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VoltaChem: Electrification of the Chemical Industry

Electrification of the Chemical Industry
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e2C: Electrons to high value Chemical products
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ChemElectroChem, 2021 8(17), 3207-3220

Enabling research

Component
development
and reactor

design -

Flexible
bench-scale
installation

Direct conversion of CO,
to platform chemicals

demonstrator
(up to 1 kg/h)
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Direct Route: CO, electrochemical reduction to FA

Technology demonstration

Direct formic
acid showcase

Anode (OER) Hy0 & 1/,0, + 2H* + 2~

(oc |\ [ [-N(do MM CO, + 2HT + 2e~ & HCOOH

€O, + H,0 - HCOOH + 1/, 0,
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Direct Route development line

Technology

Enabling R rch i
abling Researc Demonstration

Pilot
demonstrator
(up to 1 kg/h)

Electrode area 1 cm? > 0.60 m?
Electrolyte volume 100 mL »100 L
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Reactor development: 3-comp. vs. 2-comp.

m innovation
e Alkaline catholyte conditions: ,{ for life k_,
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Direct Route bench-scale system: ELEKTRA

Design Bwldmg Automation Commissioning

High-pressure system: 30 bar & 85° C

Automated monitoring system

On-line gas stream analysis

3-electrolyte loops

Pressure equilibration system

Vapour delivery unit for feed gas conditioning (¢, T, p)

voLTA Interreg &fzc
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High-p flexible reactor for CO,-2-FA
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Pilot demonstrator: ZEUS

Up to 1 kg FA/h

e 2.5—-10 kW total input
e Upstream CO, absorption

e Downstream FA
separation

Stack reactor of 15 cells

e 400 cm?/cell
e Total area: 0.60 m?

e Flexible reactor
configuration

Operation modes

* Real-loaded CO, capture
solutions

e Gaseous CO, feed to stack

Solvent }
in

Fully automated pilot

* Feed preparation system in
between batches

e Continuous operation: feed &
bleed

e > 100 h unmanned operation

e Automated rinsing and washing
procedures

¢ Inline sampling system
¢ High-p & T (30 bar, 85 °C)
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Delivered & commissioned

by end 2022
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Techno-economics & business case Direct Route

02 o 0.70 €/kg FA
Electrolysis: Protonation: Purification:
CO, to HCOO- (H) HCOO" to HCOOH 85%wt. HCOOH
1 0.60 €/kg FA -
|
0.50 €/kg FA -
Final product
m=lp  Concentrated 0.40 €/kg FA -

0.30 €/kg FA

Azeot. Formic Acid
Dist. s BMED: Bipolar Membrane
f 1 1 1 Electrodialysis

LBS Ext. + Dist.: Low Boiling
* Azeot. Dist.: Azeotropic
, Utilities , Utilities , Utilities Distillation

Solvent Extraction + Distillation
e Better electrolysis performance
e Costly protonation

|____

0.20 €/kg FA

0.10 €/kg FA

0.00 €/kg FA -
M:‘rketﬂce 3-comp.

Formate (HCOO")

e Direct FA production
e 1-step DSP
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Conclusions & next steps in CO,-2-FA direct conversion

Scale-up of Direct Route CO,-2-FA
Developed pilots to be placed in Field Lab

Further research to be continued under Kansen
voor West ||

Technology Implementation Plan Direct Route
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The team that made it possible
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