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Biofuel Generations
First - Second - Third - Fourth

First Generation ------ Food

sugarcane

Ethanol mix with

gasoline

corn, soya

Second Generation ------ Biomass& wastes

:1. Biochemical (sugar platform and fermentation).
-2. Thermochemical pathways (syngas platform).
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1. Fischer Tropsch (FT) Process

= FT process, originally developed by Franz Fischer and

Hans Tropsch in early 1920s.

* The FT process involves a catalytic chemical reaction
in which carbon monoxide (CO) and hydrogen (H,)
present in the synthetic gas are converted into
hydrocarbons of different molecular weights based on

the following equation:

(2n+1) H, + n CO — Cn H(2n+2) + n H,0,

and in the presence of metal catalyst such as iron or
cobalt

Professor Franz Fischer (leff) and Dr Hans

Tropsch, the inventors of a process to create
liquid hydrocarbons from carbon monoxide gas
and hydrogen using metal catalysts.



Process conditions

*Temperature

* Generally, the Fischer—Tropsch process is operated in the

temperature range of 150-300 °C (302-572 °F).

* Higher temperatures lead to faster reactions and higher conversion rates but

also tend to favor methane production. For this reason, the temperature is

usually maintained at the low to middle part of the range.
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* Pressure

 Increasing the pressure leads to higher conversion rates and also favors formation

of long-chained alkanes, both of which are desirable.
 Typical pressures range from one to several tens of atmospheres.

 Even higher pressures would be favorable, but the benefits may not justify the
additional costs of high-pressure equipment, and higher pressures can lead to

catalyst deactivation via coke formation.

« Coke: is a grey, hard, and porous coal-based fuel with a high
carbon content and few impurities.
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Multi tubular fixed-bed reactor
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Fixed slurry bed
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Circulating Fluidized Reactor
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Fixed Fluidized Reactor
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Catalysts

 Four metals are active as catalysts for the Fischer—Tropsch process: iron,

cobalt, nickel, and ruthenium.

» Since FT process typically transforms inexpensive precursors into
complex mixtures that require further refining, FT catalysts are based on

inexpensive metals, especially iron and cobalt. Nickel generates too much

methane, so it is not used.
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However the catalytic process is a reliable technology, but it restricted by some

barriers:
1. Low catalyst selectivity,

2. Intensive operation cost due to the utilization of high temperature and

pressurized reactors,
3. Wide distribution product,

4. Requiring a specific ratio of gas components to yield a desired product and the
possibility of catalyst poisoning by the trace amount of sulfur gases presented

in the syngas.
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Promoters and supports

 In addition to the active metal (usually Fe or Co), two other
components comprise the catalyst: promoters and the catalyst

support.

 Promoters are additives that enhance the behavior of the catalyst. For

F-T catalysts, typical promoters including potassium and copper,
which are usually added as salts. The choice of promoters depends on

the primary metal, iron vs cobalt.

« Catalysts are supported on high-surface-area binders/supports such

as silica, alumina, or zeolites.
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