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ABSTRACT – Traditional methods of economic evaluation of wood and charcoal production projects are 
based on indicators analysis, however, they are subject to market variations and uncertainties. The study 
was carried out in the city of Lamim, Minas Gerais State, to evaluate the economic viability of wood and 
charcoal production using the kiln-furnace system, due to the need to know the economic viability of this 
new production system. Sensitivity analysis using the Monte Carlo technique was performed on costs and 
revenues. The wood and charcoal production cash fl ow was elaborated and the following criteria were used 
in the economic analysis: Net Present Value (NPV), Benefi t-Cost Ratio (BCR), Equivalent Periodic Value 
(EPV), and Internal Return Rate (IRR). The wood and charcoal production sensitivity analysis was carried out 
using the software @RISK, according to the VPE parameter, which allows comparing projects with diff erent 
durations. Wood production was economically viable, with NPV of $40.26 ha-1 and EPV of $16.80 ha-1, with an 
average production cost of $13.51 m3 wood-1. The EPV mean value found in the sensitivity analysis was $18.33 
ha-1. The charcoal production was economically viable, with NPV of $4.43 mdc charcoal-1 and EPV of $3.52 
mdc charcoal-1. The EPV mean value found in the sensitivity analysis was $9.80 mdc charcoal-1. It was possible 
to conclude that the wood and charcoal production are economically viable in the region.

Keywords: Risk analysis, Sensitivity analysis, Sustainable steelmaking.

PRODUÇÃO DE MADEIRA E CARVÃO VEGETAL NO SISTEMA FORNO-
FORNALHA: COMO A VARIAÇÃO NOS CUSTOS E RECEITAS AFETAM A 

VIABILIDADE ECONÔMICA?

RESUMO – Os métodos tradicionais de avaliação econômica de projetos de produção de madeira e carvão 
vegetal são baseados na análise de indicadores, porém, estão sujeitas a variações de mercado e incertezas. 
O estudo foi conduzido no município de Lamim-MG, para avaliação da viabilidade econômica na produção 
de madeira e carvão vegetal com o uso do sistema forno-fornalha, devido à necessidade de se conhecer a 
viabilidade econômica desse novo sistema produtivo. A análise de sensibilidade utilizando a técnica de Monte 
Carlo foi realizada nos custos e receitas. O fl uxo de caixa para a produção de madeira e de carvão vegetal 
foi elaborado e os seguintes critérios foram utilizados na análise econômica: Valor Presente Líquido (VPL), 
Razão Benefício Custo (B/C), Valor Periódico Equivalente (VPE) e Taxa Interna de Retorno (TIR). A análise de 
sensibilidade na produção de madeira e da produção de carvão vegetal foi realizada com o auxílio do software 
@RISK, de acordo com o parâmetro VPE, que permite comparar projetos com durações diferentes. A produção 
de madeira foi viável economicamente, com VPL de R$212,68 ha-1 e VPE de R$88,74 ha-1, com custo médio de 
produção de R$71,37 m3 madeira-1. O valor médio do VPE encontrado na análise de sensibilidade foi de R$ 
96,82 ha-1. A produção de carvão vegetal foi viável economicamente, com VPL de R$23,41 mdc carvão vegetal-1 
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e VPE de R$18,57 mdc carvão vegetal-1. O valor médio do VPE encontrado na análise de risco foi de R$51,78 
mdc carvão vegetal-1. Foi possível concluir que a produção de madeira de eucalipto e de carvão vegetal são 
viáveis economicamente na região.

Palavras-Chave: Análise de risco; Análise de sensibilidade; Siderurgia sustentável.

1.INTRODUCTION

Brazil is the largest charcoal producer and 
consumer in the industry in the world, with pig 
iron and ferro-alloy steel industries responsible for 
consuming 84% of the total available. The brazilian 
charcoal consumption in 2018, in the steel sector, 
was 4.6 million tons and, Minas Gerais State was the 
main producer. Commercial forests, mostly eucalypt 
plantations, are the main raw material used in the 
charcoal sector in the country, with a total of 91% 
(IBÁ, 2020). 

Small rural producers are responsible for 
approximately 80% of the brazilian charcoal 
production (Oliveira et al., 2013) in a carbonization 
process done, mostly, in rudimentary masonry kilns, 
“hot-tailed” and surface type, with low gravimetric 
yield (GY) and no greenhouse gas (GHG) emissions 
control (Costa et al., 2019).  The replacement of 
these rudimentary systems by technological systems 
is a challenge in the sector, for requiring greater 
investments, that would increase carbonization costs, 
and may inhibit the adoption by small and medium 
producers (Vilela et al., 2014; Ribeiro et al., 2020). 
The charcoal price variation over the years, the 
technologies used in production and environmental 
issues are considered the main problems in the sector 
in Brazil (Cardoso et al., 2010).

The United Nations Development Program 
(UNDP) implemented the Sustainable Steel Project 
to improve the Brazilian charcoal production process, 
after the commitments assumed by the government 
to reduce GHG emissions in the Paris Agreement. 
The project encourages innovative and more 
effi  cient technologies and productive arrangements 
for the charcoal production from planted forests in 
the Brazilian steel industry. The Sustainable Steel 
Project was designed to improve charcoal production 
effi  ciency with the least possible impact on GHG 
emissions (ONU, 2018). 

Within the Sustainable Steel Project, the kiln- 
furnace system was developed. This system allows 

the GHG burning, with an innovative layout that 
has a centralized furnace with 4 kilns, and that 
allows the increase of the GY when compared with 
the traditional kilns (Oliveira et al., 2017). Despite 
being a viable carbonization alternative compared 
to traditional models, for being technically and 
environmentally viable, there are still questions about 
the kiln-furnace system economic viability (Oliveira 
et al., 2014). This is because “hot-tail” kilns, which 
are the most used in Brazil, despite being simple and 
with low GY, are economically viable, which makes 
the business attractive to rural producers and helps 
supply industrial demand (Silva et al., 2014). Thus, 
economic viability studies of charcoal production in 
this new arrangement are necessary, to encourage the 
new technology adoption by rural producers (Oliveira 
et al., 2015).

Economic analysis traditional methods in 
charcoal production are based on indicators analysis, 
although, as well in forestry activities, since they are 
long-term, they are subject to market variations and 
uncertainties (Oliveira et al., 2017), due to the product 
price fl uctuation over the years (Oliveira et al., 2013). 
These studies make the economic evaluation jointly, 
that is, the same economic indicator represents wood 
and charcoal production viability, not being able to 
assess which of the two products impact the project 
the most, positively and/or negatively.

Monte Carlo simulation can be used to assess risk 
in decision making, for allowing the performance of 
a variable to be observed due to the behavior of other 
(Zarony et al., 2019). The Monte Carlo method is 
used to numerically operate systems that have random 
components, several simulations are carried out and, 
in each of them, random values are generated for the 
variables subject to uncertainty input, with previously 
determined distributions. At the end of the simulation, 
results are generated based on random values and the 
probabilities of their occurrence (Yang et al., 2020). 

The study was conducted on a rural property in 
the city of Lamim Minas Gerais State, with the goal 
of economic viability evaluating in the wood and 
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charcoal production, and how the costs and revenues 
variation can impact this result, through risk analysis 
using the Monte Carlo technique.

2.MATERIAL AND METHODS

2.1.Site characterization

The study was conducted on a charcoal farm in 
Lamim, State of Minas Gerais, Brazil (20°47’08.56” 
S and 43°26’37.78” O), in the Zona da Mata Area 
(Figure 1). The charcoal is produced from a hybrid 
of Eucalyptus grandis x Eucalyptus urophylla, 
planted at a spacing of 3.0 m x 2.0 m, in 20.05 ha, 
in mountainous region, and low use of technology 
in wood production. According to the Köppen, the 
climate of the region is Cwa, i.e.subtropical with 
dry winter and hot and rainy summer (Rolim et al., 
2007). Precipitation occurs mainly between October 
and March, with averages of 1,435 mm per year. June 
and July present the lowest temperatures (12ºC), and 
January the highest temperatures (25 ºC). Data were 
collected from January 2018 to January 2019.

The farm is characterized by charcoal production 
for the steel industry, with family labor, in the Lamim-
MG region. The dystrophic red-yellow Oxisol 

predominates in the city of Lamim-MG, as well as in 
most of the Zona da Mata region. 

2.2.Forest Inventory

Simple casual sampling was carried out in the 
forest inventory, with 27 sample units of 300 m² (20 x 
15 m). The circunference at breast height (cbh) of all 
trees was measured, converted to diameter at breast 
height (dbh) and separated into diametric classes with 
an amplitude of 2.5 cm.  The total height of all trees 
present in the sample units was measured using the 
equipment Vertex IV®. The equation for estimating 
the wood volume present in the stem was based on the 
model by Schumacher & Hall (1933) and presented 
an appropriate adjustment, with the following results:

                                                                       Eq.1

The Average Annual Volume Increment (AAVI) 
used in the economic analysis was 26 m3 ha-1 year-1, at 
7 years old, in the fi rst rotation and 23,4 m๎ ha-1 year-1 
in the second rotation.

2.3.Wood carbonization 

The kiln-furnace system is composed of 4 circular 
surface kilns and a furnace connected to them by ducts, 
which has a combustion chamber, where the burning 
of carbonization gases is carried out (Figure 2). Each 
kiln has a volumetric capacity of approximately 9.0 

Figure 1 – Farm in Lamim-MG, which the inventory was 
conducted to volume, biomass and carbon estimate. 

Figura 1 – Fazenda em Lamim-MG, onde foi conduzido o 
inventário fl orestal para estimativa de biomassa, 
volume e carbono.

Figure 2 – Furnace-kiln system used in rural properties, for the 
charcoal production.  

Figura 2 – Sistema forno-fornalha usado em propriedades rurais, 
para produção de carvão vegetal.
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m3 of wood, value obtained by checking the weight 
in three kiln loads. The wood moisture entrance in the 
kilns was 35.00% and the GY found was 32.76%. The 
temperature control is done by opening and closing 
the air controllers (6 per kiln)that are arranged on 
the bottom of the walls of the kilns. Each kiln has 4 
metal wells distributed between the top and the walls, 
which allow the measurement of temperature. These 
temperature measurements were determined by an 
infrared sensor, pyrometer, model MT-350®, with 
measurement capability between 30 - 550ºC.

Carbonization was divided into stages, for 
better process control. The 4 kilns cannot operate 
simultaneously in phases III and IV due to the high 
temperature and risk of the furnace giving way, so 2 
layouts are required.

2.4.Costs and revenues composition

Wood production was analyzed separately from 
the charcoal production. The costs and revenues used 
were based on data collection during the monitoring 
period, rural producers information and municipality 
environmental agencies.

2.4.1.Wood production

The Eucalypt plantation area considered for the 
economic analysis was 20.05 ha and the costs were 
separated into the following groups:

- Area preparing: Area cleaning, marking 
planting lines, marking pits and dimpling, building 
and maintaining fi rebreaks.

- Planting: Eucalypt seedlings, fertilizers (NPK), 
purifi ed MAP, pre and post-emergent herbicide and 
its application, insecticide bait and its application, 
termite, transport of inputs, pit fertilization, planting 
and replanting.

- Harvesting and transportation: Cutting, twisting, 
bucketing, loading and transport.

- Machines: Chainsaw, motor scooter and tractor.

- Land cost (land value multiplied by interest 
rate). 

Eucalypt cultivation in the region is usually 
commercialized in two productive cycles. The 
wood sale was considered in the years 7 and 14, per 
$14.20 m3, a value that is commonly used in the 

Lamim-MG region, according to data provided by 
the timber buyer. The interest rate was 6% p.a. The 
labor charges considered were 68% (Sebrae, 2015). 
The transportation radius considered for the economic 
analysis of the sale of wood was 50km.

2.4.2.Charcoal production

Charcoal production costs have been separated 
into the following groups:

- Labor: Carbonizer, kiln construction, land 
preparation.

- Kiln items construction cost.

- Kiln maintenance cost (inserted after the second 
year – $113,44).

- Furnace items construction cost.

- Wood purchase.

- Land cost (land value multiplied by interest 
rate).  

- Furnace maintenance cost (inserted after the 
second year – $53,20). 

- Charcoal transportation.

The carbonization period considered in the 
charcoal production assessments was 10 years, which 
is the kiln-furnace service life. The carbonization 
duration, from the kiln loading to the unloading, 
was 7.5 days. The charcoal selling price was $47.32 
mdc charcoal-1, value that is marketed in the 
region. The charcoal and wood costs of fees and 
taxes related were not considered in the assessment. 
The wood consumption by the furnace considered 
during carbonization, was approximately 100 kg per 
carbonization cycle (Oliveira et al., 2014).

2.5.Economic analysis

Wood and charcoal production cash fl ow was 
prepared and the following criteria were used in the 
economic analysis:

2.5.1.Net presente value (NPV)

NPV is defi ned as the sum of revenues less 
costs associated with it. A project is considered 
economically viable if its NPV is bigger than zero, 
at a certain interest rate (Rezende e Oliveira, 2013), 
according to the following equation:
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                                                                       Eq.2

Where: NPV - net present value; Rj - revenue at 
the end of year j; Cj - cost at the end of year j; i - interest 
rate and j - cost or revenue period of occurrence.

2.5.2.Benefi t-Cost Ratio (BCR)

The Benefi t-Cost ratio consists of the revenues 
and costs relationship given project, for a certain 
interest rate (Rezende e Oliveira, 2013), according to 
the following equation:

                                                                       Eq.3

Where: BCR – Benefi t-Cost Ratio; Rj - revenue 
at the end of year j; Cj - cost at the end of year j; i - 
interest rate and j - period of occurrence of the cost or 
revenue.

2.5.3.Equivalent Periodic Value (EPV)

It is defi ned as the periodic installment that 
equals the NPV of an investment option to be valued, 
over the project duration (Rezende e Oliveira, 2013). 
Calculated according to the following equation:

                                                                       Eq.4

Where: NPV - Net Present Value; n - duration 
of the project, in years; t - number of capitalization 
periods, in years; i - interest rate. The project is 
considered economically viable if the EPV is positive.

2.5.4.Internal Return Rate (IRR)

It is the discount rate that equals NPV to zero, 
that is, present value of revenue equal to present 
value of costs (Rezende e Oliveira, 2013). Calculated 
according to the following equation:

                                                                       Eq.5

Where: R - Revenues at the end of year j; C - 
Costs at the end of year j; IRR - Internal return rate; 
j - duration of the project, in years. The project will be 
economically viable when the IRR is higher than the 
Minimum Attractiveness Rate,which was 2.11%.

2.6.Risk analysis

The risk analysis of the wood and charcoal 
production economic viability was carried out with the 

Table 1 – Composition of area preparation costs, planting, harvesting and transport, machinery, land cost, revenue and cash fl ow.
Tabela 1 – Composição dos custos para preparo de área, plantio, colheita e transporte, máquinas, custos da terra, custos totais, receitas 

e fl uxo de caixa.
Year Area Preparing Planting Harverting and Machines Land Cost Total Cost        Revenue        Cash Flow  
    Transportation
  ($ ha-1) ($ ha-1) ($ ha-1) ($ ha-1) ($ ha-1) ($ ha-1) ($ ha-1)   ($ ha-1)

0  119.82 550.59 0 105.62 68.15 884.18 0   -884,18
1  0 35.11 0 0 68.15 103.25 0   -103.25
2  0 9.75 0 0 68.15 77.90 0     -77.90
3  0 9.75 0 0 68.15 77.90 0     -77.90
4  0 9.75 0 0 68.15 77.90 0     -77.90
5  0 9.75 0 0 68.15 77.90 0     -77.90
6  0 9.75 0 0 68.15 77.90 0     -77.90
7  0 9.75 1.240,62 4.45 68.15 1,322.97 2,952.87 1,629,90
8  14.98 192.37 0 0 68.15 275.49 0   -275,49
9  0 9.75 0 0 68.15 77.90 0     -77.90
10 0 9.75 0 0 68.15 77.90 0     -77.90
11 0 9.75 0 0 68.15 77.90 0     -77.90
12 0 9.75 0 0 68.15 77.90 0     -77.90
13 0 9.75 0 0 68.15 77.90 0     -77.90
14 0 9.75 1.160,37 3.67 68.15 1,241.94 2,657.58 1,415.64

Total 134.80 935.07 2,400.99 113.74 1,022.25 4,606.83 5,610.45 1,003.62

NPV $40.26 ha-1 NPV $ 0.19 m๎      
B/C 1,01 EPV   $ 0.08 m๎      
IRR 6,38% Production Cost $ 13.51 m๎     
EPV $16.80 ha-1
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aid of the @RISK software. The program makes use 
of the Monte Carlo method for random variables. The 
input variables considered were costs and revenues, 
for the wood and charcoal production. Ten thousand 
interactions were performed on the input data, with 
normal distribution of data with variations between 
-10 and + 10% in costs and revenues, a percentage 
considered suffi  cient for project evaluation, according 
to the VPE parameter, which allows projects 
comparing with diff erent durations.

3.RESULTS

3.1.Eucalypt forest

Wood harvesting and transporting were the main 
costs of wood production, representing 52% of the 
total.  Land cost represented 22% of the total and 
those related to planting activities 20% (Table 1).

Cash fl ow was positive only in the years 7 and 
14, due to the wood sale, which minimized costs over 
the years and allowed the project to be economically 
viable, with NPV of $40.26 ha-1 and EPV of $16.80 
ha-1.  The wood production average cost found was 
$13.51 m3 wood-1  (Tabela 1).

Risk analysis, with a input data (costs and 
revenues) variation of -10 to 10%, presented 
minimum and maximum EPV values of $-585.74 ha-1 
and $598.84 ha-1 for wood production, that is, due 
to the cost and revenue variations, the project may 

remain economically viable or be unfeasible. Due 
to this variation, the probability of wood production 
being unviable was 50%. The VPE mean value found 
in the risk analysis was $18.33 ha-1. From 67 km of 
freight, the wood production becomes economically 
unfeasible.

3.2.Charcoal production

Charcoal production was analyzed separately 
from the wood production.  In wood production, 
2 cutting cycles were considered and 10 years in 
charcoal production, which is the useful life of the 
kilns. The charcoal annual production was 1,086.50 
mdc.  The costs related to the wood purchase, land 
cost and charcoal transportation accounted for 81.98% 
and the labor costs and area preparation were 15.52% 
of the total (Table 2).

Cash fl ow was positive from the second year 
onwards, due to the charcoal sale. The lower cash 
fl ow in the fi rst year compared to the others, is 
justifi ed by the lower charcoal production, due to 
the kiln time construction.  The charcoal production 
was economically viable, with NPV of $5.93 mdc 
charcoal-1 and EPV OF $4.71 mdc charcoal-1 (Table 
2).

Risk analysis, with a input data (costs and 
revenues) variation of -10 to 10%, presented minimum 
and maximum EPV values of -$7.60 mdc CV-1 and 
$233.90 mdc CV-1 for charcoal production, that is, due 

Table 2 – Composition of labor costs, kiln and furnace construction, wood purchase, transport, total cost, revenue and cash fl ow of charcoal 
production.

Tabela 2 – Custos com mão de obra, construção do forno e da fornalha, compra de madeira, custo da terra, transporte, custos totais, 
receitas da venda de carvão vegetal e fl uxo de caixa. 

Year Labor Kiln Furnace Wood Land Cost Transport Total Cost Revenues CashFlow 
   Construction Construction Purchase

0  7,771.77 1,134.39 661.82 12,436.12 306.64 3,520.80 25,831.54 23,941.45 -1,890.09
1  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
2  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
3  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
4  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
5  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
6  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
7  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
8  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80
9  5,946.00 113,44 53.20 24,872.23 306.64 7,040.61 38,332.12 47,882.92 9,550.80

Total 61,285.77 2,155.35 1,140.62 236,286.19 3,066.40 66,886.29 370,820.62 454,887.73 84,067.11

B/C 1,59 NPV $5.93 mdc CV-1       
IRR 52% EPV $50,022.00      
NPV $63,064.71 EPV $4.71 mdc CV-1      
  CV = Charcoal.
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to costs and revenues variations, charcoal production 
may become unfeasible with a probability of 10%. 
The EPV average value found in the risk analysis was 
$9.80 mdc CV-1. The sensitivity analysis also allowed 
us to assess that charcoal production is economically 
viable, under the conditions evaluated, from the price 
of $39,18 mdc CV-1.

4.DISCUSIONS

The Brazilian total area of commercial forests 
is 7.83 million hectares and eucalypt plantations 
represent 72.80% of the total, mainly for the cellulose 
industry and charcoal production.  Minas Gerais State 
is the main eucalypt producer in the country, with 
21.77% of the entire area (IBÁ, 2020) and, assessing 
how costs and revenues aff ect your economic viability 
is important, since in this project type the revenue 
comes, usually, from the wood sale in the last year. 

Eucalypt forest implementing costs vary from 
region to region, depending on input and labor costs, 
which are those that can compromise the eucalypt 
planting economic viability (Rezende et al., 2006). 
The implantation cost found in the present study was 
$884.18 ha-1 and the wood sale by $13.51 m³ made 
the project viable, with NPV of $40.26 ha-1 and EPV 
of $16.80 ha-1.  In another study, Eucalypt production 
was economically unfeasible, with and without land 
cost consideration, with NPV of –$865.92 ha-1 and 
-$1,182.92 ha-1, respectively, at an interest rate of 6% 
year (Queiroz and Silva, 2016). The authors found 
that the implantation cost ($1,077.13 ha-1) and wood 
standing sale revenue ($808.92 ha-1), marketed to 
$2.84 m³ , were not suffi  cient to off set the negative 
cash fl ow.

The sensitivity analysis in the present study, in 
wood production, allowed to evaluate that, due to the 
implementation costs in the early years, variations 
in revenue from the wood sale made it economically 
unfeasible. The negative cash fl ow in the fi rst years 
was not always off set by the wood sale revenue in the 
last year.

The kiln-furnace system, in addition to being 
environmentally better than traditional charcoal 
production systems, due to the methane burning, has 
technical advantages (Ribeiro et al., 2020). In addition 
to being economically viable, the kiln-furnace system 
has other advantages, when compared to traditional 

kiln, such as greater gravimetric yield (Ribeiro et al., 
2020). Wood consumption, when comparing the kiln-
furnace system with the “hot tail” type was 20% lower, 
for the same amount of charcoal production, which 
resulted in better cash fl ow and better economically 
results, with profi tability 16.4% higher (Oliveira et 
al., 2014).

The carbonizations number using the kiln-furnace 
system, according to the same authors, it is also smaller 
to traditional kilns which, in addition to the lower 
wood consumption, it reduces the carbonizers labor 
costs. The carbonizations, when comparing the kiln-
furnace system with the “hot tail” kiln type, was 20% 
lower, for the same amount of charcoal production, 
which resulted in a 17.88% lower expense with the 
wood purchase (Oliveira et al., 2014).

Charcoal production in innovative systems 
is dependent on a higher GY when compared to 
conventional methodologies, to be more attractive to 
rural producers, since it has implantation costs higher 
than traditional kilns (Protasio et al., 2021). When 
comparing the charcoal production in “hot-tail” kilns 
with metallic cylinder kilns, the most innovative 
layout showed better economic viability, with higher 
NPV, despite the higher implantation cost, due to the 
better GY. The metallic cylinder kiln Pay Back was 
3.09 years, higher than the 2.93 years observed for the 
“hot tail” (Silva et al., 2014).

The charcoal production sensitivity analysis, 
for all the interactions carried out, it remained 
economically viable, because the charcoal sale 
revenues were higher than the costs, in all scenarios. 
The wood purchasing costs, charcoal transporting 
and labor are the ones that most negatively infl uence 
the NPV, with a negative correlation. Furnace and 
kiln construction are the costs that least infl uence 
the NPV. Sensitivity analysis is an important tool to 
show how changes in costs and revenues impact the 
project economic analysis, however, project economic 
viability in the forestry is subject to unforeseen risks 
such as adverse weather, pests, diseases and other 
natural hazards that can reduce productivity and 
substantially aff ect results (Martinelli et al., 2019).  

Economic analysis per wood unit produced 
(NPV of $0.19 m๎ ha-1 and EPV of $0,08 m๎ ha-1), with 
production cost of $13.51 m-3 and sold to $14.20 m-3, 
shows that changes in production costs can make the 
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business economically unfeasible.  The probability of 
wood production economic unfeasibility was 50%, 
due to the proximity of the values between costs 
and revenues. Charcoal, due to the price increase 
in recent years, has become more attractive to the 
producer, with favorable indicators in relation to the 
wood production (NPV of $5.93 mdc CV-1 and EPV 
of $4.71 mdc CV-1).    Due to the fact that revenues 
are higher than the costs of charcoal production, and 
the product’s commercialization price, the economic 
unfeasibility probability was 10%.

Wood and charcoal price, interest rate, planning 
horizon and production costs, must be taken into 
account in the economic analysis of forestry projects, 
which, if not properly planned and executed, may be 
economically unfeasible.

5.CONCLUSIONS

Eucalypt wood and charcoal production is 
economically viable in the region of Lamim, in Minais 
Gerais State.

The wood production probability economic 
unfeasibility is 50%.

The charcoal production probability economic 
unfeasibility is 10%.

The wood production economic viability is more 
impacted by the costs and revenues variation, due to 
the fact that the production cost is only 4.84% lower 
than the wood sale value. In the case of charcoal 
production, economic viability is less impacted by 
changes in values, since revenues are much higher 
than costs.

Wood purchase costs are the main costs in the 
wood and charcoal production.

The charcoal producing economic feasibility 
using the kiln-furnace system is important to 
encourage the adoption of this new technology and 
encourage sustainable steelmaking in the country.
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