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Integrated Photo- and Electrochemical Conversion
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PEC - photoelectrochemical
SYN-CAT focused on PC, PEC and EC.

University of Antwerp
& I ELCAT | Applied Electrochemistry
and Catalysis

At Photocathode
S ©
o o

hydrocarbons

At (Photo)anode

(&) ( J ‘O
( J
O,/organic

compounds

=
~

Reported STC Efficiency (%)

20

-
(6}

=
o

(6]

o

Photoactive material present either
- fully or partially in the device

O v
- @ Silicon

O Perovskites
- @ Oxides and Others

PV-PEC

3

Shukla, S.; Jose, V.; Mathews, N., Shining Light on Hybrid Perovskites for Photoelectrochemical Solar to
Fuel Conversion. EES Catalysis 2024, 2, 1072-1091.
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Project Work Packages and Scientific Objectives

Material Development
Semiconductors
Atomic layer deposition

Characterization and Predictive Design

Multiscale characterization
Band-diagram and optoelectronic modeling

Performance Testing
CO, conversion (0.2 kg/hr.m?)
CH;OH Production
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Photoelectrochemical (PEC) CO, Conversion

Main reactions

Cathode CO, + 5H,0 + 6e — CH;0H + 60H"
Anode 40H — O, + 2H,0 + 4e
Full-cell CO, + 2H,0 — 3/20, + CH;0H

Side reactions

Cathode 2H,0 + 2e - H, + 20H"
Cu,0 +2e + H,0 — 2Cu + 20H"

CO, + 20H — CO,* +H,0
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Simplified PEC principle
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Insights into the self-inhibiting reduction of Cu,O in bicarbonate

NEELET

drea

Cu,O0 — p-type semiconductor (band-gap 2.0 eV)

Exposed facets depend on layer thickness, bath pH, etc.
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Insights into the self-inhibiting reduction of Cu,O in bicarbonate

Experimental cell Setup
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Aspects: illumination (back/front), gas sparging, pH.

Gas-liquid flow-cells: layer hydrophobicity, residence time, differential pressure.
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Insights into the self-inhibiting reduction of Cu,O in bicarbonate

Chopped light voltammetry Photocurrent decay model
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Key Takeaways
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Photocurrent decay -> reduction of the oxide only
Inhibition and kinetic/transport effects (metal overlayer and nitrate reduction)

Methanol was not formed
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Electrochemical CO, Conversion

Acidic/alkaline flow-by membrane electrode assembly
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Side reactions

Cathode 2H,0 + 2e - H, + 20H"
CO, + 20H" — CO,%> +H,0
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In,S; catalyst layers (CL) for formate electrosynthesis
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In,S; CL Prepared by plasma-enhanced and thermal ALD (Cocoon, UGhent) gogw GHENT
T UNIVERSITY
A: structure of a gas diffusion electrode

B: SEM cross-section with EDX mapping
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In,S; catalyst layers (CL) for formate electrosynthesis
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Chemical modification of the microporous layer PTFE content and distribution by the plasma

Interfacial properties and CL coverage play a significant role

University of Antwerp . - Hinti . . . Mini . . . ,ﬂ
| ELCAT | Applied Electrocheistry Van den Hoek, J.; Mathew, F.; Hintjens, L.; De Coen, B.; Solano, E.; Minjauw, M. M.; Blomme, R.; Daems,N.; = mw

and Catalysis Choukroun, D.; Detavernier, C.; Dendooven, J.; Breugelmans, T., Advanced Energy Materials (2025), 15, 2404178. MOON




In,S; catalyst layers (CL) for formate electrosynthesis
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Scaling Up

Stability in a zero-gap (membrane electrode assembly) cell (16 cm?)
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Key Performance Indicators
1.2 kg/m?hr . ) o
0.2 kg/m?hr @ 95+% “selectivity” (total FE) Een=28V  J=15 kA/m?  ny =45%
80% selectivity (16 cm? cell)
CO, + H,0 — HCOOH + 0.50, E o in=-1.272
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Scaling up/Incremental improvements

Extended stability window and cell size (49 cm?) with Bi,0, CLs
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Key Takeaways and Prospects

SYN-CAT enabled effective In,S; catalyst layers for formate electrosynthesis
Upscaled production in a zero-gap configuration

Bypass conventional Kemira-Leonard process (using methanol) to make formic acid
Formic acid hydrogenation to formaldehyde (30% of methanol produced)

Lowering carbon footprint of formic acid production by novel thermal® and electrochemical routes
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Scaling up Electrochemical CO, Conversion

Threading-CO, project (01/2023-06/2027)
ELECTRA project (05/2025-2028)

European HORIZON EUROPE
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Scaling up CO, to CO production (3 kg/hr)
Total pilot area: around 40 ft container size
Total power: ~100 KW consumption capacity

Electrolyser power: ~45 kW
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Scaling up Electrochemical CO, Conversion

Flow-by vs. zero-gap upscaling

Threading ELECTRA

Flow cell configuration MEA configuration
Energy efficiency 15 — 20% Energy efficiency >30%
Cell voltage 5.5-9V Cell voltage 2.5-4.5V
Pressure 1 — 1.5 bar Pressure 1 — 20 bar

Upscaled three-cell assembly
0.36 m? electrode area per cell

Design @TRL 7 — Operation @ TRL 6 (restricted by utility availability)

* 3 kg CO h™ — could be debottlenecked
* 10-cell stack — scalable to 80 cells
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Thank you for your attention !
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