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ABSTRACT — Torrefaction and briquetting are two techniques that improve the quality of the biomass and
facilitate direct use as fuel. The objective was to evaluate the effect of torrefaction temperature on the properties
of the compound briquettes made from sugar cane bagasse and Eucalyptus sawdust. After sample preparation
and particle analyses, briquettes were produced with the mixture of the two biomasses, a total of five compositions
(0, 25, 50,75 and 100%) at 120 °C and pressure of 1500 PSI. Subsequently, the briquettes were torrefied
at temperatures of 180, 220 and 260 °C, for a period of 15 minutes. According to the results, both biomasses
of Eucalyptus sawdust and sugar cane bagasse showed potential for the production of briquettes. The torrefaction
reduced hygroscopicity and increased the calorific value of compound briquettes. The ideal composition for
the production of briquettes is 100% Eucalyptus. The composition of 50% Eucalyptus + 50% sugar cane bagasse
is also a great option, as some bagasse parameters were excellent. 260 °C was the best temperature to promote
energy savings.

Keywords: Biomass, Briquetting; Torrefaction.

BRIQUETES TORRIFICADOS DE BAGACO DE CANA-DE-ACUCAR E
EUCALIPTO

RESUMO — A torrefagdo e a briquetagem sdo duas técnicas que melhoram a qualidade da biomassa e facilitam
seu uso direto como combustivel. O objetivo do trabalho foi avaliar o efeito da temperatura de torrefagdo
nas propriedades dos briquetes compostos produzidos com bagaco de cana-de-acucar e serragem de eucalipto.
Apos o preparo das amostras e andlises das particulas, produziram-se briquetes com a mistura das duas
biomassas, totalizando cinco composigoes (0, 25, 50, 75 e 100%), na temperatura de 120°C e pressdo de
1500 PSI. Posteriormente, realizou-se a torrefagdo dos briquetes nas temperaturas de 180, 220 e 260°, por
um periodo de 15 minutos. De acordo com os resultados, tanto as biomassas de serragem de eucalipto como
a de bagaco de cana apresentaram potencial para producgdo de briquetes. A torrefagdo reduziu a higroscopicidade
e aumentou o poder calorifico dos briquetes compostos. A composigdo ideal para a produgdo de briquetes
éade 100% eucalipto. A composi¢do de 50% eucalipto + 50% bagago de cana também é uma otima opg¢do,
Jja que alguns pardmetros do bagacgo se sobressairam. A temperatura de 260°C foi a que promoveu melhores
ganhos energéticos.

Palavras-Chave: Biomassa,; Briquetagem, Torrefacdo
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1. INTRODUCTION

Sugar cane bagasse has been widely used for energy
generation. Amongst the domestic energy alternatives
in Brazil, biomass from sugar cane bagasse accounts
for 16.1% (Ben, 2014). The state of Sao Paulo is the
largest producer of sugar cane with a planted area of
51.43% (Conab, 2014).

FEucalyptus wood has also contributed to optimizing
the Brazilian energy matrix. This is because Eucalyptus
has elevated volumetric growth, allowing propagation
of vegetation, adaptable to diverse environmental
conditions with wide acceptance on the economic market.
Eucalyptus plantations represent 71.9% of the total
planting in Brazil, with 25.2% located in Minas Gerais,
17.6% in Sao Paulo and 14.5% in Mato Grosso do Sul
(IBA, 2015).

Despite these two biomasses being widely used
for energy, some properties can limit their direct use
as fuel, such as their low density, low homogeneity
and low calorific value. Therefore, so that the biomass
can have a better energy quality, greater added economic
value and ease of transportation and storage, the
techniques of torrefaction and briquetting have been
used (Kaliyan and Morey, 2009).

Torrefaction is a thermal treatment process with
low energy demands. Temperatures between 200°C and
300°C with a low heating rate are used, in environments
with minimal or even absent concentrations of oxygen
or inert, and different permanent time (Felfli, 2004; Santos,
2012; Dutta and Leon, 2012). Torrefaction results in
biomass with greater calorific value, greater homogeneity,
greater dimensional stability, lower hygroscopicity and
that is more resistant to breakdown (Dutta and Leon,
2012; Lora etal., 2013). During the briquetting process,
the particulate matter is compressed to compact it into
blocks in a defined form, with a lower volume and greater
density, adding agglutinates or not. Using this energy
concentration process, the biomass can be converted
into a briquette, a material of greater commercial value
(Antunes, 2000). Therefore, combining the technique
of briquetting and torrefaction is ideal to produce better
quality biomass, making it more competitive in comparison
with other energy sources.

A way of further improving the characteristics
of'the briquettes is through the production of compound
briquettes. This consists of a mixture of different biomasses
and has the advantage of generating a final product
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with low ash levels, lower sulfur quantities and a reduction
in the emission of polluting gases during combustion,
as well as balancing the densities of each material.
The main aspect in producing compound briquettes
is to avoid the dependence on just one raw material
(Rodrigues et al., 2002).

Given the foregoing, this study seeks to evaluate
the effect of the torrefaction temperature on the properties
of the compound briquettes produced with sugar cane
bagasse and Eucalyptus sawdust.

2. MATERIALAND METHODS
2.1 Obtainment and preparation of raw material

Sugar cane bagasse residues (Saccharun
officinarum L.) from the variety UFV/RIDESA RB867515
were obtained from the Sugar cane Research and
Experimentation Center at the Department of
Phytotechnics at the Universidade Federal de Vigosa
(UFV), Ponte nova, MG. We acquired Eucalyptus sp.,
wood chips with 5.5 years of age from commercial
plantations, located in the state of Maranhao.

To obtain the particles for briquette production,
the two materials were processed in a hammer mill with
a2 mm mesh. Following this, the particles were sorted
using a 2 mm sieve, collecting the fraction that passed
through to diminish the presence of fine particles, which
might compromise subsequent analysis.

2.2 Briquette production

Starting from the lowest density material, sugar
cane bagasse with a bulk density of 95 kg.m?, the particle
mass necessary to promote better compaction of the
briquettes was verified, being 16g of particles per
briquette. Based on this, we produced briquettes
composed of two biomasses, Eucalyptus sawdust and
sugar cane bagasse, with five compositions (0, 25, 50,
75 and 100%), 7 replications and 28 briquettes for each
composition, totaling 140 briquettes.

The briquettes were produced in a laboratory
briquetting machine. The briquetting parameters of
were: temperature of 120°C, pressure of 1500 PSI, cooling
and compression times of 8 minutes each, totaling 16
minutes for each briquette composition. The ideal
conditions were defined based on preliminary
experiments, to obtain briquettes without cracks or
fissures. The average humidity used for the production
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of briquettes was 8% for the sugar cane bagasse and
13% for Eucalyptus.

2.3 Briquette torrefaction

The briquettes were dried to 0% moisture in a
hothouse with air circulation and a temperature of
105+2°C. The torrefaction took place in a laboratory
muffle. The briquettes were placed on a metal tray,
which was in turn placed in a stainless steel container
installed inside the muffle, to avoid the entry of oxygen.

The temperatures (treatments) used for torrefaction
of the briquettes were 180, 220 and 260°C, with 7
replications for each composition for each treatment,
totaling 28 briquettes for each temperature. The
torrefaction time was 15 minutes, counted after reaching
the final established temperature.

2.4 Particle properties in natura and of torrefied
briquettes

Bulk density was realized using a wooden container
with the dimensions of 1 x 1 x 1 (volume of 1 m?). The
methodology described by EN 15103 (DIN, 2010) was
employed.

The briquettes were immersed in mercury and the
displaced volume was obtained by the variation of
the weight created by the submersion. The apparent
density was determined by dividing the briquette weight
by its volume and then multiplying by the density of
the mercury 13.456 g/cm?3.

The determination of the volatile constituents,
ash and fixed carbon levels followed the procedures
described in the norm NBR 8112 (ABNT, 1986).

The Gross Calorific Value (GCV) was determined
following the norm NBR 8633 (ABNT, 1984), using an
adiabatic calorimetric pump.

The hygroscopic equilibrium moisture (HEM) was
determined after the biomass particles and the briquettes
had been placed in a climatic chamber, at a temperature
0of 23°C and relative air humidity of 65% until reaching
constant mass. The moisture was calculated according
to the norm NBR 9484 (ABNT, 1986).

The energy density of the particles of the Fucalyptus
and sugar cane bagasse biomasses was obtained by
multiplying the net calorific value (NCV) by the granule
density of each one. The NCV and ICV were determined,
following Brito (1993), by the formulas:
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() NCV = [ICV(I - u)] - (600u)
(i) IVC =SCV - [600(9H/100)]

With H — Hydrogen (%); m — Moisture; ICV —
Inferior Calorific Value (Kcal/kg);

The hydrogen level considered for the two biomasses
was the average of the values encountered in the
literature, the value being equal to 6.0% (Paula et al.,
2011; Macédo, 2012). For the moisture, the value of
20% was adopted, which is that commercially utilized
for these biomasses.

The energy density of the torrefied briquettes
was calculated multiplying the net calorific value
(NCV) by the apparent density of each composition
submitted to each treatment. To obtain the NCV and
ICV, the formulas mentioned above were used,
however, the moisture (m) considered for the samples
was the average of the values obtained for the
hygroscopic equilibrium moisture (HEM) (Table 2)
for each composition submitted to each treatment.

2.5 Statistical analysis of the data

The experiment was performed according to a
completely randomized design with 5 compositions
(0, 25, 50, 75 and 100%) and four torrefaction
temperatures (control, 180°C, 220°C and 260°C), with
7 replications (briquettes), totaling 28 treatments
and 140 samples. The data was interpreted with the
aid of'analysis of variance (ANOVA). When significant
differences were observed between the treatments,
the averages were compared using the Tukey test,
at 5% significance and 95% probability. The analyses
were realized using the Statistica 7.0 software.

3. RESULTS
3.1 Biomass properties in natura

In the immediate chemical analysis, only the ash
level presented significant differences between the
biomasses, with the sugar cane bagasse having a
greater percentage of inorganics with 1.30% in
comparison with 0.12% for the Eucalyptus sawdust
(Table 1).

It was observed that the hygroscopic equilibrium
moisture, bulk density, gross calorific value and energy
density of the Eucalyptus sawdust particles were
greater than for the sugar cane bagasse (Table 1).
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Table 1 — Mean values of the properties of biomass sugar cane bagasse and Eucalyptus sawdust.
Tabela 1 — Valores médios das propriedades das biomassas bagac¢o de cana e serragem de eucalipto.

Parameters Sugar cane bagasse Eucalyptus sawdust
Content of volatiles (%) 86,25 a 86,50 a
Fixed carbon (%) 12,44 a 13,39 a
Ashes (%) 1,30 a 0,12 b
Hygroscopic equilibrium moisture (%) 6,83 b 10,09 a
Bulk density (kg.m™) 95,0 b 233,3 a
Gross calorific value (kcal.kg™!) 4473 b 4659 a
Energetic density (GJ.m?) 1,27 b 3,26 a

Mean values in lines followed by the same letter do not differ significantly by Tukey test at 5% probability.

3.2 Properties of the torrefied briquettes

Analysis of variance indicated that the evaluated
parameters were affected by the treatments, however,
there were no significant interactions between the
torrefaction temperature and the biomass compositions,
only the isolated effects of the treatments.

The volatile constituent levels varied by around
1.33% between the compositions of the biomasses.
The composition of 75% Eucalyptus +25% bagasse
resulted in a greater average value for volatiles. Regarding
the effect of the torrefaction temperature, it was observed
that, generally with an increase in temperature, the
percentage of volatiles was reduced, despite a significant
difference being observed only at a temperature of
260°C (Table 2).

Generally, there was a reduction in the level of
fixed carbon with an increase in the quantity of bagasse
in the composition of the briquettes. It was observed
that the higher average value of fixed carbon was found
in the 100% Eucalyptus composition (16.33%). The

composition of 100% bagasse led to a lower average
value for fixed carbon (13.39%). There was also an
increase in the level of fixed carbon due to an increase
in the torrefaction temperature, principally a 260°C.

It was generally observed that hygroscopic
equilibrium moisture diminished to the extent that the
percentage of sugar cane bagasse increased, except
the composition of 50% Eucalyptus + 50% bagasse,
in which there was a non-significant increase of this
moisture. In the process of torrefaction, the hygroscopic
equilibrium moisture diminished with the temperature
increase, with the lowest average value being observed
at 260°C, being 3.89% less in comparison to the control
(Table 2).

The lowest apparent density was obtained for the
briquettes produced only with bagasse despite there
being no significant difference between the other
compositions. In terms of the torrefaction temperature,
we note with the increase of temperature, a reduction
of the apparent density, with the control and the
temperature of 180°C showing no difference.

Table 2 — Mean values of the properties of the torrefied briquettes depending on the compositions of biomass and torrefaction

temperature.

Tabela 2 — Valores médios das propriedades dos briquetes torrificados em fun¢do das composi¢des das biomassas e da

temperatura de torrefacao.

Parameters Content of Fixed Hygroscopic Apparent
volatiles carbon equilibrium density
Compositions (%) (%) moisture (%) (kg.m?)
100% Eucalyptus 83,60 ab 16,33 a 7,59 a 1020 a
75% Eucalyptus + 25%Bagasse 84,75 a 14,95 b 6,90 b 1000 ab
50% Eucalyptus + 50%Bagasse 83,42 b 15,25 ab 7,10 ab 1020 a
25% Eucalyptus + 75%Bagasse 83,75 ab 14,45 be 6,84 b 1000 ab
100% Bagasse 84,25 ab 13,39 ¢ 6,52 b 960 b
Temperature (°C)
Control 85,41 a 13,48 b 8,16 a 1050 a
180 85,43 a 13,42 b 8,11 a 1040 a
220 84,95 a 13,89 b 7,42 b 1000 b
260 80,02 b 18,70 a 4,27 ¢ 930 ¢

Mean values in columns followed by the same letter do not differ significantly from each other by Tukey test at 5 % probability.
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3.2.1 Ash content

The analysis of variance indicated that the ash content
was only affected by the compositions of the biomasses.
In terms of'the torrefaction temperature, the ash content
was statistically similar, with an average value of 1.36%.

An increase in the average values for ash content
was observed to the extent that cane bagasse was added
to the composition with 100% bagasse having a higher
ash content, differing statistically from the others. The
compositions of 75% Eucalyptus +25% bagasse and
50% Eucalyptus + 50% bagasse, presented statistically
similar values (Table 3).

3.2.2 Gross calorific value

The analysis of variance indicated that the gross
calorific value was affected by the treatments, with
significant interactions between the torrefaction
temperature and the compositions of the biomasses.

The average values of calorific value observed in
this work had a variation of 519 kcal kg™!, around 11%.

Generally, the average calorific values for the
torrefied briquettes at the temperature of 260°C were
superior to the others (Table 4).

Table 3 — Mean values of the ashes content of the briquettes
depending to the compositions.

Tabela 3 — Valores médios do teor de cinzas dos briquetes
em fungdo das composigoes.

Compositions Ashes content (%)
100% Eucalyptus 0,45 d
75% Eucalyptus +25% Bagasse 0,98 ¢
50% Eucalyptus + 50% Bagasse 1,08 ¢
25% Eucalyptus + 75% Bagasse 1,78 b
100% Bagasse 2,52 a

Mean values in columns followed by the same letter do not differ
significantly from each other by Tukey test at 5 % probability.

It was also observed that the calorific value of
the different compositions presented a tendency to
increase with an increase in torrefaction temperature.
The briquettes without treatment (control) generally
presented lower levels for calorific value in comparison
to the briquettes that underwent the torrefaction
process.

When analyzing the compositions, it was observed
that there was a reduction in the average levels of calorific
value to the extent that the quantity of sugar cane
bagasse increased, with the gross calorific value (5003
kcal kg3) being observed in the 100% Eucalyptus
composition at 260°C (Table 4).

3.2.3 Energy density

Significant differences of energy density were not
found between the torrefaction temperature and the
biomass compositions of Eucalyptus and sugar cane
bagasse, that is, all the treatments resulted in a similar
energy density. The general average obtained was 17.06
GJ m>3with a standard deviation of 0.84.

4. DISCUSSION

4.1 Biomass properties in natura

Volatile constituents are responsible for a large
part of the heat generated in combustion and in the
combustible solids the level varied from 76 to 86%
(Morais etal., 2004). According to Werther et al., (2000)
percentages above 80% facilitated the ignition of the
material as well as its burning. The level of volatiles
found both in the sugar cane bagasse and in the
FEucalyptus was around 86%. Santos (2012) found values
of 81.1% of volatile materials for both Eucalyptus and
for sugar cane bagasse. Therefore, the values found
in this study are satisfactory for the production of

Table 4 — Mean values of the gross calorific value (kcal kg™!) of the briquettes depending on the torrefaction temperature and

compositions.

Tabela 4 —Valores médios do poder calorifico superior (kcal kg™') dos briquetes em fun¢do da temperatura de torrefagdo

e das composigoes.

Compositions Temperature (°C)
Control 180 220 260
100% Eucalyptus 4802 aB 4715 aB 4865 aAB 5003 aA
75% Eucalyptus +25% Bagasse 4668 abB 4646 abB 4726 abB 4966 abA
50% Eucalyptus + 50% Bagasse 4624 bcB 4616 abB 4618 bB 4901 abA
25% Eucalyptus + 75% Bagasse 4549 bcB 4576 abB 4562 cB 4880 abA
100% Bagasse 4484 cB 4486 bB 4505 cB 4837 bA

Mean values along the lines of the same lowercase letters for the composition and followed along the same column capitals to the temperature
did not differ significantly from each other by the Tukey test at 5 % probability.
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briquettes for energy use, given that the briquettes
quickly start to combust.

The fixed carbon level refers to the fraction of
the material that burns in the solid state, in the form
of an incandescent coal that constitutes the final stage
of combustion when the energy is slowly released.
In the biomass in natura, the level of fixed carbon
was similar for the Fucalyptus and bagasse particles.
Vilas Boas (2011) studying the effect of the thermal
treatment of the wood for the production of briquettes
observed fixed carbon values for Eucalyptus particles
in natura of 13.05%.

The ash content is the important parameter for
the lignocellulosic materials destined for energy
generation, since its level negatively affects the calorific
value and additionally can increase the frequency of
cleaning of the ashtrays, the place where they are
deposited. Therefore, the lower the ash content, the
better for the briquetting process as is the case of
the Eucalyptus sawdust. However, 1% of the ash is
also considered a low value. According to Obernbergar
and Thek (2010), ash levels greater than 3% for wood
are prejudicial in lignocellulosic fuels. Macédo (2012)
found values of 0.27% of ash for Eucalyptus. Paula
etal., (2011), characterizing vegetable biomass for energy
utilization, found ash levels for sugar cane bagasse
0f 0.80% and for wood residues they found a variation
between 0.13 and 0.18%. Both the ash values found
in the literature for Fucalyptus and sugar cane bagasse
are close to those obtained in this study.

Regarding the hygroscopic equilibrium moisture,
the lower the level for the material in the environment
in which it will be used, the lower the energy consumed
to evaporate the water and the greater the efficiency
of the equipment utilized to generate energy derived
from the biomass. At the same time, the material can
be stored for long periods without damaging its energy
qualities. Therefore, the biomass of the sugar cane
bagasse stands out.

The greater the bulk density, the smaller the space
that will be occupied by the same quantity of material.
The sugar cane bagasse was the least dense material.
In this case, the importance of the briquetting mechanisms
that transform the biomass into a compacted product
is highlighted. Comparatively, the Eucalyptus sawdust
achieved greater density. High density biomasses have
little result in densification, not being attractive for
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briquetting. Therefore, mixing materials with different
densities, as was done in this study, is a way of resolving
this question.

The gross calorific value (GCV) represents the
quantity of energy freed by the dry mass aggregate.
Therefore, the greater the calorific value, the better
the material in energy terms. The greater SCV was
obtained from Eucalyptus sawdust, due, probably to
the greater level of fixed carbon and the lower ash content.
According to Santo et al., (2011) ash content negatively
affects the calorific value. For the production of briquettes,
the ideal is biomass with a higher calorific value.
Therefore, the lower quantity of material can be sufficient
for a specific generation of energy.

A statistically greater energy density was observed
for the Eucalyptus sawdust than that of the bagasse,
with the elevated bulk density being responsible for
this effect, despite the higher calorific value of the
FEucalyptus also directly influencing the energy density.

4.2. Properties of terrified briquettes

It was already expected that the percentage of
volatile constituents was reduced with the increase
of torrefaction temperature. Rodrigues (2009) performed
a study with Eucalyptus grandis wood with different
thermal treatments and obtained a reduction in volatile
constituents with the temperature increase, with the
control having a value of 80.15% and for the temperature
0f220°C, 79.32%. A temperature of 260°C presented
the best result for this parameter, given that the volatiles
helped in the quicker volatilization of the raw material
and through this, contributed to the biomass energy
properties, as well as favoring the heterogeneous burning
and reduction of the permanence of the material in
the combustion equipment.

Given that the level of fixed carbon is a parameter
inversely proportional to the level of volatiles, the lower
values were observed in the compositions with a greater
level of volatile constituents. The highest value found
for the level of fixed carbon at the temperature of 260°C
was due to the greater breakdown of the hemicellulose
in this temperature bracket. Pereira et al., (2013) when
studying the thermal breakdown of the wood in different
Eucalyptus clones, found that breakdown of hemicellulose
was included mainly in the bracket between 250 and
300°C. These results are in agreement with Rodrigues
(2009) and Vilas Boas (2011) who verified an increase
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in the level of fixed carbon according to the increase
in torrefaction temperature.

The lower the equilibrium moisture of the biomass,
the greater the quantity of energy by volume to be
transported. Accepting this, the best composition for
this context is 100% bagasse (6.52%) followed by the
composition with 25% Eucalyptus +75% bagasse (6.84%),
though no statistical difference was observed between
the two.

The torrefaction process reduced the hygroscopicity
of the biomass, with lower hygroscopic equilibrium moisture
at 260°C, since to the extent that the torrefaction
temperature increases, there is a reduction in the relations
of the hydrophilic and hydrophobic constituents, with
an increase in the lignin percentage and a reduction
in the holocellulose percentage. According to studies
realized by Mburu et al., (2007), regarding the effect
of torrefaction on the physical-chemical properties of
the wood, they observed that during the temperature
increase there was a breakdown of more hydrophilic
compounds (hemicelluloses) with a relative increase
in the proportion of lignin, increasing the hydrophobic
character of the material.

Vilas Boas (2011) observed, for the briquettes
produced with Eucalyptus sp. particles with different
thermal treatments, values for hygroscopic equilibrium
moisture 0of 11.74, 10.18 and 10.72% for the control, 180°C
and 220°C, respectively. In the present study, lower values
0f8.16,8.11 and 7.42% were observed for the same
torrefaction temperatures.

The apparent density of the briquettes defines the
storage and transportation conditions, and directly affects
energy density. All the compositions presented statistically
similar apparent densities, since the compression pressure
to produce the briquettes was constant, which led to
the same degree of compression in both biomasses.
Briquetting had the advantage of transforming low-density
biomasses into a compressed final product, given that
the compression reduced the volume of the material,
as well as increasing the energy generated in comparison
with the biomass in natura. For the pure briquettes,
100% Eucalyptus or 100% bagasse, there was a relevant
increase in density when compared with the biomass
in natura, which indicates the importance of the
compression in the production of the briquettes.

The briquettes produced with sugar cane bagasse
led to a lower apparent density, given that low density

SIIF

biomasses have a lower result in the compression when
compressed with denser biomasses such as Eucalyptus
sawdust.

The reduction of the apparent density with the
increase of torrefaction temperature is related to the
greater loss of mass that occurred at 260°C.

4.3 Ash content

Given that the torrefaction temperature did not
influence the ash content, probably such an outcome
would be obtained with higher temperatures for the
ash content to be significant. This is due to a greater
breakdown of organic material, with only the inorganic
fraction of the material, the ash, remaining. Higher
temperatures also led to a greater loss of mass, which
meant that the quantity of ash was more representative
in terms of the total mass. Therefore, for not being
significant, for the ash torrefaction at higher temperatures
was advantageous.

The ideal is that the ash content be as low as possible,
thereby favoring the process in energy terms, since
there would be little influence on the calorific value
of the material. The 100% Eucalyptus composition was
the one which resulted in the lower average ash content,
being more recommended for the production of briquettes,
given that it helps in the increase of calorific value.
By contrast, the 100% bagasse composition achieved
the highest average ash content. This was due to the
nature of bagasse itself, or could have been influenced
by the origin of the material with impurities originating
from soil residues.

4.4 Gross calorific value

We found that the torrefaction temperature has
an influence on the increase of the fixed carbon level,
which influenced the increase of the calorific value.

The 100% Eucalyptus composition at a temperature
0f260°C led to a greater calorific value due to its elevated
level of fixed carbon as well as the greater quantity
of lignin and extractives.

Higher gross calorific values are highly desirable,
given that a greater quantity of energy is released in
the process by the biomass.

4.5. Energy density

Energy density is a parameter that indicates the
quantity of energy by volume of the material, in this

Revista Arvore. 2019;43(1):e430101



case, of the torrefied briquettes. The greater the energy
density of the material, the lower the requirements
for its transportation and storage.

The result obtained is probably due to the gross
calorific values, hygroscopic equilibrium values and
apparent density having been close in the treatment,
frequently showing no statistical difference between
one another. However, this does not mean that the
compound and terrified briquettes did not show energy
potential.

Rodrigues (2009) encountered energy density
values for Eucalyptus for the control, 220 and 250°C
0f 16.60, 16.92 and 16.96 GJ m?, respectively. These
values are close to the average value obtained in
the present study.

In terms of the biomasses in natura, there was
an increase of 13.8 GJ m™ in the energy density of
torrefied briquettes, especially due to the greater
apparent density. The compression of the sugar cane
bagasse and Eucalyptus biomasses and consequently
the lower volume, generated an accumulation of energy
in the briquettes, meaning that there was an increase
in potential energy.

5. CONCLUSIONS

Both the Eucalyptus sawdust biomass and the
sugar cane bagasse biomass present potential for
briquette production. The Eucalyptus sawdust stood
out, presenting better chemical and physical
properties.

The ideal composition for the production of
briquettes is 100% Eucalyptus, since the results were
better both for the properties of the biomass in natura
and for the properties of the torrefied briquettes.
The composition of 50% Eucalyptus + 50% sugar
cane bagasse is also a good option, since in this
manner we can make use of the advantages found
in each one, given that some parameters in one stands
out in comparison to the other and vice versa.

Torrefaction, generally, contributes to the energy
potential of the compound briquettes, since it reduces
its hygroscopicity and increases its calorific value.

The torrefaction temperature of 260°C promoted
better energy gains given that it presented the highest
levels of fixed carbon, calorific value and lowest
hygroscopic equilibrium moisture.
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