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ABSTRACT 

Babassu (Orbignya speciosa Mart.) is an oil palm that can be used as an alternative in 
biodiesel production. However, few studies have compared the babassu and soybean 
biodiesel production. Therefore, the objective of this study was to compare the 
performance and emissions of babassu and soybean biodiesels under different engine 
loads. Four babassu and soybean blends (B10, B15, B20, and B100) were used in a 3-
kVA generator engine at resistive loads ranging between 500 and 2500 W. The measured 
parameters were the specific fuel consumption (SFC), exhaust gas temperature (EGT), 
nitrogen oxides (NOx), hydrocarbon (HC), and carbon monoxide (CO). The results showed 
that the SFC of the babassu biodiesel was 9% lower than that of soybean B20 at a 2500-W 
load. Interestingly, the NOx emissions and EGT decreased for B100 at all tested loads for 
babassu biodiesel compared with those for soybean biodiesel. Conversely, the soybean 
biodiesel exhibited lower HC emissions than babassu biodiesel at all loads. The B20 
babassu biodiesel blend exhibited better performance in terms of HC and CO emissions. 
Therefore, babassu biodiesel can be used as an alternative in biodiesel production. 

 
 
INTRODUCTION 

Researchers are actively investigating renewable 
fuels to reduce oil dependence and commodity price 
fluctuations. Biodiesel is a good alternative that can be 
obtained from resources such as algal oils, microbial oils, 
animal fats, vegetable oils, and waste oils (Talapatra et al., 
2023). Biodiesel is environmentally safe, non-toxic, and 
reduces carbon dioxide emissions (Ranjan et al., 2016; 
Outili et al., 2020). However, biodiesel may present some 
disadvantages such as high cost and high viscosity (Mathew 
et al., 2021; Aguilar-Aguilar et al., 2025). 

Soybeans constitute most of the raw materials that 
feed the Brazilian biodiesel production chain, with 
approximately 70% of the Brazilian biodiesel being 
produced from soybeans. Currently, soybeans have the 
advantage of meeting the domestic demand for biodiesel 
and have the most competitive price compared with other 
raw materials (César et al., 2019; Bassegio & Zanotto, 
2020). However, in terms of oil production per hectare, 

soybean is not the most attractive option for biodiesel 
production, considering its seed oil content (18%–21%) 
compared to other oilseeds (Gongora et al., 2022).  

In this context, diversifying biodiesel feedstocks 
with other oilseeds can strengthen both the biofuel sector 
and related production chains. Among the unconventional 
oilseeds, babassu (Orbignya speciosa Mart.) represents a 
promising alternative for expanding the raw materials 
available for biodiesel production. 

Babassu is a palm tree widely distributed in 
northeastern and northern Brazil. Its exploitation generates 
income for local families, contributing to social stability and 
reducing rural-to-urban migration (Girardi et al., 2021). On 
average, its fruits contain about 7% almonds, of which 
nearly 65% can be extracted (Paiva et al., 2013). Babassu 
oil has emerged as a more sustainable alternative, with a 
lower environmental impact than soybean oil. Its extraction 
production contributes to environmental conservation and 
the development of traditional communities (Afonso & 
Ângelo, 2009). 
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Chemically, babassu oil is rich in lauric acid (40–
55%), which facilitates transesterification reactions and 
results in biodiesel with favorable properties, such as 
resistance to non-enzymatic oxidation and a low melting 
point (Machado et al., 2006). 

The composition of biodiesel varies depending on 
the feedstock and can affect emissions and engine 
performance. Differences in the chemical nature of 
biodiesel and saturated and unsaturated long-chain fatty 
acids can result in differences in the basic properties of 
biodiesel, thereby affecting engine performance and 
pollutant emissions (Benjumea et al., 2008). In general, 
biodiesel with higher saturated fatty acid content, such as 
babassu biodiesel, exhibits a higher cetane number than 
soybean biodiesel, which can influence engine performance 
by reducing ignition delay and improving fuel efficiency 
(Palash et al., 2013) 

Rashed et al. (2016) observed that babassu biodiesel 
performed better than jatropha and moringa biodiesels in a 
four-cylinder diesel engine. Sanjid et al. (2014) verified that 
a combination of babassu and jatropha biodiesel increases 
the specific fuel consumption (SFC) and reduces 
hydrocarbon (HC) and carbon monoxide (CO) emissions in 
a single-cylinder diesel engine. To date, no study has 
comprehensively evaluated and compared the performance 
of babassu biodiesel with conventional soybean biodiesel in 

generator engines, particularly in the context of 
decentralized energy applications for remote communities 
in regions where babassu palm is abundantly available. 

Therefore, the objective of this study was to evaluate 
a generator engine operating with different resistive loads, 
biodiesel blends (B10, B15, B20, and B100) and two 
feedstocks soybean and babassu. 
 
MATERIAL AND METHODS 

Experiments were conducted at the Chemistry and 
Electricity Microgeneration Laboratory of the State 
University of Western Paraná (UNIOESTE, Cascavel and 
Toledo, Paraná, Brazil). 

A diesel generator set manufactured by Branco 
(model BD 4000; 7 HP; 3600 rpm) was used in this study 
(Figure 1). The engine was coupled to a 110/220-V 
Kohlbach normal-phase generator with a maximum 
continuous power of 3 kVA and current of 20 A. The 
generator was connected to a resistance bank with a 
resistance ranging between 0 and 8 kVA. A resistance bank 
was used to simulate different loads in the motor-generator 
set, with variations in the motor capacity ranging between 
0% and 100%. The engine was evaluated within a range of 
500–2500 W with a variation of 500 W. No changes to the 
engine were necessary.

 

 

FIGURE 1. Schematic diagram of the system used with a diesel/generator cycle engine, resistive loads and biofuel. 
 

Babassu biodiesel was obtained via a 
transesterification reaction using sodium hydroxide 
(NaOH) as the catalyst (1% of the oil weight) and methanol 
as the alcohol (25% of the oil volume). First, methanol and 
sodium were mixed vigorously for 10–25 min. Next, the 
formed odium methoxide was mixed with oil in a round-
bottom flask, stirred continuously via shaking, and 

maintained at a temperature of 60 °C (Figure 2A). Once the 
reaction time had passed, the contents were transferred to a 
separating funnel and allowed to separate into two layers for 
12 h (Figure 1B). After separation, the biodiesel was washed 
with distilled water. Finally, the biodiesel was placed in an 
incubator to remove excess water (Figures 2C and D) 
(Gongora et al., 2022).  
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FIGURE 2. Mixing process of babassu oil and methyl alcohol (A), collapse of glycerol in the mixture (B), washing process of 
babassu biodiesel (C) and biodiesel produced for blending with diesel (D). 
 

The desired biodiesel density was obtained at 20 °C 
using a pycnometer and a four-decimal precision balance 
(Marte, Ay220). Kinematic viscosity was measured using a 
Canon–Fenske capillary viscometer in a thermostatic bath 
at 40 °C (Table 1). The higher calorific values of the fuels 
were determined using an isothermal calorimeter (DDS 
Calorimeter, E2K). The acidity index was determined using 
the method established by the Association of Official 
Analytical Chemists for B100 biodiesels (Table 1). The 
cetane number was analyzed according to the American 
Society for Testing and Materials (ASTM D613) standard 
methods. 
 
TABLE 1. Properties of fuels.  

Fuel 
Density 
(kg m-3) 

Viscosity  
(mm2 s-1 at 40°C) 

Calorific 
value 

(MJ kg-1) 

Cetane 
index 

Diesel 
(D100)      

835 2.4 45.0 50 

Babassu 
(B100)         

873 3.05 37.6 63 

Soybean 
(B100)        

884 4.41 39.8 58 

 
In this study, volumetric blends of babassu biodiesel 

and soybean biodiesel with diesel were prepared at 10%, 
15%, 20%, and 100% biodiesel (B10, B15, B20, and B100, 
respectively) were used. These blends were chosen because 
the Brazilian mandatory biodiesel-diesel blend is B10. 
However, in 2022, the blend ratio was changed to B12, and 
the target for 2026 is a B15 blend with a future target of 
20%. A commonly available diesel oil type (A S10) was 
used, denoted as D100, which is pure without biodiesel. 

The mass flow rates of the biodiesel, blends, and 
pure diesel were measured using a graduated burette and 
stopwatch (Sarvestani et al., 2016).  

The SFC was calculated using [eq. (1)]. 

SFC = (mi – mf) / Pe × t,                                         (1) 

Where:  

SFC is the specific fuel consumption (g kW -1 h-1); 

mi and mf are the fuel weight (g) at the start and end 
of testing, respectively; 

Pe is the engine power (kW), and  

t is the consumption time in hours of generator 
engine operation. 

 
The exhaust gas emissions were quantified using an 

environmental combustion analyzer (Saxon, Junkalor 
GmbH, model ELD Infralite D-06846), with the sampling 
probe inserted 20 cm inside the engine-generator exhaust 
pipe. The analyzed gases were CO, HC, and nitrogen oxides 
(NOx), as well as the exhaust gas temperature (EGT). 

To evaluate the values obtained from the tests, 
uncertainty analyses of the variables were conducted using 
[eq. (2)] (Bharti et al., 2023).  

𝑢௫ =  
ௌ

√௡
,                                                                 (2) 

 
Where:  

𝑢௫ is the uncertainty; 

𝑆 is the standard deviation, and  

𝑛 is the number of experiments.  
 

The uncertainty results for each measured parameter 
are in Table 2. Uncertainty was evaluated assuming a 
Gaussian distribution with confidence limits of ±2σ, 
corresponding to a 95% confidence interval. The 
uncertainties of engine power, SFC, CO, NOx, HC, and 
exhaust gas temperature (EGT) were ±1.10%, ±2.01%, 
±2.05%, ±1.97%, ±1.83%, and ±2.84%, respectively.  

 
TABLE 2. Uncertainties in measured parameters. 

Parameter Uncertainty (%) 

Engine power 1.10 

SFC 2.01 

CO 2.05 

NOx 1.97 

HC 1.83 

EGT 2.84 

Specific fuel consumption of babassu (SFC). Carbon monoxide 
(CO). Nitrogen oxides (NOx). Hydrocarbon (HC). Exhaust gas 
temperature (EGT).  
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The overall combined uncertainty of the 
experimental system was calculated using [eq. (3)].  
The overall uncertainty was calculated as follows: 

𝑢୓୴ୣ୰ୟ୪ =  ඨ
𝑢௉

ଶ +  𝑢ௌி஼
ଶ+ 𝑢ேை௫

ଶ + 𝑢஼ை
ଶ

+𝑢ு஼
ଶ + 𝑢 ாீ்

ଶ 
,         (3) 

yielding the following values: 

𝑢୓୴ୣ୰ୟ୪ =  ඨ
( 1.10ଶ) + (2.01ଶ) + (1.97 

ଶ) + (2.05ଶ)

+ (1.83ଶ) + (2.84ଶ) 
 

𝑢୓୴ୣ୰ୟ୪ = 4.97%. 
 

In engine performance testing, uncertainties below 
±5% are generally considered acceptable. In this study, the 
overall uncertainty  was 4.97%, indicating that all evaluated 
parameters were within the recommended range and 
confirming the reliability of the results. Uncertainty analysis 

is essential to ensure the accuracy of experimental data, as 
potential deviations may arise from nonlinear device 
operation or calibration errors (Duan et al., 2019; Çakmak 
& Özcan, 2022). 

 
RESULTS AND DISCUSSION 

For all babassu biodiesel blends, an engine load of 
2500 W produced less electrical power than for diesel and 
soybean biodiesel (Figures 3A and B). Owing to their lower 
calorific value and higher density and viscosity, biodiesels 
generate less power when a higher load is required 
(Thiyagarajan et al., 2020; Yesilyurt et al., 2020).  

The SFC of the B20 soybean biodiesel blend was 
lower than that of the B20 babassu biodiesel blend, 
particularly at low loads (Figures 3C and D). However, the 
B20 babassu biodiesel blend exhibited a better SFC at 2500 
W than the other babassu and soybean biodiesel blends. This 
may be due to the higher pressure and compression support 
required for better fuel atomization (Shete et al., 2022).
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FIGURE 3. Engine power of babassu biodiesel (A) and soybean biodiesel (B), and specific fuel consumption of babassu (SFC) 
(C) and soybean biodiesel (D) according to engine load and biodiesel blends. 
 

The higher SFC of the babassu and soybean 
biodiesel blends can be attributed to the lower calorific 
value of biodiesel compared to that of diesel. Therefore, it 
is expected that the biodiesel in the blend would have a 
higher SFC than diesel (Figures 3C and D).  

According to Ilkılıç et al. (2011), the SFC of 
biodiesel increases as the biodiesel content increases. As the 
calorific value of biodiesel is lower than that of diesel fuel, 
more fuel is injected from the fuel pump to reach a power 
equal to that generated by diesel fuel, leading to an increase 
in SFC (Simsek, 2020). Neat babassu and soybean biodiesel 

have high viscosity and density, which affect the spray 
atomization, leading to slower heat release and an increase 
in energy consumption because more fuel is required to 
produce the same power (Thiyagarajan et al., 2020).  

The SFC decreased as the load increased for all fuels 
(Figures 3C and D). This may have been due to an increase 
in energy production and a subsequent increase in the 
temperature inside the cylinder (Yesilyurt et al., 2020).  

The CO emissions increased for pure diesel (B0) 
compared to those of the babassu and soybean biodiesels 
(Figures 4A and B). Oxygen presence in biodiesels 
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improves the burning of carbon molecules, leading to a 
more complete combustion process (Aydın et al., 2020). At 
higher engine loads and the resulting higher combustion 
temperatures, the use of biodiesel results in a more efficient 
performance while generating less CO emissions (Kivevele 

et al., 2011). CO emissions from the exhaust represent a loss 
of chemical energy during combustion owing to incomplete 
diesel fuel burning (Deheri et al., 2020). Additionally, a 
higher cetane number promotes a reduction in ignition delay 
and a more complete combustion (Erman et al., 2020).
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FIGURE 4. Carbon monoxide (CO) of babassu biodiesel (A) and soybean biodiesel (B), and nitrogen oxides (NOx) of babassu 
(C) and soybean biodiesel (D) according to engine load and biodiesel blends. 

 
In this study, the babassu (B100) and soybean (B100) 

biodiesels exhibited differences in NOx emissions (Figures 
4C and D). As expected, soybean biodiesel (B100) produced 
higher emissions than the other soybean biodiesel and diesel 
blends. According to Mofijur et al. (2014), the use of 
biodiesel derived from different oilseeds generally increases 
NOx emissions. Interestingly, babassu biodiesel (B100) 
produced lower emissions than the other babassu biodiesel 
and diesel blends. Soybean biodiesel (B100) produced 18% 
more NOx emissions than babassu biodiesel (B100). 
Related research has shown that NOx formation depends on 
the biodiesel saturation degree (Samuelsen et al., 2013).  

In general, biodiesel saturated without a double bond 
produces a lower NOx amount than unsaturated fuels 
(Bakeas et al., 2011; Palash et al., 2013), which may help 
explain our results. By contrast, the effect of increasing the 
double bonds on NOx emissions, such as soybeans, is that 
NOx emissions increase as the unsaturation degree 
increases. A correlation between an increase in the 
unsaturation degree and an increase in the ignition delay has 
been previously reported (Schönborn et al., 2009).  

As the load increases, the NOx emissions increase 
(Figures 4C and D). This means that both babassu and 
soybean biodiesels exhibit more NOx emissions at higher 
loads, as well as combustion and more fuel-produced heat 
(Shete et al., 2022).  

HC emissions from diesel fuel were higher than 
those from the other evaluated fuels (Figures 5A and B). 
This difference in HC emissions can be attributed to the fact 
that diesel is a mineral-based fuel that does not contain 
dissolved oxygen (Samraj et al., 2023). Consequently, 
partial diesel fuel combustion occurs throughout the 
combustion process, resulting in higher HC emissions.  

The biodiesel cetane amount affects the HC 
emissions. Combustion improves as the blend ratio 
increases, resulting in lower HC emissions. The results 
showed that the B100 soybean biodiesel produces less HC 
(66 ppm) than the B100 babassu biodiesel (74 ppm) at a 
2500-W load (Figures 5A and B). The HC emissions 
decreased with the soybean biodiesel percentage in              
the diesel, and reductions in the HC and CO emissions   
were observed.
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FIGURE 5. Hydrocarbon (HC) of babassu biodiesel (A) and soybean biodiesel (B), and exhaust gas temperature (EGT) of 
babassu (C) and soybean biodiesel (D) according to engine load and biodiesel blends. 

 
The EGT increased as the load increased owing to 

the improved quality of the combustion process, and the 
amount of injected fuel also increased (Figures 5C and D). 
Furthermore, the EGT was lower for the B100 babassu 
biodiesel than that for diesel fuel because of the saturated 
oil, higher oxygen content, and lower heating value of the 
biodiesel (Saridemir et al., 2020).  

The utilization of babassu biodiesel in power 
generators can provides traditional and remote communities 
with access to a locally available and renewable energy 
source, fostering greater energy autonomy. This strategy has 
the potential to reduce dependence on imported diesel, 
decrease energy costs, and establish a value-added chain for 
babassu harvesters, thereby contributing to local economic 
development and strengthening energy resilience. 

Despite the positive results obtained for babassu 
biodiesel, comprehensive research on babassu biodiesel 
engine durability is still required to understand its wear 
mechanisms. Engine component durability depends on 
deterioration over time and usage (Gupta & Agarwal, 
2021). Additional tests should be conducted with different 
engine types and operational conditions. 

 
CONCLUSIONS 

1. The results showed that the SFC of the babassu 
and soybean biodiesels were similar, although babassu B20 
reduced the SFC by 9% compared to soybean B20 at a 2500-
W load.  

2. The babassu B100 blend exhibited lower CO and 
NOx emissions and EGT than soybean biodiesel at all 
engine loads.  

3. The babassu biodiesel B20 bland exhibited lower 
CO, NOx, and HC emissions than the soybean and diesel 
fuels at low loads.  

4. The babassu biodiesel B20 blend exhibited better 
performance in terms of HC and CO emissions than the 
soybean biodiesel. 
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