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ARTICLE INFO ABSTRACT

The medium behind this work is the millions of Biomass gas plant acron the rural India and
the potential to enable power generation simple retrofit to a conventionally available maruthi
engine to enable 100% biogas power on are attempted.  Employments on one such three-
cylinder four-stroke S.I. engine have been carried out with modification to supply gas.
Biomass gas is a cheap source of enabling energy.  One of the viable alternatives enable
source is biomass gas i.e. Producer gas from five agricultural as fuel in internal combustion
engine, with appropriate engine alteration and this fuel does not cost much  environmental
pollution. The performance of the spark ignition engine using few gas generated in a fixed
bed down draft suction type canister using agricultural and forestry residues was measured
on a relay quartet  dynamo metes test branch.  The parameters measured include torque,
power output emission measurement, exhaust gas temperature and combustion analysis for
the operation on gasoline LPG and producer gas.  Reductions of co and hydrocarbon
emission were attained. While analyses the combustion study heat release as well as the
cylinder heat release as well as the cylinder presume are less for producer gas when
compared to other two fuels.

INTRODUCTION
Internal combustion engine fulfill most of the energy requirements
in the world. They depend almost entirely on conventional fuels
for their functioning.  With growing urbanization and increasing
numbers of cars, exhaust gas emissions started a serious threat to
air quality, particularly in urban areas. Vehicles powered by
internal combustion engines are of many kinds and are classified
as petrol or diesel engine driven, two strokes or four-stroke engine
powered, two wheelers (mopeds, scooters, motorcycles, etc.) three
wheelers, passenger cars, light commercial vehicles-passenger or
goods vehicles and heavy commercial vehicles and so on. Under
the Indians conditions, two wheelers have become the most
popular mode of transport. This is due to their low cost, simple
design, easy maintenance, and operations, which suits the middle
class society and the existing road facilities. However, the major
drawback is the obnoxious emission problem in the two-stroke
engine. The major pollutants from automobiles are carbon
monoxide (CO), hydrocarbons (HC), oxides of nitrogen (NOx),
lead compounds, sulphur compounds, and particulates. Large
engines emit large quantities of pollutants compared to smaller
engines and the quantity of pollutants dumped into the atmosphere
depends on the vehicle population. Engine pollutants causes
damage to the ozone layer, enhance green house effect, produce
Acid rain, the smog formed form the reaction of HC and NOx
with ultra violet sunlight, might also damage the respiratory
system throat and eyes of human beings. The global climate
changes are ones of the greatest menaces for civilization.
Emission of combustion gases is constantly growing and it
contributes to greenhouse effect. Limitation of carbon dioxide

emission is very important in this case. Solution of this problem is
utilization of renewable energy sources mainly biomass. One way
of using biomass (e.g. agricultural and forestry residues) is to
gasify it in downdraft fixed bed gasifier.

Due to growing number of the engines the oil consumption and
been increasing rapidly. However, the world reserves of crude oil
are depleting very fast. Hence, scientist and technologists all over
the world is looking for an alternative fuel. The increase in prices
of petroleum based fuels, a strict governmental regulation on
exhausts emissions and future depletion of worldwide petroleum
reserves encourage studies to search for alternative fuels. Another
reason for motivating the development of alternative fuels for the
IC engines is to minimize the emission problem of conventional
engines. One of the viable alternative renewable sources is biogas.
The main advantage of biogas is a renewable source. It can be
used as substitute fuel in internal combustion engine with
appropriate engine alternation and its use, as fuel does not cause
environmental pollution. Hence, its efficient utilization in engines
can go a long way to meet the growing problems of fuel oil
scarcity and exhaust pollution. In this work multi cylinder engine
is used to run with 100% substitution of an alternative fuel. The
producer gas produced from the gasifier by using the agricultural
waste like wood, coconut shell, rice husk etc. Beside its difficulty
for fueled the engine, biogas has advantages as alternative energy
since easy to produce even from municipal waste. This make that
the effort to use biogas to fueled the engine should be promoted
and supported as what happened in the developed country.
Recently the biogas is possible to use for driven air conditioning
system, and more even at the sub tropical region, the used of
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biogas was proven well for combined heat and powered (CHP)
for establishing electricity and heating during winter. Further
more the results show that implementation of a biogas-based CHP
plant result in an electricity power production, reduced system
costs provide profitability, CO2 emission reductions. The benefit
of biogas instead for providing electricity demand is also possible
for heat production, reducing the odor, reducing greenhouse
effect, and more even can producing fertilizer for agriculture. It
was calculated that from about 7595 m3/day methane gas could be
obtained about 77.4 MWh of electricity. This conclusion can be
use to ensure the effort of providing electricity from biogas should
be continued and encouraged .

SI Engines Emissions

Internal combustion engines generate undesirable emissions
during the combustion process. In this, both SI and CI engines are
equally responsible for the same. The emissions exhausted into
the surroundings pollute the atmosphere and causes the following
problems.

 Global warming
 Acid rain
 Smog
 Odors
 Respiratory and other health hazards

The major causes of these emissions are non-stoichiometric
combustion, dissociation of nitrogen and impurities in the fuel and
air. The emissions of concern are unburnt hydrocarbons (HC),
oxides of carbon (COx), oxides of nitrogen (NOx) oxides of
sulphur (SOx), and solid carbon particulates. From the point of
view of pollution control, measurement emissions from engines
are very important. Emissions may be divided into two groups,
viz., invisible emissions, and visible emissions. The exhaust of an
engine may contain one or more of the following:
 Carbon dioxide
 Water vapour
 Oxides of nitrogen
 Unburnt hydrocarbons
 Carbon monoxide
 Aldehydes
 Particulate and smoke

Out of the eight, the first six may be grouped as invisible
emissions and the last two as visible emissions. Out of the various
invisible emissions, carbon dioxide and water vapor are
considered harmless compared to others.

Alternatives Fuels

Alternative fuels are fuels that can be derived from non-crude oil
resources.  In general, alternative fuels include all vehicular fuels
other than gasoline and diesel fuel.  The EU commission has
specified first political targets for the sector of road traffic, lying
down that by the year 2020, alternative fuels should replace 20%
of conventional fuels. Probably in this century, it is believed that
crude oil and petroleum products will become very scarce and
costly to find and produce.  Gasoline and diesel will become
scarce and most costly.  Alternative fuel technology, availability,
and use must and will become more common in the forth-coming
decades. Another reason for motivating the development of
alternate fuels for the IC engine is concern over the emission
problems of gasoline engines.  Lot of efforts has gone into for
achieving the net improvement in cleaning up automobile exhaust.
Another reason for alternate fuel development is the fact that a
large percentage of crude oil must be imported forms other

countries. Most alternate fuels are very costly at present.  This is
often because of the quantity used.  Many of these fuels will cost
much less, if the amount of their usage gets to the same order of
magnitude as gasoline.  The cost of manufacturing, distribution,
and marketing all would be less. Another problem with alternate
fuels is the lack of distribution points where the fuel is available to
the public.  Some cities are starting to make available a few
distribution points for some of these fuels like propane, natural
gas, methanol and LPG and gasohol.  Each of these fuels and
advantages and disadvantages associated with cost, availability
environmental impact, vehicle modifications required, safety, and
customer acceptance. Transportation fuels that can be derived
from non-crude oil resources include methanol, ethanol, and
natural gas, liquid petroleum gas (LPG), hydrogen, and
hydrocarbons (from coal and oil shale). Although electricity is not
actually a fuel, it is a source of energy, which can be used to
propel vehicles. Biogas can be produced from domestic fossil fuel
reserves. Biogas is produced from Biomass; Natural gas
(methane) can be produced from garbage in landfills. Methanol
can be produced from natural gas or organic materials such as
coal, agricultural wastes, garbage, etc.

Ethanol is typically produced from grain fermentation, but it can
be processed using any source of cellulose. Electricity is typically
generated by burning coal, natural gas, or petroleum products;
however, hydroelectric, wind turbine, and nuclear power plants
generate some electricity. Hydrogen is available from water
through electrolysis, but it can also be processed from other
hydrocarbon fuels and Biomass. Thus, alternative fuels can be
produced largely, if not totally, from domestic resources. The
reason for considering a biogas as an alternative fuel is given in
table1.

Alternative fuels can help reduce the amount of airborne
pollution. All of the alternative fuels are potentially capable of
lowering vehicular emissions when compared to gasoline or
diesel. Biomass is organic material, which has stored solar energy
from sunlight in the form of chemical in the plants through the
process called photosynthesis. Unlike fossil fuels, Biomass does
not add carbon dioxide to the atmosphere as it absorbs the same
amount of carbon while growing. It is the cheapest, eco-friendly,
renewable source of energy. In the present context, wood, grains,
legume, herbage, grains, sugarcane, and crop residues, food
processing wastes, etc. refers to biomass. Among the various
alternative sources, available or discovered so far. Like Solar,
wave, Tidal and other forms of energy. Biomass energy seems to
be a very much promising one. Among the various sources of
biomass available. Crop residues, animal wastes, forest by product
and wood seem to be most important one.

Biomass Gasification

The word gasification implies converting a solid or liquid into a
gaseous fuel without leaving any solid carbonaceous residue.

Table 1 Reasons to consider alternative fuels

Energy independence
Alternative fuels are more like to be
produced from domestic resources

Emissions – smog
Alternative fuels generally reduce
vehicular emissions

Fleet operating costs
Some alternative fuels offer the
potential to lower operating costs.
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Principles of Gasification

The various reactions that take place during the gasification
process can be synthesized to elementary steps to have a clear
understanding about the entire process.
 Oxidation: Partial oxidation of biomass is done by

gasifying agent.  Usually air or O2. Part of the biomass is
combusted to CO2 and steam and heat is generated.

 Drying: It occurs below 110C and all physical water is
driven off by heating up of biomass.  Due to this weight
of material and operating costs are reduced.

 Pyrolysis: The decomposition process takes place

between 150C and 500C. and results in the formation
of char and gaseous products.  The most important
components of the gas phase are water vapour.  CO and
CO2. HC. H2. Formic acid and acetic acid.

 Reduction: Reduction of gaseous components produced
during steps (i) and (iii) by strong endothermic reaction.
Char is converted to carbon monoxide and reduced to
CH4.

C + CO2 2 CO
C + H2O CO + H2

C + 2H2 CH4

The various factors influencing the components of gas are
particles size of the biomass temperature and pressure prevailing
in the gasifier bed, heating rate, and residence time of biomass
particles inside the bed. The heating value range of the product
gas.  In practice, vales between 3 and 33 MJ/Nm3.  The main
parameter influencing the composition of the reasonably good
quality of gas, the moisture content should be limited 30 to 50%
on wet basis. The dilution effect caused by the nitrogen when
using air as gasifying agent is minimized by enriching the air with
oxygen.  It is also possible to decrease the nitrogen content by
slightly preheating the air.  However, these measures cause
inadmissible wear of component material inside the gasifier.

Utilization of Biomass

The main products of the biogas plant are fuel gas and organic
manure. Biogas is a flammable gas. Methane is the only
combustible portion in the gas and hence around 60 percent by
volume is only usable for combustion. The biogas can be utilized
effectively for household cooking, k\lighting, operating small
engines, utilizing power for pumping for water, chaffing fodder,
and grinding flour by using the already known technology.
Development of wood gasifier technology in India has been
motivated by the need to produce electricity from biomass based
renewable sources at relatively low levels (3.7 - 100 kW).  The

principal problems facing a gasifier are the production of
consistent quality gas with low tar and dust level. The elements
analysis of selected biomass is given in the table 2.The proximate
analysis of selected biomass is given in table 3. The composition
of producer gas from fuel is given in table 4.

Gasifier

It is equipment, which can gasify a variety of biomass such as
wood waste, agricultural waste like stalks, and roots of various
corps, maize cobs, coconut shell etc.  The gasifier is essentially a
chemical reactor where various complex physical and chemical
processes take place.  Biomass gets dried, heated, pyrolysed,
partially oxidized and reduced, as it flows through it. The
specification of Gasifier if given in the table 5.

System Description

The schematic diagram of the Gasifier Engine system is shown in
the figure 1.The gasifier engine setup mainly consists of the
following components.

Reactor

The reactor is a cylindrical vessel made of mild steel with thermal
insulation. Air nozzles, provided around the combustion zone are
kept open during the running of the system. A water seal with a
removable cover forms the top of the reactor, which is kept open
during the entire operation of the system, to facilitate primary air
induction and loading of feedstock. An ash extraction system is
provided at the reactor bottom to hold the char or ash as the case
may be, with a mechanism for intermittent extraction of char/ash.

Hot Cyclone

The hot gas exiting the reactor passes through a cyclone where the
particulates are stripped off from the gas due to centrifugal
separation. The gas beyond this goes to cooling and scrubbing
systems.

Gas Cooling System

It consists of a direct water impingement cooler, which is meant
for cooling the hot gases to ambient for engine applications and
scrubbing the gas to remove the entrained tar and particulate
matter. The coolers perform the twin functions of cooling and
cleaning of producer gas.

Moisture Trap

The purpose of the moisture trap is to reduce the quantity of
particulate matter and moisture in the gas to levels that are
acceptable for direct admission into gas engines.

Burner

This is provided to check the initial quality of the combustible gas
as also for emergency flaring.

Blower

Blower will provide the required suction for induction of air for
gasifier operation.

Air Filter

Air filter is used to supply the cleaned atmospheric air to
carburetor.

Table 2 Elemental analysis of selected biomass

Sl
no

Biomass

Fuel composition dry basis
Volatile
matter

%

Fixed
carbon

%

Ash content,
%

1
2
3
4
5
6
7
8
9

10
11
12

Coconut husk
Coconut shell
Cotton stalks

Groundnut shell
Maize cob
Maize stalk
Paddy straw
Rice husk

Safflower straw
Soyabean (stalk)

Sugarcane(Bagasse)
wood

66.00
78.90
62.90
83.90
83.01
79.57
96.70
71.00
68.60
80.12
79.02
75.00

28.00
20.30
19.90
11.67
15.16
17.07
11.10
11.52
25.40
17.94
15.76
24.80

06.00
00.80
17.20
04.40
01.89
03.36
19.20
16.48
06.45
01.64

01.50 – 11.30
00.20 – 01.00
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Carburetor

Carburetor is a device. It is used to supply the correct proportion
of air-fuel mixture     ratio of the engine at the time of suction
stroke.

Gas Engine

The engine is modified and converted to suit producer gas
application, suitable for connected loading device.

Experimental Setup

A vertical, water-cooled, three cylinders, four strokes, Engine was
used for the study.  The engine was coupled to an eddy current
Dynamometer for load measurement. Hydrocarbon, Carbon
monoxide, Carbon dioxide was measured by using gas analyzer.
NOx emissions were measured by using exhaust gas analyzer.
Experiments were carried out in three different stages.  In the first
phase, base reading was obtained using petrol.  In the other two
phases, the engine performance was studied by using LPG,
biogas.  The results of LPG, biogas have been compared with that
of the petrol.

Experimental Procedure

The following tests were conducted on maruthi, omni
engine, operated by Biogas and Gasoline.

 Load Test
 Emissions Test

Procedure for Load Test

 Check the petrol level in the fuel tank before staring the
engine

 Load, speed, temperature indicator are switched on.
 Open the fuel flow to the carburetor.
 The engine was started ensuring there is no load.
 The engine is allowed to run at the speed to 3000 rpm

for a period of 20 minutes to reach the steady state.
 Fuel consumption is measured by stopwatch pressure

difference is measured by manometer.
 In the same way, take the reading for 20%, 40%, 60%,

80%, and full load.
 After taking the reading close the fuel supply and to stop

the engine.

Procedure for Emission Test

 Switch on the exhaust gas analyzer through the electrical
power supply.  Also, allow it to settle down for 15
minutes.  Allow the display to settle at zero readings.

 Run the engine as per load test procedure.
 Hold the sample-taking probe in the exhaust gas out

(CO, CO2 & HC).  Then digital display will show the

Table 3 proximate analysis of selected biomass
Sl No Biomass C , % H , % O , % N , % S , % C.V . Mj/kg

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Coconut husk
Coconut shell

Coir pith
Cotton stalks

Groundnut shell
Maize cob
Maize stalk
Paddy straw
Rice husk

Sorghum(stalk)
Sugarcane(Bagasse)
Sunflower(carhead)

Tapioca leaves
Tapioca peel
Tapioca stem

wood

46.8
52.2
39.1
51.0
41.0
46.1
41.0
36.8
51.0
37.8
42.0
48.2
31.2
43.3
38.2
34.5

6.90
6.40
0.30
4.03
4.80
4.97
4.22
4.99
4.80
5.00
4.80
6.00
0.50

_
_
_

43.3
42.6
54.1
40.5
48.1
46.3
50.7
38.3
41.6
40.3
46.5
39.1
62.0
54.4
60.9
64.5

-
-

0.50
0.98
1.57
0.60
0.62
0.59
0.64
0.30
2.10
0.19
1.20
0.13
0.16
0.10

-
-
-
-
-
-
-
-
-
_
-
-
-

0.10
0.68
0.51

18.10
20.10

_
17.40
15.77
18.15
17.67
15.03
18.88
15.54
18.20
19.70
12.68

_
15.12
17.18

Table 4 Composition of producer gas from fuel
Gas %(by volume)

Carbon monoxide
Hydrogen
Methane

Carbon-di-oxide
Nitrogen

Water vapour

18 to 25
13 to 15

3 to 5
0.2 to 0.4
45 to 54
10 to 15

Table 5 Gasifier Specification
Gasifier type Down Draft (Suction type)

Rated Capacity 3.75KW
Average gas calorific value 1200 Kcal/m3

Fuel  storage capacity 1. 12 Kg

Ash storage & Removal
3-4 Kg of ash storage with daily

manual removal in cold condition

Cooling & Cleaning system
Specially designed water Scrubber

coupled to a separator
Start up Through air nozzle and blower

Cost of gasifier arrangement Rs.  82,000/-

Figure 1 Gasifier setup, a)Reactor, b)Cyclone, c)Gas cooling system,
d)Moisture trap, e)Burner, f)Blower, g)Air filter, h)Carburetor,

i)Engine ,j)Air nozzle, k)Handle, l)Ash Pit, m)Motor, n)Top up cover,
o)Valves
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readings. These readings are starting increasing and at
the maximum value, the values are stands for few
seconds and then the readings are starts reducing.  Take
the maximum value of the reading corresponds to CO,
CO2 & HC, and NOx.

 Take out the sample-taking probe from exhaust gas out
and allow the display to settle at zero reading.

 Repeat the same for different loads of biogas, gasoline,
and LPG.

 At the end, switch off the power supply for the exhaust
gas analyzer.

Engines Specification (Maruti Omni Engine)

Type : Vertical inclined petrol Engine

No of Cylinder : 3
Bore : 86.5 mm
Stroke : 72 mm
Displacement : 796 cc
Compression Ratio : 8.7:1
Cycle : 4 Strokes
Power : 18.8 KW (25bhp) @ 3000 rpm
Speed : 3000 rpm
Orifice Dia : 31.75 mm
Cooling System : Water
Engine Starting System    : Hand Electrical System
Loading Device : Eddy current Dynamometer

Experimental Procedure for Liquefied Petroleum Gas

 Check the weight of the gas cylinder.
 Ensure that the gear is not engaged with loading device.
 The knobs of the gas cylinder and the engine should be

locked properly

Procedure

The engine is started by switching the hand electric switch. The
engine is allowed to run for 5 to 10 minutes to attain steady state.
Then the gear is engaged with the loading device and allowed to
run for 5 minutes. The speed of the engine is kept at 3000 rpm at
the no load condition the weight of the cylinder which is placed
on a weighing machine is noted. Then the time is noted after
which the water inlet and outlet temperature is noted. The exhaust
gas temperature is then noted. The gas analyzer is used to find the
amount of HC in ppm, CO in percentage, CO2 in percentage, NOX

in ppm is measured. Now the first load is applied then the time
and the weight of the cylinder is noted. In addition, all the other
readings are taken. Likewise, the same procedure is followed and
all the readings above said are noted for all the further loads
applied (25%, 50%, 75%, and full load).

Experimental Procedure for Biogas as Fuel

 Ensure that the gear is not engaged with loading device
 Check the gas passage line and ensure that there is no

leakage.
 Check whether all the displays in the control panel is in

working condition

Procedure

The producer gas is produced in the reactor is sent to the cooler
and then to the filter to remove the particulate matter. From here
the gas is passed to damper were the gas is made stable. Using
blower the gas is passed to the inlet of the engine. The engine is
started by switching the hand electric switch. The engine is

Figure 2 Theoretical p -  Diagram

Figure 3 Stages of combustion in an SI engine

Figure 4 Combustion analyzer setup

Figure 5 Brake power Vs Hydrocarbon
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allowed to run for 5 to 10 minutes to attain steady state. Then the
gear is engaged with the loading device and allowed to run for 5
minutes. The speed of the engine is kept at 3000 rpm. At the no-
load, condition the manometer reading taken to know the rate of
fuel consumption. The temperature of water inlet and outlet
temperature were taken .Then the Exhaust gas temperature is also
measured. The gas analyzer is used to find the amount of HC in
ppm, CO in percentage, CO2 in percentage, NOX in ppm is
measured. Now the load is applied then the manometer reading is
noted. Likewise, the same procedure is followed and all the
readings above said are noted for all the further loads applied
(25%, 50%, 75%, and full load).

Experimental Procedure for Petrol as Fuel

 Check the fuel level in fuel tank.
 check the  water flow
 Check whether the engine is on no-load condition.

Procedure

The engine is started by switching the hand electric switch. The
engine is allowed to run for 5 to 10 minutes to attain steady state.
Then the gear is engaged with the loading device and allowed to
run for 5 minutes. The speed of the engine is kept at 3000
rpm.Note down the time taken for 50cc of fuel consumption. The
temperature of water inlet and outlet temperature were taken
.Then the Exhaust gas temperature is also measured. The gas
analyzer is used to find the amount of HC in ppm, CO in
percentage, CO2 in percentage, NOX in ppm is measured. The no-
load condition the 50cc of fuel consumption is noted. Then the
water inlet temperature and outlet temperature is measured.

The load is applied then the fuel consumption is noted.  Likewise,
the same procedure is followed and all the readings above said are
noted for all the further loads applied (25%, 50%, 75%, and full
load).

Combustion Analysis

A typical theoretical pressure-crank angle diagram(shown in
figure 2), during the process of compression (ab), combustion
(bc) and expansion (cd) in an ideal four-stroke spark-ignition
engine is shown in an ideal engine, as can be seen from the
diagram, the entire pressures rise during combustion takes place at
constant volume i.e., at TDC. However, in an actual engine this
does not happen. The detailed process of combustion in an actual
SI engine is described below. The pressure variation due to
combustion in a practical engine is shown in this figure2, a is the
point of passage of spark (say 20 bT DC), B is the point at which
the beginning of pressure rise can be detected (say 8 bT DC) and
C the attainment of peak pressure.

Thus, AB represents the first state and BC the second stage and
CD the third stage. The first stage (AB) is referred t as the
ignition lag. The second stage (BC) is a physical one and it is
concerned with the spread of the flame throughout the combustion
chamber. The starting point of the second stage is where the first
measurable rise of pressure is seen on the indicator diagram i.e.,
the point where the line of combustion departs from the
compression line (point B). This can be seen from the deviation
from the motoring curve. During the second stage, he flame
propagates practically at a constant velocity.

Figure 6 Brake power Vs Carbon monoxide

Figure 7 Brake power Vs Carbon di-oxide

Figure 8 Brake power Vs Oxides of nitrogen

Figure 9 Brake power Vs Exhaust Gas temperature
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Heat transfer to the cylinder wall is low, because only a small part
of the burning mixture comes in contact with the cylinder wall
during this period. The rate of heat-release depends largely on the
turbulence intensity and on the reaction rate, which is dependent
on his mixture composition. The various stages of combustion in a
spark ignition engine is shown in figure3. The rate of pressure rise
is proportional to the rate of heat- release because during his stage,
the combustion chamber volume remains practically constant
(since piston is near the top dead centre).The combustion analyzer
setup is shown in figure 4. The starting point of the third stage is
usually taken as the instant at which maximum pressure is reached
on the indicator diagram (point C).

The flame velocity decreases during this stage. The rate of
combustion becomes low due to lower flame velocity and reduced
flame front surface. Since the expansion stroke starts before this
stage of combustion with the piston moving away from the top
dead centre there can be no pressure rise during this stage.

RESULTS AND DISCUSSION
Figure 5shows the level of hydrocarbon (HC) with respect to
Brake power of the engine. Hydrocarbon (HC) emission is shows
maximum reduction by using biogas. The hydrocarbon reduction
by 4 ppm, when comparing to the petrol and reduction by 8 ppm
when comparing to the Liquefied Petroleum Gas. Figure 6 shows
the level of carbon monoxide (CO) with respect to Brake power of

the engine. Carbon monoxide (CO) emission is shows maximum
reduction by using biogas. The Carbon monoxide reduction by
0.3% when comparing to the petrol and 0.7% reduction when
comparing to the Liquefied Petroleum Gas. Figure 7 shows the
level of Carbon dioxide (CO2) with respect to Brake power of the
engine. Carbon dioxide (CO2) emission is shows maximum
reduction by using Petrol. The carbon dioxide reduction by 1.4%
when comparing to the Liquefied Petroleum Gas and 2.9%
reduction when comparing to the biogas. Figure 8 shows the level
of oxides of Nitrogen with respect to Brake power of the engine.
An oxide of Nitrogen (NOx) emission is shows maximum
reduction by using biogas.

The oxides of Nitrogen (NOx) reduction by 362 ppm when
comparing to the petrol and 447-ppm reduction when comparing
to Liquefied petroleum Gas. Figure 9 shows the level of variation
of exhaust gas temperature with respect to Brake power of the
engine. Brake power increases the exhaust gas temperature also
increases. Exhaust gas temperature is shows maximum reduction
by using biogas. The exhaust gas temperature reduction by 60c
when comparing to the Petrol and 103c reduction when
comparing to the Liquefied Petroleum Gas.
The peak combustion pressures for various fuels are shown in
figure 10.  It was observed that the peak compression pressure
increases by using the petrol as compared to biogas and Liquefied
Petroleum Gas (LPG). The heat releases for various fuels are
shown in figure 11. It was observed that the heat release when
crank angle is maximum for petrol is high as compared to biogas
and Liquefied Petroleum Gas. The maximum pressure and
number of cycle is also shown in figure 12.

CONCLUSION
 The hydrocarbon emission is appreciably reduced when

using Biogas. Hydrocarbon is increasing when using
petrol and Liquefied Petroleum Gas.

 The carbon- Monoxide emission is considerably reduced
when using Biogas. Carbon monoxide is increasing
when using petrol and Liquefied Petroleum Gas.

 The carbon Di-oxide emission is increase noticeably
using biogas. The CO2 level is reduced when using
petrol and Liquefied Petroleum Gas.

 The temperature of the exhaust gases with heating value
gas are notably lower to that obtain with petrol and
Liquefied Petroleum Gas.

Figure 10 Pθ at 100%of load at various fuels
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Figure 11 Heat release at 100% of load
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Figure 12 Maximum pressure Vs Number of cycles
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 There is no so much loss of power in using biogas as a
reduction in heating value compared with gasoline.

 The peak compression pressure increases by using the
petrol as compared to biogas and Liquefied Petroleum
Gas.

 The heat release and crank angle maximum at petrol as
compared to biogas and Liquefied Petroleum Gas.
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