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Abstract— As the fossil fuels are depleting and green house 

gases are increasing, the usage of biodiesel came into 

existence. Biodiesel is a renewable, clean-burning diesel 

which can be produced from vegetable oils. Here the 

Performance and emissions characteristics of CI engine 

fueled with Vegetable oil methyl ester blended with diesel 

will investigated experimentally. Biodiesel will be prepared 

from Rapeseed oil by transesterification process with 

methanol in the presence of catalyst. Diesel and biodiesel 

blends will be get prepared in volume percentages of 25 

upto 100% as B0,B25,..B100. The experimental study got 

conducted on single cylinder, 4 stroke, naturally aspirated, 

direct injection diesel engine at different engine loading 

from low to high loads using Rapeseed biodiesel and its 

blends with diesel fuel. 
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I. INTRODUCTION 

Direct injection diesel engines are more popular in the 

automotive sector than spark ignition (SI) engines due to its 

fuel lean operation. However, the demand of fossil fuel is 

rising day by day and hence the major fuel source of diesel 

engine, the petroleum based fuel, is depleting rapidly. Many 

countries depend mainly on imported fossil fuels due to lack 

of fuel reserves and it has great impact on the economy.In 

addition to this, the major concerns of diesel engine are its 

oxides of nitrogen and smoke emissions. Therefore, for the 

past several decades extensive efforts are being made to 

search for alternate fuels to overcome the dependence on 

fossil fuel and environment pollution. In this regard, several 

alternate fuels namely hydrogen, oxygenated fuels like 

alcohol fuels, dimethyl ether and biodiesel fuels etc., have 

been extensively analyzed. Recent studies show that 

biodiesel is one of the most promising alternate fuels for 

diesel engines because of its biodegradable, oxygenated, 

sulphur free and renewable characteristics. Hence, it is 

getting the attention of researchers all over the world. The 

blends of biodiesel with fossil diesel have many benefits like 

reduction in emissions, lower engine wear, lesser engine oil 

consumption and comparable thermal efficiency compare to 

diesel fuel. Hence, this study is attempted to present a 

comprehensive review on the performance, combustion and 

emission characteristics of Rapeseed biodiesel fuel on diesel 

engine. 

II. HISTORICAL PERSPECTIVE - EARLY STEPS 

H. Hazar et al (2010) [1] have used Raw rapeseed oil (RRO) 

as blended with diesel fuel (DF) by 50% –50% (O50) and as 

20% –80%  in volume (O20). The test fuels were used in a 

single cylinder, four stroke, direct injection CI engine. The 

power increment for the blends remains lower when 

compared with that of DF since the viscosity of the blend 

reduced with preheating leads to the higher leakages in the 

pump and injector resulting lower power outputs.the highest 

value of decreased BSFC was observed with the use of O50 

blend. FC rates for blends are higher than those of DF, since 

the heating value of the RRO is fairly lower that of diesel. 

With preheating of the fuel, The EGT for O50 is  higher 

than O20 and diesel fuel. the NOx , Smoke density & CO 

emission decreased for all test fuels with preheating due to 

better spray characteristics and air–fuel  mixing.Ismet 

Çelikten et al (2012) [2] have carried out Engine tests in a 4-

cylinder, 4-stroke, 46 kW, direct injection diesel engine with 

4 different fuel as 100% diesel (SD),50% RSO and 50% 

diesel (B1),50%  HME and %50 diesel (B2),25% RSO 25% 

HME and 50% diesel (B3). Maximum engine torque and the 

lowest SFC were obtained with SD and  B1 nearest to it. 

while, it was determined that in B1, B2 and B3 fuels CO and 

smoke was lower and NOx and CO2 emissions were higher 

than SD. Ekrem Buyukkaya (2010) [3] has done engine tests 

for rapeseed oil and its 5%, 20% and 70% blends with DF. 

The test results indicated that the only low concentration 

blends in terms of performance efficiency and 

environmentally friendly emissions (particularly for B20 

and lower blends) could be recognized as for full scale 

usage in unmodified diesel engines.B20 gave the best BTE 

of engine. rapeseed oil as a blend has not any positive effect 

on BSFC of the engine with higher NOx formation. The 

ignition delays for standard diesel, B5, B20, B70 and B100 

fuels were calculated 8.5, 7.75, 7.25, 6.50 and 5.75 CA, 

respectively. Labeckas G et al (2006) [4] presented the 

testing results of a 4 stroke,4 cylinder, direct injection, 

unmodified, naturally aspirated Diesel engine when 

operating on neat RME and its 5%, 10%, 20% and 35% 

blends with Diesel fuel.the BSFC at maximum torque and 

rated power for RME was higher by 18.7% and 23.2% 

relative to DF. the maximum BTE  varies from 0.356 to 

0.398 for RME from 0.373 to 0.383 for DF. highest fuel 

energy content based economy (9.36– 9.61 MJ/kW h) was 

achieved during operation on blend B10, whereas the lowest 

ones belong to B35 and neat RME. NOx emissions 

increased proportionally with the mass percent of oxygen in 

the biofuel and engine speed. the highest being 2132 ppm 

value for the B35 blend and 2107 ppm for RME. CO 

emissions and visible smoke emerging from the biodiesel 

over all load and speed ranges are lower by up to 51.6% and 

13.5% to 60.3%, respectively.CO2 emissions along with the 

FC and EGT, were slightly higher for the B20 and B35 

blends and neat RME. While unburned HC, for all biofuels 

were low, ranging at 5–21 ppm levels. Arumugam S et al 

(2014) [5] have explored the  substitution of petroleum 

based synthetic lubricant with rapeseed oil based bio-

lubricant in a VCR diesel engine. RO based bio-lubricant 

was made chemically by epoxidation, hydroxylation and 

esterification process for improving its thermo-oxidative 

stability and cold flow properties. The nano CuO an 

antiwear  nano additive was added to chemically modified 

RO to improve anti-wear behavior. The compatibility was 
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tested by two endurance tests of 150 h each were conducted 

on a four-stroke VCR engine fueled with B20 rapeseed oil 

bio diesel at a standard CR of 17.5:1 using synthetic 

lubricant (SAE20W40) and formulated bio-lubricant. The 

various readings were taken and compared with SAE20W40 

from zero to full load conditions and at different CR varies 

from 12,15&17.5:1 with B20 RO based biofuel /bio-

lubricant combination. in results a marginal improvement in 

BP, BTE(can be attributed to higher lubricity), and mech. 

eff. was observed with the use of RO based bio-lubricant. 

nearly similar emission were observed with both bio 

lubricant and SAE20W40. Ferrogram revealed a reduced Fe, 

Al and Cu wear for biodiesel/ bio-lubricant combination. 

Tsolakis A et al (2007) [6] have tested the combustion of 

RME pure or blended with ULSD at 20% and 50% by 

volume (B20 and B50) and compared same with using EGR 

,the main findings were that the ignition delay was reduced 

while the initial uncontrolled premixed combustion phase 

(uncontrolled heat release phase) was increased. that 

resulted in increased cylinder pressure and temperature and 

hence early fuel ignition. advanced RME combustion 

resulted in the reduction of smoke, HC and CO while both 

NOx and FC(due to LCV of RME compared to ULSD) were 

increased. didn't affect significantly the engine efficiency. 

The use of EGR was more effective in the case of biodiesel 

blends combustion compared to ULSD combustion. The 

NOx emissions were reduced at levels similar to those of 

ULSD with the use of similar volumetric percentages of 

EGR while the smoke was  low. The main reasons for the 

higher NOx reduction with the use of EGR in the case of 

biodiesel fuelling were: (i) the more CO2 enters the 

combustion as part of the EGR compared to ULSD, (ii) the 

lower relative A/F ratio with biodiesel compared to 

operation with diesel (for the same EGR level), and (iii) the 

retardation of the already advanced combustion from the use 

of biodiesel. The retardation of the injection timing in the 

case of B50 and pure RME resulted in small increases of 

smoke and FC and a significant reduction of NOx. Labecki 

L et al (2012) [7] have made an attempt to study and 

compare the combustion and emission characteristics of the 

RSO and blends of 50%, 30%, 20% and 10%  in diesel for 

different fuel injection pressures, fuel injection timing and 

for different % of EGR in an automotive multi-cylinder 

diesel engine. The IP  was varied from 800 bar to 1200 bar, 

EGR percentage from 0% to 20% and the injection timing 

from 9o bTDC to TDC. All these results were compared 

against diesel fuel under the reference engine operating 

conditions of 2.7 bar BMEP at 1500 rpm, 800 bar of the 

injection pressure, 0% of the EGR and 9o bTDC of the 

injection timing. At those conditions, the RSO and its blends 

resulted in a significant reduction of 6% NOx emissions at 

the expense of CO, HC, SN, BSFC compared to diesel and a 

decrease in NOx was observed even for addition of 10% 

RSO in diesel.the increase in the IP increased the in-cylinder 

pressure, HRR and lowered the ignition delay, soot emission 

but the NOx emissions for RSO& blends were higher. 

Increasing the level of EGR from the reference condition did 

not have any effect on the in-cylinder pressure and HRR, but 

their magnitudes were lower than those of diesel. As the 

amount of RSO in the blend increases, the NOx emissions 

decrease by more than 65% for the case of 20% EGR. 

Retarding the fuel injection timing from 9o bTDC to TDC 

shifted the combustion towards the expansion stroke, and 

lowered the cylinder pressure peak for RSO and its blends. 

The EGR and IT both had reduced the NOx emissions at the 

expense of CO, HC and SN. Cairns A et al(2012) [8] An 

attempt has been made to reduce soot emissions from the 

combustion of RSO to take the advantage of its low NOx 

emissions. The strategy of varying injection parameters such 

as injection pressures and injection timings have been used 

in this work to reduce the soot emissions for blends of 50% 

and 30% RSO in diesel fuel.In the main findings, NOx 

emissions for RSO and its blends are lower than diesel while 

their soot emissions are much higher. The diesel equivalent 

levels of soot emission was achieved with A further 

reduction in NOx emission by 22% for a blend of 30% RSO 

by simultaneously retarding the injection timing up to 3o 

bTDC and increasing the injection pressures up to 1200 bar. 

A blend of 30% RSO can be used in diesel engines with 

diesel equivalent level of soot and low level of NOx 

emissions by varying the fuel injection parameters. Qi D et 

al (2014) [9] The objective of their study was to characterize 

the rapeseed oil–diesel blends on the combustion, 

performance and exhaust emissions of a two cylinder 

agricultural direct injection diesel engine. they found 

blending rapeseed oil with diesel fuel was an effective 

method to reduce the viscosity of the fuel and can be used in 

diesel engine without any modification. The BSFC of blends 

was higher than diesel fuel under all range of engine loads, 

but the BSEC was improved at high engine loads. At low 

engine loads, the start of combustion for the blends was 

almost similar to that for diesel fuel ,but was slightly earlier 

than diesel at high loads. The peak cylinder pressure and 

HRR were higher at low engine loads, but almost identical 

at high engine loads. The smoke, CO and HC emissions of 

the blends were higher than that of diesel fuel under almost 

all engine loads, but the NOx emission was observed 

slightly lower at low engine loads and almost identical at 

high engine loads. Labeckas G et al (2006) [10] have 

presented the comparative bench testing results of a 4-

stroke, 4-cylinder, water cooled, direct injection CI engine 

operating on Diesel fuel and cold pressed rapeseed oil. The 

purpose of this research was to study rapeseed oil flow 

through the fuelling system, the effect of oil as renewable 

fuel on a high speed Diesel engine performance efficiency 

and injector coking under various loading conditions. Test 

results showed that when fuelling a fully loaded engine with 

rapeseed oil, the BSFC at the max. Torque and rated power 

was correspondingly higher by 12.2 and 12.8% than that for 

Diesel fuel. However, the BTE of both fuels didn’t differ 

greatly and its maximum values remained equal to 0.37–

0.38 for Diesel fuel and 0.38–0.39 for rapeseed oil. The 

smoke opacity at a fully opened throttle for  RO is lower by 

27–35%.Oil heating to the temperature of 60o C lowered its 

viscosity to 19.5 mm2/s ensuring a smooth oil flow through 

the fuel filter and reducing the BSFC at light loads by 11.7–

7.4%. Further heating to the temperature of 90o C offered no 

advantages in terms of performance. Special tests conducted 

with modified fuel injection pump revealed that coking of 

the injector nozzles depends on the engine performance 

mode. The first and second injector nozzles that operated on 

pure oil were more coated by carbonaceous deposits than 

control injector nozzles that operated on DF. 
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III. RESEARCH GAP & OBJECTIVE 

The most of studies has been carried out in four stroke four 

cylinder engines, there was some studies were also six and 

two cylinder engine used. Only one study with a single 

cylinder engine was there but with raw rapeseed oil. 

In some studies, some techniques like EGR, 

varying injection parameters, adding synthetic lubricant, 

blending with other biodiesel or ULSD were used. 

So, in my case the objective is to study 

performance & emission parameters of neat RME and its 

blends with Diesel in a single-cylinder, 4 stroke, naturally 

aspirated ,direct injection diesel engine by only varying 

engine loading from zero to full loads without any 

modifications in engine or using any techniques as 

mentioned in previous point. 

A. Fuel Preparation 

Before using Rapeseed oil I filtered down to remove 

sediments. Than Heated 1Litre of oil to above 100°C to 

drive off any water. After that left it to cool down and while 

its cooling, on other side made up some Methoxide, here I 

used 7g of Sodium hydroxide (NaOH) in 250ml of 

Methanol. When the oil has cooled to around 65°C, added 

the methoxide, and agitated or stirred gently.  

Now to allow time for the process of 

transesterification to complete, wrapped up the mixture in 

insulation (thick sheets of thermocol) to keep the 

temperature up for as long as possible, but left it alone for 

around 24 hours.  

Once the transesterification process got completed, 

drawn off the sediment and glycerol or carefully poured off 

the biodiesel from above. Now to wash the diesel, added the 

hot water to the diesel and agitated it gently, then drain off 

the water. By repeating this process several times, where 

first wash was full of particles, but the third and fourth 

washes were crystal clear. Than heated the diesel above 

100o C to dry it with stirring it continuously during this 

process.. After that the blends were prepared asB0, B25, 

B50, B75 & B100.the following table shows different 

properties of Rapeseed oil methyl ester. 

Properties Unit 
Rapeseed Methyl 

ester 

Density (15oC) Kg/m3 898 

Kinematic 

Viscosity(40oC) 
mm2/s 4.88 

Calorific value KJ/Kg 41540 

Flash Point oC 141 

Fire Point oC 143 

Cetane Number - 53 

Carbon Residue 
%By 

Mass 
0.018 

Ester Content 
%By 

Mass 
98.23 

Table 1: Properties of Rapeseed biodiesel 

IV. EXPERIMENTAL SETUP & PROCEDURE 

 
Fig. 1: Experimental Engine Setup 

Test engine setup as shown in the Figure is single 

cylinder, four stroke, water cooled VCR (variable 

compression ratio) engine manufactured by Kirloskar. This 

engine set up consists of many sensors like temperature 

sensor, load sensor, speed sensor etc for respective 

measurements. Fuel is supplied from the fuel tank and air is 

supplied through air box setup having manometer. Engine 

output shaft is connected with the eddy current 

dynamometer. Speed sensor and load sensor is attached with 

dynamometer. Engine is cooled by water and flow rate of 

water is control by valve. Flow rate value can be measured 

from rota meter/flow meter. Calorimeter is attached with the 

exhaust line for some required measurement. For the 

analysis of exhaust gases separate gas analyser is also used 

during experiment. This engine has arrangements to change 

compression ratio, injection timing, spark timing (in case of 

petrol engine head is attached) and injection pressure. It is 

designed especially for research purpose which allows the 

use of different fuel and changes in operating parameters. 

Particulars Specifications 

Engine 1 cylinder, 4 stroke, water cooled engine 

Bore and stroke 87.5mm by  110 mm 

Rated power 3.5 kW at 1500 rpm 

CR range Variable type 12:1 to 18:1 

Injection 

Variation 
0-25 degree BTDC 

Dynamometer 
Eddy current type, water cooled with 

load unit 

Propeller shaft With universal joints 

Air box 

Calorimeter 

Temperature 

sensor 

Load sensor 

Load indicator 

Digital 

voltmeter 

Rota meter 

Fuel tank 

M S Fabricated with orifice meter and 

manometer Pipe in pipe type 

RTD type PT100 and Thermocouple , 

type K 

Load cell, type strain gauge, range 0-50 

kg 

Digital , range 0-50 kg,  supply 230V 

AC 

Range 0-20V, panel mounted 

Engine cooling 40-400 LPH, 

Calorimeter  25-250 LPH 

15 liter capacity with fuel metering pipe 

of glass 

Table 2: Properties of Rapeseed biodiesel 
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First engine was made to run at manufacturers set 

value of compression ratio 18 and readings for energy 

analysis were taken for different blends (B0 to B100 with 

increment of 25). Engine was made to run for three different 

loading conditions such as low, medium and high for same 

blends. The measurements were taken after the steady state 

condition was reached with injection pressure of 180 bar. 

Though this engine setup has facility to automatic reading 

measurements at some fixed interval of time with data 

acquisition system, due to some technical problems readings 

were measured and noted manually. Load was varied with 

the help of voltage knob and reading directly indicates 

values in terms of load in kilogram. From the air box 

manometer difference was noted every time which is used to 

calculate mass of air consumption. Mass flow rate of water 

for engine cooling and for calorimeter was set by valves and 

values of flow rates were indicated by rota meter. Gas 

analyser was used for the measurement of exhaust gases like 

COx ,NOx, Ox & HC volume fractions.  

V. RESULTS & DISCUSSION 

A. Performance Characteristics: 

1) Brake Power (kW): 

The variations of Brake Power with engine load for DF, 

B25, B50 ,B75 and B100 fuels is shown in graph. Maximum 

BP occurred at Full load with all types of fuel. According to 

the results of the experiments, the highest Brake power was 

measured as 3.51kW at Full load with B100 fuel. It was 

observed that BP gets increases with increase in load for all 

fuel. The average of BP of all blends was found 15.74% 

higher than DF at lower load, while at higher load it was 

lower or identical with DF. Slight differences were observed 

for Brake power with the addition of biodiesel fuel from 

lower to higher load compare to DF. In general, torque was 

also observed with almost similar at all loads and higher at 

lower load than DF  in biodiesel fuel because of its oxygen 

content and lower heating value when compared with diesel 

fuel. Esters calorific value is lower than DF fuel so 

maximum engine torque and motor power leads to a 

decrease. 

 
Fig. 2: Variation of brake power with engine load 

 
Fig. 3: Variation of Brake Specific Fuel Consumption with 

engine load 

 
Fig. 4: Variation of Brake Thermal Eff. with engine load 

2) Brake Specific Fuel Consumption (kg/kWhr): 

Graph shows the brake specific fuel consumption of 

rapeseed biodiesel blends as well as diesel as function of 

load. For all the fuels, the BSFC decreases with increase in 

load. From the graph it is observed that the BSFC for diesel 

as well as B25 blend is less than other blends of B50, B75 & 

B100 at all loads. The average of BSFC of all blends was 

found almost 5.6% lower than DF overally and 9.02% lower 

than DF at lower load, while at higher load it was almost 5% 

higher than DF which can be attributed to the lower calorific 

values of other blends than Diesel as for the same energy 

output more mass of fuel is consumed. 

3) Brake Thermal Efficiency (%): 

Fig. shows the comparison of brake thermal efficiency for 

Rapeseed biodiesel blends with diesel. From the graph it is 

clear that brake thermal efficiency of Rapeseed biodiesel 

blends are higher than that of diesel at all loads except at full 

load where DF showed highest BTE of 64.73% .Specially 

blend B25 has got higher BTE at all loads than other  fuels. 

The average of BSFC of all blends was found almost 3.2% 

higher than DF overally and 11.2 % higher than DF at lower 

load, while at higher load it was almost 3.8 % lower than 

DF. It is also observed that at lower loads all the blends are 

falling on almost same curve. The reason that the blends are 

showing higher brake thermal efficiency can attributed to 

the higher oxygen content of the blends Rapeseed which 

ultimately improves the combustion efficiency. 

 
Fig. 5: Variation of Mechanical Eff. with engine load 

4) Mechanical Efficiency (%): 

The variations of Mechanical Efficiency with engine load 

for DF, B25, B50 ,B75 and B100 fuels increases with 

increase in load as shown in graph. the highest M.E. was 

obtained with B25 blend of 56.08%  at full load and lowest 

seen was 15.13% at low load condition by diesel fuel and 

also B25 has got higher ME at all loads than other  fuels. 

Overall average ME of blends was found 3.32% higher and 

16.5% higher at low engine load it is than DF. In general 

also diesel fuel has shown lower M.E. than other biodiesel 

blends. It can be also said that loading is good for engine as 



Experimental Study on Diesel engine using Rapeseed Biodiesel 

 (IJSRD/Vol. 6/Issue 01/2018/374) 

 

 All rights reserved by www.ijsrd.com 1366 

it work efficiently under loading also by decreasing different 

types of emissions. 

B. Emission Characteristics: 

1) HC Emission: 

Hydrocarbon emissions are composed of unburned fuels as a 

result of insufficient temperature which occurs near the 

cylinder wall. In lean mixtures, flame speeds may be too 

low for combustion to be completed during the power 

stroke, or combustion may not occur, and these conditions 

cause high hydrocarbon emissions. On an average HC 

emissions are somewhat higher than compared to that of 

diesel by 5.11%, 5.76%, 12.8% & 15.38%   for B25, B50, 

B75 and B100 respectively. The highest HC emission of 81 

ppm was found in B100 blend. B25 blend has shown the 

lowest HC emission after diesel. 

 
Fig. 6: Variation of HC Emission with engine load 

 
Fig. 7: Variation of CO2 Emission with engine load 

 
Fig. 8: Variation of NOx Emission with engine load 

Fig. 9: Variation of O2 Emission with engine load 

2) CO2 Emission: 

The main reason for CO2 emissions is incomplete 

combustion where the oxidation process does not occur 

completely. Since biodiesel contain extra oxygen content 

CO is converted into CO2. The CO2 emissions were 

increased for Rapeseed blends compared to pure diesel. 

From Fig.7 it is clear that CO2 emissions of  B100 and B50 

are very higher compared to B25,B75 and Diesel. Emission 

was lower at lower load but as soon as load increases it got 

increased gradually for all fuel. 

C. NOx Emission: 

Fig.8 shows the variation of NOx emissions of biodiesel 

blends and diesel against different loadings. Generally 

nitrogen does not react with oxygen in the combustion 

chamber. However, high temperatures in the cylinders cause 

the nitrogen to react with oxygen and generate NOx 

emissions. It was noted that the blends of Rapeseed oil are 

emitting less NOx as compared to diesel. It may be 

attributed to lower heat release rate of blends which leads to 

lower combustion temperatures. Lower heat release rate 

may be because of poor mixing of blends and air . On an 

average NOx emissions are reduced compared to those of 

diesel by 4.19%, 7.80%, 12.95% and 8.93% for B25, B50, 

B75 and B100 respectively.B75 blend has shown lowest 

NOx emission ,while diesel has shown highest ones for all 

the loads. 

D. O2 Emission: 

Fig.9 shows the variation of O2 emissions of biodiesel 

blends and diesel against different loadings. It can be seen in 

graph that O2 emission is higher at lower loads which got 

decreased with increase in load for all the fuel. The highest 

O2 emitted by diesel and B75 at all different loading 

conditions than other blends. B25 blend has shown lowest 

O2 emission of 14.12 % at full load. it is because of at higher 

load more O2 is used for combustion. 

VI. CONCLUSION 

On the basis of the state of- the-art of performance, 

combustion and emission characteristics of diesel engines 

fuelled with neat RME and its blends as alternate fuels for 

diesel engines the following conclusions can be derived: 

The Torque and Brake power developed by  RME 

blends were higher at low engine load  than diesel ,but were 

lower or almost identical to DF at medium to high engine 

loads, which  is may be  due to its lower Calorific value or 

lower heating value. 

The BSFC and  BTE were observed  9.02% lower 

and 11.2% higher respectively  than Diesel fuel at low 

engine loading condition which were almost opposite at 

higher engine lods. i.e BSFC was higher & BTE was lower 

at high loads. So here the higher oxygen content have 

worked well for BTE at lower loads, while at  high loads 

due to LCV & LHV more fuel was employed to get same 

power. 

For Mechanical efficiency of engine, RME blends 

have worked better at all loads than diesel fuel may be 

because of higher viscosity, lubricity of biodiesel than 

Diesel.  

HC, CO2 emissions were somehow higher and NOx  

were lower than those of diesel with increasing RME 
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content in blends while Ox  emission were decreased with 

increase in load as more O2 will get utilized in combustion 

process. 

Amongst all the blends and DF  itself,  B25 blend 

has worked appreciably good as it has got higher BTE, 

almost same BSFC as DF and higher ME, lower or identical 

HC ,COx & NOx emission with DF ,showed lowest O2 by 

using it  more in combustion than all other fuels. So it can 

be concluded that RME biodiesel blends with DF around 

25% can be used in diesel engine without any modifications. 
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