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SEMI-ARTIFICIAL PHOTOSYNTHESIS FOR GREEN HYDROGEN
PRODUCTION — OVERVIEW, CHALLENGES AND POSSIBILITIES

Sabine KUBICEK?®", Oliver SPADIUT?

Sustainable energy production and storage technologies are needed to decouple industrial growth from
carbon dioxide production. A promising candidate for energy storage is hydrogen [1]. This molecule has
a high energy density and produces only water upon combustion [2]. Hydrogen is successfully used for
mobility, as seen by the growing number of hydrogen fuel stations in Europe [3] and plays an important
role as reducing agent in industry. The direct reduction of steel is one example where hydrogen can be
used to decarbonize an industry which now relies on a carbon dioxide producing process [4], [5].

But up to date, more than 90 % of the worldwide available hydrogen is produced by using fossil fuels as
educts and is therefore not a sustainable alternative to conventional energy production and storage [6].
An alternative is so-called green hydrogen, which is generated from water splitting by using renewable
energy sources. Electrolysis of water in PEM (polymer electrolyte membrane) cells powered by water,
sun or wind energy is already commercially available and an important step towards green hydrogen
production [7]. This process includes the conversion of energy from renewable sources into current and
a second conversion of current into hydrogen. Since the efficiency is not 100 %, every conversion step
loses energy. Therefore, hydrogen production directly from sunlight is desired. This can be realized with
photocatalytic processes.

Photoenzymes of plants, cyanobacteria or algae can split water into oxygen gas, hydrogen ions and
electrons [8]. These enzymes have a high theoretical efficiency and work at room temperature and
pressure. In combination with hydrogenases [9] or gold nanoparticles [10], these hydrogen ions and
electrons can be used to form green hydrogen. This photocatalytic hydrogen production through isolated
enzymes obtained from organisms is called semi-artificial photosynthesis [10]. The involved enzymes
are found in readily available organisms and their production is a carbon negative process due to
autotroph biomass formation of plants, cyanobacteria, or algae.

In this contribution, we want to give an overview about research done on semi-artificial photosynthesis,
present current challenges and possibilities and give some ideas for advancement of this field towards
industrial application.
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