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1. Introduction

Oxy-combustion is a promising route to capturing CO2 especially for coal -fired power plants, since the reduction 
in efficiency and the increment of investment cost are less than for natural gas based power plants. Moreover, the 

possibility of co-capture of SOx and NOx in coal based power plants is attractive when oxy-combustion is applied to 
capture CO2. The efficiency reduction related to CO2 capture in coal based power plants is mainly caused by two 

units: the air separation unit (ASU) and the CO2 conditioning (purification & compression) process. Commercially 
available air separation technologies for high volume oxygen production are based on cryogenic distillation. A 

trade-off regarding the O2 purity exists between the ASU and the CO2 conditioning process when considering the 
power efficiency penalty related to CO2 capture. The double-stage flash process is commonly used to condition the 

CO2. 
This paper presents a systems level study on ways to reduce the power consumption in the air separation process 

and the CO2 conditioning process. An exergy analysis has been performed on a 570 MW supercritical oxy-coal 
combustion power plant. The exergy losses in the entire process have been located. Based on the results of this

exergy analysis, measures have been studied to improve the plant performance. Both the cryogenic air separation 
process and the CO2 conditioning process have been modified to reduce the irreversibilities. The power efficiency 

penalty related to CO2 capture will be reduced by around 2% points.  

2. Exergy analysis

Exergy analysis is commonly applied to quantify and localize the thermodynamic losses in an industrial process, so 
that potential measures can be taken to improve the process. A detailed exergy analysis has been performed on a 570 
MW supercritical oxy-coal combustion power plant (Fu and Gundersen, 2010a). The cryogenic double-column air 
distillation process has been used to produce O2 with a purity of 95 mole%. The CO2 is conditioned by a double-
stage flash process. The purity of the CO2 is 96.3 mole% and the recovery rate is 94.6%.  The distribution of exergy 
fl ows in the entire process is shown in Figure 1. The power efficiency (HHV) is calculated to be 40.2% for the air-
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fi red power plant without CO2 capture. The efficiency penalty related to CO2 capture is 10.2% points, where the 
ASU contributes 6.6% points and the CO2 conditioning process contributes 3.6% points. However, the theoretical 
minimum power consumption of the two processes only takes 3.4% points of the high heating value of the coal feed. 
The minimumu specific work to produce O2 with a purity of 95% from air is calculated to be 0.053 kWh/kgO2, 
while the actual work for the cryogenic distillation process that has been evaluated is 0.242 kWh/kgO2. For the CO2

conditioning process, the theoretical power consumption and the actual value are calculated to be 0.065 and 0.124
kWh/kgCO2 captured respectively. The combustion process, the steam generation & reheat process, and the steam 
cycle are responsible for the largest exergy losses, however, such losses have been studied for a long time, and can 
be difficult to improve. Moreover, the losses are not caused by the CO2 capture process. This study focuses on ways 
to reduce exergy losses in the ASU and the CO2 conditioning process.

Figure 1 Exergy distribution [kW] in the entire process

3. Process improvements

The exergy losses in the air separation process are mainly caused by compressors and distillation columns. For a 
binary distillation column, the irreversibilities can be reduced by making the operating lines as close to the 
equilibrium line as possible in a McCabe-Thiele diagram. The main separation process is between O2 and N2 for an 
air distillation column to produce the O2 with purity up to 95%. Thus, the McCabe-Thiele diagram developed for 
binary distillation can be an efficient tool to analyze the air distillation process. The irreversibilities in the low 
pressure (LP) column can be reduced by adding an intermediate reboiler in the stripping section. Figure 2 shows the 
McCabe-Thiele diagrams of the LP column in the two cases (Fu and Gundersen, 2011a). The specific power 
consumption for O2 production can be reduced by 10% in the dual-reboiler cycle. The exergy losses in the air 
compressor can be reduced by (i) improving the compressor efficiency, (ii) modifying the compression ratio and (iii) 
reducing the flow rate. The improvement of the compressor performance is usually thought to be beyond the control 
of plant designers. However, the compression ratio and the fl ow rate can be modified by process integration. A 
detailed procedure to reduce the exergy losses in the ASU will be presented during the conference. The specific 
power consumption will be reduced by 20% compared to the conventional double-column air distillation process. 

The exergy losses in the CO2 conditioning process are mainly caused by the CO2 compressors. The irreversibilites in 

the sub-ambient heat exchangers are small but can be further reduced. The CO2 conditioning process has been 

studied in three cases: one-stage fl ash, double-stage flash and three-stage fl ash (Fu and Gundersen, 2011b). The 

plant performance is shown in Table 1. Considering the one-stage flash process as the base case,  the specific power 
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consumption is reduced by 4.6% in the double-stage fl ash process and 7.7% in the three-stage fl ash process. 

However, the investment cost will of course increase. The performance of the entire power plant can be further 

improved by heat integration between the ASU and the CO2 conditioning process (Fu and Gundersen, 2010b). 
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(a) Single-reboiler cycle                                  (b) Dual-reboiler cycle

Figure 2. McCabe-Thiele diagrams of the LP columns in the air distillation process

Table 1:  Plant performance of the CO2 conditioning process

Flash process One-stage Two-stage Three-stage

CO2 purity, % 96.3 96.3 96.3

CO2 recovery rate, % 92.9 94.6 95.0

Power consumption, kW 71 585 69 265 67 638

Specific power consumption, kWh/kgCO2 0.130 0.124 0.120


