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Abstract
Economic analysis assists the administration of forest projects (mainly long-term ones) in providing solidity to the 
investment. This study aimed to analyze the economic viability of an eucalyptus plantation used for pulp production 
in the mesoregion of Southern Pará, Brazil. Financial analysis was performed using the following methods: net 
present value (NPV), equivalent annual value (EAV), soil expectation value (SEV), internal rate of return (IRR), and 
benefit-cost ratio (BCR). Additionally, sensitivity analysis was conducted to identify the cost and revenue values 
that would represent the interface regarding the viability of the project. To this end, a cash flow was created for 
different scenarios of cost and revenue. The economic indicators demonstrated that the investment, as proposed in 
the marketing of standing timber, proved to be economically viable. Sensitivity based on the updated net revenue, 
despite fluctuations, made the project profitable.
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1. INTRODUCTION AND OBJECTIVES

In Brazil, due to exploitation of nature, forestry has 
been conducted primarily aiming at direct benefits for 
the manufacturing of goods. In the regional economy of 
Pará, timber production presents increasing importance, 
generating jobs and income to the local population. Brazil 
has one of the largest areas of planted forests worldwide, 
most of which are reforested using species of the genus 
Eucalyptus (Carvalho et al., 2005). 

Data from 2017 shows 7.84 million hectares of planted 
trees in Brazil in 2016, with a growth of 0.5% over the previous 
year. Eucalyptus plantations occupy 5.7 million hectares, 
accounting for 72% of this area, and are located mainly 
in the states of Minas Gerais (24%), São Paulo (17%), and 
Mato Grosso do Sul (15%). This sector includes a range 

of companies, investors, and entrepreneurs that work from 
the supply of specific inputs and machinery for forestry, to 
the processing of wood into intermediate and final goods 
(Ibá, 2015). Of the nearly 7.8 million hectares planted in 
2016 – representing less than 1% of the national territory, 34% 
belong to companies in the pulp and paper industry, 29% 
are independent operators and participants in outgrower 
schemes (small and medium-sized independent producers) 
who invest in forest plantations for the commercialization 
of roundwood, and 14% are allocated in the charcoal-fired 
steel sector (Ibá, 2017).

Planted forests account for approximately 92% of 
all wood produced for industrial purposes in Brazil, 
contributing significantly to the Brazilian Gross Domestic 
Product (GDP). This is still a growing sector despite the 
current economic crisis undergone by the country and  
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represented 1.2% of the total GDP and 6.0% of the industrial  
GDP in 2015 (Ibá, 2016).

Faced with such a scenario, it is the responsibility of 
producers not only to assess the silvicultural aspects of forest 
plantation planning, but also the aspects of commercialization 
of production, involvement of social forces, economic policies, 
dependence on climatic conditions, determination of income, 
direct benefits, capital turnover, liquidity and equity, extension of 
planted area, and comparison with other rural activities, seeking 
productivity and quality simultaneously. Once the planning 
is done, the rural producer/entrepreneur must systematize 
it into a management plan that should contain an economic 
feasibility study of the enterprise (Sant’Anna & Leonel, 2009).

Sensitivity analysis shows the extent to which a change in 
one or more items of the cash flow maintains the outcome of 
project viability unchanged. Ideally, this analysis should be 
able to evaluate the behavior of prices and products, at least 
in the last five years, so that the amplitude of variation could 
be determined in this period (Santana, 2005). In this context, 
the present study aimed to assess the economic feasibility of 
a Eucalyptus sp. plantation used for pulp production through 
economic indicators and perform a sensitivity analysis of 
the results of this enterprise located in the municipality of 
Ipixuna do Pará, in the state of Pará, Brazil. 

2. MATERIALS AND METHODS

2.1. Characterization of the study area

Eucalyptus clones adapted to the climate of the northern 
and northeastern regions of Brazil were used in this study. To 
this end, a forest project of eucalyptus with 3.5 × 2.0 m spacing, 
7-year rotation, and single final pruning was considered. The 
production was marketed at an estimated price of R$ 65.00/m3, 
according to the value negotiated by the company, considering 
the standing timber and the production used for pulp. Data to 
determine the technical-economic characteristics of the project 
were obtained through a questionnaire and field monitoring. 

2.2. Location of the study area 

Climate in the municipality of Ipixuna do Pará is Aw according 
to the Köppen-Geiger classification. The region presents an 
average annual temperature of 26.3 °C and an average annual 
rainfall of 2,205 mm (Climate-Data.org, 2016). Fazenda São 
Pedro is located near the boundary between the municipalities 
of Ipixuna do Pará and Paragominas. The farm has an area of 
approximately 24,000 hectares, with 21,000 hectares of native 
forest and 3,000 hectares of planted eucalyptus trees. The stands 
used for the database and the farmhouse are located 65 km 
away from the municipality of Ipixuna do Pará (Figure 1).
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Figure 1. Location of the stands studied for the financial analysis of a Eucalyptus plantation in the municipality of Ipixina do Pará, Pará, Brazil.
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2.3. Formation of the cash flow (CF)

For the formation of the cash flow, the following costs were 
defined based on machine hour (cost of rent of machines per 
hour or cost of acquisition of machines diluted in services per 
hour and production), man hour (all labor costs specified by law, 
diluting the employees’ wages to find the cost of man hour for 
each activity), machinery depreciation rate (machinery owned 
by the company), and inputs (all products used to control and 

maintain the plantation). All the activities and operations, 
as well as the costs involved in each of them regarding the 
planting and maintenance of the plantation, were identified and 
described. The costs described in Table 1 were considered for 
analysis purposes. Subsequently, a cost list for the operations 
of planting (beginning of Year 1) and maintenance of the 
plantation until harvesting age (Years 1-7) (Tables 1 and 2) was 
prepared considering the fixed and variable costs involved in 
the manual and mechanized forestry operations. 

Table 1. Cost list for planting Eucalyptus with density of 1,428 trees per hectare in Fazenda São Pedro, municipality of Ipixuna do Pará, 
Pará, Brazil.

A – MECHANIZED OPERATIONS Unit Qty/year M/ha UV Year 0 (R$/ha)
Cutting and removal of vegetation Mch/H 1 1 158.33 158.33
Opening of roads and firebreaks Mch/H 1 1 158.33 158.33
Desiccation – total area Mch/H 1 1 5.84 5.84
Grading and furrow opening with fertilization Mch/H 1 1 61.48 61.48
Distribution of lime – on the line Mch/H 1 1 9.16 9.16
Irrigation Mch/H 10 1 9.91 99.10
Post-emergent herbicide Mch/H 2 1 5.91 11.81
Fire prevention, brigading, and fighting Mch/H 1 1 49.64 49.64
SUBTOTAL (A) 553.69

B – MANUAL OPERATIONS Unit Qty/year H/ha H/V Year 0 (R$/ha)
Initial ant control M/H 1 0.75 7.50 5.63
Pit marking for planting M/H 1 1.04 37.50 39.00
Manual planting M/H 1 1.04 37.50 39.00
Irrigation M/H 10 0.67 14.72 98.62
Complementary ant control M/H 2 0.75 7.56 11.34
Replanting M/H 1 0.10 3.78 0.38
Manual clearing between plants M/H 1 4 18.90 75.60
Topdressing M/H 2 2 22.68 90.72
Fire prevention, brigading, and fighting M/H 1 8 3.78 30.24
SUBTOTAL (B) 390.53

C – INPUTS Unit Qty./year Qty./ha UV Year 0 (R$/ha)
Seedlings Individual 1 1.428 0.35 499.80
Replanting (3%) Individual 1 43 0.35 14.99
Lime Kg/ha 1 800 0.29 228.00
Post-emergent herbicide Kg/ha 3 2 23.5 141.00
Powder formicide Kg/ha 1 2 9.5 19.00
Application of granulated bait Kg/ha 2 2 14.3 57.20
N-P-K 10-22-15 (starter fertilization) Kg/ha 1 450 1.32 594.00
N-P-K 14-00-20 (topdressing) Kg/ha 2 167 1.28 427.52
SUBTOTAL (C) 1,981.51/ha
COST OF LAND (D) BRL (R$) 1,370.00/ha
TOTAL COST (R$/ha/year) 4,295.73/ha

Qty./year: quantity per year; Qty./ha: quantity per hectare; M/ha: machine per hectare; UV: unitary value; H/V: hour value; H/ha: hour per hectare; Mch/H: machine 
hour; M/H: man hour; Kg/ha: kilograms per hectare. 
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Table 2. Estimate of maintenance costs from years 1 to 6.
A – MECHANIZED 

OPERATIONS Unit M/ha UV Qty./year Year 1 
(R$/ha)

Year 2 
(R$/ha)

Year 3 
(R$/ha)

Year 4 
(R$/ha)

Year 5 
(R$/ha)

Year 6 
(R$/ha)

Post-emergent herbicide Mch/H 1 5.91 2 11.81 11.81 11.81 11.81 11.81 11.81
Mowing Mch/H 1 11.49 1 - 11.49 11.49 11.49 11.49 11.49
Fire prevention, brigading, 
and fighting 

Mch/H 1 49.64 1 49.64 49.64 49.64 49.64 49.64 49.64

SUBTOTAL A 61.45 72.94 72.94 72.94 72.94 72.94

B – MANUAL OPERATIONS Unit H/ha H/V Qty./year Year 1 
(R$/ha)

Year 2 
(R$/ha)

Year 3 
(R$/ha)

Year 4 
(R$/ha)

Year 5 
(R$/ha)

Year 6 
(R$/ha)

Ant control M/H 0.75 7.56 2 11.34 11.34 11.34 11.34 11.34 11.34
Manual clearing M/H 4 18.90 1 75.60 75.60 75.60 – – –
Topdressing M/H 2 22.68 1 45.36 45.36 45.36 – – –
Fire prevention, brigading, 
and fighting 

M/H 8 3.78 1 30.24 30.24 30.24 30.24 30.24 30.24

SUBTOTAL B 162.54 162.54 162.54 41.58 41.58 41.58

C – INPUTS Unit Qty/ha UV Qty./year Year 1 
(R$/ha)

Year 2 
(R$/ha)

Year 3 
(R$/ha)

Year 4 
(R$/ha)

Year 5 
(R$/ha)

Year 6 
(R$/ha)

Post-emergent herbicide Kg/ha 2 23.50 2 94.00 94.00 94.00 94.00 94.00 94.00
Granulated bait Kg/ha 2 14.30 2 57.20 57.20 57.20 57.20 57.20 57.20
N-P-K 14-00-20 (topdressing) Kg/ha 167 1.28 1 213.76 213.76 213.76 – – –
SUBTOTAL C 364.96/ha 364.96/ha 364.96/ha 151.20/ha 151.20/ha 151.20/ha
Annual interest on the value 
of land (10%)

137.00/ha 137.00/ha 137.00/ha 137.00/ha 137.00/ha 137.00/ha

TOTAL COST (R$/ha/year) 725.95/ha 737.44/ha 737.44/ha 402.72/ha 402.72/ha 402.72/ha
Qty./year: quantity per year; Qty/ha: quantity per hectare; M/ha: machine per hectare; UV: unitary value; H/V: hour value; H/ha: hour per hectare; Mch/H: machine 
hour; M/H: man hour; Kg/ha: kilograms per hectare.

In order to obtain the value of one hectare of bare land, the 
table of prices by microregion of the state of Pará was considered 
under the management of the Regional Superintendency Offices 
of INCRA (Silva & Barreto, 2014). The annual interest rate 
assigned to the land was 10% a year, based on the SELIC rate for 
rural properties of 2017. An Excel® spreadsheet was generated 
to verify the economic indicators, whereas information was 
collected on the average productivity and marketing prices of 
the forests in the region for the sensitivity analysis. 

2.4. Economic assessment criteria

The following economic indicators (Equations 1, 2, 
3, 4 and 5) were used in the economic feasibility study 
(Rezende & Oliveira, 2013).

2.4.1. Net present value (NPV)

(1)

Where:
NPV: net present value;
Cj: cost at the end of period j;
Rj: revenue at the end of period j;
i: discount rate;
n: number of project periods;
j: period in which costs and revenues occur (j = 0 … n).

2.4.2. Equivalent annual value (EAV)

 
Where: 
EAV: equivalent annual value;
NPV: net present value;
n: duration of project in years;
i: discount rate.

2.4.3. Soil expectation value (SEV)

Where:
SEV: soil expectation value;
NPV∞: net present value of infinite cash flow;
LV: land value.

2.4.4. Internal rate of return (IRR)

Where:
IRR: internal rate of return;
n: rotation period in years;
Rj: revenue at the end of period j;
Cj: cost at the end of period j;
i: discount rate.

(4)

(3)

(2)
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and reported a planting cost of R$ 3,840.01/ha, equivalent 
to 58.06% of the total cost. Araújo et al. (2010) analyzed 
the economic viability of eucalyptus production for energy 
purposes in the municipality of Balsas, Maranhão, and 
observed that the planting phase was the most expensive 
of the project, reaching 67% of its total cost. Planting is 
considered the most onerous stage of a plantation due to 
the greater arrangement of activities and inputs needed. 
Nevertheless, maintenance activities (Years 1 to 7), despite 
their lower costs, are not insignificant, resulting in a cost of 
R$ 3,408.99/ha. Costs with the control of weeds, ants, and 
fires were present in all years of the project, whereas costs 
with topdressing, weeding, and manual clearing occurred 
only up to Year 3 (Table 2). Corroborating these findings, 
a study conducted by Virgens et al., (2015) in a clonal 
eucalyptus plantation showed a cost with maintenance 
activities throughout the project of R$ 2,773.40/ha. 

3.3. Economic assessment criteria

The following values were found for the economic indicators 
applied in this study after formation of the cash flow and 
updating of revenues and costs using a 10% discount rate per 
year: NPV = R$ 1,925.10; EAV = R$ 395.43, SEV = R$ 4,223.05, 
IRR  =  16%, and BCR  =  1.31. Based on these results, the 
project can be considered economically viable. 

Virgens et al., (2015) found values lower than those of the 
present study, namely, NPV = R$ 1,279.01/ha, EAV = R$ 152.00/ha, 
SEV = R$ 1,937.20/ha, IRR = 9.2%, and BCR = 1.20; however, 
some numbers for economic analysis were different, such as 
MAI equals 33.08 m³/ha/year, marketing price of wood of 
R$ 50.00/m³, and interest rate of 6% p.a. 

Virgens et al. (2015) reported NPV = R$ 1,399.24/ha for a 
5-year period eucalyptus plantation, with a MAI of 35 m³/ha, 
marketing price of wood of R$ 40.00/m³, and interest rate of 
10% p.a. These results provided Equivalent Periodic Value 
(EPV)  =  R$  359.29/ha, BCR  =  1.44, and IRR  =  18.54 %,  
evidencing values very close to those obtained in the present 
study. As the pruning cycle was different from that of this 
research, analysis of the EPV should be considered as a 
comparison parameter (Silva et al., 2005).

Silva & Fontes (2005) verified the following economic indicator 
values: NPV = US$ 506.66/ha, EAV = US$ 104.07/ha, and 
SEV = US$ 1,440.71/ha, corresponding to NPV = R$ 1,666.91/ha, 
EAV = R$ 342.39/ha, and SEV = R$ 4,739.93 according to 
the exchange rate of USD 1.00 = BRL 3.29 provided by the 
Central Bank of Brazil in 2017. The study period was similar 
to the one adopted in the present survey, with harvesting of 
trees at Year 7 and 10% interest rate; however, productivity 
was 250 m³/ha, differing from that of this research. 

2.4.5. Benefit-cost ratio (BCR)

Where:
n: rotation period in years;
j: period in which costs and revenues occur (j = 0 … n);
Rj: revenue in the period j;
Cj: cost in period j;
i: discount rate.

2.5. Sensitivity analysis

The feasibility study was subjected to sensitivity analysis based 
on the change in the total costs, revenues, and interest rate. The 
criteria for choosing the tested intervals were discussed in real 
fluctuations of the different timber marketing values in the region 
of the wood species studied, as well as the different interest rates 
provided by the banks and financial cooperatives in the region. 

Given the several elements that amount to cost, variation 
in the total cost was considered. Another criterion adopted 
was the modification of revenue that can occur as a function 
of productivity in the different volumes produced in 1 ha of 
land for species in the region. 

3. RESULTS AND DISCUSSION

3.1. Productivity of the plantation

The eucalyptus plantation analyzed responded positively 
to the type of clone used in the farm area. Based on the results 
of the inventory conducted by the company, a Mean Annual 
Increment (MAI) of 35 m³/ha was reported, representing a 
production of 245 m³/ha at the end of the 7-year period. In 
Brazil, the average productivity of eucalyptus plantations, 
reported by forest-based companies, was 35.7 m³/ha/year 
in 2016, leading the global ranking of forest productivity; 
however, eucalyptus productivity has increased by only 
0.2% p.a. over the past five years (Ibá, 2017). 

3.2. Cash flow 

In this investment, costs with land acquisition and planting 
were R$ 1,370.00/ha and R$ 4,295.73/ha, respectively. The sum 
of the current costs of all the activities in both Tables showed an 
investment of approximately R$ 7,704.73/ha, which is considered 
average in long-term projects for pulp and paper production. 

Virgens et al. (2015), studied a 7-year rotation clonal 
eucalyptus plantation located in the northern coast of Bahia 

(5)
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3.4. Sensitivity analysis 

Assuming that interest rate variation inversely affects 
project feasibility, sensitivity analysis becomes important, 
since it enables a holistic view of the project in different 
interest rate scenarios. Different NPV values were observed 
with assignments of different interest rates, as shown in 
Figure 2. As for the interest rate, sensitivity analysis coincides 
with identification of IRR, which is the rate that represents 
the interface regarding the viability of the project.
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Figure 2. Sensitivity analysis for the net present value (NPV) with 
different interest rates in a Eucalyptus plantation in the municipality 
of Ipixuna do Pará, Pará, Brazil.

Table 3. Sensitivity analysis with different interest rates, increment, and marketing value in Eucalyptus plantation with density of 1428 
trees per hectare in Ipixuna do Pará, Pará, Brazil.

Interest rate 
(%) MAI (m³/ha.year)  Value of wood (m³/R$) NPV (R$) EAV (R$) BCR

(R$)
IRR 
(%)

5 35 50.00 1,810.22 312.84 1.01 10

5 35 55.00 2,680.81 463.30 1.11 12

5 35 60.00 3,551.39 613.75 1.21 14

5 35 65.00 4,421.98 764.21 1.31 16

5 35 70.00 5,292.56 914.66 1.41 18

5 40 50.00 3,053.92 527.78 1.15 13

5 40 55.00 4,048.87 699.72 1.27 15

5 40 60.00 5,043.82 871.67 1.38 17

5 40 65.00 6,038.78 1,043.62 1.50 19

5 40 70.00 7,033.73 1,215.57 1.61 21

5 45 50.00 4,297.61 742.71 1.29 16

5 45 55.00 5,416.93 936.15 1.42 18

5 45 60.00 6,536.25 1,129.59 1.55 20

5 45 65.00 7,655.58 1,323.04 1.68 22

5 45 70.00 8,774.90 1,516.48 1.81 24

10 35 50.00 39.24 8.06 1.01 10

10 35 55.00 667.86 137.18 1.11 12

Economic and sensitivity analyses have proved to  
be planning tools capable of guiding decision-making 
regarding investment in Eucalyptus reforestation projects 
(Virgens et al., 2015) in which cost, interest, MAI, and 
marketing price of wood are variables that affect the 
economic viability of an enterprise. The exception is based 
on the absence of relation between interest and IRR. Table 
3 shows the influence of variables on the values of the 
feasibility indicators.

According to Rezende et al. (2006), the net profitability 
of forests depends not only on interest rate, but also on the 
type of clone used in the region, timber price, production 
purpose, MAI etc. 

Simulations conducted with the highest interest rate 
(15%), the lowest MAI (35 m³/ha/year), and the three lowest 
marketing values of wood (R$  50.00/m³, 55.00/m³, and 
60.00/m3) indicated that the project was not viable, and the 
same occurred with the lowest timber value with a MAI of 
40 m³/ha/year. In advance, it is possible to state that, for a 
more profitable economic return, genetic materials better 
adapted to the climatic conditions of the region can be 
used to generate volumetric yields higher than the current 
245 m³/ha. Therefore, it is essential to incentive new studies 
addressing the increase of productivity resulting from the 
application of management and forestry techniques for the 
planting of eucalyptus in the region. 
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Interest rate 
(%) MAI (m³/ha.year)  Value of wood (m³/R$) NPV (R$) EAV (R$) BCR

(R$)
IRR 
(%)

10 35 60.00 1,296.48 266.30 1.21 14

10 35 65.00 1,925.10 395.43 1.31 16

10 35 70.00 2,553.72 524.55 1.41 18

10 40 50.00 937.27 192.52 1.15 13

10 40 55.00 1,655.69 340.09 1.27 15

10 40 60.00 2,374.11 487.66 1.38 17

10 40 65.00 3,092.53 635.22 1.50 19

10 40 70.00 3,810.95 782.79 1.61 21

10 45 50.00 1,835.29 376.98 1.29 16

10 45 55.00 2,643.52 542.99 1.42 18

10 45 60.00 3,451.74 709.01 1.55 20

10 45 65.00 4,259.97 875.02 1.68 22

10 45 70.00 5,068.19 1,041.03 1.81 24

15 35 50.00 −1,111.36 −228.28 1.01 10

15 35 55.00 −650.83 −133.68 1.11 12

15 35 60.00 −190.31 −45.74 1.21 14

15 35 65.00 270.21 64.95 1.31 16

15 35 70.00 730.74 175.64 1.41 18

15 40 50.00 −453.47 −109.00 1.15 13

15 40 55.00 72.85 17.51 1.27 15

15 40 60.00 599.16 144.01 1.38 17

15 40 65.00 1,125.47 270.52 1.50 19

15 40 70.00 1,651.70 397.02 1.61 21

15 45 50.00 204.42 49.14 1.29 16

15 45 55.00 796.52 191.45 1.42 18

15 45 60.00 1,388.63 333.77 1.55 20

15 45 65.00 1,980.73 476.09 1.68 22

15 45 70.00 2,572.83 618.41 1.81 24
MAI: mean annual increment; NPV: net present value; EAV: equivalent annual value; IRR: internal rate of return; BCR: benefit-cost ratio.

4. CONCLUSION

As it was proposed, the cash flow of the project presented 
significant expenses with the purchase of inputs. For the 
company, the implementation of the Eucalyptus plantation 
was viable considering the analyzed economic indicators 
and presents profitability to the project. 

Sensitivity analysis provided an economic view for the 
production and commercialization of raw material for 
the pulp industry with Eucalyptus plantation. However, 
further research and incentives are needed for the economic 
assessment of forest stands in the mesoregion of southeastern 
Pará, since there are large areas in this region favorable to 
the implementation of planted forest projects.
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