Simulation of Methanol Production from Biogas: Impact of Feedstock
Composition and Stoichiometric Number Adjustment
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#H BASE-CASE SPECIFICATIONS
Temperature (°C) Temperature (°C)
Feed 145 tonne/day biogas, 60% CH, and CH, conversion vs. temperature at different reformer = Reformer-outlet SN vs. temperature at different
40% CO, pressures (CH,/CO, = 1.5, H,O/CH, = 3). reformer pressures (CH,/CO, = 1.5, H,O/CH, = 3).
Steam-to-carbon ratio (S/C) |3
eSMR 950 °C, 25 bar (Ap = 1 bar) 23 e
Methanol reactor (BWR) 230 °C, 75 bar, 1100 tubes, length 7 m, é: EZZO
diameter 0.04 m, catalyst density 1775 %1.7 18
kg/m3, catalyst diameter 5.5 mm £1s 816
E1.3 o
Recycle-to-feed ratio 4 2., 5
Purification target Fuel-grade methanol 99.85 wt% Zos “iz
\ J z: H,0/CH, =1 —o-2 3 4 s og Ny Pressure (bar) —=—10 -e-15 20 25 —=30 -o-35
B BASE-CASE RESULTS | CH,/CO, ratio | CH,/ €O, ratio
. . SN vs. CH,/CO, ratio for different H,O/CH, SN vs. CH,/CO, ratio for different reformer
CH, conversion (%) |96.2 CO conversion (%) 98.8 ratios (950 °C, 25 bar). pressures (950 °C, H,O/CH, = 3).
Reformer-outlet SN 1.36 CO, conversion (%) 87.9
H, addition (green) 6.8 H, conversion (%) 93.6 - 2 : s = "
tonne/day S 2 | 3 b
Final methanol 191 Biogas to methanol 92.9 S s | E sto z.o§
production tonne/day | conversion (%) < 10 155 5. 1-8,§
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© oz adb - remone 2 % " Methanol(TPD) =e=sN |
\/CH4/C02 ratiO iS the dominant faCtor Controning reformer-outlet SN E v 1.0 1.5 2.0 2.5 3.0 | 3.-5.-SN 4.0 4.5 5.00.0 2" 1?0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.008
and the transition between H,-deficient and H,-excess synthesis gas. CH,/CO, ratio CH,/CO, ratio

v Hi . . | | |
Higher reformer temperature increases CH, conversion and SN. H, and CO, adjustment required to reach SN =  Methanol production rate and SN vs. CH,/CO,

v Pressure reduces CH, conversion and SN, but its effect becomes 2.01 (950 °C, 25 bar, H,O/CH, = 3). ratio (950 °C, 25 bar, H,O/CH, = 3).
smaller at high reformer temperature.
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v Increasing H,O/CH, can improve SN, but CO,-rich feeds may still
require H, addition or CO, removal to reach the target.
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