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Biodiesel presents a large potential for replacing other fossil-based fuels. Thus, the present work aimed 
to assess the specific fuel consumption (SFC), thermal efficiency and emissions of nitric oxide (NO) 
and nitrogen oxides (NOx), in a cycle diesel engine-generator set, using soybean biodiesel and diesel 
as fuels. The experiment was carried out at Western Paraná State University (UNIOESTE), Cascavel 
Campus. The engine-generator set used in the study was a model BD 6500CF with 7.36 kW (10 cv) of 
power and 5.5 kVA/5.0 kW of nominal power, with an average output tension of 120/240 V monophase. 
Fuels used were soybean biodiesel (B100) and diesel oil (B0). Nominal loads applied varied between 1.0 
and 5.0 kW. In order to quantify gas emissions, a combustion and emission quality analyzer was used; 
model PCA®3, Bacharach inc. Soybean biodiesel presented an average consumption increase of 4.3% 
in all resistive loads, what shows large potential for the usage of soybean biodiesel in the generation of 
energy, without causing raises in the specific fuel consumption. Soybean biodiesel efficiency has 
proved to be superior to that of diesel in all resistive loads. As for the emissions, soybean biodiesel 
provided a reduction of 64% (NO) and 54% (NOx) when compared with diesel oil.    
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INTRODUCTION 
 
Forecasts related to the depletion of fossil-based fuels 
make necessary the search for alternatives that may 
replace them in an effective way. The main features 
required for these sources are that they must be renewa-
ble and cause less impact in the environment. Among 
them is biodiesel, which is a renewable fuel made of 
vegetal oils, such as sunflower, soybean, babassu or 
other plants with oilseeds, animal fat, or even the usage 
of residual frying oil. It is used in cycle diesel engines, in 
any rate with mineral diesel, or pure. It is produced by 
means of chemical processes, such as transesterification, 

which is the most used one. 
According to Gerper (2005), transesterification is a 

chemical reaction of a vegetal oil or animal fat with an 
alcohol, such as methanol, in the presence of a catalyst, 
which is usually a strong base, such as sodium or potas-
sium hydroxide, and produces new chemical compounds 
called methyl esters, which have been known as biodiesel.               

Biodiesel is used as a replacement for diesel in cycle 
diesel engines, with the advantage of not requiring mec-
hanical adaptations and presenting high energetic yield 
(Volpato et al., 2012). 
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The main advantages of using biodiesel in relation to 
diesel are the following: sulfur emissions are essentially 
eliminated, its high number of cetane, its high flash point 
(what provides better safety in handling and storage) and 
its lubricity. However, the problem is its viscosity, but it 
can be overcome by mixing it with a biodiesel with lower 
viscosity, what keeps elevated lubricity and oxidative 
stability (Flores et al., 2012).       

In Brazil, soybean oil is the main feedstock for biodiesel 
production; it is currently responsible for about 78% of the 
total production (ANP, 2012). Soybean biodiesel is highly 
explored due to the fact that its feedstock is abundant 
and to better knowledge of obtainment processes 
(Kohlhepp, 2010). 

According to Costa Neto (2000), in order to assess the 
fuel quality of vegetal oils, it is necessary to analytically 
determine their calorific power, cetane index, distillation 
curve and viscosity. To be used as a fuel, biodiesel must 
present some technical features such as complete trans-
esterification reaction (total absence of fatty acids) and 
high purity without traces of glycerin, residual catalyst or 
alcohol that exceeded the reaction.   

Volpato et al. (2009) tested the performance of a cycle 
diesel engine, by using soybean biodiesel (B100), in rela-
tion to diesel, and assessed efficiency, reduced power, 
specific fuel consumption and energy. Pereira et al. 
(2007) analyzed mixtures of B20, B50, B75 and B100 of 
soybean biodiesel with diesel in a stationary diesel 
engine; the results show an increase in fuel consumption, 
decrease in the temperature of exhaust gases and reduc-
tion of exhaust gases concentrations.      

The objective of the present study was to assess speci-
fic fuel consumption, efficiency and emissions of nitric 
oxide (NO) and nitrogen oxides (NOx) of a diesel cycle 
engine-generator set running on soybean biodiesel (B100) 
in relation to diesel.  

 
 
MATERIALS AND METHODS 

 
The work was carried out at the Bioenergy Laboratory of Western 
Paraná State University (UNIOESTE), Cascavel Campus. A cycle 
diesel engine-generator set was used with direct injection; model 
BD 6500CF with 7.36 kW (10 cv) of nominal power, and output 
tension of 120/240 V monophase. Soybean biodiesel used in the 
experiment was made by means of transesterification at the Biofuel 
Laboratory of UNIOESTE, following the specifications of the norm 

ASTM D6751 and their measurements to the same norm. The cata-
lyst used was 1% potassium hydroxide (KOH) in relation to the 
initial volume of oil; the alcohol used was methanol, with the 
addition of 25% of the initial volume of oil. 

In order to assess the mass of fuel consumed, an external sto-
rage tank was used, as well as a precision scale by GEHAKA model 
BG-2000, with a precision of 0.02 g. 

Execution period of each test was counted in a digital stopwatch, 

which made it possible to obtain data for fuel consumption. Equa-
tion 1 shows the calculation of fuel consumption performed in each 
of the performance tests. 

 
 
 
 

                                              (1) 

 
In which, Cons is the fuel consumption (g.s

-1
); Mi is the initial fuel 

mass (g); Mf is the final fuel mass, (g) and  is the experiment 

period (s).  
In what concerns the loads used during the test, the simulation 

was performed by using a bank of electrical resistances. The cycle 
of loads adopted started from lower loads; the following cycles were 
applied: 1.0; 2.0; 3.0; 4.0 and 5.0 kW, as well as 4 (four) replica-

tions for each experiment. The assessment of the specific fuel 
consumption was determined according to the load variation of the 
engine-generator set, running on soybean biodiesel and diesel. The 
following equation presents the calculation of specific fuel con-
sumption for a determined load:  

 

                                             (2) 

 
In which, SFC is the specific fuel consumption (g.kW

-1
.h

-1
); Cons is 

the fuel consumption (g.s
-1

); V is the output tension (V); I is the 
electric current (A) 

In order to determine the calorific power of fuels, a calorimeter 
was used (model E2K). For this experiment, fuel portions of about 
0.5 g were separated. The method for determining superior calorific 
power with the calorimeter consisted of pressurizing with a pump, 
the adiabatic container that kept the sample; such container was 
coupled to the ignition cord. Pressure kept in calorimeter E2K was 
30 atm (3.00 MPa). Experiments with incomplete combustion were 
ignored. In that sense, it was possible to assess the lower heating 
value of fuels. 

Higher heating value (Equation 3) of the compositions was 
determined by the equation described in Volpato et al. (2009), 
which takes into account the lower heating value: 

 
LHV = HHV – 3.052                                               (3) 

 
In which, LHV is the lower heating value (MJ.kg

-1
) and HHV is the 

higher heating value (MJ.kg
-1

) 
Another parameter used in the assessment of the engine-

generator set was its efficiency in converting the fuel’s chemical 
energy into electricity. Efficiency calculation of the engine-generator 
set was performed as shown in Equation 4. 

 

                              (4) 

 
In which, η is the set efficiency (%); SFC is the specific fuel 
consumption (kg.kW

-1
h

-1
); LHV is the lower heating value (MJ kg

-1
) 

In order to quantify the emission of gases, an emission and com-
bustion quality analyzer was used: model PCA3-285KIT/24-8453, 
by Bacharach. The analyzer has calibration certificate N° 
1011/AN5420, dated from 24/11/2010 for temperature and concen-
tration items. For the emissions test, the equipment’s capture probe 
was exposed in the combustion gases exhaust area, and then it 
was necessary to wait for the stabilization of values. Such process 
was repeated four consecutive times. Quantified gases were the 
emissions of NO and NOx. 

 Statistical tests for specific fuel consumption and efficiency 

consisted of variance analysis (ANOVA) and for the comparisons of 
averages, Tukey’s test was applied at 5% of probability, which was 
performed on software SISVAR. 
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Table 1. Averages of analyzed properties for soybean biodiesel and diesel. 

 

Property Soybean biodiesel Diesel 

Higher heating value (MJ.kg
-1

) 38.722 43.616 

Kinematic viscosity, 40°C  (mm
2
.s

-1
) 4.68 3.01 

Specific density (g.cm
-3
) 0.885 0.845 

Flash point (°C) 130 52.5 
 
 
 

 
 

Figure 1. Specific fuel consumption according to the applied load. Treatments 
averages followed by different letters significantly differ from each other by Tukey’s 
test at 5% of significance.  

 
 

 

RESULTS AND DISCUSSION 
 
Table 1 shows the properties obtained in the laboratory 
for the soybean biodiesel and mineral diesel used for the 
tests with the engine-generator set. The average for 
higher heating value presented was 11.22% lower that 
soybean biodiesel. Kinematic value was much higher for 
soybean biodiesel as well (4.68 mm².s

-1
). These two 

properties are extremely important in understanding the 
engine-generator set’s behavior when running on these 
fuels. 

Figure 1 shows the behavior of SFC according to the 
load variation applied to the generator. Even though there 
were no statistical differences, soybean biodiesel presen-
ted higher average SFC, which was 4.3% superior to 
diesel. Except for load 3 kW, for all other loads, soybean 
biodiesel presented specific consumption superior to that 
of mineral diesel. 

The results follow the same trend as those presented 
by Hilbert et al. (2002) in which they obtained an average 
increase of 9.5% in the SFC with the use of biodiesel 
when compared with diesel oil, the same was found by 
Maziero et al. (2006), in an analysis of a 92 kW engine, 
when an increase of 10% was verified in the SFC when 
using pure biodiesel (B100) in comparison with diesel.       

According to Torres et al. (2006), when performing 
tests with a 7.36 kW power engine, running on diesel oil 
and pure biodiesel (B100), the specific fuel consumption 
was 20% higher with biodiesel when compared with 
diesel.   

Volpato et al. (2009), by using soybean biodiesel and 
mineral diesel oil in a four-stroke cycle diesel engine with 
nominal power of 75 cv (56 kW), obtained a reduction of 
up to 14.66% in the SFC of the engine running on biodie-
sel; however, the same authors, when using olive biodie-
sel, obtained an increase of 12.68% in comparison with 
diesel. 

Graboski and McCormick (1998), by using four-stroke 
engines, demonstrated that there is usually an increase 
in the SFC and NOx in biodiesels in relation to diesel oil. 
The viscosity difference between biodiesel and diesel 
may also be an important factor in the difference of speci-
fic consumption; Xué et al. (2011) reported that there is 
an increase in consumption as density and viscosity are 
raised. In this study, there were significant differences 
between fuels for these characteristics (Table 1), which 
influences the SFC. Efficiency in the conversion of the 
fuel’s chemical energy into electric energy in the engine-
generator set was measured as shown in Figure 2. 

For all loads, soybean biodiesel presented higher
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Figure 2. Efficiency of the engine-generator set in converting the fuel’s chemical 
energy into electric energy. Treatments averages followed by different letters 
significantly differ from each other by Tukey’s test at 5% significance.  

 
 
 

efficiency in the conversion of the fuel’s chemical energy 
into electric energy in the engine-generator set, given that 
for the 3 kW load, both fuels were considered statistically 
different, with 21.03% of efficiency for soybean biodiesel 
and 17.15% for diesel. If one takes into account the dif-
ferences among all loads, soybean biodiesel’s efficiency 
was 9.05% higher than diesel’s. As the SFC for both fuels 
was close, there was higher efficiency for biodiesel, due 
to the fact that it presents lower inferior calorific power, 
what implies a higher relation in conversion (Equation 4).    

Silva et al. (2012) observed an increase of 3% for all 
studied loads by using chicken fat biodiesel; such result 
was inferior to that found in the present study. Barbosa et 
al. (2008), by using a 58.2 kW (78 cv) cycle diesel engine, 
obtained an average efficiency gain of 4% when using 
100% soybean biodiesel in comparison to mineral diesel. 

Yehliu et al. (2010), when testing an engine running on 
soybean biodiesel (B100) and diesel oil, obtained an 
efficiency decrease of 6 to 8% with soybean biodiesel in 
comparison with mineral diesel, what may be explained 
by the fact that the engine was not optimized for such 
fuel, so the advanced combustion process caused a ne-
gative balance between the indicated engine working and 
mechanical losses, which resulted in efficiency decrease.  

Kegl (2006), when performing tests with canola biodie-
sel as compared to diesel oil, verified that the efficiency 
had a slight increase with canola biodiesel, as there was 
a specific fuel consumption increase in comparison to 
diesel oil.   

Apart from being a renewable source, another feature 
of biodiesel is the trend of emitting fewer gases than 
other conventional fuels, such as diesel. In the present 

study, in what concerns the emissions of NO, soybean 
biodiesel presented a reduction when compared with 
diesel for all analyzed loads, as shown in Figure 3.  

The decrease of NO emissions with soybean biodiesel 
in relation to diesel was averagely 84% for all loads. 
According to Rakopoulos and Giakoumis (2009), NO 
depends on combustion temperature, oxygen level in the 
combustion chamber and on combustion period. One of 
the explanations for the decrease of NO in this study is 
that according to Ghobadian et al. (2009), biodiesel con-
tains oxygen in its structure, thus, the oxygen kept in the 
biofuel is the main reason for a more complete combus-
tion, causing a reduction in the emission of gases. 

The result presented in relation to the emissions of 
nitric oxide (NO) is similar to that observed by Pereira et 
al. (2007), who reported a decrease of 446 ppm of NO 
with diesel oil to 407 ppm of NO with soybean biodiesel, 
totalizing a 9% reduction. Chaves et al. (2012) found a 
reduction of approximately 12% in the emissions of NO 
by using residual frying oil. 

Regarding nitrogen oxides (NOx), for all resistive loads, 
soybean biodiesel presented a reduction as compared to 
diesel (Figure 4). 

Soybean biodiesel’s average NOx reduction in compa-
rison to diesel was 54%; such decrease was also observed 
by Pereira et al. (2007), who obtained a reduction of 9% 
when using soybean biodiesel in comparison to diesel, 
just like Kegl (2008), who observed a reduction of NOx 
emissions with canola B100 as compared to diesel. 

Hess et al. (2007), observed a reduction of 5.6% in the 
soybean biodiesel emissions of NOx in relation to diesel. 
Murillo et al. (2007) reported a NOx reduction of 16%,
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Figure 3. Means of NO emissions for both fuels in different resistive loads. 

 
 

 

 
 
Figure 4. Averages of NOx emissions of both fuels for different resistive loads. 

 
 
 

Table 2. Exhaust gases temperature with the application of 
different resistive loads in the engine-generator set. 

 

Load Diesel Soybean biodiesel 

1 182.2 137.5 

2 193.1 154.2 

3 222.2 157.3 

4 257.8 177.5 

5 217.0 162.6 

 
 
 

and affirmed, as Ghorbani et al. (2011) did, that NOx 
emissions are highly dependent on temperature, due to 

the high activation energy necessary for the involved 
reactions, given that the higher the temperature is, the 
higher the gases emission (Table 2). 

As literature mentions works in which gases emissions 
are directly related to the gases exhaust temperature, 
dispersion analysis were made between exhaust tem-
perature and emissions of NO and NOx (Figure 5).  

Figure 5 shows that regarding soybean biodiesel, there 
is a high correlation, which is 80% for both gases, which 
explains that the increase of gases emissions occurs as 
gases exhaust temperature increases. It is noticed that 
obtaining a better efficiency in energy conversion and 
higher CEC, results in lower temperatures at the exhaust, 
and the efficiency will be higher due to the fact there is a
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Figure 5. Correlation between gases exhaust temperature and NO and NOx emissions. 
 
 
 

minor loss of thermal energy in the exhaust gases, so the 
temperature is lower. 

With regards to diesel, such correlation was lower, 
which demonstrates that there is a shorter relation bet-
ween these two variables, which was 37% (low correla-
tion) for NOx and 67% (average correlation) for NO.    

According to Szybist et al. (2005) and Leung et al. 
(2006), NOx emissions increased most of the times, as 
proved by Buyukkaya (2010), who obtained an increase 
of 12% in NOx emissions with canola biodiesel in relation 
to diesel. The increase becomes a large obstacle to the 
generalized use of biodiesel, which may be avoided by 
modifying the properties of biodiesel or adjusting the 
engine used. Valente et al. (2010) claim that NOx emis-
sions are strongly affected by the engine’s working condi-
tions.  

For the present study, gases emissions were fewer 
when compared to diesel, which allows one to use soy-
bean biodiesel in energy generation, with a reduction of 
NO and NOx emissions. 
 
 

Conclusion 
 

Soybean biodiesel presented a consumption increase of  

4.3% in the average of all resistive loads, which shows 
great potential for being used in energy generation 
without causing significant increases in the SFC. 

Soybean biodiesel efficiency has proved to be superior 
to that of diesel of all resistive loads. Regarding the emis-
sions, soybean diesel provided a reduction of 84 (NO) 
and 54% (NOx) when compared with diesel oil.   
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