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A B S T R A C T

The generation of large volumes of agricultural residues and the environmental problems arising from rice
production has led producing countries to seek alternatives for the disposal of the residues generated in the rice
production chain. This study aimed to analyze the quality of pellets produced with different blends containing
rice husk, rice straw, rice husk ash, and Pinus spp. shavings. We analyzed 7 treatments: T1 (75% Pinus spp.
shavings and 25% Rice straw); T2 (30% Rice husk, 60% Rice straw and 10% Rice husk ash); T3 (100% Rice
straw); T4 (25% Pinus spp. shavings and 75% Rice Straw); T5 (75% Pinus spp. shavings and 25% rice husk); T6
(30% Pinus spp. shavings, 30% Rice husk, 30% Rice straw and 10% rice husk ash); T7 (100% Pinus spp. shav-
ings). To verify the quality of the pellets, we analyzed the results according to the criteria of the ISO 17225-6
standard, considering the household and commercial use categories. Results showed that the rice straw and the
Pinus spp. shavings are the raw materials that most change the pellets’ physical and energetic properties. The
inclusion of rice straw in the blends improve the pellets’ physical properties. Similarly, the inclusion of Pinus spp.
shavings in the blends improve the pellets’ energetic properties. According to the ISO 17225-6 criteria, the
pellets produced with 75% of Pinus spp. shavings and 25% of rice husk (25%) are the best among the analyzed
treatments (T5).

1. Introduction

Biomass fuels are called biofuels. Brand [1] classifies them as forest,
agricultural and agro-industrial, and urban wastes. In Brazil, we high-
light the agricultural biomass, which results from harvesting operations
and processing agro-industrial products, such as corn, rice, cotton, and
others. These wastes are often placed in inappropriate places, causing
environmental impacts and, consequently, raw material and energy
losses [2].

Brazil's three main crops are rice, corn, and soybeans. They account
for 93.5% of the production of cereals, legumes, and oilseeds [3]. The
country is the ninth largest rice producer in the world, with an esti-
mated annual national intake of 11.5 million tons [4]. The largest rice
producer in Brazil is the Rio Grande do Sul state, which represents
71.4% of the national production, followed by Santa Catarina. The
Southern Region accounts for 82.1% of the national production [3].

The primary wastes from the rice production cycle include rice
straw, rice husk, and rice husk ash [5]. For each kilogram of paddy rice,
0.41 to 3.96 kg of straw is produced in the field [6], and for every 4 tons

of harvested rice near 1 ton is rice husk [7], or 20% and 33% of the
grain weight [8]. Rice husk is the outher layer of the rice seed wich is
removed as a by-product during the grinding process [8]. Rice husk
ashes come from the boilers used to dry the grains, where rice husk is
burned [5] to generate thermal energy for industrial rice processing.

The agribusiness produces about 330 megatons of agricultural bio-
mass in the country. This biomass is not used because it presents un-
desirable features for energy generation such as low density, low ca-
lorific value, and high moisture content, which represent high transport
costs, difficulty in handling, and low energy density [9].

In this context, an alternative use for this biomass would be the
production of pellets. Pellet is a renewable biofuel produced from
agroforestry biomass. As it has low moisture content, a homogeneous
form, and a high energy density, it delivers secure handling and storage
[10].

The Brazilian’s pellet industry is in its recent years. In 2004, only
two companies produced pellets in Brazil. In 2017, there were already
18 companies producing them, 69% of these companies emerged after
2012 [11,12]. In 2017, the national production reached 470.000 tons,
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53.11% of Pinus pellets and 45.75% of black wattle pellets [12]. Brazil
has great potential for spreading out this segment because of the large
volume of agroforestry biomass available [9,13]. Thus, the search for
complementary raw materials to supply the production chain of com-
pressed biomasses is essential not only to increase production but also
to expand production areas. In addition, when agricultural wastes
present high quality for the production of compacts, they can be con-
sidered new alternatives to be used as raw materials in the waste’s
market and, therefore, increasing the biomass supply for the energy
sector.

Thus, the residues from the rice production chain can have a high
energy potential for the production of pellets, even considering the
possibility of blending them with pinewood shavings. Therefore, this
study aimed to analyze the energy quality of pellets produced with
different amounts of rice residues and Pinus shavings, based on the
standards of the International Standards Organization (ISO 17225-6).

2. Materials and methods

The residues from the rice production chain that we have used to
produce pellets were: rice straw from cultivated areas, rice husk from
industrialization, and ashes from boilers of rice processing industries.
Companies associated with the Tubarão Agricultural Cooperative –
COPAGRO – of rice producers located in Tubarão, Santa Catarina,
Brazil, have donated them to this research. The Pinus spp. shavings have
been generated in the door manufacturing process and supplied by the
company Madepar Industria e Comercio de Madeiras LTDA., Lages,
Santa Catarina, Brazil.

We have cut the rice straw straight from the planting area at a
height of 5 to 10 cm from the ground. Then, we packed it without prior
drying and transported it to the laboratory for grinding by using a la-
boratory hammer mill with a 10 mm mesh opening. The grinding
process generated the grain sizes shown in Table 1.

On the other hand, we’ve collected the rice husk with a prior drying
after husking the rice in a grain processing industry. We used this re-
sidue as they arrived in the laboratory, that is, without previous
grinding. Similarly, the ashes were not ground before pelletizing, and
we collected them in the same industry that supplied the rice husk right
after passing through the gas washer (boiler’s ash cleaning system).
Therefore, they had a high moisture content (Table 2) when they ar-
rived in the laboratory.

The Pinus spp. shavings were composed of sawdust and wood
shavings with a moisture content close to 13% (Table 2), and they were
also not ground before pelletizing. We’ve collected them from the door
industry's waste storage silo.

The physical and energetic properties of the raw materials are
presented in Tables 1 and 2, according to the standards EN 15149-1 and
EN 15149-2 for particle size distribution [14,15], EN 14774 [16] for
moisture content, ASTM 1762 for proximate analysis [17], and DIN
51900 for gross calorific value [18].

After receiving and preparing the biomasses, we stored them in an
air-conditioned chamber (22 °C and 65% relative humidity) until mass
stabilization. Then, we weighed each biomass constituting the treat-
ments (Table 3) on a scale with an accuracy of 0.005 kg. Finally, we
mixed the biomasses by using a shovel on a canvas to produce the

blends of each treatment for pelletizing.
Table 3 shows the composition of the blends used for pelletizing,

which set up the treatments.
The composition of treatments T2 and T3, which contain only rice

residues, was based on Brand et al. [5], who produced briquettes with
different blends of rice wastes. The authors concluded that these
treatments present the best results regarding the quality of the bri-
quettes. The other treatments included Pinus, which is a raw material
generally used for pellet production in Brazil. More than 83% of the
current pellet producers use Pinus residues. Other raw materials used to
a lesser extent in the country are the black wattle, the sugar cane ba-
gasse, and the coffee husk [11,12].

Before pelletizing, we analyzed the particles of the blends according
to EN 15149-2 for particle size distribution [15], EN 14774 for moisture
content [16], and EN 15103 for bulk density [19].

We used a pilot pelletizing machine with a maximum capacity of
400 kg.h−1 (Lippel Metal Mecânica Ltda – Equipment Manufacturer),
with a flat pellet matrix and pellet diameter of 6 mm (Fig. 1). The
equipment has frequency inverters in (a) the electric motor that moves
the pelletizing matrix, (b) the motor of the biomass feed silo, and (c) the
pellet-cooling station’s motor. The temperature variations are read by
two sets of thermocouple type sensors, one before the biomass enters
the pelletizing matrix and then another one in the matrix’s pelletizing
area.

First, we added the Pinus spp. shavings for heating the matrix to
80 °C. After heating, the pelletizing process began. The following pel-
letizing parameters, pressure (100–150 Bar), feed speed (around
200–450 rpm), and vibration frequency of the cooling mat (45–50 Hz),
were adjusted until we obtained whole pellets after cooling (Fig. 2).

Table 1
Particle size of the residues before blending for pelletizing.

Residue Particle size distribution (%)

≥16 mm ≥8 mm ≥3.35 mm ≥0.425 mm ≥0.250 mm <0.250 mm

Rice husk 0.00 0.00 0.00 95.92 4.08 0.00
Rice straw 0.00 0.00 10.88 57.55 16.77 14.80
Rice husk ash 0.00 0.00 0.00 37.19 18.28 44.52
Pinus spp. shavings 0.80 6.60 11.30 81.40 – –

Table 2
Physical and energetic properties of the fresh residues used for the production
of pellets.

Residue MCWB (%) VC (%) FC (%) AC (%) GCV (MJ.kg−1)

Rice husk 13.11 69.75 17.05 13.29 17.49
Rice straw 23.83 72.15 14.09 13.76 16.79
Rice husk ash 69.64 7.98 18.67 73.35 8.04
Pinus spp. shavings 14.79 80.63 18.91 0.46 19.69

Note 1: MCWB =Moisture content (% Wet basis); VC = Volatile content (% Dry
Basis); FC = Fixed carbon content (% Dry Basis); AC = Ash content (% Dry
Basis); GCV = Gross calorific value.

Table 3
Experimental design of the analysis of pellets produced with different blends of
residues from the rice production chain and Pinus spp. shavings.

Treatment Residue Composition (%)

T1 Pinus spp. shavings: Rice straw 75:25
T2 Rice husk: Rice straw: Rice husk ash 30:60:10
T3 Rice straw 100
T4 Pinus ssp. shavings: Rice straw 25:75
T5 Pinus spp. shavings: Rice husk 75:25
T6 Pinus spp. shavings: Rice husk: Rice straw: Rice

husk ash
30:30:30:10

T7 Pinus spp. shavings 100
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After pelletizing, we placed the pellets in a climate-controlled
chamber with 65% of humidity and 22 ± 2 °C for further quality
analyses. Table 4 shows the analyzed physical and energy properties of
the pellets and the standards used in the study. We adhered to the
standard ISO 17225-6 (Graded non-woody Pellets) the values of the
pellets' properties [21].

We calculated the energy density (ED) as the product of the gross
calorific value (GCV) and the bulk density (BD) for all treatments.

Then we subjected the results to the analysis of variance, and the
means of each treatment have been compared by the Scott-Knott test at
5% probability of error, considering the proportion of each biomass
type in the pellet composition. To determine the degree of linear cor-
relation (a) between the energy density and the bulk density and (b)
between the energy density and the gross calorific value, we used the
Pearson correlation coefficient (r), which reflects the intensity of the
linear relationship between two data sets.

3. Results and discussion

3.1. Influence of blend composition on the quality of the pellets produced
with rice residues and Pinus spp. shavings

Fig. 3 shows the particle size distribution of the blends considering
each treatment, that is, the different proportions of residues used for
pelletizing.

Treatments T1, T2, and T3 presented similar characteristics re-
garding the particle size distribution. We produced them with the most
significant amount of particles smaller than 3.35 mm, and they have
rice straw in the composition of the blends.

The treatment T4 was the one with the best particle size distribution
among all size ranges, being the treatment with the most considerable
amount of particles between 8 and 16 mm. Treatments T5, T6, and T7
had the most significant amount of particles between 3.35 and 8 mm.
All these treatments (T4, T5, T6, and T7) had Pinus spp. shavings in
their composition.

According to Dias et al. [24], except for materials that have small
particle sizes such as the sawdust and the rice husk, all other materials
should be reduced to 6–8 mm in size with about 10–20% of fines for
good results in the pelletizing process. The only blend that fits this
theory is the T4, which consists of 25% of Pinus spp. shavings and 75%
of rice straw. However, the particle size distribution did not affect the
physical properties of the pellets (Table 5).

Regarding the size of the pellets, the largest diameters were the ones
of treatments T1 and T4, which have rice straw and Pinus spp. shavings

in their composition. The pellets with the smallest diameters were the
ones produced with only rice straw. Pellets with 25–30% of rice husk
had similar diameters. Overall, the composition of the blends influ-
enced the diameter of the pellets. The pellets produced with the blend
containing all residues showed the highest lengths, and the pellets with
the shortest length were the ones produced with homogeneous Pinus
spp. shavings.

Niedziółka et al. [25] and Monteiro et al. [26] agree that the
moisture content’s limit for compaction is up to 15%. They claim that

Fig. 1. Flat pellet matrix of the pilot laboratory pelletizer (Lippel Metal
Mecânica Ltda - Equipment Manufacturer) Source: Brand et al. [20].

T1 T2

T3
T4

T5 T6

T7

Fig. 2. Pellets produced with different blends containing rice residues and Pinus
spp. shavings. Note: T1: 75% Pinus spp. shavings and 25% Rice straw; T2: 30%
Rice husk; 60% Rice straw and 10% Rice husk ash; T3: 100% Rice straw; T4:
25% Pinus spp. shavings and 75% Rice straw; T5: 75% Pinus spp. shavings and
25% rice husk; T6: 30% Pinus spp. shavings; 30% Rice husk; 30% Rice straw
and 10% Rice husk ash; T7: 100% Pinus spp. shavings.
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when higher than 15% of the moisture content may turn pelletizing into
a complicated process and also lead to pellet breakage or biological
degradation during transport and storage. These problems are the
leading cause of decreased pellet quality and calorific value. For Garcia
[27], the raw material used for pelletizing cannot contain moisture
content higher than 17% (wet basis). However, the moisture content
may vary depending on the type of biomass that will be compacted
[28].

In this research, the pellets produced with treatments T2 and T5
(blends containing rice husk) required a moisture content close to 19%
to maintain their structure after cooling. The same was observed by
Jacinto et al. [29] and Brand et al. [20], who produced pellets with

different blends of Pinus shavings and lingo-cellulosic forest residues.
These authors reported that raw materials with higher lignin content
and extractives required moisture contents ranging from 19 to 24% for
the production of quality pellets. Brand et al. [5] determined the acid-
insoluble lignin content for rice husks of 18.56% and for rice straws of
26.01%, values that are not high when compared to those obtained for
Pinus wood.

Regarding the moisture content, treatments T2 and T5 were statis-
tically similar to each other before pelletizing (MCbp), with values close
to 19%, followed by treatments T1 and T4 (also similar), which were
composed of Pinus spp. shavings and rice straw. We observed the lowest
values in T3 (100% rice straw), T6 (30% Pinus spp. shavings, 30% rice
straw, 30% rice husk, and 10% rice husk ash), and T7 (100% Pinus spp.
shavings), which differed from all other treatments and from each
other. Therefore, the blends of each analyzed treatment stablished the
most suitable moisture content for pelletizing.

The highest bulk density of the blends before pelletizing (BDp) was
the one of T6 (produced with all residues), while the lowest bulk
density was the one of T3 (rice straw). Blends with 75% of Pinus spp.
shavings had similar bulk densities (T1 and T5). The ones containing 60
to 75% of rice straw (T2 and T4) also presented similar bulk densities.

The bulk density of the particles (BDp) was affected by the com-
position of the blends. In blends with rice residues, the inclusion of
Pinus spp. shavings contributed to the increase in bulk density while the
inclusion of rice straw reduced it. Jacinto et al. [29] and Brand et al.
[20] observed the opposite. They reported that, in general, the inclu-
sion of Pinus spp. shavings in the blend decrease bulk density. However,
these authors worked with lingo-cellulosic residues of forest species in
blends with pine and not with agricultural residues.

In blends with rice residues, the inclusion of Pinus spp. shavings
contributed to the increase in bulk density while the inclusion of rice
straw reduced it. Jacinto et al. [29] and Brand et al. [20] observed the
opposite. They reported that, in general, the inclusion of Pinus spp.
shavings in the blend decreases the bulk density. However, these au-
thors worked with lingo-cellulosic residues of forest species in blends
with pine and not with agricultural residues.

Concerning the pellets’ bulk density (BDpe), the treatment T3 (100%
rice straw) presented the highest values, while the only non-straw
treatment (T5) showed the lowest ones. The inclusion of rice straw in
the blends contributed to the increase in the bulk density of the pellets.
Liu et al., who worked with mixtures containing rice straw and bamboo
for the production of pellets, observed the same effect [30].

The straw effect in increasing the bulk density of the pellets was due
to a better particle size distribution of the rice straw particles. After
milling, the rice straw particles had greater heterogeneity in the particle
size distribution (between 0.250 mm and 3.350 mm) when compared to
the other raw materials used in the mixtures (Table 1).

Moreover, the composition of the blends did not influence the
durability (Du) of the pellets. All treatments were statistically similar.
Treatment T6, which was composed of all residues, presented the
highest pellet durability. On the other hand, treatment T1 (75% Pinus
spp. shavings and 25% rice straw) presented the lowest mechanical
durability.

The results obtained from the physical analyses also showed that the
composition of the blends influenced the fines content (FC) of the
pellets. The homogeneous pine pellets (T3) presented the lowest value
(T3), and the pine pellets (T7) presented the highest one. All treatments
containing rice straw showed similar fines content. However, the in-
clusion of rice straw in the blends increases the pellets’ fines content.

Table 6 shows the moisture content and the energetic properties of
the pellets.

The composition of the blends altered the proximate chemical
composition of the pellets. The inclusion of Pinus spp. shavings in the
mixtures increased the treatment’ volatiles content while the inclusion
of rice straw reduced it. Brand et al. [5] observed volatile contents of
68.59% when studying briquettes produced with the same blend used

Table 4
Physical and energetic properties of the pellets to be analyzed.

Pellets Standard

Moisture content (wet basis) EN 14774 [16]
Bulk density EN 15103 [19]
Pellet size EN 16127 [22]
Durability test EN 15210-1 [23]
Fines content EN 15210-1 [23]
Proximate analyses ASTM 1762 [17]
Gross and net calorific value DIN 51900 [18]

Fig. 3. Particle size distribution of the blends used for pelletizing considering
each treatment. Note: T1: 75% Pinus spp. shavings and 25% Rice straw; T2: 30%
Rice husk; 60% Rice straw and 10% Rice husk ash; T3: 100% Rice straw; T4:
25% Pinus spp. shavings and 75% Rice straw; T5: 75% Pinus spp. shavings and
25% rice husk; T6: 30% Pinus spp. shavings; 30% Rice husk; 30% Rice straw
and 10% Rice husk ash; T7: 100% Pinus spp. shavings.

Table 5
Physical properties of the pellets.

Treatment Ø
(mm)

L
(mm)

MCbp*
(%)

BDp

(kg.m−3)
BDpe

(kg.m−3)
Du
(%)

FC
(%)

T1 6.27 a 28.92b 15.37b 61.00c 632.54 b 98.67 a 0.55 b
T2 6.08 c 29.83 b 19.69 a 51.50 d 645.78 b 98.75 a 0.63 b
T3 6.04 d 26.71 c 14.62 c 39.89 e 714.36 a 98.86 a 0.38 d
T4 6.27 a 18.92 e 15.76 b 51.61 d 617.48 b 99.34 a 0.60 b
T5 6.08 c 21.73 d 19.77 a 56.22 c 527.34 c 99.50 a 0.47 c
T6 6.12 c 39.28 a 11.63 e 122.00 a 645.42 b 99.81 a 0.56 b
T7 6.19 b 15.84 f 13.16 d 85.22 b 654.24 b 98.75 a 1.33 a
CV (%) 2.02 17.78 1.60 5.75 4.10 0.93 8.40

Note 1: Ø = Diameter; L = Length; MCbp* = Moisture content of the blends
before pelletizing; BDp = Particle’s bulk density; BDpe = Pellets' bulk density;
Du = Durability; FC: Fines content; CV = Coefficient of variation. Means fol-
lowed by the same letter do not significantly differ (P = 0.5, Scott Knott test).
Note 2: * Before mixing the blends, we weighed each biomass after mass sta-
bilization in an air-conditioned chamber (22 °C and 65% relative humidity). We
used the mass of each biomass after the stabilization to produce the blends.
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in this study in treatment T2. Our results were similar even though we
used the same blend to produce pellets.

Results showed the lowest fixed carbon contents (FC) in treatments
T1, T2, T3, and T4. They were all statistically similar and contained rice
straw in their composition. Treatment T7, which contained only Pinus
spp. shavings, resulted in the pellets with the highest fixed carbon
contents, followed by treatments T6 and T5 (statistically similar). They
also contained pine in their composition. Generally, high fixed carbon
contents cause biomass to burn slower. The FC contents of the pellets
produced with all treatments in this study are consistent with the lit-
erature. However, the pellets containing residues from the rice pro-
duction chain presented lower values. Besides, Brand et al. [20] found
an FC content of 22.28% in Pinus pellets, and Ríos Badrán et al. [31]
found FC values around 33% when characterizing rice husk pellets.

Ash content (AC) is the percentage of mineral components con-
tained in plant biomasses. It can be divided into two categories: natural
and contamination. Natural ashes, which are the ones analyzed in the
blends, are derived from the inorganic substances that participate in the
nutrition of the vegetable while it is alive. As they do not participate in
the combustion reactions, they present themselves in the form of ashes
after the combustion ends. Depending on the elemental composition of
the ashes, they can also cause deposition and corrosion problems in the
components of the burning systems [1].

The treatments with the highest amount of Pinus spp. shavings in the
blends presented the lowest ash contents. Treatments T1, T4, and T6,
which had pine and rice straw in their composition, presented similar
ash contents. The pellets produced with the treatments containing only
rice residues showed the highest AC (T2 e T3). Treatment T6 had an ash
content of less than 10%, which represents a significant reduction in
relation to T2, both with the inclusion of boiler ashes that have a high
ash content (Table 2). The reduction of the ash content in T6 was due to
the decrease in the percentage of rice straw in the mixture, from 60% in
T2 to 30% in T6, and the inclusion of pine particles.

Agricultural wastes have a higher ash content when compared to
lingo-cellulosic biomasses. Therefore, the alternative of mixing residues
from the rice industry with other types of biomass in the production of
pellets is a great alternative to improve the energy performance of rice
residues, mainly by reducing the ash content [31]. Therefore, as ex-
pected, the inclusion of Pinus spp. shavings in the blends contributed to
the reduction of the pellets’ ash contents.

The gross calorific value (GCV) was higher in the pellets containing
100% of Pinus spp. shavings (T7). Among the treatments containing rice
residues, treatments T5 and T6 resulted in the pellets with the highest
GCVs, they did not differ statistically, followed by treatments T1, T3,
and T4 (also statistically similar). The pellets produced with only rice
residues (T2), which differed from all others, presented the lowest GCV.

Among the raw materials used in the mixtures, the Pinus spp.
shavings followed by rice husks were the biomasses with the highest
gross calorific value and the lowest ash content (Table 2). In this way,
the mixtures containing these biomasses presented a greater gross

calorific value than the ones containing rice straw. Thus, the inclusion
of rice straw in the blends contributes to the reduction of the pellets’
GCV.

Homogeneous pellets produced with Pinus spp. shavings (T7) pre-
sented the highest gross calorific value (GCV) and, therefore, the
highest energy density (ED). The rice straw pellets (T3), which pre-
sented the highest bulk density (BD), together with the pellets produced
with all the analyzed residues (T6), had similar energy densities. In
contrast, the lowest ED was in one of the pellets composed of Pinus spp.
shavings (75%) and rice husk (25%) (T5), which also presented the
lowest bulk density.

The Pearson's correlation coefficient between the energy density
(ED) and the bulk density (BD) of the pellets (r = 0.72) was high and
positive. It was also higher than the correlation between the ED and the
GCV (R2 = 0.43). Consequently, the bulk density had a more sig-
nificant effect on the energy density than on the gross calorific value.
Likewise, Brand et al. [32] also found a strong and positive correlation
between the bulk density and the energy density (r = 0.95) of bamboo
briquettes, while the correlation with the gross calorific value was
lower (r = 0.55).

3.2. Quality of the pellets according to the ISO 17225-6 standard

Table 7 summarizes the suitability of the analyzed pellets according
to the ISO 17225-6 standard [21], which specifies the quality criteria
for non-wood pellets. Therefore, we did not consider the treatment T7
in this analysis.

The results obtained of diameter, length, moisture content, dur-
ability and fine content show that all the analyzed blends resulted in
pellets that fit into both use categories (A and B) of the standard [21].
On the other hand, the properties that restricted the application of the
pellets to either use, or even both, were the ash content, the net calorific
value, and the bulk density of the pellets.

The blends containing only rice residues (T2 and T3) did not meet
the use specifications of the standard regarding the ash content criteria
(AC). The blend composed of Pinus spp. shavings (25%) and rice straw
(75%) (T4) and the one containing equal amounts of Pinus spp. shav-
ings, rice husk, and rice straw, plus 10% of rice husk ash (T6) could be
only considered in the production of pellets for commercial use (B),
regarding the same quality criteria.

Similarly, the pellets produced with the blend containing only rice
residues (T2-T3) did not achieve the minimum net calorific value (NCV)
to fit into categories A and B. Moreover, the ones produced with the
blend containing Pinus spp. shavings (75%) and rice husk (25%) did not
reach the minimum bulk density to be included in the same category,
according to the ISO 17225-6 standard [21].

As the pinewood is the primary source of forest biomass for pellet
production in Brazil and worldwide, the Pinus spp. shavings positively
influenced the quality of the pellets produced with rice residues. Its
inclusion in the blends contributed to the reduction of the ash content

Table 6
Moisture content and energetic properties of the pellets.

Treatment MCpel
(%)

VC
(%)

FC
(%)

AC
(%)

GCV
(MJ.kg−1)

NCV
(MJ.kg−1)

ED
(GJ.m−3)

T1 8.66 b 72.89 c 17.34 c 9.78 c 17.57 c 14.59 b 11.09 c
T2 7.52 c 65.45 e 16.82 c 17.73 a 16.09 d 13.44 b 10.41 c
T3 6.81 d 70.38 d 15.61 c 14.01 b 16.88 c 14.13 b 12.05 b
T4 5.85 e 73.25 c 17.15 c 9.60 c 17.56 c 15.01 a 10.76 c
T5 7.41 c 78.14 a 19.00 b 2.86 d 18.51 b 15.70 a 9.78 d
T6 6.66 d 70.41 d 19.65 b 9.94 c 18.23 b 15.58 a 11.79 b
T7 9.94 a 76.85 b 22.28 a 0.87 e 19.69 a 16.26 a 12.86 a
C.V (%) 6.58 0.87 4.09 3.17 3.17 3.73 1.11

Note: MCpel: Moisture content of the pellets; CV = Coefficient of variation; VC = Volatile content; FC = Fixed carbon content; AC = Ash content; GCV = Gross
calorific value; NCV = Net calorific value; ED = Energy Density. Means followed by the same letter do not significantly differ (P = 0.5, Scott Knott test).
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and the increase of the net calorific value, allowing the inclusion of the
pellets produced with rice residues to the quality criteria of the non-
wood pellet standard. The pellets containing pine wood (T1, T4, T5,
and T6) presented the most significant potential for pellet production,
and also the minimum quality criteria of the ISO 17225-6 standard
[21]. This is because they had the highest net calorific value, the lowest
ash content, and the highest mechanical durability

4. Conclusion

The composition of the blends affects their particle size distribution
before pelletizing. It affects the pellets’ diameter and length, the bulk
density of the particles before pelletizing, the bulk density, and the fines
content of the pellets. Also, it determined the best moisture content for
pelletizing. The only property that is not affected by the composition of
the blends is the mechanical durability.

Rice straw and Pinus spp. shavings are the raw materials that most
influence the pellets’ properties. The inclusion of rice straw improves
the pellet’s physical properties, but it increases the ash content. The
inclusion of Pinus spp. shavings in the blends improves the pellet’s
energy properties.

When considering both the physical properties and the energy
density, the best quality pellets are the ones produced only with rice
straw. Nevertheless, when considering only the energetic properties,
the best pellets are the ones produced with Pinus spp. shavings (75%)
and rice husk (25%).

The only pellets that meet the quality criteria of the ISO 17225-6
standard are the ones produced with the blends containing Pinus spp.
shavings. The properties that restricted the application of the pellets to
either use, or even both, were the ash content, the net calorific value,
and the bulk density.

We highlight the blend containing 75% of Pinus spp. shavings and
25% of rice husk as the one that resulted in the pellets with the best
features for energy generation.
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