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Abstract— Biodiesels obtained from vegetable oils and 

animal resources have been considered as a promising 

alternate fuel. Many researches were performed blending 

diesel with single biodiesel. Only very few works were done 

with the combination of two different biodiesel blended with 

diesel. In this experimental study, two Biodiesels from Palm 

oil and Rice Bran oil blended with Diesel at various mixing 

ratio (PME10, RBME10) and (PME20, RBME20). The fuel 

properties of the blends were tested for its acceptance in 

accordance with ASTM standards. The performance tests 

were done with two blends (10% & 20%) at various loads 

with constant engine speed of 1500 rpm and the results were 

compared. The performance characteristics observed for 10% 

blends are similar to that of diesel. The Brake power and 

Brake thermal efficiency are higher for 10% blends compared 

to 20% blends however the Brake specific fuel consumption 

of 10% blends are lower than that of 20% blends. This 

experimental analysis reveal that the combined blend of 

PME10 & RBME10 shows superior performance than the 

blend of PME20 & RBME20. 

Key words: Alternate Fuel, DI Diesel Engine, Palm Oil 

Methyl Ester (PME), Rice Bran Oil Methyl Ester (RBME), 

Performance Analysis 

I. INTRODUCTION 

Biodiesel, an alternative diesel fuel, is made from renewable 

biological sources such as vegetable oils and animal fats. It is 

biodegradable and non-toxic has low emission profiles and so 

is environmentally beneficial. The idea of using vegetable oil 

as fuel for diesel engines is not a new one. Rudolph Diesel 

used peanut oil as fuel in his engine at Paris Exposition of 

1900. With the advent of cheap petroleum, appropriate crude 

oil fractions were refined to serve as fuel and diesel fuels and 

diesel engines evolved together. In the 1930s and 1940s 

vegetable oils were used as diesel fuels from time to time, but 

usually only in emergency situations. Recently, because of 

increases in crude oil prices, limited resources of fossil oil and 

environmental concerns there has been a renewed focus on 

vegetable oils and animal fats to make biodiesel fuels. 

Continued and increasing use of petroleum will intensify 

local air pollution and magnify the global warming problems 

caused by CO2. Bio-fuel is the non-toxic fuel, biodegradable 

and eco-friendly fuel used in diesel engines. Bio-fuel does not 

contain any Sulphur or aromatic compounds and its 

combustion results in lower emission of carbon monoxides, 

hydrocarbons and particulates. As fossil fuel reserves rapidly 

decline, renewable alternative fuels are more and more 

attractive. The various non-renewable and renewable sources 

of energy which support the reduction of demand for fossil 

fuel are: 

 Nuclear Fuel 

 Solar Energy  

 Wind Energy  

 Tidal and Wave Energy  

 Geothermal Power  

 Bio Fuels  

 There are more than 350 oil bearing crops identified, 

among which only jatropha, pongamia, sunflower, safflower, 

soya bean, cottonseed, rapeseed and peanut oils are 

considered as potential alternative fuels for diesel engines. A 

lot of research work pointed out that biodiesel has received a 

significant attention and it is a possible alternative fuel. 

Biodiesel and its blends with diesel were employed as a fuel 

for diesel engine without any modifications in the existing 

engine.  

 Saurabh Sharma, Rohit Singh et al (2014) in this 

experimental work, performance of diesel engine operating 

on preheated Jatropha oil was evaluated and compared with 

diesel operation. The performance parameter considered for 

comparing is brake specific fuel consumption, thermal 

efficiency. 

  Subhan Kumar Mohanty et al (2013) used Rice bran 

oil methyl ester as a fuel for Diesel engine. The results 

showed that biodiesel obtained under the optimum conditions 

has comparable properties to substitute mineral Diesel, hence, 

rice bran oil methyl ester biodiesel could be recommended as 

a mineral Diesel fuel substitute for compression ignition (CI) 

engines in transportation as well as in the agriculture sector. 

 A.M. Liaquat, M.A. Kalam et al (2011) in this 

experiment evaluates the performance and exhaust emissions 

of a diesel engine operated on “Envo Diesel” which consists 

of 5% palm diesel and 95% ordinary diesel fuel (P5) and 5% 

coconut biodiesel and 95% ordinary diesel fuel (C5). The 

results showed that P5 and C5 reduced brake power compared 

to diesel fuel by 1.2% and 0.7% respectively. 

 M. Habibullah, H.H. Masjuki et al (2014) used Palm 

biodiesel (PB) and Coconut oil biodiesel (CB) as a fuel for 

Diesel Engine. PB15CB15 improves brake torque and power 

output while reducing BSFC and NOx emissions when 

compared with CB30. Meanwhile, compared with PB30, 

PB15CB15 reduces CO and HC emissions while improving 

brake thermal efficiency. The author concluded the combined 

blend of palm and coconut oil shows superior performance 

and emission over individual coconut and palm biodiesel 

blends. 

M.J. Abedin, H.H. Masjuki, M.A. Kalam et al 

(2014), used Palm and Jatropha blends and illustrated the 

brake power was decreased on average 2.3% to 10.7% while 

operating on 10% to 20% blends. The palm blends produced 

an average of 5.3% higher brake power than the jatropha 

blends. An average of 5.0%, 19.0%, and 26.4% BSFC 

increments were observed for the addition of 5%, 10%, and 

20% biodiesel (both palm and jatropha), respectively. The 

palm blends provided an average of 14.4% lower BSFC 

compared to jatropha blends. 
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 Bhaskor J. Bora, Ujjwal K. Saha et al (2015), 

illustrated the rice bran oil methyl ester, Pongamia oil methyl 

ester and palm oil methyl ester as pilot fuel for a biogas run 

dual fuel diesel engine. The results of pilot fuel study under 

dual fuel mode indicated that RBME biogas produced a 

maximum efficiency of 19.97% in comparison to 18.4% and 

17.4% for PME-biogas and POME-biogas, respectively at 

100% load.  

 K. Srithar, K. Arun Balasubramanian, V. Pavendar, 

B. Ashok Kumar et al (2014), used Pongomia pinata oil 

biodiesel and mustard oil biodiesel as a fuel for Diesel engine. 

The author concluded the thermal efficiency and mechanical 

efficiency of mixing Blend A (PPME5%, MOME5%, D90%) 

were slightly higher than the diesel. Blend B (PPME10%, 

MOME10%, D80%) and Blend C (PPME20%, MOME20%, 

D60%) were very closer to the diesel values.  

 From the review of literatures, many works in the 

utilization of biodiesel as well as its blends in engines have 

been done. However, most of the literatures focused on single 

biodiesel and its blends. Very few experiments have been 

conducted with the combination of dual biodiesel and diesel 

as a fuel. So, the Palm oil and Rice Bran oil were selected for 

this current study which is easily and locally available. As a 

first level of experimentation, the properties of fuels in 

various combinations were found out in this work.  In the 

second level performance analysis of a diesel engine with 

dual biodiesel and its blends and the results were compared 

with diesel. 

 The present study aims to investigate the mixing of 

Palm oil biodiesel and Rice Bran oil biodiesel as an alternate 

fuel for single cylinder four stroke Diesel engine. 

II. MATERIALS AND METHODS 

A. Biodiesel Production 

The two biodiesels (Palm oil and Rice Bran oil) were 

produced by using the alkali catalyzed transesterification 

process with methanol and potassium hydroxide. The alcohol 

reacted with the triglycerides to form the mono-alkyl ester or 

biodiesel and glycerol. The simple equation of this process is 

shown below. 

Triglyceride + Alcohol = Esters + Glycerol 

B. Preparation of Blends 

The dual biodiesel blends were prepared in different 

proportions and the blends were prepared by volume basis. 
The biodiesel blended with diesel by volume as B10 (10% 

PME, 10% RBME, 80% Diesel) is prepared. As first 80% 

(800ml) of diesel fuel was taken in reactor vessel then 10 % 

(100ml PME, 100ml RBME) biodiesel was introduced in the 

same vessel. The mixture is then stirred (550rpm) at 40oc for 

15min. The same procedure for B20 blend.  

B0 - Diesel 100% 

B10- Diesel 80% + PME 10% + RBME 10% 

B20- Diesel 60% + PME 20% + RBME 20% 

C. Experimental Setup  

The experiments were conducted on a single cylinder four 

stroke diesel engine with electrical loading and the 

performance characteristics were compared with diesel fuel. 

Tests were conducted at a constant speed and at varying loads 

for all dual biodiesel blends. Engine speed was maintained at 

1500 rpm (rated speed) during all experiments. The 

experimental set up is shown in Fig.1 and the detailed engine 

specifications are also given in Table.1. 

Fig. 1: Test Engine Setup. 

 
Table 1: Test Engine Specification 

D. Fuel Properties 

The various properties like kinematic viscosity, Density, 

calorific value, flash point temperature and fire point 

temperature of diesel fuel, biodiesels and two biodiesel mixed 

blends were determined by using ASTM methods. 

 
Table 2: Properties of Fuels 

III. RESULT AND DISCUSSION 

A. Brake Thermal Efficiency 

The variations of brake thermal efficiency with respect to 

applied load are discussed for diesel, bio diesel-diesel blends 

in the following sections. The average brake thermal 

efficiency of B0, B10 & B20 were 28.06%, 27.66% & 

26.61%. 
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Fig. 2: Load Vs Brake Thermal Efficiency 

Fig.2 shows the variation of brake thermal 

efficiency with applied load for B10, B20 blends in 

comparison with diesel. The brake thermal efficiency 

indicates the ability of the combustion system to accept the 

experimental fuel and provides comparable means of 

assessing how efficiently the energy in the fuel was converted 

into mechanical output. For all the blends, the brake thermal 

efficiency increases with increase in applied load. It is 

noteworthy to reiterate that the thermal efficiency of the 

engine relies on fuel consumption and calorific value of the 

fuel. The average Brake Thermal Efficiency B10 blend was 

found to be 4.64% higher than B20 blend and 1.88% lower 

than Diesel and so the percentage of diesel consumption (i.e., 

volume) can be reduced by 10% and 20% for B10 and B20 

respectively. 

B. Brake Specific Fuel Consumption 

The Brake Specific Fuel Consumption (BSFC) values for 

every applied load were plotted for diesel, diesel-biodiesel 

blends. The average Brake Specific Fuel consumption of B0, 

B10 & B20 were 0.3137 kg/kW.hr, 0.3321 kg/kW.hr & 

0.3590 kg/kW.hr. Fig.3 shows that, BSFC decreases with 

increase in load. BSFC of biodiesel blend B10 is similar to 

that of diesel when compared to B20. BSFC increases at 

higher concentration of biodiesel above 20%.   

 
Fig. 3: Load Vs Brake Specific fuel consumption 

The average Brake Specific Fuel Consumption of 

B10 blend was found to be 8.59% lower than B20 blend and 

was slightly similar to that of Diesel. 

IV. CONCLUSION 

In this experimental study, two Biodiesels from Palm oil and 

Rice Bran oil blended with Diesel at various mixing ratio 

(PME10, RBME10 and PME20, RBME20). The fuel 

properties of the blends were tested for its acceptance in 

accordance with ASTM standards. The performance tests 

were done with two blends (10% & 20%) at various loads 

with constant engine speed of 1500 rpm and the results were 

compared. The performance characteristics observed for 10% 

blends are similar to that of diesel. The Brake power and 

Brake thermal efficiency are higher for 10% blends compared 

to 20% blends however the Brake specific fuel consumption 

of 10% blends are lower than that of 20% blends. This 

experimental analysis reveal that the combined blend of 

PME10 & RBME10 shows superior performance than the 

blend of PME20 & RBME20. 

 Brake Specific Fuel Consumption (BSFC) of B10 

blend was found to be 8.59% lower than B20 blend 

and was slightly similar to that of Diesel. 

 Brake thermal efficiency of B10 blend was found to 

be 4.64% higher than B20 blend and 1.88% lower 

than Diesel. 

 Biodiesel up to 20% blend with diesel shows nearly 

equal performance characteristic compared with 

diesel. So B10 blend could considered commercial 

application. 
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