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PROJECT AND GENERAL OBJECTIVES

PH,OTOGEN aims to generate solar hydrogen
through a photocatalytic reaction. While most
research on photocatalytic hydrogen genera-
tion focuses on the splitting of water to form
hydrogen and oxygen, PH,0TOGEN aims to
couple hydrogen generation with the oxidation
of an organic molecule, such as glycerol oxida-
tion to 1,3-dihydroxyacetone (DHA), instead of
oxygen formation. Some of the advantages are:

+ Avoidance of the concomitant production
of hydrogen and oxygen, which can result in
a formation of an explosive mixture.

Since hydrogen (gas) and DHA (oil) are
in different states, they can be separated
without the need for specially engineered
membranes.

The value of DHA is around 50 times
higher than glycerol as a starting material,
unlocking other possible revenue stream
and accelerating the market-introduction
of green hydrogen.

PH,0TOGEN will develop two types of efficient
light-absorbing semiconductor materials: (i)
a hydrogen evolving particle, and (ii) an oxi-
dising particle.

Through efficiency and stability testing of
candidate materials on laboratory scale and
advanced analysis, PH,0TOGEN will provide
insights into degradation mechanisms and
identify countermeasures to solve these is-
sues. The particles will be deposited on a novel
transparent, conductive, porous support to
allow electronic (electrons and holes) transfer
between the two particle types. The synthesis
of most promising materials will be scaled up
and tested outdoors in a 500 cm? device, with
a target of 5% solar to hydrogen efficiency.
The technical studies, performance data and
lifecycle and technoeconomic assessment will
be used to select the most promising materials
for scale-up and to build a business case. The
technology readiness level (TRL) is expected
to increase from 2-3 to 5.
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NON-QUANTITATIVE OBJECTIVES

+ Development of novel semiconductors and
co-catalysts for hydrogen evolution and
glycerol oxidation.

+ Building and outdoor testing of a scalable
demonstrator capable of concomitant
hydrogen evolution and glycerol oxidation.

Lifecycle, technoeconomic and market anal-
ysis of the materials and device to establish
a business case.

+ Advanced material analysis to elucidate
degradation mechanisms and develop
countermeasures.

+ Engagement with research communities
(through publications, conference presenta-
tions, social media and webinars) and the
general public (through social media and
outreach events).

PROGRESS, MAIN ACHIEVEMENTS AND
RESULTS

Inthe first year, PH,0TOGEN focused on bench-
marking semiconductor and co-catalyst materi-
als for hydrogen evolution (HEP) and oxidation
(OP) reactions using half-cell testing.

Key outcomes:

+ HEP Progress:

Organic semiconductors showed prom-
ising photocurrents (onset at 0.8 V), out-
performing WSe?. MoSx co-catalysts were
developed and validated to boost hydrogen
evolution.

+ OP Progress:
BiVO, (via SILAR method) and an organic
semiconductor were top candidates.

BiVO, demonstrated excellent long-term
stability and has been tested under accel-
erated solar stress.

MnOx was the most effective co-catalyst
for glycerol oxidation.

Device Development:

A version 1 tandem device using best-per-
forming OP and HEP is being designed for
early testing. A novel transparent porous
conducting support based on FTO-coated
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quartz felt has been scaled and improved
with regard to conductivity and stability.
A 0D model has been developed to simulate
hydrogen production efficiency and to guide
device design.

« Sustainability and Market Impact:

Techno-economic analysis and life time
assessment inventories have been com-
pleted. Glycerol supply has been identified
as limiting factor for potential integration
into hydrogen and green chemical sectors.

+ Communication and Outreach:

LinkedIn engagement reached 289 followers
and two newsletters were released; dissem-
ination targets are on track.
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FUTURE STEPS AND PLANS

Testing of promising HEP and OP in
a tandem configuration.

Development of techniques to deposit HEP
and OP onto the TPCS.

Setting up reparation activities for reactor
building and small-scale testing, coupled
with modelling studies to optimise the reac-
tion design to be realised in 2026.

Preliminary assessment of the environment
impact and reactor cost.

Continuation of dissemination and commu-
nication activities with conference partici-
pation and publications.
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