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Abstract

This study aimed to analyze the production cost structure of the system of short logs, operating with the log
lengths of 2.1 m, 3.7 m and 5.0 m and to determine which of the three log lengths enables a lower final cost
in the production of charcoal. Data collected from a forestry company in the municipality of Paraopeba (state
of Minas Gerais, Brazil) were used. An analysis of the cutting process, the transportation and the charcoal
production was performed. The results showed that the hourly cost of the short log system is higher when
using larger log lengths. The cost per unit quantities (cubic meters and tons) of treatments with longer logs is
smaller due to its higher yield time. The system with logs of 5.0 m presents an inferior cost for the production
of charcoal when compared to the same system with logs between 3.7 m and 2.1 m of length.

Keywords: Eucalyptus, production costs, charcoal production.

Resumo

Anélise dos custos de colheita florestal para produ¢ao de carvao vegetal siderdrgico. Este trabalho teve como
objetivo analisar a estrutura dos custos de producédo do sistema de toras curtas, operando com 0s comprimentos
de toras de 2,1 m, 3,7 m e 5,0 m e determinar qual dos trés comprimentos de tora possibilita um menor custo
final na producéo de carvdo vegetal. Foram utilizados dados coletados de uma empresa florestal, no municipio
de Paraopeba (MG). Foi realizada uma analise do processo de corte, do processo de baldeio e do carvoejamento.
Os resultados demonstraram que o custo horario do sistema de toras curtas é superior ao se utilizarem maiores
comprimentos de toras. O custo por unidade de grandezas (metros cubicos e toneladas) dos tratamentos com
toras mais longas € menor devido ao seu maior rendimento horario. O sistema com toras de 5,0 m apresenta
custo de producéo de carvdo vegetal inferior quando comparado ao mesmo sistema com toras de comprimento
entre3,7me2,1m.

Palavras-Chave: Eucalipto, custos de produgdo, carvoejamento.

INTRODUCTION

In any industrial or commercial activity, cost is an important variable for success. The lower the costs, the greater
the probability of making a profit in the developed business, as long as the quality of the final product is maintained, or even
improved. According to Tanaka (1986), forest harvesting is the item with the highest cost of operations, which may
represent approximately 80% of the cost of forest formation in conditions of cutting per cubic meter.

According Burla et al. (2012), the main causes of increasing mechanization of forest harvesting operations
are the search for increased productivity and the need to keep operating expenses low and constant, thus reducing
the production costs of a particular activity. For Malinovski and Malinovski (1998), the forest harvesting process
involves all the partial activities from cutting to installation in the courtyard of the consumer industry.

The reduction of harvesting costs is directly related to the definition of the system to be used, the choice
of equipment and the way of working. The knowledge about the operational cost of machines is of paramount
importance in the decision-making process, helping essentially the way the control and planning of the use of this
equipment (MACHADO; MALINOVSKI, 1988).

Deciding which harvesting system to use and in what form this system will be used is based on economy.
Consequently, it is necessary to carry out studies that take into account different ways of operating the system and
its effects on production and especially on the quality of charcoal and not just the cost of each system.
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Forest harvesting activities directly influence the Brazilian steel industry, which uses wood extracted from
forest plantations in its kilns. The quality of the charcoal produced is influenced by the system used for the extraction
and processing of wood. According to the Brazilian Tree Industry (IBA, 2016), 21.25 million m? of wood for charcoal
production were consumed in Brazil in 2015.

According to Vital and Pinto (2011), Minas Gerais, Para, Maranhdo, Mato Grosso do Sul and Espirito Santo
are the main charcoal producing poles in the country. According to Mota (2013), the state of Minas Gerais has the largest
forest area for charcoal production, and in 2015, 678,401 ha of forests belonged to the charcoal-based steel and iron
industry. In addition, the state consumes approximately 60% of the charcoal produced in the country. According to the
Union of the Metallurgical Industry and Electric Material (SINDIFER, 2016), in 2015, Brazil produced approximately
32.1 million tons of pig iron, out of which approximately 20.2 % were produced using charcoal.

Studies were conducted in relation to the analysis of the costs involved in the production of charcoal:
Castro etal. (2007) analyzed the economic profitability of charcoal production; Santos and Hatakeyama (2012)
compared productive systems, emphasizing the economic, social and environmental aspects; Oliveira (2012) studied the
kiln-furnace system for the production of charcoal; Mota (2013) studied the productive chain of vegetable charcoal in
Brazil, derived from planted forest; Silva et al. (2014) evaluated the economic viability of production systems of this
product; and Silva and Farias (2015) economically researched the production of forest plantations as raw material.

Therefore, the scarcity of studies on costs related to forest harvesting for charcoal production motivated this
research. In light of this context, this study aimed to analyze the costs of forest harvesting for the production of charcoal
for iron and steel industry. To this end, the structure of production costs of the short logs system was examined, operating
with log lengths of 2.1 m, 3.7 m, and 5.0 m. In addition, it was identified which of the three log lengths permits the
lowest final cost in the production of charcoal for iron and steel industry.

MATERIAL AND METHODS

Area of study

The present study was carried out according to the areas developed by a company located in the state of
Minas Gerais, Brazil. The forest stands were clones of the genus Eucalyptus for the production of seven years-old
charcoal, with a spacing of 2 x 3 meters and a volumetric productivity of approximately 224 cubic meters per
hectare in the harvest period.

Harvesting and transportation of wood

Harvesters were used to cut and process wood in the field. The equipment used was a Caterpillar base
machine model 320D L, with net power of 138 HP, and a Komatsu Forest 370e head. The machines performed
the cutting, delimbing and sectioning activities in three lengths: 2.1 m, 3.7 mand 5.0 m (Treatments), by separating
the logs into fine ones (the upper two thirds of each tree) and coarse ones (the lower third of each tree). In this
stage, the volume of cut wood, the hours worked, the consumption of diesel oil, the consumption of lubricating oil
and the consumption of current oil (values used in the composition of the costs of production) were measured
using the on-board computer of the equipment.

In order to carry out the transportation of the material, Valtra forwarders model BH 180 were used. At this
stage, the volume of transported wood was measured using a cubing factor for each log length. This factor was
determined by samples of the transported loads, hours worked and consumption of diesel oil (values used in the
composition of production costs). From this step, the number of treatments analyzed was doubled due to the
separation between logs classified as coarse and fine, performed in the previous stage.

The transportation of the wood to the charcoal making boxes was carried out with Volkswagen
forwarders, model VW 24250 6X2. In this stage, only the mass transported was measured, using a truck scale
(because it was an outsourced operation), and the cost was generated through the amount paid per ton transported.

Data collection

During the study, data originated from 18 work shifts of 9 hours each for the Harvester, 54 work shifts of
9 hours each for the Forwarder, and 36 cycles for the charcoal making were collected. For this phase, no statistical
tests were performed about the volume of data that should be collected, since the maximum possible data were
collected, taking into account the operational activity of each equipment or step and the time of field research.

The equipment was analyzed using the three log lengths defined as treatments (2.1 m, 3.7 m and 5.0 m)
because they are, according to Mota (2013), the dimensions used in the cutting of eucalyptus wood for the charcoal
production. A survey about the technical characteristics and conditions of use of the mechanized assemblies was
conducted. Then, the productivity of the equipment in the different situations and with the use of the process of
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separation of fine and coarse logs was identified. To this end, the lower third of the tree was separated as coarse
firewood and the upper two thirds as fine firewood.

The Harvester and the Forwarder always worked in similar situations, such as relief, forest productivity
and soil type, to allow a perfect comparison between the processes being studied. The data used in calculating the
operational cost of the equipment was provided by the company.

Charcoal making

Six rectangular kilns, model FR 230, were used, with a maximum capacity of 190 st and a minimum
capacity of 160 st. The dimensions of the kilns used are: 14.31 m long, 4.5 m wide and 2.85 m standing right
(Figure 1). To load the kiln, a Volvo loader model L60f, was used, adapted with a special TMO crane. In the stage
of loading the kiln, the hours worked and the mass of wood moved to the compaosition of the costs were measured,
since it is an outsourced operation and the cost was generated through the amount paid per hour worked.

-

-
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Figure 1. Front view of the FR 230 kiln used in the charcoal making stage.
Figura 1. Vista frontal do forno FR 230 utilizado na etapa de carbonizacéo.
Source: Own elaboration (2012).

For the unloading of the furnace, a Volvo loader, model L60f, was used, adapted with a scale for the
determination of the mass of the charcoal unloaded. The kilns were opened when its average temperature reached
60 °C, a process currently used by the company in its commercial production. The non-pyrolyzed material, known
as incompletely carbonized residue, according to Sharma et al. (2015), is the result of the incomplete
decomposition caused by the use of lower temperatures. The material generated was measured using a truck scale.

The charcoal storage was carried out in a previously demarcated area for each batch, being covered with
tarpaulin to avoid the humidity. The total time of unloading was determined by the opening of the kiln door until
the complete removal of the charcoal. At the phase of unloading the kiln, the hours worked, the mass of charcoal
unloaded, and the mass of the log generated in the process were measured, since this operation was an outsourced
operation and the cost was generated through the amount paid per hour worked.

Fixed costs of harvesting

For the determination of fixed costs for the Harvester and the Forwarder, the annual cost of depreciation
and interest, which consists of the annual interest expenses, and the annual cost of linear depreciation of the
equipment, plus the cost of labor operators were used. This method was used by the analyzed company. The annual
interest rate used was 12% per year, the same used by the company. This rate was also chosen because, according
to Rezende and Oliveira (2013), forest projects are characterized by their long terms, making them riskier, besides
being based on the work of Castro et al. (2007). The service life of the equipment was 20,000 hours or 4.64 years,
values used by the company and Freitas et al. (2004). The methodology of calculation for obtaining the fixed costs
of harvesting is described below, the same procedure used by Burla et al. (2012) and Silva et al. (2014).

a) Calculation of depreciation and interest
In order to obtain the depreciation values for the machinery, Equation 1 was used, as suggested by
Burla et al. (2012).

_ (Va-vr)
@ p=0
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In which: D: depreciation (R$/year); Va: acquisition value of equipment (R$); Vr: residual value of the equipment;
and H: equipment service life (20,000 hours).

Furthermore, following the methodology proposed by Burla et al. (2012), the interest on the machinery
was calculated, according to Equation 2.

(2) ] — Vaxixf

H
In which: J: interest; Va: acquisition value of equipment (R$); i: annual interest rate (12% per year); f: factor that
corrects the value of the equipment due to depreciation (0.5); and H: equipment service life (20,000 hours).

The operating and production costs of the mechanized assemblies were quantified, including the incomes
and costs of the labor involved. To calculate the cost of production, Equation 3 was used, as proposed by Milan
and Rosa (2015).

A3) CHC =<2

HEA
In which: CHC: hourly cost of capital (R$/h); CADJ: annual cost of depreciation and interest (R$/year); and
HEA: hours actually worked per year (h/year).

b) Cost of labor
The average labor cost, as suggested by Silva et al. (2014) and Jasper and Silva (2013), was determined
as shown below (Equation 4). Data for this calculation were provided by the company.

(4) MDO = Sop (14Es)
In which: MDO: labor cost per effective hour (R$/h); Sop: sum of the monthly salaries of the operators (R$);
Es: social charges (%); and HTM: hours actually worked in the month (h).

c) Total average fixed cost
According to Mota (2013), the total average fixed cost is described according to Equation 5.

(5) CFMT =<

Pr

In which: CFMT: total average fixed cost (R$/m3); CT: hourly cost of capital (R$/h) plus labor cost per hour
(R$/h); and Pr: Productivity (m3/h).

Variable costs of harvesting

The quantification of the average variable costs of harvesting consisted of the sum of the hourly costs
with maintenance and hourly costs with fuels and lubricating oils. The cost of maintenance consisted of the sum
of the annual expenses with maintenance train, chain and saber, conveyors or tires, parts and/or components and
maintenance services, divided by the hours actually worked during the year, according to the methodology also
used by Simdes et al. (2014). Values were calculated using the company's historical data series. For the calculation,
the values currently used by the company for the composition of its costs were considered.

The fuel cost was obtained by adding up the costs of diesel oil, lubricating oil and current oil to the

Harvester. The market prices paid by the company for the purchase of diesel, lubricating and common oil in the
period x of variable costs of Machado and Malinovski (1988) were used.

Cost of harvesting in the production of charcoal

In order to identify the cost of harvesting in the production of charcoal, the costs of harvesting were
converted from R$/m3 to R$/t (Equation 7) to enable comparison with the mass of charcoal produced, using the
density of wood previously measured by the company through the precutting inventory, performed in the field
used for the experiment, according to Coelho et al. (2016).

cc
(6) CCt = rl

In which: CCt: total cost of harvesting per ton (R$/t); CC: total cost of harvesting per cubic meter (R$/m3); and
d: density (0.495 g/cm3).
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After cost conversion, the cost of harvesting in the production of charcoal using the gravimetric yield was
established. This yield was generated from the average of the gravimetric yields of the treatments using fine and
coarse logs of the same length (Equation 8).

cct

) CCV = ~=x 100
In which: CCV: cost of harvesting in the production of charcoal (R$/t); CTt: total cost of harvesting per ton (R$/t);
and RG: gravimetric yield (%).

To perform the descriptive statistical analyzes, the Bartlett Test, available in the SAS Learning Edition,
was used. This statistical tool tested the hypothesis that the variables analyzed had correlation.

RESULTS

Fixed costs of harvesting
The total fixed hourly costs generated by the harvesting activity are shown in Figure 2.

160.00 1 142,99
140,00
120,00 1

100.00 A 4760
S o :
7 8000 1

60.00 1

40.00 ] -
20.00 - -

Harvester Selfloading Total fixed cost of harvest

treatment
minterest/hour.worked » depreciation/hour.worked ® salaries/hour.worked

Figure 2. Hourly fixed cost of Harvester and Forwarder (R$/h).
Figura 2. Custo fixo horério do Harvester e do Auto carregavel (R$/h).

Variable costs of harvesting
In Figure 3, it can be seen that the hourly cost of Harvester increased with the increase of the length of

the logs used.

160,00 144.05
o 140,00 11378 125.00 ——
£ 120.00 - ]

g 100.00 [—
S 8000
£ 60,00
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mMaintenance/hour.work Diesel/hour.worked

mlubricating oillhour.worked  ®m Chain cil/hour.worked

Figure 3. Harvester total variable costs in different treatments (R$/ worked hours).
Figura 3. Custos variaveis totais do Harvester nos diferentes tratamentos (R$/h.trabalhada).

Considering that the equipment had different yields in each treatment, the average variable cost per unit
produced, consequently, also presented difference, since the total variable costs were diluted in the costs per unit
of the treatments, which present higher yields (Figure 4). Therefore, the average variable costs were lower in
treatments with higher log lengths.
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Figure 4. Average variable cost of Harvester and Forwarder in the different treatments (R$/m3).
Figura 4. Custo variavel médio do Harvester e Auto carregavel nos diferentes tratamentos (R$/m3).

Average harvesting cost
In Figure 5, the average costs of harvesting in the production of charcoal by equipment in different log

lengths analyzed are shown.
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Equipments

uFixed costs/hour.worked = Variable costs/hour.worked
Figure 5. Total costs of harvesting activity in the different treatments (R $ / hour worked).
Figura 5. Custos totais da atividade de colheita nos diferentes tratamentos (R$/h.trabalhada).

The total costs per cubic meter and per ton in the harvesting activity are shown graphically in Figure 6.
It can be seen that the total hourly costs were higher in the activities in which logs of longer lengths were used.

A) B)
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® Harvester (RS/'m’) Self-loading (RS'm") ® Harvester (RS1) Self-loading (RS1)

Figure 6. Total costs per cubic meter of harvesting activity (R$/m?3) (A) and total costs per ton of harvesting
activity (R$/t) (B). Cost of loading and unloading the kiln.
Figure 6. Total cost of harvesting per cubic meter (R$/m3) (A) and total cost per ton of harvesting (R$/ton) (B).
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Costs of loading and unloading the kiln
In Table 1, the costs of loading and unloading the kiln at different log lengths (treatments) are described.

Table 1. Cost of loading and unloading of the kiln in the different treatments (R$/t).
Tabela 1. Custo do carregamento e descarregamento do forno nos diferentes tratamentos (R$/t).

Loading Donwloading

Treatment
Fine firewood (R$/t) Coarse firewood (R$/t) Fine firewood (R$/t) Coarse firewood (R$/t)

2.10 5.24 491 9.68 10.39
3.70 3.68 3.64 9.25 9.96
5.00 2.67 2.74 9.06 8.95

Cost of harvesting in the production of charcoal

Taking into account the gravimetric yield, the cost per ton for charcoal production was observed for each
of the treatments and the percentage participation of each operation in the reduction of the average cost, as shown
in Table 2.

Table 2. Cost per ton for the production of charcoal in each treatment.
Tabela 2. Custo por tonelada para a producdo de carvdo vegetal em cada tratamento.

: Participation in
0,
Activity Cost (R$/t) Differences (%) total cost (%)

21m (1) 3.7m 1) 50m @) W-1 -1 W= -1 -1 u-u
Unloading in the kilns R$10.04 R$951 R$9.00 -53 -11.6 -57 10 13 22

Loading in the kilns R$14.24 R$1029 R$759 -277 -876 -356 7.2 86 11.9
Transport R$33.70 R$33.70 R$33.70 0.0 00 0.0 00 00 00
Self-loading R$93.01 R$64.08 R$4243 -311 -119.2 -51.0 528 652 953
Harvester R$81.77 R$60.38 R$6251 -26.2 -30.8 3.4 39.0 248 -94
Total R$232.76 R$177.96 R$155.23 -235 -499 -146 --- --- ---
DISCUSSION

Fixed costs of harvesting

Considering that the equipment presented different yields in each treatment, the average fixed cost per unit
produced also presented changes, since the total fixed costs were diluted in the costs per unit of the treatments that
presented the highest yields (Figure 2). Therefore, average fixed costs per unit were lower at the higher log lengths.

Variable costs of harvesting

The increase in Harvester's hourly cost occurred with the increase of the length of the logs used. This
occurs due to increased maintenance and fuel costs as the equipment has been subjected to a greater effort by
cutting and processing larger logs.

In relation to the variable cost of the Forwarder, there was an increase in the hourly cost when using logs
of greater length, as observed in the Harvester. This increase in costs was generated by higher maintenance costs,
lubricating oil and fuel.

These were the most relevant variable cost components, since more effort was made on the equipment
when subjected to the handling of longer logs. According to Figure 4, the average variable costs were lower in
treatments with higher log lengths.

Average harvesting cost
It can be seen in Figure 5 that the average costs increased according to the increase in log length used,
presenting the same behavior of variable costs. Fixed hourly costs did not vary.
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It is noted that the cost per cubic meter of Harvester was lower when using logs of 3.7 m, but when
analyzing the cost per unit of Harvester and cost per unit of Forwarder, it is noticed that the total costs per unit
were lower when using logs with 5.0 m due to the lower cost of the Forwarder. Costs per ton presented the same
cost variation per cubic meter as they were obtained by the correlation between costs per cubic meter and the
density of wood obtained through measurements contained in the precutting inventory carried out by the company
in the field used for the experiment (Figure 6).

Cost of loading and unloading the kiln

The cost of loading the kiln was lower in logs with longer lengths, since the cost of this operation is
directly related to the yield of the equipment, which was higher when longer logs were used. The cost of unloading
was higher when unloading kilns containing charcoal produced by shorter logs, but with a larger volume of
charcoal produced, since the cost was generated by the number of hours worked per kiln (Table 1).

Cost of harvesting in the production of charcoal

It can be observed that the cost of harvesting in the production of charcoal was lower in the longer log
lengths used. There was greater representativeness of cutting activities with the Harvester and transportation with
the Forwarder in the total cost of the operation, being 76.29% of the total cost for logs of 2.1 m, 72.53% for logs
of 3.7 m 71.69% for logs of 5.0 m.

When choosing Treatment Il instead of Treatment I, costs are reduced by 23.5% (in this case, Forwarder
represents 52.8% of the total cost and Harvester 39%). When choosing Treatment Il instead of Treatment I, the
reduction is 49.9% in costs (in this case, Forwarder represents 65.2% of the total cost). Between Treatment 111 and
11, the Forwarded represents 95.3% of the total cost. In the comparison between the three treatments, it was verified
that the use of Treatment Il is the one that most causes reduction of the costs generated in harvesting for the
production of charcoal of eucalyptus in the state of Minas Gerais, Brazil.

CONCLUSIONS

e The hourly cost of the short logging system is higher than longer ones.

e The cost per unit of quantities (cubic meters and tons) of the longer log treatments is lower due to their higher
hourly yield.

e The system operating with 5.0 m logs presents lower charcoal production cost when compared to the same
system operating with log lengths of 3.7 mand 2.1 m.
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