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eKeroSyn: New Kerosene Synthesis based on CO2 and green H2
“Concept studies for a new synthesis process
for production of kerosene from CO2 and renewable H2”
A new approach for the production of jet fuel from H2 and CO2 via high-temperature alkaline water
electrolysis and improved iron-based low-temperature Fischer-Tropsch synthesis is investigated. The
novel synthesis is highly selective for kerosene and shows high catalytic activity for direct CO2conversion. Atmospheric, biogenic and industrial carbon sources are considered for centralized and
decentralized operation.
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Motivation: Decarbonizing aviation using synthetic fuels
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Figure 1: Basket of measures for reducing international aviation net CO2-emissions,
adapted from [1]

Aviation accounts for 2% of global anthropogenic CO2-emissions – 65% thereof are caused by
international flights. Furthermore, passenger numbers are expected to grow by 5% per year and thus
forecasts estimate the fuel consumption to increase between 2.8 and 3.9 times by 2040
compared to 2010. [1] Therefore, the International Civil Aviation Organization (ICAO) has defined two
aspirational goals to reduce the environmental impact caused by aviation:
1) 2% annual increase in fuel efficiency through 2050
2) Stabilizing emissions at the 2020 level and carbon neutral growth from 2020 onwards
These goals are to be realized by a basket of mitigation measures including technological
improvements, fleet renewal, improvements to air traffic management and operation, as well as
market-based measures and sustainable alternative fuels.
Figure 1 shows the estimated CO2-emissions caused by aviation up to 2040 and the impact of
different measures to mitigate emissions. Despite significant savings through technological (blue
wedge) and operational improvements (red wedge) these measures alone do not suffice to stabilize
CO2-emissions. Consequently, market-based measures and sustainable alternative fuels (green
wedge) will play a key role in ensuring carbon neutral growth. The aviation industry aims to
replace 65% of conventional jet fuel with alternative fuels by 2050. [2]
Sustainable synthetic fuels reduce life-cycle CO2-emissions compared to conventional fuels during
production – either by saving CO2 from being emitted or by directly removing it from the atmosphere.

The Process: Jet fuel synthesis from CO2
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Figure 2: CO2-based jet fuel synthesis – pathways and concept design (icons by [3] and [4])
Feedstock:
Hydrogen is produced by alkaline water
electrolysis. A high-temperature (200 – 250 °C) and
high pressure (25 – 40 bar) process is chosen for
increased efficiency and optimal integration with the
fuel synthesis.
Three CO2-sources are considered: For large-scale
centralized operation industrial sources (e.g. cement
plants, steelworks or chemical industry) can provide
large amounts of concentrated CO2. For small-scale
decentralized operation biogenic sources (e.g. biogasor bioethanol-plants) or direct CO2 capture from
ambient air can provide a sustainable carbon source.

CO2-Conversion: Two pathways for CO2conversion are considered.
Firstly, direct in-situ conversion within the
Fischer-Tropsch Synthesis (FTS). The FTS
employs an improved iron-based catalyst that
shows high activity for the reverse water-gasshift (RWGS) reaction. Therefore CO2conversion to liquid fuels is feasible in the
synthesis step. Secondly, indirect ex-situ
conversion via separate RWGS-reactor. This
pathway enables the production of an optimized
synthesis gas composed with variable amounts
of H2, CO and CO2.

Activities in eKeroSyn (Phase 1):
• Technology evaluation
- CO2-sources for PtL application: Quantities, impurities, technological readiness
- High-temperature alkaline water electrolysis: Literature review and technical design
- Fischer-Tropsch Synthesis: Technical characterization and comparison to state of the art
• Concept design for integrated process chains for centralized and decentralized operation
• Modelling of processes and process chains in Aspen Plus®
• Techno-economic evaluation

Synthesis and process performance:
The FTS employs modular fixed bed reactors. The catalyst is placed in the
reaction tubes and medium pressure steam is raised in the shell for heat removal.
Reactors are arranged in parallel to form a reactor bank. Three reactor
banks are connected in series to form the reactor cascade. Reaction water
removal and synthetic crude recovery is carried out after each reactor bank. This
concept enables simple scale-up by increasing the number of reaction tubes in
the reactors and the number of reactors employed in each reactor bank. Overall,
the reactor cascade achieves a carbon conversion of around 80 %. The FTS is
designed as a single-pass process (“once-through”) without recycle – thus, no
recycle compressor, reformers and acid gas removal is necessary leading to a
simplified process design and reduced investment costs. Furthermore, the FTS
shows good part load capacity enabling stable operation at 50% of design
capacity with only a slight shift towards heavier products.

Outlook: Upon successful completion of Phase 1 (technological evaluation and concept design),
Phase 2 aims to built a pilot-scale demonstration unit at Leuna (Saxony, Germany).
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