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ABSTRACT 

The research aimed to obtain the impact of the branched fatty acid ester use as blending biodiesel towards 
physical properties, engine performance and exhausted emission. This was a laboratory research consists of testing of 
exhausted gas emission using Diesel Oil, Palm Biodiesel (B100), and Palm biodiesel blending with branched fatty Acid 
Ester (Bio-Plus). The result of the research were indicates that the physical properties of Bio-Plus is very different from the 
physical properties of B100, and diesel fuel. A significant difference can be seen in the value of the cetane number, 
kinematic viscosity, and heat value. Cetane number and kinematic viscosity of Bio-Plus is higher than the B100 and diesel, 
but heat value of the Bio-plus is lower than the B100 and diesel. Performance diesel engine with fuel Bio-plus better than 
the B100 and diesel. Use of Bio-plus can reduce exhaust emissions, especially NOX emissions were detected in the form of 
NO2 and COX emissions. 
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INTRODUCTION 

The chemical composition of vegetable oil used 
as a raw material for biodiesel vary by source, and is 
generally a triglyceride composed of straight- long chain 
fatty acids usually C12 until C18. 

The physical properties of biodiesel such as 
cetane number, pour point and viscosity, highly influenced 
by carbon chain length of the fatty acid constituent. Cetane 
number of biodiesel produced from vegetable oils which 
are predominant fatty acids, straight-chain length (such as 
castor oil, palm oil, soybean oil, and coconut oil) generally 
above the cetane number of diesel fuel (diesel), but has a 
high pour point and flame point. Lee et al (1995), says that 
biodiesel synthesized from straight long chain fatty acids 
crystallization at lower temperatures. Crystallization is 
triggered by the high pour point. 

Due to the high pour point of biodiesel, resulting 
biodiesel for diesel engines that exist today (diesel engine 
designed for diesel fuel) they should be mixed with diesel 
fuel (eg biosolar programme PT. Pertamina in Indonesia 
only up to 5% biodiesel, known as B5). To use directly 
and safely although in cold climates, the biodiesel 
necessary to add additives to lower the pour point (pour 
point depressant). During this time fuel additives are 
generally synthesized from petroleum. 

Some previous researchers to tackle the problem 
on the weaknesses of biodiesel, especially in the high pour 
point compared to diesel fuel. Wang (2007) conducted a 
study on the use of isopropyl ester as a solution to the high 
pour point of biodiesel, and Puche (2008) in patent 
EP1331260 use glycerine tri-acetate as an additive in the 
composition of biodiesel as the lowering of pour point was 
observed at its freezing point. Wang (2007), comparing 
the methyl ester with isopropyl ester derivative of the high 
oleic soybean oil yield and reported in the form of 
isopropyl ester (branched chain) derivatives of the soybean 
oil provides better properties, ie -18 °C pour point, cetane 

number 57.1 and low calorific value of 16 566 Btu / lb, 
whereas in the form of methyl esters, the value is 0 ° C 
pour point, cetane number of 47.2 and the lowest calorific 
value of 16,100 Btu / lb. Puche (2008) reported that 
glycerin tri-acetate effectively lowers the freezing point of 
biodiesel from rapeseed oil, from -7 ° C to -16 ° C into a 
mixing 5% and to -17 ° C for mixing 10%. 

Knothe et al (2006), has conducted testing 
exhaust emissions of biodiesel compared to petrodiesel. 
From these studies it is known that biodiesel can reduce 
exhaust emissions such as CO, particulate matter, and 
hydrocarbons, but increases NOx emissions. Increased 
NOx emissions caused by the presence of unsaturated 
bonds (a double bond) in the carbon chain fatty acid 
constituent of edible oils. The problem of increased 
emissions of NOx in the use of biodiesel is also a matter 
that must be addressed, so that biodiesel can be used more 
widely and become one of the solutions to reduce the 
causes of global warming and acid rain. Further Knothe 
(2006) says that some of the approaches that can be taken 
in efforts to reduce NOx emissions in the use of biodiesel 
is the addition of additives, blending with petro diesel, and 
modification of the chemical composition of raw materials 
(reduce the presence of unsaturated fatty acids). Of these 
alternatives Knothe reported that the use of branched chain 
hydrocarbons into petro diesel fuels such as 2, 2, 4, 4, 6, 8, 
8-heptametilnonana can reduce NOx emissions.  

Search literature informs us that the fatty acid 
ester branched or unbranched has a pour point and a low 
crystallization temperature. Lee et al (1995) reported that 
the use of a branched ester oils or fats can lower the 
temperature of crystallization. The branched esters can be 
obtained by reacting vegetable oils (glycerides) or fatty 
acids with branched chain alcohols such as isopropyl 
alcohol or isobutyl alcohol. Lee argued that the use of 
isopropyl alcohol as a reactant can lower the 
crystallization temperature of 11.2 °C lower than when 
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using methanol.  Kinsman (1979), states that the branched 
fatty acids have very different properties of straight-chain 
fatty acids. The position and the number of branches is a 
factor that most determines the difference between the 
physical properties of branched fatty acids with straight-
chain fatty acids. According to Kinsman in his research 
found that the pour point isostearic acid ester is generally 
much lower than stearic and oleic acid ester. 

As described above, that the fatty acid or ester 
branched have a pour point lower and can reduce NOx 
emissions, it is predicted that if the ester branched used as 
blending biodiesel while maintaining branching existing in 
carbon chain (both fatty acids and alcohol) it will produce 
biodiesel has a lower pour point, so its use is not only 
limited to 5% only but can be more than that, or even 
100%. However, the constituent fatty acid triglycerides in 
vegetable oils or animal fats are not found to exist directly 
in the form of branched fatty acids, but are derivative 
products. 

Branched fatty acid esters are used as blended in 
this study were produced from the seed kernel oil of kepoh 
(sterculia foetida L.) through the process of in-situ 
transeseterification as reported by Pasae (2016). 
 
METHODS 
 
a. Preparation fuels and additives 

Two types of fuel used in this research that diesel 
obtained from PT. Pertamina and Biodiesel Oil obtained 
from the Laboratory of Chemical Engineering Process 
Paulus Christian University of Indonesia. As an additive 
used branched fatty acid ester derivative sterculia oil. 
Diesel fuel used as a pure, while oil biodiesel made in two 
categories, namely pure biodiesel (B100) and Biodiesel 
added additives (Bio-plus) with a ratio of B100 / Bio-plus 
is 80/20 (v/v). 
 
b. Combustion on diesel engine test  

Test equipment consists of a diesel engine with a 
specification Type TQ TD115 MKII small engine test bed 
with the engine power range 2.5-7.5 KW, Max Torque 15 
Nm and a max speed of 6000 rev / min. Sampling for 
exhaust emission analysis performed on three systems 
namely opening the fuel line openings 30, 60 and 90. 
 
 
 
 

c. Exhaust emission test 
Testing the flue gas was performed using an 

ECOM-AC Exhaust Gas Analyzer. The components of the 
exhaust gas is measured in this study are CO, CO2, NO2, 
and SO2. Major components of exhaust emissions 
expressed in % or ppm 
 
RESULT AND DISCUSSIONS 

Three types of fuel used in the testing of exhaust 
emissions and engine performance is diesel purchased 
from PT. Pertamina, 100% biodiesel (B100) obtained from 
the Laboratory of Chemical Engineering Process UKI 
Paulus and biodiesel blended with branched fatty ester 
product in this study (Bio-Plus).  

Before combustion, fuel is characterized to 
determine the physical properties based on the 
requirements for diesel fuels. Characterization results are 
presented in Table-1. In general, the physical properties of 
Bio-Plus is very different from the physical properties of 
biodiesel are not mixed, and the physical properties of 
diesel fuel. a significant difference can be seen in the value 
of the cetane number, kinematic viscosity, and heat value. 
Cetane number of Bio-Plus is higher than the B100 and 
diesel. The high cetane fuels will improve the well, so that 
an oxidation reaction at the fuel combustion can take place 
better or close to complete combustion. Although the 
value of the Bio-plus kinematic viscosity higher than the 
B100 and diesel, but still within the limit values required 
by the Indonesian National Standard (SNI). Heat value of 
the Bio-plus is lower than the B100 and diesel. 

The desired diesel fuel are relatively flammable 
itself (without having to be triggered by a fire spark plugs) 
if sprayed into the pressurized hot air. The benchmarks of 
this nature are the cetane number, which is defined as the 
percent volume of n-cetane fuel in the form of a mixture of 
n-cetane (n-C16H34) and α-methyl naphthalene (α-CH3-
C10H7). n-cetane one type of straight-chain hydrocarbons 
are highly flammable itself with the value of cetane 
number 100, and α-methyl naphthalene is one kind of a 
double-ringed aromatic hydrocarbons is very difficult to 
burn with a value of zero cetane number. The composition 
of the exhaust gases of diesel engines generally taken the 
average conditions of work machine in normal 
circumstances. Another factor, the major contributors to 
air pollutants is a factor of the mixture of compressed air 
with fuel sprayed. Mixing disproportionate (too much 
fuel) produce exhaust gas containing excessive 
particulates. 

 
Table-1. The properties of fuel. 

 

No. Properties 
Results 

Diesel B100 Bio-Plus 

1. Spesifik gravity (60/60 oF) 0,8519 0,8736 0,873 

2. Cetane number 40 62 66,92 

3. Kinematic Viscosity 40 oC (cSt) 3,614 5,325 5,441 

4. Heat value, (Btu/lb) 18.518 17.836 16.566 
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Table-2. Performance data engine on diesel fuel. 
 

No. 
Pb mf mat 

AFR SFC 
μV μT HLE 

(kW) (kg/h) (kg/h) (%) (%) (%) 

1 0,628 5,760 9,74 1,49 9,17 88,32 0,00028 0,45 

2 1,926 11,520 18,66 1,43 5,98 88,41 0,0004287 0,60 

3 2,857 13,388 22,72 1,46 4,69 85,83 0,0005473 1,06 
 

*1 throtle opening 30; 2 throtle opening 60; 3 throtle opening 90 
 

Table-3. Performance data engine on biodiesel (B100). 
 

No. 
Pb mf mat 

AFR SFC 
μV μT HLE 

(kW) (kg/h) (kg/h) (%) (%) (%) 

1 0,733 21,22 11,36 0,52 28,96 96,83 0,00010 0,692 

2 1,465 31,52 22,72 0,62 21,51 85,61 0,00014 0,956 

3 2,512 46,40 24,34 0,49 18,47 92,84 0,00016 1,22 
 

*1 throtle opening 30; 2 throtle opening 60; 3 throtle opening 90 
 

Table-4. Performance data engine on Bio-plus. 
 

No. 
Pb mf mat 

AFR SFC 
μV μT HLE 

(kW) (kg/h) (kg/h) (%) (%) (%) 

1 0,785 33,14 12,17 0,355 42,22 96,54 0,0001 0,70 

2 2,261 21,91 21,91 0,533 16,18 89,01 0,00019 0,84 

3 3,18 47,73 29,21 0,474 15,00 77,37 0,00020 1,20 
 

*1 throtle opening 30; 2 throtle opening 60; 3 throtle opening 90 
 

Diesel engine performance test data used in this 
study are presented in Table-2 until Table-4. 

The results of performance testing machines from 
all three types of fuel used indicate different conditions. 
As an indicator of the machining, when the engine is 
operated torque load on the transmission shaft mounted on 
a constant load of 5 kg. 

At the opening trotle at the first level by 30%, for 
the three types of fuel have increased power (Pb) starting 
from 0.628 kW on pure diesel fuel, and increased power 
when using B100 of 0.733 kW and increasing again in the 
use of Bio- plus up to 0.785 kW. The increased engine 
power is also accompanied by an increase in rotation on a 
transmission shaft on the use of diesel of 1200 rpm, 1400 
rpm on the use of biodiesel, up to 1500 rpm rotation on the 
use of Bio-plus. 

Other indicators as a basis for comparison are the 
specific fuel consumption (SFC). Specific fuel 
consumption has increased quite significantly; the use of 
diesel fuel specific consumption amounted to 9.17 
Unknown further increased the use of B100 at 28.96 and 
the largest on the use of Bio-plus of 42.22. 

Increased SFC affects the increase in the power 
generated in the engine. That is because the increase in the 
volume of fuel that burned down in the cylinder chambers 
in the engine cylinder the same volume of space. 

Changes to the engine power is decreased at the 
opening trotle 60% and 90% due to a change of 
temperature in the engine room, so that the power 
generated has decreased it can be based on a percentage of 
the heat lost from the fuel (HLE). Increased HLE often 
affect the performance of the machine. Increased HLE is 
influenced by several factors, as an indicator of the testing 
process increased coolant temperature and a rise in 
temperature around the combustion chamber. 

Based on the data of the test results can be 
determined that the performance of the engine optimum 
conditions on the use of Bio-Plus, it is based on an 
increase in engine power (Pb) at the opening of throtle 
same on every use of the fuel, it is also based on an 
increase in shaft rotation transmission machines. 

Exhaust emissions test results for the three types 
of fuel were tested in this study are presented in Tables 5, 
6 and 7. 
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Table-5. Diesel engine exhaust emissions on the throttle opening 30. 
 

Emissions Units Diesel B100 Bio-Plus 

CO mg/m3 343.56 332.11 135.13 

CO2 mg/m3 431.9 53.99 52.19 

NO2 mg/m3 7.52 18.81 13.17 

SO2 mg/m3 1.31 0 0 

 
Table-6. Diesel engine exhaust emissions on the throttle opening 60. 

 

Emissions Units Diesel B100 Bio-plus 

CO mg/m3 374.48 363.03 250.43 

CO2 mg/m3 233.95 35.99 26.99 

NO2 mg/m3 22.58 31.29 24.29 

SO2 mg/m3 2.62 1.31 1.31 

 
Table-7. Diesel engine exhaust emissions on the throttle opening 90. 

 

Emissions Units Diesel B100 Bio-plus 

CO mg/m3 430.59 366.46 320.65 

CO2 mg/m3 251.94 34.19 21.6 

NO2 mg/m3 6.58 7.52 7.22 

SO2 mg/m3 5.24 1.31 1.31 

 
The results of testing CO on each opening 

indicate that CO emission levels of Bio-plus smaller than 
the B100, and CO emissions B100 lower than Solar. Or in 
other words there is a decrease in the level of CO 
emissions from diesel to B100 and Bio-plus. 

The rate of decline achieved from Solar to B 100 
was 3.05 s.d 14%, from 100 to B Plus B s.d 12.50 59.31%, 
and of the Bio-Solar to s.d 25.53 plus 60.67%. 

Results of testing the CO2 component also 
experienced a significant decrease in the time of switching 
from diesel fuel to the B 100 and to the Bio-plus. The rate 
of decline achieved is from Solar to B 100 is 84.62 up to 
87.49%, from 100 to Bio-B plus 3.33 sd 36.82%, and from 
Solar to Bio-plus 87.91 till 91.43 %. 

The test results of NO2 component to increase in 
fuel switching from solar to B100 and to B Plus. But the 
increase in NO2 emissions from replacement Solar to 
B100 is higher than the increase in NO2 emissions from 
diesel fuel replacement to the Bio-plus. The rate of 
increase NO2 emissions from Solar to B100 is 12.5 s.d 
60.02% whereas from Solar to Bio-plus is 7.03 s.d 42.9%. 
For SO2 component experienced also a decrease of diesel 
to B100 and to Bio-plus. 

Based on the results of emission testing, we can 
conclude that the use of Bio-plus the added ester biodiesel 
branched fatty provide much lower emissions compared to 
the use of B100 (pure biodiesel). This indicates that the 
addition of ester fatty branched into biodiesel has to 
provide improvements to the physical properties of 
biodiesel with regard to the requirements of the fuel, the 

cetane number and pour point, as shown in Table 1 that 
the cetane number of biodiesel is added ester branched 
higher than with a cetane number of pure biodiesel and 
diesel. So even as the pour point of biodiesel added 
branched fatty ester is much lower than with pure 
biodiesel. 
 
CONCLUSIONS 
 
a) Physical properties of Bio-Plus is very different from 

the physical properties of B100, and diesel fuel. A 
significant difference can be seen in the value of the 
cetane number, kinematic viscosity, and heat value. 
Cetane number and kinematic viscosity of Bio-Plus is 
higher than the B100 and diesel, but heat value of the 
Bio-plus is lower than the B100 and diesel.  

b) Performance diesel engine with fuel Bio-plus better 
than the B100 and diesel 

c) Use of Bio-plus can reduce exhaust emissions, 
especially NOX emissions were detected in the form 
of NO2 and COX emissions. 
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