
National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                                                    ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 396 

EXPERIMENTAL INVESTIGATION ON PERFORMANCE AND EMISSION 

CHARACTERISTICS OF MAHUA BIODIESEL USING ELECTRONIC FUEL 

INJECTION SYSTEM 
Anandkumar G*, Balaji S, Backiyaraj A and Devaradjane G 

*Department of Automobile Engineering, MIT campus, Anna University, Chennai, India. 

*Corresponding author: Email: anand8285@gmail.com 

ABSTRACT 

 IC engine powered vehicles are considered to be one of the major means of transportation across the globe. The 

continuous consumption of fossil fuel increases its depletion rate which kindles the need for alternate fuel satisfying the 

emission regulations. The objective of this work is to investigate the characteristic of engine using bio fuel obtained from 

vegetable oil combined with electronic fuel injection system. Though there are number of factors which affects the diesel 

engine characteristics, the injection pressure and size of nozzle hole is considered here and its effect on engine performance 

and emission is studied. In this work a single cylinder, 5 HP, 1500 rpm, direct injection diesel engine is used to carry out the 

experiment. From the experimental investigation, 0.92% reduction in BTE is observed for B20 blend which decreases to higher 

percentage with increased fuel blend. Hence B20 is chose to be more optimum blend for engine to have reduced emission with 

reasonable drop in BTE.  The emission comparison of the B20 EFI to B20 mechanical injection shows 20% reduction in 

energy consumption with 1.26 % BTE increase. The emissions HC and smoke is found to be lowered around 20% due to good 

atomization and proper combustion. The EFI system shows higher NOx emission than conventional fuel injection system. 

INTRODUCTION 

     Automobile has become a part of life of many people across the world.  Diesel is one of the important fuels being 

used in vehicles for heavy transportations and also in passenger vehicle especially internal combustion engine with direct 

injection is widely used for vehicle with diesel fuel.  All nations are concentrating on the factors that are responsible for global 

warming. Emission from automobile is one of the main factors of global warming. The health of people is also under concern 

because of air pollution caused by vehicle emission. The government is making strict norms for regulating the emission. The 

oil refineries are forced to produce fuel satisfying those norms. Apart from these diesel is a fossil fuel which is getting 

depleted. Therefore many researches are carried out across the globe to replace diesel with alternate fuel. Environment 

Protection Agency (EPA) of United States suggests that engine could be used for fuel blend upto 20% of biodiesel without any 

modification. Electronic fuel injection system is one of the advance technology helps in reducing smoke emission from 

vehicles and reduces specific fuel consumption. The nozzle holes of fuel injector used in electronic fuel injection system is 

around 0.16 to 0.18 mm where the conventional fuel injector is around 0.28 to 0.32 mm. The fuel is highly pressurized to 

atomize the fuel which makes effective utilization of air inside the combustion chamber. This reduces the CO emission and 

enhances the combustion. The decreased droplet size of fuel reduces the smoke emission and increases the NOx emission. The 

HC emission increases because of high momentum of the fuel which impinges fuel on the cylinder wall. The increase in 

injection pressure causes HC and NOx emission to increase; CO and Smoke emission to decreases.  In recent years many 

automobile manufacturing industries are focusing on use of biodiesel on passenger vehicle using EFI system. This paper 

describes the experimental findings on performance and emission characters of B20 blend of fuel at various loads and its 

comparison is diesel is made between EFI system and mechanical system. 

MATERIALS AND METHODS  

     Mahua (Madhua Indiaca) is one of the forest based tree used for large scale production of non-edible oil. Mahua oil 

is extracted from seeds of Mahua fruit. The seeds shell is removed and the oil is extracted from its kernel. The raw extracted oil 

from seed is greenish yellow in colour while the commercial oil available for use is light yellowish brown in colour. The 

mahua seed contains 50 – 55 % oil in it kernel. Its properties like density, flash point and viscosity are higher compared to 

diesel. The high viscosity of the vegetable oil makes it very difficult to be used as fuel in IC engine. This is due to presence of 

triglycerides in the oil. Therefore vegetables are processed to reduce its viscosity and density. The most commonly used 

process for converting vegetable oil to biodiesel is transesterifiation process.  In transesterifiation process vegetable oil is made 

to react with CH3OH (methanol) in presence of alkaline catalyst KOH (potassium hydroxide) at temperature below 600 C 

which is the boiling point of methanol.  The reason for using alkaline catalyst is it makes the process fast compared to acid 

based catalyst. The factor which affects the transesterifiation process are amount of alcohol and catalyst, reaction temperature 

and time and free fatty acid content present in the vegetable oil.  In transesterifiation process the triglycerides are broken down 

to Mono glycerides (alkyl esters) and glycerol. 

EXPERIMENTAL SETUP AND TEST PROCEDURE 

 The normal mechanical fuel injector is replaced by an electronic fuel injector system. Bosch CP3 pump is used to 

pump the fuel to the common rail to build a pressure of 1800 bar.  An ECU is developed to actuate the electronic fuel injector 

system and the pressure is regulated using pressure limiter. Load to the engine is done with eddy current dynamometer. The 

engine is fuelled with diesel under high pressure developed by CR pump. The speed of the engine is maintained at 1500rpm. 

The performance of the engine is calculated using the obtained readings.  Using AVL analyser hydrocarbon, carbon monoxide, 
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carbon dioxide and oxides of nitrogen are measured. Engine specification and fuel properties are listed in the Table 1 and 

Table 2. 

RESULT AND DISCUSSION 

Performance characteristics: 

Brake Thermal Efficiency:  Thermal efficiency is one of the important characteristics to find the performance of the engine. 

The high pressure fuel injection system increases the atomization of the fuel injected inside the combustion chamber. These 

results in enhanced combustion compared to conventional system. The BTE increases 1.92% for EFI diesel and 1.67% for EFI 

B20 compared with mechanical injection system.  Figure 1 shows the comparison of diesel and B20 blend between mechanical 

injector and electronic fuel injection system. 

Table 1 Comparison of Fuel Properties                                           

Fuel properties Diesel Mahua Biodiesel 

Kinematic viscosity at 40 0C [cSt] 3.05 5.8 

Density at 15 0C[kg/m3] 832 890 

Flash point [0C] 56 129 

Fire point [0C] 63 149 

Cetane number 45 51 

Calorific value[MJ/kg] 43 39.9 

Table 2 Properties of Fuel Blends 

Fuel 
Density 

[kg/m3] 

Calorific value 

[MJ/kg] 

B5 833 42.63 

B10 837 42.46 

B15 840 42.29 

B20 843 42.12 

B25 846 41.95 

 

   
Fig.1 Comparison of Brake 

Thermal Efficiency (BTE 

Fig.2 Comparison of Brake Specific 

Energy Consumption (BSEC) 

Fig.3 Comparison of unburnt Hydro 

Carbon emission (HC) 

   
Fig.4 Comparison of Carbon 

Monoxide emission (CO) 

Fig.5 Comparison of Oxides of 

Nitrogen  emission (NOx) 
Fig.6 Comparison of Smoke emission 

Brake Specific Energy Consumption: This indicates the amount of energy consumed per kilowatt hour by the engine which 

depends on the calorific value of the test fuel. If the calorific value of fuel is low, then the energy released by the fuel will be 

less. Thus the engine runs on biodiesel shows increased BSEC than diesel.  Figure 2 shows the comparison of BSEC of diesel 

and B20 blend between mechanical injector and electronic fuel injection system. BSEC decreases 20% with EFI system for 

both diesel and B20 blend compared with mechanical fuel injection system. 
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Hydro Carbon Emission: The Figure 3 shows the hydrocarbon emission of diesel and B20 blends for various loads. The 

Cetane number indicates the ignition quality of the fuel. The higher cetane number reduces ignition delay of biodiesel. At peak 

load HC emission of EFI B20 is 21.57% less than B20 with mechanical injector. The high pressure increases the momentum of 

fuel droplet causes fuel impingement on the cylinder wall and piston head which increases HC emission as load increase.  

Carbon Monoxide Emission: The partial oxidation of carbon due to unavailability of oxygen results in CO emission. The CO 

emission of biodiesel is less due to its oxygen content in its molecular structure. The Figure 4 shows the comparison of diesel 

and B20 blend between EFI and conventional system. It’s noted that the CO emission is 11.9% lower for diesel and 11.25 % 

lower for B20 blend with EFI system. 

Oxides of Nitrogen: Figure 5 shows the comparison of NOx of diesel and B20 blend between the injection systems under test. 

The biodiesel has ignition delay lesser than diesel which results in reduced premixed combustion phase. Hence the peak cycle 

temperature of the engine is reduced resulting in lesser NOx emission for biodiesel. The EFI system shows increased NOx 

emission compared to conventional system due to fine atomization and effective utilization of air during combustion. The EFI 

B20 shows 3.61% increase in NOx than engine with mechanical fuel injection system. 

Smoke Emission:   

Smoke is due to the formation of soot which is formed at high temperature in the absence of oxygen. The biodiesel is free of 

soluble organic fractions present in the fuel cling over the soot. The high pressure fuel injection reduces the size of fuel droplet 

which increases the entrainment of air results in lesser smoke for biodiesel blend with EFI system compared to conventional 

system. Figure 6 shows the reduction of 20% reduction in smoke for EFI B20 than mechanical injector whereas EFI diesel 

shows 16% reduction in smoke. 

 CONCLUSIONS 

1. Performance characteristics of the biodiesel and its blend with diesel are lower than diesel due do its lower calorific value. 

The blend B20 shows reasonable thermal efficiency which is 0.92% less compared to diesel. Hence B20 can be considered 

as suitable blend. 

2. The high pressure electronic fuel injection system shows better improvement in performance and emission characteristics 

of the engine considered for study. The diesel fuel with EFI system shows 1.92% and 20% improvement in BTE and 

BSEC respectively 

3. The emissions from engine with EFI system reduces 11.9%, 18.5%, 15.2% of CO, HC and smoke respectively compared 

to diesel with conventional injection system. Similarly the amount of HC, CO, NOx and smoke gets lowered for B20 with 

electronic fuel injection system. The reduction of HC, CO, NOx and Smoke in exhaust is 21.57%, 11.25%, 3.61% and 

20.56% respectively. 

4. The NOx emission for diesel fuelled engine is higher for high pressured electronic fuel injection system. The B20 blend 

injected with EFI system shows 3.91% increase in NOx. Due to lower ignition delay and reduced premixed combustion 

phase NOx emission from biodiesel and its blends are lower than diesel in both fuel injection systems (13-17). 
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