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Evaluation of the Energy use of Pruning Dipteryx alata Trees
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Abstract

Pruning is equivalent to the removal of whole branches or parts, living or dead, of a plant, to promote balance in the
development of the species, therefore, the generation of waste portrays an indispensable and ever-present conse-
quence. The residues derived from pruning come from silvicultural treatments and evidently have great potential to
be used in energy generation. Briquetting, in addition to its energy advantage and practicality, collaborates with the
mitigation of environmental impacts from encouraging the use of renewable energies to reducing the emission of
greenhouse gases, as they are strongly recommended for replacing fossil coal. The main objective of this work
was to evaluate the possibility, related to quality and productivity, of the energy use of residual biomass from urban
pruning of Dipteryx alata, focusing on the production of briquettes, thus encouraging further studies related to native
species of the Cerrado and the use of renewable energy. The contents of volatile materials, ash and fixed carbon,
higher calorific value, basic and energetic density were determined, and briquettes were produced in a laboratory
briquetting machine. The quality of the briquettes was determined through physical-mechanical analyses: apparent
density, durability, tensile strength by diametral compression and expansion. The energy density of the biomass
had a considerable increase after briquetting, confirming the increase in energy concentration per unit volume in
densified materials. Therefore, it was concluded that the use of urban pruning residues of Dipteryx alata proved to

Keywords

*Corresponding author: rebecalisboal@hotmail.com

be suitable for making briquettes to produce renewable and sustainable energy.
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1. Introduction

The use of non-renewable resources is a practice as-
sociated with the development and population growth,
which consequently leads to their depletion, and thus, a
constant search for renewable sources, which meet cur-
rent needs, becomes increasingly necessary (Schneid,
2020). According to the report by the Brazilian Tree Indus-
try (IBA), the means of production that meet the domestic
supply of energy are divided into 53.9% come from non-
renewable sources, 46.1% come from renewable sources
of which 8.7% is generated using firewood and char-
coal, mainly from planted forests (Industria Brasileira de
Arvores — IBA, 2020). Such data make clear the need for
continuity and advancement in research aimed at devel-
oping sustainable energy production in the country.

The Cerrado occupies approximately 24% of the Brazil-
ian territory and is the second largest biome in Brazil.
This region has a great diversity of tree species, including
the baru (Dipteryx alata) (Resende & Guimaraes, 2007).
So, this native tree is widely used by the local popula-
tion for its various applications between food, medicinal

and industrial use, landscaping, timber use and recov-
ery of degraded areas, due to its high adaptability, ac-
cording to Rambo et al. (2020). Although the use of
biomass from short-rotation species, such as the Euca-
lyptus genus in planted forests, has increased in recent
years, native species from the Cerrado have been used
as wood raw material for energy generation (Simioni, Mor-
eira, Fachinello, Buschinelli & Matsuura, 2017). In view
of this, studies where wood energetic potentials of five
species native to the Cerrado are evaluated showed favor-
able results in relation to the high content of extractives
and lignin, and low content of holocellulose, according
to Marques et al. (2020), this joint assessment of wood
constituents is essential for indicating wood energy use.

Despite indications that the use of wood from this
species for energy generation is a viable alternative, the
lack of studies related to the energy use of D. alata
biomass residues is still very evident and necessary (Car-
valho, 2003). However, in natura biomass, despite having
a low acquisition cost, may exhibit characteristics that are
unattractive for energy purposes, such as low calorific
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Figure 1. Material used for the analyses; A- Dipteryx a. pruning residue; B- Wood sample discs; C- Briquettes

produced from the biomass of the processed material.

value, necessitating its transformation into smaller parti-
cles, such as briquettes and pellets, aiming for better uti-
lization and greater value aggregation to the final product
(Sette et al., 2020; Dulys-Nusbaum, Klammer & Swinton,
2019).

Pruning is equivalent to removing whole branches
or parts, living or dead, from a plant. The purpose of
this action is to promote balance in the development of
species; therefore, the generation of waste portrays an
indispensable and ever-present consequence. There-
fore, according to the Panorama of Solid Waste in Brazil
(Associagao Brasileira de Empresas de Limpeza Publica
e Residuos Especiais — ABRELPE, 2020), organic matter
occupies 45.3% of the total waste generated throughout
Brazil. In view of this, a clear potential for the use of
pruning residues for energy purposes is clear, since Art.
3, item VII of Law No. 12,305, of August 2, 2010, empha-
sizes that energy use is one of the possible appropriate
destinations for solid waste. Evidently, residues derived
from forest harvesting have great potential to be used
in energy generation, according to Sette et al. (2020),
although the residues from pruning, which were used in
this work, do not originate from this harvest, they come
from silvicultural treatments and are considered biomass
(Jasiczek & Kwasniewski, 2020). It is essential to high-
light that, in addition to the energy advantage and its
practicality, briquetting collaborates with the mitigation
of environmental impacts from encouraging the use of
renewable energies to reducing the emission of green-
house gases (Jasiczek & Kwasniewski, 2020), also have
a potential for replacing fossil coal, contributing to the
country’s economy (Gustavsson, Haus, Ortiz, Sathre &
Le Truong, 2015).

Therefore, this work aims to assess the feasibility,
related to quality and productivity, of using the pruning
of Dipteryx alata, with the goal of proposing a technical
solution for the use of residues for energy purposes, as
well as bringing innovations regarding native species of
the Cerrado to the technical-scientific community.

2. Material and Methods

2.1 Selection of Pruning, Collection and Preparation
of Samples

The selected samples were those with a minimum
diameter of 6 cm and a maximum of 11 cm; the shell of
the samples was maintained. After selecting the prunings,
10 random samples were taken in the form of discs, of
this new pile that will be formed for the analyzes (Figure

1).

2.2 Characterization of Biomass

The chemical characterization of the biomass of Dipteryx
alata residues was carried out in the material at 60 mesh
as prescribed in NBR 8112 of ABNT (1986) and the mate-
rial preparation conditions were applied: the ash, volatile
materials, and fixed carbon according to ABNT NBR 8112
(1986).

Bulk density (BUD) was determined according to ABNT
NBR 6922 (1981), using the relationship between the
mass of biomass and the known volume of a container.

The higher heating value (HHV) was obtained using
a calorimeter according to ABNT NBR 8633 standard
(1984). Energy density (ED) was calculated from the
product of PCS and bulk density.
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2.3 Production of Briquettes

The compaction of biomass (production of briquettes)
was carried out in a laboratory briquette machine with a
pressure of 140 kgf cm-2, compaction time of 5 minutes
and cooling for 10 minutes with forced ventilation, at a
temperature of 120°C. A standard amount of biomass
was used to produce each briquette, 40 g of residue, and
the samples were previously dried in an oven at 103°C
and later adjusted to 10% humidity (Figure 1).

The apparent density of the briquettes was deter-
mined by means of the volume of the briquette, using
a caliper, and the mass, measured on a scale with a
precision of 0.001 grams. With the height and diameter
measurements of each treatment, the individual volume
was obtained (Equation 1) to be used in the apparent
density calculation (Equation 2).

V= ko (1)

AD =3, (2)

in which: V: Individual volume (cm3); AD: apparent den-
sity (g cm™3); m is the mass of the sample; d is the sample
diameter; L is the sample length.

The volumetric expansion was determined by obtain-
ing its dimensions, height, and diameter. Volume was
obtained at two different times: (1) immediately after bri-
quetting and (2) 72 hours after briquetting. This time
interval is necessary for the dimensional stabilization of
the briquettes. The volumetric expansion was calculated
using equation 3.

EX = [YolZtVell] 100, (3)

in which: EX: volumetric expansion (%); Vol1: briquette
volume immediately after compaction (cm3); Vol2: bri-
quette volume 72 h after compaction (cm3).

The mechanical strength or tensile strength by diame-
tral compression was performed using a universal testing
machine EMIC - DL30000, with a load cell of 500 kgf, at
a constant speed of 0.3 mm min-1 (de Paula Protasio,
Alves, Trugilho, Silva & Baliza, 2011), with the transverse
load being applied to the samples. The test was car-
ried out based on an adaptation of the ABNT NBR 7190
standard (1997) for determining the tensile strength by
diametral compression in cylindrical samples of concrete
and mortar, due to the lack of specific standards for test-
ing briquettes.

The durability or friability of the briquettes was de-
termined by weight loss of the samples, as described
by Toscano et al. (2013). Five briquettes were weighed
to obtain the initial mass and then placed in a vibrating
sieve for 5 minutes at 80 rpm. After this procedure, the
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briquettes were weighed again, and the final mass was
obtained. Friability was calculated using the following
equation 4:

Dur =100 — [ < 100, (4)
id

in which: Dur: Durability of the briquette in %; mjqg: Initial
mass of the sample (g); miq: Final mass of the sample

(9)-

2.4 Data Analysis

The effect of biomass and briquette characteristics
on Dipteryx alata pruning was evaluated in a completely
randomized design. For all variables, averages were
obtained with the aim of descriptive comparison between
the average values of the analyzes of the treatment in
question with species presented in the literature.

3. Results and Discussion

3.1 Immediate Chemical Analysis

The levels of volatile materials, fixed carbon, and ash
content in wood are provided through immediate chem-
ical analysis. The fixed carbon content is derived from
burning the material in its solid state; the residue from
this combustion is the ash, while the volatile materials are
those that vaporize into a gaseous form when subjected
to high temperatures. These characteristics are crucial
when assessing the material’s viability as a fuel and also
for differentiation purposes (Barrichello & Brito, 1976).

3.1.1 Volatile materials

The percentage of components in the energy mate-
rial is highlighted through immediate chemical analysis.
Concerning volatile materials, the percentage shown was
higher than the other parameters, averaging 85.46%. Ac-
cording to Tavares & Santos (2013), the percentage of
volatile materials reflects the ease with which the mate-
rial and fixed carbon burn in each period, being of great
importance for combustion. After evaporation, volatile ma-
terials mix with oxygen and undergo combustion. Woods
with high volatile content burn more quickly (Pereira, Stu-
rion, Higa, Higa & Shimizu, 2000) due to their connection
with the material’'s reactivity and ignition (Klautau, 2008).
Similar results were observed by Oliveira (2015), who,
when analyzing volatile material levels at different heights
in the Eucalyptus clone GFMO-27, obtained an average
value of 85.60% across the heights.

3.1.2 Ash Content

The residues resulting from the combustion of organic
components and the oxidation of inorganic components
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Figure 2. Comparison between the average results of
biomass and briquette analyses of the studied species
and other species present in the literature. BUD: Bulk
density; HHV: Higher Heating Value; ED: Energy density;
AD: Apparent density; Dur: Durability; EX: Volumetric
Expansion; TSDC: Tensile strength by diametral com-
pression

in wood are characterized as ash content (Vieira, 2012).
According to Pereira et al. (2000), ash content can vary
depending on the species, the amount of bark present in
the material, and other factors such as the presence of
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sand in the wood. However, for wood to be considered
of good quality for energy production, it should have ash
content below 3%. In the case of the studied material,
the biomass of Dipteryx alata showed an average value
of 1.12%. Therefore, in accordance with European and
North American standards for solid material production,
the found value aligns with the required standards: ash
content between 0.5 and 1.5% (Carroll & Finnan, 2012).
However, the observed results show higher ash content
when compared to literature findings regarding Eucalyp-
tus clones. According to Neves et al. (2011), the authors,
in analyzing the energy characteristics of three Euca-
lyptus clones, found ash content ranging from 0.65 to
0.88%.

3.1.3 Fixed Carbon Content

The fixed carbon content present in wood indicates
the proportion of the material that was burned in the
solid state. This content is directly related to the calorific
value because the higher the fixed carbon value of a
particular material, the longer the combustion resistance
time within the burning device (Barrichello & Brito, 1976).
Concerning the biomass of Dipteryx alata, an average
fixed carbon content of 13.42% was obtained. The pre-
sented value is below the fundamental burning standard
for energy production, as recommended by the authors,
who suggest fixed carbon levels between 15 and 25%.
They assert that fuels with a high index burn more slowly,
increasing the resistance time of the energy material
when subjected to combustion (Brito & Barrichello, 1982).
Other values can be found in the literature, such as the
average fixed carbon content presented by Vale et al.
(2000), who analyzed 47 woody species from the Cer-
rado and observed an average fixed carbon content of
20.73%.

3.2 Energetic Characteristics of Biomass
3.2.1 Bulk Density

According to Veiga (2014), wood density is a property
of great importance in defining the quality and utilization
of the material. It is the most studied characteristic and
strongly influences the management of planted forests
(de Assis Ribeiro & Zani Filho, 1993). Denser wood has
a greater amount of matter in the same volume. The
average values obtained for the bulk density (BUD) of
Dipteryx alata biomass were 0.36 g.cm. This value
is lower than those found in the literature for Eucalyptus
spp. (1.64 g.cm™) (Figure 2) (Souza et al., 2022 ; Moraes,
2017; Sette et al., 2017).
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3.2.2 Higher Heating Value

The energy quality of biomass is related to the higher
heating value (HHV), in other words, the amount of en-
ergy generated in its complete combustion. According
to Doat (1997), the higher heating value is characterized
when combustion occurs at a constant volume, and the
water resulting from combustion is condensed. The aver-
age values found for Dipteryx alata were 4410 Kcal.kg™
and similar values were found for species of Eucalyp-
tus spp. (4414 Kcal.kg™'). The energy density (ED), the
product of basic density by the higher heating value, also
showed a significant difference when compared to Khaya
ivorensis, but resembled Eucalyptus spp. and Bambusa
tuldoides (Figure 2) (Souza et al., 2022 ; Moraes, 2017;
Sette et al., 2017).

3.3 Energetic and Physical-Mechanical Characteris-
tics of Briquettes

The parameters for assessing briquetting and their in-
fluence on the quality of the final product are determined
through analyses that aim to present characteristics that
directly impact factors such as the apparent density of
the briquette, energy density, durability analysis of the
briquette, mechanical strength, and finally, the analysis of
the expansion of the briquettes. The values of the anal-
ysis of Dipteryx alata briquettes in comparison to other
species in the literature are shown in Figure 2.

3.3.1 Apparent Density

The apparent density (AD) values of the briquette
refer to the amount of energy or heat that a specific
material with a defined volume can deliver (Quirino &
Brito, 1991). Thus, the goal of briquetting any material
will always be to concentrate energy potential in a smaller
volume compared to the raw material. The briquettes in
this study presented an apparent density of 1.27 g.cm3,
higher than the apparent density of briquettes reported in
the literature for species such as Eucalyptus spp. (1.15
g.cm™@), Khaya ivorensis (1.22 g.cm™3), and Bambusa
vulgaris (1.1 g.cm™3) (Sette et al., 2017; Moraes, Silva,
Barbosa, Marques, Silva & Sette Junior, 2019; Junior,
Souza, Lourengo & Interaminense, 2017).

3.3.2 Durability

The durability (Dur) of Dipteryx alata briquettes was
similar to the durability of Eucalyptus spp. and Khaya
ivorensis found in literature. According to Oliveira et al.
(1992), the results of briquette durability directly influence
the product quality. Thus, the material evaluated in this
study demonstrated to be less friable and of good quality
(Sette et al., 2017; Moraes, Silva, Barbosa, Marques,

Silva & Sette Junior, 2019; Junior, Souza, Lourengo &
Interaminense, 2017).

3.3.3 Volumetric Expansion

It is normal for briquettes to undergo longitudinal ex-
pansion after the briquetting process due to storage con-
ditions, the briquetting process itself, such as tempera-
ture and pressure, and the characteristics of the biomass
(Silva et al., 2015; Fernandez et al., 2017). The ex-
pansion (EX) showed a significant difference when com-
pared to other literature values. Dipteryx alata briquettes
demonstrated greater dimensional stability precisely be-
cause they exhibited very low average expansion values
(Sette et al., 2017; Moraes, Silva, Barbosa, Marques,
Silva & Sette Junior, 2019; Junior, Souza, Lourengo &
Interaminense, 2017).

3.3.4 Tensile strength by diametral compression

Mechanical strength is a fundamental parameter in
evaluating briquette quality as it indicates its stacking abil-
ity and resistance to impact during transportation; abra-
sion, as friction can cause the material to break apart,
making its durability value significant (de Paula Protasio,
Alves, Trugilho, Silva & Baliza, 2011; Sampaio, Costa
& Andrade, 2007). The average values (TSDC) found
in Dipteryx alata briquettes proved to be very promising,
especially when compared to literature values, demon-
strating that the material studied in this work qualifies as
highly resistant (Sette et al., 2017; Moraes, Silva, Bar-
bosa, Marques, Silva & Sette Junior, 2019; Junior, Souza,
Lourengo & Interaminense, 2017).

4. Conclusions

The energy density had a considerable increase after
biomass compaction, confirming the increase in energy
concentration per unit volume in densified materials.

Urban pruning residues of Dipteryx alata are suitable
for making briquettes for energy production.

Although there is still little research on the energy
use of urban pruning of species native to the Cerrado,
such as Baru, the feasibility of using these residues as
biomass in biofuels is evident and this factor is combined
with the lower production costs of briquettes.
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ABNT — Associacgao Brasileira De Normas Técnicas. (1981).
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