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1. INTRODUCTION

One of the most widely used energy sources in Indonesia comes from petroleum. The transportation
sector is one of the most significant contributors to energy needs. Energy and Mineral Resources data in 2014
states that dependence on fossil energy, especially petroleum, in fulfilling consumption in Indonesia is still
high at 96% (48% oil, 18% gas, and 30% coal) of total consumption, and efforts to maximize the use of
renewable energy has not been able to run as planned [1][2]. The high consumption of fossil energy is caused
by people who tend to be wasteful in using energy. Meanwhile, on the other hand, Indonesia is facing a
decline in fossil energy reserves that continues to occur and cannot be matched by the discovery of new
energy reserves. In line with the increase in energy consumption, the supply of primary energy also increases.

One of the steps taken by the government is to make mandatory use of biofuels (BNN), especially
biodiesel, to meet the increasing energy demands. The biodiesel mandate itself has been regulated in the
Minister of Energy and Mineral Resources of the Republic of Indonesia No. 12/2015 concerning the third
amendment to the regulation of the minister of energy and mineral resources number 32 of 2008 concerning
the supply, utilization and trade system of biofuels as other fuels, then Minister of Energy and Mineral
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Resources of the Republic of Indonesia No. 41/2018 concerning the supply and utilization of materials
biofuel type biodiesel in the framework of financing by the management agency of oil palm plantation funds.
Decree of the Minister of Energy and Mineral Resources of the Republic of Indonesia No. 1936
K10/MEM/2018 regarding the procurement of biodiesel type biofuel to mix general types of fuel oil for the

period September to December 2018 [3][4][5].

Biodiesel is a biomass fuel that can replace petroleum diesel fuel. One of the advantages of biodiesel
fuel is that it is a renewable energy source that is more environmentally friendly than fossil fuels because
biodiesel significantly reduces greenhouse gas emissions compared to fossil fuels. Biodiesel has the potential
to solve energy problems in developing countries, especially countries that are not oil producers. In general,
biodiesel has a cetane number range of 46-70, while petroleum diesel has a cetane number of 47-55 [6][7][8].
Emissions produced from biodiesel are cleaner, environmentally friendly and biodegradable. Biodiesel
emissions are lower than petroleum-based diesel fuel. Emissions of particulates, soot and carbon monoxide
are lower because biodiesel is an oxygen fuel.

Seeing these energy problems, the first step that must be taken is to look for renewable alternative
energy that can support the community's energy needs, besides relying on fossil energy sources. According to
Indoenergi, one source of biodiesel raw materials that is often used is Crude Palm Qil (CPO) and one of its
derivative products such as Fatty Acid Methyl Ester (FAME) [9][10].

FAME, commonly known as biodiesel, is a fuel derived from vegetable oil raw materials containing
high enough fatty acids, around 61-62%, currently used as a mixture with petroleum diesel. FAME is a
derivative product of CPO that has been treated both physically and chemically. The main advantage of
FAME lies in the low content of impurities, especially sulphure and metal content. But on the other hand,
FAME has organic compounds whose impacts need to be mitigated [11]-[15].

This study aims to produce biodiesel that does not have hygroscopic properties or does not contain
high water content so that biodiesel will be obtained following the quality standards of the Director General
of Oil and Gas and SNI. The biodiesel quality standard referenced in this study is the biodiesel quality
standard from the Director General of Oil and Gas [16] [17].

2. RESEARCH AND METHODS
2.1. Material and Equipment

The FAME used as a sample is taken in the tank drainer (the part of the tank that serves to take
samples or materials in the tank). The sample was deposited by allowing it to stand for 3 days. The
conversion process takes place in a pyrolysis apparatus presented in Figure 1. Supporting equipment used for
product analysis includes viscometer, density meter, flash point meter, X-ray sulphure, Karl Fisher Moisture
Measurement and calculated cetane index (CCI).

2.2. Sampling Method

The pyrolysis process is carried out on a pyrolysis device designed with a volume of 7 liters. The
cracking process at temperature variations of 161-170°C, 171-180°C, 181-190°C and 191-200°C. Observed
and recorded the volume of liquid fuel produced. The result of condensate is accommodated with a
measuring cup to determine its volume and analyzed its properties.

2.3. Sampling Testing

The fuel product produced from the pyrolysis process with FAME as raw material is analyzed to
determine biodiesel quality, including density, viscosity, cetane number, flash point, water content and
sulphure content. Analysis of the characteristics of biodiesel fuel parameters was carried out to determine the
quality of biodiesel after the product obtained from the pyrolysis process. The characteristics of the fuel
obtained are compared with the biodiesel in PT Pertamina RU 111 whether there is a decrease in quality or
remains the same, including in terms of water content. Data retrieval with temperature variations from 161°C
to 200°C for 5 days.
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Description:
1. Pyrolysis Reactor, 7. Themo Control,
2. Condenser, 8. Control valve
3. Preheater, 9. Cooler (inlet)
4. Stainless steel shell, 10. Cooler (outlet)
5. FAME raw material, 11. Product output pipe
6. Pressure control, 12. Fuel Product Tank

Figure 1. FAME Pyrolysis Reactor

3. RESULTS AND DISCUSSION
3.1. Pyrolysis Process Results

In this research, the pyrolysis process of Fatty Acid Methyl Ester (FAME) was carried out. The
FAME used is 7 (seven) liters deposited or allowed to stand for at least 3 (three) days, then put into the
pyrolysis heater. Heating started at room temperature of 30°C, but at a temperature of 161°C to 200°C was
taken as data due to the initial boiling point (IBP) obtained at 171°C. The observed temperature ranges are
161-170°C, 171-180°C, 181-190°C and 191-200°C for 5 days from 02 to 06 February 2021.

According to the temperature range, all biodiesel results from the pyrolysis process are put into
sample bottles and then analyzed for product quality, including density, cetane number or Calculated Cetane
Index (CCI), viscosity sulphure content, flash point, residual carbon, and water content. Observations of
pyrolysis results are in Table 1.

Table 1. Pyrolysis Result Volume Data
Pyrolysis Reactor Temperature (°C)

Research Data Date Unit
161-170 171-180 181-190 191-200
02 Feb ml 0 75 91 620
03 Feb ml 0 53 74 305
Pyrolysis on a basis of 04 Feb ml 0 26 37 165
T liters of FAME 05 Feb ml 0 14 20 76
06 Feb ml 0 10 10 38
Total Volume of m 0 178 232 1204

Pyrolysis Qil

Based on the observations of biodiesel fuel pyrolysis products, the volume differences produced
from each temperature range, the temperature of 161-170 °C did not get the volume due to the initial boiling

point (IBP) at 171 °C, while at 191-200 °C the volume was high with a total volume of 1204 ml, can be seen
in Figure 2.

Pyrolysis Process of Fatty Acid Methyl Ester (FAME) Conversion into Biodiesel
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Figure 2. Biodiesel Volume Product of FAME

Based on observations of biodiesel products from the pyrolysis process, there are differences in
color, namely the temperature range of 191-200°C (Figures F and G) produces a darker color than the
temperature range of 171-180 °C (Figure B and C) and 181-190 °C (Figure D and E), the physical appearance
of the pyrolysis of FAME into biodiesel is shown in Figure 3.

Figure 3. Biodiesel results from FAME at a temperature of 161-200 °C

3.2. Biodiesel Fuel Characteristic
3.2.1 Biodiesel Density

Density is one of the parameters that determine the quality of biodiesel fuel. Density has a
relationship with the carbon chain of the alkyl ester. The longer the carbon chain, the more biodiesel density
will increase and reduce the degree of molecular saturation [18]. Density affects the calorific value and
power produced by the combustion process of fuel. A high-density value indicates the number of components
contained in the fuel. This component will prolong the atomization process of the fuel components during the
combustion process so that it will increase the calorific value of the fuel combustion process [19]. According
to the quality standard of the Director General of Oil and Gas, the required density for biodiesel is 815-860
kg/m® at 15 °C. The density value following the required quality standards can produce a complete
combustion reaction in the engine, while a density value that exceeds the standard will cause the combustion
reaction to become imperfect so that it will increase emissions and wear on the engine [20]. The results of the
analysis of the density value of biodiesel fuel can be seen in Figure 4.

Figure 4 shows that the composition of FAME raw materials starts at a temperature of 171-180°C
with a density of 0.8390 kg/m3, 181-190°C with a density of 0.8430 kg/m3 and 191-200°C with a density of
0.8450 kg/m3. All of them obtained density analysis results between the minimum and maximum limits of the
required quality standards. When viewed from the temperature range, the density value of the biodiesel
product is heavier if the biodiesel product is obtained at a higher temperature.
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Figure 4. Biodiesel Density Results of FAME Pyrolysis

3.2.2 Biodiesel Viscosity

The viscosity that is too high will increase the friction loss in the pipe, make the pump work harder,
and complicate the filtering process, thereby increasing the possibility of dirt being deposited and the fuel
fogging process [19]. The viscosity that is too low will make the lubrication thin so that it can cause wear and
damage to the combustion engine. FAME's kinematic viscosity is almost 2 times that of diesel oil, which is
very important for engine lubricity, a vegetable-derived material that is relatively low in sulphure and
aromatics content. In addition, the level of emission produced is also lower in terms of Particulate Matter
(PM). According to the Director General of Oil and Gas, the required biodiesel viscosity value is 2.0-4.5 cSt
at 40 °C. Based on the analysis of the viscosity value of biodiesel fuel, it can be seen in Figure 5.
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Figure 5. Viscosity of Biodiesel Pyrolysis Results FAME

Figure 5 shows that for FAME raw materials starting from a temperature of 171-180°C with a
viscosity of 2.459 cSt, 181-190°C viscosity 2.653 ¢St and 191-200°C viscosity 3.053 cSt. The results of the
viscosity analysis are between the minimum and maximum required quality standards. When viewed from
the temperature range, the viscosity value of biodiesel products is more significant if the biodiesel yields are
obtained at higher temperatures.

3.2.3 Biodiesel Calculated Cetane Index (CCI) Value

A cetane number is a number that shows the results of testing the combustion quality of diesel fuel
by comparing the reference fuel with the known cetane number in advance. The FAME cetane number
according to SNI is at least 51, while the standard for petroleum diesel according to the Director General of
Oil and Gas is at least 48 and the Calculated Cetane Index (CCI) is at least 45. The cetane number shows how
fast diesel engine fuel can be injected into the combustion chamber to burn spontaneously in the combustion
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chamber. The structure of the constituent hydrocarbons influences the cetane number of petroleum diesel.
The lower the cetane number, the lower the ignition quality because it requires a higher ignition temperature
[19]. The higher the cetane number, the faster the fuel burns, the better the thermodynamic efficiency. A high
cetane number significantly affects the short time required between fuel injected and initiation, causing a
good start and smooth engine sound [19]. A higher cetane number will ensure a good start and minimize the
formation of white smoke.

In general, biodiesel has a cetane number range of 46-70, while petroleum diesel has a cetane
number of 47-55 [19]. Emissions produced from biodiesel are cleaner, environmentally friendly and
biodegradable. Biodiesel emissions are lower than petroleum-based diesel fuel. Emissions of particulates,
soot, and carbon monoxide are lower because biodiesel is an oxygen fuel [20]. In testing diesel engines with
vegetable oil fuels, it was found that vegetable oils have greater efficiency and engine power than diesel oil
because the temperature of the exhaust gas produced is lower, but there is a decrease in the quality of the
calorific value by an average of 2%. With an average calorific value of 2% lower, but vegetable oil has a
much higher cetane number, a shorter ignition delay will be obtained when compared to diesel oil. A shorter
ignition delay of large and effective power will result in optimum performance [21].

The cetane number or calculate cetane index (CCI) of FAME is higher than petroleum diesel, so it is
very good for improving auto-ignition performance in diesel engines. The longer the carbon chain of the fatty
acid and the more saturated the molecule, the higher the devil nhumber will be [22]. The results of the CCl
analysis of biodiesel fuel in all pyrolysis temperature ranges. The results of the CCI analysis of biodiesel fuel
at various temperature ranges can be seen in Figure 6.

55 48.0 485
45

35
25
15
5 0 0 0 0

Cetane Number

5 141-150 151-160 161-170 171-180 181-190 191-200

Temperature (°C)

Figure 6. Pyrolysis Results Biodiesel Cetane Numbers

The ASTM D613-80 method is a measurement method in determining the quality of biodiesel
combustion or determining the cetane number, starting from a temperature of 181-190°C with a cetane
number of 48.0, and 191-200°C with a cetane number of 48.5. The temperature range obtained by the CCI
analysis value is above the minimum quality limit required by the Director General of Oil and Gas.

3.2.4 Biodiesel Flash Point

The flash point is the lowest corrected temperature of a pressure of 760 mmHg in oil vapor which
ignites instantly when subjected to a test flame. Flash point is an important parameter related to the treatment
process and storage of fuel. The high flash point ensures safer treatment and storage [23]. The presence of
methanol in biodiesel products lowers the flash point of biodiesel so that biodiesel is flammable. Products
that have a low viscosity value have a low flash point [24]. These properties happened because fluids with
high viscosity are more difficult to ignite. The flash point value of FAME is much higher than the flash point
value of petroleum diesel, so the blending formulation with more FAME composition will result in the flash
point of the biodiesel produced also increasing. In the quality requirements of the Director General of Oil and
Gas, the flash point value is set at a minimum value of 52 °C for petroleum-based diesel fuel. The flash point
value of biodiesel that has been obtained from this research can be seen in Figure 7.
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Figure 7. Flash Point Biodiesel Pyrolysis Results FAME

Figure 7 shows that FAME starts at a temperature of 171-180°C with a flash point of 57°C, 181-
190°C flash point 58°C and 191-200°C flash point 59°C. All of them obtained the results of flash point
analysis above the minimum required quality standard. When viewed from the temperature range, the flash
point value of biodiesel products is higher if the biodiesel yields are obtained at higher temperatures.

3.2.5 Biodiesel Water Content Value

In some countries with winter season, the water content contained in diesel engine fuel can form
crystals that can block the flow of fuel in the engine injectors. In addition, the presence of water can cause
corrosion and the growth of micro-organisms which can also block the flow of fuel into the combustion
chamber. Sediment can also cause clogging and engine damage [25]. The analysis of the water content of
biodiesel from FAME pyrolysis at various temperature ranges can be seen in Figure 8.
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Figure 8. Biodiesel Water Content

Figure 8 shows that the composition of FAME raw materials starts from 171-1800C with the water
content of 246 ppm, 181-190°C water content of 236 ppm and 191-200°C water content of 223 ppm. All of
them obtained the results of water content analysis below the maximum required quality standard. When
viewed from the temperature range, the value of the water content of biodiesel products is less if the biodiesel
yields are obtained at higher temperatures.

3.2.6 Biodiesel Sulphur Content

Sulphur is the main problem for diesel engines, because the higher the sulphure content will provoke
excess acid levels. This situation will result in damage to engine components, from scale to fuel lines. Scaling
in the fuel lines can interfere with the supply of fuel that flows into the cylinders, the direct effect of
disrupting engine performance, ranging from decreased power to more severe damage. This is where the term
premature combustion or knocking occurs, which can cause the engine to tickle. High sulphure content can
also damage the injector components and result in poor combustion. The lower the sulphure content, the

Pyrolysis Process of Fatty Acid Methyl Ester (FAME) Conversion into Biodiesel
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cleaner exhaust gas emissions, fuel lines, diesel filters, and the combustion chamber. Sulphure also affects
engine life. The higher the sulphure, which is acidic, the more the engine will rust easily. The effects of high
sulphure levels in diesel fuel do not stop at vehicle damage. In the case of air pollution, combustion gases
from the engine, when mixed with air, will form sulphure dioxide (SO.). There will be an acidic composition
that is harmful to the body when SO is mixed with water vapor

From the analysis of the pyrolysis results, it can be seen that biodiesel is an environmentally friendly
diesel fuel because it produces better exhaust emissions, namely free sulphure. The sulphure value <0.1
%m/m is far below the maximum value for the quality requirements of the Director General of Qil and Gas,
which is 0.25 %m/m for 2017. The test results show that the sulphure content of biodiesel is far below the
maximum quality requirement. The results of the sulphure content analysis can be seen in Figure 9.
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Figure 9. Sulphure Content of Biodiesel Pyrolysis Results of FAME

Figure 9 shows that the composition of FAME raw materials starts from a temperature of 171-200°C
with a sulphure value of 0.07 %m/m. All results obtained from the analysis that the sulphure content of
biodiesel is far below the maximum required limit.

4. CONCLUSION

Biodiesel fuel developed as a diesel engine fuel derived from plant-based Fatty Acid Methyl Ester
(FAME) has the same characteristics and even better than fossil fuel types of diesels. The results of the
analysis on the pyrolysis system temperature range of 161-200 °C are included in the specification of the
biodiesel quality standard of the Director General of Oil and Gas No. 28.K/10/DJM.T/2016 and SNI-04-
7182-2015. Initial Boiling Point (IBP) from the pyrolysis system research to FAME 171°C. The water
content is one of the critical parameters, which is one of the measurement results of this pyrolysis, the result
data obtained that the biodiesel water content is below the maximum limit of the specified quality
requirements, namely the results of the analysis of the biodiesel water content of 219-246 ppm.
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