



 

 Fischer-Tropsch Synthesis 
 
•  Improve Reactor 
 
•  Improve Catalyst (ca. 50% of 
 operating cost) 
 
•  Improve Process 



 

 



 

 



 

 Improve Catalyst 
 

Support Sasol, alumina 
  Shell, silica, titania 
  BP, magnesia 
 
Active Component:  Increase loading without loss of 
         conversion/metal 
 
Process:  Wax/slurry separation 



 

 Improve Catalyst 
 
Increase loading of active component. 
 
Find a cheaper metal. 
 
Increase catalyst life. 
 
Viable bifunctional catalyst. 





Possible reactors for Fischer-Tropsch synthesis.  (a) slurry 
Bubble column reactor, (b) multitubular trickle bed reactor, 
(c) circulating- and (d) fluidized-bed reactor. 



Hydrodynamic model of slurry bubble column reactor 
in the heterogeneous flow retime. 



Typical particle trajectories within three different flow 
Regions around a rising bubble. 



Model of flow scheme in the slurry bubble column. 
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Supercritical Reactor 



 

 Upgrading 
Currently being done by Sasol and Shell. 
 
Little in the open literature until recently. 
 
Amoco (now BP) and UOP did detailed study. 
 
Easier than petroleum so need different 
catalyst. 
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Future in the US 
 

Biomass: Transportation of feedstock limits to small plants 
 
Waste:  Transportation of feedstock limits to small plants 
 
Coal:   Large plants possible, carbon dioxide large so  
  incorporating biomass needed 
 
Natural Gas: Large plants possible 



 

 

Think Big, 
Build Small 
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What if??? 

1. Invest 90 billion to build FT plants 
2. At 6 billion per plant, have 15 50,000 bbl/day plants (cost of 

$120,000 per bbl/day) 
3. 750,000 bbl/day production from the 15 plants 
4. US consumed 19 million bbl/day (1998); imported 10 million 

bbl/d. 
5. 15 FT plants produce 3.95% total consumption; 7.5% of 

imports. 
6. Government provide capital to build 15 plants and operators 

use and provide upkeep 
7. Sasol makes money at $10-25/bbl today operating with coal 
8. US operator should make money at $25/bbl. 
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Impact on US Coal Production 

Coal Production 2000 = 1.1 billion tons 
 
At 1 ton coal = 2 bbl FT products need 375,000 ton/day = 12.5% of 
current production 
 
At 1 ton coal = 3 bbl FT products need 25,000 tons/day = 8.3% of 
current production 
 
At 1 ton coal = 2 bbl FT products must increase coal production by 
12.7% 
 
1960-2000 coal production increased by 51,000 ton/day (1.88%/yr) 
 
At 1 ton = 2bbl need to increase coal production 8 fold for 1 year 
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Gregson Vaux, The Peak in U.S. Coal Production, www.fromthewilderness.com 
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