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ABSTRACT 

Biomass is a plant material which is quite abundant in Indonesia. Utilization is also currently undergoing 

development. One of the uses for biomass is conversion to biogas. Biogas is a renewable energy source that can be 

used as a substitute for fossil energy. Biogas can be produced by utilizing organic materials that are no longer used 

through anaerobic digestion processes. In the process of producing biogas as an environmentally friendly fuel, it is 

necessary to first wash the biogas. The CO2 and H2S content in biogas reduces the efficiency of the combustion 

process and causes corrosion of machining components. Biogas purification by absorption is a way to reduce levels of 

CO2 and H2S contained, so that the biogas produced can be used as fuel. In this study, absorption using a packed bed 

scrubber and monoethanolamine solution and varying the biogas flow rate. The results of biogas purification using 7M 

monoethanolamine solution decreased CO2 and H2S levels and increased methane gas production up to 87.6% with a 

biogas flow rate of 5 L/minute. 
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1.  INTRODUCTION 
 

Fossil fuels such as oil and coal is the main energy 

source in Indonesia, will be but these energy sources 

have devastating effects on the environment, including 

air pollution, greenhouse gas emissions and global 

warming. Another problem is the high price of fossil 

fuels, the increase in the number of imports of 

petroleum due to national fuel consumption. Petroleum 

energy ranks first in the composition of the national 

energy mix, which is around 48% of the total national 

energy mix and the expounded petroleum resources are 

predicted to run out in about 12.26 years [1]. 

 

To overcome this, the Indonesian government seeks 

to increase the use of non-fossil energy in the form of 

new and renewable energy (RE) through Government 

Regulation (PP) No. 79/2014 concerning the National 

Energy Policy (KEN), where the target of RE utilization 

in 2025 increases to 23% while energy utilization from 

petroleum decreases to 25% [1]. 

 

Biomass is biological material derived from plants 

and animals and consists of large amounts of carbon and 

other elements in smaller amounts such as nitrogen, 

oxygen, hydrogen, alkaline earth, and heavy metals. 

This type of energy is included in a renewable energy 

source because trees and other living things can 

reproduce and grow back. The raw material for making 

biomass which is always available is an inexhaustible 

and renewable source of energy. Many products can be 

generated from biomass, for example biomass can be 

used as a power source, a source of biofuel d an others. 

 

Renewable energy sources are environmentally 

friendly energy sources that do not pollute the 

environment and do not contribute to climate change 

and global warming. Biogas is an alternative energy 

which is currently being developed. Besides being 

cheap, biogas is also environmentally friendly. Making 

biogas is simple, namely by inserting a substrate in the 

form of cow dung or organic waste into a tightly 

closed digester container, in some time it will produce 

gas as an energy source [2].  

 

The biogas produced from the organic waste 

fermentation process does not contain 100% 

flammable gas. Products biogas consists of methane 

(CH4) 55-65%, carbon dioxide (CO2) 35-45%, nitrogen 

(N2) 0-0.3%, hydrogen (H2) 1-5%, hydrogen sulfide 

(H2 S) 0-3%, oxygen (O2) 0.1-0.5%, and water vapor. 
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All the elements that play a role in determining the 

quality of biogas, namely methane gas (CH4) and 

carbon dioxide (CO2). [3-5].  

 

In order to produce optimal biogas, there are 

several factors that must be maintained in the process 

of biogas formation, namely the pH factor, the optimal 

pH value is at 6.8 - 7.4 [6]. The optimum temperature 

biogas formation at 350C [7] and C/N ratio, is the 

relationship between the amount of carbon and 

nitrogen. For anaerobic digesters, the C/N value is 

between 20-30. If the C/N is too high, the biogas 

production will be low, if the C/N is too low, nitrogen 

will accumulate to form ammonia [8]. 

 

The purity of the CO2 and H2S content in biogas is 

important because it affects the resulting calorific value 

and the lifespan of the biogas-using equipment. The 

CH4 content in biogas can be increased 75-98% by 

removing the CO2 and H2S content [9].   In this case the 

impurity which affects the heating value is carbon 

dioxide (CO2). The presence of CO2 in CH4 gas is very 

undesirable, this is because carbon dioxide is an 

inhibitor of the rate of chemical combustion reactions in 

machinery [10]. The lower the level of CO2 in CH 4 the 

higher the heating value of CH4, indicated by the 

yellowish red color in the resulting flame [11]. CO2 

reduces the rate of propagation of the combustion flame 

because the CO2  molecule inhibits the collision reaction 

between the hydrocarbon refrigerant molecules and the 

air molecules [12]. The CO2 content can also reduce the 

thermal efficiency of diesel engines. The optimal 

methane content of biogas for engine fuel is more than 

90% [13]. 

 

In the production process of making biogas, the 

resulting biogas product must contain H2S ranging from 

100-10000 ppm, the H2S content depends on the type of 

biomass and organics contained [14]. H2S has been 

identified as a compound that causes problems in its use 

in machining because H2S causes mechanical 

components to corrode [15]. The use of biogas which 

contains H2S produces sulfur and sulfuric acid which 

are corrosive to various types of metals. H2S content of 

200 ppm if inhaled by humans for 30 minutes can cause 

death. The maximum permit for H2S for safety and 

health standards is 20 ppm [16]. When the H2S 

contained in this biogas burns, the H2S will turn into 

sulfur oxide which will cause corrosion to metal 

components and make engine lubricant oil acidic. To 

reduce the damage caused by H 2 S the compounds H 2 S 

should be eliminated or reduced abortion up to the limit 

of tolerance [17, 18].  

 

To increase the benefits of biogas as renewable 

energy, it is necessary to carry out the methane refining 

stage. Biogas purification techniques can be performed 

using a b sorption, namely the separation of a specific 

gas from a mixture of gases by way of transfer of mass 

into a liquid solvent that has a different selectivity of 

gas which would remove. Various kinds of biogas 

purification methods include physical absorption, 

chemical absorption, membrane separation absorption, 

cyrogenic and chemical conversion into other 

compounds [19, 20]. It is also available to capture CO 2 

with various solvents such as monoethanolamine, 

ammonia, tetrahydrofuran, and tetra-n-butyl ammonium 

bromide [21, 22]. 

2.  EXPERIMENTAL 
 

 
Figure 1. Biogas Digester 
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Figure 2. Purification Biogas with packed bed scrubber 
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In this study the biogas from cow manure produced 

by the digester with a volume of 500 liters. Biogas raw 

materials consist of cow dung and water in ratio of 1:2 

and its left to rest during fermentation process. Biogas 

analyzed the results composition by interval 5 days, 

biogas which is day 5, 10, 15, 20, 25, 30, and 35 to 

know the optimum composition of biogas, then once 

obtained optimum conditions biogas. The biogas 

digester used in this study can be seen in Figure 1. 

Purification of the biogas with monoethanolamine 

(MEA) 7M, the flow rate of MEA solution 1.5 L/minute 

with variations in the biogas flow rate of 5, 10, 15, 20, 

25 and 30 L/minute. The equipment used in this study 

can be seen in Figure 2. 

The results of biogas production during the 

fermentation process are analyzed at interval every 5 

days using the Shimadzu Gas Chromatography to 

determine the composition of biogas with parameters 

such as CH4, CO2, O2, and H2S. 

3.  RESULTS AND DISCUSSION 
 

3.1 Biogas composition analysis 

The fermented biogas product at intervals of 5 days are 

collected in a biogas bag before purification by using of 

a MEA. Biogas fermentation occurs due to the help of 

microorganisms that function as decomposers of raw 

materials, fermentation process occurs for 35 days with 

maintained temperature and pH. Biogas product can be 

seen in Figure 3. 

 

Figure 3. Biogas Product 

The results of the biogas composition using gas 

chromatography GC-2014 Shimadzu can be seen in 

Tabel 1.  

Tabel 1. Biogas Composition Analysis Result From 

biogas at 25th day 

Name 
Ret. 

Time 
Area Height Conc Unit 

CH4 1,155 59794472 17583630 68,18 % 

Total  59794472 17583630   

 

Biogas composition before purified was analyzed using 

gas chromatography and the results in Table 2. 

Table 2. Analysis of the biogas composition before 

purification 

 

Day 
CH4 

(%) 
CO2 (%) H2S (ppm) O2 (%) 

5 21.73 1.34 103 20.12 

10 33.62 5.76 147 18.13 

15 47.01 8.24 170 12.13 

20 56.42 10.17 256 10.13 

25 68.18 13.03 327 7.13 

30 58.34 9.42 420 5.68 

35 20.22 1.64 459 2.13 

 

The fermented biogas product that has been 

accommodated in the biogas bag is purified using a 

packed bed scrubber with MEA solution as absorbent 

and stainless steel as packing. Purified biogas product 

can be seen in Figure 4. 

 

Figure 4. Purified Biogas Product 

The composition of the biogas after purification with 

7M MEA solution and varying the biogas flow rate can 

be seen in Table 3. 
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Table 3. Analysis of the biogas composition after 

purification with 7M MEA solution 

 

Biogas 

flow rate 

(L/min) 

O2 (%) CH4 (%) CO2 (%) 
H2S 

(ppm) 

5 7.26 87.6 0.07 4 

10 6.50 85.63 0.11 15 

15 6.53 83.21 0.26 31 

20 6.72 80.25 0.41 46 

25 7.20 77.72 0.72 51 

30 6.93 73.63 1.06 63 

 

The results of the biogas composition using gas 

chromatography for a biogas flow rate of 5 L/min can 

be seen in Tabel 4. 

 

Tabel 4. Biogas Composition Analysis Result From 

Cow Manure at 25th day 

Name Ret. 

Time 

Area Height Conc Unit 

CH4 1,225 59878123 17581741 87,60 % 

Total  59878123 17581741   

 

3.2 Effect of biogas flow rate on methane gas content 

When purifying the biogas produced with 7M MEA 

solution, the biogas flow rate was varied to see its effect 

on the amount of methane gas produced. The results of 

measurement and analysis of biogas purity based on the 

biogas flow rate can be seen in Figure 5.  

 

 

Figure 5. Effect of biogas flow rate on methane gas 

production 

 
It can be seen in Figure 4 that the higher the flow 

rate will cause the absorption of CH4 in the biogas to 

decrease, this is because the biogas flow rate causes the 

absorption between the MEA solution in the biogas to 

be less than optimal. The results of biogas analysis after 

purification showed very significant at a biogas flow 

rate 5 L/min with concentration of 7M MEA able to 

reach 87.6% methane compared with a biogas flow rate 

of 10 L/min to 30 L/min. 

 

3.2 Effect of Biogas Flow rate CO2 Production 

 

Figure 6. Effect of biogas flow rate on CO2 gas 

production 

 
According to Figure 6 that the higher flow rate will 

cause absorption of CO2 in the biogas decreases this is 

caused because the flow rate of biogas cause absorption 

between the MEA solution becomes less optimal biogas. 

Increasing the flow rate of biogas makes the CO2 

content increases. From this research, it was found that 

the greater the biogas flow rate, the CO2 production will 

also increase. 

 

3.3 Effect of Biogas Flow Rate to H2S production 

 

 
Figure 7. Effect of biogas flow rate on H2S gas 

production 

 

From the Figure 7, increasing the flow rate biogas make 

H2S content increase. Concentration H2S in biogas has 

increased from 4 to 63 ppm.  From this research proved 

that the lower flow rate of biogas can reduces H2S. 

4.  CONCLUSION 
Biogas produced from cow manure can be obtained 

after 25 days with methane gas content reached 68.18% 

before purification. After being purified with 7M 
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monoethanolamine (MEA) solution, the amount of 

methane gas increased to 87.6% at a biogas flow rate of 

5 L/minute. In this condition the H2S and CO2 levels 

decrease while the O2 levels increase. 
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