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Power-to-Liquid: Kerogreen

◼ Water-gas shift (WGS) reaction

◼ H2:CO ~ 2 for subsequent F-T synthesis

◼ CO2 removal for recycle to plasmolysis

Syngas production

H2O + CO ⇌ H2 + CO2
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◼ Fixed-bed reactor system

◼ Solid sorbent & catalyst
H2O + CO ⇌ H2 + CO2

◼ Cyclic operation

◼ Sorbent regeneration with purge

◼ CO2 adsorption during WGS 

Approach: sorption-enhanced WGS

◼ Lab-scale experiments

◼ Pilot-plant design & construction

◼ Process simulation
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Lab-Scale experiments Process simulation

Pilot-plant
design & construction 

◼ Space & time resolved model

◼ Reactor filling is crucial

◼ Sorption kinetics & capacity

◼ Microstructured isothermal reactor 

◼ Process optimization

Catalyst &
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Human kind needs energy in many forms. Yesterday, today, and tomorrow. The important question is: is the way 

we are consuming energy today still justifiable tomorrow with the knowledge of what happened yesterday?  

This question is particularly of relevance in the context of climate change. The extensive use of fossil fuels as 

energy carriers for the past decades has caused an increase in the atmospheric greenhouse gas concentration, 

which still leads to a rising global average temperature. To mitigate this effect of human-caused climate change 

accompanied by massive environmental impact in the future, the above-mentioned question must be rethought.  

Therefore, we have to clarify on the one hand if the given energy resources are being used for the “right purpose”, 

and on the other hand if they are used in the “right way”. The first issue, the definition of the “right purpose”, is 

mainly a matter of social needs and aims. Depending on the point of view, it may be difficult to distinguish 

between more or less important energy consuming sectors. For instance: Is it more important to provide energy 

for home heating use to ensure peoples’ health or for industrial applications to ensure a society’s wealth? The 

second issue, the “right way” of using available energy resources, might be easier to evaluate as concrete risks 

and measurable consequences can be attributed to the use of specific technologies and energy carriers, and 

energy efficiencies can be determined for technical energy conversion processes. This social (“purpose”) and 

technical (“way”) issues related to nowadays energy consumption are highly connected via political decisions 

and measures. A political milestone that has been signed by almost 200 signatories is the UN Paris Agreement 

on Climate Change (2016). The participating parties agreed to keep the “increase in the global average 

temperature to well below 2 °C above pre-industrial levels”. To reach this ambitious goal, especially major 

contributors to greenhouse gas emissions, such as the transport sector (causing one quarter of Europe’s 

greenhouse gas emissions), must undergo drastic changes. Therefore, the EU has committed to ensure the 

mobility needs of people and goods (”purpose”) by means of a low-carbon, circular economy. Their strategy 

comprises the exploration of synthetic fuels as one “way” of providing energy “for sectors that could remain at 

least partially dependent on liquid fuels, such as aviation”.  

For this reason, I want to give insight into an innovative process route for obtaining sustainable aviation fuel that 

is currently under investigation in the Horizon 2020 project Kerogreen. Being part of this international project 

team, I have the opportunity to contribute my ideas to a technology that might play an important role in the 

transport sector in the future. In the following contribution, I will give a short overview of the Kerogreen process 

route, and then provide further information on my individual work.   
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THE KEROGREEN  PROJECT:  OVERALL PROCESS CHAIN  

 

Fig.  1: Kerogreen conversion route to sustainable aviation fuel. 

The Kerogreen project aims to investigate an advanced Power-to-X (PtX) conversion route from water and air to 

carbon neutral kerosene powered by renewable energy sources. In PtX processes, H2 (energy carrier) and CO2 

(carbon source) may be applied as reactants for the production of chemicals and fuels. H2 is commonly produced 

via water electrolysis powered by renewable electricity. CO2 may be captured from various sources by Carbon 

Capture and Usage (CCU) in processes or Direct Air Capture (DAC). Often, CO2 is reduced to CO in PtX processes 

in hydrogen excess to obtain synthesis gas (syngas), a mixture of CO and H2. Syngas serves as feedstock for various 

fuel production routes like Fischer-Tropsch synthesis (FTS). 

In the Kerogreen project, an unconventional PtX route will be tested in a pilot scale plant (Fig.  1). The crucial 

step of CO2 activation is realized by means of CO2 plasma splitting into CO and O2. To circumvent product 

recombination, O2 is separated by a Solid Oxide Electrolysis Cell (SOEC). The remaining reaction mixture is fed 

into a Pressure Swing Adsorption unit (PSA) to remove unreacted CO2. The purified CO is then partly converted 

with steam to produce hydrogen (Watergas-Shift, WGS, Eq. ( 1 )). In this process step, two main targets are 

pursued: 1) providing syngas with a H2/CO ratio of approximately two for the subsequent FTS; 2) removing the 

by-product CO2 and refeeding it to the plasmolysis unit. In the FTS reactor, hydrocarbons with a wide chain-

length distribution are formed. The kerosene yield can be increased in the hydrocracking unit, where long-

chained hydrocarbons are cracked down to the kerosene range (approximately C10-C14).  𝐻2𝑂 + 𝐶𝑂 ⇌ 𝐻2 + 𝐶𝑂2    Δ𝐻𝑅0 = −41 𝑘𝐽𝑚𝑜𝑙 ( 1 ) 

MY DISSERTATION TOPIC: CONTINUOUS SYNGAS PRODUCTION 

In my PhD project, I work on the development and the integration of the WGS unit into the Kerogreen process 

chain. To reach the above-mentioned targets, a Sorption-Enhanced Watergas-Shift (SEWGS) system is under 

investigation. In this system, the heterogeneously catalysed WGS reaction takes place at 250 °C and 8 bar, and 

CO2 is removed in-situ via adsorption on a highly selective, temperature resistant and stable sorbent. Therefore, 

catalyst and sorbent particles of the same size are mixed in the reaction chamber of a fixed bed reactor (Fig.  2).  



 

Fig.  2: Schematic reaction & adsorption and desorption phase in SEWGS reactor.   

During the reaction, the formed CO2 is adsorbed on the sorbent, and the reaction equilibrium is shifted towards 

the product side. Like this, the CO/H2 ratio can be adjusted and a CO2-free product stream can be obtained. As 

the sorbent is saturated after a certain time, it must be regenerated by a purge stream. For this reason, a cyclic 

process control with several parallel reactors is necessary for continuous operation. The main challenge I am 

dealing with is the development of appropriate process parameters, such as: reaction and regeneration 

conditions, cycle time, catalyst-to-sorbent ratio, and configuration of catalyst and sorbent in the fixed bed 

reactor. My work is divided into three main parts: a) experimental investigations in lab-scale; b) simulation of the 

non-steady-state process in Matlab®; and c) planning and construction of a SEWGS pilot-scale unit.  

LAB-SCALE EXPERIMENTS 

In experiments in a laboratory setup, suitable reaction conditions for the chosen catalyst and sorbent particles 

were found. Further investigations were performed on the influence of the reactor filling. It could be shown that 

the CO2 breakthrough time can be significantly enhanced by dividing the fixed bed into several zones. Instead of 

a homogeneous mixture of sorbent and catalyst particles, catalyst accumulation in the inlet zone has been proven 

to be beneficial. In this configuration, the residence time of the produced CO2 molecules on the sorbent is 

increased, and the production period of a CO2-free stream is prolonged. This leads to longer reaction & 

adsorption phases in continuous cyclic process operation. 

PROCESS SIMULATION IN MATLAB® 

A dynamic model of the SEWGS unit in Matlab® is under development. The spatial and temporal dependent 

process is described as an isothermal 1D plug-flow reactor without axial diffusion by a PDE (Partial Differential 

Equation) system that can be solved using the so-called method of lines. The model will be validated and 

optimized with experimental data. The WGS reaction is implemented using a kinetic model developed by Choi et 

al. The CO2 adsorption and desorption, respectively, is modelled based on the kinetics from Coenen et al. Fig.  3 

presents the simulation results for the SEWGS laboratory reactor with a catalyst mass fraction of 0.05. In Fig.  3, 

the sorbent loading (a and c) as well as the volume fraction of the gaseous compounds (b and d) as a function of 

the reactor position for two different operating times (50 s and 100 s after reaction start, respectively) can be 

seen. The sorbent loading is given for three different adsorption sites according to Coenen et al.: A) only 

adsorption of H2O, B) only CO2, and C) H2O and CO2 comparatively. This chart shows how the CO2 front moves 

forward as the operating time increases. This is valuable information when designing the operation procedure 

of the SEWGS unit in the pilot plant, as it provides information on the cycle time required.  



 

Fig.  3: Dynamic simulation results for the SEWGS reactor at total inlet flow of 2 L/min, inlet steam-to-carbon 

ration of  4, CO inlet mole fraction of 0.025, temperature of 250 °C, catalyst mass fraction of 0.05, and pressure 

of 8 bar: a) and c) sorbent loading, b) and d) volume fractions of gaseous compounds over reactor length. 

SEWGS PILOT-PLANT  

Fig.  4 shows the layout of the novel SEWGS reactor for the pilot plant. This reactor has been designed and built 

inhouse and will be tested during a Kerogreen measurement campaign. The reactor features six individual 

reaction channels, each of them consists of seven reaction slits. Cyclic process operation is enabled by switching 

the feed and purge stream between different channels. An advanced microchannel system facilitates 

temperature control to ensure isothermal operation. Besides the reactor itself, also the up- and downstream 

engineering was quite challenging as more than 30 magnetic valves are needed for the automatized continuous 

operation.  

 

Fig.  4: CAD drawing of the SEWGS reactor with six reaction channels and innovative temperature control 

(Drawing: G. Rabsch, IMVT). 


