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Abstract: As the diesel oil price keep changing and its reserves keep decreasing, the uses of diesel oil 
for transportation and or industries should be minimized and replaced as much as possible by an 
alternative biofuel. One of the alternative biofuel is the crude palm oil bio-diesel, which is produced by 
mixing crude palm oil with methanol and potassium hydrxide in a certain concentration, so that it 
would has a close physical characteristics as diesel oil .In accordance to the test for the use of this bio-
diesel on the diesel engine, it can be seen very clear that on the top speed of 2050 rpm on the diesel 
engine, in average, the use of this bio-diesel has a lower fuel consumption compare to the diesel oil, 
while the bio-diesel has a higher specific fuel consumption than the bio-diesel. In contrast, the use of 
this bio-diesel has yet been given an improve in torque, effective power, and thermal efficiency as 
diesel oil. 
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Introduction  
 
As the fuel price keeps changing and the reserves keep decreasing, it required some attemption to find 
other alternative fuel that cheaper and renewable. Some research has been conducted to find the 
alternative fuel for the diesel oil. It found that the palm oil has 30-60% oil quality for each fruit and the 
crude palm oil can be prepared to produce an alternative biofuel for diesel oil namely biodiesel [1]. 
The crude palm oil which is produced from palm oil has contain the most vegetable oil within 50% 
saturated fat acid within the composition of 1.4% miristic acid, 30.1% palmitic acid, 5.5% stearic acid 
then 50% unsaturated fat acid in the composition of 52.7% oleic acid and 10.3% linoleic acid. While 
for the castor oil contains 30% saturated fat acid including 12-17% palmitic acid, 5-6% stearic acid 
and 70% unsaturated fat acid which is included 37-63% oleic acid, 19-40% linoleic acid [2]. So that 
the unsaturated fat acid contains of costar oil is larger than the palm oil, this would require more 
catalyst to neutralize the unsaturated fat acid in its prepared to be the bio-diesel [1].  
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On the other hand, for the test result on the physical characteristic of crude palm oil bio-diesel, it has 
indicated that the crude palm oil bio-diesel has a density of 0.8671 kg/ltr (at 15.5 0C) which is 3.24%  
higher than the diesel oil, while its heat value is 16% lower than the diesel oil ie 867.464 BTU/lb. The 
flash point of this crude palm oil bio-diesel is 66.4 0C compare to the diesel oil of 63.2 0C, this 
indicated that the crude palm oil has a close flash point as the diesel oil. Other physical characteristic 
of this crude palm oil bio-diesel are including the specific gravity (at 60 0F) is 0.86959, then 
kinematics viscosity at 100 0F is 5.946 cS, and at 70 0C is 3.468 cS, while its viscosity index is 
144.74.  
 
Regarding those composition and physical characteristics above, it is important to investigate the use 
of the crude palm oil biodiesel as an alternative bio-fuel for the diesel oil by examining the diesel 
engine performances using the crude palm oil. 
 
Methodology  
 
Experimental apparatus 
A 47 BHP Diesel Engine DWE-47-50-HS-Av , has been used to carry out this experiment , This diesel 
engine is a 4 cycles diesel engine , with 4 cylinders, 83 mm cylinder diameter, 100 mm stroke length, 
and has a 22 : 1 compression ratio. Others auxiliaries equipment including a dynamometer which is 
used to measure the acting force on the shaft, then tachometer to measure the revolutions on the output 
shaft, and a stopwatch to measure time required for fuel consumption. 
 
Experimental procedures 
At the first time, the diesel engine would be checked its conditions including its lubricating oil, 
battery, fuel system and any others test equipment to make sure that all of them in a good conditions. 
Then the engine would be started for warming up for 15 minutes, which is then continuing for the first 
test using the diesel oil at 650 rpm, after a certain time a breaking is applied on the dynamometer and 
the load would be measured, this load data would be taken for 5 times for each test also the time 
required for consuming every 100 ml of fuel would be measured. The test then will be continuing for 
the 1000 rpm, 1350 rpm, 1700 rpm, 2050 rpm respectively. When the test using the diesel oil has been 
completed, the test then would be carried on for the use of the crude palm oil bio-diesel on the diesel 
engine, within as same test conditions and data collections as the test using the diesel oil. 
 
Experimental data 
From the test on the diesel engine using the diesel oil and the crude palm oil bio-diesel, it has been 
collected some data for load applied, time required for fuel consuming, as Table 1. 
 
Table 1 Experiment data collections 

 
 
Experimental Data Analysis 
Data analysis has been done for each engine revolution in Table 1, and it found the torque, effective 
power, fuel consumption, thermal efficiency, that can be resulted in the use of the diesel oil and the 
crude palm oil bio-diesel, it can be seen in Table 2, in which all of those results is determined based on 
the experimental data in Table 1 in average  
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Table 2 Data analysis results 

 
 
 

Results and Discussion  
 
According to the examination result, it can be shawn that the use of the crude palm oil bio-diesel on 
the diesel engine has given a lower torque than the diesel oil, this was caused by the lower heat value 
of the bio-diesel than the diesel oil, which has produced a lower work to reach a higher torque on the 
cylinder and crank shaft. The higher the engine revolution, the higher torque can be result for the 
diesel oil and the bio-diesel, when the revolution keep increasing the torque resulted tend to decreases, 
as the diesel engine has a maximum torque can be resulted in 3200 rpm. At the lowest engine 
revolution i.e. 650 rpm, the bio-diesel has given a close torque as the diesel engine, by then at the 
highest engine revolution i.e. 2050 rpm, the torque resulted for the bio-diesel has dropped sharply than 
the diesel oil can be resulted, in which the bio-diesel has only reach 3.157 kg.m while the diesel oil can 
reach 8.764 kg.m. This was caused by the density of the bio-diesel is higher than the diesel oil, so then 
the bio-diesel was faster injected to the combustion chamber than the diesel oil, consequently there 
will be imperfect combustion, and un-burn bio-diesel in the diesel engine, this will decrease the torque 
that can be produced.  
 
As the lower torque of the bio-diesel can be produced, it would result on the lower of its effective 
power. For example, on the highest engine revolution of 2050 rpm, the effective power can be resulted 
by the bio-diesel was only 9.034 HP in average compare to 25.074 HP for the diesel oil. This 
decreasing was predicted due to the bio-diesel was burned imperfectly as it has a rapid injection to the 
combustion chamber.  
 
On the other hand, in general, from the lowest engine revolution to the highest engine revolution 
ie.2050 rpm, the bio-diesel has a lower fuel consumption than the diesel oil. This indicated that the use 
of bio-diesel in diesel engine would give more fuel saving than diesel oil. The lower fuel consumption 
of bio-diesel was caused by the higher its flash point and viscosity than the diesel oil. The higher the 
flash point of bio-diesel, the better atomization process will be performed on bio-diesel and this will 
minimize the droplet size of bio-diesel and decrease its pre-combustion time, so that the bio-diesel will 
burn at the time the cylinder pass its Top Dead Center. In the other word, etherification process on 
crude palm oil bio-diesel has increasing the reaction between bio-diesel and oxygen, so that the 
combustion process on bio-diesel would be more difficult, consequently the fuel consumption rate of 
bio-diesel would be lower. For the effective thermal efficiency of the bio-diesel, that is lower than the 
diesel oil, this was caused by the lower heat value of the bio-diesel i.e. 867.464 BTU/lb compare to 
1033.25 BTU/lb for the diesel oil.  
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Conclusion  
 
According to the result, hence inferential as follows: 
1.  The crude palm oil bio-diesel as an alternative bio-fuel for the diesel oil, has been given the 

lower performances on the diesel engine including torque, effective power and effective thermal 
efficiency in which is mainly caused by the lower heat value of the bio-diesel compare to the 
diesel oil. 

2.  It can be proved that the bio-diesel has a lower fuel consumption compare to the diesel oil, as it 
has a higher flash point and viscosity than the diesel oil. 

3.  It can be predicted that the crude palm oil bio-diesel would give a better performance when it 
used for a low speed diesel engine, as it has as high torque, high effective power as the diesel oil 
and a lower fuel consumption at the lowest engine revolution. 

4.  In general, it can be concluded that the use of the crude palm oil bio-diesel as an alternative fuel 
has a close results to the use of diesel oil, even more the use of this bio-diesel is still require 
some attempts to improve the heat value of the crude palm oil bio-diesel, so that in the future it 
can be expected to be a better fuel substitute for the diesel oil. 
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