o B8 Internatinna} Symposium on
V% Materials
4 Electrochemistry &
Environment

10t Anniversary CIMEE Conference Celebration

i

8™ International Symposium on Materials, Electrochemistry and Environment — CIMEE26

Photoelectrochemistry as an Innovative Approach to Sustainable Hydrogen
Production

Wadiae EL BAHRAMI', Hassan MABRAK', Mohamed Taha LAKHAL', Zahra EL HAFIDI1!,
Youssef NAIMI!?*
! Processing of Information Laboratory (LTI), Faculty of Sciences Ben M'Sick, Hassan II University of

Casablanca, Morocco

2 Moroccan Renewable Energy Development Company (SMADER), President

* Corresponding author E-mail : youssef.naimi@univh2c.ma or youssefnaimi@outlook.

Thematic Area: Electrochemistry, Bioelectrochemistry & Environment
Abstract

Hydrogen is widely regarded as a fundamental energy carrier for decarbonizing hard-to-decarbonize
sectors, but its climate benefit depends entirely on its production method. Photoelectrochemical (PEC)
electrolysis of water offers a pathway that couples light capture and electrocatalysis in a single device,
converting sunlight and water directly into hydrogen and oxygen without going through the intermediate
step of electricity generation as in the case of photovoltaic-electrolytic (PV-EC) systems. This article
reviews the operating principles of photoelectrochemical cells (PECs), the semiconductor materials used
as photoanodes and photocathodes, the record solar-hydrogen conversion (STH) efficiencies obtained
with single-absorber and tandem architectures. In addition, we outline the main obstacles to the
deployment of this technology: charge carrier recombination, photocorrosion, the trade-off between
light absorption and carrier transport length (film thickness), and the difficulty of scaling up laboratory
devices to industrial-scale photoreactors. The role of computer modeling and techno-economic and life-
cycle analysis in resolving this problem is examined, as well as the specific opportunity that
photoelectrochemistry represents for a country with high levels of sunshine like Morocco, where a
roadmap for adopting a green hydrogen sector has been established. Indeed, Morocco has abundant solar
resources, creating favorable conditions for both applied research and potential industrial integration
with desalination and electrolysis powered by renewable energy. The article concludes that, although
PEC technology is not yet cost-competitive with large-scale PV-EC hydrogen, it remains a scientifically
important and strategically relevant pathway, especially for decentralized low-carbon hydrogen
production.
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