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Abstract— The research on alternative fuels for internal
combustion engine has become essential due to depletion of
petroleum products and its major contribution for pollutants,
where Natural gas is one of the most promising fuel
alternatives for the future. Most of the BIOGAS fuelled
vehicles in India are aftermarket retrofitted conversions
from the existing SI engine vehicles. it is found that power
produced by the BIOGAS engine is 8-14% less compare to
Gasoline engine. To increase the performance of the Bi-fuel
engine there are many parameter which can be optimized.
One of them is ignition energy. BIOGAS because of high
ignition temperature and low flame speed compare to
gasoline for complete combustion higher ignition energy is
required. The objective of this research is to improve engine
performance and emissions of BIOGAS fuelled Sl engine by
optimize ignition energy. The Performance and emission
both decreased when engine was made to run on BIOGAS
instead of Petrol. The review of this study can contribute
important data for the design and optimization of spark-
ignited engine fuelled by BIOGAS for performance
enhancement and emission reduction.
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I. INTRODUCTION

The regular development of Internal Combustion Engine
(ICE) changes direction in answer to changing requirement.
In the 1970, the two most important problems determining
the development trends of engines technology and in
particular, their combustion against emission and noise and
shortage of hydrocarbon fuels. The brief comparison of a
variety of engine undertaken in what follows principally
concerns specific fuel consumption, emissions and other
technical and economic parameters[1]. Air pollution is fast
becoming a serious urban as well as global with the increase
pollution and its subsequent demands. This has resulted in
an increase interest in using natural gas (NG) as fuel for
internal combustion (IC) engines. NG resources are vast and
widespread geographically and are not limited to politically
sensitive location as is typical for crude oil. Base on current
consumption rates the estimated total, recoverable gas,
including proven reserve, is adequate for almost 200 years
[2].Any researcher was researched about the compresses
natural gas as alternative fuel motivated by the economic,
emissions and strategic advantages of alternative fuels.
Several alternative fuels have been recognized as having a
significant potential for producing lower overall pollutant
emissions compared to gasoline and diesel fuel. Reasons to
used Biogas gas as a transportation application, first reason
is availability, the second attraction reason of biogas is its
environmental compatibility, the third attraction reason of
natural gas is that it can be used in conventional diesel and
gasoline engines [3] Reasons, where biogas powered

vehicles theoretically have a significant advantage over
petroleum-powered vehicles, the basis for this argument is
the lower cost per energy unit of biogas as compared to
petroleum.The difficulties with BIOGAS arise from vehicle
range, fuel storage, infrastructure costs and ensuring
sufficient supply in rural area. There are any problems for
compressed natural gas applications such as onboard
storage due to low energy volume ratio, knock at high
loads and high emission of methane and carbon monoxide at
light loads. However these can be overcome by the proper
design, fuel management and exhaust treatment techniques.
BIOGAS has been tested as an alternative fuel in a variety
of engine configurations. The four main engine types
include the traditional premixed charge spark ignition
engine, the lean burn engine, the dual fuel/pilot injection
engine, and the direct injection engine. There are basic types
of engines used in vehicles- the spark ignition (SI) or
gasoline engines and the compression ignition (CI) or diesel
engine.To benefit from the use of BIOGAS in engines, it is
necessary to understand its combustion under the
appropriate condition and to study the effects of various
parameters on it. This review aims to prepare a concise state
of art that provides an idea of various concerns related to
employment of BIOGAS as a dedicated fuel for spark
ignited petrol engine to improve the rapidly deteriorating air
quality in urban region, Energy security of nation, to reduce
import cost of India and reduce fiscal deficit.

1. BIOGAS AS AN ALTERNATIVE FUEL

Biogas is a mixture of methane and other gases produced
from the decomposition of organic materials. It is produced
naturally in landfills and from the processing of animal
waste, sewage, cornhusks, leaves, crop waste, cellulosic and
non-cellulosic crops. The major component of biogas is
methane(CH,4) which is a significant greenhouse gas and is
estimated to be 21 time as intense a greenhouse gas as
carbon dioxide(CO,).Biogas can be captured and flared
which reduces the methane to carbon dioxide. But in doing
S0, its energy value is wasted. Biomass is an energy source,
which is renewable in nature. When biomass is fermented in
an anaerobic manner a gaseous fuel termed as biogas is
obtained. The methane content varies from 50%- 60%
depending on the source. Biogas is produced by the
anaerobic fermentation (oxygen free) process of organic
matter. The production proceeds in three stages (hydrolysis,
acid formation and methane fermentation) under the action
of certain bacteria. This process of waste decomposition or
biodegradation is natural and inevitable. The production of
biogas depend on many factors: kids of feedstock and its
water content, temperature, pH etc. Fuel quality can be
improved by removing traces of moisture and carbon
dioxide. Approximately 67 m3 of gas can be produced from
one tone of biomass. The energy of biomass is equivalent to
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two-thirds of natural gas and can be burned in IC engines. It
is impractical to store biogas at lower pressure, as its volume
is high. It is economical therefore to compress the gas and
automobile fuel. When Biogas used to run IC Engine,
changes in composition can have serious effects on
performance. Measurement of biogas composition becomes
essential in order to control engine operation for optimal
performance. BIOGAS is safer than gasoline in many
respects and ignition temperature for BIOGAS is higher
than gasoline and diesel fuel [1]. Additionally, natural gas is
lighter than air, colorless, odorless, non-toxic, lower
flammability. Biogas reducing CO2 NOX emission, more
complete and efficient burning with less unburned
hydrocarbons present in the exhaust [2] compare to fossils
fuel

Compound Molecular Formula | Percentage
Methane CH4 50-75
Carbon dioxide CO2 25-50
Nitrogen N2 0-10
Hydrogen H2 0-1
Hydrogen sulphide H2S 0-3
Oxygen 02 0-0

Table 1: Typical Composition of Biogas [11]

It has also a wider flammability range than gasoline
and diesel oil [1].The higher ignition temperature of gas
compared with petroleum based fuel leads to reduced auto
ignition delays. Due to the higher ignition temperature,
BIOGAS is less hazardous than any other petroleum based
fuel. The higher octane rating (130) for BIOGAS as
compared to that of gasoline (89) allows a higher
compression ratio (CR) (16:1) and consequently more
efficient fuel consumption. Due to higher CR, CI engines
can also use BIOGAS as a fuel, but since cetane rating for
BIOGAS is poor, it cannot replace diesel totally like
gasoline without modification [2].Maintenance cost for
gaseous fuel is lower than that for gasoline or diesel engine,
because gaseous fuel burn clean without carbon deposits.
Furthermore, in gas engines, the fuel does not mix-up with
the lubricants to dilute it or reduce its viscosity so that
lubricant consumption is lower in gas engines than that of
gasoline or diesel engines [2].

Fuel Property Biogas | Gasoline
Molecular Weight 24-29 100-105
. o 0.96- 0.69-
Density (kg/L, 15 ° C) 117 0.79
. . o 0.94- 0.68-
Specific Gravity (15 °C) 0.98 0.80
Boiling point, ° C 300 27-225
Specific Heat , kJ/Kg-k 1.6 2.0
L o 0.37-
Viscosity, mPs-S (20 °C) 11.2 044
Latent Heat of Vaporization, 481 349
kJ/kg
Lower Heating Value, kJ/kg 21570 43500
Autoignition Temperature, °C 617.86 257
Stoichiometric Air-Fuel Ratio,

Weight 5.8 14.7

Upper Flammability Limit in Air 17 76

(% vol.)
Lower Flammability Limit in Air
9 1.3
(% vol.)

Octane Number 130 88-100
Cetane Number 0.7 8-10
Table 2: Important Properties of Biogas and Gasoline

I1l. BIOGAS USING IN ENGINE

Almost any petrol engine can be converted to operate on
BIOGAS with special Kit fitment. Diesel engine can also be
converted on BIOGAS either by installing dual fuel kit or
converting the existing into spark ignition engine. But it is
costly to convert in Spark ignition and skill require for that.
BIOGAS has considerably higher octane number than petrol
and has very low Cetane number when compared with diesel
fuel. Hence it is more suitable for SI engine rather than CI
engine. Bi-fuel vehicle can run on either natural gas or
petrol.

A. Bi-Fuel:

Bi-fuel systems are also called “switchable” because you
can switch between gasoline or BIOGAS. Most conversions
we do for light duty (new or used trucks) are bi-fuel because
they give the customer the best of both worlds. You can run
on BIOGAS as long as you have fuel in the tank and switch
over to gasoline if you run out. Most modern bi-fuel systems
are fully automated, switching to gasoline when they need to
and then automatically switching back once the BIOGAS
tank is filled. Bi-fuel vehicles come equipped with two fuel
gauges and a switch to move from BIOGAS to gasoline if
the driver desires. This type of engine development is based
on the conventional petrol engines where the fuel system has
been modified to operate either petrol or gas. When natural
gas refueling is not available, normal running on petrol is
possible. Dual Fuel: This is a development from
conventional diesel engine. In this type of engine, both
diesel and BIOGAS were introduced into the engine
cylinders during compression. As BIOGAS will not ignite
under compression alone, the diesel is required to act ignite
the gas/air mixture. When natural gas refuelling points are
not available, the engine can revert to conventional
operation.[2]

B. Dedicated/Single Fuel:

This is a specialized engine type, which has been designed
and optimized to operate only on BIOGAS.. This enables
the characteristics of BIOGAS to be fully exploited without
the need to compromise in design to enable other fuel
usage.[2] Cassiano Rossetto, Samuel Nelson Melegari de
Souza, Reginaldo Ferreira Santo, Juliano de Souza and
Otavia Lidia Klaus using biogas in petrol engine at best
power result for biogas was obtained when used
compression rate 12.5:1, long gas mixer and spark advance
45°, because in these conditions, it was obtained the
maximum power, superior to original biogas and getting
same power as NGV[9]. E. Porpatham, A. Ramesh, B.
Nagalingam Based on the present experimental work to
study the effect of swirl to enhance the combustion
characteristics of biogas fuelled spark ignition engine,
reduction in the ignition delay significant increase in heat
release rate with enhanced swirl level, decrease in HC level,
increase in NO emission improvement in brake thermal effi-
ciency and power output lean misfire limit of combustion
gets extended with enhanced swirl [10]. Cheolwoong Park ,
Seunghyun Park , Changgi Kim Sunyoup Lee The
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projection of the spark gap further into the chamber
provided spatial advantages such as relatively short flame
propagation lengths and high electrode temperatures; hence,
combustion duration decreased and a reliable discharge was
ensured. As a result, the thermal efficiency improved and
the maximum tolerable EGR rate was extended [11]. S. D.
Yadav, Dr. Bimlesh Kumar, Dr. S. S. Thipse The
compression ratio was set at 12:1 and When the system was
operating from 2000 to 7000 rpm at full throttle condition,
the range of engine setting was as follows: excess air ratio,
ignition timing 35°C and 40°C before top dead center,
reduce the CO and HC emissions. E. Porpatham, A.
Ramesh, B. Na-galingam It has been found from the results
that the higher the compression ratio, the higher the brake
thermal efficiency. When the compression ratio was above a
critical value of 13:1, brake power and thermal efficiency
increased little. 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
equivalence ratio between 1.08 and 0.95. Increase in
compression ratio leads to high heat release rate [12]. R.
Chandra, V.K. Vijay, P.M.V. Subbarao, T.K. Khura This
paper presents the performance results of a 59 kwW
stationary diesel engine which was converted into spark
ignition mode and run on compressed natural gas (CNG),
methane enriched biogas (Bio-CNG) and biogas produced
from biomethanation of jatropha and pongamia oil seed
cakes. The performance of the engine with 12.65
compression ratio was evaluated at 30°C 35°C and 40°C
ignition advance of TDC. The maximum brake power
produced by the engine was found at ignition advance of
35°C TDC for all the tested fuels. In comparison to diesel as
original fuel, the power deteriorations of the engine was
observed to be 31.8%, 35.6% and 46.3% on compressed
natural gas, methane enriched biogas and raw biogas,
respectively, due to its conversion from CI to SI mode. The
methane enriched biogas showed almost similar engine
performance as compared to compressed natural gas in
terms of brake power output, spe-cific gas consumption and
thermal efficiency [13]. Wladyslaw Papacz The aim of this
paper is to present the potential role of biogas as a transport
fuel. Biogas is produced from the process of anaerobic
digestion of wet or-ganic waste, such as cattle and pig
slurries, food wastes and grown wet biomass. To be used as
a transport fuel biogas has to be upgraded to at least 95%
methane by volume and it can then be used in vehicles
originally modified to operate on natural gas. Biogas fuelled
vehicles can reduce CO, emissions by between 75% and
200% compared with fossil fuels [14]. Attila Meggyes /
Valéria Nagy the experimental results it can be determined
that with the increasing of carbon-dioxide: working range of
the engine narrows, effective performance and the effective
efficiency decrease significantly in case of higher air access,
gases with 40 % carbon-dioxide content are safely just
combustible in specially formed biogas engines, it is
practical to narrow the working range of the engine seeing
that continuous operation in the range of =1.2 -1.6 air access
coefficients on the whole results lower emission.[19] E.
Porpatham, A. Ramesh *, B. Nagalingam The influence of
reduction in the concentration of CO2 in biogas on
performance, emissions and combustion in a constant speed

spark ignition (SI) engine was studied experimentally. A
lime water scrubber was used to lower carbon dioxide (CO,)
levels from 41% in biogas to 30% and 20%. The tests
covered the range of equivalence ratios from rich to the lean
operating limit at a constant speed of 1500 rpm and at
compression ratio of 13:1 with a masked valve to enhance
swirl. With a reduction in the CO2 level there was a
significant improvement in the performance and reduction in
emissions of hydrocarbons (HC) particularly with lean
mixtures. The lean limit of combustion also gets extended.
Heat release rates indicated enhanced combustion rates,
which are mainly responsible for the improvement in
thermal efficiency. A reduction in the CO, level by 10%
seemed to be sufficient for reducing HC levels and the NO
levels were also not significantly raised. The spark timings
were to be retarded by about 5°C when the CO,
concentration was decreased by 10%.

Stefan MIHIC The modification of an Otto engine
is comparatively easy as the engine is designed to operate on
an air/fuel mixture with spark ignition. The basic
modification is the provision of an air/gas mixer instead of
carburetor. Lower specific fuel consumption and a higher
power output can be expected. The modification is per-
manent and prevents using of original fuel. The adjustment
of the point of ignition in the relation to slow burning
velocity of biogas imposes no specific problem as a standard
ignition system provides for adjustments in a sufficiently
wide range. Biogas Otto engines when modified Otto engine
using petrol fuel are found to produce less power than in
petrol version. The reason is decrease in volumetric
efficiency as a gaseous fuel occupies a larger portion of the
mixture’s volume sucked into the engine than liquid fuel and
displaces air accordingly. The liquid fuel has a higher
volumetric energy content than biogas and also cools the
air/fuel mixture when evaporating in intake manifold. The
cooling effects an increase in density, and hence the amount
of air/fuel mixture actually sucked into the engine on a mass
basis is higher. The engine's power and speed control is
performed by a variation of the supply of the air/fuel
mixture to the engine. This is achieved by the operation of a
butterfly valve situated between the actual mixing device
and the engine inlet. Closing the butterfly valve effects a
pressure drop (throttling effect) in the flow of the mixture by
which the cylinder is filled with a mixture at lower pressure,
hence with a lower amount of air/fuel mixture on a mass and
energy basis. As a result the power output, the mean
effective pressure and the efficiency decrease in controlled
(partial load) operation.

The effect of the decrease in efficiency is realized
in an increase of the specific fuel consumption in partial
load operation. To compensate for the above-mentioned
effects the engine should rather be operated at medium
speeds but with open throttle. This requires an appropriate
combination with the speed and power requirements of the
driven machine.

Jingdang Huanga and R. J. Crookes Experimental
results indicate that the presence of carbon dioxide can
improve NOx emissions, but since lower cylinder pressures
result, engine power and thermal efficiency are reduced and
the level of unburnt HC is increased. Measured data,
however, suggest that it is possible to significantly increase
the compression ratio as an effective means of improving
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biogas-fuelled engine performance when CO, is present.
While this would normally raise the emissions of both NOx
and HC, the former is offset by the CO, content of the
biogas [22]. H.H.Jawurek, N.W .Lane, and C J Rallis Such
engine fuel with CH4 instead of petrol, suffer reduction of
power output of some 10-20 %,but apart from this perform
very well. At the high CO, content, typical of raw biogas,
however problems with regard to starting, smooth running
and power output can arise. The engine ran smoothly on
gases contain up to 23% CO, and harshly at 42 % CO.,.
Maximum Power output was 17 % lower with CH4 fuelling
than with petrol. Increased CO, content of the gas led to
further losses, with 45 % loss (compared with petrol) at 41%
CO,. Hand starting from cold was possible with gases
contain Up to 31 % CO, , at higher CO, contents starting on
petrol blending over to gas was necessary. During this blend
engine running on dual fuel mode.

D. M. Dave, Prof. M. A. Shaikh Spark timing can
be further advanced to compensate for the effect of loss of
flame speed which will result in less partial burns and cycle-
to-cycle variation and maximum brake torque can be
achieved.As lean mixture requires high energy to ignite,
high Intensity spark is to be produced to decrease the misfire
that occurs due to the too diluted mixtures. To achieve that
ignition system has to be modified. SI engine running on
CNG, the spark timing has to be changed for maximum
brake torque conditions smaller spark plug centre-electrode
diameters, larger electrode gap widths and higher electrode
temperatures, all extend the lean stability limit to leaner
mixtures for the more advanced spark timings and smaller
gap widths. For lean mixture combustion, the torque and
efficiency of the engine increases with increase in spark
plug gap and after certain value of gap it starts decreasing
again [28]. For CNG fuelled SI engine this optimum spark
plug gap has to be achieved. Spark plug intensity depends
upon the voltage supplied to the spark plug from the ignition
system. The higher the voltage supplied the higher will be
the energy available at the spark plug electrode. High
breakdown voltage will result in better flame kernel growth.
This will result in improvement of the lean limit of the en-
gine.

IV. CONCLUSION

Conclusion Based on the reviews it is found that BIOGAS is
best alternative for the current IC engines. BIOGAS reduced
emission like HC, CO,, and CO considerably. It is beneficial
and less costly to convert SI engine compare to Cl engine in
to BIOGAS engine. Now a day’s most of vehicle converted
in CNG by Bi-fuel technology which can be done by
retrofitting or company fitted CNG kit. So | have use Biogas
in petrol engine as alternative fuel for improve performance.
However, majority of these Kits are incapable of tapping the
potential of BIOGAS as a spark ignition fuel.it is found that
power produced by the BIOGAS 14-18% less compare to
petrol engine and efficiency is reduce up to 20%. To
increase the performance compatible to petrol various
parameters which affect the performance should be
optimized. (1) Capacity utilization of BIOGAS fuel and
reduce losses there should be modification done in engine
like Compression ratio should increase, Inlet port Diameter
increased, Spark advanced, spark energy increase.(2) Lean
burn is an effective way to improve fuel efficiency and

reduce NOx emissions. Lean burn limits are dependent on
combustion chamber geometry, ignition timings, ignition
energy and turbulence.(3) It is found that minimum spark
energy required for methane ignition is 100 mJ to
120mJwhich is higher than the gasoline. So the conversion
of an engine to BIOGAS engine requires higher
performance ignition system. (4) Discharge energy can be
increase various way by increasing the spark gap, by
reducing the spark plug electrode, by changing the spark
plug electrode material and by giving different shape to
electrode, increasing capacity of ignition coil, using multiple
spark plug, By increasing the ignition energy lean burn
capacity of the fuel can be increase and performance of Bi-
fuel engine in CNG mode can be compatible with petrol
mode performance and capability utilization of CNG is
possible. The scope of this review is by changing the
ignition energy by any method of above keeping other
parameter optimum one can increase the performance of the
BIOGAS in the Bi-fuel mode which compatible with petrol
performance.
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