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Project Overview
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Why CO2 Reduction to Formic Acid?

© University Stuttgart

De Luna et al., Science 364, 350 (2019)

Á CO2 and H2 storagein a liquid 

Á High energeticefficiency(FE > 90%, EE > 30-50%)

Á High current densities(normally 200-300 mA/cm2, max. 1 A/cm2 reached)

Á No masstransfer limitation in fermentation (fully soluble)
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Biological Transformation throughSyntheticBiology
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Goals of the project

Specificproject goals:

1. CO2-electrolyzer for the efficient productionof formic acidfrom CO2 and water

2. PlatformstrainCupriavidusnecatorwhichiscapableto growth on formate via rGP

3. Productionstrainand -processfor PHB 

4. Productionstrainand -processfor crotonicacid

5. Engineering and plant conceptfor industrialimplementation(includingLCA & TEA)
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Laboratory CO2-Electrolyzer

ü Anode

ü Cathode

ü Flow Field

ü Membrane, Gas Diffusion 

Layer and Sealing Gaskets

Graphite Flow Field 27 mm Ĭ56 mmLab Electrolyzer: explosion view

Flow Field channels with different 

depth, measured in mm

Manufactured Flow Fields:

Å Channel depths, 0.5, 1.0 and 1.5 mm

Å Two different graphite grades

Laboratory CO2-Electrolyzer
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Flow Simulation

Parameters Studied in Simulation

ü Hydrophobicity of the Flow Filed

ü Inclination Angle

ü Flow Rate of Gas and Liquid in Cathode

ü Channel Depth

ü Channel Shape

ü Anode Inlet/Outlet Manifolds
Two-phase Flow Simulation in Channels

Flow Simulation in Anode End-Plate Simulation Result Analysis 

Flow Simulation
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MEA Design with PIL modified CatalyticLayer  

Membrane Electrode Assembly Design (MEA Design)
Zero Gap Design

PolymericIonic Liquids (PILs) 
canbe usedasΧ
Χ bindersin the CL
Χ stabilisersfor metal clusters

in order to
Χ enhancemetaldispersion
Χ control ion transport
Χ ǇI
Χ enhanceCO2 flux by

selectiveadsorption
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ÅAA 39 ςGDL

ÅBC 39 ςGDL + MPL

Å35% of PILs for each sample

ÅSnO2@AB Catalyst

Å1 mg cm-2 of SnO2 synthesized 
by homogeneous precipitation 

Å64% of AB (carbon)

ÅPIL3: PIL-Imid-C12 Br

ÅPIL5: PIL-Imid-C12 DBS

ÅPIL7:PIL-Imid-C12 TFSI
GSS analysis conditions: : j = -200 mA cm-2, T= 50°C, 
0.5M KHSO4, pH = 2.5 (H2SO4), Ir/Tianode in H2O

Testing of Binder and Catalyst

PILs synthesizedby:


