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M BASF’s largest verbund site
| located in Ludwigshafen,
Germany

Exxon Mobil’s largest
R integrated manufacturing
g complex located in Singapore

™ Fulcrum bioFuels plant located in Nevada, USA
Strategically located adjacent to waste landfill
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Vision and Strategies

1. Circular carbon feedstock 2. Waste stream processing/ upgrading

(only viable with green H,): * Impure/ mix streams = requires

CO,, flue gas, biogas, municipal waste

purification/ separation = higher costs

Includes natural gas (no green H,) * Depends on scale of operation

Research themes in my sub-group: dynamic and intensified catalytic processes
1. ‘drop-in’ synthetic fuels via Fischer-Tropsch Synthesis (FTS)

2. new catalysts and processes for CO,/CO to chemicals
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Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
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Steam methane reforming: CH,+H,0 = CO +3H, AH =206 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
Flue Gas
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Reverse Water Gas Shift: CO, +H,= CO +H,0 AH =41 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
Flue Gas

H2
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Reverse Water Gas Shift:

Fischer-Tropsch Synthesis:

CO/(CO+CO2) (%)

Reverse Water Gas Shift

CO, +H,= CO+H,0 AH = 41 kl/mol
2
n CO +(2n+1)H, > C H,,,, +nH,0 AH =-165 ki/mol

RWGS equilibrium compositions
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Reverse Water Gas Shift: ~ CO, + H,= CO + H,0 AH = 41 kJ/mol
2
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
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Reverse Water Gas Shift: CO,+H,=CO+H,0 AH =41 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol

Spillover of adsorbed H,0 from support No H,0 adsorption on support

Water gas shift Fischer -Tropsch to olefins
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J. Xie. Science. 2021, 371, 577
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Reverse Water Gas Shift: CO,+H,=CO+H,0 AH =41 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
0
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Reverse Water Gas Shift: CO,+H,=CO+H,0 AH =41 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
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Reverse Water Gas Shift: CO,+H,=CO+H,0 AH =41 kJ/mol
Fischer-Tropsch Synthesis:  n CO + (2n+1) H, > C H,.,, + nH,0 AH =-165 ki/mol
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Methanol synthesis (R1) Methanol conversion (MTO) (R2)
[ CO, = | CH;OH | = Dimethyl ether = Hydrocarbons]

60
Advantages:
* Shift thermodynamic equilibrium (R1) = less recycling 50 A
* Fluidised bed to fixed-bed reactor (R2) 5 40 -
. . . . o
* Reduce separation and purification units 2 Methanol
e Savings in energy and costs £ 30 synthesis
S
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* Process conditions conversion
e Catalysts 0 . . . . .
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MeOH+N, MeOH+H, MeOH+H,+CO
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J. Xie et al. ACS Catal. 2022, 12, 1520
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CHEMICAL
REVIEWS

pubs.acs.org/CR m

The Oxygenate-Mediated Conversion of CO, to Hydrocarbons—On
the Role of Zeolites in Tandem Catalysis

Jingxiu Xie and Unni Olsbye*

Cite This: https://doi.org/10.1021/acs.chemrev.3c00058 I:I Read Online

J. Xie, U. Olsbye. Chem. Rev. 2023, acs.chemrev.3c00058
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Gas feed: COZ/CO/HZ
CO,/CO/H,

|
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Sustainable carbon Hydrocatbons: Fixed bed reactor:

feedstock: Oxygenates (MeOH, DME) w5 Catalyst
CO,, flue gas, biogas, Lower olefins (C, — C,), = 200 =400 °C
natural gas, municipal Gasoline (C, - Cyy),
waste Aviation Fuel (Cg — Cy) T 10 - 30 bar
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Chemicals and fuels Hydrocarbons




: university of
@9 / groningen Acknowledgement

RUG: Erik Heeres
Bart de Jong
Weixin Meng
Loek Pieke
Stefan Wubs

UiO: Unni Olsbye

TU Delft: lulian Dugulan

Shell: Leendert Bezemer




