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Abstract— Strict environmental regulations and depleting 

conventional fuel resources have forced us on finding 

alternatives fuel resources. LPG and Alcohols have gained 

attention of many researchers as reliable energy source 

because of their high octane number and also a clean energy 

source. In this study, experiment was conducted to determine 

the effects of ethanol blend with liquefied petroleum gas 

(LPG) on SI engine performance and exhaust emissions. The 

experiment was conducted on 4.4kW SI engine at 100% 

throttle in which the LPG was fed using gas carburettor and 

ethanol using gas fuel inductor installed on injection 

manifold. The ethanol was converted to gaseous form using 

external heating source. Tests were conducted to determine 

the thermal efficiency, brake power and analyze the exhaust 

emissions from the engine at 20%, 30% and 40% of ethanol 

concentration at a speed of 1500rpm, varied loads on engine 

and different equivalence ratios. We found that Carbon 

Monoxide and Hydrocarbon emissions were reduced 

drastically due to the leaning effect caused by Ethanol. Also 

there was an increase in thermal efficiency and brake power 

of engine as the equivalence ratio was increased. The 

optimum percentage of ethanol in the blend was found to be 

30% for maximum power and least emissions. 
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I. INTRODUCTION 

In the recent years, there has been an increasing demand for 

the fuels due to the increase in the number of vehicles. The 

growing demand for conventional fuels have caused a 

growing concern towards the limited availability of fossil 

fuels as they are depleting at a very fast rate and it would last 

for only few years if we continue exploiting them at the same 

rate. Due to finite availability of fossil fuels has forced 

researchers to look for alternative energy resources. Also, 

combustion of these fossil fuels produces harmful gases and 

waste materials. The emission from internal combustion 

engines produces toxic gases such as Oxides of Nitrogen 

(NOx), Carbon Monoxide (CO), Hydrocarbons (HC) and 

Carbon Dioxide (CO2) which are harmful for any living 

organism. These emissions are responsible for environmental 

degradation and also ozone layer depletion. 

Some of the well-known alternative fuels for 

Internal Combustion (IC) engines are bioalcohol (which 

consists of ethanol, methanol and butanol), Liquefied 

Petroleum Gas (LPG), biodiesel, hydrogen, refuse-derived 

fuel and other biomass sources. Other than their use in 

automobile engines these fuels can also be used to generate 

electricity through engines and generators which could then 

be used for heating and lightning purpose. 

Among the clean alternate fuel contenders, gaseous 

fuels prove to be a promising one because of their higher 

calorific value, tendency to form lower emissions and their 

economic costs. One of the most widely used gaseous fuels is 

LPG which has produced promising results in the recent years 

in terms of emissions and fuel efficiency. The usage of LPG 

as fuel in spark ignitions engine is increasing and much 

attention is been given in developing applications for its 

usage. As compared to gasoline fuelled vehicles, LPG 

vehicles emit one third fewer amounts of reactive organic 

gases [1]. Also LPG fuelled vehicles have less ozone forming 

hydrocarbon build up comparing to diesel and gasoline 

fuelled vehicles. LPG is derived from crude oil and natural 

gas [2, 13, 14]. LPG mainly consists of butane, propane and 

some hydrocarbons like n-butane, propene and iso-butane [2, 

13, 14, 17, 18]. Also because of the higher calorific value of 

LPG than gasoline, LPG fuelled Spark Ignition (SI) engine 

operating at the same equivalence ratio as a gasoline fuelled 

engine would produce more brake power [2]. Due to the 

higher octane number of LPG, the engine performance in 

terms of thermal efficiency and engine power would be much 

improved [2]. The burning rate of fuel is increased when 

using LPG in SI engines which results into decrease in 

combustion duration as a result of which the temperatures and 

pressures observed are higher for LPG as compared to 

gasoline. It was found that LPG reduces the mole fractions of 

NO and CO in the exhaust gases. One of the main 

disadvantages of using LPG as a fuel is that it reduces engines 

volumetric efficiency [2, 19, 29]. 

Also alcohols have also been useful in being used as 

a fuel for IC engines. However, due to their limited 

production facilities and unsuitability for complete 

replacement as a fuel in engines, their usage has been limited. 

One of the most important alcohol based alternative is 

ethanol, which is prepared using distilling and fermenting 

crops such as barley, corn or wheat. The purity of Ethanol 

approximately is 96% by volume which is produced via 

fermentation. For improving the quality of ethanol it requires 

expensive distillation processes [5, 14, 20-22, 30], due to this 

reason it’s higher cost than gasoline is disadvantage although 

its production using renewable sources is an advantage. SI 

engines can be run on pure ethanol or by blending by other 

fuels such as LPG or gasoline [5-7, 20]. It was also reported 

that ethanol-gasoline blends at low concentrations of ethanol 

could improve exhaust emissions and engine 

performance[1,2,5,8,9,25-29].Due to the presence of an 

oxygen atom in Ethanol, it can be considered as partially 

oxidized fuel[5,8,20,25]. Due to this reason it has lesser 

stoichiometric air-fuel ratio and calorific value than gasoline. 

Ethanol has a higher octane number than gasoline which 

could lead to operations at higher compression ratios and 

result in improvement in fuel consumption, power output and 

efficiency. Also it has high latent heat of vaporization [5]. As 

a result of high latent heat of vaporization, the intake 

manifold temperature is lower, thus increasing the volumetric 

efficiency. This partly compensates for power reduction due 

to low calorific value. The engine volumetric efficiency 

might increase which would help in negating the effect of 

LPG on engines volumetric efficiency. One of the significant 

problem relating to the use of ethanol in SI engines is that the 

emission of ketone and aldehydes such as acetone, 



Optimization of LPG/Ethanol Blend for Better Performance and Reduced Emissions 

 (IJSRD/Vol. 5/Issue 11/2018/121) 

 

 All rights reserved by www.ijsrd.com 490 

formaldehyde and acetaldehyde are radically increased [5, 20, 

26]. The addition of ethanol to LPG fuel results in decrease 

of heating values of the blend [1]. As the oxygen amount 

increases with proportion ethanol in the blend, the amount of 

CO and HC emissions decreases [1]. We compare the 

different properties of LPG, Ethanol and Gasoline below in 

the tabular column. 

 LPG 
ETHANO

L 

GASOLIN

E 

DENSITY (kg/m3) 1.898 789 719.7 

CALORIFIC 

VALUE (KJ/kg) 

49873.2

8 
29700 47300 

RON 110 113 91 

FLAME SPEED 

(cm/s) 
38.25 30 37.5 

IGNITION TEMP. 

(°C) 
430 363 232 

STOICHIOMETR

IC AIR -FUEL 

RATIO 

15.4:1 9:1 14.7:1 

In the present study, we try to investigate the effects 

of blending Ethanol with LPG at different concentrations to 

determine the most suitable ratio of LPG and ethanol in the 

engine which could produce better thermal efficiency and 

lower emissions. The data for the studies of Ethanol and LPG 

as individual fuels and their effects on engine performance 

are investigated in the literature. 

II. EXPERIMENTAL SET-UP 

The engine used for experiments is a 4.4 kW SI engine of 

Kirloskar make. The intake manifold was specially designed 

for this engine in order to do experimentation on carburetion 

of gaseous phase LPG and also, induction of Ethanol in a 

gaseous phase into the intake manifold. The intake manifold 

was provided with a throttle valve and a mixing unit for 

carburetion. The intake manifold also houses a thermocouple 

and a MAP sensor unit to measure the values of the pressure 

and temperature at intake. The LPG cylinder has been dipped 

in a warm water bath which maintains a temperature of 50oC 

and keeps LPG in the vapor state. An air surge tank has been 

included in the setup to avoid fluctuating air flow during full 

load condition, while a turbine type flow gauge is used to 

determine air flow rate. The surge tank for fuel was provided 

with heating coils which maintain the temperature of the LPG 

at 50oC and also helps in maintaining constant supply and 

reduce pressure fluctuations of fuel during high load 

conditions. The supply of Ethanol is through hoses connected 

to a heated pressure vessel. The liquid ethanol is stored inside 

a cylindrical tank, which is heated through a heating 

apparatus which thus converts the ethanol to vapor state. An 

Eddy current Dynamometer manufactured by Dynalec 

Controls is used for applying load on the engine. The engine 

speed is kept constant at 1500rpm while varying the torque. 

Cranking motor is used for starting the engine as the cranking 

side of our engine was mounted with crank angle encoder, it 

can be coupled and decoupled with the engine by a magnetic 

clutch. 

 
Fig. 1: A Schematic Diagram of the Experimental Setup 

The  NOx, NO, and HC emissions coming from the 

engine were measured using Emersion Exhaust gas analyzer 

that took input from exhaust during conducting the test. The 

Horiba emission five gas analyzeranalyzes andmeasures five 

emission gases including CO, CO2, NO, HC and O2. We used 

this five gas analyzer to measure the quantities of CO, CO2, 

and O2. Small diameter copper or steel pipe is taken out from 

engine exhaust and connected to the  Horiba emission 

analyzer through condenser containing ice cubes for cooling 

the exhaust sample before entering into the analyzer. 

The Throttle Valve and the Spark Timing were also 

controlled electronically from a laptop. The measurement and 

readings of rpm, the Spark timing, and also the Throttle valve 

openings were controlled with the help of woodward engine 

support. 

III. RESULTS AND DISCUSSIONS 

In this experimental study we investigated the outcome of 

ethanol-LPG blend ratios on SI engine and the following 

experimental results were obtained in provisions of engine 

performance and exhaust emissions. The SI engine was 

initially run fully on LPG. Subsequently the ethanol 

percentage in the blend was increased by energy basis with 

decrease in the equivalence ratio of blend. The engine speed 

was fixed constant at 1500rpm with increase in the value of 

torque.  

The following figures indicate the variations of CO, 

CO2, NOx and HC emissions at different blends. The engine 

performance characteristics such as brake power and brake 

thermal efficiency are also indicated at different equivalence 

ratio. Among the various blend used, experimental results 

show 30% of ethanol as the most suitable for engine 

performance in terms of exhaust emissions and effectiveness 

of the engine. Due to the increase in exhaust gas temperature 

more amount of NOx was recorded on addition of ethanol. 

Exhaust emissions such as CO and HC also significantly 

decreased but the CO2 increased as the amount of ethanol in 

the increased due to more cleaner combustion.  
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Fig. 3: The Effect of Blend of Ethanol and LPG on HC 

Emissions 

 
Fig. 4: The Effect of Blend of Ethanol and LPG on NOx 

Emissions 

 
Fig. 5: The Effect of Blend of Ethanol and LPG on CO 

Emissions 

Figure 3 indicates the HC emissions as a function of 

equivalence ratio. The HC emissions decreased for all the 

blends at all equivalence ratios. Also it can be noticed that the 

total HC emissions decreased as the ethanol amount in the 

ethanol-LPG blend increased. The minimum amounts of total 

HC emissions were recorded for E30. So, it can be concluded 

that as the amount of ethanol amount in the blend rises, the 

HC emissions in the exhaust gases decreases. 

Figure 4-5 indicates the NOx and CO emissions as a 

function of the equivalence ratio from 0.3 to 0.9. The CO 

emissions are seen to be decreasing and the NOx emissions 

are increasing as the amount of ethanol content in the LPG-

ethanol mixture increases. The formation of NOx is mainly 

depending on the combustion temperature in the engine 

cylinder. Also NOx emissions are measured in the gases 

released in the exhaust gases, so the temperature of the 

exhaust gases also play an important role in determination 

NOx content. The higher the temperature of exhaust gases, 

the higher the concentration of NOx and vice versa. The 

formation of NOx in the spark ignition engines on a great 

extent depends on the temperature of the combustion of the 

fuels when there is abundance of oxygen (O2) available due 

to the oxygen content of the ethanol. The E20 indicates the 

minimum amount NOx emissions. So, it can be interpreted 

that as the ethanol content in the blend increases, temperature 

increases and the exhaust contains more amount of NOx 

emissions. 

 
Fig. 6: The Effect of Blend of Ethanol and LPG on CO2 

Emissions 

Figure 6 indicates the variation of CO2 emissions as 

a function of equivalence ratios from 0.3 to 0.9. The CO2 

emissions seem to be increasing as the ethanol content in the 

ethanol-LPG mixture increases. As the ethanol content 

increases the oxygen amount in the fuel mixture increases 

which helps in facilitating the combustion procedure more 

easily. Due to increase in the combustion of the fuels, the CO2 

content increases in the exhaust gases.  

 
Fig. 7: The Effect of Blend of Ethanol and LPG on Brake 

Thermal Efficiency 

 
Fig. 8: The effect of Blend of Ethanol and LPG on Brake 

Power 
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Fig. 9: The Effect of Blend of Ethanol and LPG on Exhaust 

Gas Temperature 

Figures 7-9 indicates the variation of brake thermal 

efficiency, brake power and exhaust gas temperature as a 

function of equivalence ratio. The brake thermal efficiency is 

seen to be increasing on increasing the ethanol concentration 

in the ethanol-LPG mixture. Also the brake power of the 

engine i.e. the power output of the blend increased as the 

ethanol content increases in the blend. The brake thermal 

efficiency and brake power were found to be maximum for 

E30 blend for a certain equivalence ratio. In figure 9 indicates 

the exhaust gas temperature rises as the amount of ethanol 

increases. Due to the higher latent value, lower heat value and 

oxygen content of ethanol increases the exhaust gas 

temperature as the fuel burns more cleanly as the oxygen 

amount in the fuel increases. 

IV. CONCLUSIONS 

 The optimum percentage of the LPG-Ethanol blend is 

30% as it recorded the least emissions for HC and CO 

also moderate emissions of NOx and CO2. 

 As the oxygen content increases in different blends, the 

lesser CO and HC emissions but NOx emission rises due 

to the rise in the exhaust gas temperature depending upon 

the percentage of ethanol in the blends. 

 The CO2 emission rises as the amount of ethanol in the 

blend is increased due to the more amount of available 

oxygen in the fuel causes improved combustion of fuel. 

 The power output of the engine increased using LPG-

ethanol blend compared to LPG only fuel as the blend 

burns more completely due to the excess of oxygen. 

 LPG decreases the engine volumetric efficiency and thus 

the thermal efficiency but ethanol along with LPG 

compensates this effect and moreover it produces greater 

thermal efficiency as its percentage is increased. 

 The addition of ethanol to LPG decreases the heating 

values of the blend, although due to the oxygen content 

of the ethanol, improved combustion occurs which 

results in increase in exhaust gas temperature. 
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