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Carbon-neutral Fuels from Air and Green Power
Government-funded Kopernikus Project P2X: Integrated Container-scale Test Facility Produces
Fuels from Air-captured Carbon Dioxide and Green Power

KIT Energy Center: Having future in mind
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The world’s first integrated Power-to-Liquid (PtL) test facility to synthesize fuels from
air-captured carbon dioxide. (Photo: P2X project/Patrick Langer, KIT)

Press contact:
Several challenges associated with the energy transition can be
managed by coupling the sectors of electric power and mobility.
Green power could be stored in the long term, fuels of high energy density could be used in a carbon-neutral way. Sector coupling has now been demonstrated by the partners of the P2X Kopernikus project on the premises of Karlsruhe Institute of Technology (KIT). The first liters of fuel were produced from air-captured carbon dioxide and green power. For the first time, a container-based test facility integrating all four chemical process
steps needed was used to implement a continuous process with
maximum carbon dioxide utilization and very high energy efficiency.
“Worldwide, wind and sun supply a sufficient amount of energy, but
not always at the right time,” says Professor Roland Dittmeyer, KIT,
to describe the dilemma of the energy transition. He coordinates the
“Hydrocarbons and Long-chain Alcohols” research cluster of the
Power-to-X (P2X) Kopernikus project. “Moreover, a few important
transport sectors, such as air or heavy-duty traffic, will continue to
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need liquid fuels in the future, as they have a high energy density.”
Hence, it is only reasonable to store the so far unused green power
in chemical energy carriers.
The project partners Climeworks, Ineratec, Sunfire, and KIT recently
combined the necessary chemical process steps in a compact plant,
achieved coupled operation, and demonstrated the functioning principle. This combination of technologies promises optimal use of the
carbon dioxide and maximum energy efficiency, as mass and energy
flows are recycled internally. The existing test facility can produce
about 10 liters of fuel per day. In the second phase of the P2X Kopernikus project, it is planned to develop a plant with a capacity of 200
liters per day. After that, a pre-industrial demonstration plant in the
megawatt range, i.e. with a production capacity of 1500 to 2000 liters
per day, will be designed. That plant may theoretically reach efficiencies of about 60%, which means that 60% of the green power used
can be stored in the fuel as chemical energy.
Four Steps to Fuel
In a first step, the plant captures carbon dioxide from ambient air in a
cyclic process. The direct air capture technology by Climeworks, a
spinoff from ETH Zurich, uses a specially treated filter material for this
purpose. As air passes across them, the filters absorb the carbon dioxide molecules like a sponge. Under vacuum and at 95°C, the captured carbon dioxide releases from the surface and is pumped out.
In the second step, the electrolytic splitting of carbon dioxide and water vapor takes place simultaneously. This so-called co-electrolysis
technology commercialized by the technology venture Sunfire produces hydrogen and carbon monoxide in a single process step. The
mixture can be applied as synthesis gas for a number of processes in
chemical industry. Co-electrolysis has a high efficiency and theoretically binds in the synthesis gas 80% of the green energy used in
chemical form.
In a third step, the Fischer-Tropsch synthesis is used to convert the
synthesis gas into long-chain hydrocarbon molecules, the raw materials for fuel production. For this, Ineratec, a spinoff of KIT, contributes
a microstructured reactor that offers a large surface area on smallest
space to reliably remove the process heat and use it for other process
steps. The process can be controlled easily, handle load cycles well ,
and can be scaled up in a modular way.
In the fourth step, the quality of the fuel and the yield are optimized.
This process, called hydrocracking, was integrated into the process
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chain by KIT. Under a hydrogen atmosphere, the long hydrocarbon
chains are partly cracked in the presence of a platinum-zeolite catalyst and, thus, shift the product spectrum towards more dircetly usable
fuels, such as gasoline, kerosene, and diesel.
Due to its modular character, the process is of great potential. As a
result of the low scaling risk, the implementation threshold is far lower
than for a central, large-scale chemical facility. The process may be
installed decentralized at locations where solar, wind or water power
is available.
P2X Kopernikus Project: Flexible Use of Renewable Resources
“Power-to-X” refers to technologies converting power from renewable
sources into energy storage materials, energy carriers, and energyintensive chemical products. Power-to-X technologies enable use of
energy from renewable sources in the form of customized fuels for
vehicles or in improved polymers and chemical products with a high
added value. Within the framework of the government-funded Kopernikus program, a national “Power-to-X” (P2X) research platform was
established to study this complex issue. Altogether, 18 research institutions, 27 industrial companies, and three civil society organizations
are involved in the P2X project. Within a period of ten years, new
technological developments are planned to be developed to industrial
maturity. The first funding phase focuses on research into the complete value chain from electrical energy to energy-carrying materials
and products.

More Information
https://www.kopernikus-projekte.de/en/projects/power2x
https://www.climeworks.com/our-technology/
https://www.sunfire.de/en/company/news/detail/breakthrough-forpower-to-x-sunfire-puts-first-co-electrolysis-into-operation-andstarts-scaling
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https://ineratec.de/en/kopernikus-p2x-project/

More about the KIT Energy Center: http://www.energy.kit.edu
Being “The Research University in the Helmholtz Association,“
KIT creates and imparts knowledge for the society and the environment. It is the objective to make significant contributions to the
global challenges in the fields of energy, mobility and information.
For this, about 9,300 employees cooperate in a broad range of disciplines in natural sciences, engineering sciences, economics,
and the humanities and social sciences. KIT prepares its 25,100
students for responsible tasks in society, industry, and science
by offering research-based study programs. Innovation efforts at
KIT build a bridge between important scientific findings and their
application for the benefit of society, economic prosperity, and the
preservation of our natural basis of life.
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The photo may be downloaded under www.kit.edu or requested by
mail to presse@kit.edu or phone +49 721 608-21105. The photo may
be used in the context given above exclusively.
This year’s anniversary logo recalls the milestones reached by KIT
and its long tradition in research, teaching, and innovation. On October 1, 2009, KIT was established by the merger of its two predecessor
institutions: the Polytechnic School and later University of Karlsruhe
was founded in 1825, the Nuclear Reactor Construction and Operation Company and later Karlsruhe Research Center in 1956.
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