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ABSTRACT 
 
The design of an energy efficient CO2 capture unit is of great importance for the deployment of 
Carbon Capture and Storage (CCS) technologies at industrial scale and more specifically for 
post-combustion framework. In that case, both CO2 capture ratio and CO2 purity should be high 
enough (typically above 90%) [1]. Today, the best currently available technology is absorption in 
a chemical solvent (such as monoethanolamine, MEA) and is considered as a reference for post 
combustion capture. The corresponding energy requirement is of approximately 4GJth (thermal 
basis)/ton of recovered CO2 (including compression requirement). A target of 2 GJth/ton is often 
mentioned according to the European Union recommendations [2]. Membrane processes have 
shown growing interest as an alternative to this reference technology. However they remain 
energy intensive when both high CO2 purity and capture ratio are imposed and when diluted CO2 
flue gas are to be treated [3]. Consequently, for diluted CO2 flue gases containing 5 % and 15% 
CO2, typical of a natural gas turbine flue gas and coal combustion respectively, a multi-stage 
membrane processes or hybrid systems are needed to achieve the capture targets [4,5]. However, 
design studies on hybrid processes based on a membrane unit for carbon capture are scarce [6]. 
In this work, two hybrid processes are investigated (through simulation) for CO2 capture on 
natural gas turbine and coal power plant respectively: (i) A hybrid process combining flue gas 
recycling, combustion in oxygen enhanced air (OEA) and CO2 capture by membranes (ii) A 
hybrid membrane / cryogenic separation based on a first step CO2 pre-concentration with a 
membrane unit and a second step CO2 cryogenic condensation. For each hybrid process, a 
parametric analysis has been performed regarding the process parameters and the membrane CO2 
/N2 selectivity, covering current and prospective material development. Finally, the optimal 
operating conditions are identified and the potential improvement of the overall efficiency is 
discussed.   



1. Natural gas turbine 

As mentioned above, there is a substantial benefit derived from strategically increasing the feed 
gas CO2 concentration. Based on this, a hybrid process performance for CO2 capture on a gas 
turbine, based on a combination of flue gas recycling, combustion in oxygen enhanced air (OEA) 
and membrane separation has been evaluated. A general diagram of the process is shown in 
Figure 1.  
Interestingly, energy requirements below 2.4 GJ/ton (including compression requirement) can be 
attained. Moreover, the membrane selectivity performances (tested between  = 50 and = 200) 
play a key role on the overall energy requirement, situation that differs from the direct “end of 
pipe” post-combustion carbon capture, where no significant improvement on the energy 
requirement is observed as soon as the membrane selectivity reaches a value of = 50 
(commercial membrane performance). Thus, the development of highly selective membranes, far 
above the performances of the actual membrane materials, is of major interest for the gas turbine 
/ membrane capture process. Furthermore, it is shown that moderate inlet pressure values (12-22 
bar), together with moderate oxygen purities (45-53 %) are needed for optimal hybrid carbon 
capture process conditions [7].   

 
 
 

Figure 1: Diagram of the hybrid membrane gas turbine with flue gas recycling (FGR) and 
oxygen enriched combustion (OEA). 

 

2. Coal power plant 

As shown in earlier studies [3,5], when moderate CO2 purity in the permeate is considered, the 
energy requirement decreases significantly, suggesting that membrane process could play a role 
of a pre-concentration process combined with a technology that benefits from a higher inlet CO2 
concentration. Otherwise, cryogenic separation is known to be energy efficient once a 
concentrated CO2 flue gas is treated (above 40%). This suggests that a synergy between the two 
processes could occur leading to a minimal overall energy requirement. Based on these 
considerations, a hybrid membrane cryogenic process is evaluated. Figure 2 provides a flow 
sheet of the process. The simulation results of a hybrid membrane cryogenic process show 
reduced energy requirement compared to the reference technology. Compared to standalone 
cryogenic approach, the hybrid process effectively improves the energy efficiency. An energy 
requirement below 3 GJ/ton (thermal basis, including compression requirement to 110 bars) is 
obtained [8]. 
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Figure 2: A diagram of the hybrid membrane cryogenic process. 
 

From the membrane material point of view, an improved selectivity (100 in place of 50) does not 
offer significant benefit in term of energy requirement while the membrane surface area 
increases. Thus, for this hybrid process, commercially available membranes with a selectivity of 
50 seem to be appropriate.  
 
Conclusion 
 
The promising results of both hybrid processes call for a more in depth analysis and several 
unexplored issues have to be considered for future works. Importantly, technico-economical 
analyses, including capital cost evaluation (membrane area, compressors…) should be 
undertaken in order to better evaluate the potential of these hybrid processes for CO2 capture. 
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