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

production
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Research objectives

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 CO, capture system and efficient and flexible

thermodynamic integration by modifying the combustion in an SMR. Sharing the CO, capture process is possible via
sequential combustion of the SMR fuel gases in the gas turbine exhaust flue gas.
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Process flow diagram of the integrated configuration

Oxygen source; Air (base case)

Fuel ; Natural Gas ar'.le'SA Tail Gas

STEAM
METHANE

REFORMER ‘e

Gas Turbine Exhauwst

Flue Gas

-1

%vol O,
-

Al

MNatural Gas (feadstock)

& Steam

e

PRE-REFORMER

Syngas

ca. 60% Hy, 25 - 40 bar, 850 - 950 °C

___L_-

|
LEGEND :
Natural Gas I
Syngas / Hydrogen
Air I
PSA Tail Gas
Flue Gas —
CO,-depleted gas I
Water/ Steam I
]
0, ~ 11.3vol% :
CO, =~ 4.5 vol% I
@ 630 2C :
i '
Matural qa_s__. O\ _____T o ____.____-_______-_m"_"._l
| PRE-
| REFORME
i —-— o o - I— — — I
Matural Gas i PSA Tail Gas I
l ? ,
¥ |
e T T 1
atural Gas I 1 -
| ] 5 |
Armbient Air UI,,/'H ! ’
b——— | NGT Exhaftst /d )
GAS TURBINE ue Gas)
l cent®
b ok = == =g REEORMER o
FURNACE

Flue Gas
~ 15 %vol CO,
~ 1 %vol Oy

St

- T TT

Y

Flue Gas

>
Hydrogen

| I
Saturated Steam
to PCC reboiler

]

Caondengale
from PCC reboiler

H >
Saturated Steam
to PCC reboiler

Cendensate
fram rebailer

]
Demi water
{rmake upy

&

KREVA HPSH3

3
RH2

FPSH2 HP 5H1
RA1 HPEY,

HF ECC2
LF 34

178k IF EVA
HP oo

LFEVA
IF ECC

LF ECCH
LF ECCE

>
Flue Gas
to PCC plant

GAS/GAS HEAT
EXCHANGER

]
CO,-depleled gas
from PCC plant

, R |

CO,-depleted gas

to Stack



Power output and hydrogen production - Results

Hydrogen technology:

Configuration:

H, production
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