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Abstract— Pollution from the petroleum oil increases day by 

day in terms of CO2, CO, NOX, PM and many other gases 

and particles. Price difference and economy leads people 

toward the use of alternative fuels. To overcome this 

problem Tri-fuel is the best suitable fuel for the IC engine 

because of its clean emission characteristics. The present 

study focused on non-petroleum renewable and non-

polluting fuels to be used for I.C engines.  The tri-fuel is 

assortment of petrol, butanol blend and LPG gas. It is found 

that  power produced by the Tri-fuelled engine is  more and 

lower NOx emissions compare to Gasoline engine because 

of the high volumetric efficiency, high compression ratio. 
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I. INTRODUCTION 

The use of fossil fuel is increasing drastically due to its 

consumption in all consumer activities. The high utility of 

fossil fuel depleted its existence, degraded the environment 

and led to reduction in underground carbon resources. 

Hence the search for alternative fuels is paying attention for 

making, sustainable development, energy conservation, 

efficiency and environmental preservation, hasbecome 

highly pronounced now a days [1-3] .  

The worldwide reduction of underground carbin 

resources can be substituted by the bio-fuels. The SI and CI 

engines are the major contributors of the GHG. The main 

researchers around the world are finding the alternate fuel 

that should have the least impact on the environmental 

degradation. Rudolf Diesel patented an engine design for 

used dual fuel system [4-6].  

The present fuel system involves the adaptation of 

Rudolf with diesel as a single fuel. The emission of COX is 

unavoidable in fuel combustion systems. An attempt has 

been made to develop a tri fuel system without additives in 

conventional C.I engines to achive biofuel and to reduce 

emission of Pollutants. 

II. LPG IN SI ENGINE 

Lawankar[5]  studied on Comparative Study of Performance 

of LPG Fuelled Si Engine at Different Compression Ratio 

and Ignition Timing .The alternative fuel like CNG and LPG 

has been used widely used in the transport sector. Liquefied 

Petroleum Gas (LPG) is among the many alternatives 

proposed to replace gasoline in the short term due to its 

excellent characteristics as a fuel for spark ignition (SI) 

engines As it is known, India is one of the country which is 

seriously affected by vehicular emission. In present work 

brake thermal efficiency of LPG fuelled engine is compared 

with that of gasoline at different compression ratio and 

ignition timing. The engine used in the study was a single 

cylinder, water cooled, four-stroke, naturally aspirated diesel 

engine converted to operate as spark ignition mode with a 

maximum rated power output of 2 kW at 1500 rev/min. and 

provision was made to conduct the experiment at different 

compression ratio , different fuels (LPG and Gasoline) and 

at ignition timing. As LPG is gaseous fuel volumetric 

efficiency affects the performance of engine.LPG fuelled 

engine has lower efficiency as lower compression 

ratio.Ignition timing has influence on the brake thermal 

efficiency and it was observed that the efficiency at part and 

peak found to be higher at 20ºBTDC for gasoline fuelled 

engine and at 30ºBTDC for LPG fuelled engine for all 

compression ratio. 

Thirumal [6] carried out Experimental 

investigations  to measure performance and emissions of 

single cylinder four-stroke spark ignition engine at full 

throttling position of engine and different load conditions is 

used to different fuels (Gasoline and LPG) at various 

compression ratios (4.67:1,5.49:1).The engine performance 

studies were conducted with engine setup. Parameters like 

brake power, brake fuel consumption and brake thermal 

efficiency were calculated. The test result indicated that 

LPG fuel have closer performance to Gasoline fuel. 

However, the brake specific energy consumption shows an 

improvement with LPG as a fuel replacement. The 

concentration levels of CO, CO2 and unburnt HC recorded 

are found to be lower than the gasoline and diesel fueled 

engine. Emissions from LPG vehicles are significantly 

lower than conventionally fueled vehicles. LPG operated 

vehicle reported hydrocarbon (HC) emissions as 40% lower, 

carbon monoxide (CO) as 60% lower and carbon dioxide 

(CO2) as substantially reduced. In addition, since LPG has 

lower carbon content than gasoline, it virtually produces 

zero emissions of particulate matter and lower amount of 

NOx emission as well. Conclusion arise from experimental 

study are, as compression ratio increases, brake thermal 

efficiency increases. LPG has a higher octane rating and 

hence the engine can run effectively at relatively high 

compression ratios without knock. The CO and HC 

emissions increase as the compression ratio, speed, and load 

increase. In the case of using LPG in SI engines, the burning 

rate of fuel is increased, and thus, the combustion duration is 

decreased. Therefore, the cylinder pressures and 

temperatures Predicted for LPG is higher compared to 

gasoline. LPG is free of lead and has very low sulphur 

content. Combustion of gaseous fuels like LPG occurs in a 

nearly uniform fuel air mixture leading to a reduction in 

incomplete combustion deposits such as soot on the walls of 

combustion chamber. When using Gasoline fuel the BSEC 

consumption values slightly lower than the using LPG fuel. 

Because the C.V. of Gasoline is (43MJ/Kg) and diesel is (42 

MJ/Kg) less compared to the LPG (46.1MJ/Kg).When load 

increase on the engine the CO, HC and CO2 emissions also 

increase. However, these emissions higher for Gasoline and 

diesel with compared with LPG. 

III. USE OF MULTI-FUELS IN SI ENGINE  

D.Kumaran [1] studied on non-petroleum renewable and 

non-polluting fuels to be used for I.C engines. The tri-fuel is 
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assortment of diesel, turpentine blend and acetylene gas. 

The acetylene gas is produced from the lime stone (caco3) 

and the turpentine oil obtained from the pine tree. The 

performance of a tri-fuel has been analysed experimentally 

in a single cylinder direct injection and compression ignition 

engine with diesel and turpentine blend as primary fuel and 

acetylene inducted as secondary gaseous fuel i.e., diesel and 

the turpentine blend (40% turpentine(40T) and 60% diesel) . 

The results showed that the blend and the acetylene gas flow 

rate of 3 litres per minute (through a gas flow meter) offered 

higher brake thermal efficiency between 1% and 3% than 

that of diesel baseline operation. 

Tri-fuel concept(acetylene aspiration in let 

manifold up to 3 lpm and mixing of turpentine with diesel 

fuel up to 40%) for brake thermal efficiency increased by 1-

3 % from the standard fuel. It exhibited lower exhaust gas 

temperature compared with diesel operation. An appreciable 

reduction in HC,CO and CO2 emissions was observed in Tri 

fuel concept with increased engine performance without 

much worsening its emission. There is an increase in the 

peak cylinder pressure and rate of pressure raise, when gas 

is inducted. 

Paul[2] provided a comprehensive assessment on 

CNG enrichment of diesel and different diesel ethanol 

blends in terms of their performance and emission aspects. It 

also provides a suggestive analysis of ethanol’s limited 

miscibility in diesel, which restricts its use in higher 

percentage of volume of diesel. The tested blends consisted 

of 5% and 10% by volume of ethanol. On the other hand, 

CNG was port injected for 5 different injection durations 

which depended on the RPM of the engine. Furthermore, the 

tradeoff study provides a clear picture of blend usability 

along with CNG enrichment at different load conditions. 

This Experimentation thus revealed the potential of CNG 

enrichment of diesel and diesel ethanol blends as an efficient 

instrument to overcome the inherent paradox of 

simultaneously reducing emissions and without much 

penalization of performance characteristics in conventional 

diesel engine. 

Zhou [3]studied the combustion characteristics of 

ABE–diesel blends  in a constant volume chamber under 

both conventional diesel combustion and LTC conditions. 

The study is aimed at investigating the feasibility of ABE to 

be blended directly with diesel for ICE applications without 

any further individual component recovery.It is found that at 

low ambient temp of 800 K and low ambient oxygen of 

11%, ABE20 presented better combustion efficiency 

compared to pure diese based on the NMPR. The ABE–

diesel blends have longer ignition delay and soot lift-off 

length compared with pure diesel under all circumstances. 

Meanwhile ABE–diesel blends could achieve completely 

flameless combustion under low ambient oxygen conditions 

as no soot luminosity is detected, indicating the soot 

formation had been substantially inhibited. The results 

suggest that ABE solutions, an intermediate product during 

ABE fermentation, are a very promising alternative fuel to 

be directly used in diesel engines especially under LTC 

conditions. 

Frank[7] evaluated the effects of blends containing 

croton mogalocarpus oil (CRO)-Butanol (BU) alcohol-diesel 

(D2) on engine performance, combustion, and emission 

characteristics. Samples investigated were 15%CRO-

5%BU-80%D2, 10%CRO-10%BU-80%D2, and diesel fuel 

(D2) as a baseline. The density, viscosity, cetane number 

CN, and contents of carbon, hydrogen, and oxygen were 

measured according to ASTM standards. A four cylinder 

turbocharged direct injection (TDI) diesel engine was used 

for the tests. It was observed that brake specific energy 

consumption (BSEC) of blends was found to be high when 

compared with that of D2 fuel. Butanol containing blends 

show peak cylinder pressure and heat release rate 

comparable to that of D2 on higher engine loads. Carbon 

dioxide (CO2) and smoke emissions of the BU blends were 

lower in comparison to D2 fuel.Fuel properties of vegetable 

oils are improved by the blending of vegetable oil, butanol, 

and diesel fuel.BU alcohol in the blends results in increased 

BSEC at higher engine loads. BU alcohol in the blends 

causes BTE to decrease.Addition of butanol in croton oil-

diesel blends results in high cylinder pressure and improved 

heat release rate as compared to that of diesel fuel.BU-

blends result in the reduction of emissions while CO2 and  

smoke levels at high loads are reduced. NOx emission levels 

of D2 are similar to those of the blends. 

Alexios[9] studied gasoline–ethanol–water ternary 

mixtures were tested for stability, at three different 

temperatures, three water qualities, two gasoline 

compositions and three additives. Then, a specific mixture 

of 60:40 gasoline–ethanol-10% hydrous (E40h), was burned 

in a stationary automotive Otto engine. Measurements of 

exhaust emissions (NOx, NO, HC, CO2, CO, O2), 

horsepower, fuel consumption and other parameters were 

taken through the k scale and compared to those derived 

from the gasoline (E0) and 60:40(E40) gasoline–anhydrous 

ethanol fuels. The engine, a 997 cc VVTi Toyota gasoline 

engine without catalytic converter, had to be thoroughly 

retuned but not modified for these three different fuels. The 

experimental results show an impressive reduction of NOx 

emissions for hydrous ethanol mixture and other less 

significant changes for the rest of the emissions. Also, the 

gravimetric fuel consumption is significantly higher for both 

anhydrous and hydrous ethanol mixtures due to the lower 

heating value of ethanol  and zero heating value of 

water.Isopropanol and 2-butanol as phase stability additives 

showed no notable improvement in water tolerance.Water 

quality produced no difference in water tolerance, the only 

notable issue observed was that during phase separation of 

sea water, an amount of salt was also separating from the 

rest of the water–ethanol phase.The engine needed no 

modifications to burn E40 and E40h (10% hydrous) 

efficiently.Engine’s output has no significant difference with 

E40 and E40h, at least at this unmodified state.NO and NOx 

emissions were impressively reduced when burning E40h 

due to slower burning inside cylinder and probably, lower 

peak temperature during the burning  procedure. 

Ashwini[11] studied performance of single cylinder 

spark ignition engine fueled with LPG-Ethanol blend and 

gasoline.Brake thermal efficiency for LPG-Ethanol blend is 

good compared to gasoline.20% Ethanol blend with LPG 

gives 5.23% more efficiency than 10% Ethanol blend with 

LPG.Using LPG-Ethanol blends exhaust gas temperature is 

more compared to Gasoline at all loading conditionsCO 

emission for LPG-Ethanol blend is less as compared to that 

of Gasoline. CO emission for 20% ethanol blend is lower 

than 10% ethanol blend by 4.04%.CO2 emission for 
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gasoline is less compared to that of LPG-Ethanol blend.With 

increase in load there was reduction in Hydrocarbon 

emission. The hydro carbon emission for LPG-Ethanol 

blend was less compared to Gasoline.NOx emission for 

LPG-Ethanol blends is higher than gasoline by 15.21% 

while 20% ethanol blends having higher value than 10% 

ethanol blend by 12.07% at load of  2kW. 

IV. EXHAUST EMISSIONS BEHAVIOR 

Samuel  [4] examined the influence of compressed natural 

gas, liquefied petroleum gas and  gasoline fuel on the 

exhaust emissions and the fuel consumption of a spark-

ignition engine powered passenger car. The vehicle was 

driven according to the urban driving cycle an extra urban 

driving cycle speed profiles with the warmed-up engine. 

Cause and effect based analysis reveals potential for using 

different fuels to reduce vehicle emission and deficiencies 

associated with particular fuels. The highest tank to wheel 

efficiency and the lowest CO2 emission are observed with 

the natural gas fuelled vehicle, that also featured the highest 

total hydrocarbon emissions and high NOx emissions 

because of fast three way catalytic converter aging due the 

use of the compressed natural gas. Retrofitted liquefied  

petroleum gas fuel supply systems feature the greatest air–

fuel ratio variations that result in the lowest TtW efficiency 

and in the highest NOx emissions of the liquefied gas 

fuelled vehicle.their findings indicate that fuel efficiency is 

the highest across the range of alternative fuels we examined 

when CNG is the fuel. In contrast, when gasoline is used 

there is lower TtW efficiency mainly because of the smaller 

spark advance. Retrofitted LPG fuel supply systems have 

the largest air/fuel ratio variations resulting in the lowest 

TtW efficiency and the highest NOx emissions per km. 

Alpaslan [8] studied the engine performance and 

exhaust emissions of turbocharged direct injection diesel 

engine were evaluated at full load and various engine speeds 

by using two different diesel fuel-vegetable oil-n-butanol 

ternary blends. Microemulsification of vegetable oil-diesel 

fuel with n-butanol can be a promising technique for using 

neat vegetable oils  efficiently in diesel engines without any 

modifications in the diesel engine, and the viscosity and 

density of the ternary blends can be reduced to close to those 

of diesel.The cold flow properties of vegetable oil can be 

significantly improved by blending vegetable oils with n-

butanol and diesel fuel blend.Oxidation stability of 

DCHCnB and DSCSnB are 11.6 and 10.7 h respectively, 

and significantly higher than requirement in EN 14214 

standard (P6 h).The average brake torque, brake power, 

BTE and exhaust gas  temperature values of  DCHCnB and 

DSCSnB decreased due to lower heating values, related to 

oxygen contents of n-butanol and vegetable oils, compared 

to those of diesel fuel.The presence of n-butanol and 

vegetable oils in ternary blends has increasing effect on 

BSFC.Addition of n-butanol to diesel fuel-vegetable oil 

blends leads to increase NO, NO2 and CO formations, while 

decrease CO2 and HC emissions. 

Gvidonas[10] presented the bench testing results of 

a four stroke, four cylinder, direct injection, unmodified, 

diesel engine operating on pure rapeseed oil (RO) and its 2.5 

vol%, 5 vol%, 7.5 vol% and 10 vol% blend  with ethanol 

(ERO), petrol (PRO) and both improving agents applied in 

equal proportions as 50:50 vol% (EPRO). The purpose of 

the research is to examine the effect of ethanol and petrol 

addition in RO on diesel engine emission characteristics and 

smoke opacity of the exhausts.The research indicates that in 

the case of using oxygenated rapeseed oil as a basic fuel the 

cylinder gas temperature plays a very important role in the 

production of nitric oxide emissions.The emissions of NO2 

increase with load from nearly 2–3 ppm to maximum 85 

ppm (ERO7.5), 46 ppm (PRO2.5) and 28 ppm (EPRO2.5) at 

rated power suspending at up to 6.5, 3.5 and 2.1 times 

higher levels comparing with those emitted from pure RO 

(13 ppm).Carbon monoxide, CO, emission and smoke 

opacity from a fully  loaded engine run at 1800 min1 speed 

on blend PRO10 compile 754 ppm and 26.5% that is by 

47.8% and 7% lower than  those generated from the mostly 

oxygenated blend ERO10.Emissions of unburned 

hydrocarbons, HC, remain at a considerably low level 

ranging from 8 ppm (ERO7.5) for light to 16 ppm  

(EPRO7.5) for heavy loads at 2200 min1 speed  Emissions 

of carbon dioxide, CO2, increase together with load, speed 

and fuel consumption in mass. In spite of a higher fuel 

consumption, the CO2 emissions from a fully loaded engine 

run at 2200 min1 speed on oxygenated blends ERO2.5–7. 

are slightly lower, 6.9–6.3 vol%, comparing with those 

emanating  from blends PRO2.5–7.5, 6.7–7.6 vol%, pure 

RO, 7.8 vol%, and three agent blends EPRO2.5–7.5, 8.1–7.9 

vol%. test results indicate that three agent EPRO5-7.5 blend 

ensuring a better brake thermal efficiency produce lower 

NO2/NOx, CO emissions and smoke and could be 

recommended for fuelling of unmodified diesel engines. 

Broad-scale usage of rapeseed oil blends for the local 

tractors powering should be dependent,however, on all 

benefits and detriments revealed during  long-term 

endurance test results. 

V. CONCLUDING REMARKS 

This study provides a comprehensive assessment on lpg 

enrichment of petrol and its blends in termsof their 

performance and emission aspects. The review shows that 

the LPG using in IC engines reduces the emissions, which is 

the most important criterion for the current environmental 

norms.There is a limited number of research works available 

related to the usage of multi-fuels in SI engine. In this 

regard this research work aims to study the emissions, 

efficiency and fuel consumption in the SI engine with 

gasoline blends and lpg. 

The vital findings of this study are summarized as follows, 

1) The results suggest that ABE solutions, an 

intermediate product during ABE fermentation, are 

a very promising alternative fuel to be directly used 

in diesel engines especially under LTC conditions. 

2) The Experimentation thus revealed the potential of 

LPG enrichment of petrol as an efficient instrument 

to overcome the inherent paradox of 

simultaneously reducing emissions and without 

much penalization of performance characteristics in 

conventional petrol engine. 

3) The engine thermal efficiency and exhaust gas 

temperature produced by the CNG burning is 

always higher as compared with that of the 

petrol/diesel.  

4) Brake thermal efficiency for LPG-Ethanol blend is 

good compared to gasoline.20% Ethanol blend with 
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LPG gives 5.23% more efficiency than 10% 

Ethanol blend with LPG. 
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