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Renewable energy benefits and disadvantages have been subject of major discussions and studies.
Thus, this study aimed at assessing the smoke opacity from a farming tractor running two types of
diesel, B S1800 (B0) and B S10 (B0), and ethyl biodiesel from babassu oil at two rates (B50 and B100), at
six day periods (2, 6, 10 am, 2, 6 and 10 pm). The study was conducted at the Department of Agricultural
Engineering of the Faculty of Agricultural and Veterinary Sciences, UNESP, in Jaboticabal - SP, Brazil.
The results showed a reduced smoke opacity during daytimes of lower ambient temperature and higher
air relative humidity. In addition, smoke opacity was reduced as higher rates of babassu biodiesel were
added to B S1800 diesel and B S10; thus, consisting of an efficient procedure of reducing smoke

opacity in farming tractor engines.
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INTRODUCTION

Biodiesel use in compression ignition engines has
increased substantially in the recent decades, mainly
because it is a sulphur-free fuel in contrast to fossil
diesel. Moreover, it is a renewable vegetal source that
may be a carbon cycle contributor (Silitonga et al., 2011,
Mofijur et al., 2012; Zhou et al.,, 2012). It is worth
mentioning, biodiesel production importance in raising
farm income, enhancing environment by reducing

greenhouse gas emissions, developing economy,
optimizing and decentralizing investments, as well as
promoting social development through job and income
generations in rural areas (De Gorter and Just, 2010).
Fossil fuel is a scarce resource and, when burnt,
releases harmful gases to the atmosphere. Thus, it is
important to search for alternative energy sources
replacing, even partially, such fossil fuels and face the

*Corresponding author. E-mail: thyagolira@hotmail.com. Tel: +551632097289.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Aftribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

4056 Afr. J. Agric. Res.

challenge of growing demands for sustainable energy,
thus reducing environmental impacts (Caland et al.,
2009).

In Brazil, fossil fuels have been on agenda of
government leaders, mainly because of environmental
issues resulting from their increased demand. For the
transportation industry of goods and people, three types
of diesel are available, serving up to 46.4% of this sector.
These products are B S500 (500 mg kg_1 of sulphur) and
B S50 (50 mg kg™" of sulphur), which were launched by
Petrobras in 2009. Apart from these, B S10 diesel (10 mg
kg'1 of sulphur) was introduced and regulated into
domestic market in 2012, motivated by the
implementation of increasingly stringent limits on
pollutant emissions from circulating vehicles (ANP, 2013).
Because of its great similarity with diesel, in terms of
chemical structure and energy content, biodiesel is
compatible with engines running on diesel and, therefore,
no modifications are required (Lam et al., 2009). This fuel
is featured by owning a mixture of alkyl esters of long
chain fatty derived from different raw materials, including
vegetable oils, animal fats and algae lipids by
transesterification reaction with alcohols. The properties
of biodiesel derivatives from different raw materials can
vary according to the composition of fatty acids (Pehan et
al., 2009; Hoekman et al., 2012; Oliveira et al., 2015). To
ensure biodiesel quality, it is necessary to follow the
national regulatory standards of biodiesel.

Among the sources of raw material for biodiesel
production, it can be mentioned that the babassu
(Orbinya martiana), a Brazilian native palm is widely
distributed in the northeastern (largest producer),
northern, central and western of the country (About
196.000 kmz at Brazilian territory), although it can also be
found in Mexico and Bolivia (Silva et al.,, 2014). The
crude oil, babassu is easily obtained by way of crushing
the fruit kernel, which constitute about 65% by almond
weight, been used for biodiesel production since its
composition increase the lauric fatty acid (about
44%)(Oliveira et al., 2013).

Many studies, such as those assessing smoke opacity
in farm tractors running several raw materials, have
enabled biodiesel use in diesel engines. These studies
have shown decrease in smoke opacity levels as the rate
of biofuels increases (Zhu et al., 2010). Comparing BO
with B100, Chauhan et al. (2013) tested a diesel engine
cycle with karanja-oil biodiesel and found lower smoke
opacity as amounts of biodiesel for the diesel increased.
Likewise, Tabile et al. (2009) evaluated rates of castor-oil
biodiesel versus B S2000 and B S500 diesels, and
observed that by increasing the amount of biodiesel up to
a B75 rate, opacity was reduced; yet when they
compared BO and B75, reduction reached 22.0 and
10.6% for B S2000 and B S500, respectively.

It is assumed that air relative humidity and ambient
temperature changes, as well as varied rates of biodiesel

blends in diesel, may influence smoke opacity response
in the tractor engine. Given the above-mentioned, this
study aimed to assess the smoke opacity emitted from a
farm tractor running B S1800 diesel (BO) and B S10 (BO)
mixed with babassu biodiesel at two distinct rates, 50 and
100% (B50 and B100, respectively) at six periods of the
day (2, 6, 10 am, 2, 6 and 10 pm).

MATERIALS AND METHODS

This study was conducted at the Laboratory of Biofuel and
Machines Tests (BIOEM) of the Bioenergy Research Institute
(IPBEN, FCAV/UNESP), Jaboticabal, SP, Brazil. This laboratory is
located at the geographic coordinates of 21° 14’ 26.25” S and 48°
17° 13.22” W, and at average altitude of 570 m. The region has an
average annual temperature of 22.2°C, average air relative
humidity of 71% and atmospheric pressure of 94.3 kPa. According
to the Képpen’s classification, local climate is rated as an Aw type,
which stands for a tropical humid with rainy summers and dry
winters.

Diesel types used in this experiment were B S1800 (B0) and B
S10 (BO), which had been regulated in the domestic market by the
Program of Air Pollution Control by Motor Vehicles (PROCONVE).
According to the ANP resolution no. 42/ 2009 (ANP, 2009) and
ANP resolution no. 46/ 2012 (ANP, 2012), these fuels have total
sulphur amounts of 1800 and 10 mg kg™, respectively. Both of
them were purchased in Jaboticabal City, SP, Brazil.

In addition to these diesels, ethyl biodiesel distilled from babassu
(B100) was used, being manufactured by our partner, the
Laboratory of Clean Technology Development (LADEL), which is in
Ribeirdo Preto city, SP, Brazil. As blend rate B50, 50% of B S10
diesel and 50% of ethyl babassu biodiesel were used, being
mixture by measuring cylinders of 500 and 250 mL, funnel and
containers.

Measurements were carried out in a Valtra tractor, model BM
125i, 4 x 2 with front wheel assist (FWA), working at a maximum
engine power of 91.9 kW (125 hp) at 2300 rpm (ISO1585). The
machine was equipped with turbocharger and intercooler, reaching
a total mass of 7000 kg distributed as 40 and 60% in the front and
rear a>1<les, respectively, and a mass/power ratio of 76 kg kW™ (56
kg hp™).

Two experiments were conducted in a completely randomized
design, arranged in a 6 x 3 factorial scheme with 18 treatments and
3 repetitions, totaling 54 results for each experiment. It is
noteworthy that, in compliant with the smoke opacity testing, each
repetition consisted of seven replications, which is based on a
principle that the difference between the highest and lowest
readings of each replication could not exceed 0.25 m™".

In this test, the number of samples may vary between seven and
ten, being set at the testing time, since the equipment itself manage
the process in order to achieve result homogeneity. Such uniformity
might be influenced by engine and fuel conservation state, besides
environmental conditions (temperature, pressure and air humidity),
among others.

The three biodiesel/diesel blends were assessed at six distinct

daytimes (2, 6, 10, 2, 6 and 10 pm). The first experiment was
composed of B S1800 diesel (B0), 50% B S1800 diesel + 50%
biodiesel (B50) and 100% babassu biodiesel (B100). Yet, the
second was composed of B S10 diesel (B0), 50% B S10 diesel +
50% biodiesel (B50) and 100% babassu biodiesel (B100).
Local temperature and air relative humidity were obtained from a
meteorological station located at UNESP (Jaboticabal, SP), which is
near the experimental area. The records of these variables for all
daytimes assessed are shown in Table 1.



Lira et al. 4057

Table 1. The records of these variables for all daytimes assessed.

Times of trial (h)

Room temperature (°C) Relative humidity (%)

2 14,7
6 13,9
10 22,4
14 28,4
18 25,2
22 18,0
Standart deviation 10.20

72
95
60
27
42
63
23.63

Engine smoke opacity was measured by a partial flow opacimeter
(Tecnomotor, model TM 133), which measures light absorption and
follows the standards proposed by the NBR 13037 of INMETRO
and CEE 72/306. A serial controller was also used for the
communication of the vehicle inspection equipment through a serial
port to the microcomputer and a software of vehicle inspection
called IGOR®.

Tests were performed according to the snap idle test, which
consists of submit engine to a full-throttle acceleration for 3 to 5 s,
with the power developed absorbed only by the inertia of the
mechanical engine components (clutch, gearbox primary shaft),
since the tractor was static, as described in the NBR 13037 (ABNT,
2001). Opacity measurement results were given in K, which is the
light absorption coefficientin m™ (TECNOMOTOR, 2012).

Biodiesel was mixed to the diesel by the time of the test. From
one test to the other, all unconsumed fuel was removed out of
tanks, filters and pipes avoiding next test contamination. For test
standardization, after refueling, engine was operated for ten
minutes prior to each test start.

Data underwent variance analysis and means were compared by
the Tukey’s test at 5% probability, and the Kolmogorov normality
test - Smirnov and ANOVA.

RESULTS

According to the Tables 2 and 3, concerning smoke
opacity, there was a significant interaction between fuel
type and daytime. As a result, those variables underwent
an interaction breakdown analysis, which are shown in
Tables 4 and 5.

It can be observed that B S10 diesel (BO) showed
higher opacity values when compared with B50 and B100
mixture for all times (Table 4), differing from the other fuel
types. Smoke opacity decreased as the amount of
biodiesel in the mixture increased, within which babassu
biodiesel (B100) stood out, presenting a significant
reduction of 51.82 and 54.21%, as compared to B S10 at
6 am and 2 pm, respectively.

It can be stated that running biodiesel in diesel engines
instead promotes significant reduction in particulate
emissions (Ong et al., 2011; Xue et al., 2011; Bora and
Baruah, 2012). Moreover, Table 4 shows that opacity
levels would be within the limit of 2.5 m™" defined by the
CONAMA resolution number 251/1999 (CONAMA, 1999).
This outcome can be explained by the fact that biodiesel

Table 2. Summary of the values of analysis of
variance and mean test for smoke opacity.

Factors
Fuel type (FT)

Smoke opacity (m™")

B S10 diesel BO 2.12
Biodiesel B50 1.62
Biodiesel B100 1.11
Time (T)

2:00 am 1.57
6:00 am 1.47
10:00 am 1.73
02:00 pm 1.85
06:00 pm 1.59
10:00 pm 1.49
F-test

FT 3964.0309 **
T 162.9397 **
FTxT 31.0043 **
CV (%) 4.18
Standart deviation 0.068

*Significant at 5% (P<0.05); **significant at 1%
(P<0.01); CV: coefficient of variation.

have no sulphur within its composition, aside from
presenting free oxygen in its molecule (reduced fuel-rich
zones inside combustion chamber and increased yield
during diffusive combustion). Therefore, combustion
efficiency is increased and particulate matter production
is reduced substantially (Sahoo et al., 2009; Chauhan et
al., 2012).

Investigating emissions from diesel engine running on
rapeseed oil (B100) and mixtures B5, B20 and B70 and
comparing them with those from diesel-run ones,
Buyukkaya (2010) emphasized that biodiesel has less
opacity (up to 60%) as compared to the diesel. When
biodiesel is added to diesel, fuel oxygen contents are
increased, thus, less oxygen is demanded for combustion.
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Table 3. Summary of the values of analysis of
variance and mean test for smoke opacity.

Factors

Smoke opacity (m™")

Fuel type (FT)

B S1800 diesel 2.21
Biodiesel B50 1.79
Biodiesel B100 1.11
Time (T)

2:00 am 1.66
6:00 am 1.51
10:00 am 1.82
02:00 pm 1.93
06:00 pm 1.68
10:00 pm 1.64
F-test

FT 6630.2308 **
T 208.4222 **
FTxT 27.3399 **
CV (%) 3.38
Standart deviation 0.058

*Significant at 5% (P<0.05); **significant at 1% (P<0.01);

CV: coefficient of variation.

Table 4. Summary of interaction breakdown analysis of fuel type (BO = 100% diesel B S10 + 0% babassu
biodiesel; B50 = 50% diesel B S10 + 50% babassu biodiesel; B100 = 0% diesel B S10 + 100% babassu

biodiesel) against daytime for smoke opacity (m™).

Fuel type Daytime (h)

2 am 6 am 10 am 2pm 6 pm 10 pm
B S10 diesel (B0)  2.00" 1.93" 2.23" 2.49" 2.08"° 1.99"
Biodiesel B50 1.54% 1.56% 1.74%° 1.91% 1.56% 1.41%
Biodiesel B100 1.19% 0.93%? 1.21% 1.14¢0 1.13%° 1.08%°

Means followed by the same uppercase letter in the columns and lowercase letter in the lines do not differ from

each other by the Tukey’s test at 5% probability.

Table 5. Summary of interaction breakdown analysis

of fuel type (BO = 100% diesel B S1800 + 0% babassu

biodiesel; B50 = 50% diesel B S1800 + 50% babassu biodiesel; B100 = 0% diesel B S1800 + 100% babassu

biodiesel) against daytime for smoke opacity (m™).

Fuel type Daytime (h)

2 am 6 am 10 am 2pm 6 pm 10 pm
B S1800 diesel 2.10% 2.04% 2.31% 2.48" 2.17%¢ 2.15%¢
Biodiesel B50 1.71% 1.5952 1.89%¢ 2.128¢ 1.75%° 1.69%°
Biodiesel B100 1.19°¢ 0.91%? 1.23% 1.14°° 1.13°° 1.08%"

Means followed by the same uppercase letter in the columns and lowercase letter in the lines do not differ from each other

by the Tukey’s test at 5% probability.

However, the ratio oxygen/fuel is the main reason for a
fullest combustion and, therefore, resulting in reduced

amounts of pollutant emitted (Ghobadian et al., 2009;
Reis et al., 2013). Biodiesel properties are influenced



by inherent characteristics of fatty esters composed of
the fuel (Lébo et al., 2009).

Table 4 shows smoke opacity increases of 29.01 and
22.43% for BO and B50 between the time at which was
observed the lowest value (6 am, 13.9°C and 95%) and
the time at which the highest one (2 pm, 28.4°C and
27%) was registered. Data recorded at 2 pm showed
difference when compared with the other times. For
B100, opacity increased (22.58%) at a different time (10
am, 22.4°C and 60%) from that recorded for BO and B50,
differing from 6 am, 6 and 10 pm records. Furthermore, it
was observed that the opacity values of BO, B50 and
B100 were low at low temperature and high air humidity.
According to Lopes et al. (2009), milder ambient
temperature and high humidity may improve engine
combustion.

The higher opacity registered for babassu biodiesel
(B100), at a different time from that recorded for BO and
B50, might have been related to physicochemical
properties, which are influenced by inherent
characteristics of fatty esters composed of the fuel (L6bo
et al., 2009; Dabdoub et al., 2009).

Through a daytime assessment in Table 5, values of
smoke opacity were higher for BO related to B50 and
B100 for all assessed hours, standing out from all the
other fuel types. Additionally, smoke opacity decreased
as the amount of biodiesel increased, especially for
B100, which presented a significant reduction mainly at 6
am and 2 pm, displaying reduction rates of 55.4 and
54.0%, respectively, as compared to B S1800.

DISCUSSION

These results reinforce those reported by Louzeiro
(2012), who observed a decrease in CO, NOx and
opacity using micro-emulsion formed by oxygenated
substances (babassu oil), brandy and isobutyl alcohol,
comparing them with the diesel. This behavior was also
observed by Lima et al. (2013), who obtained a reduction
of 36.25 and 60% in smoke opacity for a farm tractor
engine running on blends of palm and tucuman
biodiesels, respectively.

Similar results were also obtained by Neves et al.
(2013), who observed a reduction of 26.1 and 53.5%
when useing increasing proportions of soybean and
murumuru biodiesel, respectively, in an agricultural
tractor equipped with turbo intercooler.

Concerning the fuel type, B S1800 diesel (BO) and the
mixture (B50) promoted the highest smoke opacity values
at 2 pm (28.4 °C and 27%), which increased by 17.7 and
25%, respectively, when compared with the lowest values
registered at 6 am (13.9°C and 95%). On the other hand,
when evaluating biodiesel (B100), opacity increased
(26%) under different conditions, that is, at 10
am(22.4°C and 60%) as compared to those recorded for
B0 and B50, differing from 6 am, 6 and 10 pm readings.
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Furthermore, the values of smoke opacity emitted from
engines were reduced as temperatures decreased and
humidity increased. According to Janaun and Ellis (2010),
the use of biodiesel as fuel in diesel engine cycle reduces
the emissions of particulate matter as compared to the
diesel use.

Yoon et al. (2014) observed that particulate emissions
diminished on average (about 33%) changing diesel for
B30. These results are similar to those reported by
Gongalves et al. (2013), in which opacity index was lower
in the early hours of the day (6:30, 9:30 and 10:30 am), at
a maximum ambient temperature of 25.4°C and air
relative humidity of above 50%. From 12 pm, and under
opposite conditions (temperature higher than 25°C and
humidity lower than 50%), higher opacity values was
obtained. Liotti et al. (2010), when assessing diesel (BO),
as a function of weather conditions (humidity from 91.4 to
69% and temperature from 20 to 25°C), observed higher
opacity indexes at 12 and 3 pm and lower at 6 and 12
am.

The literature tends to corroborate that in internal-
combustion engine compression, combustion
thermodynamics has most influence from air excess,
calculated as the ratio between actual air mass/fuel and
the stoichiometric air mass (kg)/fuel (kg); mixture
richness or equivalence ratio, which indicates the
arbitrary ratio of oxidant and fuel relatively to a
stoichiometric mixture; lower fuel calorific power; lower
mixture calorific power; and temperature variation. For
lower temperatures (about 1250 K) and lean mixtures
(high air/ fuel ratio), stable chemical species (mainly CO,,
H,O, N, and O,) are produced by exothermic combustion;
while for higher temperatures (above 1500 K), stable
chemical species are dissociated, forming many others,
such as CO, H,, OH, H, O, NO and unburned
hydrocarbons, among others (Coelho and Costa, 2007).

Figures 1 and 2 show smoke opacity behavior as a
function of testing and weather conditions.

Conclusions

The use of babassu biodiesel and daytime influence
smoke opacity emissions from a farming tractor engine.
Reduced values of smoke opacity were recorded at 6 am,
when a lower ambient temperature (13.92°C) and higher
air relative humidity (95%) were measured, decreasing by
55.4 and 51.82% when compared with B S1800 and B
S10 with B100, among which babassu biodiesel stood
out. The blends of babassu biodiesel with B S1800 diesel
and B S10 proved to be efficient in reducing smoke
opacity from a farming tractor engine.
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