
  

  
Abstract—The Gasoline fueled single cylinder generator 

engine are well established and available in the market with 
reasonable price, in the other hand the biogas fueled engine for 
electric generator is not well  established yet in the market. The 
biogas energy is easy to produce therefore the price for the 
biogas is very much cheaper than the gasoline. The purpose of 
this research is to find conversion method from gasoline to 
biogas fuelled of the single cylinder four stroke engine of 
electric generator. For this purpose the biogas should be 
upgraded to the level of zero impurities of hydrogen sulfide H2S, 
water (H2O) and reducing up to zero level of CO2 impurities. 
The carburetor of the gasoline engine was replaced and only 
component of the mixer of the fuel and air were used. The 
intake of the biogas fueled should be completed with valve that 
can be opened automatically by vacuum of the suction stroke of 
the engine and compression ration of the engine should be 
increased until reach 9:1 of compression ratio. With this 
conversion method, the engine of the electric generator used for 
this research is run well and possible to reach maximum 
capacity that can be achieved by using gasoline previously. 
 

Index Terms—Conversion, gasoline, biogas, single cylinder, 
for stroke engine, electric generator. 
 

I. INTRODUCTION 
The progress of utilization biogas as a fuel for electric 

generator engine in developing country is found not as good 
as in the developed country. The difficulty in manufacturing 
the engine for biogas fueled engine still become a problem 
that yield in high price of the engine. Other problem is caused 
by the biogas qualities that vary among the region that make 
it difficult to upgrade in to the standard state for fueled the 
engine. As reported in previous publication [1] biogas 
composed of various gases such as methane (60–70%), CO2 
(30–40%), nitrogen (<1%), and H2S (10–2000 ppm). This 
various composition make difficult for the user in setting of 
the engine, for example to run the electric generator.  

Among all impurities in the biogas, the CO2, H2S and 
water should be eliminated in order possible to be used as 
fuel of the engine. Some of the methods can be summarized 
as written bellow as a reference to be decided which method 
will be adopted and developed.  
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H2S is removed in the first stage of biogas purification.  
Two techniques are applied that are removal of H2S during 

digestion and removal of H2S after digestion [2]. 
For the method of removal H2S during digestion, there are 

two types that are widely practiced namely by air-oxygen 
dosing to the biogas and addition of iron chloride into the 
digester.  Air-oxygen dosing to the biogas system is based on 
the biological aerobic oxidation of H2S to elemental sulfur by 
microorganisms [2]. Sulfide oxidizing microorganisms are 
autotrophic and use CO2 from the biogas to cover their 
carbon need. For the method of addition of iron chloride into 
the digester, the iron chloride can be penetrated directly into 
the digester or through the influent mixing tank. It reacts with 
the H2S that present in the biogas to form particles of  FeS [2].  

There are many methods of removal of H2S after digestion, 
adsorption using iron oxide or hydroxide for example. 
Hydrogen sulfide reacts easily with iron oxide or iron 
hydroxide and forms iron sulfide. The other technique is 
absorption with liquids that can be either physical or 
chemical. Chemical absorption involves dissolving the 
component followed by a chemical reaction of the trace 
component and the solvent whereas physical absorption 
involves dissolving the trace component in the solvent, 
Physical absorption removes H2S by absorption in water or 
an organic solvent. The most common solvent is water 
scrubbing, although the growths of microorganisms in the 
packing occur. Single pass absorption and regenerative 
absorption are two types of water absorption processes that 
commonly used for the upgrading of biogas. The 
disadvantage is a high consumption of water is needed, there 
for regeneration process should be promoted [2]. 

H2S can be separated from the gas by leading the gas 
through a semi permeable membrane (membrane separation 
technique). H2S able pass through the membrane but not CH4. 
The important component is a micro porous hydrophobic 
membrane that able to separating the gas from  liquid phase. 
The molecules from the gas stream, flowing in one direction, 
diffuse through the membrane and will be absorbed on the 
other side by the liquid, flowing in counter current. For this 
purpose NaOH can be used as the absorbent liquid [2]. 

The method that is similar to the technique where air-O2 
was added to the digestion is biological filter. It is use 
specific bacteria that are able to oxidize H2S. Before entering 
the filter bed, air is added to the biogas. The H2S is absorbed 
in the liquid phase, made up from gas condensate and liquid 
from effluent slurry separation. After absorption, H2S is 
oxidized by the bacteria, growing on the filter bed.  The H2S 
is biologically converted to sulfur. Sulfur is retained in the 
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liquid of the filter. Other benefit of Biological filtration is 
applied in several installations for removing odors it is 
cheaper than chemical cleaning and possible to remove 
ammonia from the biogas. It is reported also H2S can also be 
removed by using activated carbon [2].  

As mentioned previously beside H2S, the CO2 gas should 
also eliminate for the purpose of upgrading biogas for fueled 
the spark ignition engine. Several techniques are introduced 
here that was obtained from literature study in order proper 
decision could be obtained.   

Physical and chemical CO2 absorption. The CO2 and CH4 
are separated by using absorbent. Water can be used as 
physical absorbent. CO2 is separated from the biogas by 
reacting with water at high pressure. Biogas is entered from 
the bottom of vertical column. Water is fed at the top of the 
column to achieve a gas-liquid counter flow [2]. 

Pressure swing adsorption (PSA) or vacuum swing 
adsorption (VSA). PSA and VSA use a column filled with a 
molecular sieve (silica gel, alumina, activated carbon or 
zeolite), for adsorption of the gases CO2 and letting CH4 pass 
through. The molecules are adsorbed loosely in the cavities 
of the molecular sieve [2]  

Membrane separation is based on the selective 
permeability property of membranes. Two basic systems 
exist: gas-gas separation with a gas phase at both sides of the 
membrane and gas-liquid absorption separation with a liquid 
absorbing the diffused molecules. Multiple stages may be 
required due to imperfect separation that would increase the 
methane loss. This problem can be overcome by recirculation 
[2]. 

Cryogenic separation. Since CH4, CO2 and other 
impurities liquefy in different temperature or pressure, it is 
possible to obtain methane by cooling and compressing the 
biogas. The liquid CO2 is also a solvent separating remaining 
impurities from the gas [2]. 

Biological methane enrichment. Specific methanogens 
using only CO2 as a carbon source and H2 as an energy source.  
The selection between mesophilic and thermophilic 
operation temperatures is typically based on whether the 
completion of reaction or the rate of reaction is of primary 
concern. Thermophilic methanogens exhibit rapid 
methanogenesis, while mesophilic bacteria give more 
complete conversion of the available CO2 [2].  

Removal of CO2 and H2S from biogas by aqueous 
solutions in a packed column can be done by using sodium 
hydroxide (NaOH), calcium hydroxide (Ca(OH)2) and 
mono-ethanolamine (MEA) as liquid solvent. Liquid 
solvents were circulated through the column, contacting the 
biogas in countercurrent flow. Test results indicated similar 
absorption patterns between the chemical solvents used. 
Chemical absorption by solvents in a packed column was an 
effective technique for removing CO2 over a short operation 
time, but their absorption capability declined rapidly with 
time. Ca(OH)2 appeared to become saturated more rapidly 
than the other solvents[3]. 

Untreated or raw biogas is usually saturated with water and 
the absolute water quantity depends on the temperature. The 
lower the temperature, the lower the water content in the raw 
biogas. The removal methods for water are generally based 
on physical separation of condensed water or chemical 

drying [2]. 
Physical drying methods. The simplest way of removing 

excess water vapor is through refrigeration. To achieve lower 
dew points the gas has to be compressed before cooling and 
then later expanded to the desired pressure. The lower the 
dew point, the higher pressure is needed to be applied. The 
condensed water droplets are entrapped and removed. The 
physical drying methods prevent water contact with 
downstream equipment like compressors, pipes, activated 
carbon beds and other parts of the process. In this way, 
corrosion is prevented [2]. 

Chemical drying methods. These techniques are usually 
applied at elevated pressures. At atmospheric pressure only a 
small amount of water is removed by the absorption and 
adsorption techniques. Adsorption using alumina or zeolites 
molecular sieves is the most common technique [2]. 

Beside its difficulty for fueled the engine, biogas has 
advantages as alternative energy since easy to produce even 
from municipal waste [4]. This make that the effort to use 
biogas to fueled the engine should be promoted and 
supported as what happened in the developed country. 
Recently the biogas is possible to use for driven air 
conditioning system [5], and more even at the sub tropical 
region, the used of biogas was proven well for combined heat 
and powered (CHP) for establishing electricity and heating 
during winter [6]. Further more The results show that 
implementation of a biogas-based CHP plant result in an 
electricity power production, Reduced system costs provide a 
profitability, CO2 emission reductions [7]. The  benefit of 
biogas instead for providing electricity demand is also 
possible for heat production, reducing the odor, reducing 
greenhouse effect, and more even can producing fertilizer for 
agriculture. It was calculated that from about 7595 m3/day 
methane gas could be obtained about 77.4 MWh of electricity 
[8]. This conclusion can be use to ensure the effort of 
providing electricity from biogas should be continued and 
encouraged [8].  

There is an improvement in thermal efficiency and power 
output of a biogas fuelled spark ignition engine with very 
lean mixtures and a hydrogen concentration of 15% [9]. But 
utilization and application and implementation of this idea is 
far from easy especially in the developing word particularly 
in providing hydrogen for this purpose. 

The engine fueled with mixture of biogas and city gas was 
already developed [10] and reported run well, but the engine 
performance during using single fueled biogas was not 
reported yet in this report. The used of city gas should be 
questioned because will need more cost to provide especially 
for the farm in rural area. 

The purpose of this research is to develop method for 
conversion from gasoline to biogas fueled small engine to run 
the electric generator to reach the performance of gasoline 
fueled engine to generate electricity which is reliably to be 
implemented in the developing world.. The small fueled 
gasoline engine was from the specification that easily to be 
found and widely available in the market of developing 
country. 

International Journal of Environmental Science and Development, Vol. 4, No. 3, June 2013

301



  

II. EXPERIMENTAL 
The selected engine for this purpose was 4-stroke gasoline 

engine, air-cooled, and inclined single cylinder. The 
displacement is 196cc, the compression ration of the engine 
was increased from 8.5:1 to reach around 9:1.  The ignition 
system was non contact transistor ignition (TCI).  

The biogas obtained from digester was desulfurized by 
using annealed and compacted steel waste chips from the 
waste of turning process in. The detail of processing can be 
access in our previous report [11]. The annealed and 
compacted billet used for this research is presented in Fig. 1, 
and detail schematic of conversion method from gasoline to 
biogas fueled electric generator engine can be seen in the Fig. 
2. 

 
Fig. 1. Annealed and compacted billet of steel waste chips as desulfurizer 

 

 
Fig. 2. Schematic of conversion method from gasoline to biogas fueled 

electric generator engine. 1. Digester, 2. Desulfurizer,  3. First bag of gas 
holder,  4. Low pressure compressor,  5. CO2  elimination, 6. Second bag of 

gas holder,7. Dehumidifier, 8. High pressure of compressor,  9. Biogas 
container, 10. vacuum powered valve, 11. air intake, 12. Biogas and Air 

mixer, 13. Engine 
 

To ensure that the biogas is free from H2S impurities, the 
H2S contents in the biogas was checked before and after 
passing the desulfurizer. If the H2S still found in the biogas 
the addition of billet of annealed and compacted desulfurizer 
should be done. The biogas with free impurities of H2S was 
flowed to entering the first bag of gas holder. The low 
pressure of compressor  was used to pump the biogas from 
the first bag of gas holder to entering the component of CO2 
removal which was contain with solution of 10% NaOH in 
water (H2O). The biogas was collected afterward in the 
second bag of gas holder and after that it was ready to 
entering the process of dehumidification to ensure that the 
biogas free from water content. From this point the biogas 
was ready to be compressed in to the biogas container until 
reach about 4 MPax10-1. The valve which will open by 
vacuum mechanism of the intake manifold was installed to 
arrange the flow of the biogas. With this valve the gas will 

flow in to the intake of the manifold and will stop if the 
engine not running. The biogas then was continued to flow in 
to the mixer part. 

This mixer component is part of the carburetor in the 
gasoline fueled engine but the carburetion cup was replaced 
and only mixer part was remain. Together with biogas, the air 
was flowed in to the mixer, and directed in to the intake valve 
of the combustion chamber. It should be noted here that 
during starting the engine, the flow rate of the biogas was let 
maximum and reduce the rate gradually until the engine start 
running, and the rate of air flow in to the mixer was adjusted 
until the engine run stable.  
 

III. RES ULT AND DISCUSSION 
By using desulfurizer the biogas can be upgraded to zero 

content of H2S impurities that lead to avoid increasing acidity 
[11] of the lubricant therefore the corrosion in the 
combustion chamber can be avoided. Previously the 
existence of H2S in the biogas was overcome by increasing 
frequency of engine oil change which is will increase the 
operating cost [12]. Other urgent thing that make H2S should 
be eliminated due to H2S is a toxic gas [2]. In this report the 
used of annealed and compacted billet of steel waste chips 
was found successful in elimination of H2S impurity. The 
steel which is main content is iron (Fe) transformed to both 
iron oxide (Fe2O3) and iron hydroxide (Fe2(OH)3) during 
annealing process. Iron oxide and iron hydroxide was 
recognized easy to react with H2S and form iron sulfide as 
reaction in Equation 1 and 2 bellow [2]: 

Fe2O3+3H2S→Fe2S3+3H2O                              (1) 

2Fe(OH)3+3H2S→Fe2S3+6H2O                         (2) 

It is should be noted that the reaction in Eq. 1 and 2 are 
very sensitive to water [2] therefore drying process of this 
type of desulfurizer during maintenance is obligatory. The 
process of desulfurization in this research was conducted at 
early process that is after the biogas come out from the 
digester. The main reason is to protect the gas pump, 
compressor and storage tank from corrosion since it is known 
H2S is very corrosive to metal [2] especially steel.  

The elimination of the CO2 impurities by flowing the 
biogas in to the solution of 10% NaOH in water (H2O) was 
found easier that the method proposed by by Chien et al. [13] 
and also Tippayawong and Thanompongchart, [3]. By 
reducing the water content in the biogas up to zero level 
affect in easy starting of the engine. 

The use of the bag gas holder of the biogas was useful 
during compressing of the biogas in to the gas container 
because this is make easy to be observed whether biogas 
available or not during compression. The bag gas holder can 
be made from plastic bag and this is actually from the balloon 
of tube type of digester [14]. Other type of digester such as 
fixed dome digester [14] was found not suitable during 
compression gas because we can not observe the availability 
of the biogas. Mean while floating cover digester [14] was 
found increasing water content in the biogas during suction 
for the purpose of compression in to the biogas container.  

The silica that was used for dehumidifier in this research 
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was found working well to eliminate the water content in the 
biogas. This process was known as drying process by 
adsorption dryer [2]. The silica grain provided in this 
research was adsorbing the water and the grain joint together 
in the form of solid tubular. The solid silica can be crashed to 
become grain and heating for regeneration. 

The compression ration in this research was increased step 
by step from 8.5:1 until yield condition in which the engine 
was easy to start running and run stable. The final 
compression ration was 9:1 which reached minimum 
compression ratio for the biogas fueled spark ignition engine 
[15]. 

The conversion methods that is developed in this research 
was successful to run the electric generator engine that 
previously fueled by gasoline to be converted by using biogas. 
The engine run stable and can produce electricity. The 
maximum RPM (revolution per minutes) that can be obtained 
by using biogas was found can reach the maximum RPM 
obtained by using gasoline fuel which is around 3600 RPM. 
 

IV. CONCLUSION 
The conversion from gasoline to biogas fueled engine can 

be achieved by desulfurizing of the biogas at the firs step 
continued with elimination of CO2 impurity and then 
dehumidification and put the gas in to the bag of gas holder. 
The biogas afterward should be compressed in to the gas 
container for easy mixing process with oxygen from the air. 
The carburetion component was replaced and only mixer part 
of the fuel is used and before entering the mixer, the valve 
controlled by vacuum of suction stroke of the piston is 
installed to control the flow of the biogas during on-of 
process of the engine. During starting process, the biogas is 
let to flow in maximum flow rate and reduce the rate until 
engine start running. The process is followed by adjusting the 
air flow in to the mixer until the engine run stable.  
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