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Air Carbon Recycling for Aviation Fuel Technology
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This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 101022633. This work is supported by Japan
Science and Technology Agency (JST) under Grant Agreement No JPMJSC2102. This project is
developed in the frame of a Mission Innovation Challenge.
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* Funding Programme: H2020-EU.3.3.3. — Alternative fuels and mobile energy sources

= Topic: LC-SC3-RES25-2020- International cooperation with Japan for Research and

Innovation on advanced biofuels and alternative renewable fuels

= Duration: 3 years project (1 May 2021)

* Research and Innovation Action (= TRL 3)
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Aiming for carbon neutral production of liquid fuels

Alternative renewable fuels:

International cooperation
with Japan for Research
and Innovation

» Better high energy
density fuels with low or
net-zero carbon footprint
and low production costs
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&AirCRAFT

Direct CO, conversion into C,-C, . liquid fuels at mild conditions

o from o DIRECT Low * Next generation of stable and selective catalysts
s e ’ﬂﬂ]ﬂ gas-to-liquid temperature
industral process enabling the synthesis of sustainable jet fuel
H+C0, —> [+, * Process intensification
H, from green @O (n=8-16)
electrolysis*
fm * High CO, conversion and selectivity towards jet fuels

High-Selectivity

Enzyme catalysts 0
Energy from SoF o * Proof-of-concept validation
renewable ' High-Yield
sources @ Inorganic nanocatalysts
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Climate targets:

40%

By 2030, 40% cut in greenhouse gas
emissions compared to 1990 levels
and at least 27% share of renewable

energy consumption.

50%

By 2050, net aviation carbon emissions
will be half of what they were in 2005.
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Inorganic
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Disruptive
technology

Catalyst
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Improvement by
MOFs and
hierarchical solid
oxide scaffolds
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(mild conidtions)
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* Novel catalysts and Advanced Catalysts Carriers
*  Meso-macro-structured reactors

e  Structural and mechanistic investigations

*  Proof of concept and Impact (LCA)
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Direct CO, conversion into C,-C, . liquid fuels at mild conditions

I A1 )
ot o ( Y le and selective catalysts
biomasses and r&ﬁn Selected 4AirCRAFT key reaction:
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catalyst
O > W
H. from green ¢} H3C OH H3C
elzectrolygslis* @ mild reaction condition,
low energy demand d selectivity towards jet fuels
(e.g., T < 200°C) y :
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ey o o = * Proof-of-concept validation
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Available from CO, and H,0 via
artificial photosynthesis & microbial conversion:
Siemens & Evonik process technolog

igh-Yield

ic nanocatalysts
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&AirCRAFT
Formation of hexenes via catalytic dehydration under mild conditions
[ AI(OTf), ]
H3C/\/\/\OH d(-2t:ot|f)/()) > HSCW + HSC/\/\/CHfi + Hsc/\/\/CHS + H3C/\/\/\O/\/\/\CH3
Istliative

in situ-product removal
(150-180 °C)

crude yield: 82 %
total hexene yield: 80 %

100

after 12 h
S
— 80 1
3
% 60 1 3
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@ 40 - /
% flfes
% ‘ﬁ i il
> H. GROGER group
T T _|_—‘ "
OtotaI hexenel-hexene 2-hexene 3-hexene ether 1-hexanol UNIVERSITAT
A. Allahverdiyev, H. Groger, Bielefeld University, unpublished results. BIELEFELD
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&AirCRAFT
* Novel catalysts and Advanced Catalyst supports

Oligomerization
................................ isomerization
& R, =7 & "y aromatization
CO,———> CO CO——> (CH,), (CH,)—™/>C;—C,,

L Lo

Na-Fe;0, Zeolite J

Na—-Fe,;O, /zeolite multifunctional catalyst 7
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P. CAMARGO group

\ "
0 Fe,O, /

n
suspension
L= |
H-ZSM-5 UNIVERSITY OF HELSINKI
n

‘ Repeated 10x =d
2
\

$4800 10.0kV. 9.2mm x12.0k SE(M)

Catalyst support
optimization

S4800 10.0kV 9.2mm x15.0k SE(M)
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Nano = Macro scale

Metal Organic Frameworks
Hierachical porous scaffolds
Advance Manufacturing Process

ikerbasque

Basque Foundation for Science
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MOF: ZIF-8 MOF: UiO-66-COOH

~

L i T V] 1 8 K —

10.00 kV| 3.0 |20000x |ETD| SE |9.3mm|149um|0°] LMA |
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BASQUE CENTER FOR -

MATERIALS, APPLICATIONS el H H FUNDACION AGENCIA ARAGONESA

& NANOSTRUCTURES Basque Foundatlon for SCIence INSTITUTO DE NANOC‘ENC‘A PARA LA INVESTIGACION Y EL DESARROLLO
Y MATERIALES DE ARAGON
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Catalysts supports optimization -

&AirCRAFT

Sepiolite based catalyst supports produced by combined
freeze-robocasting technique

o g
mag det | mode W

H ‘ spot| r
V| 3.0 |10000x |ETD| SE

Generation of highly permeable structures with low pressure drop and high surface area/catalyst loading

B ’
L
“CSsIC dral
. O DE | : ' FUNDACION AGENCIA ARAGONESA
INSTITUTO DE NANOCIENCIA PARA LA INVESTIGACION Y EL DESARROLLO

Y MATERIALES DE ARAGON
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Work Package
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4irCRAFT Coordinator
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This work is supported by Japan Science
and Technology Agency (JST) under Grant
Agreement No JPMJSC2102.
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This project is developed in the frame of a Mission
Innovation Challenge supported by The Sao Paulo
Research Foundation (FAPESP).
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* Scientific Workshop (Spring 2023) — rational design and manufacturing of catalytic materials

for sustainable synthesis of high density hydrocarbons.

* Technical Workshop (Spring 2024) — next generation of catalysts for the direct CO, conversion

into renewable liquid fuels.

* External advisory board! — OPEN TO NEWCOMERS!!

If you are part of hard-to-abate sectors, fuel certificators, CO, emitters, large consumers of long-
chain hydrocarbons, chemical industry and sustainable fuels producers, etc...

daircraft@hidrogenoaragon.org
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