Direct electric power charge and discharge without CO, emission
using an alcohol/carboxylic acid redox couple
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An excessive increase of CO, in the
atmosphere is regarded as the most probable
cause of global warming. A substantive
transition from fossil-based systems to
systems operated by electricity that is
generated using renewable energy, i.e.,
‘renewable electricity”, seems to be the
optimal answer to this environmental issue. A
lack of efficient distribution techniques for
unstably supplied and unevenly distributed
renewable electricity is one of the
fundamental impediments to its practical use.
Thus, electric power storage in high-energy
chemicals, called “energy carriers”, has
received much attention for the efficient
storage and on-demand supply of renewable
electricity."Here, we demonstrate an electric
power circulation method that does not emit
CO; and is based on the glycolic acid
(GC)/oxalic acid (OX) redox couple (Scheme
1).  Direct electric power storage in GC
ensures considerable high energy density
storage and good transportability through OX
electroreduction  with  significantly  high
selectivity (>98%) using pure anatase-type
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Scheme 1 Carbon-neutral energy cycling using
the GC/OX redox couple. Grey, red and yellow
spheres represent carbon, oxygen and hydrogen
atoms, respectively.
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Figure 1. Faraday efficiencies for the formation of
GC (blue) and glyoxlic acid(orange) at -0.7 V vs.
RHE and 50 °C.

titania (TiO,) spheres under mild conditions in the potential region of -0.5 to -0.7 V vs. the
RHE at 50 °C (Figure 1). The most desirable characteristic of this electroreduction is the
suppression of hydrogen evolution even in acidic aqueous media (Faraday efficiency of 70—
95%, pH 2.1). We also successfully generated power without CO, emissions via selective

electrooxidation of GC with an alkaline fuel cell.
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