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ABSTRACT

The current worldwide energy scenario has concerned producers due to significant
variations in prices in the energy source market. Energy price and availability play a
significant role in the economic planning of a production process because it is essential
for agricultural processes to prevent product losses during drying and storage. This
paper presents an analysis of the area required and the economic viability of Eucalyptus
reforestation and crop residues to provide energy self-sufficiency for the drying of
agricultural products. In the cases analyzed in this present research, this practice was
economically viable in up to 14 out of 15 situations. The minimum area required
for reforestation ranged from 0.61% to 3.15% of the cultivated area for the products
considered in this research. The scenario of unstable prices in Brazil after the Covid 19
pandemics and the Russia-Ukraine war drastically impact the results.

Index terms: agricultural residue, energy self-sufficiency, land use, woodchips.

Reflorestamento de Eucalyptus sp. como opgao para alcangar
independéncia de energia térmica na secagem de graos
no Brasil com biomassa

RESUMO

O atual cendrio energético mundial tem preocupado os produtores agricolas, devido
as variagdes significativas de pregos no mercado de fontes de energia. O prego e a
disponibilidade de energia desempenham um papel significativo no planejamento
econdmico de um processo de produgao, pois evitar perdas de produtos durante a secagem
e armazenamento ¢ essencial para os processos agricolas. Este trabalho apresenta uma
analise da area de cultivo necessaria e da viabilidade economica do reflorestamento
de eucalipto e uso de restos culturais para prover a autossuficiéncia energética na
secagem de produtos agricolas. Nos casos analisados na presente pesquisa, essa pratica
foi economicamente vidvel em até 14 das 15 situacdes. A drea minima necessdria para
reflorestamento variou de 0,61% a 3,15% da area cultivada para os produtos considerados
nesta pesquisa. O cendrio de pregos instaveis no Brasil apos a pandemia de Covid 19 e a
guerra Russia-Ucrania impactam drasticamente nos resultados.

Termos para indexac¢io: autossuficiéncia energética, cavaco, residuo agricola, uso da
terra.
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INTRODUCTION

Before an agricultural product reaches the consumer’s table, it passes through several processing
and storage stages. In general, products are not sold right after harvest, which requires preservation
procedures. The drying of agricultural products is a primary preservation technique where the water
content is reduced to prevent loss of quality due to different storage factors, such as microorganisms
or insect infestation (Onwude et al., 2016).

Thermal energy input is necessary for an agricultural product to achieve the water content
required for preservation, provided by several methods. However, it is necessary a comprehensive
study on the energy sources which can be used for drying, since issues related to environmental
impact reduction play a significant role in decision-making (Udomkun et al., 2020).

The use of renewable energy sources has increased in the world market, for both consumption
and production. According to Timmons & Mejia (2010) and Verma et al. (2017), many countries seek
to develop renewable energy sources, with an expressive amount from biomass, which is a renewa-
ble energy source composed of natural materials, such as forestry waste, agricultural crop residues,
animal and plant remains, as well as all biodegradable material from industries and cities. Biomass
significantly differs from fossil fuels, since instead of being concentrated near mines or wells, it is
widely dispersed in the environment (Toklu, 2017).

The use of renewable energy sources, mainly from biomass, can potentially affect national
and global ecosystems and the services provided with their use (Burgess et al., 2012). From a
global perspective, renewable energy sources such as biomass have played an increasingly sig-
nificant role in political decisions. According to Dercan et al. (2012), the public and politicians
consider energy and bioenergy as fundamental issues, due to the uncertainty related to fossil fuel
prices and a growing concern about nuclear energy use. The use of biomass as an energy source is
considered because of its cost, availability, significant potential, renewability, and environmental
benefits (Moya et al., 2019). In the 1980s, most developing countries’ populations used renewable
sources, generally biomass, as the primary energy source (Silva et al., 2018). Despite not being
one of the pioneering countries in biomass use, Brazil has great significance to the biomass market
since it has enormous plantation crops and, consequently, a great source of waste and residue
feedstocks. Additionally, Brazil’s large territory available to produce crops could be used without
risk of deforestation for plantations (Welfle, 2017). In addition, water availability and Brazil’s
favorable latitude, at which tree growth is faster in its tropical climate, increase the Brazilian
biomass potential (Kaida et al., 2009). By the end of the 1970s, diesel was the primary fuel used
for drying processes in Brazil due to its low price and ease of use (Reinato et al., 2002). In January
1980, the National Petroleum Council banned the use of any petroleum derivative as fuel for drying
agricultural products (Afonso Junior et al., 2006). Thus, oil burners were replaced by firewood
furnaces. Since then, biomass from purchased firewood is the most widely used energy source
for drying used in Brazil, while in several parts of the world, oil and natural gas are the primary
energy sources. Therefore, biomass is an essential alternative for thermal energy supply for drying
agricultural products in Brazil.

Transportation from the collection site to the processing area is an important factor in biomass
use (Bhutto et al., 2016). According to Golecha & Gan (2016), this is the most expensive stage in
the use of biomass and does not differ from the use of purchased firewood in Brazil. Besides its
price, there are other problems with firewood, for example, availability and delayed delivery, which
significantly affect the production processes that depend on this fuel, such as the drying of agricultural
products. Therefore, it is necessary to consider the energy costs and availability in the drying of
agricultural products, according to the constant increase in productivity.

Some studies in the literature investigate biomass as an energy source and the costs related
to its handling. For instance, Moya et al. (2019) reviewed the potential use of biofuel from short-
-rotation wood crops in Latin America. According to Williams et al. (2017), wood processing into
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chips or pellets increases, by 38%, burn efficiency in a knife mill. A current study has also been
carried out focused on the advantages of using biomass from crop residues and its contribution to
biomass production in China (Chen, 2016). Additionally, according to Singh et al. (2010), biomass
is an alternative for energy independence in a productive sector, and it is essential to have it close to
the process.

This present research aims to improve knowledge about biomass use on farms and its advan-
tages/disadvantages. The amount of Eucalyptus forest that must be planted in an agricultural area to
achieve thermal energy self-sufficiency was estimated. The economic feasibility of wood production
in association with crop residues aimed at energy self-sufficiency for the thermal drying processes of
agricultural products was analyzed. Firewood, woodchips, and crop residue were studied as energy
source alternatives, considering their advantages and drawbacks regarding self-production or purcha-
sing. Possible price variations were also addressed.

METHODOLOGY

The following biomass fuel cases were studied in this present research:
e Case 1: firewood as logs;
e Case 2: firewood as woodchips from logs, branches, or roots; and

e Case 3: agricultural biomass residue combined with woodchips.

Estimate the portion of the crop area for reforestation

This study considered five agricultural products and their Brazilian production, according
to Brazilian Institute of Geography and Statistics - IBGE (2021), for calculation: coffee, corn,
rice, beans, and soybean. This present research also followed the recommendation made by EPE
(Tolmasquim & Guerreiro, 2014) regarding the portion of agricultural residue that should remain in
the plantation area to maintain the soil quality: corn residue: 60%; rice residue: 60%; bean residue:
60%; and soybean residue: 70%. The total heat required for drying these products was considered to
be 2,930.20 kJ kg™ for products with water content between 15% and 30% wet basis and 2,720.20
kJ.kg! for products with water content between 30% and 60% wet basis (Hu et al., 2018). Also,
the average efficiency of agricultural drying equipment using wood as fuel was approximately 40%
(Kaplan & Celik, 2018).

The firewood used for drying agricultural products was Species Eucalyptus sp., with an inferior
calorific power of 13,813.80 kJ.kg™'; in logs, the specific mass of the wood was 390 kg.(m?)"! and 15%
wet basis water content when dried. The energy required to dry the product is calculated based on the
initial and final values of the product water content, which allows estimating the amount of biomass
required, either firewood or agricultural residue. Table 1 shows these values.

Table 1. Energy and firewood required for drying of the products considered

Agricultural product Water content at harvest Water content after Energy for drying Firewood for drying
(% wet basis) drying (% wet basis) (kJ / ton) (m3 / ton)
Coffee 45 11 4.204,980 0.88
Corn 25 13 1.172,070 0.25
Rice 20 13 640,980 0.13
Beans 25 13 1.172,070 0.25
Soybean 20 11 824,090 0.17
Cadernos de Ciéncia & Tecnologia, Brasilia, v. 40, 27242, 2023 3
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Economic analysis

This analysis was carried out considering a crop of 100 ha. The total area for reforestation was
divided into seven equal portions, each with the capacity to provide the biomass energy for drying for
one year. The first cut of Eucalyptus was assumed to be in the seventh year of the tree plantation. The
total planning period was assumed to be 21 years, according to the reforestation life cycle. Thus, each
cutting cycle was assumed to last seven years.

The economic analysis considered that the producer must buy wood in the first six years after
reforestation, preceding the first cut. The estimated firewood production in the first, second, and third
cuts was 15.60, 13.26, and 10.92 dry ton/ha, respectively (Afonso Junior et al., 2006). Also, the con-
sidered average price of firewood in Brazil ranges from US$19.00 to US$ 25.00 per m’ (Anuario...,
2022). Three fixed values were used in the presentation of the results: US$ 19.00, US$ 22.00, and
US$ 25.00.

The considered spending on firewood refers to inputs, consumables, equipment, and labor re-
lated to the implementation, maintenance, and operation of a Eucalyptus forest for 21 years. Accord-
ing to The costs of eucalyptus for reforestation is US$570.00 (ha year)!, considering: seedlings and
labor; weed, ant, fertilizer, firebreak control; and maintenance, including firebreak cleaning (Avila &
Bester, 2017; Chichorro et al., 2017).

Land-related costs were calculated according to the price per hectare, and the return rate for
farming was considered since the fertile land was used for farming. The average value of fertile soil
ranges from US$1,000.00 to US$3,000.00 per hectare (Anuario..., 2022). For the analysis, this range
was studied in five fixed values (US$) — 1,000.00, 1,500.00, 2,000.00, 2,500.00, and 3,000.00). The
interest rate was 8.75% (Schwantes & Aratjo, 2021), which is used by the federal government to
finance Brazilian agriculture major producers, considering the last stable interest rate in Brazil before
the COVID-19 pandemic and the Russia-Ukraine war.

During these analyses, biomass was optimized by using small branches and roots as comple-
mentary biomass fuels in addition to firewood. Then, approximately 24% extra biomass could be
recovered, and it was assumed to be used as woodchips, according to Manzone (2017). The data from
a manual or crane-fed forest woodchopper was considered to optimize the firewood use by using
wood chips. A diesel 360 hp engine powered the woodchopper. Diesel consumption and woodchip
production were assumed to be 18 L h' and 40 m® h', respectively. An equipment rental of US$
120.00 h!' and eight-hour operation daily (MFRURAL, 2022) were considered.

The average value of reforestation and the agricultural residue generation were considered for
the calculations according to product yield and their respective calorific power (Table 2). However,
the agricultural residue from coffee was not calculated because the residue biomass from this product,
that is, the coffee tree, requires a process and time interval different from those of the other cultures. In
a coffee plantation, the coffee trees are trimmed at least every ten years, and their trunks and branches
could be used as a biomass source of energy (Duarte et al., 2016). Coffee husk, another residue from
coffee production, was not considered either because it has a significant value as a fertilizer source
(Pandey et al., 2000).

Table 2. Agricultural residue generation according to product yield and respective calorific power

Agricultural products Agricultural residue per crop production Biomass inferior calorific power
(tonm/toncp) (kJ/kg)

Corn 1.68 17,700

Rice 1.44 16,000

Beans 1.16 14,000

Soybean 1.21 14,600

Source: Nascimento & Biaggioni (2010).
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The net present value (NPV) — a method that calculates the net present value of all economic
impacts that a project will accrue throughout its lifespan — was used in this economic analysis to
indicate the relation between the costs of reforestation and the savings generated by not buying fuel
for thermal energy generation. Thus, it shows that a project is considered economically viable when
NPV is positive. In addition, annual revenue was represented by fuel cost savings. Thus, in the first
six years — time before the first cut, when the producer needs to buy firewood —, the cash flow was
negative. The NPV is defined according to the equation 1, as follows:

0o G o
NPV =-1+ 2 [T ] + T (1),

where: Cft is the cash flow in the capitalization period; I is the initial investment; k is the
interest rate considered; Q is the residual value of the project (not applicable for this work); and n is
number of capitalization periods considered in the analysis.

A sensitivity analysis (3%) was performed to assess the influence of land and firewood prices,
determining which of these main variables were more significant in the economic analysis.

Considering Brazil’s vast territorial extension, a study was carried out to analyze the economic
viability changes due to possible variations in land and firewood prices, separately, respecting the
values presented in the literature. For this study, prices with variations of up to -15% (in relation
to minimum prices) and +15% (in relation to maximum prices) were considered, and the economic
feasibility was calculated for every variation of 5%.

The real-dollar quotation of R$ 5.19 per US dollar, from November 2022, was considered in
this research (ACI, 2022).

A brief comment on recent events in Brazil, and the situation facing
the post pandemic scenario and Russia-Ukraine war

In recent years, the world has been facing a crisis, of which one of the effects is the instability
of prices in the market: the COVID-19 pandemic. Some authors suggest that this event altered the
dynamics of commodity prices involving natural resources, as discussed by Guo et al. (2022). In
Brazil, another aggravating factor for price instability was the war between Russia and Ukraine, since
Brazil imports fertilizers from Russia. The imminence of scarcity influences the price of inputs, which
directly affects the maintenance costs of a eucalyptus reforestation. Currently, Russia still sends fer-
tilizers to Brazil, but the question of availability is constant (Duarte, 2022; Rodrigues, 2022). Recent
studies indicate that the price for maintaining eucalyptus reforestation ranges from approximately
US$1,200.00 to US$1,800.00 (Desiderio, 2021). This value would make any situation presented in
this work economically unfeasible.

Another important factor to consider in the analysis of results is that Brazil has just ended elec-
tions for president, senators, deputies and governors (October and November 2022). At these times,
it is common to see a variation of the dollar exchange rate and, consequently, temporary variations in
the prices of products and services.

However, the literature suggests that immediate price variations tend to stabilize, as stated
in Guo et al. (2022). In addition, it can be observed that, in 2022, the interest rate was close to the
pre-pandemic values, as well as the price of firewood (Mazui, 2015; Desiderio, 2021; Moreira et
al., 2021). This may be an indication of the normalization of prices in this sector. Therefore, it is
important to adopt values in stable periods to indicate the economic viability or unfeasibility of what
has been presented here.
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RESULTS AND DISCUSSION

Estimated portion of the crop for reforestation

The required area of reforestation with Eucalyptus sp. for the drying of the respective agricultu-
ral products is presented for the studied cases, considering reforestation and planted area ratio (Table
3). In case 1, the reforestation area necessary for drying agricultural products was smaller than 5% of
the crop area. Reforestation required a considerably smaller share of the crop area in case 2, due to the
small branches and roots used as complementary biomass fuels in addition to firewood, in comparison
with the case 1. Smaller proportions of land required for reforestation please growers who want to
maximize the planting area. Therefore, the processing of wood into chips attracts their interest. These
values reinforce the need of an economic analysis of reforestation in crops for energy self-sufficiency
for drying since the required areas do not represent a significantly negative impact on agricultural
production, considering the advantages they will provide. Case 3 required, on average, 28% less
reforestation area than case 1; the average decrease of reforestation area required, in comparison
with case 2 was approximately 3%. The use of agricultural waste is more advantageous together
with woodchips since, by using woodchips, there is a considerable decrease in the area required for
reforestation.

Table 3. Area required for reforestation with Eucalyptus sp. for the drying of agricultural products considered

Agricultural product Reforestation and planted area ratio (%)

Case 1 Case 2 Case 3
Coffee 3.65 2.77 Not applicable
Corn 4.26 3.24 3.15
Rice 241 1.83 1.76
Beans 0.80 0.62 0.61
Soybean 1.68 1.26 1.22

Due to the increasing evolution of techniques and planting machinery, which demands more
energy for drying, it will be possible to produce more agricultural products per hectare. Then, a larger
area for reforestation is expected to be required over the years. According to Acompanhamento...
(2016), there was a productivity increase of 52.34%, 91.58%, 71.55%, 50.41%, and 17.77% for co-
ffee, corn, rice, beans, and soybean, respectively, from 2001 to 2018, when corn and rice were the two
most affected cultivations by these changes. These values directly affect the calculation of the area
required for reforestation since a reforestation profile for 2001 (case 1, firewood as logs), would be
different from the current one, with a required area of 2.39%, 2.22%, 1.40%, 0.52%, and 1.42% for
coffee, corn, rice, beans, and soybean, respectively. This would change the dynamics of results. For
instance, corn needs a smaller area than coffee, and rice needs about the same soybean area.

It can also be observed that the water content difference in the product before and after drying
significantly affects the definition of the area required for reforestation, as can be seen in the coffee
results, in comparison with the other products. Even with a small yield, 1.31 tonne ha”', coffee requi-
res 3.65% of plantation area for reforestation. Conversely, corn and rice have a close yield, 5.48 tonne
ha' and 5.66 tonne ha’!, respectively, with reforestation percentages of 4.26% for corn and 2.41% for
rice.

Economic analysis of the studied cases

The economic analysis shows that, in case 1, the study results indicate that a project is economi-
cally feasible for any land valued at US$ 1,000.00 ha' (Table 4). Firewood cost at US$ 22.00 m?
and US$ 25.00 m? turns the project viable on land with the price of US$ 1,500.00 ha'. However, for
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land valued at US$ 2,000.00 ha' and US$ 2,500.00 ha!, reforestation is only economically feasible
if the firewood price is US$ 25.00 m=. There is no economic viability for land at US$ 3,000.00 ha'.
It should be highlighted that the project was feasible in 7 out of the 15 simulations studied, which
suggests that it is possible to implement reforestation in several situations, without the need to process
wood in woodchips or the use of agricultural residue. Therefore, these results are essential for produc-
ers who do not have access to the woodchopper or intend to leave all the agricultural waste on land
for soil fertilization purposes.

In case 2, the economic viability was achieved for any situation studied with a land price of
USS$ 2,000.00 ha'! or less. In this case, the project is economically feasible for any land price when the
firewood price is US$ 25.00 m=. The unfeasible cases occurred for land price at US$2,500.00 ha!
with firewood cost of US$19.00 m>, and for land price at US$ 3,000.00 ha™' with firewood costs of
US$ 19.00 m™ and US$22.00 m=. Therefore, only 3 out of the 15 studied situations suggest economic
unfeasibility, which confirms the significant contribution of woodchips to the project feasibility. The
analysis also shows that a better negotiation with the reforestation company, or with the company
from which the woodchopper is rent, can be enough to make the simulation with the firewood cost of
US$ 22.00 m*and land value of US$ 3,000.00 ha™! economically viable.

In case 3, the only unfeasible case occurred for the land price of US$3,000.00 ha' with the
firewood cost of US$19.00 m3, which shows that agricultural residue complementary to woodchips
improves the economic feasibility of the project since there were 3 unfeasible scenarios in case 2, and
8 in case 1, out of the 15 simulations. Therefore, agricultural biomass residue combined with wood-
chips is an attractive alternative for producers who seek to maintain the minimum of the reforestation
area, and it is also a strategy adopted mainly in places where the land price is high.

Table 4. Economic analysis results for the studied cases

Land price Firewood NPV (USS$)
(US$/ha) (US$/m®) Case 1 Case 2 Case 3
19.00 616.34 2,104.59 2,575.33
1,000.00 22.00 2,268.62 3,660.42 3,988.55
25.00 3,920.90 5,216.25 5,401.77
19.00 -663.66 1,132.59 1,732.83
1,500.00 22.00 988.62 2,688.42 3,146.05
25.00 2,640.90 4,244.25 4,559.27
19.00 -1,943.66 160.59 890.33
2,000.00 22.00 -291.38 1,716.42 2,303.55
25.00 1,360.90 3,272.25 3,716.77
19.00 -3,223.66 -811.41 47.83
2,500.00 22.00 -1,571.38 744.42 1,461.05
25.00 80.90 2,300.25 2,874.27
19.00 -4,503.66 -1,783.41 -794.67
3,000.00 22.00 -2,851.38 -227.58 618.55
25.00 -1,199.10 1,328.25 2,031.77

Other factors indirectly linked to the results of this research can affect the project viability, such
as the reforestation site in the property and some other advantages resulting from self-sufficiency in
thermal energy. Although there is no specific data on land use by each producer in Brazil, we can
consider that, in many cases, the full extent of the property is not used only for planting. There are
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unproductive areas, ravines, and slopes, which may be used for eucalyptus reforestation, without
reducing grain production. In addition, considering a revenue (of corn production, for instance) of
approximately US$225,000.00 per year, according to IBGE (Indicadores IBGE..., 2022), in a crop
of 100 ha, the negative NPV of the reforestation would be, at the worst situation, US$4,503.66,
which represents about 2% of the revenue and a minimal loss compared to the benefit of energy
independence. Reforestation practice would also prevent problems with price variations, shipping,
availability of products, and possible firewood delivery delays. It is important to ensure that drying
is performed during the harvest season, which is necessary for the good quality of the agricultural
products during storage.

The sensitivity analysis considered land and firewood prices (Figure 1). The variation of 3% of
firewood price could affect the NPV in up to US$ 363.50, while the same variation of land price could
affect the NPV in up to US$ 153.60. Therefore, firewood price has more influence on the economic
analysis than the land price. The use of agricultural residue in case 3 does not significantly alter the
sensitivity analysis profile, in comparison with the use of agricultural residue in case 1 and case
2, reinforcing the idea that agricultural residue should be used only by producers to maximize the
cultivated area, that is, to minimize reforestation.

400.00 -
350,00 A

300,00

w2

= 250,00
- :

£ :
£ 200,00
8 5
2 15000 3
% 100,00 1

50.00 A

0.00 -
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3% change in land price ® 3% change in firewood price

Figure 1. Sensitivity analysis of 3% considering land and firewood prices.

Since Brazil has a territorial extension of about 8.5 million km? (Indicadores IBGE..., 2022),
it can also be possible a variation of land and firewood prices, making them different from those
considered in this research. The results of economic analysis for possible variations in land and fire-
wood prices are presented separately (Table 5). As expected, according to the sensitivity analysis,
variations of firewood price caused more changes in the economic viability. It can be highlighted
that the price below US$17.10 m™ for firewood would make reforestation economically unfeasible
for any land with a price above US$2,000.00 ha! in any studied case. Even with firewood price of
US$16.15 m?, the use of crop residue would keep the reforestation economically feasible for lands
with a price up to US$1,500.00 ha''. In addition, the firewood price of US$27.50 m= would turn
all the studied situations economically feasible in any of the three cases. As expected, land prices
below US$1,000.00 ha! would make all the studied cases economically feasible, and a land price
of US$3,450.00 ha! would change the economic viability of only one situation, in case 3, with a
firewood price of US$22.00 m.
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The variety of eucalyptus used for reforestation would significantly affect the reforestation area
and the economic analysis results. Currently, research projects in the literature show specific proper-
ties of different species of trees. In their research, Eufrade Junior et al. (2017) showed eucalyptus trees
with a higher value of inferior calorific power that is, above 15.6 kJ kg!. Used for the attainment of
energetic self-sufficiency in the drying of agricultural products, these eucalyptus trees would make
this practice even more advantageous. Thus, the study of new planting techniques and species cha-
racteristics can contribute to the viability of reforestation for thermal energy purposes. According
to Parand (2018), in the 2005-2015 period, firewood and land prices were different. Land price had
not significantly increased, but firewood price increased about 50%. Therefore, it is also essential to
consider the present economic scenario. However, considering a 2005-2015 inflation increase of 87%
(Oliveira, 2016), it cannot be assumed that this project would not be viable in 2005. Cost variations
higher than inflation would affect the viability of the reforestation project.

Table 5. Economic analysis results considering a possible variation in land and firewood prices

Firewood
. NPV (US$)
Case Land pﬂce (US$/ Change in min firewood price Change in max firewood price

2 -5% -10% -15% +5% +10% +15%

1000.00 93.12 -430.10 -953.33 4609.35 5297.80 5986.25

1500.00 -1186.88 -1710.10 -2233.33 3329.35 4017.80 4706.25

1 2000.00 -2466.88 -2990.10 -3513.33 2049.35 2737.80 3426.25
2500.00 -3746.88 -4270.10 -4793.33 769.35 1457.80 2146.25

3000.00 -5026.88 -5550.10 -6073.33 -510.65 177.80 866.25
1000.00 1611.91 1119.23 626.55 5864.51 6512.78 7161.04
1500.00 639.91 147.23 -345.45 4892.51 5540.78 6189.04
2 2000.00 -332.09 -824.77 -1317.45 3920.51 4568.78 5217.04
2500.00 -1304.09 -1796.77 -2289.45 2948.51 3596.78 4245.04
3000.00 -2276.09 -2768.77 -3261.45 1976.51 2624.78 3273.04

1000.00 2127.81 1680.29 1232.77 5990.61 6579.45 7168.29

1500.00 1285.31 837.79 390.27 5148.11 5736.95 6325.79
3 2000.00 442.81 -4.71 -452.23 4305.61 4894.45 5483.29
2500.00 -399.69 -847.21 -1294.73 3463.11 4051.95 4640.79
3000.00 -1242.19 -1689.71 -2137.23 2620.61 3209.45 3798.29

Land
. . NPV (US$)
Case Flr(el\}lgg/d E;lce Change in min land price Change in max land price

" 5% 10% 15% 5% £10% £15%
19.00 744.34 872.34 1000.34 -4887.66 -5271.66 -5655.66
1 22.00 2396.62 2524.62 2652.62 -3235.38 -3619.38 -4003.38
25.00 4048.90 4176.90 4304.90 -1583.10 -1967.10 -2351.10
19.00 2201.79 2298.99 2396.19 -2075.01 -2366.61 -2658.21
2 22.00 3757.62 3854.82 3952.02 -519.18 -810.78 -1102.38
25.00 5313.45 5410.65 5507.85 1036.65 745.05 453.45
19.00 2659.58 2743.83 2828.08 -1047.42 -1300.17 -1552.92

3 22.00 4072.80 4157.05 4241.30 365.80 113.05 -139.70
25.00 5486.02 5570.27 5654.52 1779.02 1526.27 1273.52

The main objective of the economic analysis was to show that it was possible to eliminate
the import dependency on firewood, from outside the farm, for drying. This objective is commonly
present in research works on biomass, whose authors affirm that when energy for a process comes
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from the same region, it generates job opportunities and increases the local economy (He et al.,
2016; Jackson et al., 2018). These authors showed an employment increase of 218 to 1127 jobs
related to energy production from biomass in a rural area in central Appalachia, and the creation of
more than 1500 jobs in the Southern U.S. The use of biomass, as proposed by He et al. (2016) and
Jackson et al. (2018), contributes to the economic growth. Economic growth occurred in nine out of
the ten analyzed countries which use biomass for energy purposes, and it was mainly observed for
developing countries, such as Brazil, according to the findings by Bildirici (2013).

Transportation is another crucial factor for biofuel production since transport infrastructure
costs in the biomass business (Figure 2 a) are very high (Ahl et al., 2018). A similar transport in-
frastructure model is presented by Whalley et al. (2017) and Paolotti et al. (2017), who state that
due to the high costs associated with transportation and logistics, woody biomass businesses rely
heavily on the supply chain. The present research proposed that shorter transport distances make the
process even more economical and independent. One of the most significant advantages of using local
reforestation is the smaller dependency on the transport infrastructure. A transport infrastructure is
proposed in the present work (Figure 2 b).

’ - ’
Forest Harvesting \ Transportation Biofuel Transportation Electricity/
management I: and collection [ processing \ heat
/ } (production of ) production
woodchips,

pellets. etc.)

Forest owner Forest industry Biofuel producer i
} { ’ J producer
(a)
Forest \ H“Wf«'!‘liﬂ}; , | Transportation Biofuel Transportation \ Electricity/
management r ) and collection r processing 3 heat
= (production of _ ny production
woodchips,
pellets. etc.)
\ Forest/crop owner /

(b)

Figure 2. (A) Traditional woody biomass supply chain. (B) Proposed woody biomass supply chain. Source: adapted by Ahl et al.
(2018).

Differently from the present research, Mola-Yudego et al. (2017) indicate that wood in logs is
more advantageous in reforestation for heat purposes and consider that wood should be produced
separately from the process place. Besides, the price of firewood in Italy is different from that in Bra-
zil. Conversely, the present research considers that woodchips can be made through forest chopper
rent from woods, using part of the farm for reforestation. It was also considered that part of the area
usually used for grain production would be used for reforestation. Thus, these studies have a similar
subject matter but different objectives and application profiles. The present research proves that the
use of woodchips brings significant economic advantage for the producer who adopts reforestation
in his crop.
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This work corroborates the idea that using reforestation for energy purposes is advantageous.
The crop area required for reforestation is small, which is consistent with other results in the litera-
ture. In Bilgili et al. (2017), a vast woody biomass amount can be generated using only 5% of the
agricultural land in northern Europe. The specific topic in the present research is new in the literature,
and it displays very significant information for several research works involving biomass and its
applications, as well as for agricultural producers who seek information on the improvements for
their crops. Energy from biomass can become an acceptable policy for environmentally sustainable
development. Biomass consumption promotes the economic growth, especially in the BRICS (Brazil,
Russia, India, China, and South Africa (Shahbaz et al., 2016).

CONCLUSIONS

The present research considered five agricultural products, but the adopted methodology can be
performed with several other crops. A minimal reforestation area is required to dry the grain produced
at the farm — between 0.61% and 4.26% of the crop area. It is noteworthy that the owner can choose
a less fertile land to implant the eucalyptus forestry.

The use of woodchips and agricultural residue significantly contributes to the feasibility of
reforestation practices in cultivations aiming at energy self-sufficiency for the drying of agricultural
products. Negotiations about prices, mainly for firewood, can make a project economically viable.

Implementing reforestation projects in part of the crop areas is advantageous, even with a ne-
gative NPV. Since energy self-sufficiency for the drying of agricultural products is the primary goal,
the economic unfeasibility does not imply that a project is not recommendable to be implemented.

It is believed that the proposed use of biomass can promote social benefits, such as job gene-
ration and regional economic growth, besides sustainable development, and some level of energy
independence.
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