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Abstract

The study was developed in Nova Maringa - MT. The objectives of this work were to evaluate the sawn timber
yield, the use of wood residues and the quantification of products for the species Qualea paraensis (cambara)
and Erisma uncinatum (cedrinho) in three diametric classes: Class A - 40.0 to 49.9 cm; Class B - 50.0 to 59.9
cm; Class C - 60.0 to 69.9 cm. Four replicates per class were evaluated, totaling 12 logs per species of varied
lengths. The sawn timber yield did not show a statistical difference between diametric classes for both species.
Average yield for Qualea paraensis was equal to 43.97% and for Erisma uncinatum, 42.05%. The residues use
increased the total yield in 4.40% and 6.52% for Qualea paraensis and Erisma uncinatum, respectively. For
Erisma uncinatum, the sawed products with the highest production were the board in the primary unfolding
and the short board in the residues use. As for Qualea paraensis, there was more production of rafters and short
battens in the same processes.

Keywords: sawmill, tropical timber, timber products

Resumo

Rendimento em madeira serrada e aproveitamento dos residuos de Qualea paraensis ducke e Erisma
uncinatum warm. Producéo de madeira serrada e utilizagdo de residuos de Qualea paraensis Ducke e Erisma
uncinatum quente. O estudo foi desenvolvido no municipio de Nova Maringa — MT e os objetivos foram avaliar
o rendimento em madeira serrada, o aproveitamento dos residuos madeireiros e a quantificacdo dos produtos
serrados produzidos para as espécies Qualea paraensis (cambard) e Erisma uncinatum (cedrinho) em trés
classes diamétricas: Classe A — 40,0 a 49,9 cm; Classe B — 50,0 a 59,9 cm; Classe C — 60,0 a 69,9 cm, com
quatro repeti¢des por classe, totalizando 12 toras por espécie de comprimentos variados. O rendimento em
madeira serrada ndo apresentou diferenca estatistica entre classes diamétricas para as duas espécies, sendo o
rendimento médio para a Qualea paraensis igual a 43,97% e para a Erisma uncinatum igual a 42,05%. O
aproveitamento dos residuos aumentou em 4,40% e 6,52% o rendimento total do desdobro das toras das
espécies Qualea paraensis e Erisma uncinatum, respectivamente. Para a espécie Erisma uncinatum os produtos
serrados com maior producdo foram a tdbua no desdobro primario e a tdbua curta no aproveitamento dos
residuos, enquanto que, para a espécie Qualea paraensis houve maior producao de caibro e sarrafo curto nos
Mesmos pProcessos.

Palavras-chave: serraria, madeira tropical, produtos madeireiros.

INTRODUCTION

According to Marchesan et al. (2014) the timber industry is one of the main economic activities of the
Amazon. The state of Mato Grosso in 2016 was the largest national producer of logs originated in native forests,
registering the growth of 8.3% in comparison to the year of 2015, which resulted in a production of 3,324,051
cubic meters of logs, i.e., 29% of the national production, according to data from the Brazilian Institute of
Geography and Statistics - IBGE (IBGE, 2016). It is also worth noting that in Mato Grosso the timber industry
contributes significantly to the economic development of several municipalities (IAREMA et al., 2011) through
the generation of direct and indirect jobs and the development of complementary industries that attracts new
investors to the cities. In the period from 2004 to 2010, the main species marketed by the state in terms of volume
were: Qualea sp., Goupia glabra, Erisma uncinatum, Mezilaurus itauba, Hymenolobium sp., Apuleia sp,
Manilkara sp., Cordia goeldiana, Dipteryx sp., Trattinickia sp. (RIBEIRO et al., 2016), which accounted for 88%
of the commercialized total (RIBEIRO et al., 2016).

Although the logging activity brings many benefits, there are also problems with old machinery or little
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knowledge of raw material, leading to low utilization of wood, large generation of waste and increase in the cost
of the final product, which are the main obstacles faced by the sector (BIASI; ROCHA, 2007; MELO et al., 2016).
Thus, volumetric yield or volumetric yield coefficient is an important parameter for determining the efficiency of
timber industries, being possible, then, to make decisions aiming at increasing the production of sawn wood and
become a determining indicator for economic profitability industry.

The volumetric yield of sawn wood is the ratio between the volume of sawn wood produced and the
volume of the log used as raw material for sawing, in percentage. According to Steele (1984), the yield of sawn
wood is influenced by several factors related to wood, such as the diameter, length, conicity and quality of the
logs, in addition to the variety of products, variation of dimensions during sawing, condition of equipment and
method of sawing. Authors such as Murara Jr. et al. (2010) and Bonato Jr. et al. (2017) justified that mainly the
quality of the log and the equipment, as well as the experience of the operator, interfere in the best utilization of
the log when it is sawed.

The process of transformation of a log of circular section into pieces of rectangular and square sections
is called a sawed system (MURARA Jr. et al., 2013). This procedure includes the trimming of logs to standardize
the width, length and thickness, producing boards, beams, joists, rafters, plaks and others (ARO; BATALHA,
2013). In the Northern Region of Mato Grosso, according to Melo et al. (2016), the logging system is still
conventional, where logs are sawed without classification and without an exact definition of a cut model, because
the operator is the one who determines the way the cut will be conducted. This model results in low volumetric
yield and large residue generation , increasing the production process and increasing the consumption of raw
material.

Regardless of the type of timber industry, the generation of waste is a direct consequence of the primary
or secondary processing of wood (PAIXAO et al., 2014). Waste represents a problem for the environment when
improperly disposed (CERQUEIRA et al., 2012). Considering that the amount of waste generated during the log
sawing represents more than half of its initial volume, handling this waste and adding value to it represents an
important path for a financial differential within the timber industry. Mendonza et al. (2010), reported that the best
way to handle the waste is to harness them throughout the production process.

Biasi and Rocha (2007) stated that the timber industry which is not worried about improving their
incomes becomes vulnerable to compete with other companies in the sector and may even paralyze their activities.
In this way, the use of residues ensures the reduction of raw material costs, adds value to the products generated,
contributes to environmental conservation, and makes better use of the raw material extracted from forests.

Therefore, it is necessary to know the wood yield of species in different diameter classes, as well as to
take advantage of the wood residue for the production of by-products, in order to obtain a better use of raw material
and consequently increase the profitability with the activity developed.

The aim of this paper is to evaluate the yield of sawn wood in the primary sawing of Qualea paraensis
(cambara) and Erisma uncinatum (cedrinho) in three different diametric grades; to determine the increment in
yield of wood in function of the use of residues originated from the primary sawing; and, to determine the main
sawn products produced from wood of the studied species.

MATERIAL AND METHODS

The study was carried out in the MADFREITAS timber industry, located in the city of Nova Maringa, in
the northern region of the state of Mato Grosso. This industry has an average processing of 500 to 1,000 m3 /
month, being considered medium-sized (VITAL, 2008).

Because of its great economic importance in the Amazon Region, timber logs of the species Erisma
uncinatum and Qualea paraensis were obtained from a sustainable management plan.

Twelve logs of each studied species with variable length were randomly selected into the logging yard,
rated and separated into three diametric classes with four logs per class: Class A: diameters from 40 cm to 49.9
cm; Class B: diameters from 50 cm to 59.9 cm; Class C: diameters from 60 to 69.9 cm.

The length and the average diameter of each log were measured with the support of a measuring tape. For
the determination of average diameter, two perpendicular measurements at both edges of the logs were taken. The
average diameter of each log was taken as a reference for both diametric classification and volume calculation and
conicity determination.

The conicity was evaluated according to the methodology described in the Standard for Measuring and
Classification of Hardwood Logs (IBDF, 1984), and calculated by the following expression:
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L

In which: C for conicity (cm / m), d1 and d2 to perpendicular diameters of the thickest edge of the log (cm),
d3d4 for perpendicular diameters of the finer edge of the log (cm) and L to log length (m).

C=

To obtain the log volume, the Smalian equation was used:

T*D?*[

V [ —
40.000
In which: Vt for log volume (m3), D to average diameter (cm) and L to log length (m).

The used sawing system was the conventional one, where the logs are sawed according to the choice of
the operator, without definition of a cut model. A simple vertical band saw with motor power of 425 rpm, flywheel
diameter of 1.10 m and total blade length of 7.60 m was used to perform the main sawing.

Then, the pieces obtained in the main sawing were sent to the refill process, performed by a simple circular
saw with a disc of 40 cm in diameter and 3.5 mm in thickness. A top-cutter disc with 45 cm diameter and 3.5 mm

thickness was used for the topping.

The pieces obtained were separated and identified by individual log lots. The primary sawed products
were quantified and classified according to CONAMA Resolution 474/2016 (BRASIL, 2016) presented in Table
1.

Tabela 1. DimensBes dos produtos serrados do desdobro priméario de acordo com a Resolugdo CONAMA

474/2016.
Table 1. Sawn products dimensions of the primary saw according to CONAMA Resolution (474/2016).
Product Thickness (cm) Width (cm)
Block, Square or File * >12.0 >12.0
Big plank >7.0 >20.0
Plank 40-7.0 >20.0
Beam >4.0 11.0-20.0
Joists 40-110 8.0-10.9
Rafter 40-8.0 40-7.9
Board 1.0-39 >10.0
Slat 2.0-3.9 2.0-10.0
Lath <20 <10.0

The product "Block, Square or Fillet" has a square section, so a piece of wood can only be classified in this way when its thickness and width
measures match.

To calculate the volume of lumber obtained from each sampled log, a measurement for the length (C) and
two measurements for the width (L) and thickness (E) at each edge of each piece was carried out with the support
of a scale and a digital caliper, respectively. In this way the width and the thickness average of each piece were
obtained. Then, it is possible to calculate the lumber volume determined by the following equation:

Vpiece=L*C*E
In which: Vpiece for piece volume (m3), L to average piece width (m), C to piece length (m) and E for average
piece thickness (m).

After obtaining the volume of the logs and after that the volume of lumber, the Volumetric Yield (RV) of
the primary unfold of each sample was determined by the following equation:

RV (%) = (D Vpiece) /Vt) *100

In which: RV (%) to volumetric yield in percentage, ZVpiece for the sum of the volumes of all sawed parts of a
log (m?3) and Vt: log volume (m3).

In the industry where the present study was carried out, the waste generated during the primary sawing
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through the manufacture of pieces of short sawn wood is used in the production of support for mattresses and bed
rails. In view of this, the slabs and trimmings from the primary sawing were identified and separated according to
the log and diametric class they belonged to, and then sent to the sector for the recovery of these residues. Thus,
products called short sawn wood were obtained.

The pieces of short sawn wood obtained in the processing of residues were classified in short slats and
short planks, according to Normative Instruction No. 21 of the Brazilian Institute of Environment and Natural
Renewable Resources (BRASIL, 2014).

In order to estimate the volume of waste taken from each log at the end of the process, the width, thickness
and length of each piece of manufactured short wood were measured, thus finding the volume of each piece and
consequently the total volume of use for each log. Moreover, in order to calculate the percentage of waste
utilization, the same methodology was used, i.e., the relation between the volume of pieces used by the initial log
volume, according to the following equation:

AP(%) = (D Vap/Vt)* 100

In which: AP (%) for use of residues in percentage, ZVap the sum of the volume of all pieces of wood per log (m?)
and Vt: log volume (m3).

The total yield was calculated according to the equation below:

RT (%) = RV (%) + AP(%)
In which: RT (%) for total yield in percentage, RV (%) to volumetric yield in percentage, AP (%) for use of
residues in percentage.

For the statistical analysis, a completely randomized design was used, with three treatments (diametric
classes) and four repetitions (logs), totaling 12 samples per species. The results were submitted to analysis of
variance (ANOVA) to verify the differences between the diametric classes evaluated. When significant differences
were established between them, the Tukey test at 5% of probability was applied through the statistical program
Assistat 7.7.

RESULTS

Volumetric yield of primary unfold
Table 2 shows the average values of the conicity of logs and the volumetric yield of primary logs for the
three diametric grades evaluated, as well as the coefficient of variation of the volumetric yield.

Tabela 2. Conicidade das toras, rendimento volumétrico em madeira serrada (RV) e coeficiente de variacdo do
rendimento (CV) de Qualea paraensis e Erisma uncinatum em diferentes classes diamétricas.

Table 2. Logs conicity, Sawn wood volumetric yield (RV) and yield coefficient of variation (CV) of Qualea
paraensis and Erisma uncinatum in different diametric classes.

Qualea paraensis Erisma uncinatum
DIAMETRIC CLASS (Cc%:"/CrI;))/ RV (%) CV (%) E(::cr)]:lllc:]g))/ RV (%) CV (%)
A 1.30a 4149 a 12.10 1.05a 38.03a 37.43
B 1.95a 4155a 22.58 0.57a 39.48 a 21.72
C 146a 48.86 a 12.62 2.25a 48.65 a 18.18
AVERAGE 1.57 43.97 1.28 42.05

Averages followed by the same letter in the column do not differ statistically from each other, by the Tukey test at 5% significance.

The conicity did not show significant effect among the diametric classes for both evaluated species. The
highest value for this parameter for species Qualea paraensis was in Class B and for Erisma uncinatum in Class
C.

It can be seen in Table 2 that there was no statistical difference between the volumetric yields of Qualea
paraensis in the diametric grades evaluated, being the overall average for the primary sawing of sawnwood equal
to 43.97%. However, the average yield of Class C was around 7% higher than that verified in the other diametric
classes (Classes A and B).

The average yield of sawnwood from the primary sawing for the species of Erisma uncinatum was equal
to 42.05%, and there was no significant difference in the volumetric yield between the different diameter classes.
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Nonetheless, there is a trend of increase in yield with the increase of log diameter, with differences being verified
around 9% of Class C in relation to Class B.

For the two species, there is a higher yield increment for the larger diameter class (Class C) in relation to
the intermediate diameter class (Class B).

Utilization of wood waste
Table 3 shows the average yield values of the primary sawing residues and the total yield of sawnwood
for the species Qualea paraensis and Erisma uncinatum in the three diametric grades evaluated.

Tabela 3. Valores médios de rendimento do aproveitamento de residuos do desdobro priméario (AP), coeficiente
de variacdo (CV) e rendimento total em madeira serrada (RT) de Qualea paraensis e Erisma uncinatum
em diferentes classes diamétricas.

Table 3. Mean values of waste management yield of primary sawing (PS), coefficient of variation (CV) and
sawnwood total yield (TY) of Qualea paraensis and Erisma uncinatum in different diametric classes.

Qualea paraensis Erisma uncinatum
DI%’K'E;? IC PS cVv TY PS cVv TY
(%) (%) (%) (%) (%) (%)
A 3.78a 24.29 45.28 7.60 a 44.07 45.63
B 6.06 a 51.20 47.62 6.02a 20.01 4551
C 3.37a 9.77 52.24 594 a 12.83 54.59
AVERAGE 4.40 48.38 6.52 48.58

Averages followed by the same letter in the column do not differ statistically from each other, by the Tukey test at 5% significance.

As observed in Table 3, although there was no statistical difference between the diametric classes, for
species Qualea paraensis, Class B obtained greater use of residues (6.06%) and for species Erisma uncinatum
Class A (7.60%) was the one that presented the highest average result of use of wood residues.

The greatest variation in total yield values between the diametric classes for the species of Erisma
uncinatum was the increase of 9% for Class B to C. For Qualea paraensis, the highest variation also occurred in
these same diametric grades, however with a less expressive difference, 4.62%.

Wood products
Table 4 shows the quantities of sawed products from the primary sawing of the species Qualea paraensis
and Erisma uncinatum in the different diametric grades.

Tabela 4. Produtos do desdobro primario por classe diamétrica das espécies Qualea paraensis e Erisma uncinatum
€ seus respectivos volumes.

Table 4. Primary sawing products by diametric class of Qualea paraensis and Erisma uncinatum and their
respective volumes.

Products Qualea paraensis Erisma uncinatum
A B C Vol (m3) A B C Vol (m3)
Lath 8 12 18 0.09 7 7 33 0.16
Slat 29 24 20 0.33 48 79 53 0.83
Board 4 5 15 0.66 68 89 130 7.12
Beam 24 49 25 3.17 - - - -
Joists 5 18 14 1.15 - - - -
Rafter 36 14 87 1.78 - - - -
TOTAL 106 122 179 7.19 123 175 216 8.10

A @ from 40 cm to 49.9 cm; B: @ from 50 cm to 59.9 cm; C: @ from 60 cm to 69.9 cm; Vol: Volume (m3)

In the primary sawing of Qualea paraensis, laths, slats, boards, beams, joists, and rafters were made,
being the rafter the one most produced, representing 33.66% of the total production of the species and the board
was the one that presented the lowest production, corresponding to 5.89% of the total produced. For lath and board,
there was an increase in the number of products according to the increase of the diameter class. The oscillations
between the diametric grades were observed for the beam, joist and rafter. The slat was the only one in which the
production decreased as the diameter classes increased.

For the Erisma uncinatum, only laths, slats and boards were produced. Boards presented the highest
production, corresponding to 55.83% of the total produced by the species and the lath was the one that obtained
the lowest production, being 9.14%. With the exception slats in Class C and lath in Class B, this species tended
to increase the number of products as the diameter class increased.
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However, for both species, the total number of pieces produced (Table 4) increased as the diameter class
increased.

Table 5 shows the quantities of short wood products originated from the use of residues by diameter class
of species Qualea paraensis and Erisma uncinatum.

Tabela 5. Produtos de madeira serrada curta advindos do aproveitamento dos residuos de Qualea paraensis e
Erisma uncinatum em diferentes classes diamétricas e seus respectivos volumes.

Table 5. Short sawn products of the waste management of Qualea paraensis and Erisma uncinatum in
different diametric classes and their respective volumes.

Products Qualea paraensis Erisma uncinatum
A B C_ Vvoi(m) A B C__ Vol (m)
Short slats
(0.023mx 0.043mx 0.68m) 209 435 355 0.67 192 219 285 0.47
Short board (I)
(0.023m x 0.10m x 0.24m) . - 263 305 585 0.64
Short board (I)
(0.023m x0.10m x 0.17m) i - 28 34 40 0.04
TOTAL 209 435 355 0.67 483 558 910 1.14

A @ from 40 cm to 49.9 cm; B: @ from 50 cm to 59.9 cm; C: @ from 60 cm to 69.9 cm; Vol: Volume (m3)

In the use of wood residues, two types of short sawn timber were manufactured: the short slat with
dimensions of 0.023mx 0.043mx 0.68m, which are commercialized for the preparation of bed rails, and two types
of products called short boards, with dimensions of 0,023mx 0,1m x 0,17m and 0,023mx 0,1m x 0,24m, used for
the construction of the structural part of mattresses.

According to Table 5, for species Qualea paraensis the production was only concentrated on the
manufacture of short slats. There was no tendency to increase the production of pieces as the diameter class of the
logs increased. Nonetheless, Class B, which presented the highest yield in the recovery of residues (Table 3), was
the class that presented the highest quantity of pieces produced.

For the species Erisma uncinatum there is a trend of increasing the number of pieces as the diametric
grades increase. For this species, the short board | was the product with the highest production in all classes,
followed by the short slat.

When analyzing the percentage of waste utilization (Table 3) and the total number of pieces produced
(Table 5), it can be observed that Erisma uncinatum obtained greater use of the residues and greater quantity of
pieces produced, with values equal to 6.52% and 1,951 pieces, respectively. While Qualea paraensis presented
values equal to 4.41% and 999 for use of the residues and produced pieces, respectively. However, the amount of
short slats of Qualea paraensis was greater than the amount produced by Erisma uncinatum.

DISCUSSION

Volumetric yield of primary sawing

The values of conicity found in this work are in agreement with those found by Garcia et al. (2012)
studying the tropical species Couratari guianensis and Mezilaurus itauba, in which the conicity values of evaluated
logs ranged from 0.35 cm / m to 3.65 cm / m. According to the Standard for Measurement and Classification of
Hardwood Timber Logs (IBDF, 1984), the logs of the present work can be considered of excellent quality for the
production of sawn timber, since they have a conicity value of less than 3 cm / m, being framed in the Upper Class,
the first class according to such Standard.

According to data from Table 2, the volumetric yield found in this work for species Qualea paraensis
was lower than the value found by Melo et al. (2016) when evaluating Qualea sp. in a sawmill in the city of
Sorriso-MT, where they found an average yield of 52.18% for diameters up to 75 cm. Biasi and Rocha (2007)
carried out the study of the yield of sawn wood in the city of Sinop-MT, in logs of the species Qualea albiflora
with diameters varying from 31 to 70 cm, they found average yield value equal to 62.63 %, not verifying significant
effect among diametric classes, as in this work. Probably, the highest yield found by Biasi and Rocha (2007) is
due to the higher quality of the evaluated logs, which, according to the authors, presented small clenches and
cracks, without compromising the yield of sawn wood. In the present study, Qualea paraensis logs presented
tortuosity and cracking that resulted in the lowest yield found.

The presence of tortuous logs in Class B of species Qualea paraensis probably resulted in a higher
coefficient of variation and small increase in yield of this class whose difference for class A was very small.
Therefore, the quality of the log affects the production of sawn wood and decreases the yield and thus, by deploying
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good quality logs, it is possible to reduce the amount of waste and increase the yield in the process (GARCIA et
al., 2012; JUIZO et al., 2015).

The increase in the yield of lumber around 7% in Class C compared to the other classes of the species
Qualea paraensis, when considered in an industrial process of production is significant, reducing the generation
of residues and possibly raising the revenue for the company, due to the increased production of sawn wood.

Biasi and Rocha (2007) studied the species Erisma uncinatum in four diametric classes, with diameters
varying between 31 and 70 c¢cm, in a timber industry in Mato Grosso, finding the average volume yield equal to
59.83%. These same authors also verified that there was no significant difference between the yields of the
diametric grades evaluated, as well as in the present work.

According to data in Table 2, the increase in yield according to the increment of the log diameter can be
explained by Wade et al. (1992), due to the volume of wood lost with slabs and shavings represent a smaller
percentage in relation to the log volume.

It should be noted that the low volumetric yields of Classes A and B are due to the fact that some Erisma
uncinatum logs show tortuosity, being observed in these classes coefficients of variation above 20%, reaching
almost 40% for Class A (Table 2). Piovesan et al. (2013) studying the yield of sawnwood for a tropical species
reported that the large variation between the highest and lowest yields is mainly due to the quality of the logs,
since the process, the equipment and the work team were the same for all logs evaluated, as well as in the present
work.

It was also observed that a class A log, whose yield was equal to 19.87%, besides presenting the tortuous
shaft, it was attacked by xylophages, evidencing the influence of the quality of the logs on the volumetric yield of
the sawn wood. According to Juizo et al. (2015), the presence of hollows and attack by xylophagous organisms
significantly affect the yield, as a consequence of the reduction of the volume of wood to be deployed.

Aradjo et al. (2014) examining the sawnwood yield for the tropical species Parkia multijuga (faveira)
found the average yield of 44.12%, which is close to the one found in this study for both species (Table 2).
Nonetheless, when comparing the average yield values of the species evaluated in the present study, a small
difference between the results obtained was observed (Table 2). For Erisma uncinatum, it was obtained a lower
average vyield, resulting in lower productivity and greater generation of residues, when compared to Qualea
paraensis.

The average volumetric yield of sawnwood for the species Qualea paraensis and Erisma uncinatum in
the primary sawing was higher than the value of 35% of wood yield determined by resolution CONAMA 474/2016
(BRASIL, 2016). In this way, it is emphasized that the industry where the study was performed shows higher
productivity than the legislation provides.

Utilization of wood residues

The average amount of residues generated in the primary sawing was approximately 57%, and the main
residues formed were slabs, wanes, sawdust and wood shavings. The value of the amount of residues generated in
the present study is close to 56%, found by Aradjo et al. (201.4), and to 55%, found by Melo et al. (2012), both
also studying native species of the Amazon region.

The highest percentage of waste utilization was for Erisma uncinatum (Table 3). This result can be
explained by the lower values of medium primary yield for Classes A and B, lower than 40% (Table 2), resulting
in a higher volume of residues to be sent to the recovery stage. The use of residues of species Qualea paraensis
was lower, due to the higher yield found in the primary sawing.

For Erisma uncinatum, it was verified that according to the increase of the diameter of the log the
percentage of use of residues decreased, being justified by the greater yield in the primary sawing of the larger
diametric classes. This same trend was not observed for Qualea paraensis (Table 3).

According to Table 3, the total yields for the two species were similar, approximately 48%. For the species
Qualea paraensis, there was little increasement in the total yield after the use of residues, due to the higher primary
yield. As for the Erisma uncinatum, the greater use of residues provided an increase in the total yield.

It is worth mentioning that the use of wood residues increases the use of raw material from the forest,
becoming important from an economic and environmental point of view, since when wood is better used, the
quantity of wood exploited in forests for the production of the same volume of products is reduced.

Wood products

According to Garcia et al. (2012), sawmills produce a great diversity of products such as planks, big
planks, blocks, boards, rafters, beams, joists, slats, props, laths and others. Table 4 shows a greater diversity of
products for Qualea paraensis, whereas for Erisma uncinatum only laths, slats, and boards were produced. This
difference in the diversity of products results in different yields in the primary sawing (Table 2), since the greater
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diversity of production allows better use of raw material, admitting a production of pieces with varied dimensions,
which assists in the reduction of waste generation.

For the species Erisma uncinatum, there was greater use of residues, due to the greater production of short
wood pieces with different lengths (17, 24 and 68 cm). As for the Qualea paraensis, in which the production was
only of short slats (68 cm), the percentage of residue use and the production of short wood pieces was smaller,
since the wood is better utilized when the dimensions of the parts are smaller and/or when there is a production of
parts with varying dimensions.

The higher production of short wood pieces for Class C of the species Erisma uncinatum can be attributed
to the greater conicity found for this class. Because of this fact, the yield in the primary sawing may have been
compromised, resulting in a higher volume of wood for the manufacture of short sawn timber.

Due to the difference in value of the cubic meter of lumber between the species and types of products,
the revenue generated by the commercialization of these species will be different. The lumber from the primary
forest has a higher market value, when compared to the wood obtained from the use of wood residues, due to the
dimensions of the pieces.

In order to demonstrate how the use of wood residues can contribute to increase the revenues of an
industry, despite the sampling being small and the presence of high coefficients of variation, a case study was
carried out, considering values referring to March 2018 and the results obtained in this study.

The value of the cubic meter in log in the sawmill's yard for the species Qualea paraensis is R$ 150.00.
After the sawing, the value of lumber starts to be commercialized according to the products generated. For this
species, the commercial value of cubic meter of boards, beams, joists and rafters are R$ 1200.00 + ICMS + Freight,
on the other side, laths and slats are traded at R$ 1100.00 + ICMS + Freight. According to the volumes of each
type of product produced (Table 4), it is possible to find an average value for the price of lumber in the primary
yard about R$ 1194.15. The short woods from the process of waste restoration are traded at R$ 200.00 per cubic
meter.

Thus, to acquire 1000 cubic meters of log of Qualea paraensis, it would be spent R$ 150,000.00 and after
the sawing, it would be generated an average revenue of R$ 525,068.20 of lumber in the primary sawing and R$
8,800.00 with utilization of residues, considering the yields found for these stages (Tables 2 and 3). The revenue
generated would be 3.5 times higher than the cost of logging, disregarding the other costs involved in the process.

For the species Erisma uncinatum, the commercial value of the cubic meter of log placed in the yard of
the sawmill is R$ 230.00 and the lumber is R$ 1250.00 + ICMS + Freight for board and R$ 1100,00 + ICMS +
Freight for lath and slat. With the data of the sawed products volume presented in Table 4, the average value of
the cubic meter of sawed wood verified for the species is R$ 1231.82. The value of the cubic meter of the short
woods is also commercialized at R$ 200.00.

Therefore, to acquire 1000 cubic meters of log of Erisma uncinatum, it would be spent R$ 230,000.00,
generating an average revenue for the commercialization of products of the primary sawing equal to R$517,982.90
and for the short woods provinient of the use of residues, this revenue would be R$ 13,040.00, resulting in a
revenue 2.2 times higher than the cost of logs.

In this way, considering only the acquisition values of logs and the sale of sawn timber from primary
sawing and shortwood, the species Qualea paraensis may present greater gain. Considering the gross value of the
cubic meter of wood commercialized in Mato Grosso, without considering other costs in the production process,
it is possible to verify an average increase of about 2% in the industry revenue, due to the use of residues generated
in the primary sawing.

CONCLUSION

e The primary yield for both species was satisfactory and there was an increase trendin the yield as the log
diameter increased.

e The use of wood residues for the manufacture of sawn wood of the two species is shown as an alternative way
to improve the yield of the raw material.

e The main sawed products obtained during the primary sawing for the species Qualea paraensis and Erisma
uncinatum were respectively rafter and board. On the other hand, the main products manufactured in the stage
of waste restoration were short slat for Qualea paraensis and short board with dimension of 0.023m x 0.10m
x 0.24m for the Erisma uncinatum.
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