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The mimicry of photosynthesis to produce sustainable fuels and chemicals has long inspired scientists, but fully
functional and scalable systems that fully replicate natural photosynthesis remain rare, and viable routes to
commercialisation are uncertain.

Recent advances in the assembly of photosynthesis-inspired architectures have enabled the construction of
prototype solar devices for direct CO: fixation. Artificial leaves combine semiconductor light absorbers with
immobilised (bio)molecular catalysts to drive solar-powered CO, reduction, producing fuels, alongside oxygen
evolution from water oxidation. These products can be further upgraded via integrated catalytic processes, for
example converting formate into enantioenriched organics through enzymatic cascades or into sugars using
engineered microorganisms. The replacement of water oxidation by the valorisation of waste substrates provides a
possible path towards commercialisation. This “solar reforming” approach offers favourable thermodynamics and
kinetics while improving economic viability by coupling fuel production with waste upcycling. This presentation will
outline the emerging paradigm of integrated solar chemistry, spanning artificial photosynthesis and solar reforming.
It will also highlight frontiers such as atmospheric CO: utilisation, advanced light management in integrated devices,
and solar-driven cascade catalysis for high-value chemical synthesis.
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