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INTRODUCTION

Coal fired power plants with CO2 capture
Oxy-combustion techniques:

– combustion products mainly consist of water and CO2, NO STACK.
– any pollutant like NOx, CO, SOx is likely to stay in solution within the 

CO2 liquid stream: ZERO-EMISSION.
– NICE … but economics and efficiency are strictly related to air 

separation units …
– At present, oxy-combustion for USC and IGCC using cryogenic ASU 

seems less competitive than IGCC with pre-combustion techniques

OTM (Oxygen Transport Membranes) (or ITM) have been recently 
developed for air separation in conventional IGCCs
Can OTM provide an opportunity for a successful utilization of oxy-
combustion techniques with novel plant configuration?
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OTM FUNDAMENTALS
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PROPOSED CONFIGURATION

Conceptual
Fluidized Bed Combustor
FBC exhausts also serve as 
sweep gas to the OTM, 
matching the temperature 
of 850-900°C
OTM permeate is the 
oxidizer for the FBC
Feed gas to the OTM from 
a GT turbocharger
Feed gas heated by heat 
recovery (MHX)
HR: heat recovery to steam 
cycle
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PROPOSED CONFIGURATION

Detailed
Includes the recycle 
compressor (max 450°C)
FBC (@860°C) produces 
supercritical steam and 
single RH (250/60 bar, 
600/610°C)
Feedwater preheat from 
various sources
Includes the CO2
compressor (150 bar)
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CYCLE PARAMETERS TO BE OPTIMIZED

FBC operating pressure:
• atmospheric (1.15 bar) to pressurized (up to 20 bar)
• some influence on cycle thermodynamics (CO2 compression…)
• large influence on OTM size (permeate pressure): the lower the better
• influence on equipment size and cost: the higher the better

The airflow pressure (gas turbine pressure ratio):
• relevant influence on cycle thermodynamics
• large influence on OTM size (feed pressure): the higher the better
• some influence on turbocharger cost: the lower the better

continues…
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CYCLE PARAMETERS TO BE OPTIMIZED

The fraction of oxygen removed from the airflow (Ω):
• large influence on OTM size: the lower the better
• large influence on equipment cost: the higher the better (at the same 

oxygen flow, larger airflow required, larger T/C, MHX, etc.)
• also affects thermodynamics

The recirculation rate of FBC exhausts 
(Σ = exhausts used as sweep gas / total FBC exhausts):

• large influence on OTM size: the higher the better
• large influence on equipment cost: the lower the better (lower gas 

flow, smaller heat exchangers, smaller recycle compressor)
• also affects thermodynamics
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LIMITS OF THE PRESENT ANALYSIS

A full optimization is a very complicated task, because it involves 
both thermodynamics and economics (i.e. evaluation of capital 
costs for unconventional equipment…)
The purpose of this paper is to present a novel configuration and to 
investigate its potential: a detailed optimization is not required at 
this stage!
We acted on an evenhanded basis, keeping into account the sizing
and cost of the OTM (preliminary estimates from literature):

• FBC pressure: two cases AFBC (1.15 bar) and PFBC (10 bar)
• GT pressure ratio: 10 bar for AFBC, 20 for PFBC (min/max pr.ratio of 

industrial GTs) to provide sufficient OTM driving force
• Oxygen removal rate 60% for AFBC, 50% for PFBC (to compensate for 

a lower oxygen pressure ratio)
• Flue gas recirculation 80% and 85%, following preliminary analysis
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CALCULATION METHOD

Calculation method developed by the authors, used to reproduce 
various power plants (GT, CC, USC, IGCC, PFBC) also including CO2
capture and hydrogen co-production (50+ papers).
Built-in correlations for estimation of turbomachinery efficiency, 
power cycle assumptions coherent to the status-of-the-art.
Able to handle chemical reactions at chemical equilibrium
Some processes modeled by means of specific calculation tools 
(e.g. membrane sizing, gas separation by chem./phys. absorption,
CO2 liquefaction)
Calibrated vs. cases from literature and industrial experience
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THERMODYNAMIC PERFORMANCE

Case AFBC PFBC 
Electric power [MW] 

− Gas turbine (net) 74.68 69.69 
− Steam turbine (gross) 404.85 400.59 
− Flue gas recycle compressor -11.94 -17.86 
− CO2 compressor -39.19 -19.32 
− Steam cycle feedpumps -12.91 -12.25 
− Cooling water pumps -5.87 -5.77 
− Other auxiliary equipments -2.46 -2.46 

Net electric power output [MW] 407.16 412.61 
Coal LHV thermal input [MW] 984.9 984.9 
Net electric efficiency LHV [%] 41.34 41.89 
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COST AND PERFORMANCE

No capture  ⎯⎯⎯⎯⎯⎯⎯ Capture ⎯⎯⎯⎯⎯⎯⎯
USC Oxyfuel 

USC 
IGCC OTM (low 

estimate)
OTM (high 
estimate)

Net power output, MW 440.1 348.5 357.8 410 410 
CO2 captured, % 0.0 100.0 94.2 100.0 100.0 
CO2 emissions, kg/kWh 0.773 0.0 0.0471 0.0 0.0 
Design LHV efficiency, % 44.68 35.38 36.65 41.6 41.6 
Plant overnight cost, M$ 521.1 667.9 548.1 676.5 779.0 
Specific overnight cost, $/kW 1184 1917 1532 1650 1900 
Total plant investment, M$ 585.1 750.1 615.5 759.7 874.8 
COE: Capital, c$/kWh 2.85 4.61 3.69 3.97 4.57 
COE: O&M, c$/kWh 0.51 0.82 0.66 0.71 0.81 
COE: Fuel, c$/kWh 1.23 1.56 1.50 1.32 1.32 
COE: CO2 sequestration 0.00 0.51 0.46 0.43 0.43 
COE: Total, c$/kWh 4.59 7.50 6.31 6.43 7.14 
Cost of CO2 captured, $/ton - 29.22 18.98 21.78 30.15 
Cost of CO2 avoided, $/ton - 36.90 23.46 23.39 32.38 
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CONCLUDING REMARKS

Compared to oxy-fuel USC, better performance and lower cost
Compared to IGCC with pre-combustion capture:

• Better thermodynamic efficiency (41.6 vs. 36.6%)
• Better environmental performance (100% CO2 capture vs. 94%, 

NOx, CO, SOx co-sequestrated)
• Comparable or higher cost of electricity (or of CO2 captured) due to 

probably higher capital costs (requires further investigation!)

Technological hurdles:
• OTM development status, reliability, costs …
• Main Heat Exchanger: high temperature gas-to-gas HX made of nickel 

alloys, technology similar to Fired Tubular Reformers
• FBC to be verified according to change in composition
• Filtration of high temperature (860°C) flue gas used as sweep 

gas in the OTM


