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ABSTRACT 

This study investigates a low-temperature cobalt-based Fischer-Tropsch (FT) process integrated 
with a high-temperature reverse water-gas shift (RWGS) reaction unit for CO production, with the 
aim of synthesizing kerosene-like hydrocarbons. Specifically, the paper focuses on the base case 
of a comparative analysis of various recycling loop configurations for this process. Two reaction 
unit models, one for each reaction, previously developed in Aspen Custom Modeler (ACM), are 
combined in a single Aspen Plus (AP) process simulation. The base case involves the recycling of 
unreacted gases and light hydrocarbons back to the inlet of the FT reactor, as typically found in 
the literature. Simulation results demonstrate a carbon efficiency of 42.3% toward kerosene, high-
lighting the need for further treatment steps and by-products valorization.  
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INTRODUCTION 

Amid global efforts to combat climate change, sus-
tainable aviation fuels are recognized as a key solution 
for reducing hard-to-abate CO2 emissions. Power-to-fuel 
processes have emerged as a promising approach to fuel 
synthesis by substituting crude oil with captured CO2 as 
the carbon source. The conversion of CO2 into the de-
sired fuel relies on the FT reaction, preceded by the 
transformation of CO2 into CO through the RWGS reac-
tion. Although this process has been extensively studied 
in the literature, existing studies propose varying process 
configurations, driven by differences in recycling strate-
gies. Specifically, the point where recycled gases are re-
integrated into the loop varies, with some studies recy-
cling to the inlet of the RWGS reactor [1], others to the 
inlet of the FT reactor [2], and some to both inlets simul-
taneously [3]. Some studies include a conversion step in 
the recycling loop to convert light gases into reactants, 
using partial oxidation or steam reforming [2,3].  

However, a comprehensive comparison of these dif-
ferent recycling configurations remains absent from the 
literature. This paper addresses this gap by presenting 
the first scenario of a broader study that aims to compare 

various recycling configurations on a consistent basis. 
This scenario focuses on recycling unreacted gases and 
light hydrocarbons exclusively at the FT reactor inlet. 

MATERIALS AND METHODS 

Two reaction unit models, developed in ACM, serve 
as the core components of the process simulation. The 
first reaction unit models the RWGS reaction, where CO2 
is converted into CO through its reaction with H2: 

𝐶𝑂2 + 𝐻2  ⇌ 𝐶𝑂 + 𝐻2𝑂   (1) 

This model incorporates specific kinetics for the 
RWGS reaction as well as for methanation side reactions, 
which are further detailed in previous work [4]. The sec-
ond model simulates the FT reaction, where the CO 
yielded in the RWGS unit polymerizes to form hydrocar-
bon chains, represented as follows: 

𝑛 𝐶𝑂 + (2𝑛 + 1) 𝐻2  ⇌ 𝐶𝑛𝐻2𝑛+2 + 𝑛 𝐻2𝑂  (2) 

𝑛 𝐶𝑂 + 2𝑛 𝐻2  ⇌ 𝐶𝑛𝐻2𝑛 + 𝑛 𝐻2𝑂   (3) 

The kinetics implemented in the FT model capture 
deviations from the ideal Anderson-Schulz-Flory FT 
product distribution, accounting for side reactions [5]. 
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These two ACM models are integrated into an AP process 
model, illustrated in Figure 1. The separation section con-
sists of flash separators designed to maximize the yield 
of kerosene-like hydrocarbons (C8-C16). 

Figure 1. Aspen Plus process flowsheet 

RESULTS AND PERSPECTIVES 

The process scale in this study is based on the pilot 
project currently under development at ULiège, designed 
for an H2 makeup flow rate of 1.5 Nm³/h. The H2/CO2 ratio 
is set to 2.22 to achieve an H2/CO ratio of 2.1 at the FT 
reactor inlet, as this ratio maximizes the selectivity to-
ward kerosene-like hydrocarbons. The RWGS unit oper-
ates at 850 °C and 20 bar, achieving a CO2 conversion of 
70% with a CO selectivity exceeding 97%. Figure 2 shows 
the distribution of FT products at the FT reactor outlet 
(220 °C, 20 bar), with a significant proportion of light 
gases due to a large recycle stream induced by a low 
purge ratio (5%). Figure 2 also illustrates the FT product 
distribution in the kerosene stream leaving the process, 
highlighting that over 84% of the kerosene from the FT 
reactor exits through this stream. Further conversion of 
other fractions into kerosene could enhance its purity. 

 
Figure 2. FT product distribution in the FT reactor outlet 
stream and the kerosene-like stream at the process 
outlet. The percentages indicate the ratio of each 
product fraction’s flow rates between the two streams. 

Under these conditions, the carbon efficiency, de-
fined as the ratio of carbon mass entering the process to 
carbon mass contained in the kerosene-like fraction leav-
ing the process, reaches 42.3%, emphasizing the need 

for more advanced treatment steps and by-products val-
orization. These results represent the first scenario in a 
comparative study based on carbon and energy effi-
ciency metrics. Alternative recycling options will be ex-
plored starting from the simulation derived for this initial 
case, ensuring a consistent basis for comparison. Further 
details on this study and the comparison methodology 
will be provided in a forthcoming article. 
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