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Abstract 

 Combustion of biogas is a source of producing electricity and heat by using compound heat 

generation systems (CHP) because it contains Methane (CH4) flammable gas. But the direct 

biogas produced from biomass digesters contains some compounds which decrease its 

combustion efficiency like saturated water vapor (H2O) and emitting after combustion 

pollution like the toxic Sulphur dioxide (SO2) which is formed due to the combustion of the 

unpleasant smell Hydrogen Sulphide (H2S) gas. Therefore, this paper concerns the design of 

mechanical chemical filter for purification of biogas to decrease the negative effects of 

previous mentioned compounds and other biogas contents and to increase the percent of the 

Methane gas. Actual measurement of the biogas flow contents before and after purification 

were carried out at the Al-Jabriini Company biogas station located in Palestine Hebron city to 

test the purification performance of the designed filter. The measured contents of biogas after 

purification were; (80-82.1%)  of Methane CH4, (14-18.8)% of Carbon dioxide CO2, (0.005-

0.0057)%  of Hydrogen Sulphide H2S, (0.9-1.3)% Oxygen O2 and 0.06%of water vapor H2O 

against  58.5%  CH4,  44.4% CO2,  0.12% H2S, 0.4% O2 and 3% H2O before purification. 

Thus, the designed filter increased the Methane percent which increases the efficiency of 

CHP power heat generation system and decreased the percent of unwanted harmful contents. 

Nevertheless,   the construction cost of the designed filter is lower, needs less and ease of 

periodic maintenance in comparison to the existed filter in the same Company.  
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.1 Introduction  

 Energy demand will increase by 2 or 3 times until year 2030, fossil fuel will met 88% of this 

demand.[1].Therefore, future solutions is to be found to meet these needs with alternative, 

environment friendly and preferably renewable fuels. Biogas is a potential alternative fuel 

which contains Methane with high flammable energy [2]. 

Biogas is produced by fermenting organic matter under certain conditions. But before the use 

of biofuels as alternative energy there are conditions and restrictions must be committed to 

eliminate harmful emissions and exploitation. Biogas can damage the environment because of 

the presence of contaminated hydrogen sulfide that harmful to humans and animals [3]. On 

the other hand, Biogas is a rich source of energy because it contains a high amount of 

Methane. However, direct use of biogas as fuel without removal of harmful substances like 

H2S leads to the formation of Sulfur dioxide SO2, which is another toxic pollutant and a 

major contributor to acid rain in the atmosphere [4]. 

 Because of the environmental damage caused by the use of biogas directly, methods must be 

used to purify this gas from harmful compounds and to extract the pure gas Methane gas at 

the highest possible rate without the presence of impurities. Methane is proved that it is a 

good energy to be used as fuel for vehicles and for the production of electric and thermal 

power [5]. One of the most important methods used in the purification of biogas is the 

chemical treatment of harmful compounds, such as, iron absorption of these compounds and 

more important is the use of water technology in the purification of this gas because it has a 

high effectiveness in the disposal of harmful compounds [6]. Also some chemicals have been 

used to get rid of the moisture resulting from the use of water and also to get rid of the 

residues of harmful substances such as silica gel because they have properties in the 

absorption of moisture and carbon dioxide and also the use of sodium polyacrylate, which 

can absorb several times the size of water and absorb wet from gas [7-11]. 

This work concerns a new design and the experimental test of a chemical mechanical biogas 

filter. The advantages of the new chemical mechanical filtration device and its superiority 

over other purification techniques are the ease of design, simplicity, the availability of clean 

materials, and is suitable to make biogas pure and full of energy. Therefore, this system 

provides effective technology and excellent ability to purify the biogas and reduces the 

percentages of carbon dioxide, hydrogen sulfate, the water vapor produced from the use of 

water purification and other impurities. Thus, making the use of biogas safe, harmless to the 

environment and human, full of energy and if used on internal combustion engines will not 

destroy them. 
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2. Theory and Modelling 

 

2.1 Assessment and Selection of a Biogas Plant 

Al-Jabreeni biogas plant was selected to conduct purification experiments for the biogas 

produced from its digestion process compare the results of new filter with the existed Europ 

brand biogas filters in the plant. The Al-Jabreeni plant purifies methane through two 

digesters, which are filled with caw manure. The gases begin to rise and are passed to the 

filter, which works to purify the other gases to a certain extent and then use them to produce 

power and electricity. Al-Jebreeni generator gives 370 kWh which means it consumes 180L/h 

of biogas. 

 

2.2 Design of Biogas Filtration System 

The biogas filter is designed and divided into two stages as shown in figure 1, a mechanical 

stage and a chemical stage. The mechanical stage is where biogas is mixed with iron 

filaments and water droplets to get rid of carbon dioxide, hydrogen sulfate, ammonia and 

impurities. In the chemical stage, the gas is passed through silica gel and sodium polycarate 

to get rid of water vapor, it also has the effect of reducing carbon dioxide. 

 

 
Figure 1: Chemical filter 

The chemical filer is made of material stainless steel schedule 40, The gas enters from bottom 

to top through six stages, each stage add to it a chemical material to get rid of water vapor, 

moisture and some of carbon dioxide. 
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The cross section area in cubic meter of the chemical filter was determined using Eq. 1. 

𝒇𝒍𝒐𝒘 𝒓𝒂𝒕𝒆[
 𝐜𝐦𝟑𝐠𝐚𝐬

𝐬
 ] 𝐭𝐡𝐫𝐨𝐮𝐠𝐡𝐩𝐮𝐭 

𝒇𝒍𝒐𝒘 𝒓𝒂𝒕𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚[
𝐜𝐦

𝐬
 ]

] /𝟏𝟎𝟎𝟎𝟎 =  𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧 𝐨𝐟 𝐜𝐡𝐚𝐦𝐩𝐞𝐫 [𝐦𝟐]  1 

                                        

Where the flow rate throughput (the flow rate of biogas) and the flow rate velocity were 

measured regarding the calculations. Then by using the result from Eq.1. the radius of the 

chamber was calculated using Eq.2  

√𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧 𝐚𝐫𝐞𝐚/𝛑 =  𝐫𝐚𝐝𝐢𝐨𝐮𝐬 [𝐦]  2 

 

Equation 3 was used to determine the quantity of the material to be removed from biogas per 

operating period using known parameters like flow rate of biogas per day, quantity of 

material to be removed (g/m3 ) gas and the number of operating days desired between 

absorbent exchange Eq.3. 

 

[𝐦𝟑]𝐛𝐢𝐨𝐠𝐚𝐬 𝐩𝐞𝐫 𝐝𝐚𝐲 × [𝐠 ]𝐦𝐚𝐭𝐞𝐫𝐢𝐚𝐥 𝐭𝐨 𝐛𝐞 𝐫𝐞𝐦𝐨𝐯𝐞𝐝 [𝐦𝟑] 𝐠𝐚𝐬 × 𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐧𝐠 𝐝𝐚𝐲𝐬⁄ =
[ 𝐠] 𝐦𝐚𝐭𝐫𝐢𝐚𝐥 𝐭𝐨 𝐛𝐞 𝐫𝐞𝐦𝐨𝐯𝐞𝐝/𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐧𝐠 𝐩𝐞𝐫𝐢𝐨𝐝  
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While Eq.4 was used in determining the quantity of the absorbent in (Kg) per operating 

period using the calculated quantity of material to be removed from biogas per operating 

period  from Eq.3.  

[𝐠] 𝐦𝐚𝐭𝐞𝐫𝐢𝐚𝐥 𝐭𝐨 𝐛𝐞 𝐫𝐞𝐦𝐨𝐯𝐞𝐝 𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐧𝐠 𝐩𝐞𝐫𝐢𝐨𝐝⁄

[𝐠 ]𝐦𝐚𝐭𝐞𝐫𝐢𝐚𝐥 𝐭𝐨 𝐛𝐞 𝐫𝐞𝐦𝐨𝐯𝐞𝐝 [𝐤𝐠] 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐧𝐭⁄
= [𝐊𝐠] 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐧𝐭/𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐨𝐧𝐠 𝐩𝐞𝐫𝐢𝐨𝐝    
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The quantity of absorbent in liter per operating period using the result of Eq.4. and the 

density of the absorbent was calculated using Eq.5.                                                                                                                                      

[𝐤𝐠] 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐦𝐭 𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐧𝐠 𝐩𝐞𝐫𝐢𝐨𝐝 𝐮𝐧𝐭𝐢𝐥 𝐞𝐱𝐜𝐡𝐚𝐧𝐠𝐞⁄

𝐃𝐞𝐧𝐬𝐢𝐭𝐲 [𝐤𝐠 𝐋⁄ ]
=  𝐥𝐢𝐭𝐞𝐫 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐧𝐭/𝐨𝐩𝐞𝐫𝐚𝐭𝐢𝐨𝐧 𝐩𝐞𝐫𝐢𝐨𝐝  
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The dead volume addition using the result of Eq.5. and the assumed dead volume was 

calculated using Eq.6  

 

The chamber volume using the result of Eq.5. and the result of Eq.6. was calculated using 

Eq.7  

𝐝𝐞𝐚𝐝 𝐯𝐚𝐥𝐮𝐦𝐞 [%] × 𝐐𝐮𝐚𝐧𝐭𝐢𝐭𝐲 𝐨𝐟 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐧𝐭 = 𝐝𝐞𝐚𝐝 𝐯𝐨𝐥𝐮𝐦𝐞 𝐚𝐝𝐝𝐢𝐭𝐢𝐨𝐧 6 
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The chamber height in meter using the result of Eq.7. and the result of Eq.1. was calculated 

using Eq.8 

𝐯𝐨𝐥𝐮𝐦𝐞[𝐦𝟑]

𝐜𝐫𝐨𝐬𝐬 𝐬𝐞𝐜𝐭𝐢𝐨𝐧[𝒎𝟐]
 = 𝐜𝐡𝐚𝐦𝐛𝐞𝐫 𝐡𝐞𝐢𝐠𝐡𝐭[𝒎]  
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The number of intermediate layers using the result of Eq.8. and the assumed height of the 

layer was calculated using Eq.9. [11-12] 

The solubility of component of biogas in water using Henry's Law was calculated using 

Eq.10. Solubility of gas in water at 1 bar and 298K is given as. [13] 

Pt =KH * Cmax  (1) 10 

 Where, 

Cmax = Saturation concentration of gss in mol/m3 

 KH = Henry’s coefficient [Pa.m3/mol] 

 Pt = Partial pressure of component in biogas (Pa) 

from Eq.10. it found that the solubility of Methane is lower and the solubility of hydrogen 

sulphide , carbon dioxide in water is higher . 

 

The difference between inlet and outlet pressure using material balance and determination of 

water flow rate was calculated using Eq.11. [14,16] 

𝑷𝑨𝟏 − 𝑷𝑨𝟐 =
𝑭𝟏𝝅 

𝑭𝑮𝑪𝑻 
 (𝑪𝑨𝟏 − 𝑪𝑨𝟐)      

Where, 

PA1 : Partial Pressure at inlet 

PA2 : Partial Pressure at outlet 

π = Total Pressure 

CT : Molar density of water 

CA1 : Concentration of CO2 in water at inlet 

CA2 : Concentration of CO2 in water at outlet 
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Eq.12 

𝑭𝟏

𝑭𝑮
= 10                                                                                                                            12 

Where, 

𝐹1: Molar flow rate of liquid 

 

𝐐𝐮𝐚𝐧𝐭𝐢𝐭𝐲 𝐨𝐟 𝐚𝐛𝐬𝐨𝐫𝐛𝐞𝐧𝐭 + 𝐝𝐞𝐚𝐝 𝐯𝐨𝐥𝐮𝐦𝐞 𝐚𝐝𝐝𝐢𝐭𝐢𝐨𝐧 =  𝐂𝐡𝐚𝐦𝐛𝐞𝐫 𝐯𝐨𝐥𝐮𝐦𝐞    
 

7 

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐢𝐧𝐭𝐞𝐫𝐦𝐞𝐝𝐢𝐚𝐭𝐞 𝐥𝐚𝐲𝐞𝐫𝐬 = 𝐡𝐞𝐢𝐠𝐡𝐭 𝐡𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐥𝐚𝐲𝐞𝐫  ⁄   
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𝐹𝐺  : Molar flow rate of gas 
 

The superficial velocity of carbon dioxide using parameters such as gas density, void 

fraction, equivalent spherical diameter of packing, dynamic viscosity of the gas, length of the 

packed bed and pressure drop was calculated using Ergun Equation Eq.13.[15] 

∆𝑷 =
𝟏𝟓𝟎𝝁(𝟏−𝜺)𝟐𝑽𝑺𝑳

𝜺𝟑𝑫𝑷
𝟐  + 

𝟏.𝟕𝟓(𝟏−𝜺)𝝆𝑽𝑺
𝟐

𝜺𝟑𝑫𝑷
                                                                

13 

Where, 

ΔP : Pressure drop 

μ : Dynamic viscosity of gas 

ε : Void fraction 

Vs : Superficial Velocity 

L : Length of bed 

ρ : Density of gas 

Dp : Equivalent spherical diameter of packing 

 

The Area of the reacting column using the result of Eq.13. and the result of Eq.12. was 

calculated using Eq.14.  

𝑨 = 𝑸 / 𝑽𝑺          14 

Where, 

𝑄 :molar flow rate of the gas    

𝑉𝑆 ∶superficial velocity                                                                                                              

The determination of volume, height and diameter of filter was calculated using Eq.15. 

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒂 𝒄𝒚𝒍𝒊𝒏𝒅𝒆𝒓 = 𝑨𝑯    15 

The height of the packed bed using the result of Eq.15 and the result of Eq.14 was calculated 

using Eq.16. [14,16] 

𝑽𝜸 = 𝒉𝑨𝑪𝑺
𝑭𝑮

𝝅𝜶𝑲𝑮
(𝑷𝑨𝟏 −  𝑷𝑨𝟐)   

Where, 

PA1 : Partial Pressure at inlet 

PA2 : Partial Pressure at outlet 

Vγ  :volume of a cylinder 

𝐹𝐺  : Molar flow rate of gas 

16 
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Figure 2: Mechanical filter 

The parameters and the results of the calculations performed by the above equations are listed 

Table 1 and the designed filter is shown in figurer 3. 

Table 1 Parameters used in calculation and calculated parameters 

Flow rate 1.25m3/h 

Height of the layer 25cm 

dead valume 25% 

The maximum flow rate velocity 0.5cm/s 

Equivalent spherical diameter of mechanical 

filter  

25cm 

Equivalent spherical diameter of chemical 

filter  

7cm 

Height of mechanical filter   140 cm 
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Height of chemical filter  40 cm 

Void fraction 0.5 

Gas (Methane) density    0.72 kg/m3 

Gas (Carbon dioxide) density   1.98 kg/m3 

Gas (Methane) viscosity  7.39×10-6 m2/s at 250C 

Viscosity of carbon dioxide   0.0855×10-6 m2/s at 25 0C 

Type of material stainless steel schedule 40 

Gas velocity 0.96 m/s 

Height of packed bed  140 cm 

Radius of packed bed  25 cm 

Radius of second filter  7 cm 

Height of second filter  40 cm 

Type of material stainless steel schedule 40. 
 

 

 

 
 

Figure 3: filter that was designed 

 

3. Measurement Devices   

Biogas 5000 shown in figure 4 was used to detect the percentage of carbon dioxide, oxygen, 

Methane and other gases. 
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Figure 4: Biogas  5000 

ToxiRAE Pro shown in figure 5 was used to detect the percentage of Hydrogen Sulphide in 

biogas from the station. 

 

Figure 5: ToxiRAE Pro 

4. Results: 
 

Table 2 represent the composition of raw biogas (pre- scrubbed), composition of purified 

biogas (station filter) and composition of purified biogas (our filter). The table show that 

there is an increase in Methane content from 58.5% to (80-82.1%), due to removal of Carbon 

dioxide, Hydrogen Sulphide and Oxygen. Carbon dioxide was reduced from 44.4% to (14-

18.8%), Hydrogen Sulphide was reduced from 0.12% to (0.005-0.0053%) while Oxygen 

increased from (0.4 to 1.3%). Compared to the station filter, which results in an increase in 

Methane content from 58.5% to (60-74%), due to removal of Carbon dioxide, Hydrogen 

Sulphide and Oxygen. Carbon dioxide was reduced from 44.4% to (15-30%), Hydrogen 

Sulphide was reduced from 0.12% to (0.005-0.007%) while Oxygen increased from (0.4 to 

0.9%). 
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Table 2 Percentage of gases before and after filtration 

 Percentages of 

gases at the 

digester 

Percentage of gases 

after station filter  

Percentages of gases 

after the designed filter  

Methane 58.5% (60-74)% (80-82.1)% 

Carbon 

dioxide  

44.4% (15-30)% (14-18.8)% 

Hydrogen 

Sulphide 

0.12% (0.005-0.007)% (0.005-0.0053)% 

Oxygen (0.4-0.9)% (0.2-0.9)% (0.9-1.3)% 
 

5. Conclusion: 

It has been found that the filter achieves 82.1% of pure Methane and greatly reduces carbon 

dioxide and hydrogen sulfide, which in turn makes it suitable for maximizing the generation 

of electricity and fuel. This shows that the purification of biogas by a mechanical chemical 

filter is very effective in removing carbon dioxide and hydrogen sulfide. 
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