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ABSTRACT 

By the development of the time, diesel fuel is made from petroleum which is decreasing in number. 
Besides that, the emissions produced from burning diesel fuel can also cause air pollution. One of the 
methods used to minimize the use of diesel fuel and air pollution is by using emulsion fuel. therefore, a 
precautionary measure is required in preparing a reserve fuel source for Indonesian war ships. And one 
of the options is with emission diesel fuel. From the results of laboratory trials there was an increase in 
density, viscosity, flash point, cetane and TAN numbers and a decrease in residue, Lower Heating 
Value and calorific value. The performance test results show an increase in SFOC and thermal 
efficiency, but the power, torque and BMEP have decreased. So, it can be concluded that the emulsion 
HSD has decreased performance but can reduce emissions from the combustion process. So, it is 
hoped that emission diesel fuel can be used as an alternative as well as a solution to the limitations of 
diesel fuel in the future, so that it can support tni al operations in the future. 
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1. INTRODUCTION               

1.1 Background          
Fossil fuels or mineral fuels are natural 

resources that contain hydrocarbons such as 
coal, natural gas and petroleum. Fossil fuels 
come from the remains of living things that lived 
millions of years ago, which died and were 
buried on the ocean floor and rivers in a layer 
called sediment. Petroleum is the main source 
in the manufacture of diesel fuel, it is one of the 
natural resources that cannot be renewed and 
the number is decreasing, but the use of diesel 
fuel continues to increase due to the increasing 
use of diesel fueled engines, increasing 
consumption of diesel fuel in part. large used for 
land and sea transportation purposes. 

In addition to the availability of diesel raw 
materials which are decreasing rapidly every 
year, there are also other factors that become a 
problem with the use of diesel fuel, namely the 
high level of pollution generated from the 
residual combustion products of diesel engines. 
Pollution due to exhaust emissions generated 
by diesel engines has a negative impact on the 
environment and health. Particles such as 
carbon monoxide (CO), hydrocarbons (HC), 
carbon dioxide (CO2), sulfuroxide (SOx) and 
nitrogenoxide (NOx), each of which has a 
negative impact on the environment and health 
(Sugiarti, 2009). 

To reduce the use of diesel fuel and 
overcome various environmental pollution 

problems, it is necessary to have a new 
breakthrough in the production of diesel fuel 
that can minimize the use of diesel fuel and 
reduce pollution from the combustion of diesel 
fuel, one of these breakthroughs is to substitute 
use of diesel fuel with fuel mixed with water and 
diesel (diesel emulsion). which in previous 
research was stated to be able to reduce the 
residual combustion caused by incomplete 
combustion in diesel engines (Feng, Baoguo, 
Jiangping, Wuqiang, & Bin, 2015). 

Making HSD emulsion cannot be done 
directly because it requires special treatment 
and the addition of additives in the form of 
surfactants. The addition of surfactants was 
carried out to reduce surface tension and to 
bind the surface of HSD particles and water. 
From previous research, an analysis of 
emulsion emulsion combustion exhaust gas 
has been carried out which according to the 
analysis data is able to have a positive impact 
on the air environment by reducing a number of 
pollutants (Scarpete, 2013). This study will 
discuss the comparative analysis of the 
performance of HSD fuel used in KRI with HSD 
emulsion with a ratio of HSD (80%) and H2O 
(20%) and the addition of 4 ml of surfactant in 
every 100 ml. 

With the similarity of emulsion HSD 
characteristics with Pertamina HSD, the 
emulsion HSD fuel has the potential to be used 
as an alternative fuel for diesel engines and can 
reduce air pollution levels. 
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2. LITERATURE REVIEW      

2.1  Emulsion Definition          
High Speed Diesel (HSD) is a type of 

diesel fuel that has a cetane performance 
number of 45, this type of fuel is generally used 
for transportation engines for diesel engines 
commonly used with mechanical pump injection 
systems (injection pump) and electronic 
injection, this type of fuel is intended for this 
type of transportation. transportation motor 
vehicles and industrial machines (BPHMigas, 
2007). 

Emulsion of water in oil is defined as the 
form of a mixture of water in oil which does not 
mix with each other, is forced to mix stably or 
temporarily with the help of surfactant 
chemicals (emuslifier) so that water in the form 
of granules is distributed into the oil phase 
(Bindar, 2015). Fuel emulsification is 
determined by several factors, namely 
surfactant ability, liquid viscosity, mixture 
composition, temperature and grain size. The 
smaller the grain size, the more stable the 
emulsion will be over a longer time. A water-in-
oil emulsion is formed when the volume of water 
is much less than the volume of oil mixed. 

In order for the oil-in-water emulsion to 
be stable for a long time, the surfactant or 
emulsifier ability is the key. Water-in-oil 
emulsion can be used as fuel where this 
emulsion can certainly burn (Bindar, 2015). 

 

2.2  Surfactants          
Surfactants or Surface Active Agents are 

molecules consisting of non-polar and polar 
groups, if the surfactant is used as a solvent in 
water, it consists of hydrophilic (water-loving) 
and hydrophobic (water-hating) groups. If the 
surfactant is used as a solvent in oil or fat, the 
group consists of lipophobic (oil-disliking) and 
lipophilic (oil-loving). Surfactants are divided 
into two parts, namely head and tail. The 
hydrophilic group is on the head (polar) and 
lipophilic on the tail (non-polar). 

The polar parts of the surfactant 
molecule can be positively, negatively or 
neutral in charge. Generally the non-polar 
(lipophilic) part is a long alkyl chain, while the 
polar (hydrophilic) part contains a hydroxyl 
group (the -OH functional group which is used 
as a substituent in an organic compound) while 
the non-polar part is usually an alkyl chain 
(carbon and hydrogen atoms). with the long 
CnH2n + 1) arrangement. 

In order for the oil-in-water emulsion to 
be stable for a long time, the surfactant or 
emulsifier ability is the key. Water-in-oil 
emulsion can be used as fuel where this 
emulsion can certainly burn (Bindar, 2015). 

 

 

 

 

 
Figure 1. Surfactan’s Parts   

 

Broadly speaking, surfactants are 
classified into 2 parts, namely: 

a. Oil-soluble surfactants 

b. Water soluble surfactants 

Surfactants can reduce the surface 
tension of water by breaking hydrogen bonds 
on the surface. This can happen because the 
hydrophilic heads tend to be on the surface of 
the water, with the hydrophobic tails stretching 
away from the surface of the water. 

The addition of surfactants in solution will 
cause a decrease in the surface tension of the 
solution, after the surfactants reach a certain 
concentration in the solution, the addition of 
surfactants can no longer reduce surface 
tension, this is called Critical Micelle 
Concentration. If the surfactant in solution 
exceeds the critical concentration, it will result 
in the formation of micelles (Farn, 2006). 

 

2.3  HLB (Hidrophile-Lipophile Balance) 

HLB is one of the values that can be used 
to measure the properties of a surfactant, the 
HLB value starts from 0 to 20, with a middle limit 
of 10. If the HLB value of a surfactant is below 
10, then the surfactant has more oil-like or 
lipophilic properties, the further away from it. 
number 10 the surfactant is increasingly like oil. 
Meanwhile, surfactants that have HLB values 
above 10, then the surfactants like water or 
hydrophilic are more dominant. 

 

 

Figure2. Surfactant Properties According to 
HLB Value 

 

The following are some types of 
surfactants with different HLB values. 

Hidrofilik  

Hidrofobik  
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Table 1. HLB Value on Surfactants 

NO SURFACTANT HLB 

1. 
Sorbitan Trioleate 

(Span 85) 
1,8 

2. 
Sorbitan 

Monostearate (Span 
60) 

4,3 

3. 
Sorbitan Monooleate 

(Span 80) 
4,7 

4. 
Sorbitan 

Monopalmitate (Span 
40) 

6,7 

5. 
Sorbitan Monolaurate 

(Span 20) 
8,6 

6. 
Polyxyethylene 

Sorbitan (Span 85) 
11 

7. 
Polysorbate 60 

(Tween 60) 
14,9 

8. 
Polysorbate 40 

(Tween 40) 
15 

9. 
Polysorbate 80 

(Tween 80) 
15,6 

10. 
Polysorbate 20 

(Tween 20) 
16,7 

Source: (Dubey & Saxena, 2016) 
  

Each surfactant has a certain HLB value 
with its own characteristics, whereas to make 
an emulsion solution requires an HLB value 
which is sometimes not owned by surfactants, 
therefore it is necessary to use more than one 
type of surfactant with different HLB values in 
order to obtain the HLB value accordingly. 
needs. Here are the types of emulsions 
according to the HLB value.  

 
Table 2. Types of Emulsion according to 

the HLB value 

NO HLB VALUE TYPE OF EMULSION 

1. <10 Fat soluble 

2. >10 Water soluble 

3. 4-8 Anti-foaming agent 

4. 7-11 Water-in-oil emulsifier 

 5. 12-16 Emulsifier of oil in oilk 

 6. 11-14 Dispersing agent 

7
7. 

12-15 Detergent 

    8. 16-20 Solvent 

 

The table above is an outline of the HLB 
requirements to make emulsions according to 
their respective characteristics. Every time a 
different emulsion is used, the HLB value will 
also change. To make an emulsifying agent 
(surfactant) in accordance with HLB, a value of 
(X) using surfactant A and surfactant B can be 
done by calculating according to the following 
formula (Chemmunique, 1980). 

 

% (A) =   
100 (X –HLBB )

HLBA- HLBB 
 

 
% (B)  =   100 - % (A) 

 

2.4  Fuel Characteristics 
Solar is a type of fossil fuel that contains 

hydrocarbons (C and H). Basically, petroleum 
obtained from drilling wells still contains other 
substances or elements so that it cannot be 
used as fuel. In oil refineries, there is a stage 
that can be considered as an important stage 
when the metah oil is processed, this stage is 
called distillation. The quality of petroleum 
products depends on the processing and 
quality of crude oil obtained. In order to 
determine the quality of the fuel, certain values 
must be standardized for the characteristics of 
the fuel, as follows: 

a. Cetane Number (CN). 
b. Cetane Index (CI). 
c. Specific Gravity (SG)  
d. Viscosity 
e. Sulfur Content 
f. Flash Point 
g. Pour Point 
h. Conradson Carbon Residue (CCR) 
i. Water Content 
j. Copperstrips Corrosion 
k. Ash Content 
l. Strong acid number 
m. Total Acid Number 

 
2.5  Performance Test          

Diesel motor is a special type of internal 
combustion engine. The main characteristic of 
a diesel engine that distinguishes it from other 
combustion engines lies in the fuel ignition 
method. In a diesel motor, fuel is injected into a 
cylinder containing high pressure air. During the 
process of compressing the air in the engine 
cylinder, the air temperature increases, so that 
when the fuel in the form of fine mist comes into 
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contact with this hot air, the fuel will ignite itself 
without the help of another ignition device. The 
combustion process of a diesel engine is a fast 
chemical reaction between fuel and oxygen 
from the air in the combustion chamber. The 
grains of fuel sprayed in the combustion 
chamber will mix with oxygen, which then at a 
certain pressure and temperature causes the 
fuel combustion process to occur in the 
combustion chamber. The carbon element and 
the element hydrogen are the main combustible 
elements in the fuel. 

 
3.  RESEARCH METHOD               

3.1  Making Emulsion Fuel 
Water-in-oil emulsion is defined as a 

mixture of water in oil which is not mixed with 
each other, is forced to mix stably or temporarily 
with the help of a chemical surfactant 
(emuslifier) so that water in the form of granules 
is distributed into the oil phase. Fuel 
emulsification is determined by several factors, 
namely surfactant ability, liquid viscosity, 
mixture composition, temperature and grain 
size. The smaller the grain size, the more stable 
the emulsion will be for a longer time. A water-
in-oil emulsion is formed when the volume of 
water is much less than the volume of oil mixed. 

In order for the oil-in-water emulsion to 
be stable for a long time, the surfactant or 
emulsifier ability is the key. Water-in-oil 
emulsion can be used as a fuel which of course 
can burn. In order for the oil-in-water emulsion 
to be stable for a long time, the surfactant or 
emulsifier ability is the key. Water-in-oil 
emulsion can be used as fuel where this 
emulsion can certainly burn (Bindar, 2015). 

The emulsion fuel to be made is fuel with 
a ratio of HSD and distilled water composition 
of 80:20 from 100 ml with the addition of 4 ml 
surfactant for every 100 ml, determining the 
HLB value and mixing method will affect the 
quality and duration of the mixing process. 

 

Figure 3. Raw Materials for HSD Emulsion 
Fuel 

HLB is one of the values that can be used 
to measure the properties of a surfactant, the 
HLB value starts from 0 to 20, with a middle limit 
of 10. If the HLB value of a surfactant is below 
10, then the surfactant has oil-like or lipophilic 
properties more dominant, the farther away 
from number 10 the surfactant is increasingly 
like oil. Meanwhile, surfactants that have HLB 
values above 10, then the surfactants like water 
or their hydrophilic properties are more 
dominant. 

From the diata material, a trial was 
conducted to select the appropriate HLB value 
to produce emulsion fuel with the best 
homogeneity. The HLB values tested were 5,9, 
7, 8, 9,1, 10,2 and 10,7 with the composition of 
span 80 and tween 80 as follows: 

Table 3. List of HLB uses 

 

In one experiment using 100 ml of the 
total volume of emulsion fuel consisting of 80ml 
HSD, 20ml H2O and 4ml of surfactant. Mixing 
is done by stirring HSD with tween 80 and span 
80 in the blender in a rotating condition for 5 
minutes until the HSD and surfactant are 
completely mixed, after they are completely 
mixed, add H2O little by little until it runs out (+ 
3 minutes), let the HSD and surfactant From the 
results of mixing for 1 hour in a blender with a 
rotation speed of 15,000 Rpm, the emulsion 
fuel is obtained as shown in the image below. 

 

Figure 4. The results of making HSD emulsion 
with various HLB values 

From the picture above, it can be seen 
that the most suitable HLB value is 5.9. Milky 
white color (not transparent) and does not 
produce water or gel deposits after leaving it for 
5 (five) days. After knowing the most suitable 
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HLB value, the next step is to make HSD 
emulsion with more scale. In a single 
manufacturing process the maximum is 200 ml 
and it is maintained that the temperature in the 
stirrer does not exceed 50 ° C to reduce 
evaporation. The stirring process lasts for 2 
hours with an interval of 10 minutes of stirring 
and 10 minutes of stopping. The process of 
mixing is carried out continuously until the HSD 
emulsion initially has a milky white color and 
initially has a lot of foam, so that the foam is not 
too much and the edges are transparent. 

 

Figure 5. HSD Emulsion Color Change during 
the stirring process 

3.2  Performance Test        
The performance test is carried out to 

determine the power, BMEP torque, thermal 
efficiency and SFOC of the diesel motor using 
HSD fuel and HSD emulsion. In the 
performance test, the performance parameters 
to evaluate the performance of a combustion 
motor include: 

- Power 
- Torque 
- Average effective pressure (BMEP) 
- Fuel consumption (SFC) 
- Thermal efficiency (ηth). 
 

3.3  Experimental Data Using HSD 
Data collection was carried out directly 

during the HSD fuel experiment.The results of 
data collection during the experiment using 
HSD were as on the following page. 

 

 

 

 

 

Table 4. Result of Calculation of Power, Torque, BMEP 

 

 



49 
 

 After knowing the values of some of the parameters above, the next calculation is carried out to 
determine the SFOC value for each round. 

 

Table 5. SFC Calculation Results, Thermal Efficiency 

 

  

 From the results of the calculations outlined in the table, the existing data can be displayed as in 
the following graph. 
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Figure 6.  HSD Power Relationship and SFOC Graph

     
Figure 6 is a graph showing the 

relationship between the power generated by 
the engine and SFOC when using HSD 
fuel.From this graph, it can be seen that the 
lowest SFOC is obtained at 2100 Rpm with a 
power of 4,204 Watts and an SFOC of 0.228 Kg 
/ Kwh, and is followed by 2200 Rpm with a load 
of 4,588 Watt has an SFOC value of 0.240 Kg / 
kWh. In the 2000 Rpm rotation, it is capable of 
producing 3,862 Watt of power and an SFOC of 
0.229 KgkWh. At the 1800 Rpm rotation it 
produces a power of 3,246 Watt with an SFOC 
of 0.259 Kg / Kwh, at 1900 Rpm with a load of 
3.574 Watt has an SFOC of 0.242 Kg / kWh. 
The lowest points of the curved graph line from 
each rotation can be interpreted as the best fuel 
efficiency and maximum load at that rotation. 

 

 

 

 

 

3.4 Experimental data using HSD 
Emulsion          

Data collection is carried out directly 
during the HSD fuel experiment, which shows 
the results of data collection during the 
experiment using HSD are as on the following 
page. It will show the comparison between rpm, 
SFOC, speed of fuel flow LHV the the amount 
of heat entered, and thermal efficiency. 

  
 

 

 

 

 

 

 

 

 

 

HSD Power Relationship and SFOC Graph 

POWER 
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Table 6.  SFOC calculation results, thermal efficiency 

 

 The results of the calculation from the data in the table, for more details, can be displayed with a 
SFOC graph and the power generated at each engine RPM as shown in the graph on the next page. 

 

Figure 7. SFOC Graph and HSD and HSD Emulsion Usage Power at 1900 Rpm round 

RPM 
Speed Fuel 

Flow 
Kg/h 

POWER 
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        The picture above is a graph depicting the 
relationship between the Specific Fuel Oil 
Consumption and the power generated by a 
diesel engine from the use of HSD and HSD 
emulsion fuel at 1900 Rpm engine speed. 
According to the graph above, the lowest SFOC 
value is owned by HSD fuel with an SFOC value 
of 0.242 Kg / kWh and is capable of producing 
a power of 3.574 kW. Meanwhile, when using 
emulsion fuel, the lowest SFOC value is 0.308 
Kg / kWh which produces a power of 3,468 kW. 
When the load is lowest, the SFOC HSD value 
is 0.71 Kg / kWh and the SFOC HSD emulsion 
value is 0.822 Kg / kWh, an increase of 0.112 
Kg / Kwh. When the load is highest at 1900 
Rpm. The SFOC HSD value is 0.283 Kg / kWh, 
and the SFOC HSD emulsion value is 0.311 Kg 
/ kWh, an increase of 0.028 Kg / Kwh.   
 

4. CONCLUSIONS AND SUGGESTIONS  

4.1  Conclusions              
The conclusions obtained based on the 

Design of Mechanisms and Motion Systems in 
Prototype Tanks Using Odometry that have 
been made, can be mentioned, namely: 

a.  Comparison of the characteristics 
between emulsion HSD and HSD fuels, there 
are significant differences in the specific gravity, 
heating value, flash point, LHV and cetane 
number, even the specific gravity and viscosity 
of the emulsion HSD has exceeded the 
maximum limits of diesel fuel specifications. For 
other characteristics such as TAN, sulfur, ash, 
carbon content and kinematic viscosity differ 
only slightly and are still within the permissible 
standards. The water content, sediment and 
corrosion of the copper blades of both types of 
fuel are equally good. 

b.  The performance comparison between 
emulsion HSD and HSD fuels has differences 
in power, torque, BMEP, SFOC, thermal 
efficiency. HSD fuels are better at generating 
power, torque, BMEP and have a lower 
average SFOC than emulsion HSD. Whereas 
HSD emulsion is better in terms of thermal 
efficiency. 

 

4.2  Suggestions          
Based on the research results of the 

Design of Mechanisms and Motion Systems in 
Prototype Tanks Using Odometry that has been 
done by the author, it can be given suggestions 
for further system development. These 
suggestions can be explained as follows: 
a.  Future research can examine the 
preparation of HSD emulsion with a higher 

mixture of water, to obtain more emission 
reduction data, but still maintain the specific 
gravity and viscosity of the emulsion 
fuel.              
b.  Future studies can examine noise levels 
by comparing and studying the effect of using 
HSD emulsions on the noise level, whether 
different cetane numbers and heating values 
will affect the noise level..              
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