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Abstract. The objective of this study was to characterize the energy parameters of wood and energy production from a
seven-year-old experimental plantation of Eucalyptus saligna. For this purpose, information was collected from an
experimental planting spaced at 3.0 m x 3.0 m in Chapadao do Sul, MS, Brazil.Values were obtained for the diameter
and height of the trees, which were felled and rigorously cubed to obtain the volumes of wood. Wood and plantations
were characterized in relation to: proximate chemical, calorific value, wood basic density and annual production of wood
and energy.Trees and planting were able to yield satisfactory estimates of energy production in relation to annual wood
production. The immediate chemical composition of the wood was 82.85%, 17.07% and 0.08% for volatile materials,
fixed carbon and ash, respectively. The evaluated woods can be classified as medium basic density, and can be
recommended for use with energy purposes.Therefore, the evaluated E. saligna woods showed results that characterize
these materials as suitable for energy use, with potential for the production of energy forests. In this way, they can meet
the demands of forest biomass for this purpose.
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Introduction 50%(Ferreira et al., 2004; Juizo et al., 2014
The use of forest biomass in the Brazilian Carvalho et al., 2019).
energy matrix has been increasing every year. On the other hand, the formation of forests

Among renewable energy sources, in a report for the production of biomass for energy becomes
released by the National Energy Balance, biomass one of the ways to improve the energy production
is the third most used, representing about 8.2% derived from forest biomass. Therefore, the
(EPE, 2022). In this reality, the use of agro-industrial  objective of this study was to characterize the
residues has been growing, but there is an energy parameters of wood and energy production
emphasis on the planting of species that serve as from a seven-year-old experimental planting of E.
this raw material, especially forest stands. Among saligna.

these stand out the species of the genus

Eucalyptus. Methods
The species E. saligna is characterized as  Characterization of the planting area
an excellent raw material for the production of sawn The trees collected came from an

wood, especially for use as solid pieces. In this experimental planting with various genetic materials
case, the reuse of by-products from this industry can  of Eucalyptus spp., developed in the municipality of
also encourage energy generation, since yields in Chapadao do Sul - MS, Brazil. At the time of
Eucalyptus sawn wood are generally not higher than  collection, it had been implanted for seven years,

with spacing of 3.0 m x 3.0 m. The climate of the
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region is characterized as humid tropical according
to the Koppen classification, with an altitude of 820
m, annual temperature ranging from 13-29°C and
average annual precipitation of 1,850 mm (Alvares
et al., 2013; Cunha et al., 2013).
Measurements and collection of trees

Three trees were sampled to carry out the
characterizations. The trees were measured in
diameter and height, being duly felled and rigorously
cubed. Then, the measurements were used to
determine the wood volumes of the trees, using the
Smalian method in this process.

Collection of wood disks and determination of basic
density

For each tree, a disk of approximate
thickness of 5 cm was collected at the base. This
material was used to determine the basic density of
the wood using the hydrostatic balance method, in
accordance with the standard NBR 11941 (ABNT,
2003). Each disk was separated into four wedges,
the two being sampled immediately in opposite
dispositions for evaluation.
Collection and energy characterization of wood

For the energetic characterization, woods
were sampled in the first two meters of the trees.
Then, this material was pre-dried in an oven at 65°C
and ground in a Willey knife mill, and subsequently
sieved until obtaining a 60 mesh granulometry. This
material was used to determine the proximate
chemical of the wood, obtaining values for ash,
volatile matter and fixed carbon, in accordance with
the standard D1762-84 (ASTM, 2013). The lower
calorific value was calculated from the equation
suggested by Nock et al. (1975) and adapted by
Gatto (2002), described below:

LCV = ppg * |4500 — 52 * +1.162294E 3

MC
1+(55)

In what: LCV = lower calorific value, in kwh.m3;pbd =
basic density of wood, in kg.m-3; MC = moisture content, in
%.

The high calorific value was estimated from
the equation described by Brand (2010), adapted as
follows:

HCV = LCV + 600 * (0,09H)

In what: HCV = high calorific value, in kwh.m3, H =
hydrogen content in biomass, in %.

In this step, the hydrogen content
corresponding to 5.87% was used. According to
Brand (2010), this is the average content of this
element in angiosperm biomass. The values were
converted into calorific energy using the relation
0.00116 kwh = 1 kcal (Santos et al., 2013).

Estimated annual energy production
To estimate the annual energy production of
planting, the steps described by Lins et al. (2021)
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were applied. The following were determined: (i)
annual wood volume (m3.hal.year?); (ii) the annual
electric energy production (kwh.ha.year?); and (iii)
the annual calorific production (Gcal.ha-1.year?).
Statistical analyzes

For each parameter, the mean, maximum
and minimum values were obtained, together with
the coefficients of variation. The analyzes were
carried out in Microsoft Office Excel, from the Office
2019 package.

Results and discussion

Planting and woods were properly
characterized. The results can be seen in Table 1.
The trees developed well. More dense plantings,
such as those implanted with 3.0 m x 3.0 m spacing,
tend to generate trees with smaller diameters
(Rezende et al, 2008; Hébert et al., 2016).
However, it is observed that there was a satisfactory
growth, promoting the production of biomass.
Commonly, this and smaller spacings, such as 3.0 m
x 2.0 m, are applied to generate a greater volume of
wood per area (Silveira et al., 2014; Corréa et al.,
2020), being applied for the development initial
energy forests.

Trugilho et al. (2001) characterized a seven-
year-old E. saligna plantation in a spacing of 3.0 m x
2.0 m. The results obtained demonstrate a smaller
growth than the trees evaluated in this work, with
average total diameters and heights of 16.5 cm and
19.0 m, respectively.

The proximate chemical composition values
behaved as expected. According to Brand (2010)
and Cortez et al. (2008), the biomass of leafy
species presents around 81% of volatile matter, 18%
of fixed carbon and < 1% of minerals.This trend was
observed for E. salignawood evaluated in several
works (Cordeiro et al., 2001; Almeida et al.,
2010;Juizo et al., 2017; Simetti et al., 2018).

The evaluated woods can be classified as
medium basic density (SFB, 2022). Due to their
density greater than 500 kg.m, these Eucalyptus
woods can be recommended for use with energy
purposes (Protasio et al., 2021).

The results for energy production were
considerably higher than those found for charcoal
production from various Eucalyptus genetic
materials developed in the Brazilian semi-arid region
evaluated by Lins et al. (2021). Despite these being
planted at 3.0 m x 2.0 m spacing, which results in a
greater number of trees per hectare compared to the
spacing evaluated in this work, in addition to the
different ages, the differences in the average annual
increment were the main responsible by the
discrepancy in energy production.

Simettiet al. (2018) evaluated the energy
potential of seven-year-old Eucalyptus plantations.
For energy production from E. saligna wood, the
authors found a value of 1053.33 Gcal.ha?,
corresponding to about 150.5 Gcal.hal.year'. This
value was close to that found in this work.

The evaluated trees were seven years old.
Eucalyptus plantations aimed at energy production
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tend to be younger in age, generally being cut close
together in age groups between five and eight years
old (Lafeta et al., 2021). Reducing cutting ages can
encourage rapid replanting of areas, seeking more

encourage greater wood production per area in short
cycles (Sereghetti et al., 2015; Hébert et al., 2016),
which can increase the energy production of these
forests.

biomass production. In addition, denser plantations

Table 1. Estimated annual production of energy produced from a seven-year-old Eucalyptus saligna experimental
plantation in Chapadao do Sul, MS, Brazil.

Parameters Minimum Average Maximum Coefficient of variation (%)
Diameter at 1.30 m from the ground (cm) 17.41 18.92 20.63 8.55
Total height of the tree (m) 26.30 27.40 28.20 3.59
Height of the tree trunk (m) 20.23 21.72 22.70 6.04
Volume of wood per tree (m3) 0.246 0.284 0.315 12.27
Volume of wood per area (m3.hat) 273.61 316.00 349.72 12.27
Ash content (%) 0.05 0.08 0.14 34.67
Volatile matter content (%) 81.27 82.85 84.04 1.18
Fixed carbon content (%) 15.89 17.07 18.66 5.66
Lower calorific value (kwh.m3) 3258.90 3434.43 3610.56 5.12
High calorific value (kwh.m3) 3575.88 3751.41 3927.54 4.69
Basic density of wood (kg.m) 505.28 536.71 572.18 5.76
Annual wood production (m3.hat.year?) 39.09 45.14 49.96 12.27
Annual calorific production (Gcal.ha.year?) 120.49 146.36 161.54 15.38
Annual electricity production (kwh.hat.year?) 139,773.0 169,775.9 187,388.8 15.38

Conclusion

The E. saligna wood evaluated showed
results that characterize these materials as suitable
for energy use, with potential for the production of
energy forests.An energy production potential of
around 150 Gecal.hal.year'was estimated.In this
way, they can meet the demands of forest biomass
for this purpose.
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