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Abstract: The limitation of fossil energy resources and the increasing need for fossil fuels 
encourage the development of renewable energy resources. An alternative energy currently being 
developed such as biomass utilized as an alternative fuel in motorized vehicles are bioethanol. This 
Paper discusses the development of research on the utilization of bioethanol in Indonesia, starting 
from low-grade ethanol distillation into high grade up until the utilization of additives in a mixture 
of bioethanol and gasoline on internal combustion engine. Bioethanol fuel mainly produced by sugar 
fermentation process from biomass, it can also be manufactured by chemical process. Today the use 
of bioethanol in Indonesia as fuel still very low, however the production of low-grade bioethanol 
often found as a type of beverage consumed by certain communities, both traditional and industrial 
scale. In Indonesia, bioethanol mixture to be a fuel is usually anhydrous ethanol with a concentration 
of >99.5%. If fully used as fuel it is necessary to modify the engine, but if it is mixed with the gasoline 
then the engine modification is not required. The addition of bioethanol to gasoline will certainly 
change the fuel properties, the fuel will be more difficult to self-ignite so the pressure generated in 
the combustion chamber will be more consistent. 
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1.  Introduction and background 
Indonesia is still dependent on non-renewable energy 

sources, this condition is seen from the growth of motor 
vehicles over the past five years has reached 8.63% per 
year1). Along with the increasing number of vehicles, the 
amount of fuel consumption has also increased2). One 
alternative energy currently being developed as an 
alternative fuel in motorized vehicles is bioethanol3). 

Today the utilization of bioethanol in Indonesia as fuel 
is very low4). In Indonesia the production of bioethanol 
often found as a type of beverage consumed by certain 
communities, both traditional and industrial scale5). There 
are certain conditions for bioethanol so it can be used as a 
mixture in fuel, one of them are the concentration of 
ethanol has to be greater than 99.5%6,7). This kind of 
ethanol known as anhydrous ethanol. 

Anhydrous ethanol is used because the water content is 
very small, and can even be said to be pure so that when 
mixed directly with gasoline, a homogenous mixture will 
be obtained8). While hydrous ethanol has a lower ethanol 
concentration and more water content in it so it can’t be 
directly mixed with gasoline9). Therefore, we need a 
simple technology that can accommodate low-grade bio-
ethanol produced by the community to be transformed 
into high-grade bio-ethanol10), and the results can be 
directly applied as mixed fuel on the engine11,12). 

Engine modification are necessary if bioethanol used as 
a fuel, but if its mixed with gasoline then the engine 
modification is not required13,14). Bioethanol addition to 
gasoline will certainly change its properties15,16), the fuel 
will be more difficult to self-ignite17,18) and the pressure 
generated in the combustion chamber will be more 
consistent19,20). This Paper discusses the development of 
research about utilization of bioethanol in Indonesia, 
starting from low-grade ethanol distillation to high grade 
ethanol21) up until the utilization of additives in a mixture 
of bioethanol and gasoline on internal combustion 
engine22). 

 
2.  Method and experimental setup 

The study began in 2010 with the design of compact 
distillatory as ethanol distillation devices. Compact 
distillatory consists of three main parts, namely evaporator, 
separator and condenser. 

Fig. 1 shows that the evaporator section is mounted on 
the exhaust manifold with the objective of utilizing the 
heat from the exhaust gases for heating the distillation and 
the installation is placed in a chamber inside the dynamic 
fuel engine without changing the physical appearance 
conditions of the motor so that it is possible to carry out 
the test under actual conditions. Furthermore, testing of 
the distillation rate and ethanol concentration are 
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conducted.  

Fig. 1: Compact Distillatory 
 
In 2011 a study was conducted on the effect of load 

variations on the distillation rate and ethanol 
concentration. Furthermore, an analysis of motor 
performance was also carried out to determine fuel 
consumption and exhaust emissions from the combustion 
chamber. This research was conducted on a static motor, 
Genset Sumura 1500cc, as shown in Fig. 2. 

Fig. 2: flow chart compact distillatory on a static motor 
 

Further research on bioethanol in 2012 was carried out 
on dynamic motor engines (125cc Suzuki Thunder Motor). 
It can be seen from Fig. 3 that the management of ethanol 

fuel is done through main jets and pilot jets. Then the  

Fig. 3: Fuel supply system on dynamic motor 

compact distillatory test is also performed with variations 
in the load on the distillation rate and ethanol 
concentration in the dynamic motor. The performance of 
the motor is analyzed to see its effect. 

In 2013 a CFD simulation was carried out to analyze 
the combustion characteristics that occur in a mixture of 
gasoline with bioethanol. In addition, the development of 
a compact distillatory is also done by adding a gate valve 
to the bypass channel to control the temperature of the flue 
gas that will be used for the distillation process as can be 
seen on Fig. 4. 

Fig. 4: Control Temperature on Compact Distillatory 
 

In 2014 the research was continued by optimizing the 
compact distillatory in the separator section23). In 2016, 
bioethanol research was continued by conducting 
performance and emission testing in accordance with SNI 
and design of bioethanol hydrous fuel mixer24). 

In 2017 bioethanol research was carried out with a 
150cc Spark Ignition (SI) Honda Matic motor. Analyzes 
engine performance and emissions with bioethanol 
gasoline blend. Addition of oxygenated cycloheptanol 
additive to compare performance and emissions using fuel 
mixture E0, E5, E10, E15 plus oxygenated additives for 
every bioethanol gasoline blend. 

In 2018 The study continued with few changes to the 
test engine. The test engine used is a 125cc SI engine on a 
semi-automatic motor that utilize dyno engine as a 
measuring tool in this test method. Tests were also carried 
out using oxygenated cyclohexanol additives. 

In 2019 the study continued to analyze the heat release 
rate in the combustion chamber using pressure 
transducer25). The test was done with fuel mixture E0, E5, 
E10 and E15 plus the additions of oxygenated additives. 

 
3.  Results and Discussion 

To produce high grade bioethanol as a gasoline fuel 
mixture, research has been carried out on the design of 
compact distillatory by utilizing the exhaust heat of 
motorbikes since 2010. At first the performance of the 
compact distillatory has not shown satisfactory distillation 
results with the highest ethanol concentration 81.7% 
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reached on engine speed 1800 rpm. The level of 
bioethanol produced can be seen in Fig. 5. 

Fig. 5: Compact distillatory performance 
 

Subsequently, a redesign and optimization of the 
compact distillatory is done by changing the separator 
component into a type of batch-sieve tray distillation 
column which is expected to produce high-grade 
bioethanol and increase the distillation rate. The goal to 
redesign the compact distillatory is to produce a 95% 
bioethanol concentration. The new dimension of separator 
components; 1.5-inch diameter, 900 mm height, tray 
number 8, tray hole diameter 1 mm and 128 holes per 
tray.as seen in Fig. 6. 

Fig. 6: Optimization Compact Distillatory 
 
The test with different distance between tray 

experimented and the result can be seen in Fig. 7. In 
engine speed 3600 rpm with tray distance 100 mm 
produce the highest ethanol with concentration 93.36%. 

Fig. 7: Optimization Compact Distillatory Performance 

Further tests are carried out to determine engine 
performance and exhaust emissions from the addition of 
bioethanol as a mixing fuel with variations in the addition 
of 10% and 20%. It can be seen from Fig.8 that as ethanol 
concentration increase, power, torque and fuel 
consumption increases too. 

Fig. 8: Ethanol – Gasoline Blend Engine Performance 
 
Another test is conducted to analyze the heat release 

rate of ethanol gasoline blend with the addition of 
oxygenated additives. The pressure generated in the 
combustion chamber obtained using pressure transducer. 
It can be seen from Fig. 9 that 5% ethanol gasoline blend 
with oxygenated additives increases heat release rate, 
especially on lower engine speed. 
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Fig. 9: Heat Release Rate of Rate Ethanol – Gasoline 
 

4.  Conclusion 
The following conclusion can be made from this study, 

to produce high grade bioethanol research has been 
carried out on the design of compact distillatory by 
utilizing the exhaust heat of motorbikes. At first the 
performance of the compact distillatory has not shown 
satisfactory distillation results with the highest ethanol 
concentration 81.7% on engine speed 1800 rpm. 
Subsequently, a redesign and optimization of the compact 
distillatory is done by changing the separator component 
into a type of batch-sieve tray distillation column. The 
new dimension of separator components; 1.5-inch 
diameter, 900 mm height, tray number 8, tray hole 
diameter 1 mm and 128 holes per tray. Further tests are 
carried out to determine engine performance and exhaust 
emissions from the addition of bioethanol as a mixing fuel 
with variations in the addition of 10% and 20%. It can be 
seen from Fig.7 that as ethanol concentration increase the 
power increases, torque also increases, and the fuel 
consumption increases too. Next test is experimented to 
analyze the heat release rate of ethanol gasoline blend with 
the addition of oxygenated additives. It can be seen from 
that 5% ethanol gasoline blend with oxygenated additives 
increases heat release rate, especially on lower engine 
speed. Further test needs to be done to analyze the effect 
of the Carbon cycle length towards engine performance. 
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