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ABSTRACT  
Continuous research has been going on to find out easy and cheap technique for separation of biogas employing membrane 
technology. Work has been carried out to find the best suited membrane for gas separation with low operational pressure and 
cost. Membrane gas separation technique is very advantageous as it doesn’t require huge infrastructure for plant set up due 
to low pressure requirement for the process and availability of membrane at a reasonable cost. This technique has generated 
immense commercial interest. This paper deals with an advanced separation technique employing poly dimethylsiloxane 
(PDMS) hollow fiber membrane module. The results clearly show that, PDMS double membrane module in series gave the 
upgraded methane with 93 % purity and carbon dioxide with 96% purity.  
KEYWORDS: Biogas, Methane, Carbon dioxide, Membrane Separation Technique. 

1 INTRODUCTION 

Environmental issues due to emission of pollutants 
from combustion of fossil fuels have assumed global 
proportions. The use of fossil fuels for generation of 
electricity contributes to a number of environmental 
problems all over the world[1]. Thus there is a real 
need for development of a sustainable & renewable 
energy source to fulfill the increasing energy demand. 
In the long term context, it has become mandatory to 
think of renewable sources of energy. New techniques 
are being developed for effective and proper 
utilization of renewable energy. Techniques for 
generation of biogas were established four decades 
ego and all of us are well acquainted with it. Almost 
in every village household biogas plants has been set 
up. In order to increase the calorific value of the 
biogas, it is necessary to remove CO2 from it. 
This paper deals with the performance enhancement 
of Biogas plant employing membrane for separation 
of CH4 and CO2. The membrane gas separation based 
process aims at upgrading the biogas to substitute 
natural gas using low pressure (up to 3 bar) and 
distributing the substitute natural gas in the natural 
gas network. The by-product of the membrane gas 
separation process is a stream rich in CO2 which 
could be liquefied to produce very pure, industrial 
CO2. [2] After liquefaction, the remaining biogas 
components, which include CH4, are recycled into the 
membrane gas separation process, thereby 
minimizing the loss of biogas. Both gases have very 
high industrial value. Bio-Methane also known as 
SNG has been used as a substitute of vehicle fuel and 
also can be used to produce electricity. Carbon 
dioxide can be used as green house gas & in 
supercritical fluid application, carbonated drinks and 
ice making industries. [3] 
Biogas Generation  

Table No: 1.1 Composition of Biogas[4] 

 

Biogas generation includes anaerobic digestion 
process of biomass by certain bacteria. The 
composition of biogas is given in the table 1. 
The produced biogas is a colorless, odorless and 
flammable gas which having an energy content of 20 
MJ/m3 .The ratio of methane to carbon dioxide varies 
depending on the input materials (feedstock) and the 
completeness of the process. The biomass used in this 
process has high moisture content, such as animal 
dung, sewage sludge, crop byproducts, and organic 
waste from household and industry [5]. The gas 
coming out from biogas plant has CH4, CO2, H2, N2, 
H2S and traces of water, as given in above table and 
hence biogas has a comparatively less calorific value 
than natural gas. 
2. EXPERIMENTAL DETAILS: 

2.1 Materials 

Biogas is obtained from the biogas plant running on 
kitchen waste, the membrane material used for this 
project was hydrophobic, dense, polymeric hollow 
fiber membrane made up of silicon cured with 
platinum.. The membrane was purchased from Med 
Array Inc. USA (Permselect). The size of the 
membrane is 10 cm3 i.e. PDMSXA-10 [6]. For 
analysis purpose CH4 gas analyzer and CO2 gas 
analyzer are used. Apart from this Gas flow meter, 
Compressor, Moisture separator, Heater, pipe 
connectors and pressure guage is used for the 
experiment 
2.2 Experimental Set-up 

A small biogas plant running on kitchen waste 
installed by the Appropriate Rural Technology 
Institute (ARTI) Pune is used in this set up. The 
system for separation was developed on the plywood 
board by fixing all necessary accessories. 
Compressor, pressure gauge with ball valve, gas flow 
meter, moisture separator, pre-heater and membrane 
module was attached in a series. Two way & three 
way connectors for pipe connections; plastic pipe was 
used for connecting the all the accessories. Gas 
storing bags (bladder and tube) were used for 
collecting samples for analysis. Gas leakages were 
checked with the help of soap solution. 
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Photograph 2.1: Experimental set up for CH4 and 

CO2 gas  separation 

 
 
 

 
Photograph 2.2: Close up of membrane module 

connection in series 

 
Figure – 2.1 : Process flow diagram for biogas 

separation through membrane module 

2.3 Experimental Procedure 

1. Bio-gas outlet was attached to compressor. 
2. In compressor, the gas was stored and released at 
1.6 bar pressure through pressure valve which 
was attached immediate next to compressor. 

3. Gas flow meter for flow rate measurement was 
attached next to pressure valve. 

4. Constant flow rate was maintained at 7.8 lit/hr as 
seen on gas flow meter. 

5. Moisture separator was placed next to gas flow 
meter to remove the moisture content of Bio-gas  

6. It was then passed through gas pre heater to 
maintain the temperature between 33-40 o C.  

7. The heated Bio-gas was then passed through first 
membrane module. 

8. The retentate of first module (R-1) was passed to 
second module and retentate of second module 
(R-2) was collected separately for analysis. 

9. The permeate of first membrane module (P-1) 
and second membrane module (P-2) were 
separately collected for analysis. 

2.4 Analytical methods for biogas:            

Analytical testing for biogas was necessary to find out 
the biogas composition before feeding to membrane 
and percent purity of CH4 as a retentate and CO2 as 
permeate after processing through membrane module. 

The instrument involved in the analytical testing of 
biogas was mentioned below  

1. CO2 - gas analyzer 
2. CH4 - gas analyzer 

In this project, the above mentioned gas analyzer 
were used. This was very handy and with the help of 
same one can directly obtain the gas percentage on 
the site itself. For determination of CO2, a CO2 gas 
analyzer was used. For determination of CH4, CH4 
gas analyzer was used. The readings were taken for 
biogas in before and after processing through 
membrane. 
2.4.1 CO2  Gas Analyzer: 

The CO2 Gas Analyzer named SUMMIT 714 ‘A’ - 
flue gas analyzer was used for the analysis of carbon 
dioxide percentage in feed biogas as well as in 
permeate collected 

 
Photograph -3.1: CO2 - Gas Analyzer 

Procedure for determination of % CO2 by using 

CO2 gas analyzer: 

Step 1: Connect ambient air connection as shown in 
Photograph - 3.1 to port named T-2 for temperature 
measurement. It gave the both atmospheric as well as 
gas temperature.   
Step 2: Connect one part of flue probe tubing named 
Flue probe to T-1 as shown in Photograph 3.1 from 
which CO2 enters inside the gas analyzer. 
Step 3: Connect other end of flue probe tubing to the 
gas holding bag or directly attached to gas line. 
Step 4: Keep In-line filter assembly always horizontal 
for best result as shown in Photograph 3.1. 
Step 5: Start SCROLL button and wait for screen 
appears  
Step 6: After 10 – 15 second the result was shown on 
the screen 1.  
Step 7: Note down the result (% CO2) for calculation 
purpose. 
2.4.2 CH4 Gas Analyzer 

The CH4 Gas Analyzer named Technovation Infrared 
Analyzer - PIR-89 ‘A’ was used for the analysis of 
methane percentage in feed biogas as well as in 
retentate collected. 

 
Photograph -3.2: CH4 Gas Analyzer 

Procedure for determination of % CH4 by using 

CH4 gas analyzer: 

Step 1:Switch on the instrument by using power 
switch and then pump was used to switch on the 
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internal pump in which draw the sample whose 
concentration was to be measure. 
Step 2: The potentiometer was used to ZERO the 
instrument. 
Step 3: This potentiometer was used to calibrate the 
instrument and wait for 2-3 minutes.  
Step 4: To take a reading of sample gas, it can be 
drawn into the instrument by pressing the pump 
switch.  
Step 5: Gas sucked through hose tube into the sensor. 
Step 6: Reading of gas was noted after 1-2 minutes as 
the display stabilized.  
Step 7: Note down the reading in % and used for 
calculations.  
Step 8: Purge the instrument with fresh air after used. 
3. RESULT AND DISCUSSION: 

At 1.6 bar pressure 

As per the analytical procedures of CO2 and CH4, 
purity percentage of CO2 and CH4 in feed, permeate 
and retentate for single membrane module and double 
membrane module were noted down and  tabulated 
below table. The pressure was maintained at 1.6 bar, 
accordingly the gas flow rate was 7.8 lit / hr recorded 
on gas flow meter. Temperature was maintained 
constant at 33O Celsius. 

Table No: 3.1: Reading of feed composition, 

permeate and retentate for Single membrane 

module at 1.6 bar pressure 

 
Table No 3.2: Reading of feed composition, 

permeate and retentate for Double membrane 

module at 1.6 bar pressure 

 
Table No: 3.3: Percent removal efficiency of single 

and double membrane module at 1.6 bar pressure 

 
The above table indicated that the double membrane 
module can separate CH4 and CO2 more efficiently 
than single membrane module. The percent removal 
efficiency of permeate -1 and  retentate-1  for the 
single membrane module was 85.24 %  and 20.32 % 
respectively  where as the percent removal efficiency 
of permeate -1, permeate -2 and retentate-2  for 

double membrane module was  84.44%, 99.20 % and 
34.15% respectively. Hence from the above table it 
was observed that the percent removal efficiency 
increases from 20.32 % to 34.15   % in retentate and 
from 85.24% to 91.82 % in permeate. 
At 1.8 bar pressure 
Similarly, purity percentage of CO2 and CH4 in feed, 
permeate and retentate for single membrane module 
were noted down and tabulated below in table 

Table No: 3.4: Reading of feed composition, 

permeate and retentate for Single membrane 

module at 1.8 bar pressure 

 
The single membrane module wasn’t enough to 
separate the CH4 and CO2 as per desired percentage. 
Hence there must be need of second module attached 
in series to increase the purity percentage of CH4 and 
CO2. The % R of permeate of single membrane 
module was 84.52% and for retentate was 21.35%. 
Hence in order to increase the % removal efficiency 
(%R), the double membrane module has to be used. 
Percentage purity of CO2 and CH4 in feed, permeate 
and retentate for double membrane module were 
noted down and tabulated below in table.  
The pressure was maintained at 1.8 bar, accordingly 
the gas flow rate was 9.5 lit / hr  recorded on gas flow 
meter. Temperature was maintained constant at 33O 
Celsius. 

Table No: 3.5: Reading of feed composition, 

permeate and retentate for Double membrane 

module at 1.8 bar pressure 

 
Table No: 3.6 

Percent removal Efficiency of Single and Double 

membrane Module at 1.8 bar pressure 

 
The above table indicated that the double membrane 
module can separate CH4 and CO2 more efficiently 
than single membrane module. The percent removal 
efficiency of permeate -1 and  retentate-1  for the 
single membrane module was 85.24 %  and 20.32 % 
respectively  where as the percent removal efficiency 
of permeate -1, permeate -2 and retentate-2  for 
double membrane module was  84.44%, 99.20 % and 
34.15% respectively. Hence from the above table it 
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was observed that the percent removal efficiency 
increases from 20.32 % to 34.15   % in retentate and 
from 85.24% to 91.82 %  in permeate. 
At 2 bar pressure 

Similarly,  purity percentage of CO2 and CH4 in feed, 
permeate and retentate for single  and double 
membrane module were noted down and tabulated 
below table the pressure was maintained at 2 bar, 
accordingly the gas flow rate was  11.3 lit / hr 
recorded on  gas flow meter. Temperature was 
maintained constant at 33O Celsius 

Table No: 3.7: Reading of feed composition, 

permeate and retentate for Single membrane 

module at 2 bar pressure 

 
Table No: 3.8: Reading of feed composition, 

permeate and retentate for Double membrane 

module at 2 bar pressure 

 
Table No: 3.9: Percent removal Efficiency of 

Single and Double membrane Module at 2 bar 

pressure 

 
The above table indicated that the double membrane 
module can separate CH4 and CO2 more efficiently 
than single membrane module. The percent removal 
efficiency of permeate -1 and  retentate-1  for the 
single membrane module was 86.73  %  and 21.17 % 
respectively  where as the percent removal efficiency 
of permeate -1, permeate -2 and retentate-2  for 
double membrane module was  84.91%, 98.62% and 
30.13% respectively. Hence from the above table it 
was observed that the percent removal efficiency 
increases from 21.17% to 30.13% in retentate and 
from 86.73 % to 91.77% in permeate. 
3.1 Densities of co2 and ch4 with respect to 

temperature and pressure: 

The above Percent removal efficiency calculations 
need densities at different pressure for the conversion 
of gases from gram to liter. The flow meter wasn’t   
available for the measurement of permeates and 
retentate collected in liters. To overcome the 
problem, the conversions of gram to liter were needed 

and for that purpose the densities of methane and 
carbon dioxide was calculated.  By using molecular 
weight, pressure, gas constant and temperature, 
density was calculated. 
Density can be calculated by following formula, [7] 

 
For Example: 
Density of CO 2 at pressure 1.6 bar & Temp 330 C 
 

 
Density of CO2 = 2.76 kg/m

3     
Densities of CH4 and CO2 at different pressure and 
temperature can be calculated and shown in table 
below: 
Table No: 3.1.1 Densities of co2 and ch4 with 

respect to temperature and pressure 

 
3.2 Comparison of different membrane with 

PDMS membrane:  

As per the literature review, different types of 
membrane was studied and compared with the PDMS 
membrane. The following table no 6.3 shown the 
comparison of different membranes with PDMS with 
their pressure requirement, temperature needed and 
the type of business whether the membrane suites for 
the large scale production or small scale production. 
Table No 3.2.1: Comparison of different 

membrane with PDMS membrane 
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From above table, it was clearly distinguished that 
PDMS membrane was very useful for the separation 
of biogas than other membrane used for the 
separation. PDMS membrane required very less 
pressure and temperature for the operation and can be 
used for small scale business. [2], 
[8],[9],[10],[11],[12],[13] 
3.3 Silicone permeability coefficients:   

Silicon permeability coefficient of CO2 and CH4 
Table No: 3.3.1: Silicone permeability coefficients 

 
*1 Barrer = 10-10 cm3 (STP) · cm /cm2 · s · cm-Hg 

Methane coefficient    = 950 
Carbon dioxide coefficient  = 3250 
Separation Factor Ratio of membrane    

= 3250/950  
= 3.42 

The ratio of the permeability coefficient i. e 
separation factor was calculated 3.42, and that gives 
the clear indication of separation of both the gases 
through the silicon membrane.  
4. CONCLUSIONS: 

In biogas feed, percentage of methane and carbon 
dioxide was 62 % and 35 % respectively. By using 
single membrane module, the percentage of the 
methane and carbon dioxide was upgraded to 87 % 
and 92% from 62 % and 35 % respectively with some 
impurities. Hence to obtain higher percentage of 
methane and carbon dioxide individually, a second 
membrane module was attached in series. The result 
obtained from double membrane module is 93% and 
96% of methane and carbon dioxide respectively. 
Hence by using two PDMS membrane module in 
series gave the upgraded methane with 93 % purity 
which can be stored in the cylinder and used as SNG 
which could be directly sold to the market at the rate 
of Rs 20 / kg whereas the carbon dioxide with 96% 
purity which can be stored in the cylinder and directly 
sold in the market at the rate of Rs 60/kg. Both gases 
can be stored in the cylinder by using bottle filling 
technique.  
According to the experimentation, the rate of gas flow 
was directly proportional to pressure used in the 
system up to certain limit. Feed pressure can also 
affect permeation rates as membrane structure can 
change under pressure. By comparing the result 
obtained from calculation, it was observed that up to 
a certain limit (i.e up to 1.8 bar) pressure, the percent 
removal efficiency increases and gave better 
separation of both gases i. e.  CH4 and CO2. The 
optimum pressure for the PDMS membrane was 
found to be 1.8 bar. Further increase in pressure   i. e. 
above 1.8 bar, percent removal efficiency suddenly 
decreases. Hence to improve the overall efficiency of 
the process, the optimum pressure must be used. 

   REFERENCES 
1. Abass A. Olajire , “CO2 capture and separation technologies 

for end-of-pipe applications”  , Department of Pure and 
Applied Chemistry, Ladoke Akintola University of 
Technology, Energy 35 page no 2610-2628 (2010) 

2. Birgir Norddahl,
a 

, Jan du Preez,
b

 “A membrane based 
process for the upgrading of biogas to substituted natural gas 
(SNG) and recovery of carbon dioxide for industrial use” 
a

Institute of Chemical-, Bio, and Environmental Technology 
, University of Southern Denmark, DK-5230 Odense M, 

Denmark  
b

Veolia Water SA, Percy St., Fourways 2055, 
South Africa ; 16-20 (September 2007) 

3. Richard W Baker “Membranes for Vapour/Gas Separation” 
Membrane technology and Research inc, 1-25; 2006. 

4. Er.Tri Ratna Bajracharya, Ph.D, PURIFICATION AND 
COMPRESSION OF BIOGAS: A RESEARCH 
EXPERIENCE, Journal of the Institute of Engineering, Vol. 
7, No. 1, pp. 1-9 

5. Mohamed Najib Sannaa, Prof. Ole Jess Olsen, “The 
Development of Biogas Technology in Denmark: 
Achievements & Obstacles”, Department of Environment, 
Technology and Social Studies Roskilde University RUC, 
Denmark, Group nr: S04 Master-2217 

6. J. Patrick Montoya “Membrane Gas Exchange Using Hollow 
Fiber Membranes to Separate Gases from Liquid and 
Gaseous Streams” MedArray, Inc 1-7; (2010). 

7. http://www.molecularsoft.com/help/Gas_Laws-
Ideal_Gas_with_Density.htm 

8. Richard D. Noble and John L. Falconer “CO2 Separations 
Using Zeolite Membranes” Joseph Poshusta, Vu Tuan, 
Christopher Gump, Halil Kalipcilar University of Colorado 
Chemical Engineering Dept. UCB 424 Boulder, (June 30, 
2001) 

9. Sayed A.M. Marzouka, Mohamed H. Al-Marzouqib, Muftah 
H “Removal of carbon dioxide from pressurized CO2–CH4 
gas mixture using hollow fiber membrane contactors”. 
Journal of Membrane Science 351 page no 21–27 (2010) 

10. Subhankar Basu, Angels Cano-Odena, Ivo F.J. Vankelecom   
“Asymmetric membrane based on Matrimid and 
polysulphone blends for enhanced permeance and stability in 
binary gas (CO2/CH4) mixture separations” 2-7-2010 

11. Renate M. de Vos*,a, Wilhelm F. Maierb,1, Henk Verweija 
“Hydrophobic silica membranes for gas separation” 
University of Twente, Faculty of Chemical Technology, 
Laboratory of Inorganic Materials Science, P.O. Box 217, 
7500 AE, Enschede, The Netherlands b Max Planck Institut 
fuÈr Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-45470, 
MuÈlheim an der Ruhr, Germany Received 14 October 
1998; received in revised form 14 January 1999; accepted 
(14 January 1999) 

12. Jizhong Rena, Tai-Shung Chunga,b, Dongfei Li a,b, Rong 
Wang a,c, Ye Liua a“Development of asymmetric 6FDA-2,6 
DAT hollow fibermembranes for CO2/CH4 separation” 
Institute of Materials Research and Engineering, 3 Research 
Link, Singapore 117602, Singapore b Department of 
Chemical and Environmental Engineering, National 
University of Singapore,10 Kent Ridge Crescent, Singapore 
119260, Singapore c Institute of Environmental Science & 
Engineering, 18 Nanyang Drive, Singapore 637723, 
Singapore Received 2 April 2002; received in revised form14 
May 2002; accepted (15 May 2002) 

13. N. Yaacob, A. F. Ismail* “Polysulfone hollow fiber 
membrane system for CO

2
/CH

4 
separation: Influence 

membrane module configuration on the separation 
performance” Membrane Research Unit, Faculty of 
Chemical and Natural Resources Engineering, University 
Teknologi Malaysia, 81310, Skudai, Johor page no 1-10 ; 
(2003) 


