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heat requirements in chemical reactions

̶ endothermic reactions

̶ thermal cracking

̶ dehydrogenation

̶ reforming

̶ …
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̶ exothermic reactions

̶ methanol synthesis

̶ Fischer Tropsch

̶ oxidation

̶ …

Westerterp, et al. Chemical Reactor Design and Operation Wiley (1991)



(strongly) endothermic reactions
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Wismann, et al. Ind. Eng. Chem. Res. 58 (2019) 23380

̶ heat transport focused reactor design
̶ narrow tubes

̶ fired furnace

̶ pronounced

temperature

gradients



challenges/objectives

̶ enhancing heat transfer efficiency

̶ faster response to temperature changes
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outline

̶ introduction
̶ efficient heating

̶ electrification
̶ ElectroThermal Fluidized Bed reactor (ETFB)

̶ e-CODUCT
̶ opportunities for simultaneous CO2 and H2S abatement
̶ powered by renewable energy

̶ conclusions & perspectives
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how can we enhance heat transfer?
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heat containment electrification



how can we do even better?

7/29

microwave

induction

heating from

the inside



reactor electrification

electrical heating -> overcoming limitations of combustion

advantageous in terms of:

• energy efficiency

• process control

• safety and maintenance

• rapid heating

• …
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Wismann, et al. Ind. Eng. Chem. Res. 58 (2019) 23380



electrical heating

9/29

induction microwave Joule

Imtiaz, et al. Ind. Eng. Chem. Res. 63 (2024) 4205
sonication
plasma



ElectroThermal Fluidized Bed reactor (ETFB)

̶ combination:
̶ fluidization

̶ Joule heating

̶ compared to conventional fluidized beds
̶ better control over bed temperature

̶ highly energy efficient

̶ rapid and uniform heating
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Fedorov J. Fluids Eng. 138 (2016) 044502



outline

̶ introduction
̶ efficient heating

̶ electrification
̶ ElectroThermal Fluidized Bed reactor (ETFB)

̶ e-CODUCT
̶ opportunities for simultaneous CO2 and H2S abatement
̶ powered by renewable energy

̶ conclusions & perspectives
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e-CODUCT: rationale
fast-response electrically heated catalytic reactor technology for 
CO2 reduction

why?
̶ current CO2 reduction technologies require

highly pure streams
̶ no existing technologies for simultaneous 

CO2 and H2S reduction
̶ making more feedstock sources available
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e-CODUCT: positioning
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e-CODUCT: process lay-out
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CO2 COS

H2S H2O

CO sustainable products

S
platform molecule

marketable product

http://www.ecoduct.eu 2022-2025 GA 101058100



COS synthesis: experimental

15/29

𝐶𝑂ଶ/𝐻ଶ𝑆: 1/1

4 g of

NaX Zeolite

NaX Zeolite

CO2+ H2S COS + H2O     



COS synthesis: modeling
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COS decomposition
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 COS decomposition to CO and 

sulphur 

 temperatures up to 800-1200 °C

 in situ heat generation by joule 

heating



e-CODUCT – ETFB modelling
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e-CODUCT valorization roadmap
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conclusions, opportunities and perspectives
̶ chemical reactor electrification

̶ more than connecting an electric heater to the grid
̶ reasoning from the inside
̶ CO2 emission reduction
̶ integration in a process
̶ …

̶ challenges
̶ few large-scale vs many small-scale applications
̶ electricity availability
̶ impact on the chemistry
̶ …
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early bird registration

deadline: June 30th 



e-CODUCT: Want to know more?!
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Website: https://e-coduct.eu/

LinkedIn: @e-coduct project 
https://www.linkedin.com/in/ecoduct/

Twitter: @eCODUCT2022 
https://twitter.com/eCODUCT2022

YouTube: @ecoduct2022 
https://www.youtube.com/@ecoduct202
2/about

#e-CODUCT #HorizonEurope #CO2Reduction 
#innovation #technology
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Modified ER Mechanism

Eley-Rideal with CO2 & COS adsorption 
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ାCୌమୗθ∗− kଵ

ିθୌమୗ

H2S∗+ CO2 
  COS +H2O∗                   rଶ =  kଶ

ାCେ୓
ଶ
θୌ

ଶ
ୗθ∗− kଶ

ିθୌ
ଶ
୓ θ∗େ୓ୗ

H2O ∗   H2O + ∗                             rଷ =  kଷ
ାθୌ

ଶ
୓− kଷ

ିCୌ
ଶ
୓θ∗

COS + *  COS * rସ =  kସ
ାθେ୓ୗ - kସ

ି Cେ୓ୗ θ∗

CO2 + *  CO2* rହ =  kହ
ାCେ୓ଶ

θ∗- kହ
ିθେ୓ଶ

H2SCO2

COS H2OH2S

CO2

CO2

∗∗ ∗∗

CO2 and COS retention is accounted

Feed mixture of H2S:CO2=1:1 on 13X at 45°C. Thick line at C/C0 = 
1. 
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Modified ER Mechanism: Results
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Feed mixture of H2S:CO2=1:1 on 13X at 45°C. Thick line at C/C0 = 1. 
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Modified ER Mechanism: Results – Reactant 

Profiles
Feed mixture of H2S:CO2=1:1 on 13X at 45°C. Thick line at C/C0 = 1. 
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Modified ER Mechanism: Results – Product 

Profiles
Feed mixture of H2S:CO2=1:1 on 13X at 45°C. Thick line at C/C0 = 1. 


