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Formate production from CO» and water using a 1m?-sized artificial photosynthetic cell with a
solar-to-chemical conversion efficiency of 10.5% ('Toyota Central R&D Labs., Inc.)
ONaohiko Kato, Yasuhiko Takeda, Yasuaki Kawai, Natsumi Nojiri, Masahito Shiozawa,
Shintaro Mizuno, Ken-ichi Yamanaka, Takeshi Morikawa, and Tsuyoshi Hamaguchi.

Artificial photosynthetic cells have been extensively studied for carbon neutrality, yet in lab-
scale. We constructed large-sized cells consisting of electrochemical (EC) reactors and c¢-Si
photovoltaic (PV) modules. Our reactors use a Ru complex polymer catalyst realizing a low
overpotential for CO; reduction, and an IrO, catalyst with a high catalytic activity for water
oxidation.! The 1000 cm?-sized cell achieved a solar-to-chemical energy conversion efficiency
(n7stc) of 7.2%,? and a further scaled-up 1 m?-cell demonstrated a higher rstc of 10.5%,
yielding a large formate production rate of 1.2 mol/h.> The advantageous features are a low
operating voltage of 1.65 V (overpotential of 0.22 V) at a large current of 65 A, and low cost
owing to the use of single-compartment reactors without expensive ion-exchange membranes
and no use of high-cost PV modules consisting of I[I-V group semiconductors (GaAs etc.). We
overcame the tasks unique to scale-up of the cell: lowering electric resistance of the electrode
catalysts, homogenous supply of CO», and suppressing crossover reaction.

Keywords : Solar fuels, Artificial photosynthesis, Electrochemical reactors; Solar-driven CO;
reduction; Formate
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