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Abstract: Fast depleting nature of fossil energy 

resources and the exponential increase of their 

consumption rate alerts the energy engineers to think 

about preserving it for the generation to come. The 

increased alertness about environmental effects of using 

fossil fuel is another reason for the deepened search for 

workable alternate sources of eco-friendly energy. One of 

the major contributor for the consumption of fossil fuel is 

running internal combustion engines for various purposes 

such as transportation, power generation etc. Hence 

engine researchers were searching for an eco-friendly 

alternative fuel to diesel. Plenty of vegetable oils were 

studied for its suitability to run IC engines all across the 

globe by many researchers. But only a few have reported 

that IC engine could run on biodiesel without any major 

modification. Some have reported that esterified palm oil 

and ester-diesel blends gave promising results in terms of 

engine characteristics both at performance and emission 

levels. Additionally the esterified palm biodiesel has its 

physical and chemical properties more or less similar to 

diesel fuel and easily meets the requirements of emission 

standards. Hence in this research study, efforts are made 

to investigate a diesel engine by fueling it with 100% 

methyl ester palm biodiesel without making any 

modification in the engine. The test results of palm 

biodiesel are compared with that of neat diesel to 

understand where does the methyl ester palm biodiesel 

stands with respect to the engine characteristics produced 

by petroleum diesel. When tested at full load conditions, 

it has been found that the engine fed with 100% palm 

biodiesel performs almost similar to the diesel fuel with 

10 to 12% loss in the brake power and torque. The brake 

specific fuel consumption was increased by 4 to 5% and 

the brake thermal efficiency drops by 3 to 4% at all 

speeds. The emission levels of hydrocarbon, carbon 

monoxide and carbon di-oxide were reduced, however 

the emission levels of nitrogen oxide increased 

drastically. The result of the comparative study and the 

probable cause factors are presented in the form of 

graphs and detailed discussion under each section.  

 

Keywords: Esterification, Palm biodiesel, Compression 
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1. Introduction 

 

An internal combustion engine is a prime mover, which 

translates the heat energy available with the fuel into 

useful shaft work. The conversion of heat energy into 

other forms is the big challenge in combustion research. 

The achievable conversion generally falls in the range of 

30 to 35% and that is the reason why heat energy is 

considered as the poorest form of energy. While energy 

conversion is a concern, depletion of fossil fuel at a faster 

rate is another major concern. The third concern with the 

internal combustion engine is its emission. Hence engine 

researchers are continuously striving to make internal 

combustions better efficient and less polluting. An 

alternative way to get rid of fossil fuel’s pollution with  

comparable performance is to make use of biodiesel for 

engine applications. Usage of biodiesel can also 

indirectly help in preserving the fossil fuel for the use of 

future generation. 

It is a well-known fact that world is depending 

more on fossil fuels and coal energies, which are non-

renewable in nature [1]. These energies are going to 

become more and more expensive as their consumption 

demand increases and availability decreases on an 

unremitting basis. Another problem with the fossil fuel is 

the emission of gases such as CO, CO2, HC, NOx and 

SOx. Air pollution and greenhouse effect is a solemn 

world health issue. By the time the world tries to reduce 

its energy consumption, India which is in full expansion 

still increase its fossil fuel consumption. Hence it is the 

need of the hour to switch to ecofriendly and renewable 

sources as alternative to diesel fuel. 
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Diesel is known for its reliability and efficiency and has 

been promoted by the government for a while. But diesel 

is more polluting than gasoline especially for harmful 

gases emissions like Carbon monoxide, Hydro carbon 

and NOx (nitric oxide). About 40-50% of NOx emission 

in cities is due to transport and more precisely due to 

diesel engines. Whereas biodiesel is a biodegradable and 

non-toxic fuel; free from sulphur [1]. Biodiesel is an eco-

friendly fuel prepared from domestic renewable resources 

and animal fats[2]. Biodiesel meets most of the 

chemical/physical standards of Petroleum diesel and 

certainly the most viable solution to strive diesel 

pollution and to reduce the faster consumption of fossil 

fuels. But the main problem of the biodiesel is its very 

high density compared to diesel. Hence biodiesel needs 

to be transformed in to a better state to feed common 

diesel engine. Usually esterification is done for making 

the biodiesels suitable for IC engine applications. 

Biodiesel can be produced through a process called trans-

esterification of renewable resources [3] [4]. The fatty 

acids present in the vegetable oil are transformed into 

ester and glycerol and are mainly responsible for the 

production of Biodiesel [5]. Biodiesel is 100% renewable 

because, all byproducts can be used: for example, the 

glycerol produced by the process can be used by medical 

industry. Moreover, Biodiesel degrades faster in the 

nature. Another biggest advantage of the biodiesel is that 

it can be used in common diesel engine with little or no 

modifications. Biodiesel also have chemical properties 

which could significantly reduce the exhaust emissions 

[6]. With regard to its application in IC engines, the main 

drawback of biodiesel it that it usually causes losses in 

brake power and increases the NOx 

emissions[3][1][7][4]. 

2. Experimental Setup And Testing Procedure 

 
Figure 1 shows the schematic layout of the laboratory 

setup with eddy current dynamometer. The test engine is 

a 2.8 litre, 50HP, 165Nm, 3 cylinder, four stroke, direct 

injection diesel engine with compression ratio 17:1. It 

aspirates naturally and has air cooling system. The engine 

is tested for major performance characteristics such as 

engine speed, torque, brake power, break specific fuel 

consumption (BSFC), Brake thermal efficiency (BTE) 

along with measuring the air inlet & exhaust 

temperatures, engine lubrication oil temperature, engine 

water inlet & outlet temperatures using an Engine Data 

Acquisition and Control System. The fuel consumption 

of the engine is measured using a fuel consumption meter 

which can give the measurements directly in g/kW-hr and 

the engine exhaust emission measurements are measured 

by using a 5 gas analyzer device. The mass flow rate of 

air inlet is measured using a simple u-tube manometer 

setup. A steady state eddy current dynamometer is used 

to load the engine.  

 

 
Figure 1. Schematic layout of the laboratory setup with eddy current dynamometer. 

 

In order to make precise comparisons, experiments must 

follow strict and identic procedures for every test. Hence 

before making any measurement, the engine was run in 

idle condition for about 20 minutes to warm up the 

engine and then it was subjected to full load conditions at 

various speeds viz. 1500, 1700, 1900, 2100, 2300 and 

2500rpm and the measurements are recorded. The 

procedure is repeated by running the test engine using 

diesel fuel and then by using the methyl ester palm 

biodiesel.  

A sample of palm biodiesel and the petroleum biodiesel 

used in this research are tested for certain important 

characteristics and are presented in Table 1. Comparison 
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of the fuel characteristics revealed that the methyl ester 

palm oil has characteristics very close to diesel. Density 

is slightly higher, kinematic viscosity is higher in palm 

biodiesel [4]. Fire point, calorific value and cetane 

number are less for the biodiesel. 

 

Table 1: Fuel Properties 

 Unit

s 

Palm 

biodiesel 

Dies

el 

Density at 15°C kg/m

3 

860 806 

Kinematic viscosity at 

40°C 

cSt 4.29 2.69 

Fire point °C 70 78 

Calorific value KJ/k

g 

40258 4558

8 

Cetane number - 49 57 

 

3. Results And Discussion 
 

For the measurement of performance characteristics, the 

engine was loaded to its full load conditions at speeds 

ranging from 1500 to 2500rpm with speed interval of 

200rpm. In similar manner the emission characteristics 

such as HC, CO, CO2 and NOX were measured and the 

comparison of experimental results are presented in this 

section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 Brake Power and Torque 
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Figure 2.  Brake Power versus speed at full load condition 
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Figure 3. Torque versus speed at full load condition 

Figure 2 and 3 above represents the variation of brake 

power and torque with respect to speed of the engine. It is 

found that the maximum Torque and the rated Power 

developed by the engine are reduced in the engine 

running with palm biodiesel. The percentage of reduction 

was in the range of 11 to 14%. Since power and torque 

are dependent on each other, on an average a drop of 

12.78% in observed in brake power and torque. The rated 

power at 2500rpm was dropped by nearly 5kW and the 

maximum torque was dropped by 20 Nm at 1500rpm. It 

is also observed that the power and torque developed are 

decreased at all speeds under full load conditions [9]. The 

reason for such drop in the power and torque are due to 

the lower calorific value of the biodiesel fuel and due to 

its higher viscosity and density than the diesel fuel. Since 

the palm biodiesel is highly viscous and denser than 

petroleum diesel, its atomization and hence vaporization 

are difficult and the mixture would require more time to 

become combustible and hence its combustion is not 

better. 

 

3.2 Break specific fuel consumption 

 

Brake specific fuel consumption is the amount of fuel 

consumed in grams per kilowatt hour of power produced 

by the engine. Comparing the BSFC is the right way to 

compare two different internal combustion engines or 

engines running with different fuels than its direct fuel 

consumption rate. From the Fig.4 below, it is observed 

that the BSFC of the engine fueled with esterified palm 

biodiesel increased at all speeds. The findings are in 

linewith the findings of other reaserchers [3][10][7][9]. 

On an average 4.45% increase in BSFC is observed at 

full load testing conditions. The reason for such increase 

in BSFC are due to the following 

• In comparison to the diesel fuel, the lower 

calorific value and lower cetane number of the 

biofuel delays the self-ignition of the air-fuel 

mixture and hence the net time available for 

conversion of energy into mechanical work gets 

reduced leading to poor combustion & 

conversion efficiency and hence affects the 

BSFC  badly. 

• The palm biodiesel is highly viscous and denser 

than petroleum diesel. Hence its atomization and 

mixing characteristics become poor, leading to 

higher consumption and poor combustion of the 

fuel 
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Figure 4. BSFC  versus speed at full load condition

 

3.3 Brake Thermal Efficiency 
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Figure 5. BTE versus speed at full load condition 

Brake thermal efficiency is the ability with which an 

internal combustion engine converts the heat energy into 

useful shaft power. The BTE is inversely proportional to 

BSFC. Fig.5 above represents the variation of BTE at 

different speeds. Experimental results revealed that the 

average Brake thermal efficiency reduces by 3.87% in 

the engine fueled with palm biodiesel. The main reasons 

behind such lower thermal efficiency are due to the lower 

calorific value and lower cetane rating of the biofuel 

besides its higher viscosity and density than the diesel 

fuel as explained above.  

 

 

3.4 Hydro Carbon (HC) emission 
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Figure 6. HC emission versus speed at full load condition 

 

Figure 6 shows the variation of hydrocarbon emission 

with respect to speed at full load condition. Experimental 

results of the study had shown that the hydrocarbon 

emission reduces by 13.38% in the engine fueled with 

palm biofuel. The physical composition of palm biofuel 

oil is one of the main reason for the reduction of 

hydrocarbon emission as it contains less hydrogen and 

carbon molecules than for a similar quantity of diesel 

fuel. 

 

3.4 Carbon Monoxide (CO) emission 
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Figure 7. CO emission versus speed at full load condition 

Figure 7 shows the variation of carbon monoxide 

emission with respect to speed at full load condition. 

Comparison of carbon monoxide emissions indicated a 

decrease of 10.37% in the engine fueled with methyl 

ester palm biodiesel. The reduction in carbon monoxide 

emission may be endorsed with the higher oxygen 

content in the biofuel than the diesel fuel, which readily 

oxidizes the carbon monoxides into dioxides and due to 

better burning of the hydrocarbons present in the biofuel, 

leading to a considerable decrease in the CO emission. 

 

3.5 Carbon di-oxide (CO2) emission 
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Figure 8. CO2 emission versus speed at full load condition 

Figure 8 above shows the variation of carbon di-oxide 

emission with respect to speed at full load condition. It is 

observed that the carbon dioxide emission decreases by 

3.74% in the engine fueled with 100% palm biodiesel. 

The decrease in the carbon di-monoxide emission may be 

due to the fact that there are lesser molecules of 

hydrocarbons available in the biofuel than in the diesel 

fuel. In addition in also indicates the poor combustion of 

the palm biodiesel due to its higher viscosity and density 

properties which delays its initial ignition.  

 

3.6 Nitrogen Oxide (NOx) emission 
 

Figure 9 below shows the variation of carbon di-oxide 

emission with respect to speed at full load condition. NOx 

emission is usually the drawback of any biofuel [7]. In 

the methyl ester palm biofuel, on an average, the NOx 

emissions are increased by 17.71% in comparison to the 

diesel fuel. Generally NOx production vary with different 

parameters such as in-cylinder temperature, exhaust 

temperature and oxygen concentration. Since the palm 

biodiesel is highly viscous, it makes the combustion more 

heterogeneous and the chances of increasing the localized 

chamber temperature are more. Generally nitrogen 

oxidizes readily at higher temperatures. Hence higher 

oxygen content in the biofuel increases in NOx emission. 

The trend is similar to the findings of many other 

researchers [11][9] 
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Figure 9. NOx emission versus speed at full load condition 

4. Conclusion 

 

The performance and emission characteristics of a 

compression ignition engine fueled with petroleum diesel 

and with methyl ester palm biodiesel are studied 

experimentally. In comparison with the diesel fuel, the 

following conclusions can be drawn about methyl ester 

palm biodiesel 

 

1. The performance and the efficiency of the 

compression ignition engine drops in the engine, 

when fueled with methyl ester palm biodiesel 

2. The emissions of hydrocarbon, carbon monoxide 

and carbon di-oxide are found to decreases while 

using the methyl ester palm biodiesel 

3. The NOx emission increases with methyl ester 

palm biodiesel 

 

Though there would be a power loss in the CI engine 

while using it with methyl ester palm biodiesel, 
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Considering the emission aspects, switching from a fossil 

fuel to renewable fuels will contribute greatly to the 

reduction of gaseous emissions particularly HC, CO and 

CO2 and hence prevent environmental pollution[12] [13].  

At the same time, it is worth mentioning that the 

expected performance could be approached by properly 

modifying the CI engine in a way that it could influence 

the chamber temperature, air turbulence and / or the fuel 

injection timing suitable for breaking down of the highly 

viscous and denser fuel molecules, better mixing of fuel 

with air to make it more homogenous during the 

combustion and to ignite the fuel as quick as possible. 

The results of this experimental study is an eye-opener in 

this direction. Definitely days are not far-off to run the CI 

engine with a complete 100% ecofriendly vegetable oil as 

an alternative to diesel fuel.          

Hence it is concluded that palm biodiesel is a promising 

alternative to diesel fuel as it meets most of the physical 

and chemical standards of petroleum diesel. The results 

of this study confirmed that methyl ester palm biodiesel 

could run the diesel engines without any blending and 

without any modifications in the engine [1]. 
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