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Our eyes are well engineered to respond to light and one of the chemicals they use is 
called rhodopsin. Rhodopsin is found in our retinas and it is responsible for our 
perception of light intensity. There is a bacterial form of this chemical called 
bacteriorhodpsin that was have been able to attach to a Ti-Pt nanocatalyst. When this 
modified bacteriorhodpsin senses light a series of reactions occur that allow the 
nanocatalyst to generate H2 from h2O, thus supporting light activated hydrogen 
production. It is really neat to think that it is possible to generate hydrogen using a 
compound similar to what allows our eyes to work. If you want to learn more about 
this development please check out the attached link 
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This week we are covering chemical conversions, our third biomass 
conversion pathway type.  
 



Breaking biomass into its parts and breaking those parts into chemicals and fuels 
really focusses on the biomass cell wall. But, as we have discussed, biomass isn’t all 
cell wall and it can be squeezed to produce oils in some cases. These oils get turned 
into fuels using their own class of chemical conversions.  
 
Biodiesel is produced by chemical reactions called trans-esterification that actually 
adds more oxygen to the oil to make it a better fuel.  
 
Renewable diesel is produced by any chemical process that removes the oxygen from 
the natural fat/oil and makes long straight chemical. This is like high tech, super 
charged vegetable oil hydrogenation.  
 
Hydrogenated vegetable oil is a chemical we have been making for over 50 years for 
food and in some cases it makes a great fuel. A lot of the exact same reactions are 
being re-cast and re-thought so that they can be used to hydrogenate oils for fuel 
instead of food.  
 
Soap is generated from a reaction called saponification that stabilizes the oil by 
making it a salt. It is ironic to think that we wash oil away using a product made from 
oil, but like dissolves like, so it does make sense.  
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Canola is a great oil plant, but 100 gal/acre doesn’t seem like that much unless you 
are a farmer.  
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Making biodiesel is commonplace these days. It can be done in the home garage or at 
the industrial scale. It is now a commercial product and it can perform well in an 
unmodified diesel engine. Making it is fairly straightforward, as this image tries to 
communicate.  
 
Basically, you get some vegetable oil or animal grease – it is important that you start 
with a liquid and not a solid. Then you mix methanol and caustic with the veggie oil 
and transesterification occurs. When this happens a methanol is added to the acid 
end of the fatty acid, which creates something called a fatty acid methyl ester or 
FAME and a waste product called glycerol. The FAME is cleaned up and used as 
biodiesel.  
 
In 2012 biodiesel production was 1.1 billion gallons. The EPA has a target of 2 billion 
gpy by 2022. However, we already have the existing capacity to produce 2.1 billion 
gpy. So, there is no issue with the level of production capacity. The issue is that the 
market and economics are not yet good enough to support the production of that 
level of biodiesel.  
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Aliphajet  -  http://www.aliphajet.com/ 
 
A rapidly growing area of oil conversions is the production of renewable diesel. 
Renewable diesel does not require methanol or caustic, it only uses hydrogen, 
metallic catalysts and heat. Because no transesterification or methanol is required the 
process has fewer steps, it can move faster, and the diesel produced has very little O2 
in it, making it more like regular diesel than biodiesel. There are several companies 
currently utilizing the process described in the image and another related process 
called HDO or hydrodeoxygenation. By reducing the complexity of the operation and 
improving the product, renewable diesel is quickly gaining ground on biodiesel. 
However, at the moment biodiesel is commercially proven and profitable, and 
renewable diesel is still proving itself. 
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Read the slide …  
 
While syngas can be used to produce a lot of different things, logical consideration of 
thermodynamics makes it pretty clear that the best syngas conversions will happen 
with reactions that generate chemicals similar to syngas. This means syngas reactions 
that produce low molecular weight O2 rich chemicals will usually have better 
efficiencies than reactions that produce high molecular weight hydrocarbons like 
Fischer Tropsch oils.  
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This is an image of pyrolysis to gasification with some of the gas phase reactions like 
carbon-steam and water gas shift included. These are included because syngas goes 
through reactions after it has been produced all by itself - just because we have made 
syngas doesn’t mean it has finished reacting. 
 
It is worth considering this image for moment so that you have a good feeling for how 
complex syngas can get.  
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Currently, the two most valuable syngas conversions in the world, based on tonnage 
generated and total value of product, are methanol and fisher Tropsch oils. We will 
discuss Fischer Tropsch oils because they are frequently converted into jet fuel and 
diesel. This chemical reaction allowed GE to produce fuels from coal during WW2, 
allowing GE to continue fighting long after its supply of oil was cutoff. This is also the 
reaction that SA currently uses to produce almost its entire fuel supply. SA has no oil 
and was unable to secure sources of oil economically, so they figured out how to 
covert their coal supply into Fisher Tropsch oils and it allowed their country to 
continue growing and advancing. 
 
This reaction was invented by Franz Fischer and Hans Tropsch (1920). It is basically a 
transition metal catalyst reaction that converts syngas into liquid hydrocarbons. 
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The Fischer Tropsch reaction requires fairly high temperatures and pressures. The 
process is operated in the temperature range of 150–300 °C and pressures of 200–
600 psi. The syngas flows into the reactor and across the catalyst where the CO is 
basically polymerized and then hydrogenated. This polymerization generates an oil 
composed primarily of paraffin and olefins of varying length. In a fixed bed there is 
approximately 60% conversion efficiency on the first pass, and up to 90% conversion 
efficiency with a second pass. In a slurry bed like the one shown above, the single 
pass efficiency is more on the order of 80%. These reactions generate a huge amount 
of heat that has to be removed to prevent the reactor from melting. The heat is 
generated from all the water that is produced by the polymerization reaction. 
Remember that discussion in combustion? Water formation like CO2 formation 
generates a huge amount of heat.  
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This image attempts to illustrate how the CO polymerization occurs. Several transition 
metals including Iron, Nickel, and Cobalt are capable of catalyzing Fischer Tropsch 
reactions when exposed to CO and H2 at high temperatures. 
 
When heated, these metals adsorb carbon monoxide and strip it of its oxygen, leaving 
a “carbidic carbon” on the surface. This carbidic carbon combines with other carbidic 
carbons and begins polymerizing them into a long chain. (same process as carbon 
nanotubes) 
 
Under the high hydrogen pressures this chain of carbons gets hydrogenated into long 
alkanes and alkenes. The oxygen that the carbon monoxide lost is turned into water 
by the hydrogen, releasing heat.  
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Compared to other syngas conversion processes, FT catalysis operate at manageable 
temperatures and pressures and get good conversion efficiencies. Methanol 
conversion is highly efficient and convenient, but methanol has a very low price and 
biomass is expensive carbon, so methanol production is usually not economics. 
Higher alcohol conversions often operate at very high pressures and have poor 
conversion efficiencies, so they are expensive and not yet really economical. 
Operating at these conditions may seem extreme, but it allows you to perform this 
synthesis reaction quickly in a fairly small area which has its strengths. You can 
produce a lot more oil a lot faster from a syngas reaction than you can from growing 
canola or algae. Like everything, there are always tradeoffs.   
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This table shows the maximum level of contamination these various syngas catalytic 
processes can handle. Biomass is full of proteins and inorganics and these turn into 
contaminants when the biomass is gasified. A distinct disadvantage of FT reactions is 
their sensitivity to contaminants – achieving a syngas with PPB levels of contaminants 
is very difficult. This would be an example of where canola and algae would excel 
over FT. Biological processes do not have this problem and are not nearly as 
sensitive to contaminants as metallic catalysts.  
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This table shows approximately how much product you should get based on the 
feedstock you are gasifying and using for synthesis. We have already discuss how 
biomass is a fairly expensive carbon feedstock, but this table also shows that biomass 
is hard to convert efficiently, which is largely due high O2 content and its 
density/shape. This frequently makes biomass processes less efficient than 
competing fossil fuel processes. That said, you can produce $3/gallon FT oils from 
biomass if the biomass doesn’t cost over $60/ton and you have economy of scale on 
your side; so its not impossible, it’s just not mainstream either because natural gas is 
more convenient and coal is cheaper.  
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This is overall flow diagram of FT and methanol synthesis from coal, biomass and NG. 
Please take a moment to trace the various process flows so that you develop at least 
a rough understanding of the sequence of operations.  
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http://www.sciencedaily.com/releases/2008/10/081002172534.htm 
 
Electric eels are fascinating. When you get a chance, please visit the attached link 
regarding some research at Yale. They are trying to build artificial electrocytes. 
Electrocyets are the cells that allow an electric eel to generate electricity and 
discharge it into the water around them. Being able to grow electrocyets we could 
then use for electricity production would be pretty incredible. A 40lb electric eel can 
generate 600 W or ~0.8 horsepower every time it discharges its electrocytes. That’s a 
lot of renewable power from something that isn’t that large and maybe someday we 
will be able to mimic this design and improve on it. For further reading on a related 
topic look up Osmotic power or salinity gradient power.  
 
Electric eel anatomy: The first detail shows stacks of electrocytes, cells linked in series 
(to build up voltage) and parallel (to build up current). Second detail shows an 
individual cell with ion channels and pumps penetrating the membrane. The 
Yale/NIST model represents the behavior of several such cells. Final detail shows an 
individual ion channel, one of the building blocks of the model. 
 
 

17 


