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Sequential combustion in a SMR for low-carbon hydrogen and power 
production

Base Case Configuration

Integrated Configuration



• The integrated configuration consists of using sequential combustion in a steam methane reformer (SMR) using excess 
oxygen in a gas turbine exhaust flue gases. The resulting flue gas is treated in a  single post-combustion carbon capture 
system for both the hydrogen process and the combined cycle gas turbine (CCGT) power plant.

• The objectives are to achieve capital cost reduction of the CO2 capture system and efficient and flexible 
thermodynamic integration by modifying the combustion in an SMR. Sharing the CO2 capture process is possible via 
sequential combustion of the SMR fuel gases in the gas turbine exhaust flue gas. 

Research objectives



Process flow diagram of the integrated configuration 

O2 ≈ 11.3 vol%
CO2 ≈ 4.5 vol% 
@ 630 ºC

O2 ≈ 1 vol%
CO2 ≈ 15 vol% 



Power output and hydrogen production - Results

Hydrogen technology: Steam Methane Reformer (SMR)

Configuration: H2 Plant Power Plant Integrated system
SMR + PCC H-class GT + SC + PCC H-class GT + SMR + SC + PCC

H2 production Nm3/h 692920 -- 696366
Total energy in product MWth 1919.4 -- 1928.9
NG (feedstock) flow rate kg/s 47 -- 48
NG fuel to SMR kg/s 15 -- 14
NG fuel to GT kg/s -- 22.23 22.23
Additional fuel kg/s -1.51
Net power output MWe 35.2 582.0 651.5
Additional power output MWe 34.3
Net thermal efficiency % 3 56.58 38.93
Overall thermal efficiency % 34.00 38.93
Capture plant 2 x PCC plants  1 x PCC Plant 
Flue gas flow rate Kg/s 624.6 848.9 971.2
CO2 conc Vol% 17.96 4.50 14.81
Sp Reboiler duty GJ/tCO2 3.12 3.26 3.12
Absorber packing vol m3 11146 11690 18850
Number of absorbers 1 2 2
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