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Abstract: Methane is one of the important greenhouse gases and methane is the major component of the biogas. A mul-
tiple stage membrane process was developed and analysed with the numerical analysis so that the mole fraction of methane
in the final product could be kept higher than 0.95 and simultaneously the recovery of methane was also maintained higher
than 99% from the biogas using 3 polysulfone hollow fiber membrane modules which were properly connected. As the feed
pressure of the biogas, the mole fraction of methane in the biogas and the membrane area in the membrane module are in-
creased, the methane mole fraction of the final product are found to be increased. However, a proper membrane area in the
module should be carefully selected in order to achieve the satisfactory goal of 0.95 mole fraction of methane and 99% re-
covery of methane from the biogas. Even if the multiple membrane process is utilized with the properly selected membrane
modules, the limited operating ranges have to be applied in the following parameters : the feed pressure, the flow rate, the
mole fraction of methane in the biogas to get both the target methane concentration and the recovery rate of methane.
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Table 1. Characteristics of Typical Polysulfone Hollow
Fiber Membrane Module

Outside diameter of hollow fiber (O.D.) (um) 400

Inside diameter of hollow fiber (I.D.) (um) 200
Effective thickness of skin membrane (pum) 1.0
Effective length of hollow fiber (m) 0.36
Effective membrane area (m?) 1.71
Number of hollow fivers in a module (-) 3800
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Table 2. Operating Conditions for Recovery of Methane
Using Cascade Multiple Membrane System

Concentration of methane in feed stream (%)  50~80

Flow rate of feed stream (L/min) 10~100
Length of hollow fiber membrane (m) 0.36
Area of membrane in module (m?) 1.71~3.42
Operating temperature (K) 298.15
Pressure of feed stream (atm) 5, 10, 15
Pressure of permeate stream (atm) 1
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