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Abstract— The extensive use of fossil fuel and increased 

energy demand has escalated the need for renewable energy 

sources. Biogas, a biomass derived fuel, is considered as a 

good substitute to petroleum fuels and can be used in internal 

combustion engines. This research paper discusses the 

advantages of using biogas as a substitute for fossil fuels, the 

process involved in its production,  treatment methods 

required to make the gas usable in engines, and techniques for 

conversion of diesel and petrol generator to run on biogas. 

The paper aims on highlighting advantages of production and 

utilization of biogas in rural areas enabling economic 

development and self-sustainability.    
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I. INTRODUCTION 

The global primary sources of energy such as petroleum, 

natural gas, coal, and nuclear fuels are non-renewable and due 

to increased energy demand they are depleting rapidly. These 

sources of energy also pose environmental threats leading to 

global warming, greenhouse effect and ozone layer depletion 

to name a few. The increase in demand and the rate of 

consumption of these fuels have also led to increase in their 

emissions which pose threat to human life. This scenario has 

escalated the need for alternative and renewable energy 

sources like hydro energy, wind energy, solar energy and 

biofuels. Among all these energy sources biofuels have great 

potential as a substitute for fossil fuels in future due to its ease 

of generation since it is renewable, energy yielding potential 

as well as its capability to reduce net CO2 emissions.  

Biomass is organic matter from agricultural crops 

and wastes, animal wastes, forest and wood residues, plants 

and municipal waste and it is stored as chemical. The gas 

produced from biomass is known as biogas. Agricultural 

residues (crop/tree residue, rice husk, wheat, jute stick etc.), 

kitchen waste, sugarcane bagasse, poultry droppings, etc. 

have potential to fulfil household and small industry energy 

requirements. 

Biogas is produced by anaerobic digestion. 

Anaerobic digestion is a process in which organic matter such 

as food waste is broken down into methane in the absence of 

oxygen. The steps involved in anaerobic digestion in the 

digester involve bacterial Hydrolysis of the input materials, 

insoluble organic polymers such as carbohydrates are broken 

down into soluble derivatives that become available other 

bacteria. Acidogenic bacteria then convert sugars and amino 

acids into carbon dioxide, hydrogen, ammonia and organic 

acids. These bacteria convert the resulting organic acids into 

acetic acid along with additional ammonia and carbon 

dioxide. Thus undergoing the processes of Hydrolysis, 

Acidogenesis, Acetogenesis and Methanoogenesis. All these 

processes occur simultaneously in multiple reactors of the 

digesting unit [16]. 

A. Composition of Biogas 

The composition of biogas consists of methane, carbon 

dioxide, nitrogen, moisture and traces of hydrogen sulphide. 

However, the amount of the constituents of biogas vary 

depending upon the feed to the anaerobic digester though 

significant changes only occur in the amount of sulphur 

which may vary from 20-400 ppm. 

COMPOSITION OF BIOGAS 

Components Amount(%) 

Methane(CH4) 50 - 70 

Carbon Dioxide (CO2) 30 - 40 

Hydrogen (h2) 5 - 10 

Nitrogen (N2) 1 - 3 

Water Vapour (H2o) 0.3 

Hydrogen Sulphide(h2S) Traces 

Fig. 1: Composition of Biogas 

B. Technical Parameters of Biogas 

Parameters description Value 

Auto-ignition temperature (k) 1087 

Calorific Value (MJ/Kg) 20.67 

Density at 1 atm & 288 K (Kg/m3) 0.91 

Stoichiometric air-fuel ratio (Kg of air/kg of 

fuel 
6.05 

Research Octane Number 130 

Flame Speed (m/s) 21 

Flammability limit (vol.% in air) 7.5 - 11.7 

Fig. 2: Technical Parameters of biogas [8] 

C. Biogas as a substitute for fossil fuels 

The reasons behind why biogas can be used as a substitute for 

fossil fuel is that when compared to other fuels it can be easily 

transported through pipe lines once it is treated for moisture, 

H2S and CO2 and it burns faster and leaves no residue [8]. 

Since its origin is organic therefore the biogas can be 

considered as CO2 neutral fuel as CO2 emitted would be of 

the same amount that would be released if the organic matter 

were left to decompose naturally. Therefore carbon in biogas 

is biogenic carbon [24]. 

Use of biogas can reduce greenhouse emissions as 

much as 100% and Natural gas when used as an engine fuel 

gives 20-30 % lower CO2 emissions. Using biogas also 

reduces the methane emission from manure and during 

combustion the NOX effect reduces significantly [24]. 

Considering the social impact, use of biogas has a 

great potential for economic development of rural areas 

making them self-sustainable. For example India has a cattle 

population of about 300 million, which is approximately 20% 

of the world total. Annual cow dung produced is about 980 

million tonnes which has the potential to generate 6.8 trillion 

litres of biogas that in turn can yield 1.3 trillion MJ of energy 

[8]. 

D. Statistical Comparison of Biogas emissions with fossil 

fuels 

Sr. 

no. 
Fuel 

Calorific 

Value(kc

al/k) 

Power 

Generation 

CO2 

Emission 

(kgco2/k

Wh) 

1 Biogas 5200 6 kWh/m3 0.09 
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2 LPG 10500 12.2 kWh/m3 0.24 

3 Kerosene 10000 12 kWh/kg 0.26 

4 Petrol 11200 9.06 kWh/L 0.26 

5 Diesel 10746 9.8 kW/L 0.24 

Fig. 3: Emissions of various fuels [24] 

 
Fig. 4: Diesel emissions vs. biogas emissions [24] 

As the statistics suggest biogas has lower emissions 

than other fossil fuels but the issue that arises with the use of 

biogas in its raw form is the presence of CO2, H2S and 

moisture. 

Presence of H2S causes corrosion in combustion 

chamber and its emission is hazardous to environment hence 

to human life. The major pollutant that is emitted due to 

presence of sulphur is sulphur dioxide. The CO2 present in 

the gas reacts with water to form highly corrosive acid which 

can damage the pipelines and other system components. It 

also reduces the flammability of the gas. The moisture 

content in the gas reduces its calorific value [15].  

Therefore to use biogas as a fuel it needs to be 

treated to remove CO2, H2S and moisture. 

II. METHODS FOR TREATMENT OF BIOGAS 

There are various methods for purification or treatment of 

biogas.  

A. Physical Separation  

1) Water Scrubbing  

It is the most common form of scrubbing method used due to 

its simplicity. The process involves use of pressurized water 

which is sprayed on top of a packed bed column which 

contains pressurized biogas. Since CO2 and H2S are soluble 

in water therefore water is used as an absorbent. The process 

when done under certain parameters reduce CO2 and H2S 

significantly as they separate out and settle down at the 

bottom of the bed. Studies show that compressed biogas at 

5.88 bar when passed through pressurized water flowing at 

the rate of 2 m3/h can reduce CO2 content by 87.6%. The rate 

of CO₂ and H₂S absorption depends upon the factors such as, 

gas flow pressure, composition of biogas, water flow rates, 

and purity of water and dimension of the scrubbing tower 

[8][11][23]. 

B. Chemical Separation 

Organic liquid reagents Monoethanolamine (MEA), 

Diethanolamine (DEA), and Triethanolamine (TEA) are used 

as solvents for absorbing CO2 and H2S but it adds up to the 

equipment cost. Sodium or Calcium hydroxide are also 

known for their ability to absorb by forming respective 

carbonate salts.  

a) Caustic solution, NAOH- 40% NAOH + CO₂ = NAHCO₃ 
b) Refined process, K₂CO₃ - 30 % K₂CO₃ + CO₂ = 2KCO₃ 
Bubbling biogas through 10% aqueous solution of mono-

ethanolamine reduces the CO2 content from 40% to 0.5-1.0% 

by volume [8][11][23]. 

C. Membrane Separation 

Pressurized Biogas (25-40 bar) is made to flow through solid 

membrane of acetate-cellulose polymer which has 

permeability for CO2 and H2S that is 60 times greater than 

that of methane. Permeability of membrane is <1mm. 

Monsanto and acetate cellulose membranes give the best 

separation to CO₂, O₂ and H₂S than CH₄ when temperature 

and pressure is maintained at 25°҆C and 5.50 bar respectively 

[8][11][23]. 

D. Cryogenic Separation  

In this method biogas is compressed to 80 bar in several 

stages with intercooling and then cooled with chillers which 

leads to condensation of CO2 which further processed to 

recover dissolved methane. This process gives out 97% 

methane [8][11][23]. 

As the paper concerns rural application of biogas it 

is important to consider economic aspect, resource 

availability and ease of treatment. Therefore the following 

methods are suggested – 

E. CO2 separation Unit  

Limestone crystals are used to remove carbon dioxide. They 

react with carbon dioxide to form calcium carbonate 

[8][11][23]. 

CaO + CO2  CaCO3 

F. H2S separation Unit  

Hydrogen sulphide is removed by using catalyst iron oxide in 

the form of oxidised steel wool or iron turning. The gas 

passed through iron oxide pellets where in reaction occurs 

which removes H2S content of the gas. It is a simple process 

but a lot of heat is released during regeneration. 

2Fe2O3 + 6H2S  2Fe2S3 + 6H2O 

2Fe2S3 + 3O2  2Fe2O3 + 6S 

Wood chips covered with iron oxide are also used as 

they have larger surface to volume ratio than plain steel and 

it is a low cost product.  

Another simple method for H2S removal is use of 

activated carbon. It absorbs the H2S as the biogas is passed 

through it. It is a catalytic reaction and carbon acts as a 

catalyst [8][11][23]. 

 
Fig. 5: Annealed Iron Billet [14] 
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G. Moisture separation Unit 

Use of silica crystals gel is proposed to separate out moisture 

as it absorbs the moisture. They should be replaced after a 

specific time depending on the rate of purification. 

 
Fig. 6: Silica gel for moisture absorption 

III. CONVERSION OF GENERATOR INTO BIOGAS GENERATOR 

At present there is wide range of biogas generators available 

for various applications but they are costly as these generators 

house quite efficient scrubbing units and the entire generator 

is designed as per the application of biogas as fuel. Taking 

rural application into consideration, conversion of regular 

generators into biogas generators is more suitable as the cost 

of conversion is less and conversion kits are available in the 

market with few agencies that provide this service. 

Here we discuss conversion of gasoline as well as 

diesel generators into biogas running generators and the 

conversion techniques and kits used. 

A. Conversion of Petrol Generator  

The conversion of a gasoline run generator is comparatively 

easier than that of diesel one as it operates on spark ignition 

with air/fuel mixture. Biogas has higher ignition temperature 

than that of diesel therefore it cannot be used directly in a 

compression ignition engine. The basic modification required 

is replacement of carburettor by mixer or gas reducer. A 

mixer is a device which is venturie shaped with an accelerator 

cone that is tapered as a curve. It is used to mix and meter the 

biogas with air and to regulate flow and pressure of the gas 

[9][20]. 

 
Fig. 7: PVC manufactured carburettor design for converted 

diesel generator [19] 

The control of engine is performed by variations in 

the air/fuel mixture. Rise in compression ratio is desirable as 

it increases the combustion process. The modification is 

permanent i.e., petrol cannot be used again. Adjustments in 

ignition point do not pose any issue as the standard ignition 

system allows wide margin for such adjustments. 

B. Conversion of Diesel Generator 

The conversion of diesel generator involves changes in 

combustion chamber as well as certain parts. The injector 

nozzle is to be removed and spark plug is to be installed 

instead. The compression ratio is to be reduced to ε = 10...12 

and an ignition system is to be mounted. Provision is required 

for electric supply prof a mixing device for supply of air/fuel 

mixture at constant ratio.  

Mixer device is common for both fuel type generators. 

 
Fig. 8: Diesel generator conversion layout [6] 

IV. RESULTS AND DISCUSSIONS 

Biogas is a clean fuel for SI and CI engines as it causes clean 

combustion, less contamination of engine and less NOx. 

Diesel generators require diesel as well as biogas for its 

operation as diesel acts like a pilot fuel whereas converted 

petrol generators can run entirely on biogas. To use biogas as 

a fuel it must be treated for removal of CO2, H2S and 

moisture and should be compressed in a three or four stage 

compressor up to a pressure of 20 Mpa or the generator must 

have a suction pressure high enough for non-compressed gas 

to be sucked in at a pressure that is desirable for combustion. 

Studies suggest that compression ratios ranging from 11:1 to 

13:1 are suitable for operation without knocking. 

Substantial improvements in thermal efficiency can 

be done if ignition timing is adjusted for effective and 

efficient operation. If CO2 is removed from biogas, spark 

timing needs to be delayed to compensate for ignition lag 

which leads to increased flame speed. In stationary SI engine 

the peak brake thermal efficiency rises from 26% to 30.4% 

when levels of CO2 are reduced to 41% to 20% which also 

leads to significant reduction in HC levels. Which are quite 

high with biogas in SI operation. 

A. Performance and Operation of Converted Petrol 

Generator 

Petrol run generators when converted to biogas ones produce 

less power than the former. The reason behind it is decrease 

in volumetric efficiency as a gaseous fuel occupies a larger 

portion of the mixture’s volume sucked into the engine than 
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liquid fuel and displaces air accordingly. The volumetric 

energy of liquid fuel is higher than biogas and it cools the 

mixture when evaporating in intake manifold. This leads to 

density getting increased therefore amount of mixture sucked 

into the generator on mass basis is more. As in Otto engines 

an excess air ratio of λ = 1 ± 0.1 has to be maintained as CO2 

displaces the amount of air that is required for combustion. 

The fuel energy of biogas air mixture is less than that of petrol 

therefore the maximum power output consequently 

decreases. Biogas with higher methane content (ex-70%) 

have higher calorific value and hence give better power 

output whereas biogas with 60% methane is considered weak 

gas with a calorific value of Hu = 25 000 kJ/nm³. It causes 

power reductions of about 20% whereas Natural gas is 10% 

and LPG 5%. Application of such generators must be selected 

considering the power reductions. The engine's power and 

speed control is performed by a variation of the supply of the 

air/fuel mixture to the engine through a butterfly valve that is 

at the inlet of the intake manifold. Closing of the valve leads 

to inlet of fuel rich mixture and opening leads to air rich 

mixture. Maximum efficiency can be achieved when engine 

is run at medium speeds with open throttle. This requires an 

appropriate combination power requirements and speed of the 

machine to be operated [20]. 

B. Performance and operation of converted diesel generator 

The inlet channel and manifold of diesel generator have 

dimensions that let sufficient amount of air/diesel mixture to 

be sucked in at maximum RPM and power output. When it is 

converted to biogas generator, the gas as well as air is mixed 

and sucked in instead of air alone.  This happens with the help 

of gas mixer device. The issue that arises along with it is that 

the gas displaces the required amount of air that is needed in 

the mixture for combustion therefore with less air fed, and an 

excess air ratio necessarily maintained at λ = 1,2...1,3 the 

amount of fuel input will be less than that in diesel operation. 

Therefore it can be said that power output at high speeds will 

be less than in diesel operation but this decrease is less 

significant than in modified petrol generators [20]. 

In the rural scenario, use of diesel generators is quite 

high due to its higher power output and diesel being cheaper 

but this leads to harmful emissions. Therefore it is more 

practical and feasible to convert diesel generators into biogas 

ones. The above data also suggests use of diesel converted 

generator as its power output is more than that of petrol 

converted generator. 

As the paper deals with ease of use of biogas in rural 

scenario, studies suggest that use of water scrubbing and 

annealed iron billet for removal of H2S are one of the 

simplest and cost efficient methods. The main content is 

metal fillings that is Fe which is transformed to Fe2O3 and 

Fe2(OH)3 during this process. The process is very sensitive 

to water and hence before this process the biogas must be 

dehumidified for saving metal fillings from corrosion hence 

the gas is passed through silica gel which has the property to 

absorb moisture and it is a cheap and cost efficient process. 

Water scrubbing also removes CO2 in significant amounts if 

the operating conditions are suitable i.e. pressurized water jet 

on compressed biogas [11].  

C. Socio-Economic Factors 

Production of biogas and its application in rural areas has 

immense potential to uplift economic conditions as well as 

reducing pollution levels drastically. Generation of biogas 

can make such areas self-sustainable and can contribute to its 

development. As discussed above livestock wastes, 

municipal wastes, poultry wastes, kitchen wastes and human 

wastes contribute majorly to production of biogas. Certain 

crops like maize, sugar beet, wheat grain are known as 

Energy Crops as they yield good amount of biogas therefore 

they can be cultivated solely for the purpose of gas production 

therefore promoting self-sustainability and providing a 

source of income [5]. The only issue that is faced with biogas 

is the plant setup. The initial cost of setting up biogas 

generating plant maybe high but its prolonged use can justify 

its cost efficiency over the period of time.  

Case study of  Bhintbudrak village (Taapi district, Gujarat) 

for biogas production provides the data which supports that 

biogas application in rural areas affects the development, 

employment and economic factors positively. 

 
Fig. 9: Intial cost for biogas plant setup [22] 

 
Fig. 10: Yearly Revenue of Biogas Plant [22] 

 
Fig. 11: Net Profit [22] 

V. CONCLUSION 

Fossil fuels are non-renewable sources of energy. Their ever 

increasing demand and their emissions have led to global 

concern as they largely contribute to global warming and the 

greenhouse effect. Biogas is a renewable energy resource that 

can be used as the substitute for fossil fuels. Biogas has 

several advantages over fossil fuels like – lesser emissions, 

easy to transport and burns faster and leaves no residue. The 

drawbacks of using biogas in its natural form are its 

composition which consists of CO2, H2S and moisture. 

Several methods are mentioned for treatment of biogas which 

makes it suitable to be used in engines or generators. Since 

the paper aims to highlight application of biogas in rural 

areas, several methods of treatment of biogas have been 

suggested which are simple, easy to implement and readily 

available. Water scrubbing, use of iron billet and use of silica 

gel have been suggested as cost efficient treatment methods. 

The paper also highlights the conversion methods that are 

done to convert petrol and diesel generators into biogas ones 

with the mention of technical parameters which suggest 

power output of diesel converted generator is more than 
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petrol converted generator. Generation and application of 

biogas in rural areas help in economic development of rural 

areas as well as help them to become self-sustainable. It is 

justified with a case study of Bhintbudrak village of Taapi 

district, Gujarat [22]. 
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