
 A laboratory based PSA model [1] was scaled-up based on the 

capacity of the power plant, following the procedure shown in Fig 1.
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Abstract
Combined cycle (IGCC and NGCC) power plants demonstrate high potential to adopt pre-combustion carbon capture technologies and reducing capture costs.

Specifically, applying Pressure Swing Adsorption (PSA) as a carbon sequestration technology in NGCC power plants could show several advantages, due to the

composition of the natural gas compared to the one in coal, and carbon dioxide molar fractions and pressures as high as 40% and 40 bar, respectively, before the

separation process. In this work a laboratory based PSA model was scaled-up and results were analysed using gPROMS® ProcessBuilder. Global System

Analysis (GSA) was used in a parametric study to see the effect of the reactor design on the unit performance, and a number of process configurations were

studied. Overall, a four-bed model with an assisted purge step and a rinse step higher than 1 bar showed promising results, achieving a carbon dioxide purity

over 96% and hydrogen recovery of 95%. The designed NGCC power plant with PSA showed an energy penalty of 29% compared to the reference plant.

1. PSA model scale-up and parametric study

2. Additional PSA configurations 3. NGCC energy efficiency with PSA
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 The four-bed model with an assisted purge step and a rinse step higher than 

1 bar (Fig 4) showed promising results, achieving a carbon dioxide purity 

over 96% and hydrogen recovery of 95%.

Fig 5- Carbon dioxide 

and hydrogen product 

fractions at the end of 

the fixed-bed reactor.

 The capacity of the power plant was based on the power output of a GE-

10 gas turbine, which can operate with up to 95% hydrogen purity [2]. 

The parameters of the NGCC power plant units were selected based on the 

European Benchmarking Task Force [3].

 The effect of the design parameters, such as, the gas-velocity (Fig 3A) and the 

purge-to-feed flowrate ratio (Fig 3B) was studied using GSA, to maximize the 

purity of carbon dioxide and achieving over 85% hydrogen recovery.

Fig 1- PSA parameters 

studied in the scale-up 

process using GSA.

Fig 2- Studied PSA 

process with one

pressure-equalisation

step.
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Fig 3- Effect of the 

gas-velocity and purge-

to-feed flowrate ratio 

on the purity of carbon 

dioxide.
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Fig 4- PSA process 

with an assisted 

purge step and rinse 

step at 36.7 bar.
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Fig 6- Block diagram 

of the NGCC power 

plant integrated with 

PSA.

Reference

NGCC 

NGCC with 

PSA 

Gas-turbine output 

(MW)

11.44 11.44

CO2 separation power 

consumption (MW)

---- 2.55

CO2 compression power 

consumption (MW)

---- 0.66

Auxiliary power consumption 

(MW)

0.12 0.16

Net power output 

(MW)

11.32 8.07

 The plant with capture 

shows an energy 

penalty of 29% 

compared to the 

reference plant.


