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Abstract >> This study develops a process model for a natural gas-based tur-
quoise hydrogen production system using AVEVA Process Simulation, covering
feed preheating, plasma reactor, separation, and Pressure Swing Adsorption
(PSA) purification. By applying an equivalent reactor duty based on effective en-
ergy transfer efficiency, the methane conversion was set to 94.82% to reflect pi-
lot-scale plasma power consumption. The study evaluated reactor outlet ther-
mal behavior, hydrogen production rate, solid carbon recovery, and downstream
cooling duty. Furthermore, the performance was compared with a conventional
10 N-m3/h Steam Methane Reforming (SMR) system in terms of reactor, hydro-
gen conversion, and system energy efficiencies. The results indicate that while
the turquoise hydrogen process exhibits a relatively lower hydrogen conversion
efficiency of 34.28% compared to the SMR process, it demonstrates superior
energy consumption characteristics with a total Specific Energy Consumption
(SEC) of 35.4 kWh/kg-H>, which is lower than the SMR range of 39-45 kWh/kg-H..

Key words : Turquoise hydrogen(FE44), Natural gas(M17tA), Methane
pyrolysis(H|Et FE3l), Plasma reactor(Z2tX0} Ht27|), Energy
analysis(°| L4 X| M), Steam methane reformer(£57| J{&7])
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Table 1. Modeling Conditions of Turquoise Hydrogen Production

Item Unit Value
Heat exchanger pressure drop kPa 1
Plasma power consumption kW 40
Effective energy-transfer efficiency - 0.8
Equivalent reactor duty kW 32
Quench outlet temperature °C 400
Natural gas temperature °C 25
Natural gas pressure bar.g 0.2
Discharge N, gas temperature °C 25
Discharge N, gas pressure bar.g 0.2
Natural gas feed flow rate N-m*h 8.39
Discharge N flow rate N-m*h 1.28
Recycle gas flow rate N-m*h 1.21
Total reactor Feed gas flow rate | N-m’h 10.88
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Fig. 3. Feed gas mixing concept for the plasma methane py-
rolysis process
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Table 2. Major molar composition of the mixed feed to the Analysis Model for Turquoise Hydrogen Production System
plasma reactor T -
umped overall reaction
Input Data
- CHy+ b Hg ++eCO;,
. - NG tion / N, fl s
Component Unit Value Z CH, Conversion T ~ fHy+ g9+ hCyHyr-+hCO
- Plasma Power - comversion
- Quench temperature
CH4 70.272 -
1 Xen, = ﬂcn." NcHy g, ¥ 100
C2H6 3.555 Conversion reactor Hain
Reactor Effective Heat Input
- CHy-> Cy + 2H,
C;Hg 0.894 © Limped cveral reaction
- Equivalent thermal duty Qreactor = Pplasma X1
n-C4Hio 0.203 l Reactor efficiency calculation
. h cool .
1_C2H6 0.182 Quench cooler - Mxmo
- Coolingto < 400°c i TR (puetin X LHVfuer + Pplasma)
0
n'CSHIZ mol% 0.006 PSA Hydrogen recovery calculation
i-CsHyz 0.01 | R, = Mt 100
Carbon separator / PSA i M Hz,invpsa
Nz 14.62 - Solid Carbon Product Hydrogen conversion calculation
- H2 Product
H, 9.663 - Off-gas Mitzyector X Ritzpsa
CO; 0.285
o b - X | Fig. 6. Performance analysis model for the plasma methane
Minor carbon-containing species 0.3 pyrolysis hydrogen production system
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Table 3. Modeling results of the plasma methane pyrolysis
hydrogen production system

Item Unit Value
Plasma power
consum?)tion kw 40.0
Equivalent reactor duty kW 32.0
Methane conversion % 94.82
Reactor outlet
temperature C 2,539.1
Reactor Hydrogen flow rate at| N'-m’h | 16.70
reactor outlet kg/h 1.5
Quench zone duty kW 22.19
uench zone
ouget temperature c 400
Solid carbon flow rate | kg/h 4.02
Flow Rate N-m'h | 839
NaGt;‘:al Temperature (InOut) | °C | 25350
Heat duty *preheating | kW 1.73
Discharge gas Flow rate N-m*h 1.28
Solid carbon Flow rate kg/h 4.02
Heat Total duty kw | 104
exchanger
Cooler Total duty kW 3.20
Compressor
& Total duty kW 3.03
Compander
hydrogen recover % 88.82
Hydrogen flow rate at| N-m*h | 15.65
PSA in kg/h 1.407
PSA Hydrogen flow rate at| N-m’h | 13.90
PSA out kg/h 1.25
Auxiliary power kW 1.25
Product H, purity % > 99.99
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Table 4. Comparison of Plasma and SMR

Item Unit Plasma| SMR
62.77
1 0,
Reactor efficiency % 386 | 68.99
Overall hydrogen conversion N 55.75
efficiency & 3428 1 61.28
SEC (including PSA and BOP) | kWh/kg-H2 | 35.4 | 39~45
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Fig. 11. Energy flow of the plasma methane pyrolysis hydrogen production system
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