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Coal-To-Liquids, CTL 
 

 
Source:  http://www.answers.com/sasol%20coal%20to%20liquids 

 
Two main steps in CTL production: 
    (1) First gasify the coal and then 
   (2) Fischer-Tropsch liquefaction process 
 
COAL             GASIFICATION             FISCHER-TROPSCH  
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Potential Coal-Derived Products  

 

 
 
Source:  GTI Gasification Symposium, December 2, 2004 
http://www.gastechnology.org/webroot/downloads/en/1ResearchCap/1_8GasificationandGasProcessing/L
epinskiSmall.pdf 

 

Syngas can be used for power generation (IGCC) or for making fertilizers, 
methanol, synthetic natural gas, hydrogen or CO2  

Syngas could alternatively be sent through the Fischer-Tropsch process 
to produce diesel fuels etc
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Entrained Flow Gasifier 
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Lurgi Gasifier 
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Gasification and IGCC Power Generation 
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Source: http://www.rrc.state.tx.us/commissioners/williams/energy/Eastman_CO2-1.pdf 
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Fischer-Tropsch History 
Source: http://en.wikipedia.org/wiki/Fischer-Tropsch_process 

Since the invention of the original process by the German researchers Franz Fischer and 
Hans Tropsch, working at the Kaiser Wilhelm Institute in the 1920s, many refinements 
and adjustments have been made, and the term "Fischer-Tropsch" now applies to a wide 
variety of similar processes (Fischer-Tropsch synthesis or Fischer-Tropsch chemistry) 

The process was invented in petroleum-poor but coal-rich Germany in the 1920s, to 
produce liquid fuels. It was used by Germany and Japan during World War II to produce 
alternative fuels. Germany's annual synthetic fuel production reached more than 124,000 
barrels per day from 25 plants ~ 6.5 million tons in 1944 
(http://www.fe.doe.gov/aboutus/history/syntheticfuels_history.html). 

After the war, captured German scientists recruited in Operation Paperclip continued to 
work on synthetic fuels in the United States in a United States Bureau of Mines program 
initiated by the Synthetic Liquid Fuels Act. 

The Fischer-Tropsch process is a catalyzed chemical reaction in which carbon 
monoxide and hydrogen are converted into liquid hydrocarbons of various forms. Typical 
catalysts used are based on iron and cobalt. The principal purpose of this process is to 
produce a synthetic petroleum substitute for use as synthetic lubrication oil or as 
synthetic fuel. 

Original process 

The original Fischer-Tropsch process is described by the following chemical equation: 

 
 

The mixture of carbon monoxide and hydrogen is called synthesis gas or syngas. The 
resulting hydrocarbon products are refined to produce the desired synthetic fuel.  The 
carbon dioxide and carbon monoxide is generated by partial oxidation of coal and wood-
based fuels. The utility of the process is primarily in its role in producing fluid 
hydrocarbons or hydrogen from a solid feedstock, such as coal or solid carbon-containing 
wastes of various types. Non-oxidative pyrolysis of the solid material produces syngas 
which can be used directly as a fuel without being taken through Fischer-Tropsch 
transformations. If liquid petroleum-like fuel, lubricant, or wax is required, the Fischer-
Tropsch process can be applied. Finally, if hydrogen production is to be maximized, the 
water gas shift reaction can be performed, generating only carbon dioxide and hydrogen 
and leaving no hydrocarbons in the product stream. Fortunately shifts from liquid to 
gaseous fuels are relatively easy to make. 
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Fischer-Tropsch Process 
 

Source:  http://www.nationmaster.com/encyclopedia/Fischer_Tropsch-process 
 

Action of a catalyst: An increase in the rate of a chemical reaction 
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Liquefaction 
 
Change of a substance from the solid or the gaseous state to the liquid state.  
 
Since the different states of matter correspond to different amounts of energy of the molecules making up 
the substance, energy in the form of heat must either be supplied to a substance or be removed from the 
substance in order to change its state. Thus, changing a solid to a liquid or a liquid to a gas requires the 
addition of heat, while changing a gas to a liquid or a liquid to a solid requires the removal of heat.   
 
In the liquefaction of gases, extreme cooling is not necessary, for if a gas is held in a confined space and is 
subjected to high pressure, heat is given off as it undergoes compression and it turns eventually to a liquid.  
Some cooling is, however, necessary; it was discovered by Thomas Andrews in 1869 that each gas has a 
definite temperature, called its critical temperature, above which it cannot be liquefied, no matter what 
pressure is exerted upon it. A gas must, therefore, be cooled below its critical temperature before it can be 
liquefied.  When a gas is compressed its molecules are forced closer together and, their vibratory motion 
being reduced, heat is given off. As compression proceeds, the speed of the molecules and the distances 
between them continue to decrease, until eventually the substance undergoes change of state and becomes 
liquid.  
 
Although before the 19th cent. a number of scientists had experimented in liquefying gases, Davy and 
Faraday are usually credited with being the first to achieve success.  The production of liquefied gases in 
large quantities (and consequently their use in refrigeration) was made possible by the work of Z. F. 
Wroblewski and K. S. Olszewski, two Polish scientists.  The work of Sir James Dewar is also important, 
especially in the liquefaction of air and its change to a solid.  Heike Kamerlingh Onnes first liquefied 
helium.  The critical temperature of helium is −267.9°C, only a few degrees above absolute zero 
(−273.15°C).  The processes for the liquefaction of gases as developed by Linde and others form the basis 
for those used in modern refrigeration.  Liquefied gases are much used in low-temperature research; some, 
e.g., liquid oxygen, find use as rocket propellants. 

Source: http://en.wikipedia.org/wiki/Coal 

Among commercially mature technologies, advantage for indirect coal liquefaction over direct coal 
liquefaction are reported by Williams and Larson (2003). Estimates are reported for sites in China 
where break-even cost for coal liquefaction may be in the range between 25 to 35 US$/barrel of 
oil. 

Coal liquefaction is one of the backstop technologies that limit escalation of oil prices. Estimates of 
the cost of producing liquid fuels from coal suggest that domestic US production of fuel from 
coal becomes cost-competitive with oil priced at around 35 USD per barrel [4], (break-even cost), 
which is well above historical averages - but is now viable due to the spike in oil prices in 2004-
2005. [5]. 

Coal can also be converted into liquid fuels like gasoline or diesel by several different processes. The 
Fischer-Tropsch process of indirect synthesis of liquid hydrocarbons was used in Nazi Germany, and 
for many years by Sasol in South Africa - in both cases, because those regimes were politically 
isolated and unable to purchase crude oil on the open market. Coal would be gasified to make syngas 
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(a balanced purified mixture of CO and H2 gas) and the syngas condensed using Fischer-Tropsch 
catalysts to make light hydrocarbons which are further processed into gasoline and diesel. Syngas can 
also be converted to methanol: which can be used as a fuel, fuel additive, or further processed into 
gasoline via the Mobil M-gas process. 

A direct liquefaction process Bergius process (liquefaction by hydrogenation) is also available but has 
not been used outside Germany, where such processes were operated both during World War I and 
World War II. SASOL in South Africa has experimented with direct hydrogenation. Several other 
direct liquefaction processes have been developed, among these being the SRC-I and SRC-II (Solvent 
Refined Coal) processes developed by Gulf Oil and implemented as pilot plants in the United States in 
the 1960's and 1970's.[2] 
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Products from Coal Gasification & F-T 
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Review of Fischer-Tropsch Work by Rentech 
 

Source: http://crtc.caer.uky.edu/pubs/cobalt/attacXIV.pdf 
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What A Barrel of Crude Oil Makes 
 
 

 
 

http://www.answers.com/heat%20in%20one%20barrel%20of%20oil 
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Approximate Heat Content of Petroleum Products 
(MBtu per Barrel) 

Source:  http://www.findarticles.com/p/articles/mi_m2744/is_10_2005/ai_n15863676/pg_2 

Monthly Energy Review, October 2005 

Petroleum Product                    Heat Content 

 
Aviation Gasoline                                        5.048 
Butane                                                   4.326 
Butane-Propane Mixture (a)                               4.130 
Distillate Fuel Oil                                      5.825 
Ethane                                                   3.082 
Ethane-Propane Mixture (b)                               3.308 
Isobutane                                                3.974 
Jet Fuel, Kerosene Type                                  5.670 
Jet Fuel, Naphtha Type                                   5.355 
Kerosene                                                 5.670 
Lubricants                                               6.065 

Motor Gasoline 
Conventional (c)                                       5.253 
Reformulated (c)                                       5.150 
Oxygenated (c)                                         5.150 
Fuel Ethanol (d)                                       3.539 
Natural Gasoline and Isopentane                          4.620 
Pentanes Plus                                            4.620 

Petrochemical Feedstocks 
Naptha Less Than 401[degrees]F                         5.248 
Other Oils Equal to or Greater Than 401[degrees]F      5.825 
Still Gas                                              6.000 
Petroleum Coke                                           6.024 
Plant Condensate                                         5.418 
Propane                                                  3.836 
Residual Fuel Oil                                        6.287 
Road Oil                                                 6.636 
Special Naphthas                                         5.248 
Still Gas                                                6.000 
Unfinished Oils                                          5.825 
Unfractionated Stream                                    5.418 
Waxes                                                    5.537 
Miscellaneous                                            5.796 
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Sasol and Coal-To-Liquids 
 

 

 

Source:  http://www.gasification.org/Docs/2005_Papers/33VAND.pdf 
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Pennsylvania :  WMPI, Coal-To-Liquids 
SCIENTIFIC AMERICAN   MAY 2006 
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Arizona, N. Dakota: Headwaters and Coal-To-Liquids 
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Illinois:  Coal Gasification for Methane (GTI Chicago) 
 

 
 


