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History
• Production of industrial butanol and acetone via
fermentation, using Clostridia acetobutylicum, started in
1916, during World War I.
• Chime Wizemann, a student of Louis Pasture, isolated the
microbe that made acetone.
• Up until the 1920s acetone was the product sought, but for
every pound of acetone fermented, two pounds of butanol
were formed.
• A growing automotive paint industry turned the market
around, and by 1927 butanol was primary and acetone
became the byproduct.
• The production of butanol by fermentation declined from
the 1940s through the 1950s, mainly because the price of
petrochemicals dropped below that of starch and sugar
substrates such as corn and molasses.
• Fermentation-derived acetone and butanol production
ceased in the late 1950s.
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ABE fermentation
• Acetone butanol ethanol (ABE) fermentation by
Clostridium acetobutylicum is one of the oldest known
industrial fermentations. It was ranked second only to
ethanol fermentation by yeast in its scale of
production, and is one of the largest biotechnological
processes ever known.
• The actual fermentation, however, has been quite
complicated and difficult to control. ABE fermentation
has declined continuously since the 1950s, and almost
all butanol is now produced via petrochemical routes .
• Butanol is an important industrial solvent and
potentially a better fuel extender than ethanol. Current
butanol prices as a chemical are at $3.75 per gallon,
with a worldwide market of 370 million gallons per
year. The market demand is expected to increase
dramatically if green butanol can be produced
economically from low cost biomass.

ABE fermentation
• In a typical ABE fermentation, butyric, propionic,
lactic and acetic acids are first produced by C.
acetobutylicum, the culture pH drops and undergoes
a metabolic “butterfly” shift, and butanol, acetone,
isopropanol and ethanol are formed.
• In conventional ABE fermentations, the butanol yield
from glucose is low, typically around 15 percent and
rarely exceeding 25 percent.
• The production of butanol was limited by severe
product inhibition. Butanol at a concentration of 1
percent can significantly inhibit cell growth and the
fermentation process. Consequently, butanol
concentration in conventional ABE fermentations is
usually lower than 1.3 percent.

C. Acetobutyllicum fermentation

Improvements
• In the past 20+ years, there have been numerous
engineering attempts to improve butanol production in ABE
fermentation, including cell recycling and cell
immobilization to increase cell density and reactor
productivity and using extractive fermentation to minimize
product inhibition.
• Despite many efforts, the best results ever obtained for ABE
fermentations to date are still less than 2 percent in butanol
concentration, 4.46 g/L/h productivity, and a yield of less
than 25 percent from glucose. Optimizing the ABE
fermentation process has long been a goal of the industry.
• With that in mind, a new process has been developed using
continuous immobilized cultures of Clostridium
tyrobutyricum and Clostridium acetobutylicum to produce
an optimal butanol productivity of 4.64 g/L/h and yield of
42 percent.

• Compared to conventional ABE fermentation,
this new process eliminates acetic, lactic and
propionic acids, acetone, isopropanol and
ethanol production.
• The fermentation only produces hydrogen,
butyric acid, butanol and carbon dioxide, and
doubles the yield of butanol from a bushel of
corn from 1.3 to 2.5 gallons per bushel.
• That matches ethanol's track record -- and
ethanol fermentations do not yield hydrogen.

Future
• Butanol is a pure alcohol with an energy content similar to that of
gasoline. It does not have to be stored in high pressure vessels
like natural gas, and can be but does not have to be blended (10
to 100 percent) with any fossil fuel.
• Butanol can also be transported through existing pipelines for
distribution. Butanol can help solve the hydrogen distribution
infrastructure problems faced with fuel cell development.
• The employment of fuel-cell technology is held up by the safety
issues associated with hydrogen distribution, but butanol can be
very easily reformed for its hydrogen content and can be
distributed through existing gas stations in the purity required for
either fuel cells or vehicles.
• Growing consumer acceptance and name recognition for butanol,
incentives to agriculture and industry, falling production costs,
increasing prices and taxes for fossil fuels, and the desire for
cleaner-burning sources of energy should drive an increase in
butanol production.

