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Abstract: Hydrogen is a clean and versatile energy carrier essential for reducing carbon
emissions and mitigating climate change. Photoelectrochemical (PEC) cells are clean and
promising technology for hydrogen production. PEC cells convert solar energy into chemical
energy through water splitting, producing hydrogen and oxygen. By integrating light
absorption, charge separation, and catalysis in a single system, PEC cells simplify the process
and offer a sustainable solution for the future. The presentation will emphasize the critical role
of catalysts and photoelectrode materials in enhancing PEC efficiency, with a particular focus
on overcoming the challenges of the oxygen evolution reaction (OER), which involves high
activation energy and complex reaction mechanisms. Bismuth vanadate (BiVO4) will be
highlighted as one of the most promising photoanode materials for OER, owing to its strong
visible light absorption and suitable bandgap (around 2.4 eV). Strategies for improving the
catalytic performance of BiVO4 will be explored, such as morphology design, heteroatom
doping, heterojunction and co-catalyst deposition. These modifications can significantly
improve charge carrier dynamics, boost reaction kinetics, and enhance the stability of the
photoanode. Future perspectives on PEC technology such as innovations in material design,
surface engineering, and scalable production methods are essential for achieving large-scale
clean hydrogen production. These advancements will not only address current limitations but
also pave the way for PEC systems to become a reliable and sustainable solution for global
energy needs. Ultimately, these efforts are key to realizing the potential of PEC cells in
driving the transition to a sustainable hydrogen economy.
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