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M.Eng, Ph.D 
    Dr-Ing. Wolfgang Busse 
 
ABSTRACT 

The result from this research is the highest power from 
simulation is 9% higher than the experiment. The highest torque 
from the experiment is 37% lower than the simulation’s torque. 
Lowest SFOC from experiment is  28% lower than the simulation’s 
SFOC. Highest BMEP from simulation is 20% higher than the 
highest BMEP from experiment The  highest thernal efficiency 
from experiment is 6% higher than the highest thermal efficiency 
from simulation. The engine performance result using soybean oil 
biodiesel is not better than the Pertamina Dex. For that reason, the 
use of this biodiesel is not suggested to substitute Pertamina Dex. 
 
Keyword : Biodiesel, Power, Torque, SFOC, BMEP, Thermal 
Efficiency. 

The most common fuel uses in the world is made from 
fossil which is non-renewable energy source. There should be an 
alternative fuel to replace fossil fuel by using biodiesel and one of 
the  stock comes  from soybean .  There should  be a  research 
conducted  about  engine performance by using the mixture of 
soybean oil biodiesel before using this biodiesel. The research can 
be conducted by experiment and simulation. This biodiesel 
properties are : Flash Point value is 182 o C , Pour Point value is -
7 o C, Density at 15 o C is 890 Kg/m3, Kinematic Viscosity at 40 o 
C is 5.58 (cSt), and Lower Heating Value is 42.27686 MJ/kg. 



  

viii 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

“This page intentionally left blank” 
 

  



 
 

ix 
 

STUDI EKSPERIMEN DAN SIMULASI PADA UJI 
PERFORMANSI MESIN DIESEL SATU SILINDER, 
MENGGUNAKAN BIODIESEL MINYAK KEDELAI 

 
Nama  : Muhammad Rizqi Ariefianto 
NRP : 4212 101 010 
Jurusan : Teknik Sistem Perkapalan 
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ABSTRAK 

Bahan bakar yang umum digunakan berasal dari fosil yang 
merupakan sumber energi tidak terbarukan sehingga perlu  
ditemukan bahan bakar dari energi terbarukan, salah satunya 
biodiesel kacang kedelai. Harus dilakukan sebuah uji performansi 
sebelum menggunakan bahan bakar ini baik secara eksperimen dan 
simulasi. Properties dari biodiesel minyak kedelai antara lain: nilai 
Flash Point 182 o C , nilai  Pour Point -7 o C, nilai Densitas pada 
15 o C adalah 890 Kg/m3, Viskositas Kinematis pada 40 o C adalah 
5.58 (cSt), dan nilai Lower Heating Value adalah 42.27686 MJ/kg. 

Hasil dari penelitian ini menunjukkan daya simulasi 9% 
lebih besar dari daya eksperimen. Nilai torsi tertinggi dari 
eksperimen 37% lebih besar dari torsi tertinggi simulasi. SFOC 
paling rendah dari eksperimen lebih rendah 28% dari SFOC paling 
rendah simulasi. BMEP tertinggi dari simulasi lebih besar 20% dari 
BMEP tertinggi eksperimen. Efisiensi termis tertinggi dari 
eksperimen lebih besar 6% dari efisiensi termis teringgi simulasi. 
Hasil uji performansi menggunakan biodiesel minyak kedelai 
menunjukkan biodiesel ini tidak lebih bagus dari Pertamina Dex. 
sehingga penggunaan biodiesel minyak kedelai untuk mengganti 
Pertamina Dex tidak dianjurkan. 

 
Kata Kunci : Biodiesel, Daya, Torsi, SFOC, BMEP, Efisiensi 
Termis. 
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CHAPTER I  
INTRODUCTION 

 
 
1.1 Background 

Fuel considered as the most essential item to provide the 
energy in this era. Nowadays, the most common fuel uses in the 
world is made from fossil. It is because fossil fuel has high contents 
of carbon which is needed for combustion process. Fossil fuel is 
categorized as a non-renewable energy source. It means that this 
energy source stock is limited and have finite amounts. This fossil 
took million years to transform to oil and it will be run out in the 
matter of time. In this time, the using of fossil fuels is become a 
discussion among the scientist, engineer and ordinary people. It is 
because the amounts of fossil fuels in the critical point that’s why 
there are some increasing price of fuel oil in some areas. For that 
reason, there should be an innovation of new source of energy 
which is renewable and have infinite amounts. One of the 
alternative fuel comes from biodiesel.  

Biodiesel is one of alternative energy which is renewable. It 
means biodiesel comes from the resources which is can be 
regenerated in a short of time. Biodiesel comes from many 
resources such as vegetable oil, animal oil, etc. Vegetable oil is an 
oil which is made from plants such as palm oil, soybean bean oil, 
rapeseed oil, etc. Biodiesel from vegetable oil is considered as eco 
friendly fuel. This biodiesels does not contain any of heavy metal 
contents such as sulphur, and it produce more harmless emmission.  

Indonesia is a country with the high consumer of soybean bean. 
It is determined by Indonesia must imports the soybean bean from 
any other countries. Beside that, Indonesian farmers try to produce 
more soybean beans to fulfill the needs of soybean bean in 
Indonesia. In 2014, Indonesia was succeed to produce 954.000 tons 
of soybean bean. The growth rate of the soybean bean is 1,93 % 
per year which is make soybean bean as the crops product with the 
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highest growth rate in Indonesia. Soybean bean is one of vegetable 
oil source which can be treated becoming biodiesel.  

Before using the biodiesel made from soybean bean oil, there 
should be a research to find out the effect of biodiesel from soybean 
bean oil regarding the performance of the engine.  This research 
shall be taken to determine the potency of soybean bean oil 
biodiesel for the future and is it be able to substitute the fossil fuel 
oil into this biodiesel in the future. Beside that, the research should 
be done very carefully for the precision result and for the continous 
research in the future. The research of engine performance analysis 
using soybean oil biodiesel can be done experimentally with the 
results of the data in the field and simulation by modeling 
experiments using the simulation in order to cut the experiment’s 
cost. 
 
1.2 Problem Statement 

Substituting fossil fuels into biodiesel has already done since 
1890’s by the inventor of diesel engine, Rudolph Diesel and the 
government of French to power the diesel engine for agriculture in 
remote areas which is lack of fossil areas in that circumstances. In 
1930s, a research in Belgium found the modern biodiesel fuel by 
converting vegetable oils into compounds called fatty acid methyl 
esters. Biodiesel industry started to be established in late 1980s. 
However, the most common fuels use in the world today is coming 
from fossil. To determine whether biodiesel fuels be able to 
substitute fossil fuels, there should be a study about the effect of 
using biodiesel fuels to the engine performance. This research 
might be done in two methods, experiment and simulation. To get 
the data from the field, the research can be done by conducting 
experiment. For some reason, experiment required much cost to be 
done. To cut the cost from experiment the research can be done 
using simulation. But the simulation need to be validated to the real 
engine performance. For that reason, there should be comparison 
between both methods. 
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Based on the description above, presented several problems, 
which are: 

1. How to produce soybean oil biodiesel ? 
2. What is the effect of soybean oil biodiesel to the engine 

performance’s result including Power, SFOC, Torque, 
BMEP, and Thermal Efficiency ? 

3. How is the comparison of engine performance between  
experiment and simulation? 

1.3 Scope of Problem 
To answer all the question of the problem, there should be the 

scope of the problems. Scope of Problems are : 
1. Production of biodiesel using transesterification method. 
2. Not assesses the economic analysis. 
3. The engine will be used is Yanmar TF 85 MH DI coupled 

to Dohai Generator. 
 
1.4 Objective 

1. To know the process of making biodiesel from soybean oil. 
2. To know the effect of soybean oil biodiesel to the engine 

performance”s result. 
3. To compare the performance of the diesel engine by 

experiment and simulation. 
 
1.5 Benefit 

1. As a research of alternative energy for the future. 
2. The result of this study can be used as a reference for 

future research. 
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CHAPTER II  
LITERATURE STUDY 

 
2.1 State of The Art 

 
On of the studies in 2014 by Kumbar and Dange has 

explained that biodiesel is defined as a fuel comprised of mono-
alkyl esters of long chain fatty acids derived from vegetable oils or 
animal fats. This kind of fuel can be used as fuel in diesel engine. 
This fuel is considered as the future fuel. Biodiesel doen’t contain 
petroleum but biodiesel can be mixed to diesel fuel to biodiesel to 
make biodiesel mixture which is known as biofuel. The mixture 
blend of biodiesel usually called in different name such as B20 
(20% biodiesel and 80% petroleum), B50 (50% biodiesel and 50% 
petroleum). For B100, only diesel engines that can use this kind of 
fuel. Biodiesel considered as biodegradable and non-toxic fuel so 
this kind of fuel is more harmless to the environment. (Kumbar, 
Dange.2014) 

In 2014, Sampatrao and friends. Explained that biodiesel 
and diesel fuel has similar characteristics.There is no need 
modification to existing fuel storage, delivery and engine systems. 
Biodiesel is less flammable than petroleum diesel. This biodiesel 
also have some benefit for the use in the engine such as less 
particulate in Emissions, and increase lubricity so the engine life 
will be better. (Sampatrao and friends.2014) 

Ethanol can be produced by soybeans. It is can be used to 
biodiesel production. Soybean hulls contain significant amount of 
carbohyd rate for ethanol production. Soybean hulls also contain 
high protein. (Mielenz etal.2009). In 2012, Kargbo explained that 
soybean biodiesel have separate processes in oil extraction and 
biodiesel conversion. The oil extraction can be done by using 
mechanical presses, solvent extraction, supercritical fluid 
extraction and microwave-and ultrasound-assisted solvent 
extractions. Transesterification method can be used to convert 
extracted oil to biodiesel. Transesterification is a chemical reaction 
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process during which the oil is combined with alcohol, usually 
ethanol or methanol, in the presence of a catalyst to form fatty 
esters and glycerol. (Kargbo, 2010).  
 From all the explanation above, it provides the information 
that biodiesel has been the subject of research in last few years. 
Application of biodiesel to reduce the use of conventional fuel has 
been developed from year by year. The need of renewable energy 
fuel is one of the main reason why peopel need to start using 
biodiesel. The properties test of biodiesel and also the effect of 
biodiesel to the engine are being researched in last few decades. In 
indonesi itself, the government start applying 15% biodiesel as the 
mixture for solar. It is called biosolar. The national standard of 
biodiesel properties has been determined in Indonesia. This 
requirement standard is used to maintain the quality of biodiesel. 
The national standard of biodiesel can be seen in table below. 

Table 2. 1 National Biodiesel Standard 
No. Parameter and Unit Value Limit 
1 Density at 15o C, Kg/m3 850-890 
2 Kynematic Viscosity at 40oC , (cSt) 2,3-6,0 
3 Cetane Number Min. 51 
4 Flash Point at 0o Min. 100 
5 Cloud Point Max. 18 
6 Pour Point Max. 18 
7 Copper Strip Corrosion 

(3hours,500o C) 
Max. 3 

8 Carbon Residue,%-weight Max. 0,05 
9 Water and Sediment,%-volume Max. 0,05 
10 Distillation Temperature 90%,0o C Max. 360 
11 Sulfated Ash Content, %-weight Max. 0,02 
12 Sulphur, ppm-b (mg/kg) Max. 100 
13 Phospor,ppm-b (mg/kg) Max. 10 
14 Acid number, mg-KOH/gr Max. 0,8 
15 Free Glycerol, %-weight Max. 0,02 
16 Total Glycerol , %-weight Max. 0,24 
17 Ester Alkyl Content, %-weight Min. 96,5 
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One of method to produce biodiesel is by using 
transesterification process. The transesterification process will be 
adopted for the preparation of ethyl ester or methyl ester of 
vegetable oil. In the preparation of ethyl ester (biodiesel), five 
distinct stages will be involved.  

- Heating of oil.  
- Preparation of metoxide mixture.  
- Adding of metoxide to oil and stirring the mixture.  
- Settling of separation of glycerol.  
- Washing of methyl ester with water. 

  
Transesterification of vegetable oil can be done by using 

ethanol or methanol. Transesterification reaction is a stage of 
converting oil or fat into methyl ester or ethyl esters of fatty acids 
which constitutes to biodiesel.  Raja, Basavaraj, and Khanderao 
studies in 2014 explained that strong catalyst is required to 
complete the separation the vegetable oil into esters and glycerin. 
Usually the alkaline used potassium hydroxide (KOH) and sodium 
hydroxide (NaOH) that will be mixed with methanol (CH3OH) to 
produce the mixture called metoxide. The metoxide will be used 
fot the biodiesel production. Vegetable oil and metoxide will bi 
mxed and heated to the boiling temperature of the alcohol (50o C-
60o C) for 60 minutes. The mixture will be separated into two 
layers, upper layer of biodiesel (methyl ester).and lower layer of 
Glycerin .The fatty ester produced in the upper layer is neutralized 
and vacuum distilled for the removal of excess methanol. The 
methyl ester produced from the reaction is then washed with hot 
water andseparated out by centrifugation. (Raja, Basavaraj, and 
Khanderao.2014) 

The four stroke cycle is so called because it takes four 
strokes of the piston to complete the processes needed to convert 
the energy in the fuel into work. Because the engine is 
reciprocating, this means that the piston must move up and down 
the cylinder twice, and therefore the crankshaft must revolve twice. 
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The four strokes of the piston are known as the induction stroke, 
the compression stroke, the power stroke, and the exhaust stroke. 

Engine performance is defined as the maximum power or 
torque available at each speed within the useful engine operating 
range. The range of speed and power over which engine operation 
is satisfactory. The following performance definitions are 
commonly used Maximum rated power , normal rated power , and 
rated speed. (Heywood, 1988). In this research the parameter that 
will be measured are Brake Thermal Efficiency, Brake Spesific 
Fuel Consumption, and Brake Power. 

In 2011, Richat and Desler studies explained that the use 
of one-dimensional computation fluid dynamic (1D CFD) engine 
simulation . The simulation allowed for characterizing engine 
operation without the need for high-end processing and time-
intensive computations. The simulation method can reduce the 
time for engine design through experiment method. (Richtar , 
Desler.2011) 
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CHAPTER III 
RESEARCH METHODOLOGY 

Start 
 
 

Hypothesis 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Design 
Experiment 

Mathematical 
Modelling 

Engine 
Setup 

A 

Properties Test 

Variable Input 

B 

Biodiesel 
Production
  Data Collecting 

 
 This research conduct by doing the experiment and 
simulation. This experiment start from producing biodiesel from 
soybean oil using transesterification process and test the properties 
of soybean oil biodiesel. This experiment also conduct by doing 
engine performance test using the mixture of biodiesel and 
conventional fuel. The test will be using three variables which are
 rpm  (five  variables),  fuel  (three  variables)  and  load  (  five 
variables)  so  the  total  of  data  collecting will  be 75 points.  This 
experiment  will  be  conducted  in  Marine  Power  Plant 
Laboratory.  For  the  simulation  it  starts  by  measure  the  engine 
components for variable input. It will shows the engine 
performance of the engine from variable input based on the engine 
components data. Explanation above will be shown in the diagram 
below. 
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1. Hypothesis 

a. Biodiesl from soybean oil will fulfill the requirement of 
national biodiesel standard. Soybean oil biodiesel can be 
the fuel mixture for renewable energy in the future. 

b. Using the mixture of biodiesel from soybean oil will 
increase the engine performance. More content of soybean 
oil biodiesel in the fuel mixture will make the engine 
performance better. 

c. Result comparison between simulation and experiment 
will be precised. In the future, the experiment can be 
conducted by just using simulation. Because of this, the 
experiment cost will be cut. 

 
 

A B 

Pre-Experiment 

Analysis 

Result Comparison 

Discussion and Conclusion 

Finish 

Engine Performance 
Test 

Analysis 

Figure 3. 1 Flowchart Of Research Methods 
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2. Design Experiment 
Design experiment is the planning, conducting, and 

analyzing of experiment. Design experiment will provide the 
best result of experiment. With good plan of the experiment 
will support to achieve the objective and the experiment will 
be well executed. This process also will provide good 
information to be analyzed . 

  
3. Biodiesel Production 

In this step biodiesel will be produced using kitchen 
equipment. Production of biodiesel using transesterification 
process based on the reference. In this process also conduct 
equipment and material preparation for producing biodiesel. 

 
4. Biodiesel Properties Test 

This test is conducted to know the succes level of the 
production process. This test also will show the information 
whether this type of biodiesel meet the requirement of national 
biodiesel standard or not. The biodiesel properties that will be 
tested are : viscosity, density, flash point, pour point, and lower 
heating value. 

 
5. Engine Setup 

Engine setup is a process of arranging the system 
configuration for the experiment. The engine setup will be 
shown in figure below. 

 
Figure 3. 2 Engine Setup 
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Equipment List : 
- YANMAR TF 85 MH-di 493 cc. Four stroke, single 

cylinder. 

 
Figure 3. 3 YANMAR TF 85 MH-di 

- Electric Dynamometer 

 
Figure 3. 4 Electric Dynamometer 

 
- Control Panel 

 
Figure 3. 5 Control Panel and Load 
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- Fuel 
- Stopwatch 

 
Figure 3. 6 Fuel and Stopwatch 

- Tachometer 

 
Figure 3. 7 Tachometer 

- Amperemeter 

 
Figure 3. 8 Clamp Meter 
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- Multimeter 

 
Figure 3. 9 Multimeter 

 
Experiment will be conducted using three variables . Three 

variables that will be used is load using electric dynamometer. 
- RPM   : 1800,1900,2000,2100,and 2200 
- Fuel  : Pertamina Dex, B10 (10% biodiesel  

  and 90% Pertamina Dex), and B20 (20%  
  biodiesel and 80% Pertamina Dex) 

- Load (W) : 1000, 2000, 3000, 4000 and 5000. 
From the explanation above there will be 75 times of data 

collecting. 
 

6. Pre-Experiment. 
Pre Experiment is a stage for preparing the data collecting 

for engine performance. The preparation for the engine are : 
- Fuel 
- Lubrication Oil 
- Cooling Water 
- Load  
- Check Engine Installation and Engine Bed. 
- If all the installation are installed correctly, start the engine 

for preheating. 
- Watch measuring cylinder to observe the fuel 

consumption. 
- Measure the Voltage and Current. 
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7. Engine Performance Test. 
Engine Performance test will be conducted in the 

laboratory of Marine Power Plant using biodiesel engine. 
Experiments done by running to the engine and measure the 
parameters that have been determined. Data collection is done 
by measuring and record all parameters which have been 
determined in this research. 

 
8. Analysis. 

Analysis start by processing the data from engine 
performance test. The data will be processed and will be shown 
in trendline. 

 
9. Variable Input. 

Variable input is the procedure in this research is taken by 
opening the diesel engine and measure the components for the 
model. 

 
10. Mathematical Modelling. 

At this point the modelling will be designed. Variable input 
will be stored to simulate the model of the engine. The engine 
spesification is one of the requirement to input the variable. 
The engine spesification of YANMAR TF 85 MH-di are : 

  
Table 3. 1  Engine Spesification 

 TF 85 MH-di 
Engine Type 4-stroke Diesel Engine 
Bore 85 mm 
Stroke 87 mm  
Displacement,cc 493 cc 
Compression Ratio 1: 18 
No. Of Cylinder 1 
Power 5.2 kW/2200 rpm 
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11. Analysis 
Analysis start by processing the data from Mathematical 

Modelling. The data will be processed and will be shown in 
trendline. 

 
12. Result Comparison 

Analysis conducted on the data obtained from the results 
of experiments and simulations. The analysis will be used as 
the comparison charts that will be discussed in this study. 

 
13. Discussion and Conclusion 

Make conclusions based on the results obtained and 
suggestions for further research development. 
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CHAPTER IV  
RESULT AND DISCUSSION 

 
 
4.1 Biodiesel Production 
 To answer the first problem in chapter 1, there should be 
an experiment for producing biodiesel. In this experiment, 
biodiesel is produced from soybean oil. The production of this 
biodiesel is using transesterification method using metoxide which 
ithe mixture is made by mixing the methanol and KOH. This 
process also conducted using kitchen tools. Soybean oil is one of 
commercial vegetable oil for kitchen purpose. There are several 
items that will be used for this production. The material that will 
be used in this process are : 

 Soybean Oil 
 Methanol 
 KOH 
 Aquades 

  
Some equipments that will be used in this process are : 

 Bottle 
 Measuring cup 
 Stove 
 Blender 
 Scale 
 Thermometer 

 
Before producing this biodiesel done, there are some following 

steps that need to be followed. The step for producing biodiesel are: 
 
4.1.1 Mixing the Metoxide 
 Measure 200 ml of methanol and 5 gr of KOH. Pour 
methanol into glass bottle (don’t use plastic bottle (PET) because 
this mixture can react to plastic). Put 5 gr of KOH inside the glass 
bottle within methanol inside the bottle. Close the cap of the bottle 
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tightly. Methanol and KOH can absorb the water from the 
atmosphere. Make sure do this process fast and the cap already 
tighten. 
 Swirl round the bottle to mix this mixture. In this process 
will increase the temperature of this mixture so the mixture will get 
hot. Swirl it until all KOH content dissolve in methanol. This 
mixture is called metoxide. As the metoxide looks clear without 
any undissolved particles, this mixture can be used for the process. 

 

           
Figure 4. 1 Methanol and KOH 

4.1.2 Pre Heating 
 Measure 1 litre of soybean oil and pour it into pan. Pre heat 
the soybean oil using the stove until it reach 55o C. Make sure the 
oil temperature below 60o C because this oil will be mixed with the 
metoxide and metoxide will evaporate if the temperature over 60o 
C. 

 
Figure 4. 2 Measure 1 Litre of Soybean Oil 
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Figure 4. 3 Heat the Oil Until It Reach 55o C 

4.1.3 Biodiesel Processing 
 Using blender, pour the heated soybean oil and and 
metoxide inside the blender. Make sure the blender seals in good 
condition and the blender in dry and clear condition. Turn on the 
blender in low speed for 20-30 minutes.  

 
Figure 4. 4 Mixing the Soybean Oil and Metoxide Using Blender 

4.1.4 Settling 
 Pour the blended mixture into bottle and close the cap 
tightly. Allow this mixture to settle for minimum 12 hours. This 
mixture will be divided into two layers. Darker colour is called 
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glycerine. Glycerine will collect in distinct layer at the bottom of 
the bottle. Clearer and yellow colour is called biodiesel. This 
biodiesel layer will stay above the glycerine. 

 
Figure 4. 5 Glycerine Layer and Biodiesel Layer 

 
Figure 4. 6 Settling Losses Diagram 

 
4.1.5 Washing 
 Add 500 ml of aquades into biodiesel bottle. Stir it slowly 
until the aquades will separate in the bottom of the bottle. Do this 
process for 2-3 times. On first wash, add 500 ml of aquades into 
biodiesel bottle. Stir it slowly until the aquades will separate in the 
bottom of the bottle. Do this process for 2-3 times. In this process 

89%

11%

Settling

Crude Biodiesel

Glycerine
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the volume of biodiesel is 1070 ml and 500 ml of aquades. The 
result of this washing process is 800 ml of biodiesel. 

 
Figure 4. 7 First Wash 

 

 
Figure 4. 8 First Wash Losses Diagram 

For the second wash, add 500 ml of aquades into biodiesel 
bottle. Stir it slowly until the aquades will separate in the bottom 
of the bottle. Do this process for 2-3 times. In this process the 
volume of biodiesel is 800 ml and 500 ml of aquades. The result of 
this washing process is 700 ml of biodiesel. 
 

57%

43%

First Wash

Biodiesel Water
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Figure 4. 9 Second Wash 

 

 
Figure 4. 10 Second Wash Losses Diagram 

 
For third wash, add 500 ml of aquades into biodiesel bottle. 

Stir it slowly until the aquades will separate in the bottom of the 
bottle. Do this process for 2-3 times. In this process the volume of 
biodiesel is 700 ml and 500 ml of aquades. The result of this 
washing process is 500 ml of biodiesel. 
 

54%

46%

Second Wash

Biodiesel Water
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Figure 4. 11 Third Wash 

 

 
Figure 4. 12 Third Wash Losses Diagram 

 After the washing process has finished, separate the 
aquades from the biodiesel.  
 
4.1.6 Drying 
 For drying the biodiesel, pour washed biodiesel into pan. 
Heat the biodiesel until 100o C. This process will evaporate the 
water content in biodiesel. After all the water content evaporate, 
the result is biodiesel within volume of 450 ml. 

42%

58%

Third Wash

Biodiesel Water
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Figure 4. 13 Soybean Oil Biodiesel 

 
Figure 4. 14 Drying Losses Diagram 

4.1.7 Properties Test 
 In this process the biodiesel properties will be tested. This 
test goal is to make sure this soybean oil biodiesel meet the 
requirement of National Biodiesel Standard. This test also conduct 
to check the quality of this biodiesel. If the biodiesel quality is poor 
and don’t meet the requirement, this biodiesel can’t be used as 
future fuel. The test is conducted in Energy Laboratory ITS and 

90%

10%

Drying

Biodiesel Water
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will test some parameter such as pour point, flash point, viscosity, 
density, and Lower Heating Value. The result of soybean oil 
biodiesel properties are : 
 

Table 4. 1 Properties Of Soybean Oil Biodiesel 
No. Parameter and Unit Value Method 
1. Flash Point, o C 182 ASTM D-92-05 
2. Pour Point, o C -7 ASTM D-92-02 
3. Density at 15o C, Kg/m3 890 ASTM D-1480 
4. Kynematic Viscosity at 

40oC , (cSt) 
5,58 ASTM D-445-

97 
5. Lower Heating Value, 

MJ/kg 
42,272686 
 

- 

 
From the table above, soybean oil biodiesel meet the 

requirement of  SNI standard for biodiesel. The table show soybean 
oil biodiesel have 0% of error regarding all parameter that has been 
tested. 
 
4.2 Effect Biodiesel In Engine Performance  
 To determine the potential of soybean oil biodiesel 
mixture, there should be a study on engine performance using 
soybean oil biodiesel mixture. Engine Performance can be 
conducted experiments and simulations. Experiment was done by 
using diesel engine in Marine Power Plant Laboratory while the 
simulation was done by modeling the engine that used for 
experiment. Several parameters were taken in the study include the 
Power, Torque, SFOC, BMEP, and Thermal Efficiency. Fuel used 
in this research are Pertamina Dex, B10 (10% biodiesel and 20 % 
Pertamina Dex), and B20 (20% biodiesel amd 80% Pertamina Dex) 
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4.2.1 Comparison Result Between SFOC and Power to RPM. 
 

 
Figure 4. 15 Comparison Between Experiment’s SFOC and 

Power to RPM Using Pertamina Dex. 
 
From the graphic above, it is shown that the power’s peak 

is in the highest load in each RPM. The highest rated power output 
in 1800 RPM is 2.878092 kW, at 1900 RPM is 3.28963 kW, at 
2000 RPM is 3.618185 kW, at 2100 RPM is 4.041427 kW, at 2200 
RPM is 4.458676 kW. Based on the graphic, it can be concluded 
that the power increasing about 10% to 24% in each RPM. In 
SFOC, the lowest consumption can be found at highest load in each 
RPM. At 1800 RPM the value SFOC shows 357.9558 gr/kWh, at 
1900 RPM shows 349.3429 gr/kWh, at 2000 RPM shows 344.0952 
gr/kWh, at 2100 RPM shows 336.0649 gr/kWh, and at 2200 RPM 
shows 319.121 gr/kWh. The trend shows that SFOC decreasing as 
the value of RPM increasing. 
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Figure 4. 16 Comparison Between Experiment’s SFOC and 

Power to RPM Using B10. 
 

From the graphic above, it is shown that the power’s peak 
is in the highest load in each RPM. The highest rated power output 
in 1800 RPM is 2.944742 kW, at 1900 RPM is 3.236767 kW, at 
2000 RPM is 3.603958 kW, at 2100 RPM is 3.973363 kW, at 2200 
RPM is 4.396659 kW. Based on the graphic, it can be concluded 
that the power increasing about 5% to 19.5% in each RPM. In 
SFOC, the lowest consumption can be found at highest load in each 
RPM. At 1800 RPM the value of SFOC shows 340.675 gr/kWh, at 
1900 RPM shows 332.0774 gr/kWh, at 2000 RPM shows 321.1853 
gr/kWh, at 2100 RPM shows 315.6017 gr/kWh, and at 2200 RPM 
shows 311.1453 gr/kWh. The trend shows that SFOC decreasing 
as the value of RPM increasing. 
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Figure 4. 17 Comparison Between Experiment’s SFOC and 

Power to RPM Using B20. 

From the graphic above, it is shown that the power’s peak 
is in the highest load in each RPM. The highest rated power output 
in 1800 RPM is 2.906652 kW, at 1900 RPM is 3.258729 kW, at 
2000 RPM is 3.626288 kW, at 2100 RPM is 4.032748 kW, at 2200 
RPM is 4.406108 kW. Based on the graphic, it can be concluded 
that the power increasing about 9% to 15% in each RPM. In SFOC, 
the lowest consumption can be found at highest load in each RPM. 
At 1800 RPM the value of SFOC shows 336.403 gr/kWh, at 1900 
RPM shows 332.2066 gr/kWh, at 2000 RPM shows 321.4985 
gr/kWh, at 2100 RPM shows 313.1859 gr/kWh, and at 2200 RPM 
shows 312.7064 gr/kWh. The trend shows that SFOC decreasing 
as the value of RPM increasing. 
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Figure 4. 18 Comparison Between Simulation’s SFOC and Power 

to RPM Using Pertamina Dex 

From the graphic above, it is shown that the power’s peak is 
in the highest load in each RPM. The highest rated power output in 
1800 RPM is 4.58887 kW, at 1900 RPM is 4.61803 kW, at 2000 
RPM is 4.6505 kW, at 2100 RPM is 4.68022 kW, at 2200 RPM is 
4.71144 kW. Based on the graphic, it can be concluded that the 
power increasing about 1% in as the RPM increase. In SFOC, the 
lowest consumption can be found at the highest load in each RPM. 
At 1800 RPM the value of SFOC shows 412.284 gr/kWh, at 1900 
RPM shows 432.395 gr/kWh, at 2000 RPM shows 451.993 
gr/kWh, at 2100 RPM shows 471.478 gr/kWh, and at 2200 RPM 
shows 490.619 gr/kWh. The trend shows that SFOC decreasing as 
the value of RPM increasing. 
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Figure 4. 19 Comparison Between Simulation’s SFOC and Power 

to RPM Using B10. 

From the graphic above, it is shown that the power’s peak is 
in the highest load in each RPM. The highest rated power output in 
1800 RPM is 4.58859 kW, at 1900 RPM is 4.61776 kW, at 2000 
RPM is 4.64785 kW, at 2100 RPM is 4.68024 kW, at 2200 RPM 
is 4.7094 kW. Based on the graphic, it can be concluded that the 
power increasing about under 1% in as the RPM increase. In 
SFOC, the lowest consumption can be found at the highest load in 
each RPM. At 1800 RPM the value of SFOC shows 412.87 
gr/kWh, at 1900 RPM shows 432.4 gr/kWh, at 2000 RPM shows 
452.171 gr/kWh, at 2100 RPM shows 471.458 gr/kWh, and at 2200 
RPM shows 490.815 gr/kWh. The trend shows that SFOC 
decreasing as the value of RPM increasing. 
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Figure 4. 20 Comparison Between Simulation’s SFOC and Power 

to RPM Using B20. 

From the graphic above, it is shown that the power’s peak is 
in the highest load in each RPM. The highest rated power output in 
1800 RPM is 4.58859 kW, at 1900 RPM is 4.61776 kW, at 2000 
RPM is 4.64785 kW, at 2100 RPM is 4.68024 kW, at 2200 RPM 
is 4.7094 kW. Based on the graphic, it can be concluded that the 
power increasing about under 1% in as the RPM increase. In 
SFOC, the lowest consumption can be found at the highest load in 
each RPM. At 1800 RPM the value of SFOC shows 412.286 
gr/kWh, at 1900 RPM shows 432.399 gr/kWh, at 2000 RPM shows 
452.171 gr/kWh, at 2100 RPM shows 471.457 gr/kWh, and at 2200 
RPM shows 490.815 gr/kWh. The trend shows that SFOC 
decreasing as the value of RPM increasing. 
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4.2.2 Comparison Between Maximum Power and RPM. 
 

 
Figure 4. 21 Comparison Between Experiment's Maximum  

Power and RPM. 

The graphic above is the experiment’s comparison result 
between maximum power and rpm for each type of fuel. The 
highest power is produced in 2200 rpm for each fuel. Pertamina 
Dex produce the highest power of 3.93786 kW and follow by B10 
that produce 3.73065 kW and the lowest power is produced by B20 
with 3.7288 kW. The difference between the highest Power at 2200 
rpm  for each fuel is about 5%. 
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Figure 4. 22 Comparison Between Simulation's Maximum  Power 

and RPM. 

The graphic above is the simulation’s comparison result between 
maximum power and rpm for each type of fuel. The highest 
power is produced at 2200 rpm for each fuel. Pertamina Dex 
produce the highest power of 4.21968 kW and follow by B10 that 
produce 4.21332 kW and the lowest power is produced by B20 
with 4.20257 kW. The difference between the highest Power at 
2200 rpm  for each fuel is about 5%. 
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4.2.3 Comparison Between Maximum Torque and RPM. 
 

 
Figure 4. 23 Comparison Between Experiment's Maximum  

Torque and RPM. 

The graphic above is the experiment’s comparison result 
between maximum torque and rpm for each type of fuel. The 
highest torque is produced in 2200 rpm for each fuel. Pertamina 
Dex produce the highest torque of 17.1013 Nm and follow by B10 
that produce 16.20143 Nm and the lowest torque is produced by 
B20 with 16.1934 Nm. The difference between the highest Torque 
at 2200 rpm  for each fuel is about 5%. 
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Figure 4. 24 Comparison Between Simulation’s Maximum Torque 

and RPM. 

The graphic above is the experiment’s comparison result 
between maximum torque and rpm for each type of fuel. The 
highest torque is produced in 1800 rpm for each fuel. Pertamina 
Dex produce the highest torque of 21.72951 Nm and follow by B10 
that produce 21.54671 Nm and the lowest torque is produced by 
B20 with 21.51332 Nm. The difference between the highest 
Torque at1800 rpm  for each fuel is about 1%. 
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4.2.4 Comparison Between SFOC and RPM in Maximum 
Power. 

 

 
Figure 4. 25 Comparison Between Experiment's SFOC and RPM 

in Maximum Power. 

The graphic above is the experiment’s comparison result 
between SFOC and rpm in maximum power for each type of fuel. 
Each fuel shows the lowest value at 2200 rpm. The lowest value 
SFOC comes from B10 with the value of 302.918 gr/kWh and 
follows by B20 with the value 304.317 gr/kWh and the highest 
value of SFOC 309.02 gr/kWh. The difference between the lowest 
SFOC at 2200 rpm  for each fuel is about is 2%.  
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Figure 4. 26 Comparison Between Simulation's SFOC and RPM 

in Maximum Power. 

The graphic above is the simulation’s comparison result 
between SFOC and rpm in maximum power for each type of fuel. 
Each fuel shows the lowest value at 1800 rpm. The lowest value 
SFOC comes from B10 with the value of 393.876 gr/kWh and 
follows by B20 with the value 395.642 gr/kWh and Pertamina Dex 
with the highest value of SFOC 395.725 gr/kWh. The difference 
between the lowest value of SFOC at 1800 rpm is 4%. 
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4.2.5  Comparison Between Maximum BMEP and RPM. 
 

 
Figure 4. 27 Comparison Between Experiment's Maximum  

BMEP and RPM. 

The graphic above is the experiment’s comparison result 
between maximum BMEP and rpm for each type of fuel. The 
highest BMEP is produced in 2200 rpm for each fuel. Pertamina 
Dex produce the highest BMEP with the value of 435684.3 N/𝑚2 
and follow by B10 that produce 412758.6 N/𝑚2  and the lowest 
BMEP that produced by B20 with 412553.9 N/𝑚2. The difference 
between the highest BMEP at 2200 rpm  for each fuel is about 5%. 
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Figure 4. 28 Comparison Between Simulation's Maximum  BMEP 

and RPM. 

The graphic above is the simulation’s comparison result 
between maximum BMEP and rpm for each type of fuel. The 
highest BMEP is produced at 1800 rpm for each fuel. Pertamina 
Dex produce the highest BMEP of 553595.7 N/𝑚2 and follow by 
B10 that produce 548938.5 N/𝑚2  and the lowest BMEP is 
produced by B20 with 548087.9 N/𝑚2. The difference between the 
highest value of BMEP at 1800 rpm is 1%. 
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4.2.6  Comparison Result Between Thermal Efficiency and 
Power to RPM. 

 

 
Figure 4. 29 Comparison of Experiment’s Result Between 

Thermal Efficiency and Power to RPM Using Pertamina Dex 

The graphic above show the comparison between thermal 
efficiency and Power. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 23.64006662 %, at 1900 RPM is 24.22560925 %, at 
2000 RPM is 24.59506743 %, at 2100 RPM is 25.18276206%, at 
2200 RPM is 26.51985574 %. The thermal efficiency is increasing 
with the value about 10 % from the lowest rpm to highest rpm. 
From this result, it can be concluded the thermal efficiency value 
is increasing when the rpm also increased. 
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Figure 4. 30 Comparison of Experiment’s Result Between 

Thermal Efficiency and Power to RPM Using B10. 

The graphic above show the comparison between thermal 
efficiency and rpm. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 24.8574807 %, at 1900 RPM is 25.5010553 %, at 
2000 RPM is 26.3658485 %, at 2100 RPM is 26.8323114 %, at 
2200 RPM is 27.2166157 %. The thermal efficiency is increasing 
with the value about 10 % from the lowest rpm to highest rpm. 
From this result, it can be concluded the thermal efficiency value 
is increasing when the rpm also increased. 
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Figure 4. 31 Comparison of Experiment’s Result Between 

Thermal Efficiency and Power to RPM Using B20. 

The graphic above show the comparison between thermal 
efficiency and rpm. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 25.1888609 %, at 1900 RPM is 25.5070447 %, at 
2000 RPM is 26.3566045 %, at 2100 RPM is 27.0561634 %, at 
2200 RPM is 27.0976492 %. The thermal efficiency is increasing 
with the value about 10 % from the lowest rpm to highest rpm. 
From this result, it can be concluded the thermal efficiency value 
is increasing when the rpm also increased. 
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Figure 4. 32 Comparison of Simulation’s Result Between Thermal 

Efficiency and Power to RPM Using Pertamina Dex. 

The graphic above show the comparison between thermal 
efficiency and Power. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 20.52721809 %, at 1900 RPM is 19.57248252 %, at 
2000 RPM is 18.72632355%, at 2100 RPM is 17.95002859 %, at 
2200 RPM is 17.24972653 %. The thermal efficiency is decreasing 
with the value about 10 % from the highest rpm to the lowest rpm. 
From this result, it can be concluded the thermal efficiency value 
decrease as the rpm increase.  
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Figure 4. 33 Comparison of Simulation’s Result Between Thermal 

Efficiency and Power to RPM Using B10. 

The graphic above show the comparison between thermal 
efficiency and Power. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 20.53987 %, at 1900 RPM is 19.58447 %, at 2000 
RPM is 18.72814 %, at 2100 RPM is 17.96199 %, at 2200 RPM is 
17.25359 %. The thermal efficiency is decreasing with the value 
about 10 % from the highest rpm to the lowest rpm. From this 
result, it can be concluded the thermal efficiency value decrease as 
the rpm increase.  
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Figure 4. 34 Comparison of Simulation’s Result Between Thermal 

Efficiency and Power to RPM Using B20. 

The graphic above show the comparison between thermal 
efficiency and Power. Each rpm produce the highest thermal 
efficiency in its maximum load. The highest thermal efficiency in 
1800 RPM is 20.55275 %, at 1900 RPM is 19.59674 %, at 2000 
RPM is 18.73983 %, at 2100 RPM is 17.97324 %, at 2200 RPM is 
17.26436 %. The thermal efficiency is decreasing with the value 
about 10 % from the highest rpm to the lowest rpm. From this 
result, it can be concluded the thermal efficiency value decrease as 
the rpm increase. 
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4.2.7 Comparison Between Thermal Efficiency and RPM in 
Maximum Power. 

 

 
Figure 4. 35 Comparison Between Experiment’s Thermal 

Efficiency and RPM in Maximum Power. 

The graphic above is the experiment’s comparison result 
between Thermal Efficiency and rpm in maximum power for each 
type of fuel. As the thermal efficiency value increase as the rpm 
increase except for B20 fuel. B20 has the highest Thermal 
Efficiency value with 27.0918% at 2100 rpm and decrease at 2200 
rpm to 26.7448 % but still have the highest thermal efficiency 
among the other fuel. The second highest thermal efficiency comes 
from B10 with 26.5896 % at 2200 rpm and the lowest is Pertamina 
Dex with 26.3044% at 2200 rpm. The difference between the 
highest thermal efficiency and the lowest thermal efficiency is 3%. 
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Figure 4. 36 Comparison Between Simulation’s Thermal 

Efficiency and RPM in Maximum Power. 
 

The graphic above is the experiment’s comparison result 
between Thermal Efficiency and rpm in maximum power for each 
type of fuel. Thermal efficiency value decrease as the rpm increase. 
The graphic shows the highest thermal efficiency at 1800 rpm. B20 
havethe highest thermal effciency value among others. B 20 
thermal efficiency value is 20.55276 % at 1800 rpm, the second 
highest is B10 with 20.53987 % at 1800 rpm and the lowest is 
Pertamina Dex with 20.52721809 % at 1800 rpm. The difference 
between the highest Thermal Efficiency at 1800 rpm is below 1%. 
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4.3 Comparison Result Of Engine Performance Between The 
Experiment And Simulation. 
There are several methods to conduct this engine performance 

research. The methods are experiment and simulation. Experiment 
was done by using diesel engine in Marine Power Plant Laboratory. 
Simulation was done by modeling the engine that used for 
experiment. The simualtion can reduce the research’s cost that is 
done by experiment. 

 
4.3.1 Comparison Between Maximum Power and RPM. 
 

 
Figure 4. 37 Comparison Between Experiment and Simulation 

Maximum Power and RPM Using Pertamina Dex. 

The graphic above is the comparison result between 
maximum power and rpm for Pertamina Dex. The highest power is 
produced at 2200 rpm for each method. Pertamina Dex Simulation 
produce the higher power of 4.21968 kW than Pertamina Dex 
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Experiment’s power that produce value of 3.93786 kW . The 
difference value of Power between these two methods ia about 9%. 
 

 
Figure 4. 38 Comparison Between Experiment and Simulation 

Maximum Power and RPM Using B10. 
 

The graphic above is the comparison result between 
maximum power and rpm for B10. The highest power is produced 
at 2200 rpm for each method. B10 Simulation produce the higher 
power of 4.21332 kW than B10 Experiment’s power that produce 
value of 3.73065 kW . The difference value of Power between 
these two methods ia about 13%. 
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Figure 4. 39 Comparison Between Experiment and Simulation 

Maximum Power and RPM Using B20. 

The graphic above is the  comparison result between 
maximum power and rpm for B20. The highest power is produced 
at 2200 rpm for each method. B20 Simulation produce higher 
power of 4.20257 kW than B20 Experiment’s power that produce 
value of 3.7288 kW . The difference value of Power between these 
two methods ia about 11%. 
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4.3.2 Comparison Between Maximum Power and Torque 
Using Pertamina Dex. 
 

 
Figure 4. 40 Comparison Between Experiment and Simulation 

Maximum Torque and RPM Using Pertamina Dex. 
 

The graphic above is the comparison result between 
maximum torque and rpm for pertamina dex using experiment and 
simulation method. The highest torque is produced in 1800 rpm for 
simulation and at 2200 rpm for the experiment. Pertamina Dex 
simulation produce the highest torque of 21.72951 Nm and 
Pertamina Dex experiment’s Produce 17.1013 Nm for the highest 
torque. The difference between the highest value of Torque for 
each fuel is about 37%. 
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Figure 4. 41 Comparison Between Experiment and Simulation 

Maximum Torque and RPM Using B10. 
 

The graphic above is the experiment’s comparison result 
between maximum torque and rpm for B10 using experiment and 
simulation method. The highest torque is produced at 1800 rpm for 
simulation and at 2200 rpm for the experiment. B10 simulation 
produce the highest torque of 21.54671 Nm and B10 Experiment 
Produce 16.20143Nm for the highest torque. The difference 
between the highest value of Torque for each fuel is about 37%. 
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Figure 4. 42 Comparison Between Experiment and Simulation 

Maximum Torque and RPM Using B20. 
 

The graphic above is the  comparison result between 
maximum torque and rpm for B20 using experiment and simulation 
method. The highest torque is produced at 1800 rpm for simulation 
and at 2200 rpm for the experiment. B20 simulation produce the 
highest torque of 21.51332 Nm and B20 Experiment Produce 
16.1934 for the highest torque. The difference between the highest 
value of Torque for each fuel is about 37%. 
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4.3.3 Comparison Between SFOC and RPM at Maximum 
Power Using Pertamina Dex. 

 

  
Figure 4. 43 Comparison Between Experiment and  Simulation's 

SFOC and RPM in Maximum Power Using Pertamina Dex. 
 

The graphic above is the experiment and simulation 
comparison result between SFOC and rpm in maximum power for 
each type of fuel. At the 1800 rpm for Pertamina Dex simulation 
show the lowest value of SFOC but Pertamina Dex experiment’s 
show the lowest value at 2200 rpm. Pertamina Dex simulation 
SFOC value at 1800 rpm is 395.642 gr/ kWh and Pertamina Dex 
simulation SFOC value at 2200 rpm is 468.664 gr/kWh. For 
Pertamina Dex experiment, SFOC value at 1800 rpm is 325.362 
gr/kWh and at 2200 rpm is 309.02 gr/kWh. The difference between 
the lowest value of  SFOC for each fuel is about 28%. 
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Figure 4. 44 Comparison Between Experiment and  Simulation's 

SFOC and RPM in Maximum Power Using B10. 

The graphic above is the experiment and simulation 
comparison result between SFOC and rpm in maximum power for 
B10 fuel. At the 1800 rpm for B10 simulation show the lowest 
value of SFOC but B10 experiment’s show the lowest value at 
2200 rpm. B10 simulation SFOC value at 1800 rpm is 393.876 gr/ 
kWh and B10 simulation SFOC value at 2200 rpm is 472.164 
gr/kWh. For B10 experiment, SFOC value at 1800 rpm is 322.578 
gr/kWh and at 2200 rpm is 302.918 gr/kWh. The difference 
between the lowest value of  SFOC for each fuel is about 29%. 
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Figure 4. 45 Comparison Between Experiment and  Simulation's 

SFOC and RPM in Maximum Power Using B20. 
 

The graphic above is the experiment and simulation 
comparison result between SFOC and rpm in maximum power for 
B20 fuel. At the 1800 rpm for B10 simulation show the lowest 
value of SFOC but B20 experiment’s show the lowest value at 
2200 rpm. B20 simulation SFOC value at 1800 rpm is 393.876 gr/ 
kWh and B20 simulation SFOC value at 2200 rpm is 472.164 
gr/kWh. For B20 experiment, SFOC value at 1800 rpm is 309 
gr/kWh and at 2200 rpm is 304.317 gr/kWh. The difference 
between the lowest value of  SFOC for each fuel is about 29%. 
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4.3.4 Comparison Between BMEP and RPM at Maximum 
Power Using Pertamina Dex. 
 

 
Figure 4. 46 Comparison Between Experiment and Simulation 

Maximum BMEP and RPM Using Pertamina Dex. 
 

The graphic above is the experiment and simulation 
comparison result between BMEP and rpm in maximum power for 
Pertamina Dex fuel. At the 1800 rpm for Pertamina Dex simulation 
show the highest value of BMEP but Pertamina Dex experiment’s 
show the lowest value at 2200 rpm. Pertamina Dex simulation 
BMEP value at 1800 rpm is 553595.7 N/𝑚2 and Pertamina Dex 
simulation BMEP value at 2200 rpm is 466864.8 N/𝑚2. For 
Pertamina Dex experiment, BMEP value at 1800 rpm is 296136.6 
N/𝑚2and at 2200 rpm is 435684.3 N/𝑚2. The difference between 
the highest value of  BMEP for each fuel is about 20%. 
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Figure 4. 47 Comparison Between Experiment and Simulation 

Maximum Power and RPM Using B10. 
 

The graphic above is the experiment and simulation 
comparison result between BMEP and rpm in maximum power for 
B10 fuel. At the 1800 rpm for B10 simulation show the highest 
value of BMEP but B10 experiment’s show the lowest value at 
2200 rpm. B10 simulation BMEP value at 1800 rpm is 5489385.5 
N/𝑚2 and B10 simulation BMEP value at 2200 rpm is 466161.2 
N/𝑚2. For B10 experiment, BMEP value at 1800 rpm is 332599.1 
N/𝑚2and at 2200 rpm is 412758.6 N/𝑚2. The difference between 
the highest value of  BMEP for each fuel is about 33%. 
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Figure 4. 48 Comparison Between Experiment and Simulation 

Maximum Power and RPM Using B20. 
 

The graphic above is the experiment and simulation 
comparison result between BMEP and rpm in maximum power for 
B20 fuel. At the 1800 rpm for B20 simulation show the highest 
value of BMEP but B20 experiment’s show the lowest value at 
2200 rpm. B20 simulation BMEP value at 1800 rpm is 548087.9 
N/𝑚2 and B20 simulation BMEP value at 2200 rpm is 464971.8 
N/𝑚2. For B20 experiment, BMEP value at 1800 rpm is 321068.3 
N/𝑚2and at 2200 rpm is 412553.9 N/𝑚2. The difference between 
the highest value of  BMEP for each fuel is about 33%. 
 
 
 

200000

250000

300000

350000

400000

450000

500000

550000

600000

1700 1800 1900 2000 2100 2200 2300

B
M

EP
(N

/𝑚
^2

)

RPM

SIMULATION

EXPERIMENT



60 
 

 
 

4.3.5 Comparison Between Experiment’s Thermal Efficiency 
and RPM in Maximum Power Using Pertamina Dex. 
 

 
Figure 4. 49 Comparison Between Experiment and Simulation’s 

Thermal Efficiency and RPM in Maximum Power Using 
Pertamina Dex. 

 
The graphic above is the experiment and simulation 

comparison resut of thermal efficiency vs rpm in maximum power 
by using Pertamina Dex. At the 1800 rpm for Pertamina Dex 
simulation show the highest value of Thermal Efficiency but 
Pertamina Dex experiment’s show the lowest value at 2200 rpm. 
Pertamina Dex simulation Thermal Efficiency value at 1800 rpm 
is 20.52721809 % and Pertamina Dex Thermal Efficiency value at 
2200 rpm is 17.24972653 %.  Pertamina Dex experiment Thermal 
Efficiency value at 1800 rpm is 23.7397 % and Pertamina Dex 
Thermal Efficiency value at 2200 rpm is 26.304 %.   
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Figure 4. 50 Comparison Between Experiment and Simulation’s 
Thermal Efficiency and RPM in Maximum Power Using B10.. 

 
The graphic above is the experiment and simulation 

comparison resut of thermal efficiency vs rpm in maximum power 
by using B10. At the 1800 rpm for B10 simulation show the highest 
value of Thermal Efficiency but B10 experiment’s show the lowest 
value at 2200 rpm. B10 simulation Thermal Efficiency value at 
1800 rpm is 20.53987 % and B10 Thermal Efficiency value at 2200 
rpm is 17.25359 %.  B10 experiment Thermal Efficiency value at 
1800 rpm is 24.7294 % and Pertamina B10 Efficiency value at 
2200 rpm is 26.5896 %.   
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Figure 4. 51 Comparison Between Experiment and Simulation’s 

Thermal Efficiency and RPM in Maximum Power Using B20. 
 
The graphic above is the experiment and simulation comparison 
resut of thermal efficiency vs rpm in maximum power by using 
B20. At the 1800 rpm for B20 simulation show the highest value 
of Thermal Efficiency but B20 experiment’s show the lowest value 
at 2200 rpm. B20 simulation Thermal Efficiency value at 1800 rpm 
is 20.55275 % and B20 Thermal Efficiency value at 2200 rpm is 
17.26436 %.  B20 experiment Thermal Efficiency value at 1800 
rpm is 25.6065 % and B20 Thermal Efficiency value at 2200 rpm 
is 26.7448 %.   
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4.4 Discussion 
Pertamina Dex is a fuel that made from fossil without any 

mixture of Biodiesel. B10 and B20 are fuels that has been mixed 
between soybean oil biodiesel and Pertamina Dex. B 10 contain 
(10% of Soybean Oil Biodiesel and 90 %). Engine Performance 
test that has been done in two ways which experiment and 
simulation. The result shows engine Pertamina Dex is better than 
biodiesel. For the engine performance result, simulation method 
produce more power compare to the experiment. 

 For the result, simulation method produce more power 
compare to the experiment. The difference vaue of the power 
possibly occured because experiment have mechanical loss and 
volumetric efficiency losses. The losses might be occured inside 
the cylinder (friction losses between piston and cylinder liner), 
bearing, gears, and valve. It is better to check all the engine 
components to check the realibility of the component and replace 
the component with the new component to reduce the losses in the 
engine. 
 

4.4.1 Biodiesel Properties 
Pertamina Dex have higher Lower Heating Value compare 

to two others fuel. B10 and B20 have the value of LHV  below 
Pertamina Dex. Lower Heating Value influence the Fuel to produce 
power. That’s why Pertamina Dex produce better engine 
performance’s result compare to two others fuel. Lower Heating 
Value is the value of of heat release by burning some quantity of 
fuel when there is water vapor in the combustion gas.  

 
4.4.2 Engine Performance 

Engine performance result shows simulation method 
produce more power compare to the experiment. The difference 
vaue of the power possibly occured because experiment have 
mechanical loss and volumetric efficiency losses. The losses might 
be occured inside the cylinder (friction losses between piston and 
cylinder liner), bearing, gears, and valve. It is better to check all the 
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engine components to check the realibility of the component and 
replace the component with the new component to reduce the 
losses in the engine. 
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APPENDIX 
 
 
CALCULATION FORMULA : 
 
 Power 

 

𝑃 =  
𝑉 × 𝐼 × cos 𝜑

𝜂𝐺 ×  𝜂𝐵
 

Where : 
P = Power (W) 
V = Voltage ( V ) 
I = Current ( I ) 
cos 𝜑 = 0.9 
𝜂𝐺 = Generator efficiency 
𝜂𝐵 = Belt Efficiency 
 
 Torque 

𝒯 =
𝑃

2𝜋 × 𝑟𝑝𝑠
 

Where : 
𝒯 = Torque (Nm) 
P = Power (W) 
 
 SFOC 
 

𝑆𝐹𝑂𝐶 =
𝐹𝐶𝑅

𝑃
  

 
Where : 
SFOC = gr/kWh 
FCR = mass flow rate (gr/hr) 
P = Power (kW) 
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𝐹𝐶𝑅 =  
𝜌 ×  𝜈

𝑡
 

Where : 
FCR = mass flow rate (gr/hr) 
𝜌 = density of fuel (gr/m3 ) 
𝜈 = volume of fuel (m3 ) 
 
 BMEP 

𝐵𝑀𝐸𝑃 =  
2𝜋 ×   𝒯 × 𝑛𝑐

𝑉𝑑
 

Where : 
BMEP = Brake Mean Effective Pressure ( N/m2  ) 
𝒯 = Torque 
𝑛𝑐 = Number of revolution per cycle ( 2 for 4 stroke engine) 
𝑉𝑑 = Volume Displacement (m3 ) 
 
 Thermal Efficiency 

 

𝜂𝑡ℎ =  
𝑃

𝐿𝐻𝑉 ×𝐹𝐶𝑅 
 × 100% 

Where : 
𝜂𝑡ℎ = Thermal Efficiency (%) 
LHV = Lower Heating Value (J/kg) 
FCR = mass flow rate (kg/s)
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CHAPTER V 
CONCLUSION AND SUGGESTION 

 
 
5.1 Conclusion 
1. Soybean Oil have the potential to be used as  biodiesel. In the 

process of making this biodiesel using transesterification 
method, the soybean oil can be converted into soybean oil 
biodiesel. From the properties test result, it can be concluded 
that soybean oil biodiesel meet the requirement of national 
biodiesel standard. Soybean Oil Biodiesel properties are : 
Flash Point value is 182 o C , Pour Point value is -7 o C, Density 
at 15 o C is 890 Kg/m3, Kinematic Viscosity at 40 o C is 5.58 
(cSt), and Lower Heating Value is 42.27686 MJ/kg. 

 
2. From the engine performance test , it can be concluded that 

soybean oil biodiesel mixture of B10 and B20 have lower 
performance than Pertamina Dex. The highest power, highest 
torque, and highest BMEP was produced by Pertamina Dex. 
For the SFOC, B10 have lower value than B20 and the highest 
value produced by Pertamina Dex. For thermal Efficiency, B20 
produced the highest value among B10 and Pertamina Dex. It 
means soybean oil biodiesel . This result shows that the use of 
soybean oil biodiesel as the mixture or substitute for Pertamina 
Dex is better not be done. This is because the result shows the 
engine performance using B10 and B20 didn’t have better 
result compare to the engine performance using Pertamina 
Dex. 

 
3. From the engine performance comparison result between 

experiment and simulation method, it can be concluded that 
simulation produce higher value in Power, Torque, SFOC, and 
BMEP than the Experiment.For thermal effciency, Experiment 
shows higher value than the simulation. For the highest Power 
that was produced at 2200 rpm for both method. In 
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Experiment, the torque, SFOC, BMEP , and thermal efficiency 
goes higher as the rpm goes higher. In Simulation, the torque, 
SFOC, BMEP , and thermal efficiency goes lower as the rpm 
goes higher.  

 
 
5.2 Suggestion 
1. There might be a research conducted focus on configuring the 

simulation by overhauling the engine and break down all the 
component to make the drawing of the engine and to make the 
simulation’s result more valid. 

2. If there is any follow up experiment for engine performance 
using load from electric dynamometer, it is advisable to make 
varable control for rpm generator. 
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