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• Compare the performance and environmental 
impact of a novel IGCC plant based on an oxy-
fuel combustion O2/CO2 (Matiant) cycle and of a 
standard IGCC plant with pre-combustion capture

• Look at the advantage of using the already 
existing ASU in a standard IGCC for the 
production of the needed oxygen both for the 
gasifier and the combustion chambers in a O2/CO2
(Matiant) cycle 

Objective of the paper



The Regenerative Ericsson-like MATIANT Gas Cycle

1-2: Intercooled staged compressor 2-3: Upper pressure cycle 3-4: HP Combustor chamber  4-5: HP Expander. 
5-6: LP Combustion chamber. 6-7: LP Expander. 7-8: Internal regeneration. 8-1: Water cooler/separator.
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Oxy-fuel combustion based Matiant combined cycle

HRSG : 2 PR  
Fuel = natural gas 
LHV = 45 MJ/kg
η > 55% 
Fuel = syngas 
LHV = 12.45 MJ/kg

CO2 extraction



T-s diagram for IGCC – Matiant cycle
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Oxy-fuel Combustion Combined Cycle

Gas 
Turbine

Steam-
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Electric 
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TIT

≈ 90 % recycle rate

. Exhaust gas used as the working fluid  and high recycle rate (~90% 
recycling to control TIT)

• Oxygen  produced by cryogenic distillation (no integration of ASU)
• A fraction of the recycled stream is extracted from the compressor 

and used for turbine cooling

1 bar

83 % CO2
15 % H2O
2 % O2

Condenser
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What happens when N2 of air is replaced by CO2 as the working 
fluid? For the same pressure ratio rp and combustor exit temperature, 
due to difference of molecular weight and specific heats ratio

• The fuel mass flow rate increases
• The cooling fraction decreases whence the TIT ISO increases
• Compressor and turbine works decrease BUT net GT work increases
• Net GT and CC efficiencies both decrease (by 5-6 and 13-14%pts resp)
• Net efficiency increases strongly with rp but only slightly with TIT
• Cooling mass fraction increases with rp but TIT ISO decreases

⇒ In the Matiant cycles, increasing the upper cycle pressure and 
inserting a reheat bring an increase of efficiency

CO2 versus air in a GT power cycle
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Performance diagrams for various TIT (1200;1250;1300;1400°C) with  
the upper pressure as parameter (step 20 bar from 60 to 220 bar)

Parameter : upper cycle pressure : from 60 to 220 bar by steps of 20 bar 

Max: 45,00 %

(180 bar)

Max: 44,30 %

(140 bar)

Max: 45,19 %

(160 bar)

Max: 46,05 %

(220 bar)



Net efficiency(%) for optimized upper cycle 
pressures  and various TIT ISO 
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IGCC - Matiant
Performance at design point : 
the O2 consumption  is 2.5 
times higher

TiT = 1250 °C

TET = Texhaust turb LP = 700 °C

upper cycle pressure = 120 bar

CO2 extraction at 1 bar and 

compression up to  110 bar

O2 production : 

95 % purity (5% Ar) , 

1.7bar, 15°C,

0.25 kWh / kg CO2

on a per kg CO2 recycled basis :

coal input 0.61 kg = 1.91 MWth(LHV= 26.2 MJ/kg)

syngas mass flow = 0.12 kg (63%vol CO + 30% H2 ; 

LHV = 12.5 MJ/kg)

O2 mass flow = 0.15 kg

• 60 % for combustion

• 40 % for gasification

net power output = 0.86 MWe

• GT : 0.7 MWe (81%) = 2 GT rated at     0.35 
MWe

• ST : 0.5 MWe (19%)= power of GT 
compressors 

•ancilliaries : 0.36 MWe = 1 GT incl 0.13 for ASU 
and 0.11 for CO2 compression 

ASU consumption ~ 11% gross power output 1.2 
MWe( slightly lower than in ref IGCC ) and CO2
compression ~ 9% total loss =20%

η = 63% gross = 44.8 % net  

⇒ Net efficiency loss = 18.2 %pts



Retention rate : 85 % on average  (on a per kWh basis) but 90% 
(0.95x0.95) when CO shift and CO2 /H2 separation efficiencies are 
both 95%

Energy loss : 15 % or an average of 8 % points in efficiency for a 
given fuel mass flow rate (losses due to CO shift, to CO2 /H2
separation, to modifications of GT(decrease) and ST(increase) 
power outputs associated to the fuel LHV(H2 + N2 from ASU)  and 
steam production (CO shift is exothermic), to O2 production and 
CO2 compression)

US FutureGen project :  
- 275 MWe  and H2 co-production for fuel cells
- CO2 captured for storage =  1   Mt / year

IGCC with Pre- Combustion Capture
(2)



Efficiency reduction with capture (% points)
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Purity of CO2 extracted
• Stoichiometric combustion of the syngas
0.63 CO + 0.3 H2 + 0.07 (Ar+ N2) + 0.78 O2 (+2% excess) 

⇔ 0.63 CO2 + 0.3 H2O + inerts + heat
Per kg CO2 recycled, the amounts of combustion products are 
[CO2] * = 0.16     and      [H2O]* = 0.03         ratio ~5

• Leakage of CO2

Solubility of CO2 = 1.26 mg/ kg water at 30°C  so that ~3.8 10-8 kg CO2/kg 
CO2 recycled or ~ 2 10-9 kg CO2/ kg CO2 formed in the combustion are 
leaving with the extracted water (100%)      ⇒ non significant R > 99.9%

Purification of CO2 : when extracted before the GT compressor, the fluid is 
roughly composed of 90% CO2, ~4%Ar,~4.5% O2+N2, 1.5% H2O

After drying and removal of the inerts, the compressed fluid contains ~97% CO2
while 3% are leaving with the inerts in the flashing units

Retention rate = 97% to compare to 90% for an IGCC with pre-comb capture



CONCLUSIONS
• Energy 
Loss of efficiency compared to a common reference IGCC plant (same fuel mass flow rate) :  

- 7 to 9 % pts for IGCC with pre-combustion capture
- 4 to 5 % pts for the oxy-fuel based IGCC

that is about 2 times less than for that IGCC with pre-combustion capture 

• Environmental impact
The CO2 retention rate is ~ 90% for IGCC with pre-combustion capture while it is  above 

99.5 % for the oxy-fuel based IGCC without purification but 97% with CO2 purification 
for re-use or transportation and storage requirements 

• Costs and technical issues
the oxy-fuel based IGCC avoids the costs related to the use of CO shift and CO2 /H2 

separation units as well as adaptation of the GT to a new fuel H2 in mixture with N2

BUT a new design of the turbo-machines is required as well as an adaptation of the 
combustion chambers to pure O2 in a CO2 atmosphere under high pressure

• Future developments 
New oxygen production techniques to lower energy consumption (high temperature 

conducting membranes integrated in the conversion system)
Chemical Looping Combustion



Their names ? ….

Prof Tournesol , Nimbus

and … 

a visionary

Leonardo da Vinci

They were 
crazy 

dreamers.


