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Abstract  
Alternative fuels such as vegetable oil, biodiesel, and bio-oil are 

potential alternatives for diesel engines. Bio-oil is one of the 

products of the decomposition process of chemical and organic 

matter by adding heating process without oxygen is called rapid 
pyrolysis. Bio-oil in the pyrolysis process is made from Brem waste. 

Brem is a typical food from the district of Madiun, Indonesia. This 

research is important because the switch from petroleum-sourced 

fuel to Bio-Oil oil cannot be automatically applied to diesel engines. 
Spray quality and combustion process, type and quality of fuel, and 
engine design and condition are some of the important parameters 

affecting diesel engine performance. Research data is very 

important because it can determine the intake manifold and the best 
bio-oil-diesel blends to be used in the operation of diesel engines 

with bio-oil-diesel blends. The research uses three variations of the 

intake manifold form. Variations of research with lamp loading of 
650, 1300, 1950 and 2600 watts determine specific power and fuel 
consumption. Use an opacity smoke meter to determine the opacity 
of diesel engine exhaust gases. The fuel used is pure diesel fuel 
and Bio-Oil fuel B10, B15, and B20 resulting from the pyrolysis of 
Brem waste with a fuel volume of 25 ml for each research variable. 
The results of testing the intake manifold variation and the bio-oil-
diesel blended are the intake manifold variation 1 with a fuel mixture 
variation of 20 % Bio-Oil - 80% pure diesel (B20), which has the 
best results both electric power, specific fuel consumption and 
opacity. 
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INTRODUCTION 

Power and energy are the main research 
topics in research on petroleum fuels [1, 2, 3]. 
The energy policy of governments around the 
world is to develop alternative renewable fuels for 
internal combustion engines and diesel engines 
[4] due to the scarcity of petroleum and global 
warming. Alternative fuels, such as vegetable oil, 
biodiesel, and bio-oil, are potential alternative 
fuels for diesel engines [5][6]. Brem waste oil is 
one of the products of the decomposition process 
of chemical organic matter by adding a heating 
process without oxygen is called rapid pyrolysis,  
where biomass undergoes chemical breakdown 

into gas [7, 8, 9]. Biomass in the pyrolysis 
process is made from Brem waste. Brem is a 
typical food from the district of Madiun, 
Indonesia. Brem is produced with the basic 
ingredients of white/black sticky rice through a 
stages fermentation process. From the 
processing of Brem, this will be left behind by the 
Brem waste that is waste or waste. Brem waste 
uses fodder, organic fertilizer, bioethanol etc. 
Waste carbohydrate content Brem 14.7% and 
protein 9.5% and CO2 19.5% [10][11]. 

One alternative to solve the energy supply 
problem is the development of Brem waste oil. 
The fuel is made from vegetable oil converted 
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into a fuel mixture in diesel oil [12]. This study 
uses a diesel engine (or compression ignition 
engine, CI) as a research tool. Diesel oil from 
crude oil or biodiesel or a mixture of both can be 
used in CI engines having specific characteristics 
[13, 14, 15]. The switch from petroleum-sourced 
fuel to Bio-Oil oil cannot be automatically applied 
to diesel engines [1]. Spray quality and 
combustion process [16][17], type and quality of 
fuel [4, 18, 19, 20, 21], as well as engine design 
and condition [22], are some of the critical 
parameters that affect the diesel engine 
performance. The viscosity of Bio-Oil oil is 
greater than that of diesel oil, so it is necessary to 
regulate the supply of sufficient air to create 
complete combustion in the combustion 
chamber, influenced by variations in the Intake 
Manifold. The supply of air to the combustion 
chamber can also be varied to obtain the right 
setting with the fuel used [23] 

The viscosity of Brem waste oil is thicker 
than that of diesel oil. For this reason, the 
research uses three variations of the intake 
manifold form. Variations of research with lamp 
loading of 650, 1300, 1950 and 2600 watts 
determine specific power and fuel consumption. 
To determine the opacity of diesel engine 
exhaust gases, use an opacity smoke meter. The 
fuel used is pure diesel fuel and Brem waste oil 
fuel B10, B15, and B20 resulting from the 
pyrolysis of Brem waste with a fuel volume of 25 
ml for each research variable.  

 
MATERIAL AND METHODS 
Material 

This study uses pure diesel fuel and bio-
oil-diesel blends. bio-oil-diesel blends consist of 
10% Brem waste oil + 90% diesel oil (B10), 15% 
Brem waste oil + 85% diesel oil (B15) and 20% 
Brem waste oil + 80% diesel oil (B15). This 
material is used as a test sample. The test 
material (pure diesel and bio-oil-diesel blends) as 
much as 25 ml using a variation of the intake 
manifold was tested on a diesel engine to 
determine the electric power, Specific F uel 
Consumption (SFC) and Opacity (OPC). 

 
Method 

The research was conducted with a 
Dongfeng S195 diesel engine loaded with a 
2600-watt lamp. Some are assembling and 
installing the load light socket to the diesel 
engine. The engine speed is set to 1500 rpm, 
measured by a tachometer. Experiments were 
carried out experimentally with standard intake 

manifolds with B0, B10, B15, and B20; variation 
of the intake manifold 1 with B0, B10, B15, and 
B20; Variation of the intake manifold 2 with B0, 
B10, B15, B20.  

The experiment was carried out at a 
constant engine speed of 1500 rpm with 
variations in lamp loads of 650, 1300, 1950 and 
2600 watts connected to an electric motor that 
was rotated by the engine. Each variation of 
injector pressure was tested three times for 5 
minutes, and the results were averaged. The 
measuring cup is used to measure fuel 
consumption in a certain period and is measured 
with a stopwatch. Finally, diesel engine gas 
emissions are calculated by smoke meter 
opacity. The engine specifications are presented 
in Table 1. 

The experimental setup is presented in 
Figure 1. In addition, the variations intake 
manifold tested on a diesel can be seen in Figure 
2.  
 
Analysis 

Calculating output power and SFC using 
(1) and (2). The output power-Pe (Watt) from a 
single-cylinder engine is calculated using (1). 

 (1) 

Where, 𝑉 and 𝐼 are the output voltage (Volt) and 
current (A) generated from the engine. A 
Comparison of fuel consumption to useful 
energy is SFC [g/kWh]. To produce 1 kWh of 
electrical energy obtained from grams of fuel is 
needed. For the CI engine, it can be calculated 
using (2) [24]: 

 

 

(2) 

Where  are the mass flow rate of blended 

diesel-bio-oil (kg/s) 

 
Table 1. The engine specifications 

Model  : S 195 
Type : 4 Strokes 
Combustion system : Direct Injection 
Number of cylinders : One cylinder 
Diameter x stroke : 95 x 119 mm 
Cylinder volume  : 0,815 L 
Compression ratio : 17:1 
Maximum Power  : 9,6941 kW/2200 rpm 
Oil Capacity   : 3,5 L 
Cooling system : Water with hoper 
Lubrication system : Pressure / splash 
Starting system : Crank 

 



p-ISSN: 1410-2331  e-ISSN: 2460-1217 

 

F. Majedi et al., Effects of bio-oil - diesel blends: the performance and emissions of diesel … 305 

 

 

Figure 1. Research apparatus and experiment setup 

 

 

Intake manifold standart 
 

 
Intake manifold variations 1 

 

 

Intake manifold variations 2 
 

  
Intake manifold variations 3 

Figure 2. Variations intake manifold 

RESULTS AND DISCUSSION 
Electrical Power  

Figure 3 compares the value of the 
generator output power produced when the 
diesel engine uses a standard Intake manifold, 
variation 1, variation 2, and variation 3. 

The maximum electric power generated is 
2572 watts, with a fuel mixture variation of 20% 
bio-oil - 80% pure diesel at 1500 RPM using a 
standard Intake Manifold. Testing with Intake 
Manifold variation 1 produces a maximum electric 
power value of 2555 watts, with a fuel mixture 
variation of 20% Bio-Oil - 80% pure diesel at 
1500 RPM. the maximum value of electric power 
of 2502 watts is produced using Intake Manifold 
variation 2, with 100% pure diesel fuel at 1500 
RPM. Finally, intake manifold variation 3 
produces a maximum electrical power value of 
2493 watts, with a fuel mixture variation of 10% 
Bio-Oil - 90% pure diesel at 1500 RPM. 

Figure 3 shows that the maximum electric 

power value is 2572 watts for variations in the 
B20 fuel mixture on a standard Intake Manifold 
with a load lamp of 2600 watts and RPM 1500 for 
variations in the intake manifold. The maximum 
electric power value on the intake manifold 
variation 2 is 2555 watts at the condition of the 
B20 fuel mixture with a load lamp of 2600 watts 
and 1500 RPM. 

 This study increased the value of electric 
power in all conditions, both pure diesel fuel and 
bio-oil-diesel, using standard intake manifolds, 
intake manifold variations 1, intake manifold 
variations 2, and intake manifold variations 3. 
The condition follows the general provisions of 
information that the cause of the generator output 
power value increasing/decreasing is caused by 
the size of the load lamp. 
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Figure 3 Electrical Power with Variations Intake Manifold 

 
Specific Fuel Consumption 

Figure 4 compares the SFC values 
produced when the diesel motor uses the 
standard intake manifold, variation 1, variation 2, 
and variation 3. 

Tests with a standard intake manifold 
resulted in a maximum SFC value of 0.262 g/watt 
on 100% pure diesel fuel at 1500 RPM. In the 
Intake Manifold variation 1, the maximum SFC 
value produced is 0.354 g/watt at the condition of 
the 15% Bio-Oil - 85% pure diesel at 1500 RPM. 
Tests with Intake Manifold variation 2 resulted in 
a maximum SFC value of 0,308 g/watt on 15% 
Bio-Oil -85% pure diesel fuel at 1500 RPM. 

In the Intake Manifold variation 1, the 
maximum SFC value produced is 0.342 g/watt at 

the condition of the 10% Bio-Oil - 90% pure 
diesel at 1500 RPM. 
 This study decreased the value of 
specific fuel consumptions in all conditions, pure 
diesel fuel and bio-oil-diesel, using standard 
intake manifolds, intake manifold variations 1, 
intake manifold variations 2, and intake manifold 
variations 3. The cause of the increase/decrease 
in the value of specific fuel consumption is the 
large lamp load. The greater the lamp load on the 
generator, the more fuel is injected into the 
combustion chamber to maintain the stability of 
the diesel engine rotation because when the light 
load increases, the generator rotation load 
increases heavy, and the diesel engine speed is 
reduced. 
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Figure 4. SFC with Variations Intake Manifold 

 
Figure 4 shows the best specific fuel 

consumption value using a mixture of bio-oil-
diesel in the condition using the intake manifold 
variation 2 with 20% bio-oil - 80% pure diesel. 
This condition is almost the same as using a 
standard intake manifold. 
 

Opacity 
Figure 5 compares the exhaust gas opacity 

values when a diesel motor uses a standard 
intake manifold, variation 1, variation 2, and 
variation 3. 

Tests with a standard intake manifold 
resulted in a minimum opacity value of 3,9% on 
15% bio-oil -85% pure diesel fuel at 1500 RPM. 
In the Intake Manifold variation 1, the minimum 
opacity value produced is 3,6% at the condition 

of the 10% Bio-Oil - 90% pure diesel at 1500 
RPM.  

Tests with Intake Manifold variation 2 
resulted in a minimum opacity value of 0,3,1% on 
20% Bio-Oil -80% pure diesel fuel at 1500 RPM. 
In the Intake Manifold variation 1, the minimum 
opacity value produced is 2,5% at the condition 
of the 15% Bio-Oil - 85% pure diesel at 1500 
RPM. 

Figure 5 shows the best opacity value using 
a mixture of bio-oil-diesel in the condition using 
the intake manifold variation 2 with 20% bio-oil - 
80% pure diesel. This condition is almost the 
same as using a standard intake manifold and 
has met Indonesia's normal flue gas opacity 
value [25]. 
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Figure 5. OPC with Variations Intake Manifold 

 
CONCLUSION 

The effect of this study using pure diesel, 
bio-oil-diesel using standard intake manifolds, 
intake manifold variations 1, intake manifold 
variations 2, and intake manifold variations three 
significantly affect the results of electric power, 
Specific Fuel Consumption (SFC) and Opacity 
(OPC). And in this research, the best is taken 
from electric power, SFC and OPC. 

The use of pyrolysis bio-oil mixed directly 
with pure diesel requires many factors, the shape 
of the intake manifold is one of the engine 
designs factors that significantly affect electrical 
power, SFC and OPC. The research can be 
continued for further analysis, with several other 
factors studied deeper. 
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