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Abstract— The gradual reduction of the petroleum reserves 

and increase of pollutant emissions have demanded the 

development of alternative and renewable energy sources 

which can help to reduce the current oil dependency in the 

field of Internal combustion engine(ICE). Utilization of 

natural gas in I.C. engine is an option to overcome some 

problems and various renewable energy sources are also 

available to overcome this energy crisis and biogas is an 

option for that and it is obtained from renewable sources. 

Biogas can be used in internal combustion (IC) engines, 

because of its better mixing ability with air and clean 

burning nature. It can be a supplemented to liquefied 

petroleum gas (LPG) and compressed natural gas (CNG), if 

it is used in compressed form in cylinders. Lower 

hydrocarbon (HC), smoke and particulates emission has 

been reported in diesel engines operating on biogas diesel 

dual fuel mode. The paper reviews on significance of 

compression ratio, effect of concentration of methane in 

biogas engine, significance of ignition voltage and piston 

crown geometry on performance of biogas engine and its 

validation by CFD analysis. 
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I. INTRODUCTION 

The world faces twin problems of energy crisis and 

environmental degradation. Fossil fuel, particularly 

petroleum fuel, is the major contributor to energy production 

[24]. Fossil fuel consumption is steadily rising as a result of 

population growth in addition to improvements in the 

standard of living. It can be seen from Figure 1 that the 

world‟s population has been increasing steadily over the last 

5 decades, and this trend is expected to continue [25]. As a 

result, total energy consumption has grown by about 36% 

over the last 15 years [22]. Energy consumption is expected 

to increase further in the future, as the world‟s population is 

expected to grow by 2 billion people in the next 30 years 

[26]. Fossil-fuels have suffered rises in prices because of the 

limitations of reserves, supply and considerable increases in 

demand.It has been witnessed that number of natural gas 

fuelled vehicle increased from 1 million to 11 million during 

past decade (2000–2010) [23,24]. 

 
Fig. 1: World population 1950-2050 [25]. 

 The rapid increase in atmospheric pollution by 

greenhouse gases and emissions of I.C. engines accounts 

one fifth for green house effect. However, I.C. engines emit 

harmful pollutants including oxides of nitrogen (NOx) and 

particulate matter (PM) & it is health hazards when using 

fossil fuel.  

 As world awareness about environmental 

protection increases so too does the search for alternatives to 

petroleum fuels [24]. Utilization of alternative fuels in I.C. 

engine such as CNG, HCNG, LPG, LNG, bio-diesel, biogas, 

hydrogen, ethanol, methanol, and producer gas have been 

tried worldwide because of its higher thermal efficiency and 

lesser emissions as compared to fossil fuelled vehicles.  

Biogas as a fuel in I.C. engine provides an alternative source 

of energy, having attractive combustion and emissions 

characteristics. Biogas also protects the environment from 

the harmful greenhouse gas so it is a promising fuel for I.C. 

engine.  

 Biogas can be used in internal combustion (IC) 

engines, because of its better mixing ability with air and 

clean burning nature. It can be a supplemented to liquefied 

petroleum gas (LPG) and compressed natural gas (CNG), if 

it is used in compressed form in cylinders. 

 For the use of biogas as a vehicle fuel, it is first 

upgraded by removing impurities like CO2, H2S and water 

vapor.  

 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 

refueling of cylinders. 

 Biogas fuel allows the use of high compression 

ratios in SI engines on account of its high self-ignition 

temperature. Even utilizing biogas in the engines avoids any 

additional greenhouse gas emission. 

 Its wide flammability limit permits operation with 

lean mixtures. Lean operation can also lead to low NOX 

levels. The high flame velocity of scrubbed biogas (CH4) in 

comparison to conventional fuels will lead to higher 

increased combustion rate and thus lead to high thermal 

efficiency. 

 If biogas is directly used in SI engine, the presence 

of CO2 lowers its calorific value. Biogas also contains a 

small percentage of H2S, which can cause corrosion to metal 

parts. 

 Complete combustion with minimal emission is the 

key features of biogas as a fuel and this feature is currently 

being the major area of research to comply with EPA 

(Environment Protection Agency) and Euro Norms. 

 Biogas is produced by anaerobic digestion of 

various organic substances such as kitchen wastes, 

agricultural wastes, municipal solid wastes and sewage, cow 

dung etc., which offers low cost and low emissions than any 

other secondary fuels. India is largest cattle breeding 
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country; there is abundance of raw material for producing 

biogas. The use of methane separated from biogas as a fuel 

will substantially reduce harmful engine emission and will 

help to keep the environment clean. 

Biogas is composed mostly of CH4 (50-70%) and  

CO2 (25-50%), with low fractions of H2(1-5%),  

N2(0.3-3%), and hydrogen sulphide(H2S). 

 

Table 1: Properties of Biogas 

II. LITERATURE SURVEY 

A brief summary of the vast amount of material that has 

been published on biogas engine would be well beyond the 

scope and intention of this paper.  Instead, attention is 

focused on a few key aspects of biogas engine technology 

that are considered important and relevant. 

 Jingdang Huang, R. J. Crookes
 [13]

 Assessment of 

simulated biogas as a fuel for the spark ignition engine. The 

main influence of carbon dioxide in the biogas fuel on 

engine operation was to lower the NOx emissions, and 

enable the compression ratio to be increased. The increasing 

CO2 in the fuel reduced the brake power and brake thermal 

efficiency. The higher the compression ratio, the higher the 

brake mean effective pressure and brake thermal efficiency. 

The cylinder pressure increased sharply, due to detonation 

above 15:1. At higher compression ratios (above 13:1); 

increased NOx, HC and CO emissions were measured. 

 Power and thermal efficiency reached their highest 

values with the compression ratio between 13:1 and 15:1 

and the RAFR between 1.05 and 0.95. Under these 

conditions, HC and CO emissions were relatively low but 

the NOx values were relatively high.  

 E.Porpatham, A.Ramesh, B. Nagalingam.
[11] 

Investigation on the effect of concentration of methane in 

biogas when used as a fuel for a spark ignition engine.  

The benefit of removal of CO2 from biogas is obtained 

when the engine is operated with lean fuel air mixtures in 

the range of equivalence ratios between (0.8 and 0.95). 
 

 Removal of CO2 in biogas results in higher 

methane and oxygen concentrations in the charge and thus 

leads to faster combustion and also higher power outputs at 

a given equivalence ratio. Thermal efficiency improves with 

further reductions in the CO2 concentration.  

 There is a significant increase in the heat release 

rate with reduced CO2 level and this necessitates retarded 

ignition timings. Reduction of CO2 initiates faster 

combustion. 

 The corresponding values of HC emissions are 

1640 ppm with normal biogas and 1230 and 1150 ppm with 

CO2 levels of 30–20%.Enhanced methane concentration in 

the inducted biogas necessary to improves performance and 

reduces emissions of hydrocarbons (HC).  

 R. Chandra, V.K. Vijay, P.M. Subbarao, 

T.K.Khura
[8] 

 Performance evaluation of a constant speed IC 

engine on CNG, methane enriched biogas and biogas. The 

methane enriched biogas showed almost similar engine 

performance as compared to compressed natural gas in 

terms of brake power output, specific gas consumption and 

thermal efficiency. 

 The performance of the engine with 12.65 

compression ratio was evaluated at 30, 35 and 40 degree 

ignition advance of TDC. The maximum brake power 

produced by the engine was found at ignition advance of 35 

degree TDC for all the tested fuels.  

 Omid Razbani, Nima Mirzamohammad, Mohsen 

Assadi
[7]

 Literature review and road map for using biogas in 

internal combustion engines. Investigate combustion 

characteristics of biogas in reciprocating engines, challenges 

for biogas as a fuel are lower flame speed (compared to 

natural gas) and biogas impurities. In solutions advancing 

spark timing, increasing compression ratio, changing the 

bearing and piston materials and pre-chamber ignition 

systems are presented.  

 Biogas having carbon dioxide and has a high 

heating value and it even increases with temperature, that 

means in high combustion temperatures lots of heat is 

absorbed by CO2 and thus reducing the flame temperature 

significantly. 

 In the survey they studied significance of 

compression ratio on power output at various equivalent 

ratios & importance of advancement of the spark timing for 

enhancing the engine power output. 

 Ivan D. Bedoya, Samveg Saxena, Francisco J. 

Cadavid, Robert W. Dibble, Martin Wissink
[5]

 Experimental 

study of biogas combustion in an HCCI engine for power 

generation with high indicated efficiency and ultra-low NOx 

emission. 

 Investigate the effects of equivalence ratio, inlet 

absolute charge pressure and charge temperature on 

combustion characteristics and emissions of a biogas fueled 

HCCI engine. 

 At two levels of inlet absolute pressure (2 and 2.2 

bar) and inlet charge temperatures (473 K and 483 K), 

biogas fueled HCCI operation was evaluated in a range 

between 0.25 and 0.4 equivalence ratios.  

 For lean biogas air mixtures, slight increases in 

inlet absolute pressure and inlet charge temperature can be 

used to increase engine power output, increase combustion 

& indicated efficiency, decrease cycle-to-cycle variability, 

and decrease HC and CO emissions. 

 At the high load limit, the maximum indicated 

efficiency was 44%, and NOx emissions were lower than 

the US 2010 limit of 0.27 g/kW h. According with these 
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results, biogas has a good potential to be used in HCCI 

engines for high efficiency power. 

 E.Porpatham, A.Ramesh, B.Nagarlingm
[4]

 Effect of 

compression ratio on the performance and combustion of a 

biogas fuelled spark ignition engine.  

 There is an improvement in thermal efficiency and 

brake power output with increase in compression ratio. The 

peak power output with a compression ratio of 15:1 is 4.8 

kW and it is 10% higher than that with a compression ratio 

of 9.3:1 is 4.4 kW. With an increase in compression ratio 

from 9.3:1 to 15:1, the peak brake thermal efficiency 

increases from 23% to 26.8%. 

 Power and thermal efficiency reached their highest 

values with the compression ratio between 13:1 and 15:1 

and the equivalence ratio between 1.08 and 0.95. Under 

these conditions, HC and CO emissions were low but the 

NOx values were high.  

 The reduction in the ignition delay and higher heat 

release rate with increase in compression ratio. Increase in 

compression ratio seems to be desirable to enhance 

performance and reduce emissions with biogas. The peak 

pressure is higher with higher compression ratio. Increase in 

compression ratio leads to high heat release rate and peak 

pressure. 

 Teresa Donateo, Federica Tornese, Domenico 

Laforgia.
[3]

  

 By computer-aided conversion of an engine from 

diesel to methane they developed an analytical methodology 

that uses empirical based models and CFD simulations to 

efficiently evaluate design alternatives in the conversion of a 

diesel engine to either CNG dedicated or dual fuel engines.  

A database of different combustion chambers that can be 

obtained from the original piston. 

 For each combination of suitable combustion 

chamber shape and engine control parameters 

(ignition/injection crank angle, EGR, etc.), a CFD 

simulation is used to evaluate the combustion performance 

of the engine and HC & NOx emissions.  

 All the tools developed for the application of the 

method have been linked in the Mode Frontier optimization 

environment in order to perform the final choice of the 

combustion chamber.  

 They optimized the combustion chamber by CFD 

study.  

 The procedure has been applied to a CNG 

dedicated engine in order to define the best fuel economy 

chamber configuration.  

 Future developments will concern the optimization 

of the chamber by setting a variable compression ratio for 

the dual fuel case in order to obtain better results. 

 K.A. Subramanian, Vinaya C. Mathad, V.K. Vijay 

P.M.V. Subbarao
[2]

 Evaluated emission and fuel economy of 

an automotive spark ignition vehicle fuelled with methane 

enriched biogas and CNG. 

 The emissions such as CO, HC and NOx are 

marginally higher with the enriched biogas than base CNG. 

But, the experimental results indicate that the vehicle‟s 

emission with the enriched biogas fuel meets to the BS IV 

Emission Norms.  

 There is no significant change in fuel economy. 

The methane enriched biogas gives similar performance like 

fossil CNG, the enriched biogas could be used as an auto 

fuel for spark ignition vehicles. 

 CO emission is higher with biogas during Phase-1 

and it is lesser during Phase-II. However, Extra urban cycle 

(Phase-II) started after 780 s and CO emission is lesser with 

the methane enriched biogas than base CNG.  

 T. Korakianitis, A.M. Namasivayam, R.J. 

Crookes.
[9] 

Natural-gas fueled spark-ignition (SI) and CI 

engine performance and emissions.  

 Compared with conventional gasoline engines, SI 

engines using natural gas can run at higher compression 

ratios, thus producing higher thermal efficiencies but also 

increased nitrogen oxide (NOx) emissions, while producing 

lower emissions of carbon dioxide (CO), unburned 

hydrocarbons (HC). 

 These engines also produce relatively less power 

than gasoline-fueled engines because of the convergence of 

one or more of three factors, a reduction in volumetric 

efficiency due to natural-gas injection in the intake 

manifold, the lower stoichiometric fuel/air ratio of natural 

gas compared to gasoline; and the lower equivalence ratio at 

which these engines may be run in order to reduce NOx 

emissions.  

 High NOx emissions, especially at high loads, 

reduce with exhaust gas recirculation (EGR).  

Hydrogen gas addition in natural gas increases this EGR 

threshold significantly. In addition, hydrogen increases the 

flame speed. 

 Rajesh C. Iyer, Dr. S. A Channiwala, Dr. T. R 

Seetharam
 [10] 

Comparative evaluation of on-road tests 

conducted on a SI engine to run on compressed natural gas. 

Investigate the significance of ignition voltage as well as 

stroke to bore ratios CNG delivers better performances 

compared to gasoline in the same segment. 

 Gurneesh Singh Jatana, M. Himabindu, Hari S. 

Thakur, R.V. Ravikrishna[1] Assessed the performance to 

improve efficiency of very small engines (95cc capacity) 

operating on biogas. 

 The engine was operated in two modes, i.e. 

„premixed‟ and „fuel injection‟ modes, using both single and 

dual spark plug configurations. Measurements of in-cylinder 

pressure, crank angle, brake power, air and fuel flow rates, 

and exhaust emissions were conducted. 

 Cycle-to-cycle variations in engine in-cylinder 

pressure and power were also studied and assessed 

quantitatively for various loading conditions. Results 

suggest that biogas combustion can be fairly sensitive to the 

ignition strategies thereby affecting the power output and 

efficiency. 

 Study investigate lean burn, fuel  injection, and 

dual spark plug ignition can  provide highly efficient and 

stable operation in  a biogas-fuelled small S.I. engine, 

especially in  the low  power range of 450–1000 W. 

 F. Catapano, S. Di Iorio, P. Sementa, B.M. 

Vaglieco
[14] 

Characterization of CH4  and CH4/H2 mixtures 

combustion in a small displacement optical engine.  

 Reported optical measurements in a 250-cc single 

cylinder S.I. engine using pure methane and CH4/H2 blends.  

 The flame propagation speed, which was observed 

to be very low for pure methane, increased with increasing 

H2 content. Additionally, large HC emissions were observed 
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in all tested fuel combinations; possibly due to slow flame 

speeds and long quenching distance of methane.  

 This study brings out the challenges involved in the 

complete combustion of a slow burning fuel   (methane).  

 Biogas   is expected to burn even slower, due to the 

presence of diluents such as CO2; potentially making the 

twin spark plug configuration very attractive for stable 

combustion. 

 Antony Raj Gnana Sagaya Raj, Jawali 

Maharudrappa Mallikarjuna, Venkitachalam Ganesan.
[16]

 

Energy efficient piston configuration for effective air motion 

– A CFD study. 

 The CFD code, STAR-CD is used to simulate the 

single cylinder DI diesel engine with four piston 

configurations. Initially, the solid modeling is done in Pro-E 

Wildfire 4.0. It was imported to STAR-CD Prosurf for 

surface meshing and transferred to Pro-am for assigning the 

cell types for piston, cylinder liner, cylinder head, valve 

seat, and intake and exhaust port shell. 

 Analyzed the flow pattern by CFD and PIV 

analysis for all the piston crown shapes with an error of 5%. 

Piston position plays a predominant role in the air pattern 

inside the cylinder & flat piston is more suitable because it 

creates more turbulence. 

 Shaik Magbul Hussain, Dr.B. Sudheer Prem 

Kumar, Dr.K. Vijaya Kumar Reddy
 [17]

. A CFD analysis of 

combustion and emissions to study the effect of 

compression ratio and biogas substitution in a diesel engine 

with experimental verification.  

 Advanced computational fluid dynamics (CFD) 

simulations of engine reacting flow processes have emerged 

as a complementary and efficient design tool for the 

development of the next-generation engines.  

 CFD analysis was carried out for biogas diesel dual 

fuel combustion engine using FLUENT software to study 

the effect of Biogas substitution on turbulent kinetic energy, 

Turbulent Dissipation Rate, Combustion flame velocity, and 

NOx formation for five compression ratios.  

 To validate CFD results, experimental 

investigations were carried out, which showed a good 

agreement between the predicted and experimental results. 

 Thus higher compression ratios give rise to higher 

flame speeds. When the compression ratio was changed 

from 16.35 to 24.5, the flame speed was increased by 

46.9%. 

 As seen above, NOx increases with increase in 

compression ratio, and has increased by 56.5% when the CR 

was changed from 16.35 to 24.5. Some localized spots of 

high NOx concentration is seen in the NOx contours.  

As biogas substitution in the mixture increases NOx 

formation. 

 R.F. Huang, H.S. Yang, C.N. Yeh.
[12] 

In-cylinder 

flows of a motored four-stroke engine with flat-crown and 

slightly concave-crown pistons. 

 The shape of the piston and combustion chamber 

plays an important role in generating maximum turbulence 

and increasing the desire rapid combustion.  

 As a result of turbulence, heat transfer, 

evaporation, mixing and combustion rates all increase.  

 As the engine speed increases, flow rate increases 

with a corresponding increase in swirl, squish and 

turbulence. This increases the rate of fuel evaporation, 

mixing of fuel vapour and air and combustion. 

 In the study temporal and spatial evolution 

processes of the in-cylinder flow structures and turbulence 

intensities in the symmetry and offset planes of a four-stroke 

engine during the intake and compression strokes are 

diagnosed by using a particle image velocimeter. 

 Two pistons of different crown shapes (flat-crown 

and slightly concave-crown pistons) are studied.  

 The results show that the flat-crown piston induces 

higher bulk-averaged tumble ratio and turbulence intensity 

than the slightly concave-crown piston does because the 

tumble ratio and turbulence generated by the flat-crown 

piston in the offset planes during the compression stroke are 

particularly large.  

 The engine with the flat-crown piston also presents 

larger torque and power outputs and lower hydrocarbon 

emission than that with the slightly concave-crown piston. 

This might be caused by the enhanced combustion in the 

engine cylinder due to the stronger tumble ratio and 

turbulence intensity. 

 The flat-crown piston results high turbulence 

intensity , high heat transfer & evaporation, torque and 

power output is also high compare to flat concave piston , 

mixing and combustion rates are also high.  

 Rajesh C Iyer, Dr. T.R. Seetharam, Dr. S.A. 

Channiwala
[15]

, Investigate the influence of ignition voltage, 

higher compression ratio and piston crown geometry on the 

performance of compressed natural gas engines. 

 The authors found a major achievement in both 

performances as well as    emissions on this 100 cc category 

of the Indian market. The performances improved by 20 – 

30 % under certain cases with a considerable reduction in 

emissions.  

 The 3 geometries (A, B, C) of piston were 

identified based on local availability in Indian market and 

the piston selection was made such that the basic structure 

of the combustion chamber is not affected.  

 The increase in compression ratio for Piston A 

from 6.2:1 to 7.1:1 as against the base configuration 8.2:1 

has yielded better results.  

 In CNG an increase by 30 % power and torque is 

found when tested at the gear shaft end compared to 

gasoline. A 10% improvement is witnessed in CNG itself by 

increasing the ignition voltage. 

 In CNG an increase by 30 % power and torque is 

found when tested at the gear shaft end compared to 

gasoline. A 10% improvement is witnessed in CNG itself by 

increasing the ignition voltage. 

 A 10% improvement is witnessed in CNG itself by 

increasing the ignition voltage. A 100 % reduction in HC 

emissions is seen in CNG compared to gasoline. 

 A CFD analysis has also been carried out to study 

the significance of the crown geometry for Piston A.  

 A 100 % reduction in HC emissions is seen in 

CNG compared to gasoline. A 20 % reduction in CO and 50 

% increase in NOx are found in CNG compared to gasoline.  

R.C. Meyer, D.P.Meyers, S.R.King, 
[18]

 Effect of spark plug 

number and location in natural gas engine. Discussed the 

effect of the number of spark plugs and their location in 

natural gas engines and found that the use of multiple spark 

plugs is better than a single centrally located spark plug for 
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high power and thermal efficiency at leaner equivalence 

ratios. 

 Puli. Danaiah, Puli.Ravi Kumar
[6]

 Performance 

evaluation of lean combustion technology in diesel engine.  

Enhancement of lean combustion of homogeneous mixtures 

can be achieved by using higher ignition energy. 

 Providing high compression ratios. Creating high 

swirl in the combustion chamber and also suggest other 

techniques used in lean combustion are turbulence, squish, 

combustion chamber geometry , ignition timing, influence 

of ignition system, catalytically activated combustion, lean 

combustion using alternative fuels and its additives and 

EGR ( exhaust gas recirculation). 

 Bengt Johansson, Krister Olsson, 
[19]

 Investigated 

as how the combustion chamber geometry can generate a 

swirl and will influence the combustion parameters and 

emissions in a natural gas S. I engine. 

 E. Porpatham, A. Ramesh B. Nagalingam
[20] 

Effect 

of swirl on the performance and combustion of a biogas 

fuelled spark ignition engine. 

 The lean misfire limit of combustion gets extended 

with enhanced swirl. The combustion rate also gets 

enhanced. At 100% throttle with the normal configuration 

lean misfire limit is at an equivalence ratio of 0.68 and the 

power output is 2.7 kW whereas with masked valve 

configuration lean misfire limit is at an equivalence ratio of 

0.65 and the power output is 2.6 kW. 

 There is an improvement in brake thermal 

efficiency and power output with increase in swirl level. 

Increase in brake thermal efficiency is higher at full throttle 

compared to part throttle with masked valve configuration.  

 There is decrease in HC level and increase in NOx 

emission with enhanced swirl with full throttle. This is 

mainly due to the improvement in combustion by way of 

extension of the lean limit and increase in the combustion 

rate.  

 There is a reduction in the ignition delay and 

significant increase in heat release rate with enhanced swirl 

level. 

 On the whole, enhanced swirl level improves the 

performance and reduces emissions with biogas fuelled SI 

engine. Moreover, biogas is a renewable fuel and 

contributes to a more sustainable development. 

 Pathak Yogesh, Kailas D, Patil V M. 
[21] 

In cylinder 

cold flow CFD simulation of IC engine using Hybrid 

approach. 

 A CFD analysis helps guide the geometry design of 

parts, such as ports, valves, and pistons, as well as engine 

parameters like valve timing and fuel injection. Using CFD 

results, the flow phenomena can be visualized on 3D 

geometry and analyzed numerically, providing tremendous 

insight into the complex interactions that occur inside the 

engine. A CFD analysis is useful tool in understanding the 

fluid dynamics of IC Engines for design purpose and for the 

development of the engine. 

III. CONCLUSION 

The following conclusion is drawn from the literature 

survey: 

 For biogas engine increasing the compression ratio 

enhance the engine performance and leads to high 

power, thermal efficiency.  

 Increasing the compression ratio also reduced the HC 

emissions. 

 Methane enriched biogas leads to faster combustion, 

more power outputs, higher thermal efficiency and 

less emission of HC. 

 Removal of CO2 from biogas results in to high 

power outputs and higher thermal efficiency for 

biogas engine. 

 The shape of the piston and combustion chamber 

plays an important role in generating maximum 

turbulence and increasing the desire rapid 

combustion. As a result of turbulence, heat transfer, 

evaporation, mixing and combustion rates engine 

torque and power all increased. 

 By increasing the ignition voltage, torque and power 

output of the engine increased.  

 CFD simulator is used for evaluation of combustion 

performance of the engine and shape of the 

combustion chamber can be optimized by CFD 

study.  

 CFD simulation is also used to evaluate the HC and 

NOx emissions of the engine and experimental 

investigations can be validate and compare by CFD 

analysis. It is also useful tool in understanding the 

fluid dynamics of IC Engines for design purpose. 
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