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Research on renewable energy has become an interesting topic in the era towards industry 
5.0. This was because the world's energy needs continue to increase every year, especially 
during the industrial revolution. The use of biodiesel as an alternative fuel began to be 
developed along with the emergence of policies for adding biofuels to fossil fuels. Kepuh 
oil has the opportunity to be developed as an alternative fuel as biodiesel feedstock. This 
was because kepuh oil contains triglycerides. The purpose of this study was to determine 
the effect of catalyst concentration on density, viscosity and heating value. The catalyst 
used to produce biodiesel was KOH. The concentration of the catalyst used was K-0.8%; 
K-0.9%; K-1.0%; K-1.1% and K-1.2%. Biodiesel production was carried out at a
temperature of 600C for 1 hour in the esterification and transesterification processes at the 
same temperature and time. The best production of kepuh biodiesel was obtained at a
catalyst concentration of K-0.8% with a density value of 0.83 gr/ml, a viscosity of 2.8 cst
and a heating value of 9,847 cal/gr, while the best results were obtained from mixing pure
diesel with kepuh biodiesel at a catalyst concentration K-0.8%. The test resulted in a
density value of 0.82 gr/ml, a viscosity of 2.24 cst, and a heating value of 10,658 cal/gr. The
highest yield was 77.3% at 1.2% catalyst concentration

Doi: https://doi.org/10.19028/jtep.10.3.253-267 

1. Introduction
Research and discovery of renewable fuel energy sources has always been an interesting topic in

the world, such as biogas (Prasetiyo et al., 2021), biomass (Sukarni et al., 2017) dan biofuels to use in 
catalyst-based combustion and pyrolysis (Sukarni et al., 2020). The world's energy needs were always 
increasing, so solutions were needed to meet energy needs (Ghasemian et al., 2020). If you only rely 
on fossil energy sources, it will certainly cause problems in the future. However, that did not mean 
that fossil energy sources were abandoned. While there was still time and there were still fossil energy 
sources remaining, it was necessary to optimize the use of renewable energy sources. This is very 
necessary because the increasing population growth is followed by an increase in the amount of energy 
demand. 

The use of fossil energy continues to increase causing fossil energy reserves in nature to be depleted. 
One of the depleting fossil energy reserves was petroleum. If oil was explored continuously, oil 
reserves will be exhausted in the future (Dongoran et al., 2022). This encourages researchers to look 
for alternative and renewable energy sources. Even though alternative energy sources currently cannot 
be used 100%, at least mixing alternative energy with fossil energy can provide even longer 
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opportunities to supply energy to the world. One alternative energy that can be used as a mixture of 
fossil fuels was biodiesel (Al-Mahbuby, 2019). 

Mixed fuels are combinations of fossil fuels with alternative fuels. Current blended fuel products 
are made with pure diesel fuel (fossil fuel) with biodiesel from palm oil. However, currently the raw 
material for biodiesel still relies on palm oil, while palm oil is a basic need of the community which is 
used as cooking oil to process food. This will cause future economic crises and trigger a spike in food 
prices. Therefore, further research is needed to find biodiesel raw materials other than palm oil.  

Biodiesel raw materials can be obtained from seeds that were rich in oil, one of which was kepuh 
(Sterculia foetida) seeds. Kepuh seeds can produce crude oil which can be processed into biodiesel 
(Prasetiyo et al., 2022). This was because kepuh crude oil contains long chain fatty acids, so it meets 
the main requirements for biodiesel feedstock. In addition, kepuh oil as raw material for biodiesel had 
not affect the economic impact, this was because kepuh oil was not a raw material that can be 
consumed. 

Currently, the wood of the kepuh plant was still used. Kepuh tree wood was used to make furniture 
needs. However, the utilization of kepuh seeds as biodiesel was still rarely maximized. Therefore, 
research was needed on the manufacture of biodiesel from kepuh oil. Kepuh biodiesel was expected 
to be a mixture of diesel fuel sourced from fossil energy so that it can save the remaining energy 
reserves. 

In general, biodiesel production was carried out by esterification and transesterification stages 
(Elma et al., 2018). The results of the esterification and transesterification stages produce their own 
properties or characters in biodiesel. The purpose of combining esterification and transesterification 
reactions was to produce biodiesel characteristics that meet predetermined standards. Therefore, two 
stages were needed in the biodiesel production process.   

The esterification step was carried out to reduce the free fatty acid content in the oil. The 
esterification step was carried out by adding alcohol.. However, in the esterification stage a catalyst 
was also required. The catalyst used in the esterification step was a strong acid catalyst. Biodiesel raw 
materials that contain free fatty acids of more than 5%, an esterification step was required. At this stage 
the free fatty acids will be converted into alkyl esters. After the esterification stage followed by the 
transesterification stage.  

In the transesterification stage, there was a conversion process of triglycerides into methyl esters. 
The biodiesel production process cannot be separated from the role of the catalyst used in the 
transesterification stage. Catalysts were chemical elements used to speed up reactions during the 
biodiesel fuel production process. Types of catalysts used include enzymatic catalysts, homogeneous 
catalysts and heterogeneous catalysts (Saimon et al., 2021). KOH (Potassium Hydroxide) was a kind of 
homogeneous catalyst (Sukarni, et al., 2020). A homogeneous catalyst was a catalyst that was in the 
same phase as the reactants. It can be seen that the reactants used were in a liquid phase so that the 
catalyst also has a liquid phase. KOH catalyst was a homogeneous catalyst which had advantages such 
as affordable price, easy to obtain and high catalyst yield (Suleman et al., 2019) . 
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Furqon (2019) conducted research on biodiesel production using KOH catalyst. The results showed 
that the use of KOH as a catalyst met the requirements of SNI biodiesel SNI-04-7182-2015. The 
concentration of the KOH catalyst used was 0.5 so as to produce a methyl ester content of 97.5%. 
Andalia (2018) also conducted research on biodiesel production by comparing the quality of the 
catalyst. The catalysts used were NaOH and KOH. The results showed that the use of NaOH and KOH 
catalysts produced the same good quality. This can be seen from the density and viscosity values that 
have met the established SNI (Indonesian National Standard). However, the use of NaOH catalyst was 
better than KOH, this was obtained from the yield percentage data produced. The yield of NaOH 
catalyst was higher than that of KOH catalyst with a value of 94.4% for KOH catalyst and 98.89% for 
NaOH catalyst.  

Research on the production process of alternative fuels, one of which was biodiesel fuel, had been 
widely carried out. However, further research on the effect of catalysts on biodiesel production results 
also needs to be done. This was so that the biodiesel production process can produce maximum quality 
and meet the standards that have been set. The biodiesel standard was issued by the National 
Standardization Agency (BSN) with the number SNI 7182:2015 which refers to the Indonesian National 
Standard (SNI) for biodiesel.  

This research was conducted to determine the effect of the concentration of KOH catalyst using 
kepuh oil as biodiesel fuel. In addition, information was needed on the effect of adding kepuh biodiesel 
to diesel fuel obtained from fossil energy sources on the characteristics of the fuel. The expected results 
were information or data on the optimal amount of catalyst concentration to produce biodiesel as an 
alternative fuel and the effect of adding kepuh biodiesel to pure diesel on the characteristics of the 
resulting fuel. 

2. Materials and Methods 
In this study, the method used was an experimental method by varying the concentration of the 

catalyst in the transesterification stage. This study used three types of variables. Research variables 
consist of independent variables, dependent variables and controlled variables. The independent 
variable in this study was the concentration of the catalyst. The type of catalyst used in this research 
was KOH (potassium hydroxide). Variations in the concentration of the catalyst used were K-0.8%; K-
0.9%; K-1.0%; K-1.1% and K-1.2%. The dependent variables in this study were calorific value, density, 
viscosity and yield. The control variables in this study were the composition of methanol with kepuh 
oil, temperature and time during the esterification-transesterification process, and the composition of 
mixing pure diesel fuel (fossil diesel fuel) with kepuh biodiesel. The flow of the research process can 
be observed in Figure 1 and then proceed with the production stage which was described in the 
following subchapter. 
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Figure 1. Biodiesel production process flow chart 

2.1 Pressing Process 
The kepuh biodiesel production process begins with the pressing process on the kepuh fruit seeds. 

The pressing process aims to obtain crude oil. The pressing process is carried out using five samples. 
The results of pressing are calculated the average volume of oil produced. The average volume of oil 
produced is calculated by standard deviation using equation 1. After crude oil is obtained, proceed to 
the next stage, namely the degumming process. 

                                                                                                                                    (1) 
Explanation : 
S : Standard deviation 
Xi : i-th x value 
�⃐�𝑋 : average value of data 
n : amount of data 

2.2 Degumming process 
The degumming stage is carried out to remove the sap/dirt on the kepuh oil. The degumming 

process is done by adding H3PO4. H3PO4 added as much as 1% of the total mass of oil. After the H3PO4 

and oil were mixed, it was continued with the stirring process between the oil and H3PO4 for 30 
minutes at a temperature of 600C. The results of the degumming process are calculated using equation 
(2). 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑘𝑘𝑊𝑊𝑘𝑘𝑘𝑘ℎ 𝑜𝑜𝑊𝑊𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑘𝑘𝑜𝑜𝑊𝑊 𝑠𝑠𝑜𝑜𝑡𝑡𝑊𝑊𝑎𝑎 𝑑𝑑𝑊𝑊𝑊𝑊𝑘𝑘𝑠𝑠𝑠𝑠𝑊𝑊𝑑𝑑𝑊𝑊 𝑘𝑘𝑎𝑎𝑜𝑜𝑝𝑝𝑊𝑊𝑠𝑠𝑠𝑠
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑘𝑘𝑊𝑊𝑘𝑘𝑘𝑘ℎ 𝑜𝑜𝑊𝑊𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑘𝑘𝑜𝑜𝑊𝑊

× 100%                                  (2) 
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2.3 Titration Process 
The process of made biodiesel before the esterification process was the process of determining the 

levels of free fatty acids (FFA) contained in the oil. Alkalimetric titration method was carried out to 
determine the value of the free fatty acid number in kepuh oil. Free fatty acids were one of the 
determining factors for biodiesel production. Based on the test results, kepuh oil contains a free acid 
content of 18.7%. The high free fatty acid content of kepuh oil and above 5% cannot be directly 
processed to the transesterification stage. Therefore, the kepuh biodiesel production process must go 
through the esterification stage first. This was done to reduce the free fatty acid content to less than 
2%. The titration method uses phenolphthalein and potassium hydroxide (KOH) as indicators. The 
equation used in the titration method can be seen in equation 3 as follows. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑌𝑌(%) �𝑠𝑠
𝑣𝑣
� = 𝑀𝑀×𝑉𝑉×𝑀𝑀𝑎𝑎

1000×𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
× 100%                                                                                                               (3) 

Explanation : 
M  : Solution concentration (M) 
V  : Titrant volume (ml) 
Mr  : Relative mass (g/mol) 
Vsample : Sample volume (ml) 

2.4 Esterification Process 
The esterification step was carried out to reduce the free fatty acid content in kepuh oil. This was 

because the free fatty acids of kepuh oil were more than 2%. The results of the esterification process 
were analyzed to determine the content of free fatty acids using the titration method. After the fatty 
acid content was less than 2%, it was continued with the transesterification stage. In this study, the 
esterification process was repeated twice. This was because the free fatty acid content in kepuh oil was 
high, so more than one esterification process was needed. If the esterification process had been carried 
out twice, but the free fatty acid content was still more than 2%, then the esterification process was 
repeated until the free fatty acid content was less than 2%. The esterification process was repeated at 
the same time and temperature. 

The esterification process is carried out by mixing kepuh oil and methanol by adding H2SO4. The 
ratio of the composition of kepuh oil with methanol is 1:1.5 (mass/mass), then 1% H2SO4 is added from 
the total mass of kepuh oil. After mixing, the esterification process was carried out by stirring the 
kepuh oil, methanol and H2SO4 using a magnetic stirrer. Stirring was carried out for 60 minutes at a 
temperature of 60°C. 

2.5 Transesterifikasi Process 
The transesterification process aims to convert glycerol alkyl alkanoate from triglycerides into 

methyl esters (Adhani et al., 2016). The composition in the transesterification process uses a mass ratio. 
Mass ratio between oil and methanol 1:0.5 (1 kepuh oil: 0.5 methanol) (mass/mass) then added KOH 
as a catalyst. The variation of catalyst concentration is K-0.8%; K-0.9%; K-1.0%; K-1.1% and K-1.2% of 
the total mass of oil. The catalyst concentration was varied to obtain the best concentration information 
for the production of kepuh biodiesel. Catalyst serves to speed up the biodiesel production process. If 
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the production process does not use a catalyst, the reaction tends to be slower and biodiesel will take 
longer to produce. Glycerol alkyl alkanoate, methanol and KOH were stirred with a magnetic stirrer 
at 600C for 60 minutes. After the stirring was completed, the product was precipitated for eight hours.  

2.6 Purification Process 
The purification process was carried out by washing the biodiesel with distilled water (Arenas et 

al., 2021). The ratio of biodiesel and distilled water is 1:1 (1 biodiesel: 1 water) (mass/mass) using the 
mass ratio. The steps are carried out by preheating distilled water to a temperature of 800C. Then the 
distilled water is put into a measuring cup containing biodiesel. After completion of stirring, the 
product is placed in a separatory funnel for a precipitation process for 1 hour. 

2.7 Heating Process 
The biodiesel heating process was carried out to remove the remaining water and methanol 

remaining in the kepuh biodiesel. The heating process was carried out on all kepuh biodiesel products. 
Heating was carried out in a measuring cup placed on a magnetic stirrer at a temperature of 80°C for 
180 seconds. This process aims to evaporate the remaining methanol and aquades that ware still left in 
the biodiesel. 

2.8 Yield 
After going through the heating process, the biodiesel product produced in each sample needs to 

be analyzed. This aims to determine the effect of catalyst concentration on the resulting biodiesel 
product. The sample of kepuh oil used to produce biodiesel was 100 ml. To get the yield value can be 
calculated using equation (4). 

𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 = 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊

× 100%                                                                                                                                       (4) 

Explanation : 
WB : The weight of the biodiesel sample corresponds to the variation of the catalyst concentration 
WS : Weight of kepuh oil sample.  

2.9 Fuel Mixing Process 
Mixed fuel was a combination of pure diesel fuel (diesel fuel sourced from fossil energy) with kepuh 

biodiesel fuel. Pure diesel fuel used in this research was dexlite type diesel, while the biodiesel fuel 
used was kepuh biodiesel. The percentage ratio of fuel blending was 8:2 (80% pure diesel : 20% kepuh 
biodiesel). The mixing process uses a magnetic stirrer to stir the fuel so that the fuel was mixed 
homogeneously. Stirring was done for 180 seconds. Biodiesel products with various catalyst 
concentrations were mixed with pure diesel fuel. The results of mixing are measured by the calorific 
value, viscosity and density of each type of fuel. 
2.10 Calorific Value 

The calorific value was measured using the Bomb Calorimeter System, brand PAAR and model 
PAAR 1241 EF with a voltage of 220 Volts. Prior to use, the test equipment was calibrated using benzoic 
acid. Bomb calorimeter system functions to burn fuel adiabatically by using an insulator. When there 
was an increase in temperature, this temperature was used to calculate the calorific value produced. 
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2.11 Viscosity 
The tool used in the viscosity test was Herzog Saybolt with the ABR NL 90212 model with a power 

of 5,000 watts. The test equipment serves to determine the value of viscosity (thickness number) in 
oil/fuel products. In viscosity testing, the test equipment requires 50 ml of the material to be tested. 
The material to be tested was put into a measuring tube, then a stopwatch was also prepared to 
calculate how long the ball will fall during the viscosity test. Water was put into a heating tube at a 
temperature of 400C. Water as a heating medium will transfer heat energy around the tube containing 
the test material. After the tools and materials were ready to be tested, the cover tube was opened and 
the ball was inserted into the test material. When you're done, record the length of time the ball reaches 
the bottom of the tube. After completing the calculation using equation 5 as follows. 

V = 0.0026t – 1.175/t                                                                                                                            (5) 
Explanation : 
V  : Kinematic viscosity on stoke (cst) 
t  : Time until the ball reaches the bottom of the tube (s) 

2.12 Density 
Density was one measure of mass in each unit volume of fluid. The density of the fluid can be 

obtained from the total mass divided by the total volume. Density testing on the sample begins with 
preparing a hydrometer and the sample to be tested for its density value. The sample was put into a 
tube or measuring cup with a volume of 100 ml. Then proceed with inserting the hydrometer into the 
tube containing the sample to be tested. Care must be taken when measuring density when inserting 
the hydrometer into the tube containing the sample. This was done to avoid the occurrence of air 
bubbles when the hydrometer enters the tube containing the sample. Then to read the results of the 
density test can be seen on the scale contained in the hydrometer. The scale indicated by the 
hydrometer was the relative density of the sample. After the process of testing the calorific value, 
density and viscosity of the kepuh biodiesel had been carried out and had met the biodiesel standards 
that had been set according to the SNI 7182:2015 standard, the next step was to test the characteristics 
of the fuel mixture. 

3. Results and Discussion 
3.1 Kepuh Seed Pressing Results 

Making biodiesel with kepuh oil as raw material begins with the pressing process. The seeds of the 
fruit contain oil that can be used as raw material for biodiesel. The results obtained from the pressing 
process can be seen in Table 2. Pressing was carried out for five samples with the sample code (S). In 
Table 2 it can be seen that the average mass of oil obtained was 402.6 grams with a standard deviation 
of 12,239 for every 1,000 grams of kepuh seeds. This shows that kepuh seeds can produce a fairly high 
oil yield. The free fatty acid content of kepuh oil in this study was 18.7%. The high value of free fatty 
acids in kepuh oil requires the esterification process to be carried out first and then followed by the 
transesterification process. 
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Table 2. Kepuh seed oil from the pressing process 
Sample Seed Weight 

(grams) 
Oil 

Obtained 
(grams) 

S-1 1,000 386 
S-2 1,000 404 
S-3 1,.000 418 
S-4 1,000 396 
S-5 1,000 409 
Average oil retrieved 402.6  
Standard deviation 12.239 

3.2 Degumming process 
The degumming process aims to separate the gum. Gum was a gum in oil consisting of 

phospholipids, proteins, residues, carbohydrates, water and resins (Adekunle et al., 2016). The results 
of the degumming yield of kepuh oil by comparing other raw materials can be seen in Table 3. The 
equation used to obtain the yield value of the degumming process uses equation (2). 

Table 3. Degumming results 
Sample Yield 
Kepuh oil 81,34% 
Randu oil * 71,91% 
Mahoni oil ** 79,42% 
Palm waste oil *** 89% 

                               Source : (Kharis et al., 2019)* (Damayanti et al., 2013)** (Budiyanto et al., 2012)*** 

The results of the degumming process show that kepuh oil has the same yield as other biodiesel 
feedstocks. This shows that the percentage of gum in kepuh oil is 18.66%. After the degumming process 
continued with the esterification process. 

3.3 Esterification Process 
The kepuh oil esterification process was carried out twice. This was because the free fatty acids of 

kepuh oil have a value of 18.7%. Esterification was carried out using five samples of kepuh oil with 
code (S). The results of the esterification process can be seen in Table 4 while the standard deviation 
value in the esterification process was obtained using equation (1).  

Table 4. The results of free fatty acid esterification of kepuh crude oil 

Sample 
FFA content 

before esterification 
(%) 

FFA content in the 
first esterification 
(%) 

FFA content in the 
second esterification 
(%) 

S-1 18.7 10.1 1.3 
S-2 18.7 9.7 0.9 
S-3 18.7 10.4 1.5 
S-4 18.7 9.9 0.9 
S-5 18.7 10.3 1.8 
Average FFA content 10.08% 1.28% 
Standard deviation 8.94% 8.94% 
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Based on Table 4, kepuh oil can be reduced its free fatty acid content to less than 2%. Free fatty acid 
levels in the sample of less than 2% can be continued to the transesterification stage. 

3.4 Transesterification Process 
In Figure 2 can be observed the transesterification reaction. The transesterification process produces 

glycerol which was formed from triglycerides, diglycerides, and monoglycerides (Cercado et al., 2018). 
In this study, the catalyst used was KOH. The concentration of the KOH catalyst was varied. Then, the 
kepuh biodiesel product that has been produced according to the variation of the catalyst 
concentration was mixed with pure diesel fuel. This aims to determine the characteristics of pure diesel 
fuel when mixed with kepuh biodiesel. In addition, mixing kepuh biodiesel with pure diesel fuel (fossil 
diesel fuel) is to save diesel fuel from fossil energy so that it is not focused on palm oil as a raw material 
for diesel fuel mixtures. As a reference, the characteristics of pure diesel can be seen in Table 5 and the 
results of the mixing can be seen in Figures 3 to 5. 

                                               Table 5. Characteristics of pure diesel fuel 

Specifications 
SNI 

7182:2015 
Biodiesel 

Diesel 

Density (gr/ml) 0,815-0,890 0,817 
Viscosity (cst) 2.0 – 6.0 2.2 
Calorific value (cal/gr) 10,602 10,743 

 

 
Figure 2. Transesterification reactions (Cercado et al., 2018) 

3.5 Density 
The test results began by testing the density value of the kepuh biodiesel and the density value of 

the mixed fuel. The results of the density value test can be observed in Figure 3. 
Density or density was the ratio of mass in a volume of fluid with the same temperature and volume 

(Landi et al., 2017). In Figure 3 can be observed the relationship of density values with variations in 
the amount of catalyst. The highest density value was found in the use of 1.2% catalyst at 0.883 gr/ml 
while the lowest density value was found in the use of  K-0.8% catalyst at 0.837 gr/ml. Variation of 
catalyst concentration in the transesterification process using KOH catalyst did not significantly affect 
the density value. This can be observed from the difference in the resulting density values. In the 
variation of the catalyst concentration K-0.8%; K-0.9%; K-1.0%; K-1.1% and K-1.2% have density values 
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of 0.837 gr/ml, 0.841 gr/ml, 0.858 gr/ml, 0.870 gr/ml and 0.883 gr/ml, respectively. However, the density 
value of kepuh biodiesel with various KOH catalysts meets the established SNI 7182:2015 standard. 
The minimum standard of biodiesel density that was allowed to be produced was 0.815 gr/ml and the 
highest was 0.89 gr/ml.  

 
Figure 3. Graph of density relationship with catalyst concentration 

The relationship between catalyst concentration and density value can be seen in Figure 3, the 
higher the catalyst concentration, the higher the density value. This shows that there was an effect of 
catalyst concentration on the density value, although it was not significant. The density value which 
increases with increasing catalyst concentration was influenced by the length of the carbon chain. As 
the catalyst concentration increases, the carbon chain length decreases. In addition, the higher the 
catalyst concentration, the higher the number of double bonds in the fatty acids. The lower the 
saturation point of kepuh oil, the higher the density value. Density values in biodiesel that exceed the 
standard should not be used. This will trigger damage and wear on the engine elements. 

The test was continued by adding kepuh biodiesel to pure diesel fuel (fossil fuel). The combination 
of pure diesel fuel with kepuh biodiesel was called mixed fuel. The test results can be seen in Figure 3. 
The mixed fuel produces a density value according to the SNI 7182:2015 standard. The permissible 
density value of diesel fuel according to the SNI 7182:2015 standard was at least 0.815 gr/ml while the 
maximum was 0.89 gr/ml. The addition of kepuh biodiesel to pure diesel produces a fuel density value 
of not less than 0.815 gr/ml and not exceeding 0.89 gr/ml. 

The kepuh biodiesel product according to the variation of the catalyst concentration was mixed in 
pure diesel fuel to produce a density value. The mixed fuel had a density value of 0.824 gr/ml, 0.833 
gr/ml, 0.836 gr/ml, 0.842 gr/ml and 0.857 gr/ml. If it was observed that the density value of the mixed 
fuel meets the standard of SNI 7182: 2015. However, pure diesel fuel after being mixed with kepuh 
biodiesel had an increase in its density value. It can be observed in Table 5, the density value of pure 
diesel fuel used in this study was 0.817 gr/ml. 

The results showed that kepuh biodiesel could increase the density value of pure diesel fuel. This 
was because kepuh biodiesel has glycerol contained in methyl esters so that it affects the density value 
of the fuel. In addition, monoglycerides and diglycerides contained in kepuh biodiesel also affect the 
density value. This causes a fairly high polarity and weight in the fuel mixture. In addition, kepuh 
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biodiesel contains a lot of triglycerides so that the density value was higher than pure diesel fuel. When 
pure diesel fuel was mixed with kepuh biodiesel, the triglyceride content in pure diesel fuel increases. 

3.6 Viscosity 
Viscosity was one of the characteristics of diesel fuel that needs to be considered. This was because 

viscosity affects the internal combustion process in diesel engines. The lower the viscosity value of the 
fuel, the easier it was to atomize the fuel in the combustion chamber. However, the viscosity of diesel 
fuel has a predetermined standard value. Viscosity value according to SNI 7182:2015 was allowed a 
minimum of 2.0 cst and a maximum of 6.0 cst. 

The relationship between catalyst concentration and viscosity of kepuh biodiesel can be seen in 
Figure 4. In Figure 4 the highest viscosity value of kepuh biodiesel lies in the catalyst concentration of 
1.2% at 3.40 cst while the lowest viscosity value lies in the use of K-0.8% catalyst. at 2.24 cst. It can be 
observed in Figure 3, the viscosity value with the variation of the catalyst concentration K-0.8%; K-
0.9%; K-1.0%; K-1.1% and K-1.2% resulted in viscosity values of 2.8 cst, 3.01 cst, 3.28 cst, 3.34 cst and 
3.40 cst. This shows that there was an effect of catalyst concentration on the viscosity value, although 
it was not significant. However, the viscosity value of kepuh biodiesel meets the standards according 
to SNI 7182:2015. 

In Figure 4 can be observed the effect of catalyst concentration on the viscosity value of kepuh 
biodiesel. As the concentration of KOH catalyst increases, the viscosity of the fuel also increases. This 
was due to the content of free fatty acids and unsaturated acids remaining in the kepuh biodiesel. Free 
fatty acids and unsaturated acids cause the intermolecular density to be narrower. The narrower 
intermolecular density due to the remaining free fatty acids and unsaturated acids causes the catalyst 
was not optimal to reduce the activation energy. 

 
Figure 4. Graph of viscosity relationship with catalyst concentration  

In accordance with the research method, the research was continued by adding kepuh biodiesel to 
pure diesel fuel. The results of the study can be seen in Figure 4. The results of adding biodiesel to pure 
diesel caused the viscosity value to increase. The viscosity value of the mixed fuel was higher than that 
of pure diesel fuel. This provides information that the addition of kepuh biodiesel to pure diesel can 
increase the viscosity value although it does not provide a significant increase. However, the results of 
mixing kepuh biodiesel in pure diesel produced a viscosity value that was in accordance with the SNI 
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7182:2015 standard. The result of mixing produces a viscosity value of not less than 2.0 cst and not 
exceeding 6.0 cst. The viscosity value of the mixed fuel was in accordance with the SNI 7182:2015 
standard.  

Pure diesel viscosity increases when mixed with kepuh biodiesel, this was due to the free fatty acid 
content and the number of double bonds in kepuh biodiesel. The content of free fatty acids and the 
number of double bonds in kepuh biodiesel increases, causing the viscosity of the mixed fuel to 
increase. Viscosity that does not meet the standards will result in blockage of the injectors and 
deposition in the fuel storage area. Therefore, the viscosity of the fuel used must comply with 
established standards. 

3.7 Calorific Value 
The calorific value of a fuel was the energy content of the fuel. In Figure 5, it can be observed that 

the heat relationship of steamed biodiesel with catalyst concentration can be observed. The higher the 
concentration of KOH catalyst, the lower the calorific value produced. The highest calorific value of 
kepuh biodiesel lies in the K-0.8% catalyst concentration of 9.847 cal/gr while the lowest calorific value 
lies in the 1.2% catalyst of 9.325 cal/gr. Calorific value of kepuh biodiesel according to catalyst variation 
K-0.8%; K-0.9%; K-1.0%; K-1.1% and K-1.2% were 9,847 cal/gr, 9,642 cal/gr, 9,514 cal/gr, 9,423 cal/gr 
and 9,325 cal/gr. This shows that the more the catalyst, the lower the calorific value produced. This 
was influenced by the density of the fuel. In the density of fatty acid composition, the higher the fatty 
acid, the lower the calorific value. Therefore, the calorific value was inversely proportional to the 
density. In addition, the calorific value was affected by the carbon content. The higher the carbon 
content, the higher the calorific value of biodiesel, the lower the carbon content the lower. catalyst 
concentration leading to lower carbon content. 

 
Figure 5. Graph of calorific value relationship with catalyst concentration 

In accordance with the research method, the research was continued by adding kepuh biodiesel to 
pure diesel fuel. The ratio of pure diesel fuel mixture with kepuh biodiesel fuel was 8:2. The 
comparison was based on diesel circulating in Indonesia with a composition of 80% pure diesel fuel 
with 20% biodiesel fuel. This research was conducted so as not to be pushed by palm oil as a biodiesel 
feedstock. The results of mixing diesel fuel with kepuh biodiesel products according to the catalyst 
concentration (K-0.8%; K-0.9%; K-1.0%; K-1.1% and K-1.2%) resulted in calorific value of 10,658 cal/gr, 
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10,421 cal/gr, 10,287 cal/gr, 10,162 cal/gr and 10,049 cal/gr. The Calorific value of pure diesel with kepuh 
biodiesel has decreased. When compared with the calorific value of kepuh biodiesel, the calorific value 
of pure diesel fuel was greater, namely 10,743 cal/gr. This was because the value of the density and 
viscosity of the mixed fuel increases. The increase in density and viscosity causes the fuel molecules to 
get closer together. As the fuel molecules get closer to each other, the fuel will have a harder time 
releasing energy. It can be concluded that the process of mixing kepuh with pure biodiesel can reduce 
the calorific value specifications. 

3.8 Biodiesel Yield of Kepuh 
In Figure 6 it can be seen the relationship between the yield of kepuh biodiesel and the concentration 

of the catalyst. To get the yield value, you can use equation 4. It can be seen in Figure 6, the higher the 
catalyst concentration, the more yield was produced.  

 
Figure 6. The relationship between catalyst concentration and steam. biodiesel yield 

However, the difference in the results obtained was not very significant. The highest yield was 
found in the catalyst concentration of 1.2% at 77.3% while the lowest yield was at 70.4%. The catalyst 
concentration affects the yield of biodiesel produced. This was because the catalyst can minimize the 
formation of soap during the transesterification process so that more biodiesel was produced 
compared to the lower catalyst concentration. 
4. Conclusion 

The conclusion of the research on the effect of the transesterification process using a KOH 
catalyst on the characteristics of biodiesel from kepuh (sterculia foetida) seeds as an alternative fuel 
was as follows: 

1. Kepuh seeds produce an average oil yield mass of 402.6 grams with a standard deviation of 
12.239 grams. 

2. The esterification process was carried out to reduce free fatty acids in kepuh oil. The 
esterification process in this study was carried out twice. In the first stage of the esterification 
process, the average free fatty acid was 10.08% with a standard deviation of 8.94%, while in the 
second stage the average free fatty acid was 1.28% with a standard value of 8.94%. 
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3. The highest calorific value in kepuh biodiesel was 9.847 cal/gr while the mixed fuel was 10,558 
cal/gr with a catalyst concentration of K-0.8%. The lowest calorific value of kepuh biodiesel was 
9.325 cal/gr while the mixed fuel was 10,449 cal/gr with a catalyst concentration of K-1.2%. 

4. The highest density in kepuh biodiesel was 0.87 gr/ml while in mixed fuel it was 0.89 gr/ml 
with a catalyst concentration of K-1.2%. The lowest density in kepuh biodiesel was 0.837 gr/ml 
while in mixed fuel it was 0.824 gr/ml with a catalyst concentration of K-0.8% 

5. The highest viscosity of kepuh biodiesel is 3.21 cst while the mixed fuel is 3.05 cst with a catalyst 
concentration of K-1.2%. The lowest viscosity in kepuh biodiesel is 2.6 cst while in mixed fuel 
it is 2.34 cst with a catalyst concentration of K-0.8%. 

6. The highest yield was found at a catalyst concentration of K-1.2% at 77.3% while the lowest 
yield was found at 70.4% at a catalyst concentration of K-0.8%. 
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