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Abstract- Currently, much of our biodegradable wastes such as kitchen wastes, agricultural wastes & animal wastes 
are used to produce Biogas, a powerful greenhouse gas. Anaerobic digestion (AD) is a treatment that composts these 
wastes in the absence of oxygen, producing a biogas that can be used to generate Heat & Power. Producing renewable 
energy from our biodegradable wastes helps to tackle the energy crisis. AD produces biogas of around 60 per cent 
methane, 30 percent carbon dioxide (CO�), 2 percent hydrogen sulphide (H2S) and other constituents.  As well as 
biogas, AD produces a solid and liquid residue called digestate which can be used as a soil conditioner to fertilise 
land. The amount of biogas and the quality of digestates obtained will vary according to the feedstock used. More gas 
will be produced if the feedstock is more liable to decompose. For application as a fuel in I.C Engines it is required to 
remove carbon dioxide (CO2) and hydrogen sulphide (H2S), because H2S corrodes vital mechanical components of 
engine and CO2 reduces heating effect if it is not removed. Therefore Biogas is required to be upgraded through 
purification by removing H2S and CO2
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I.INTRODUCTION

The continuous generation of municipal wastes and kitchen wastes has become an environmental and social 
concern due to the large impacts of its improper treatment and management. Rapid biodegradation of the 
organic wastes is of key importance to identify environment in more responsible way to process it rather than 
land filling or composting it. Anaerobic digestion has the advantage of biogas production and can lead to 
efficient resource recovery and contribution to the conservation of non-renewable energy sources. Even though 
proven to be effective for treating organics, anaerobic digestion plants are facing difficulties in obtaining fairly 
clean feedstock that results in technical difficulties with the equipment and poor compost quality. Biogas is 
developed from the biodegradation of organic materials in absence of oxygen and consists of mainly methane, 
hydrogen sulphide and carbon dioxide. There have been continuous efforts in research work for alternative fuel 
source, development and demonstration to utilize biogas to provide heat and power for the past several decades.
Biogas can be upgraded through purification and can be used as an alternative to the partial or total substitution 
of petrol and diesel fuels in I.C engines without requiring extensive engine adjustments or modifications. In this 
study we have reviewed the anaerobic digestion reactions of kitchen wastes, biogas production, purification and 
application in I.C engines along with the exhaust emission.
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Fig.1 Anaerobic digestion of kitchen wastes

II. ANAEROBIC DIGESTION

Anaerobic digestion (AD) is a microbial decomposition of organic matter into methane, carbon dioxide, 
inorganic nutrients and compost in absence of oxygen. This process is also known as bio-Methanogenesis. In the 
generalized scheme of the anaerobic digestion, the feedstock is collected, coarsely shredded and placed into a 
reactor with active inoculums of methanogenic microorganisms. Generally three main reactions occur during the 
entire process of the anaerobic digestion to methane: hydrolysis, acid forming and methanogenesis. Although 
AD can be considered to take place in three stages all reactions occur simultaneously and are interdependent.

2.1 Hydrolysis- 
Hydrolysis is a reaction that breaks down the complex organic molecules into soluble constituents. This reaction 
is catalyzed by enzymes excreted from the hydrolytic and fermentative bacteria. End products of this reaction 
are soluble sugars, amino acids; fatty acids.
The approximate chemical formula for organic waste is C6H 10 O4
Hydrolysis reaction of organic fraction is represented by following reaction:

(Shefali & Themelis 2002)

C6H10O4 + 2H2O����6 H 12 O6 + 2H 2 (Ostrem & Themelis 2004).

2.2 Acid-forming stage- 
This stage is facilitated by microorganisms known as acid formers that transform the products of the hydrolysis 
into simple organic acids and alcohol, carbon dioxide and hydrogen. 
Acid forming stage comprises two reactions, fermentation and the acetogenesis reactions. During the 
fermentation the soluble organic products of the hydrolysis are transformed into simple organic compounds, 
mostly volatile (short chain) fatty acids.
Typical reactions occurring at this stage are the following
- Conversion of the glucose to ethanol:
- Conversion of the glucose to propionate: (Ostrem & Themelis 2004)
The acetogenesis is completed through carbohydrate fermentation and results in acetate, CO� and H�,
compounds that can be utilized by the methanogens. The presence of hydrogen is critical importance in 
acetogenesis of compounds such as propionic & butyric acid. These reactions can only proceed if the 
concentration of H� is very low (Ralph & Dong 2010). Thus the presence of hydrogen scavenging bacteria is 
essential to ensure the thermodynamic feasibility of this reaction (Ostrem & Themelis 2004).
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2.3 Methanogenesis- 
Methanogenesis is a reaction facilitated by the methanogenic microorganisms that convert soluble mater into 
methane. Two thirds of the total methane produced is derived converting the acetic acid or by fermentation of 
alcohol formed in the second stage such as methanol. The other one third of the produced methane is a result of 
the reduction of the carbon dioxide by hydrogen. Considering that the methane has high climate change 
potential the goal is to find an alternative in order to lower the environmental foot print of the organic waste 
treatment. Therefore this stage is avoided and instead of methane the production of volatile fatty acids is 
targeted.
The reactions that occur during this stage are as follows (Ostrem & Themelis 2004).
- Acetate conversion:
               2CH�CH�OH + CO�������COOH + CH�
                Followed by: CH�COOH ����� + CO
- Methanol conversion:

2 

                 CH�OH + H������ + H�O 
- Carbon dioxide reduction by hydrogen 
                 CO� + 4H������ + H�O 

III. COMPOSITION OF BIOGAS

The composition of biogas depends on a number of factors such as the process design and the nature of the 
substrate that is digested. The main components are methane and carbon dioxide, but several other components 
also exist in the biogas. The table-1 below lists the composition of Biogas in Anaerobic digestion.

Table-1Approximate Biogas Composition in Anaerobic Digestion

Gas Concentration %
CH 50-704
CO 25-302
N 0-102

H2 0-5O
H2 0-3S
O 0-32

CxH 0-1y
NH 0-0.53

R2 0-50 mg/m3SiO

IV. PURIFICATION OF BIOGAS FOR I.C ENGINES

4.1 Removal of CO� - 
CO� is high corrosive when wet and it has no combustion value so its removal is must to improve the biogas 
quality. The processes to remove CO� are as follows
a) Caustic solution, NAOH- 40% NAOH + CO� = NAHCO�  
b) Refined process, K�CO� - 30 % K�CO� + CO� = 2KCO�
CO� removal from biogas can be done by using chemical solvents like mono-ethanolamine (MEA), di-

ethanolamine and tri- ethanolamine or aqueous solution of alkaline salts, i.e. sodium, calcium hydroxide and 
potassium. Biogas bubbled through 10% aqueous solution of MEA can reduce the CO� content from 40 to 0.5-
1.0% by volume. Chemical agents like NaOH, Ca (OH)�, and KOH can be used for CO� scrubbing from biogas. 
In alkaline solution the CO� absorption is assisted by agitation. NaOH solution having a rapid CO� absorption of 
2.5-3.0% and the rate of absorption is affected by the concentration of solution.

4.2 Removal of H�S - 
In physical separation pressurized water is used as absorbent, as both CO� and H�S are water soluble agents. 

The water scrubbing method is used for biogas up gradation. The rate of CO� and H�S absorption depends upon 
the factors such as, gas flow pressure, composition of biogas, water flow rates, and purity of water and 
dimension of scrubbing tower.                                      

A purity of 100% CH� can be obtained by a pressurized water scrubbing tower with counter current. A 
reduction of CO� from 30% to 2% in biogas is achieved, when the gas flow rate was 1.8m³/h at 0.48 bar pressure 
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and water flow rate was of 0.465m³/h in a continuous counter current type scrubber. Compressed biogas at 5.88 
bar pressure while passed through a 6 m high scrubbing tower at a flow rate of 2m³/h gives 87.6% removal of 
CO�. Solid membrane of acetate-cellulose polymer has permeability for CO� and H�S is 20 to 60 times greater 
than CH�, when the biogas flow pressure is maintained at 25-40 bar. Generally the membrane permeability is <1 
mm. For higher methane purity the permeability must be high. Monsanto and acetate cellulose membranes give 
best separation to CO�, O� and H�S than CH� when temperature and pressure was maintained at 25° ���	
��5.50 
bar respectively. Naturally occurred solid Zeolite-Neopoliton Yellow Tuff (NYT) can absorb 0.4 kg of CO� per 
kg of chabazite at 1.50 bar and 22°C. During this adsorption process H�S content is removed out.

V. BIOGAS IN I.C ENGINE APPLICATIONS

Biogas can be used in both heavy duty and light duty vehicles. Light duty vehicles can normally run on biogas 
without any modifications whereas, heavy duty vehicles without closed loop control may have to be adjusted, if 
they run on biogas. Petrol engines can use biogas directly and Diesel engines require combination of biogas and 
diesel oil for combustion. Use of biogas as an engine fuel offers several advantages. Being a clean fuel biogas 
causes clean combustion and recesses contamination of engine oil. Biogas cannot be directly used in I.C engines
as it contains some other gases like CO�, H�S and water vapour. For use of biogas as a fuel, it is first upgraded 
by removing impurities like CO�, H�S and water vapour. After removal of impurities it is compressed in a three 
or four stage compressor up to a pressure of 20 MPa and stored in a gas cascade, which helps to facilitate quick 
refuelling of cylinders. If the biogas is not compressed than the volume of gas contained in the cylinder will be 
less hence the engine will run for a short duration of time. 

5.1 Properties of Biogas for Engine Performance- 
The actual calorific value of biogas is function of the CH� percentage, the temperature and the absolute pressure, 
all of which differ from case to case. The actual calorific value of biogas is a vital parameter for the performance 
of an engine. The consumption of biogas in actual volume will differ from these data according to the actual 
conditions of biogas fed to the engine in terms of temperature, pressure and CH� content. Determining of actual 
biogas consumption is vital for dimensioning the engine.

5.2 Technical Parameters of Biogas for Engine Performance- 
Technical parameters of biogas are very important because of their effect on the combustion process in an 
engine. Those properties are:-
��Ignitability of CH� in mixture with air: CH�: 5...15 Vol. %, Air: 95...85 Vol. %
�Combustion velocity in a mixture with air at p = 1 bar: cc = 0.20 m/s at 7% CH�, cc = 0.38 m/s at 10% CH�
�The combustion velocity is a function of the volume percentage of the burnable component, here CH�. The 
highest value of cc is near stoichiometric air/fuel ratio, mostly at an excess air ratio of 0. 8 to 0.9. It increases 
drastically at higher temperatures and pressures.
� Temperature at which CH� ignites in a mixture with air Ti = 918K ... 1023 K
�Compression ratio of an engine, ‘e’ at which temperatures reach values high enough for self-ignition in 

mixture with air(CO� content increases possible compression ratio) e = 15...20
�Methane number, which is a standard value to specify fuel's tendency to knocking (uneven combustion and 
pressure development between TDC and BDC). Methane and biogas are very stable against knocking and 
therefore can be used in engines of higher compression ratios than petrol engines.                                                                               
�Stoichiometric air/fuel ratio on a mass basis at which the combustion of CH� with air is complete but without 
unutilized excess air.

5.3Problems to use Biogas in I.C Engines- 
�High CO� content reduces the power output, making it uneconomical as a transport fuel.  It is possible to 
remove the CO� by washing the gas with water. The solution produced from washing out the CO� is acidic and 
needs careful disposal.
�H�S is acidic and if not removed can cause corrosion of engine parts within a matter of hours.  It is easy to 
remove H�S, by passing the gas through iron oxide (Fe�0� -rusty nails are a good source) or zinc oxide (ZnO).  
These materials can be re-generated on exposure to the air, although the smell of H�S is unpleasant.
�There is high residual moisture which can cause starting problems.
�The gas can vary in quality and pressure.
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5.4 Biogas in petrol engine- 
In the case of operation of spark ignition engine compression ratio can even be raised to 13:1 because of the 
high self-ignition temperature of biogas. This will enable operation at high thermal efficiency. The flame 
velocity can also be further enhanced by increasing the swirl level using manifold modification. These methods 
are particularly effective at part load operating condition. As mentioned earlier the presence of CO2 affects 
combustion of biogas. Removal of CO2 from biogas enhances the flame velocity and widens flammability 
limits. However, this method needs additional devices, which can be used in large stationary applications.  
Biogas with 40% CO2 is the normal gas from the biogas plant. The significant improvements in thermal 
efficiency can be held if best ignition timing is maintained. If the CO2 is removed from biogas, spark timing has 
to be retarded to compensate for the reduced ignition lag and leads increased flame speed. The raise in the 
concentration of oxygen (O2) in the charge is more, when CO2 is reduced, at the same equivalence ratio and this 
is because the volume occupied by CO2 that has been removed is mostly taken over by air. Of course it is also 
need to raise the amount of fuel to keep the same equivalence ratio. The increase in O2 concentration is 
responsible for the improvement of thermal efficiency. Thus by removing CO2 level moderately the engine 
performance can be improved significantly.

Fig.2 Biogas in Diesel Engine Application

5.5 Biogas in Diesel Engine Application- 
Biogas generally has a high self-ignition temperature hence; it cannot be directly used in a diesel engine. So it is 
useful in dual fuel engines. The dual fuel engine is a modified diesel engine in which usually a gaseous fuel 
called the primary fuel is inducted with air into the engine cylinder. This fuel and air mixture does not auto 
ignite due to high octane number. A small amount of diesel, usually called pilot fuel is injected for promoting 
combustion. The primary fuel in dual fuelling system is homogeneously mixed with air that leads to very low 
level of smoke. Dual fuel engine can use a wide variety of primary and pilot fuels. The pilot fuels are generally 
of high cetane fuel. Biogas can also be used in dual fuel mode with vegetable oils as pilot fuels in diesel engines. 
Introduction of biogas normally leads to deterioration in performance and emission characteristics. The 
performance of engine depends on the amount of biogas and the pilot fuel used. Measures like addition of 
hydrogen, LPG, removal of CO� etc. have shown significant improvements in the performance of biogas dual 
fuel engines. The ignition delay of the pilot fuel generally increases with the introduction of biogas and this will 
lead to advance the injection timing. Injectors opening pressure and rate of injection also are found to play 
important role in the case of biogas fuelled engine, where vegetables oil is used as a pilot fuel. The CO�
percentage in biogas acts as diluents to slow down the combustion process in Homogenous charged compression 
ignition (HCCI) engines. However, it also affects ignition. Thus a fuel with low self-ignition temperature could 
be used along with biogas to help its ignition. This kind of engine has shown a superior performance as 
compared to a dual fuel mode of operation. 
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5.6 Biogas in Dual Fuel Engine Application- 
In this case, the normal diesel fuel injection system still supplies a certain amount of diesel fuel. The engine 
however sucks and compresses a mixture of air and biogas fuel which has been prepared in external mixing 
device. The mixture is then ignited by and together with the diesel fuel sprayed in. The amount of diesel fuel 
needed for sufficient ignition is between 10% and 20% of the amount needed for operation on diesel fuel alone. 
Operation of the engine at partial load requires reduction of the biogas supply by means of a gas control valve. 
A simultaneous reduction of airflow would reduce power and efficiency because of reduction of compression 
pressure and main effective pressure. So, the air/fuel ratio is changed by different amounts of injected biogas. 
All other parameters and elements of diesel engine remain unchanged.   
                                                         
5.6.1 Modification of Diesel Engine into Dual Fuel Engine- 
Advantages
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������	�governor at most diesel engines automatic control of speed/power can be done by 
changing the amount of diesel fuel injection while the biogas flow remains uncontrolled. Diesel fuel 
substitutions by biogas are less substantial in this case.
Limitations
�The dual fuel engine cannot operate without the supply of diesel fuel for ignition.
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Larger dual fuel engines circulate extra diesel fuel through the injector for cooling.
�'����	���&��
������������
(�����
�
�++����	
����	�������������������	�,������
�������*��������������
-� 	����	��
and the thermal load of the engine, and hence differs from case to case. 
�������.���������
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�++���	�����$!!����rs of operation in dual fuel is recommended.

5.6.2 Performance and Operation Parameters- 
The performance of diesel gas engines in dual fuel mode has been found o be almost equal to the performance 
using diesel fuel alone as long as the calorific value of biogas is not too low. The inlet channel and manifold of 
diesel engine are dimensioned in such a way that at the maximum speed and power output of the engine 
sufficient air can be sucked in to obtain an air/diesel fuel ratio, which is optimal for operation at this point. 
When the diesel fuel is reduced and an air/biogas mixture is sucked instead of air alone, part of the air is 
���	�����������	���/���������	���������������
��
��	��	
��&�����	����	����
�����	����� 	�
�	�
���	��0�1�)-����)-2�
the total fuel input will be less than the fuel input in diesel operation. As a result in this reduction in both air and 
fuel, the maximum power output at high speed in dual fuel mode may be less than in diesel fuel operation. This 
decrease is less significant than in modified petrol engines. For operation in medium and low speeds the air inlet 
is larger than necessary and allows a relatively larger amount of air/fuel mixture to be sucked in. Hence the 
power output will not be significantly lower than in diesel operation. 
                           

5.7 Biogas in HCCI Engine Application- 
The Homogeneous Charge Compression Ignition (HCCI) concept is a potential for achieving a high thermal 

efficiency and low Nitrogen Oxide (NO) emission. The HCCI engine with 50 % biogas as a primary fuel and 
50% diesel as pilot fuel gives a maximum NO of 20 ppm is a major advantage over biogas diesel dual fuel 
mode. In biogas diesel dual fuel mode the presence of CO� in biogas lowers the thermal efficiency however, in 
biogas diesel HCCI (BDHCCI) mode CO� reduces high heat release rate. The break mean effective pressure 
(BMEP) in BDHCCI mode is in the range of 2.5 bar to 4 bar. The smoke and Hydro Carbon (HC) level were 
also low when the biogas is used as a primary fuel for BDHCCI mode. For HCCI operation the inducted charge 
temperature is required to be maintained at 80-135°C, which can be obtained from the exhaust heat. Thus biogas 
with HCCI engine gives high efficiency and low emission. 

VI. EXHAUST EMISSION

The exhaust emission contains three specific substances which contribute the air pollution, hydrocarbon, carbon 
monoxide & oxides of nitrogen. Hydrocarbons are the unburned fuel vapour coming out with the exhaust due to 
incomplete combustion. Hydrocarbon also occurring in crankcase by fuel evaporation. The emission of 
hydrocarbon is closely related to many design &operating factors like induction system, combustion chamber 
design, air fuel ratio, speed, load. Lean mixture lower hydrocarbon emission. Carbon monoxide occurs only in 
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engine exhaust. It is the product of incomplete combustion due to insufficient amount of air in air- fuel mixture. 
Some amount of CO is always present in the exhaust even at lean mixture. When the throttle is closed to reduce 
air supply at the time of starting the vehicle, maximum amount of CO is produced. Oxides of nitrogen are the 
combination of nitric oxide & nitrogen oxide &availability of oxygen are the two main reasons for the formation 
of oxides of nitrogen. With biogas, co emission levels are low than that of gasoline.

           VII. CONCLUSION

The study concludes the biogas production from organic wastes, its’ composition and properties for use in C.I 
Engines. Different techniques for CO�, H�S scrubbing are discussed, among which water scrubbing is a simple 
continuous and cost effective method for purification. The study carried out in this review has shown that the 
anaerobic digestion of kitchen waste is a feasible alternative to biogas generation. This finding is of special 
importance because this lowers the operating costs, decreases the capital and operating costs of the anaerobic 
digestion of source-separated kitchen waste, and reduces the greenhouse gas emissions of both processes. 
Attention is also focused for making biogas as alternate fuel in I.C Engines and dual fuelling is recommended to 
be the best one for biogas engine operation. Drop of CO� in biogas for dual fuelling increases the thermal 
efficiency. In biogas HCCI mode, the presence of CO� controls the high heat release rate; hence the durability of 
engine components will not be affected. Therefore it is recommended to use biogas as alternate fuel in I.C 
engines.
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