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Abstract 
 
Biodiesel is an alternative fuel to diesel engines. This study aimed to evaluate fuel consumption and smoke density of agricultural 
tractors fueled by biodiesel, diesel, and biodiesel/diesel mixtures in a tilled field. Treatments consisted of distilled methyl ester 
(biodiesel) of babassu (Orbinya martiana) and seven combinations of it with two standard diesel fuels (B S1800 and B S50). The 
blending ratios were 0, 5, 15, 25, 50, and 100% biodiesel in diesel oil (B0, B5, B15, B25, B50, and B100, respectively). Regarding the 
results for hourly volumetric consumption, no difference was found between B0 and B100 when using B S1800, whereas an 8% 
increase was observed when using the S50. The weighted hourly consumption increased by 11.29 and 16.9% from B0 to B100 using 
B S1800 and B S50, respectively. Similarly, the specific fuel consumption increased by 11.1% and 14.3% from B0 to B100 using B 
S1800 and B S50, respectively. Yet, when comparing B0 and B S1800, the smoke density reduction was 68.6% and between B S50 
and B100 was 58.0%. Our findings show that babassu biodiesel is a suitable substitute for diesel oil, without causing any damage to 
the tractor's engine. 
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Introduction 
 
Diesel is the most commonly used fuel for internal 
combustion engines of high power output (Zhu et al., 2010). 
One of its main problems stems from the high amount of 
sulfur reacting with oxygen in combustion producing sulfur 
dioxide, which is one of the major air pollutants worldwide 
(Muzic et al., 2009). 
Biodiesel use has substantially increased, mainly for its lack 
of sulfur and renewable resource origin, contributing to the 
carbon cycle (Silitonga et al., 2011; Mofijur et al., 2012; Zhou 
et al., 2012). While CO2 from biofuel combustion is recycled 
by the same plants originating the oil, that from fossil fuel 
burning is released into the atmosphere, wherein it remains 
for millions of years until it is absorbed by plants (Zhou et al., 
2012). 
According to the annual report by the British Petroleum 
Company (BP, 2014), renewable energy use increased by 
81% between 2000 and 2013. Biofuels stood out among the 

most used resources, increasing by 622% throughout the 
same years. The same report forecasted a 40% increase in 
general energy demand until the year 2035, being most 
striking for those from renewable sources.  
Recently, some studies have assessed the performance of 
agricultural tractors fueled with biodiesel from pongamia, 
castor beans, soybeans, oil palm, tucumã, murumuru, and 
buriti (Faria et al., 2010; Nietiedt et al., 2011), analyzing the 
smoke density of the exhausts (Lima et al., 2012, 2013; 
Neves et al., 2013; Iamaguti, 2014). These tests have 
enabled the use of biofuels in diesel engines with no 
damages, besides reducing smoke density dramatically.  
Among the vegetal resources used for biofuel production, 
Brazilian oleaginous palms such as babassu (Orbignya 
martiana) have stood out. This plant has been grown 
throughout the northeastern, northern, and mid-western 
Brazil, as well as in Mexico and Bolivia (Silva et al., 2014).  

mailto:Gilberto%20Hirotsugu%20Azevedo%20Koike


 

1038 

 

According to research published in 2013 by the Brazilian 
Institute of Geography and Statistics (IBGE), Brazil is the 
largest babassu producer globally. The whole country 
produces 97,820 tons of almonds per year, within which the 
state of Maranhão accounts for 97.45%.  
Sousa et al. (2013) verified the percentage of fatty acids in 
babassu oil by gas chromatography. These researchers 
observed high concentrations of short-chain saturated fatty 
acids, which make such oil an excellent choice for biodiesel 
production. However, saturated fatty acids tend to 
crystallize at low temperatures, limiting biofuel use in colder 
regions. Souza et al. (2009) evaluated the flames from the 
burning of vegetal oil biodiesel using a calorimetry oven and 
images from an infrared pyrometer. These authors 
concluded that the flame temperatures of common diesel 
fuel are higher than are those of biodiesel, which explains 
the higher heat transfer rates of diesel.  
Iamaguti et al. (2016) assessed engine performance and 
smoke density of agricultural tractors fueled with a 
combination of buriti biodiesel and common diesel at 
several different proportions; when comparing B0 and B100 
biodiesel proportions, they observed a 5.41% increase in 
specific fuel consumption. However, when substituting 
diesel (B S1800 and B S50) for biodiesel at B100, the smoke 
density decreased by 33.33 and 28.90%, respectively.  
The hypothesis of this study was the following: the use of 
babassu biodiesel in diesel engines will cause no damages, 
being a potential substitute for petroleum diesel. Therefore, 
the objectives were to evaluate operational performance 
and smoke density of agricultural tractor engines fueled with 
two types of diesel (B S1800 and B S50) containing different 
blending proportions of babassu biodiesel (B0, B5, B15, B25, 
B50, B75, and B100). 
 
Results and Discussion 
 
Tractor performance (essay I) 
 
Fuel Consumption 
 
Table 1 presents the interactions between diesel types and 
biodiesel proportions for the assessed variables. Hence, the 
mentioned variables were analyzed and discussed separately 
through statistical breakdown (Tables 2, 3 and 4).  
Table 2 shows that no hourly volumetric consumption 
differences were found for any biodiesel proportion added 
to the B S1800 diesel. In contrast, this variable increased by 
7.4% when using B S50 from B0 to B100. These results differ 
from those found by Lima et al. (2012), who evaluated a 
Valtra tractor (model BM110) equipped with a turbo engine 
fueled with interior diesel fuel B S1800 and mixtures of palm 
oil and tucumã biodiesel. These authors observed a 23.0% 
increase in volumetric consumption, by raising biodiesel 
proportion from B0 to B100. According to the same authors, 
this is due to the lower calorific value of biodiesel compared 
to diesel, which in turn requires more fuel for the same 
performance. Such explanations also coincide with those of 
Souza et al. (2009), who had assessed the flames from 
burning of residual vegetal oil and biodiesel. These 
contradictions can be justified by the variation in calorific 
values of biofuels from different origins. Methyl babassu 
biodiesel has flash point and viscosity (112 ºC and 4.0 mm² s-

1) (Soares et al., 2011) closer to those of diesel (38 ºC and 2.0 

to 5.0 mm² s-1 ANP nº 50/2013) as compared to the ones of 
palm biodiesel (180 ºC and 4.7 mm² s-1) (Santos et al., 2010). 
The results in Table 2 denote reductions of 7.43, 11.4, 10.2, 
6.1, 7.4, and 4.0% in hourly volumetric consumption when 
using B S50 at proportions of B0, B5, B15, B25, B50, and B75, 
respectively. These results are in accordance with those of 
Tabile et al. (2009), who compared B S1800 and B S500 
diesel in combination with different proportions of castor 
biodiesel in a Valtra tractor (model BM100) turbo engine. 
These authors concluded that such consumption drops using 
B S500 were achieved by its higher quality compared to B 
S1800. Similar results, but with an 11.27% increase in 
volumetric consumption, were found by Faria et al. (2010); 
they concluded that increasing biodiesel proportions 
reduces atomization and jet range from injection nozzles 
and, consequently, higher consumption and emission. 
Nietiedt et al. (2011) also found similar results (i.e., 10.9% 
increase in specific consumption) for mixtures of mineral 
diesel with methyl soy biodiesel from B5 to B100. 
Specifying the fuel consumption in terms of volume is 
important as it facilitates expense management by farmers, 
and is easily obtained and analyzed.  
In general, with increased proportions of biodiesel, fuel 
consumption increased by 10% for B S1800 (B0-B100) and 
14.4% for B S50 (B25-B100). Such difference might have 
been because of the higher density and reduced fuel value 
of such blends. According to Tabile et al. (2009), an increase 
in weighted consumption using biodiesel proportions from 
B0 to B100 occurs because of lower density and calorific 
value of diesel in comparison to biodiesel. 
Table 3 shows that, when comparing B S1800 and B S50, as 
biodiesel proportions increased in B0, B5, and B15, the 
weighted hourly consumption decreased by 4.8, 8.7, and 
7.2%, respectively. However, Iamaguti (2014) found no 
consumption differences between B S1800 and B S50 for 
buriti biodiesel.  
Regarding the specific fuel consumption, Table 4 discloses 
that the only significant increase for B S1800 was 11.1% 
between B0 and B100. Conversely, B S50 presented 
significant increases starting from B25, being of 3.8, 2.3, 8.9, 
and 14.4% for B25, B50, B75, and B100, respectively, as 
compared with B0. Our results are according to those of 
Neves et al. (2013), who combined B S1800 diesel with 
varied proportions of murumuru biodiesel; they observed a 
10.6% increase in specific consumption between B0 and 
B100. Likewise, Iamaguti (2014) found a 14.8% increase in 
specific consumption for blends of B S1800 diesel with buriti 
biodiesel. According to Murugesan et al. (2009) and Tabile et 
al. (2009), such disparities are due to the higher density and 
lower calorific value of biodiesel compared to diesel. 
Faria et al. (2010) also observed an increase in specific fuel 
consumption and inferred that increasing rates of biodiesel 
in diesel fuel blends reduce automation capability and jet 
radial penetration and, hence, higher consumption and 
emission. Likewise, Nietiedt et al. (2011) reported a 10.9% 
increase in specific consumption by increasing the 
proportion of soybean methyl biodiesel from B5 to B100, in 
blends with mineral diesel. In this evaluation, the authors 
tested a tractor with diesel direct-injection Perkins engine, 
at a nominal power of 45 kW and 1900 rpm, using a 
dynamometer bench. 
Table 4 shows a comparison between B S1800 and B S50, in 
which the latter showed no effect on specific consumption.  
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Table 1. Summary of variance analysis and mean test for the variables: hourly volumetric consumption (HVC), weighted hourly 
consumption (WHC) and specific fuel consumption (SFC). 

Factors HVC 
L h-1 

WHC 
kg h-1 

SFC 
g kW h-1 Type of Diesel (TD)    

B S1800 14.8 12.7 298.1 

B S50 13.8 12.3 286.1 

Proportion of Biodiesel (Bn)    
B0 14.2 12.1 280.7 

B5 14.1 12.0 282.4 

B15 13.9 12.0 279.1 

B25 14.3 12.4 290.2 

B50 14.1 12.4 288.7 

B75 14.5 12.9 302.1 

B100 14.8 13.4 321.6 

TEST F    
TD 124.8697** 29.1455** 27.8181** 

Bn 5.9265** 36.6290** 25.1316** 

TD x Bn 5.8088** 4.7344** 3.7154** 

C.V. (%) 1.9 2.1 2.5 

Average 14.3 12.5 292.1 
** significant (P<0.01); *: significant (P<0.05); C.V.: coefficient of variation. 
 

 

 
Fig 1. Regression model fitting showing specific fuel consumption (SFC) as a function of diesel types and blends with different 
proportions of methyl babassu biodiesel. 
 
Table 2. Summary of the results of interactions between types of diesel and proportions of methyl babassu biodiesel for hourly 
volumetric consumption (HVC). 

Type of 
Diesel 

Proportion of Biodiesel 

B0 B5 B15 B25 B50 B75 B100 

B S1800 14.8Aa 14.9Aa 14.7Aa 14.7Aa 14.7Aa 14.8Aa 14.8Aa 

B S50 13.7Bab 13.2Ba 13.2Ba 13.8Bab 13.6Bab 14.2Bbc 14.8Ac 
Means followed by the same capital letter in the column and lower-case letter in the line do not vary between them, according to the Tukey’s test at 5% probability.  

 
 

 
Fig 2. Regression model fitting explaining smoke density (SD) as a function of diesel types and blends with different proportions of 
methyl babassu biodiesel.  



 

1040 

 

Table 3. Summary of the results of interactions between types of diesel and proportions of methyl babassu biodiesel for weighted 
hourly consumption (WHC). 

Type of 
diesel 

Proportion of Biodiesel 

B0 B5 B15 B25 B50 B75 B100 

B S1800 12.4Aa 12.6Aab 12.4Aab 12.5Aab 12.6Aab 12.8Aab 13.8Bb 
B S50 11.8Bab 11.5Ba 11.5Ba 12.2Ab 12.2Ab 13.0Ac 13.8Ad 
Means followed by the same capital letter in the column and lower-case letter in the line do not vary between them, according to the Tukey’s test at 5% probability.  

 
Table 4. Statistical breakdown of the interactions between types of diesel and proportions of methyl babassu biodiesel for specific 
fuel consumption (SFC).  

Type of 
Diesel 

Proportion of Biodiesel 

B0 B5 B15 B25 B50 B75 B100 

B S1800 285.9Aa 296.8Aab 291.9Aa 293.9Aab 295.4Aab 301.5Aab 321.6Ab 
B S50 275.5Aab 267.9Ba 266.2Ba 286.5Abc 282.0Bab 302.7Acd 321.6Ad 
Means followed by the same capital letter in the column and lower-case letter in the line do not vary between them, according to the Tukey’s test at 5% probability.  

 
                              Table 5. Variance analysis and mean test for smoke density (SD). 

FACTORS DENSITY 

 m-1 

TYPE OF DIESEL (TD)  
B S1800 1.92 

B S50 1.65 

PROPORTIONS OF BIODIESEL (Bn)  
B0 2.34 

B5 2.33 

B15 2.14 

B25 2.02 

B50 1.61 

B75 1.21 

B100 0.84 

TESTE F  
TD 262.1696 ** 

Bn 702.9601 ** 

TD x Bn 26.3929 ** 

C.V.% 5.9 

Average  1.78 
** significant (P<0.01); *: significant (P<0.05); C.V.: coefficient of variation. 
 
Table 6. Summary of the results of interactions between types of diesel and proportions of methyl babassu biodiesel for smoke 
density (SD). 

Type of diesel 
Proportion of Biodiesel 

B0 B5 B15 B25 B50 B75 B100 

B S1800 2.68Aa 2.54Ab 2.27Ac 2.12Ad 1.73Ae 1.25Af 0.84Ag 
B S50 2.00Bab 2.12Ba 2.00Bab 1.92Bb 1.50Bc 1.18Ad 0.84Ae 
Means followed by the same capital letter in the column and lower-case letter in the line do not vary between them, according to the Tukey’s test at 5% probability.  

 
 
Again, in comparing both diesel types, the biodiesel 
proportions of B5, B15, and B50 caused a reduction in 
specific consumption by 9.7, 8.8, and 4.5%, respectively. For 
Lôbo et al. (2009) and Dabdoub et al. (2009), this 
discrepancy may be related to the fuel quality. 
Previous studies have shown broad-scale increases in 
specific consumption by changing diesel for biodiesel. Tabile 
et al. (2009) evaluated blends of the interior (2,000 mg kg-1 
sulfur) and metropolitan (500 mg kg-1 sulfur) diesel types 
with seven proportions of castor ethyl biodiesel and noted a 
38.3% increase in specific consumption from B0 to B100. 
Equally, Oliveira (2013) studied castor oil biodiesel and 
observed a 31.3% increase in specific consumption within 
the same ratios. Yet, Neves et al. (2013) observed a slighter 
increase (15.85%) using soy biodiesel in an agricultural 
tractor equipped with an intercooler system.  

As seen in Figure 1, specific consumption behavior as a 
function of mixture proportions was fit to a linear regression 
model. Through this graphic illustration, it is also apparent 
reductions of 9.7, 8.8, and 4.5% in specific fuel consumption 
when blending respectively B5, B15, and B50 with S50 as 
compared to the same proportions of B S1800 diesel.  
As when comparing B S1800 with B S50, the B S50 diesel 
presented no reductions in specific fuel consumption. 
Conversely, following the same analogy for B5, B15, and 
B50, reductions of 9.7, 8.8, and 4.5% were observed, 
respectively.  
The importance of expressing fuel use in the terms of 
specific consumption lies in satisfying needs of the scientific 
community and engine designers since this variable includes 
fuel volume and density, as well as available power at the 
drawbar. 
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Smoke Density (Essay II) 
 
Table 5 displays significant interaction between diesel types 
and biodiesel proportions for smoke density. This is why this 
variable was analyzed separately and discussed in detail 
(Table 6). 
We observed significant reductions in smoke density as 
biodiesel ratios increased (Table 6). When confronting B 
S1800 and B S50, reductions were of 68.6% and 58.0% from 
B0 to B100, respectively. This behavior was already expected 
given the free oxygen in biodiesel molecule, which increases 
combustion efficiency in diesel cycle engines. Lima et al. 
(2012) observed a similar behavior while testing a Valtra 
tractor (model BM110) equipped with a turbo engine fueled 
with interior diesel (B S1800) mixed with amounts of 
biodiesel. Moreover, these authors reported that palm and 
tucumã biodiesel reduced smoke density by 36.25% and 
60.0%, respectively.  Analyzing B S1800 and B S500 diesel, 
De Oliveira et al. (2016) observed similar reductions, 37% 
and 60%, when using soy and murumuru biodiesels, 
respectively. Once again, Lira et al. (2016) reported the same 
trend testing an agricultural tractor, equipped with a turbo 
engine and intercooler, fueled with two diesel types (B 
S1800 and B S10) blended with proportions of babassu 
biodiesel (B50 and B100). The latter authors observed larger 
smoke density reductions during tractor use using B100, 
being of 49.77% and 47.64% for B S1800 and B S10, 
respectively. 
For pure diesel, smoke density was reduced by 25.4% using 
B S50 instead of B S1800. Proceeding likewise for the 
biodiesel proportions, the reductions were of 16.5, 11.9, 9.4, 
and 13.3% for B5, B15, B25, and B50 compared to B0, 
respectively. These reductions encourage biodiesel use. As 
previously stated, this biofuel has free oxygen in its 
molecule, which reduces the formation of fuel-rich zones 
inside the combustion chamber; hence enhancing 
performance and efficiency during diffusion combustion, 
and reducing particulate matter emissions (Sahoo et al., 
2009; Chauhan et al., 2012). Particulate emissions from 
biodiesel combustion in diesel engines are lower than those 
of diesel fuel (Janaun and Ellis, 2010; Ong et al., 2011; Xue et 
al., 2011; Bora and Baruah, 2012). 
To visualize smoke density from both types of diesel and 
blends with babassu biodiesel at varying proportions, the 
data fit a linear regression model were plotted in Figure 2.  
 
Materials and Methods 
 
Area and soil description 
 
Experiments were conducted at Faculdade de Ciências 
Agrárias e Veterinárias, UNESP Universidade Estadual 
Paulista, Campus Jaboticabal, Departamento de Engenharia 
Rural, Biocombustível e Ensaio de Máquinas – BIOEM. The 
area is located at coordinates 21º15’ south and 48º18’ east, 
570 meters above sea level. The annual averages of 
temperature, rainfall, and relative humidity are respectively 
22.2 ºC, 1,425 mm, and 71%, and an atmospheric pressure 
of 94.3 kPa (UNESP, 2011). The regional climate is classified 
by Kottek et al. (2006) as Cwa, defined as subtropical with 
dry winter, in transition to Aw, which is tropical-wet with 
defined rain period in summer. The soil is classified as 
Eutrustox with a gently rolling topography and an average 

slope of 3%, according to Brazilian Soil Classification System 
(Andreoli and Centurion, 1999). Soil water content was 
measured by a gravimetric method on the experiment day, 
being of 11.2 and 13.4% for 0-15 and 15-30 cm depths, 
respectively. Particle size analysis (%) (0-20 cm) revealed it is 
a clayey soil with layers of clay, silt, and fine and coarse sand 
representing 51, 29, 10, and 10%, respectively. 
 
Diesel  
 
The two standard diesel fuels, B S1800 and B S50, used in 
the experiments were acquired from a regular gas station 
and classified according to ANP (National Agency of 
Petroleum) Resolution nº 65, of December 9, 2011 (ANP 
2012). 
 
Biodiesel  
 
The biodiesel (B100) was obtained by transesterification 
using methanol, being provided by the Laboratório de 
Desenvolvimento de Tecnologias Limpas- LADETEL from 
Universidade de São Paulo – USP. 
 
Fuel blends 
 
Seven blends of biodiesel and diesel were prepared for each 
standard diesel. The biodiesel content in diesel was B0, B5, 
B15, B25, B50, B75, and B100, standing for 0, 5, 15, 25, 50, 
75, and 100% (v/v). The mixing of biodiesel and diesel was 
performed before each test. 
 
Tractor 
 
 
The tractor tested in this study consisted of an AGCO-Valtra, 
model BM 125i, 4x2 with a front-wheel assist (FWA), 7,000 
kg distributed between the front (40%) and rear axle (60%) 
and with tires 14.9-26 inches on the front axle and 23.1-30 
inches on the rear axle. It had a four-stroke and four-cylinder 
diesel engine (AGCO POWER 420DS), with a maximum 
power of 91.9 kW at 2,300 rpm (ISO 1585), equipped with a 
turbocharger and intercooler. The power-to-weight ratio 
was 76 kg/kW. 
This study was divided into two parts: Essay 1 – tests were 
conducted under field conditions to evaluate tractor’s 
performance; and Essay 2 – a static phase performed to 
measure smoke density from the engine. The experiments 
were categorized into two topics as follows: Essay I – Tractor 
Performance and Essay II – Engine Smoke density. 
 
Experiment procedures 
 
Tractor performance (Essay I) 
 
The performance of the tractor was evaluated through 
measurement of drawbar power, forward speed, specific 
weight, and volumetric fuel consumption during chiseling. 
To define the maximum drawbar load, a pilot test was 
conducted with a chisel plow (model AST/MATIC 7–
Marchesan). It had a total mass of 1,400 kg and five 45-cm-
long shanks, with an 8-cm reversible point working at a 30-
cm depth (shank-distance/depth ratio: 1.5). Each shank was 
equipped with coulter blades, an automatic spring-
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cushioned system (trip/reset mechanism), and rolling 
harrow. The measured travel reduction (slippage) was 10%, 
consistent with ASAE standards (2006); the drawbar power 
to pull the chisel plow implement during the operation was 
25 kN. 
As soil resistance varies widely during operation, a braking 
tractor was coupled to the test tractor by means of a steel 
wire, forming a train-like configuration. Then, a preliminary 
test was carried out to calibrate the braking tractor for a 
drawbar power of about 25 kN. While calibrating, the tractor 
was shut off and engaged, with a combination of fourth 
gear, L range (shift position), and front-wheel drive (FWD) 
activated. This second tractor was a Valmet, model 118-4, 
4x2 FWA, and 7,310 kg distributed between the front (40%) 
and rear axle (60%), with tires 14.9-28 inches on the front 
axle and 23.1-30 inches on the rear axle. It is equipped with 
a four-stroke and six-cylinder diesel engine (MWM D229/6), 
with a maximum power of 82.43 kW at 2,400 rpm. According 
to Lopes (2006), the second tractor was connected to the 
test tractor by a stainless-steel cable. Once its function was 
to provide an optimal drawbar pull load (25 kN) for the test 
tractor with little working speed variation, the second 
tractor was off and engaged.  
The tractor started to move from a line 15 cm outside the 
plots, so that stabilized determinations could be reached. 
Every time the tractor's reference point (center of the rear 
wheel) crossed the first landmark, data began to be 
recorded, ending with the crossing of the second landmark. 
Fuel consumption was measured by the difference in volume 
between the fuel supplied to the injection pump and fuel 
returned to the tank. Fuel temperature was used to correct 
changes in density. Two sets of data acquisition were 
installed; one at the injection pump (supply line) and 
another at the tank (return line). Each set contained a flow 
meter (Flowmate Oval, model LSF 41) with a precision of 1% 
at a nominal flow 100 L h-1; and a platinum resistance 
thermometer PT 100 (from 100 ohms at 0 ºC to 138.4 ohms 
at 100 ºC) within a temperature range from -200 ºC to 800 
ºC. The fuel consumption estimator used here was the 
prototype built by and described in Lopes et al. (2003). This 
system has three auxiliary fuel tanks, which allows the 
testing of various types and mixtures of fuels without any 
contamination. 
Fuel consumption was calculated using Equations 1, 2, and 3. 
First, we estimated the hourly consumption based on the 
amount of fuel used and travel time across each plot as 
defined in Equation (1):  

3.6* 
t

Rv-Sv
HVC 








                                                  (1)                                                                  

where, 
HVC = hourly volumetric consumption (L h-1); 
Sv = supply fuel volume (mL); 
Rv = return fuel volume (mL); 
t = travel time (s); and, 
3.6 = conversion factor. 
Then, we calculated the weighted hourly consumption using 
the fuel density and the difference between the amount of 
fuel supplied and returned while testing, as in Equation (2): 

.00360* 
t

Rd*  Rv-Sd* Sv
WHC 










                                   (2)                                          

Where, 
WHC = weight hourly consumption (kg h-1); 
Sv = supply fuel volume (mL); 

Sd = supply fuel density (kg m-3); 
Rv = return fuel volume (mL); 
Rd = return fuel density (kg m-3); 
t = travel time (s); and, 
0.0036 = conversion factor. 
Lastly, we computed the specific fuel consumption, 
expressed in mass per power required at drawbar, according 
to Equation (3): 

1000* 
Dp

WHC
Sfc 








                                         (3)                                                              

where,  
SFC = specific fuel consumption (g kW h-1);  
WHC = Weight hourly consumption (kg h-1); 
Dp = Drawbar power (kW), and  
1000 = conversion factor. 
 
Running speed was recorded using a radar system (Dick John 
brand, model RVS II), which has 97% accuracy within a speed 
range from 3.2 to 70.8 km h-1. Drawbar pull was measured 
by a load cell (M. Shimitsu, model TF 400). Wheel slippage 
was determined by sensors (S&E I, model GIDP-60-U12V) 
installed in each wheel, providing a number of individual 
pulses per wheel. This sensor main function is determining 
the wheel angular displacement based on its rotation, where 
one revolution corresponds 60 electrical pulses. 
An auxiliary battery was used to power all transducers and 
sensors. All data on fuel consumption, fuel temperature, 
drawbar power, wheel rotation, and travel speed were 
monitored and stored in a data acquisition system (Campbell 
Scientific Model CR23X micrologger, Campbell Scientific Inc., 
Logan, Utah, USA), which is programmed to collect data at 1 
Hz frequency and interfaced by a serial port (RS232). 
 
Smoke density (Essay – II)  
 
The smoke density was quantified using the Snap 
Acceleration Smoke Test Procedure. In this method, the 
throttle was moved towards to its maximum and kept until 
the maximum governed speed is reached, remaining for 
further 1 to 4 s. Later, the throttle was released and the 
engine is allowed to return to the low-idle speed. After 
reaching its low-idle speed, the engine idled for at least 5 to 
45 s before initiating the next snap-acceleration test cycle.  
The smoke density (k), also known as “Light Absorption 
Coefficient”, is expressed per meter (m-1). It is a measure of 
the number of smoke particles per unit volume of gas. It 
works based on size distribution, light absorption, and 
optical scattering properties of smoke particles (SAE, 1996).  
The measures were made using a partial-flow opacimeter 
TM 133, attached to a serial TM 616 (both are produced by 
Tecnomotor). This system collected data and then 
transmitted them to a computer with IGOR version 2.0 
software. 
Before each test, unburnt fuel was collected from tanks, 
filters, and pipes to prevent contamination to subsequent 
tests. After changing the fuel, the engine remained in 
operation for ten minutes before the beginning of each test, 
to be consistent. 
 
Statistical analysis 
 
The experiment was performed in a completely randomized 
7 x 2 factorial design, with three replications. The factors 
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were seven blends of diesel and biodiesel B0, B5, B15, B25, 
B50, B75, and B100, where B indicates the percentage of 
biodiesel added to diesel, and two types of diesel (B S1800 
and B S50). For tractor performance test, each plot had 40 m 
long and further 15 m for tractor maneuvering and 
stabilization. 
Data were submitted to variance analysis and means were 
compared by the Tukey's test. A variance analysis (F-test) 
was used to select the equation model with the most 
significant exponent. 
 
Conclusion 
 
The specific consumption of babassu biodiesel increased by 
11.1 and 14.3% as compared to B S1800 and B S50 diesel, 
respectively. In contrast, it showed smoke density reductions 
of 68.2 and 58% against S1800 and B S50, respectively. 
Blends of babassu biodiesel and B S50 diesel reached lower 
specific consumption and greater smoke density reductions 
if compared to mixtures with B S1800 diesel.  
Biodiesel from babassu palm oil can be used to replace 
petroleum diesel. This alternative fuel can enhance 
employability and income in the primary sector, in addition 
to developing a self-sustaining economy, essential for the 
country's autonomy.  
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