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Feasibility of wood production
according to productivity
class and rotation criteria

Abstract— The objective of this work was to evaluate the effect of forest rotation
on the technical and economic feasibility of eucalyptus wood production for
charcoal, in different productivity classes. Data came from Eucalyptus stands
whose area was stratified into three classes of productivity: high, medium, and
low. To each class, a different criterion of forest rotation was applied, as follows:
age of maximum productivity, economic rotation age, single harvest age, and
no technical parameter. Analyses of economic feasibility and production were
performed for a 21-year planning horizon. For rotation without a technical
parameter, a simulation by the Monte Carlo method was performed. For all
rotation criteria, feasibility was observed for high- and medium-productivity
classes, and unfeasibility for the low-productivity class. For rotation without a
technical parameter, there is no chance for the project to be unfeasible. Wood
production viability for charcoal under the studied conditions depends on
the productivity class, for any rotation criterion adopted. Rotation criterion
influences profitability, whose definition, according to productivity class,
contributes to forest production maximization and to the economic return of
the project, under the studied conditions.

Index terms: forest economics, forest planning, harvest age.

Viabilidade da producao de madeira em fungao da
classe de produtividade e do critério de rotagao

Resumo — O objetivo deste trabalho foi avaliar o efeito da rotagdo florestal
sobre a viabilidade técnica ¢ econdmica da produgdo de madeira de eucalipto
para carvao, em diferentes classes de produtividade. Utilizaram-se dados
de povoamentos de Eucalyptus cuja area foi estratificada em trés classes de
produtividade: alta, média ¢ baixa. A cada classe, aplicaram-se diferentes
critérios de rotagdo florestal, conforme: idade de maxima produtividade,
idade econdmica de corte, unica idade de corte e rotacdo sem pardmetro
técnico. Realizaram-se analises de viabilidade econdmica e de produgdo
para o horizonte de planejamento de 21 anos. Para a rotagdo sem parametro
técnico, realizou-se uma simulag@o pelo método de Monte Carlo. Para todos
os critérios de rotacdo, observou-se viabilidade para as classes de alta e média
produtividade, e inviabilidade para a classe de baixa produtividade. Para a
rotagdo sem pardmetro técnico, ndo ha chance de o projeto ser inviavel. A
viabilidade da produ¢do de madeira para carvdo nas condigdes estudadas
depende da capacidade produtiva do local, para qualquer critério de rotacao
adotado. O critério de rotacdo influencia a rentabilidade, cuja definigdo,
em razdo da capacidade produtiva do local, contribui para a maximizacao
da produgdo e para o retorno econdmico do projeto florestal nas condigdes
estudadas.

Termos para indexaciio: economia florestal, planejamento florestal, idade
de corte.
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Introduction

In 2016, Brazil had a total of 7.84 million hectares
of planted forests, out of which 5.80 million were
Eucalyptus spp. (IBA, 2017). One of the biggest
advantages of eucalyptus plantations is its high-growth
rate, known to be the highest in the world among the
hardwood forests (Stape et al., 2010; Myburg et al.,
2014). This high-growth rate, combined with a correct
planning, allows of the efficient supply of the demand
for wood for different purposes, such as cellulose
and paper, charcoal, energy, among others, since the
settlements may have smaller rotation periods.

In the process of forest planning, one of the main
factors is the correct definition of rotation age, as the
productive structure depends on the wood flow, which
is planned based on the age previously established for
harvest (Nautiyal, 2011). The forest stands rotation
can be influenced by several factors, which may be
technical and economical. Among the technical factors
the productive capacity of the site can be highlighted,
and can be defined as the potential to produce wood or
other type of product, under the existing environmental
conditions and silvicultural techniques employed, in a
given area, for a particular species or clone (Leite et al.,
2011). Forest area classification as to its productivity
potential is of great importance for the stratification
of regions, which allows of the decision making on the
type of forest management possible, according to the
productive capacity of these areas (Bila et al., 2012).

Many studies have been published involving the
economic analyses (Cordeiro et al., 2014; Virgens et
al., 2016; Timofeiczyk Junior et al., 2017), effects and
classifications of productive capacity (Retslaff et al.,
2015; Castro et al., 2016; Silva et al., 2018), and rotation
of forest stands (Rodriguez et al., 1997; Resende et al.,
2004). However, there are no studies evaluating the
profitability and economic feasibility of eucalyptus
forest projects for charcoal production, taking into
account the variation of forest stands rotation, and
economic feasibility.

The objective of this work was to evaluate the
forest rotation effect on the technical and economic
feasibility of eucalyptus wood production, in different
classes of productivity, destined for charcoal making.
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Materials and Methods

Data used in the present work refer to nonthinned
stands of clones and hybrids of Eucalyptus spp.,
belonging to a forestry company located in the
northwest of Minas Gerais state (17°36'S and 46°42'W),
conducted for charcoal production in a high-forest
system. The climate of the region, according to the
Koppen-Geiger’s classification, is Aw —tropical climate
with dry winters. The average annual temperature is
22.6°C, and annual average precipitation is 1.450 mm.

The production area had 4,052 hectares, with stands
established in 3.0 x 2.0 m spacing, and it was initially
stratified in three productivity classes: high, medium,
and low. The high-productivity class (HP) was in a
1,398 ha area, the medium one (MP) in a 1,230 ha area,
and the low-productivity class (LP) in a 1,424 ha area.
The volume growth curves in each productivity class
were described by the logistic model (Figure 1).

The forest rotation criteria were defined by the age
of maximum productivity (AMP), that is, the forest
rotations set by the ages of maximum productivity
were 51 (HP), 56 (MP), and 61 (LP) months; the
economic rotation age (ERA), in which forest rotation
is defined by the economic harvest age — 60 months
for HP, and 72 months for MP and LP classes; single
harvest age (SHA), which is performed by cutting the
forest at 84 months, for all productivity classes; and
rotation with no technical parameter (NTP), which is
the rotation without technical or economic criteria.
The forest is harvest in the range of age between 51 to
102 months.

Therotation set by AMP, in the different productivity
classes, is obtained when the mean annual increment
(MAJ) is maximum and equal to the current annual
increment (CAI) (Campos & Leite, 2017). The net
present value of an infinite series is used for the
definition of the ERA, considering an interest rate of
8%. The SHA alternative is established as an average
age of 84 months, regardless of the productivity class.

NTP was established based on the frequency of
distribution of rotation ages, observed in the company
over the last 10 years, in the conduction of the stands.
This variation range is often a consequence of the
company’s logistical factors, due to the need to cut
newer or older forests than that in the established age
because of the distance of the processing units at some
time of the year, such as in the rainy season, or because
of the availability of labor close to certain sites.
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Operations costs considered in the accomplishment
of the present work were provided by technical
managers for the implantation and conduction of the
stands (Table 1). The interest rate of 8% per year
was considered, as well as the cost of harvesting and
extraction at R$ 19.00 m?, and the price of wood, cut,
and stack at R$ 60.00 m?. The land factor cost was
considered by the method of interest on the value of
the land, as, according to Silva et al. (2008), it provides
more consistent results with market values.

For the analysis of economic and technical
feasibility of wood production a 2l-year planning
horizon was considered. The economic feasibility
evaluation under the four alternatives of rotation forest
was performed using two methods: net present value
(NPV) and internal rate of return (IRR) (Silva &
Fontes, 2005; Rezende & Oliveira, 2008). The IRR is
considered an average rate of project growth, which
is considered feasible if its value is greater than or
equal to the rate of return on capital, usually known
as the minimum acceptable rate of return (rate used
in financial investments, such as savings etc.). In the
presents work, the minimum acceptable rate of return
(MARR) was considered as 8.0% (Silva et al., 2013).

In the technical feasibility analysis, the wood
volume obtained from each rotation criterion, during
the determined planning horizon (21 years), was
calculated from the respective production equations
for the productive capacity classes.
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Figure 1. Wood production curves of Eucalyptus spp.
stands, in areas of high- (HP), medium- (MP), and low-
productive capacity (LP), in the northwest region of the state
of Minas Gerais, Brazil. V, volume (m?); I, age (months);
r, correlation coefficient; and SEE, standard error of the
estimate.

The AMP, ERA, and SHA criteria are deterministic
in nature, which presuppose certainty on the values
of NPV, IRR, and production obtained at established
harvest ages, since these ages were fixed in each
productivity class. The SPT criterion, however, is
classified as probabilistic because it covers a wide range
of ages. Thus, Monte Carlo simulation was performed,
using the software @RISK (Ithaca, NY, USA),

Table 1. Data of the implementation and maintenance costs,
used in the economic viability analysis of wood production
for charcoal from Eucalyptus spp. in the northwest of Minas
Gerais.

Year Activity/input Cost
(R$ ha')

0 Ant control 110.00
0 Mechanical mowing in total area 50.00
0 Limestone application in total area 35.00
0 Herbicide application in total area 35.00
0 Harrowing on the subsoiling line 45.00
0 Subsoiling with phosphating 150.00
0 Planting 90.00
0 Replanting 30.00
0 Manual application of fertilizer (NPK) 80.00
0 Chemical control of intra-row weed 100.00
0 Seedlings transportation to the field 15.00
0 Intra-row sprout thinning with hoe 90.00
0 Inter-row mechanical mowing 45.00
0 Inter-row herbicide application 45.00
0 Intra-row herbicide application (costal sprayer) 100.00
0 Maintenance of seedling deposit 10.00
0 Top-dressing fertilization (90 days, manual) 80.00
0 Irrigation (1x) 120.00
0 NPK fertilizer 06-30-06 + micros 150.00
0 Reactive phosphate 301.0
0 Termiticide 35.00
0 Formicidal bait 65.00
0 Powdered formicide 3.00
0 Glyphosate herbicide 72.00
0 Pre-emergence herbicide 50.00
0 Soil conditioner (gel) 30.00
0 NPK fertilizer 20-00-20 + micros 216.00
0 Clonal seedlings 437.50
1 Herbicide + fertilizer + formicide + labor +

firebreaks conservation 330.00
2 Herbicide + fertilizer + formicide + labor +

firebreaks conservation 350.00
3t08 Formicide + labor + firebreaks conservation 100.00
lton Land 224.00
l1ton Administration 80.00
Oandn Licenses, rates 100.00
n Pre-harvest mowing 90.00

n: harvest age.
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to evaluate this scenario. Two thousand interactions
were simulated, by alternating the rotation age in each
productivity class according to the real frequency
of harvest ages, which was the same for the three
productivity classes.

The Monte Carlo method for the simulation was
applied in the following sequence: the probability
distribution of the harvest ages (rotation) was
identified; the value of the harvest age was selected
at random from its probability distribution; the value
of the dependent variable of interest (NPV, IRR, and
production) was calculated; the process was repeated
until the complete frequency distribution of the
dependent variables was obtained.

Results and discussion

In the analyzed harvest ages, the alternative showing
the lower-economic viability for wood production was
the one that adopted the harvest without a defined
technical or economic parameter, while the technical
viability was reduced when a single harvest age was
adopted, in the three productivity classes (Table 2).

Rodriguez et al. (1997) argue that a harvest age
defined regardless of economic issues — as the values
of the products obtained with the forest harvest, the
opportunity cost of the capital asset, and the time of land
occupation in each forest rotation — may compromise
the feasibility of a forestry project. However, Resende
et al. (2004) suggest that choosing the best cycle cannot
be made without considering technical issues, among
which these authors include yields obtained, wood
demand, and operational characteristics of the area.

The economic criteria NPV and IRR indicated
feasibility for high- and medium-productivity classes,
and unfeasibility for the low-productivity class, for all
harvest ages.

Forestry projects implemented in areas classified as
low-productivity would only be viable under interest
rates lower than those of the IRR obtained for the used
harvesting criteria, which usually does not happen in
the forestry sector. An alternative to be considered for
these areas is the diversification of wood products, and
the uses that provide greater economic return. The
productive capacity of the site, by directly affecting
the growth and production of forest stands, acts as an
intensifier of economic results, with effects on both
the optimal economic harvest age and the profitability.

Pesq. agropec. bras., Brasilia, v.54, €00778, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00778

The stands stratification by their productive capacity
is important for harvest forest planning (Oliveira et al.,
2008), given that in sites with low-productive capacity,
the tendency is that the growth rates of forest species
are smaller. In other words, more time are required
to reach the volumetric production potential as to
the technical harvest age, which would result in low
profitability of the project.

For the high-productivity class, the NPV and IRR
values were higher than R$ 5,500.00 ha'! and 16.0%,
respectively, among the four rotation age alternatives,
showing the high viability of these projects. The ERA
criterion showed itself more advantageous among
the proposed alternatives. Therefore, considering a
high-productivity site, the decision to cut the forest
in different ages of EHA could result in a reduction
of profitability between 23.2 and 31.6% by the NPV
criterion, and between 21.8 and 26.8% by the IRR
criterion.

Spathelf & Seling (2000) studied the economic
effects of different thinning programs of Pinus elliottii
stands, and observed that the IRR decreased as the
rotation age increased. However, for the present work,
this situation could not apply completely, and both IRR

Table 2. Economic indicators, net present value (NPV),
internal rate of return (IRR), and wood production of
Eucalyptus spp. stands, for different productivity classes
and forest rotation criteria, in the northwest of the state of
Minas Gerais, Brazil.

Indicators Rotation Productivity class
criterion®® Hp MP Lp
AMP 5,603.0 1,825.0 -1,853.0
NPV ERA 8,165.0 2,648.0 -1,431.0
(RS ha') SHA 6,272.0 2,082.0 -1,484.0
NTP 5,584.0 1,449.0 -2,106.0
AMP 17.2 11.8 28
IRR ERA 22.0 12.9 4.6
(%) SHA 17.0 11.5 5.1
NTP 16.1 10.5 3.6
AMP 1,451.0 1,061.0 760.0
gsgﬁcﬁm ERA 1,443.0 1,021.0 727.0
(m® ha)® SHA 1,254.0 947.0 683.0
NTP 1,300.0 975.0 697.0

MAMP, age of maximum productivity; ERA, economic rotation age;
SHA, single harvest age; and NTP, no technical parameter. ®For the
planning horizon.
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and NPV were highly influenced by the productive
capacity of the site, which in turn influenced the forest
rotation age.

Among the criteria of rotation, ERA and AMP are
those defined in more detail; it should be noted that
AMP shows economic indicators very similar to those
of the SHA and NTP criteria. In the high- and medium
-productivity classes, all forest rotation options are
feasible; however, considering the production of wood
for own consumption, as in the cases of companies
producing cellulose and charcoal, AMP rotation is the
best option, as the production reaches rates from 8.1 to
13.6%, higher than the SHA and NTP criteria.

The recommendation of a single harvest age for
species of the genus Eucalyptus disregards the rotation,
the type of species growth, the use of different interest
rates, among others (Rodriguez et al., 1997). Such
generalization impairs the productivity gains of the
forest, since the species and clones currently planted
have high-physiological and nutritional efficiency,
which results in higher rates of stand growth. Growth
tends to stabilize earlier, with a consequent lower-
technical harvesting age, which justifies the harvest
anticipation (Ferreira et al., 2017; Gongalves et al.,
2017).

The global economic and technical indicators,
considering the entire forest, without stratification
by productivity class, indicate feasibility for wood
production under the analyzed conditions for all the
alternatives of rotation age (Table 3).

The lowest economic return was obtained by the
NTP alternative, whose NPV was 47.9% lower than

Table 3. Global indicators, net present value (NPV),
internal rate of return (IRR), and wood production of
Eucalyptus spp. stands, for different productivity classes
and forest rotation criteria, in the northwest of the state of
Minas Gerais, Brazil.

Rotation NPV IRR Wood production®
criterion (R$ ha™) (%) (m? ha')*
AMP 1,836.0 10.5 1,090.0

ERA 3,118.0 13.1 1,063.0

SHA 2,274.0 11.2 960.0

NTP 1,626.0 10.0 989.0

MAMP, age of maximum productivity; ERA, economic rotation age;
SHA, single harvest age; and NTP, no technical parameter. @For the
planning horizon.

that option with the highest-economic return. It can
be observed that this alternative offers the biggest
investment risk, showing lower IRR. However, the
financial return obtained by the ERA was dependent
on the flow of costs and revenues adopted by the
company, which are variables for the various regions
of the country, as well as interest rates adopted (Vitale
& Miranda, 2010; Folmann et al., 2014; Chichorro et
al., 2017).

This result also indicates that the definition of
the criterion of forest rotation, consistent with the
planning for the destination of the produced wood,
contributes to the fact that the activity is financially
and technically more advantageous. Forest planning,
which encompasses, among other things, the
implantation and age of forest rotation, is a process
in which the planner needs to know about the many
variables, constraints, and assumptions that range
from forest formation to timber delivery, so that wood
costs suit with reality.

The AMP criterion showed a global production
of up to 11.9%, higher than that of the other rotation
criteria, but still with a lower NPV and IRR than
those of the ERA and SHA options. This was due to
the rotation that was lower for the AMP alternative, in
comparison to that used in other options. This results
in higher costs of deployment throughout the analyzed
period to allow of a continuous flow of wood, and such
a situation corroborates the report of Guerra-Buguefio
et al. (2014), who performed an economic evaluation of
Eucalyptus globulus plantations, and observed that the
cost of deployment could reduce profitability.

The practice of forest rotation without technical
parameters led to the harvesting of forest stands at
higher ages more frequently than those with maximum
productivity and optimum economic situation
(Figure 2). Therefore, for this alternative, a lower
viability was observed.

In the analysis of the minimum values obtained
for the economic indicators, the chance that a global
investment be economically unviable was observed as
null, and NPV and IRR were observed as very close to
the normal distribution, which means that about 50%
probability shows a result below average, as well as
50% of it, above the average (Figure 3). Timofeiczyk
Junior et al. (2017) observed a similar behavior for
these economic indicators, in a risk assessment for
Pinus taeda stands. These authors also mention that

Pesq. agropec. bras., Brasilia, v.54, e00778, 2019
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the use of the Monte Carlo method is more secure for
projects and investment recommendations.

For the production obtained by the NTP alternative,
the distribution of probability shows that volumetric
increments smaller than 1000 m? ha'! have at least 75%
chance of occurrence. This production is lower than
the most advantageous criteria, ERA and AMP; in
addition, the NTP has a longer rotation period. Rotation
age of forests can be greatly influenced by the demand
for larger trees, which justifies the adoption of higher-
rotation ages (Castro et al., 2011; Weimann et al,,
2017). But, when it comes to the wood production for
charcoal, the tree individual volume is not considered.

The economic rotation is cited as the most convenient,
since it considers interest rates, production costs, and
tree dimensions (Silva et al., 2012). However, Nautiyal
(2011) states that a rigid criterion should not be applied
in the definition of harvest age, in order to preserve
the interests of the company. In case of any changes
in economic conditions, or the company’s objectives,
the criteria used should follow such changes. The
present work corroborates such statement because
it shows that more than one option is feasible. For
situations that prioritizes the maximum productivity,
the production can be destined to self-supply; and for
situations in which maximum profitability is sought,
wood is produced to be marketed.

Not always, will the optimal rotation age (AMP
or ERA) be applied for all the management units
due to restrictions imposed by the regulation model,
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Figure 2. Age frequency distribution at which Eucalyptus
spp. stands were harvested under no technical parameter
(NTP) in a 10-year period.
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or market oscillations. However, it can be affirmed
that the establishment of the harvest on the basis of a
concise and appropriate forest planning is essential for
maximization of results, while rotations without pre-
set parameters can affect the economic sustainability
of the project.
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Figure 3. Probability distribution of global economic
indicators, net present value (NPV), internal rate of return
(IRR), and wood production of Eucalyptus spp. stands that
were harvested under no technical parameter (NTP), in the
northwest of the state of Minas Gerais, Brazil.
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Conclusions

1. The viability of wood production for charcoal,
in the studied conditions, depends on the productivity
class for any rotation criterion adopted.

2. The rotation criterion influences profitability,
and the definition of profitability according to the
productivity class, contributes to the forest production
maximization, and to the economic return of the
project.
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