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Table S1. Results of the simulation of the biogas one-stage upgrade process with the polyimide membrane (UBE, UMS-A5).

Recov Mem- f
- Power Specific
PF A VM [CHa4] ery Ps1 Ps2 Psm brane MeI.n!:)ral‘le
(CH) excess produc- energy specific area
tivity
MPa m? m3 (STP)h'  vol.% % kWl kWl kWi kWukWe?  kWumm? kWeam3 (STP) m?hm?3 (STP)
0.4 12.70 1.45 96.02 53.38 0.32 0 15.32 15.32 1.21 0.22 8.78
0.6 4.95 1.90 96.02 70.13 0.44 0 20.13 20.13 4.06 0.23 2.61
0.8 2.63 2.11 96.02 78.03 0.53 0 22.40 22.40 8.50 0.25 1.25
1.0 1.65 2.23 96.03 82.47 0.61 0 23.67 23.67 14.32 0.27 0.74
1.2 1.15 2.31 96.04 85.24 0.68 0 24.46 24.46 21.28 0.29 0.50
14 0.84 2.36 96.00 87.30 0.73 0 25.06 25.06 29.67 0.31 0.36
1.6 0.66 2.40 96.03 88.58 0.78 0 2542 2542 38.33 0.33 0.28

Table S2. Results of the simulation of the biogas two-stage upgrade process with the polyimide membrane (UBE, UMS-A5) and the
pressure in the first stage of the 0.4 MPa.

Recov- Power x:l:; Specific Membrane
pe A Vi [CHL (Ceg4) Po P Pow €xcess  produc- energy specific area
tivity

MPa m? m? (STP) h?  vol.% % kWer kWer kWi kWinkWerl kWum? kWeam3(STP) m?hm?3 (STP)
0.4 12.69 1.45 96.01 53.42 0.32 0 15.33 47.28 1.21 0.22 8.77

0.6 5.33 1.89 96.01 69.68 0.32 0.06  20.00 51.89 3.75 0.20 2.82

0.8 3.14 2.09 96.01 77.35 0.32 0.11 2220 51.31 7.06 0.21 1.50

1.0 2.23 2.21 96.02 81.61 0.32 0.15 2342 49.65 10.49 0.21 1.01

1.2 1.77 2.28 96.02 84.34 0.32 0.18 2421 47.89 13.71 0.22 0.77

14 1.50 2.33 96.01 86.21 0.32 021 2474 46.24 16.55 0.23 0.64
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1.6 1.33 2.37 96.02 87.52 0.32 024 2512 44.71 18.93 0.24 0.56

Table S3. Results of the simulation of the biogas two-stage upgrade process with the polyimide membrane (UBE, UMS-A5) and the
pressure in the first stage of 0.6 MPa.

Recov- Power 11\321111: Specific Membrane
pr A Vo [CHl (érl-{;) Pt Ps: Po excess produc- energy specific area
tivity
MPa m? m3 (STP) h1  vol.% % kWel kWel kW kWinkWerl kWam2 kWeam?3(STP) m2hm=3(STP)
0.6 494 1.90 96.01 70.21 0.44 0 20.15 45.52 4.08 0.23 2.60
0.8 2.87 2.10 96.01 77.55 0.44 0.04 2226 46.42 7.75 0.23 1.37
1.0 2.00 2.21 96.02 81.72 0.44 0.07 2345 45.99 11.71 0.23 0.90
1.2 1.56 2.29 96.01 84.38 0.44 0.09 2422 45.16 15.54 0.23 0.68
14 1.30 2.33 96.01 86.21 0.44 0.12 2474 4423 19.00 0.24 0.56
1.6 1.15 2.37 96.02 87.44 0.44 0.14 25.10 43.26 21.88 0.25 0.48

Table S4. Results of the simulation of the biogas two-stage upgrade process with the polyimide membrane (UBE, UMS-A5) and the
pressure in the first stage of 0.8 MPa.

Recov Mem- f
) Power brane Specific Membrane
PE A Viu [CHd (ég ) Ps1 Psz Pov excess produc- energy specific area
§ tivity
MPa m?2 m3 (STP) h! vol.% % kWel kWel kWi kWihkWerl kWim2 kWeam3(STP) m2hm?3 (STP)
0.8 2.63 2.11 96.01 78.07 0.53 0 2241 41.94 8.52 0.25 1.24
1.0 1.79 2.22 96.01 82.10 0.53 0.03 23.56 42.00 13.13 0.25 0.81
1.2 1.37 2.29 96.02 84.61 0.53 0.05 24.28 41.58 17.67 0.25 0.60
1.4 1.13 2.34 96.00 86.44 0.53 0.07 24.81 41.05 22.04 0.26 0.48

1.6 0.98 2.37 96.03 87.60 0.53 0.09 2514 40.38 25.69 0.26 0.41
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Table S5. Results of the simulation of the biogas one-stage upgrade process with the polysulfone membrane (Air Products, PRISM

PA1020).
Recov- Power 11\321111: Specific Membrane
pr A Ven [CH] (érl-{;) Pt Pse Po excess produc- energy specific area
tivity

MPa m? m? (STP) h?  vol.% % kWel kWel kW kWakWer?  kWumm?2  kWem3 (STP) m2hm?3 (STP)
04  56.67 0.82 96.01 30.11 0.32 0 8.64 26.64 0.15 0.40 69.51

05 3515 1.15 96.00 42.59 0.39 0 12.22 31.51 0.35 0.34 30.48

06 2424 1.38 96.02 50.83 0.44 0 14.59 32.96 0.60 0.32 17.62

0.7  17.66 1.55 96.01 57.30 0.49 0 16.45 33.50 0.93 0.32 11.38

0.8 13.64 1.67 96.01 61.78 0.53 0 17.73 33.19 1.30 0.32 8.15

0.9 10.91 1.77 96.01 65.25 0.57 0 18.73 32.64 1.72 0.32 6.17

1.0 8.97 1.84 96.01 68.04 0.61 0 19.53 32.01 2.18 0.33 4.87

1.1 7.60 1.90 96.03 70.03 0.64 0 20.10 31.22 2.64 0.34 4.01

1.2 6.57 1.94 96.04 71.65 0.68 0 20.57 30.46 3.13 0.35 3.39

Table S6. Results of the simulation of the biogas two-stage upgrade process with the polysulfone membrane (Air Products, PRISM
PA1020) and the pressure in the first stage of 0.4 MPa.

Recov- Power ll:\)/izlrl:e. Specific Membrane
PE A Viu [CH] ( ég;) Pe1 Ps2 Pou excess produc- energy specific area
tivity

MPa m? m3 (STP) h1  vol.% % kWel kWel kW kWankWerl kWeam2 kWeam?(STP) m2hm=3(STP)
0.4 56.48 0.82 96.00 30.31 0.32 0 8.70 26.82 0.15 0.40 68.80

0.6 30.88 1.29 96.02 47.52 0.32 0.05 13.64 36.83 0.44 0.29 23.99

0.8 22.66 1.53 96.02 56.52 0.32 0.08 16.22 39.96 0.72 0.27 14.81

1.0 19.07 1.67 96.01 61.81 0.32 0.11 17.74 40.74 0.93 0.26 11.40

1.2 17.24 1.76 96.03 65.00 0.32 0.14 18.66 40.49 1.08 0.26 9.79
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Table S7. Results of the simulation of the biogas two-stage upgrade process with the polysulfone membrane (Air Products, PRISM
PA1020) and the pressure in the first stage of 0.6 MPa.

Recov- Power x.zlr: Specific Membrane
PE A Viu [CH] ( ég;) Pe1 Ps2 Pou excess produc- energy specific area
tivity

MPa m? m3 (STP) h1  vol.% % kWel kWel kW kWinkWerl kWam2 kWeam?(STP) m2hm=3(STP)
0.6 2414 1.38 96.01 51.04 0.44 0 14.65 33.09 0.61 0.32 17.47

0.8 15.57 1.64 96.01 60.48 0.44 0.03 17.36 36.44 1.11 0.29 9.51

0.9 13.42 1.72 96.02 63.42 0.44 0.05 18.20 37.09 1.36 0.29 7.81

1.0 11.83 1.79 96.00 66.02 0.44 0.06 18.95 37.58 1.60 0.28 6.62

1.1 10.72 1.84 96.00 67.93 0.44 0.07  19.50 37.74 1.82 0.28 5.83

1.2 9.92 1.88 96.01 69.37 0.44 0.09 1991 37.70 2.01 0.28 5.28

Table S8. Results of the simulation of the biogas two-stage upgrade process with the polysulfone membrane (Air Products, PRISM
PA1020) and the pressure in the first stage of 0.8 MPa.

Recov- Power ll\ﬁ;l:; Specific Membrane
pe A Vi [CHL (234) Po P Pow €xcess  produc- energy specific area
tivity

MPa m? m? (STP) h?  vol.% % kWer kWer kWi kWinkWerl kWum? kWeam3 (STP) m?hm?3 (STP)
0.8 13.64 1.67 96.01 61.76 0.53 0 17.73 33.18 1.30 0.32 8.16

0.9 11.37 1.76 96.00 65.02 0.53 0.01 18.66 34.40 1.64 0.31 6.46

1.0 9.85 1.82 96.01 67.38 0.53 0.02 19.34 35.12 1.96 0.30 5.40

1.1 8.73 1.88 96.01 69.32 0.53 0.02  19.90 35.61 2.28 0.30 4.65

1.2 791 1.92 96.02 70.78 0.53 0.03  20.31 35.87 2.57 0.30 4.13






