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The appeal of solar-fuels and biofuels are many fold:
they offer independence from foreign petroleum, an
effective means of utilizing solar energy, and most
pertinently, a means of mitigating atmospheric
CO,.(1) Solar energy utilization is a hierarchy of
capture, conversion, and storage of energy. Plants
have done this over millennia via photosynthesis.
This is a template that much research looks to mimic
and improve upon. However, the efficient utilization
of solar energy stored chemically as solar-fuels is a
key component in this cycle.

A main argument against the use of biofuels derived
naturally from biomass and fermentation is that this
process is inefficient (~1 %), and it does not offset
COy; i.e., biofuel utilization is not a means of carbon
sequestration. However, when utilized efficiently
through electrochemical means it can be.

The paper will talk about more efficient oxidation of
ethanol in biofuel cells and alkaline fuel cells. This
work is focused on improving the complete catalysis
of ethanol oxidation— utilizing enzyme cascades at
bioanodes and non-precious metal based catalysts in
alkaline systems.

Many biofuel cells rely on immobilized microbes or
mitochondria for fuel oxidation at bioanodes. These
systems are capable of complete oxidation (i.e.,
alcohol to CO,). However, these systems suffer from
low catalyst loadings and interfacial issues associated
with biological membranes. Alternatively, enzyme
catalyzed biofuel cells have higher catalyst loadings
in bioanodes, as they do not contain the extra cellular
components, nor are they hindered by the poor
electronics of cellular membranes. Traditionally,
enzyme catalyzed biofuel cells relied on a single
enzyme, alcohol dehydrogenase. However, a single
enzyme system produces only 2 electrons upon
oxidation and an aldehyde product. Multi-enzyme
cascades(2, 3) or bioconjugated enzyme metabolons
(4, 5) are needed for this process. Research by our
group has shown that cascades can completely
oxidize ethanol to CO,. Figure 1 emphasizes the

effect of multiple-enzyme cascades for the NAD*
dependent oxidation of ethanol. This enzymatic
cascade will be compared to the use of DNA-nickel
electrodeposited catalysts for ethanol oxidation and
traditional electrodeposited catalysts for ethanol
oxidation.
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Figure 1. Representative power curves for the
oxidation of 100mM ethanol.
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