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Sun-driven green production offers a promising approach due to solar light abundance and
accessibility. Grey and blue H have a production cost ranging from $1.5 to $2.5 kg/H> and from $2.0
to $3.5 kg/H,, respectively, whereas the green H; cost is from $3.5 to $6.0 kg/H2, * which affects its
commercial viability. There is an urgent need to enhance the cost efficiency and stability of
photocatalytic (PC), photo/electrochemical (PEC), and photovoltaic-electrochemical (PV-EC) systems
after scaling up to be competitive with current H, technologies.? This work aims to provide an
overview of the state-of-the-art and recent developments of PV-EC systems and the new trends of
research in this field. PV-EC systems, have achieved so far the highest solar-to-H, production
efficiencies (STF), reaching up to 20% at practical current densities (e.g., >100 mA/cm?), using
precious metal catalyst (Pt, Ru, Ir) making produced hydrogen not economical.® Recent
breakthroughs in PV technology, especially the significant advancement in Halide perovskites, a
material with outstanding sunlight-to-electricity conversion efficiency,* provides an opportunity for
efficient renewable electricity production at low fabrication costs. To improve electrolyzer
performance, advanced catalysts fabricated with earth-abundant materials are needed. As a cost-
effective alternative, transition metal catalysts such as (Ni, Fe, Co, Mn, etc) offer a low-cost and
abundant substitute. In particular, MnFe composites in the form of oxide, oxyhydroxide, and layered
double hydroxides show promising stability and catalytic activity. In parallel, lonic liquids (ILs) can
further enhance electrolyzer performance. ILs with their unique properties such as low vapor
pressure, stability and tunable functional group > provides a new opportunity utilizing them as
electrolyte /electrolyte additive,® 7 as binders (in the form of polymeric ionic liquids)® and through
immobilization on catalyst surface,® to enhance the activity and stability of OER and HER catalyst.
We will show how these innovations could be integrated as a new approach to close the gap between
green and conventional H; costs, paving the way for large-scale and sustainable H, production.
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