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Abstract: Energy flow analysis is an interesting approach to assess and to improve sustainability of agricultural production
systems, represented by the economy of energy resources and other inputs translated into energy terms. This type of analysis
can complement the economic view contributing to more efficient production systems. Moreover, assessing crops with
traditional food use may play an important role in energy provision. Energy efficiency tools were applied in order to
determine the energy demand as well as the efficiency of the biomass production of several forage crops in mechanized systems
conducted at Parand state, Brazil. Material flow, input and output energy, energy balance, energy return over investment and

embodied energy were used and identified that maize and sorghum were the crops that uses energy in the most efficient way,
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represented by the best results at net energy availability, profitability and embodied energy at the final product.

Oat and

ryegrass were the crops that presented the least efficient energy uses in the biomass production systems.
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1 Introduction

Increasing agricultural yield has intensified the use of
industrial inputs such as fertilizers, pesticides, fuel and
machinery.  So, the demand for energy resources
became more intense, especially those from fossil fuels,
such as oil (Campos and Campos, 2004; Romanelli and
Milan, 2010a).

determination of energy consumption related to the inputs

Analyses of energy flows allow the
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used, and the efficiency of energy use in a production
process. The use of this type of analysis in agriculture
allows determining steps and factors considered “energy
bottleneck”, such as applied fertilizers and fuel used in
mechanized operations (Angelini et al., 2005; Campos et
al., 2005; Tsatsarelis, 1993).

enables the use of a management decision making based

Energy flows analysis

on the economy of energy resources, which is reflected in
economic and environmental results, such as saving
financial resources and decreasing emission of the
greenhouse gases (Cavalett and Ortega, 2010; Musango
and Brent, 2011; Orecchini, 2011).

supply and its use, Brazil is a country with a unique

Regarding energy

energy matrix. Biomass sources (sugarcane and
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eucalyptus) represent more than 40% of the total amount
of energy produced all over the country (EPE, 2012).
Worldwide, on the other hand, the use of biofuels and
wastes accounts for only 10% of the total primary energy
production (IEA, 2011).

development in agriculture, Brazil, with its large territory

Concerning sustainable
and favorable climate for agricultural production, could
play an important role in supporting it. This country has
been appointed concerning the importance of having a
change in the strategy of its agricultural production,
which has a continued expansion in natural ecosystems
for productivity growth in existing agricultural land with
minimal environmental degradation possible (Martinelli
etal., 2010). Parand is a state with great emphasis when
it comes to the sustainable agriculture production. It is
one of the Brazilian states with one of the highest index
of crop production (such as maize, barley, oats, wheat and
beans). The state represents the highest maize and
barley yields, and the second highest oat yields at national
level (SEAB, 2012), and it is considered the second
biggest state in cereal production, behind Mato Grosso
state (CONAB, 2012).

The focus on rational use of energy resources
complements the economic view, and allows a more
complete analysis about the use of resources, allowing
decrease in energy inputs, increasing energy efficiency,
without compromising the economics of crop production
(Fluck and Baird, 1982; Panesar and Fluck, 1993). In
this type of analysis, one can determine whether a process
or system is producing greater or lesser amount of energy
than it consumes, and the efficiency of this production,
enabling comparison between different processes and
consequently aiding in decision making.

The energy assessment of biomass production
systems (even for crops traditionally used for feeding)
plays two important roles. One, concerns the energy use
and its efficiency in the biomass production process,
representing consequent subsidy in the use of energetic
resources (Assenheimer et al.,, 2009; Campos and
Campos, 2004).

the search of energy provision, as it was made for maize

The other, concerns the importance in

and sugarcane for ethanol in both USA and Brazil.

Using energy efficiency indicators, authors studied

the energy finality in agricultural crops. By using
Energy Return Over Investment (EROI), and applying it
to corn ethanol production around United States, Murphy
et al. (2011) reported that this production is not efficient,
since the results shows that it requires more energy for
production than that contained in the ethanol product.
Silva et al. (2010) used indicators of the energy use
efficiency (Energy Balance -EB; Energy Return Over
Investment - EROI, and Energy Intensity -EI) in the
evaluation of biomass as a possible bioenergy source.
The used tools allowed comparison between two types of
cropping systems, low and medium technology, and thus
identify the best options for the production system,
according to the supply and demand of the product.
Angelini et al. (2005) evaluated different management
practices of a grass during six years, these being
fertilization, harvest time and plant density to identify the
most suitable management for it as an energy crop. The
conclusion was that the species in question is suitable for
use as an energy crop due to its high productivity in that
particular region, and favorable results for the indicators
used (EB, EROI). Campos et al. (2005) applied EROI at
the Cynodon dactylon hay production, from crop
establishment to haying and storage. They concluded,
through EROI value, that this process was energy
favorable. With other purpose than energy use
efficiency in agriculture, but also using energy efficiency
indicators in energy production systems, Gagnon et al.
(2009) used EROI indicator for the analysis of world oil
and gas production in a time series. The indicator had
their values decreased over the years, which was
attributed that to the increase in drilling annual levels.

For Brown and Herendeen (1996), the basic
motivation for energy flows analyzes, is to quantify the
human activities and the demand for energy resources’
connections, since the issue of power consumption is
more important than the economic analyzes may indicate.
For analyzing energy use, it is important to define the
system’s limits. So, one can determine the energy
resource’s use, coming from the materials and supplies,
and also quantifies its incorporation into the final product.
Consequently, one can obtain consumption and efficiency

of energy use in the production process.
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Considering the benefits of energy analysis in
production systems and the role that energy has played as
an alternative for producers, this study aimed to
determine the energy demand of several biomass
production systems in Parana state, Brazil, and the
process efficiency, as well, by implementing various

performance indicators.
2 Material and methods

2.1 Local and data used

The data collection was made on different forage
crops, all of which were conducted at Parand state,
southern region of Brazil (Figure 1). The production
systems evaluated are located in Campos Gerais region
(Figure 1), which presents high yields of agricultural

production.

Figure 1

Campos Gerais region of Parana state, southern region of

Brazil

2.2 Evaluated crops

Data concerning applied inputs and mechanized
operations characteristics for all crops were provided by
Foundation ABC, which represents producers of the
region who are cooperative’s associated. All the crops
evaluated are presented in Table 1 with their respective

yields found in the region.

Table 1 Evaluated crops and related characteristics

Usual name Scientific name Cycle Yield (IDM?
Mg ha™ yr
Maize Zea mays Annual 16.5
Black oat Avena strigosaSchreb. Annual 42
Ryegrass Lolium multiflorumLam. Annual 4.5
Tifton 85 Cynodon spp. Cv. Tifton 85  Perennial 10.0
P. maximum (Aries,
Atlas, Mombaga and Panicum maximum Perennial 10.0
Tanzania cultivars)
Millet Pennisetum glaucum Annual 6.3
Sorghum Sorghum bicolor Annual 9.0
Barley Hordeum vulgare Annual 6.0

2.3 Evaluated inputs

In all evaluated crops, since the studied region uses
no-tillage system, operations from soil acidity correction
At the

following mechanized operations, limestone, manure and

(lime application) to harvest were assessed.

fertilizer distribution, spraying and harvest, the same type

of implements and tractors (concerning main
characteristics such as power and size) were considered.
The only mechanized operation in which there is a
variation in the used equipment was sowing. For maize
and sorghum, it is used an eight-row planter spaced in
0.40 m. For all the other crops, it is used a 19-row
planter spaced in 0.17 m. For each mechanized
operation, it was determined the fuel consumption,
machinery’s physical depreciation and the agricultural
input application. All the mechanized operations are
represented by the tractor and implement used, and the

applied inputs in each operation are listed in Table 2.

Table 2 Mechanized operations and inputs assessed

Operation Tractor Implement Applied input
Limestone 4x2 FTA Tractor 67 kW Limestone Limestone
Distribution distributor
Manure Liquid manure
Distribution 4x2 FTA Tractor 82 kW distributor Manure
! Planter, 7 or 8
Sowin !'4x2 FTA Tractor 67 kW lines, 45 cm spaced Seeds
WINE 2440 FTA Tractor 82kW 2 Drill, 17 to 19
lines, 17 cm spaced
Fertilizer Fertilizer -
Distribution 4x2 FTA Tractor 67 kW distributor Fertilizers
Spraying 4x2 FTA Tractor 90 kW Boom-type Pesticides
sprayer
Harvest 4x2 FTA Tractor 67 kW * Forage harvester -

* Self-propelled forage harvester -

Note: ' Refers to maize; 2 refers to all the other crops; 3 Refers to maize, sorghum,

P. maximum and millet; 4 Refers to barley, oat, rye and Tifton 85.

2.4 Material flow determination

The first step is the determination of the material flow,
which is a tool that proposes to quantify the materials or
inputs intensity used per unit area, and which in turn
undergo transformations resulting in system’s output.
Secondly, energy content (embodied energy) is assigned
to all used inputs, and the input energy is determined.
Along with the system’s output energy, the energy
efficiency indicators can be determined, and one can
obtain a view of the energy use for biomass production

more complete from the sustainable and resources use’s
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approach. and Milan (2012) (Equation (2)).
2.4.1 Direct applied inputs EP xSC
pp p FC=—"—""2 2)
At the Material Flow determination, it is important to OFC

do an input classification concerning their use.
The adopted

classification determines that direct inputs are those

Inputs

can be directly or indirectly used.

directly applied on field, being a result of agronomic
prescription (Romanelli and Milan, 2010b). The inputs
are measured in terms of product quantity to be used by
area unit (kg ha” of fertilizer, seeds and seedlings, and
1 ha™ of pesticides).

242

The indirect input consumption can be defined as the

Indirectly applied inputs

one that helps out the phases or operations to be done,
such as the use of diesel fuel, labor and machinery for the
mechanized operations. These are also measured on an
area basis, as determined for the directly used inputs,
(1 ha™' of diesel, h ha™ of human labor, and kg ha™ of the
equipment and facilities depreciation).

At the present work, it was chosen not to consider
human labor, since this kind of contribution represents a
very small fraction of the system’s total energy demand
(Boustead and Hancock, 1979; Franzese et al., 2009;
Romanelli et al., 2012; Silva et al., 2010).

Machinery and facilities depreciation

The machines, equipment and facilities’ use 1is
accounted by their depreciation. In this study, only the
depreciation of the used equipment in the mechanized
operations (tractors, harvesters and implements) was
calculated. Therefore, the depreciation can be calculated
(Equation (1)).

D= M (1)
(UL x OFC)
where: MD = Machinery depreciation, kg ha'; M =
machinery mass, kg; UL = Machinery and implement useful
lifetime, h; OFC = Operational field capacity, hah .
Fuel

The fuel used in the mechanized operations was
determined by the model proposed by Molin and Milan
(2002), due to its practicability, since it only depends on
the machine power and consume factor and results to less

consumption variation than the model proposed by ASAE
tandard D497.4 (ASAE, 2003), as shown by Romanelli

where: FC = fuel consumption, | h'; EP = Gross engine
power, kW; SC= Specific consumption (diesel engine
factor), 0.163 kW I'' h™ (Molin and Milan, 2002).
2.5 Energy consumption determination

Based on inputs consumption data (machinery, fuel
and inputs directly applied, all obtained by material flow)
in input used per unit area, and its association with their
respective energy content (embodied energy per input unit)
the energy consumption or energy input system was
determined (Equation (3)) (Romanelli and Milan, 2010a).

IE =) (MF x EE inputs) 3)

where: |E = Energy Input (MJ ha yr'); MF = Material
Flow (unit ha yr'); EE = Embodied Energy in inputs
(MJ unit"). The embodied energy indices of farm inputs

were adopted from references (Table 3).

Table 3 Agricultural inputs energy indices

Inputs (unit) MJ unit” Source
N (kg) 56.3 IPT (1985)
P,0s (kg) 7.5 IPT (1985)
K,0 (kg) 7.0 Lockeretz (1980)
Lime (kg) 1.7 Pimentel (1980)
Herbicide (kg) 355.6 Seabra (2008)
Insecticide (kg) 358.0 Seabra (2008)
Fungicide (kg) 115.0 Pimentel (1980)
Seeds (kg) 10.5 Pelizzi (1992)
Diesel (1) 45.7 Boustead and Hancock (1979)
Tractors (kg) 14.6 Doering III (1980)
Forage harvester (kg) 13.0 Doering I1I (1980)
Plow (kg) 8.6 Doering I1I (1980)
Disc arrow (kg) 8.3 Doering IIT (1980)
Planter (kg) 8.6 Doering IIT (1980)

Sprayer, Fertilizer distributor (kg) 7.3 Doering IIT (1980)

Forage and hay equipment (kg) 6.3 Doering III (1980)

2.6 Output energy determination

The energy output was calculated by two different
ways: one based on the crop productivity (Equation (4))
based on the calorific value of the whole biomass, and the
other one crop specific based on the crop structural
composition (Equation (5)): cellulose, and
Both of them

lignin,
hemicelluloses content of each species.

demonstrate the energy availability potential.
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OEy=Y xCV 4)
where: OEy = Energy output for crop yield (MJ ha™ yr');
Y = Yield (Mg ha™' yr'"); CV = Calorific value (MJ Mg™).
According to McKendry (2002a), the biomass energy
content (on a dry and ash free basis) is similar to all
species, in the range of 17-21 MJ kg’ (for both
herbaceous and woody species).

OEs=(LCV x LCD) +(CCV x CCD)+(HCV x HCD)

6]

where: OEs = Energy output crop specific (MJ ha™ yr');
LCV = Lignin calorific value (MJ kg"); LDC = Lignin
content in dry matter (kg ha” yr'); CCV = Cellulose
calorific value (MJ kg'l); CCD = Cellulose content in dry
matter (kg ha” yr''); HCV = Hemicellulose calorific value
MJ kg'l); HCD = Hemicellulose content in dry matter
(kg ha™! yr'l). According to Santos et al. (2011), lignin,
cellulose, and hemicelluloses calorific values are 20.1, 17,
and 17.5 MJ kg™, respectively.
2.7 Energy use efficiency
2.7.1 Energy Balance (EB)

The energy balance is an indicator of the net energy
Romanelli and Milan (2010a)
pointed it out as the available energy produced by the

availability per area.

process or production system indicator, and it can be
calculated by subtracting the used inputs by the final
product (final energy output - inputs). It was also stated
that this same measure also depends on the analysis limits,
either related to area (MJ ha), to time (MJ year"), or
even both (MJ h! yr'l). Campos and Campos (2004)
stated that the energy balance aims to establish energy
flows, identifying the total demand and efficiency
reflected by the net gain and by the output and input
The EB is then calculated according to Hall,
2004 (Equation (6)).

EB=OE-IE (6)
where: EB = energy balance, MJ ha™
2.7.2 Energy Return Over Investment (EROI)

relation.

EROI is an indicator of the energy production process
profitability, and it is calculated by the ratio between the
output energy and the input energy. Gagnon et al. (2009)
pointed it out as being the ratio of energy produced
required for the production process of the energy source to

occur, and if the EROI is high, only a small fraction of the

energy produced is needed to maintain the process. In
contrast, if the EROI is low, then most of the energy
produced is used to maintain the production process.
The EROI is then calculated according to Hall, 2004
(Equation (7)).

erol = 2 ()
IE
where: EROIl = Energy return over on investment,

profitability or energy, MJ MJ™".
2.7.3 Embodied Energy (EE)

The final product embodied or incorporated energy
represents another way of determining the energy
obtained by, or incorporated by, the production process.
Also known as the product energy intensity, it is the
relationship between the energy load obtained per unit
mass of product (MJ Mg"), or an index that relates the
biomass produced with the energy demanded by the
production system. It represents the result of all inputs
embodied energy (already reported in literature) that
participated in the production process.

This indicator can then be determined according to
Romanelli and Milan, (2010a) (Equation (8)).

EE=IE/Y (8
where: EE = Embodied or Incorporated Energy of the
final product (dry matter), MJ Mg™.

3 Results and discussion

After calculating the Material Flow, one can associate
it with their evaluated inputs respective embodied energy
indices (EE) and calculate the total energy demand (IE),
and determine the share of each considered input in all of
the crops production system’s energy demand. Table 4
shows the shares of inputs (% of total demand of each

production system).

Table 4 Input participation in total energy demand in the
production systems

Cr Fertilizer Pesticide Limestone Seed Machinery Diesel

P 1% 1% 1% 1% 1% 1%
Maize 70.1 8.4 5.6 1.8 0.3 13.8
Black oat 60.3 5.5 9.1 9.2 0.4 15.2
Ryegrass 69.7 4.6 7.5 4.7 0.3 13.1
Tifton 85 58.7 0.0 19.8 0.0 0.5 21.0
P. maximum  50.6 3.9 17.0 32 0.5 24.8
Millet 65.8 4.0 8.6 2.7 0.3 18.5
Sorghum 71.8 9.1 0.0 1.0 0.3 174
Barley 62.4 5.8 7.6 9.6 0.3 143
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Regarding fertilizers, one can observe that in all crops,
fertilizers accounts for the largest share in total system’s
energy consumption (more than 58% of total demand).
This is due to the fertilizer’s high energy content,
especially nitrogen sources.

As for the pesticides applied, one can notice varied
shares of energy demand between crops. For Tifton 85
grass, it was not considered the crop establishment. In
sorghum crop, the involvement of pesticides in total
energy consumption was the highest, due to the fact that
on this crop there is high insect incidence, from sowing to
harvest (Coelho et al., 2002).

As for the lime applied, in grasses (P. maximum
cultivars and Tifton 85) it was applied 1,000 kg ha'. In
all other crops (except sorghum, which was not made any
lime application), it was applied 500 kg ha” of this
material. The different shares in total energy demand are
a result of different values of total consumption in each
crop.

Regarding seeds, since it was used the same energy
content to all crops (embodied energy for forage and
cereal seeds), so the difference in shares of energy
demand is due to the different quantities of material used,
and compared with the total consumption of each culture.
In Tifton 85, since it is accounted only the maintenance,
no seeds were accounted.

Regarding the equipment used (tractors, implements,
and harvesters) through its depreciation, energy demand
represented 0.5% or less, of total energy consumption in
all crops and is therefore the lowest energy demand
evaluated in all the production systems.

Diesel, meanwhile, appears as the second largest share
in energy demand, with contribution between 13% and
25% of total energy demand in all crops. This is due to
the high system’s mechanization, and it is accentuated by
the fuel high energy content, and its operational use,
especially in the operations with low field capacity (such
as sowing and manure distribution).

Some authors reported diesel as the greatest energy
demand in agricultural and forestry mechanized
production systems: Campos et al., 2005, due to the
haying operation; Romanelli and Milan, 2010a, due to the

very low field capacity of a forestry harvester; and

fertilizers applied as the second greater demand. On the
other hand, fertilizers are presented as the greater energy
demand in biomass production systems by several authors
(Gollmann et al., 2004; Rathke and Diepenbrock, 2006;
Rathke et al., 2007; Busato and Berruto, 2011) beyond the
presented work here.

It should be noted that the shares (%) are relative to
the total energy demand of each particular production
system, therefore the values shown in Table 3 refer to
different absolute values (IE of each crop).

Swine manure, applied input of manure distribution,
as a biological material, appears more complex when it
comes to assign itself some energetic content, since in this
work nature contribution is not being considered (sun, rain,
evapotranspiration). One could consider the energetic
content of the main nutrients (N, P,Os, K;O) in its
composition, in an approach that would imply that those
nutrients were “avoided” from being applied. But,
through this approach, manure energy content would be
high in comparison to others, since the values assigned are
regarding the fertilizer’s industrial processes for its
production. So, since that approach wouldn’t represent
accurately the energy content of manure and there is not a
total suited methodology for this kind of assigning, in this
study it has been chosen not to consider manure embodied
energy and consider the energy demand on the
mechanized operation through machinery and diesel.

With energy rates associated with all evaluated inputs,
one could perform the calculation of indicators IE, OE,
EB, EROI and EE (Table 5).

all crops already indicated.

Calculations were made for

Table 5 Energy performance of the evaluated crops

Crop 1IE OEy OEs EB EROI  EE .
GJha' yr! GJha'yr' GIha'day' MJke
Maize 148 3135 1501 1352 0.9 10.1 09
Sorghum  10.1 171.0 89.0 78.9 0.7 8.9 1.1
Black oat 9.2 79.8  34.7 25.6 0.2 3.8 23
Ryegrass 11.1 855 55.0 439 0.3 5.0 1.9
Barley 11.0 114.0 50.1 39.2 0.3 4.6 1.8
Millet 9.7 119.7 698 60.1 0.5 72 1.5
P.maximum 11.5 190.0 130.2 118.7 0.7 11.3 1.2
Tifton 85 8.5 190.0 115.8 107.4 0.7 13.7 0.8

When analyzing IE, one can observe that maize

presented the highest value, that is, it was the system in
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which was used the greater amount of energy, followed by
P. maximum, ryegrass, barley, sorghum, millet, black oat,
and finally Tifton 85, the crop in which was used the
smaller amount of energy.

The OEy presents higher values for maize, showing
that this was the crop that has the greater energy
producing potential.  This one is followed by P.
maximum and Tifton 85 (both with same values), millet,
barley, ryegrass, and black oat. By considering OEy,
one is assuming the whole plant standard calorific values
provided by thermal conversion, so, the higher the yield,
the higher the OEy.

The OEs presents higher values for maize, followed
by P. maximum, Tifton 85, sorghum, millet, ryegrass,
barley, and black oat. By considering the OEs, one is
assuming the calorific value content provided by thermal
conversion of each species, since lignin, cellulose, and
hemicelluloses contents vary between them. One can
notice here that besides P. maximum and Tifton 85
presented equal values in OEy, in OEs they’re different.
This is due to the structural component’s composition
varying between species. In all other species the OEs
values presented the same pattern as that presented in OEy.
OEs presented lower values than OEy, but they can be
considered more suitable due to its specificity.

One must keep in mind that the OEy and OEs values
here presented illustrate the energy availability potential
provided by thermal conversion through combustion. So,
through other conversion routes (such as gasification,
pyrolysis, digestion, and fermentation) that uses the
structural and other components in different manners,
others potentials energy availability are expected.

When relating IE and OE values in order to calculate
EB, one can notice that maize presented the highest
indicator value. This shows that this crop was the one
that provided greater amount of net energy per area, so
favorable outcome in terms of energy. It is followed by
P. maximum, Tifton 85, sorghum, millet, ryegrass, and
oats, the last one providing the least amount of net energy
per area. EB was also presented on a daily basis, in
order to compare the values between crops. One must
remember that there’s annual and perennial crops, so it is

known that the perennial crops stays on field during all

year, and not just during the favorable time of the year for
growing, as it happens with the annual ones, so the
comparison must be carefully analyzed.

By doing another relation between IE and OE, for the
EROI calculation, one can observe that the highest value
is provided by Tifton 85, followed by P. maximum, maize,
sorghum, millet, ryegrass, barley, and oat. This means
that the higher values represented crops use smaller
fraction of the output energy to maintain their respective
production processes. In P. maximum and Tifton 85, this
was due to the high dry matter production (10 Mg ha™ yr'")
production) and

only behind maize dry matter

intermediate values of input energy. In maize, this was
due to the fact that this crop presented the higher energy
demand, but at the same time, the higher energy
availability. Sorghum also provided great amount of
energy, with the lowest energy demand. All of these
characteristics contributed to a high EROI index.
Concerning the perennial crops, one has to remember
that even though they provide amounts of energy similar
to the more efficient in energy use crops (maize and
sorghum), those ones occupy land all year. Despite the
fact of land use, several perennial grasses are being
studied for several years, for the use as energy sources
(switchgrass, miscanthus, giant reed), specially due to
their rusticity and great biomass potential (Angelini et al.,
2009; Angelini et al., 2005; McLaughlin and Kszos, 2005;
Smeets et al., 2009; Varvel et al., 2008).

Brazil the major use for these crops is for animal feeding.

However, in

The resulted EROI values when compared to the
literature (Campos, 2004; Campos et al., 2005; Oliveira et
al., 2005) are high due to the system’s limits considered,
from soil preparing to harvest, without considering
transport, pretreatment and availability in final usable
energy. Reported EROI values from ethanol from
sugarcane 8.3 and 9.2 in Lamonica, (2007) and Macedo,
(1998), respectively, presents itself more advantageous
from the energetic point of view than black oat, ryegrass,
barley, and millet compared to the outcome in this work.
Here, one can observe a suggestion for future studies
including the steps necessary in providing final energy
available (transport and industrial processes, all made

after harvest) from the biomass sources that presented the
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highest energy efficiency levels, considering its different
transformation routes (McKendry, 2002b; Romanelli and
Raucci, 2011).

Regarding the embodied energy, the crop that
presented the best result (here represented by lower
absolute value) were Tifton 85, followed by maize,
sorghum, P. maximum, millet, barley, ryegrass, and black
oat. This means that for the crops with the lowest
absolute values, it was used lower amounts of energy in

dry matter production when compared to the others.
4 Conclusions

The proposed method could assess and compare the
energy use between several forage crops concerning the
biomass production. Maize, sorghum, P. maximum and
Tifton 85 were the crops that presented the most efficient
energy use, since they provided the greatest amounts of
energy, in more profitable processes concerning the dry
matter production. Oat and ryegrass on the other hand,
were the crops that presented the least efficient energy
uses in the production processes, meaning that these crops

were the ones that provided the lowest amounts of energy

concerning the bioenergy approach, and spent more
energy in dry matter production.

The high energy efficiency of the perennial crops
should be carefully analyzed, since these crops occupy the
land during more time to present values similar to maize
and sorghum (annual crops that were more efficient
concerning energy use and availability).

The high profitability values are due to the absence
of the post-harvest industrial steps in the energy analysis.

Efficiency indicator of the more efficient on the
energy approach, maize, sorghum, P. maximum, and
Tifton 85, are high enough (when compared to successful
energy sources like sugarcane and perennial grasses) to
consider further studies concerning all the processes to

provide final energy use.

Acknowledgements

Thanks CAPES (Coordination for the Improvement of
High Education Personnel) for the scholarship of the first
author and for providing funds for this study (PROAP);
and acknowledge Foundation ABC for the technical
support.

References

2005.

yield and energy balance of giant reed (Arundo donax L.)

Angelini, L. G., L. Ceccarini, and E. Bonari. Biomass
cropped in central Italy as related to different management

practices. European Journal of Agronomy, 22(4): 375-389.

Angelini, L. G., L. Ceccarini, N. N. D. Nasso, and E. Bonari. 2009.

Comparison of Arundo donax L. and Miscanthus x giganteus in

a long-term Field experiment in Central Italy: Analysis of

productive characteristics and energy balance. Biomass and
Bioenergy, 33(4): 635-643.

Assenheimer, A., A. T. Campos, and A. C. G. Junior.

Analise

2009.

energética de sistemas de producdo de soja

convencional e orgénica. Ambiéncia - Revista do Setor de
Ciéncias Agréarias e Ambientais, Guarapuava, 5(3): 443-455 (In
Portuguese).

ASAE Standards.  2003.  D497.4 Agricultural Machinery
Management Data. St. Joseph, Mich.: ASAE.

Boustead, 1., and G. F. Hancock. 1979. Handbook of industrial
energy analysis. New York: Halsted Press. 422 p.

Brown, M. T., and R. A. Herendeen. 1996. Embodied energy
analysis and EMERGY analysis: a comparative view.

Ecological Economics, 19(3): 219-235.

2011.
economic and energy analysis of biomass by web application.
19th European Biomass Conference, Berlin, ETAFLORENCE.

Campos, A. T., and A. T. Campos.

Busato, P., and R. Berruto. Bioenergy farm Project:

2004. Balangos energéticos

agropecudrios: uma importante ferramenta como indicativo de

sustentabilidade de agroecossistemas. Ciéncia Rural, (34)6:
1977-1985. (In Portuguese).

Campos, A. T., J. R. C. Saglietti, A. T. Campos, and O. C. Bueno.
2005.
dactylon (L.) PERS.
Portuguese).

Cavalett, O., and E. Ortega. 2010.
assessment of biodiesel production from soybean in Brazil.
Journal of Cleaner Production, 18(1): 55-70.

Coelho, A. M., J. M. Waquil, D. Karam, C. R. Casela, and P. M.
Ribas. 2002.
Potafos. p.1-24. (Comunicado Técnico, 100) (In Portuguese).

Conab. 2012.
Acompanhamento da safra brasileira. Brasilia: Conab. (In

Analise energética na produgdo de feno de Cynondon
Engenharia Agricola, 25(2): 349-358. (In

Integrated environmental

Seja o doutor do seu sorgo. Piracicaba,

Companhia Nacional de Abastecimento.

Portuguese).

Doering III, O. C. 1980. Accounting for energy in farm



50 May, 2014 Agric Eng Int: CIGR Journal

Open access at http://www.cigrjournal.org

Special issue 2014

In: Pimentel, D. Handbook of
Boca Raton: CRC Press, Inc.

machinery and buildings.
energy utilization in agriculture.
1: 9-14.

EPE - Empresa de Pesquisa Energética. Balango Energético
Nacional — Resultados preliminares 2012 ano base 2011.
https://ben.epe.gov.br/downloads/Relatorio_Final BEN 2012.p
df (In Portuguese). (accessed July 24, 2012)

Franzese, P. P., T. Rydberg, G. F. Russo, and S. Ulgiati.
Sustainable biomass production: A comparison between gross

Ecological

2009.

energy requirement and emergy synthesis methods.
Indicators, 9(5): 959-970.
Fluck, R. C., and C. D. Baird.
Westport, CT: AVI Publications.
Gagnon, N., C. A. S. Hall, and L. A. Brinker.
investigation of energy return on energy investment for global
oil and gas production. Energies, 2(3): 490-503.
Gollmann, P., A. T. Campos, and J. Klein.
outputs in the wheat production at different localizations. In:
Meio Rural, 5., 2004.
http://www.proceedings.scielo.br/scielo.php?script=sci_arttext&
pid=MSC0000000022004000100029&Ing=en&nrm=abn.  (In
2011)

The myth of sustainable development:

1982. Agricultural Energetics.

2009. Preliminary

Energy inputs and

Encontro de Energia no

Portuguese). (accessed February 13,
Hall, C. A. S. 2004.
Personal reflections on energy, its relation to neoclassical
economics and Stanley Jevons.
Technology. 126 (2): 85-89.
International Energy Agency (2011). 2011

Journal of Energy Resources

Key World Energy

Statistics. http://www.iea.org/publications/freepublications/
publication/kwes.pdf (accessed December 2, 2012)

IPT. 1985.

Séo Paulo. Manual de recomendacdes: conservacdo de energia

Instituto de Pesquisas Tecnologicas do O Estado de

na industria de fertilizantes.Sao Paulo.(In Portuguese).
Lamonica, H. M. 2007. Produgdo de vapor e eletricidade — a

evolugdo do setor sucroalcooleiro. II GERA: Workshop de

Gestao de Energia e Residuos na Agroindustria Sucroalcooleira.

FZEA — USP, Pirassununga. (In Portuguese).
Lockeretz, W. 1980.

and potash fertilizers.

Energy inputs for nitrogen, phosphorus,
In: PIMENTEL, D. Handbook of energy
utilization in agriculture. Boca Raton: CRC Press, Inc.1: 23-24.
Macedo, I. C. 1998.
balances in bio-ethanol production and utilization in Brazil
(1996). Biomass and Bioenergy, 14 (1): 77-81.
Macedo, 1. C., J. E. A. Seabra, and J. E. A. R. Silva.

Greenhouse gases emissions in the production and use of

Greenhouse gas emissions and energy

2008.

ethanol from sugarcane in Brazil: the 2005/2006 averages and a
prediction for 2020. Biomass and Bioenergy, 32: 582-595.
Martinelli, L.A., R. Naylor, P. M. Vitousek, and P. Moutinho.
2010. Agriculture in Brazil: impacts, costs and opportunities
for a sustainable future.
Sustainability, 2(5,6): 431-438.

Current Opinion in Environmental

McKendry, P. 2002a.
overview of biomass. Bioresource Technology, 83(1): 37-46.
McKendry, P.  2002b. Energy production from biomass (part 2):

conversion technologies. Bioresource Technology, 83(1): 47-54.

McLaughlin, S. B., and L. A. Kszos. 2005.
switchgrass (Panicum virgatum) as a bioenergy feedstock in the
United States. Biomass and Bioenergy, 28(6): 515-535.

Molin, J. P.,, and M. Milan. 2002.
dimensionamento, capacidade operacional e custo. In:
GONCALVES, J.L.M. STAPE, J.L. Conservacdo e cultivo de

Piracicaba: IPEF, 2002. 13:

Energy production from biomass (part 1):

Development of

Trator e implemento:

solos para plantaces florestais.
409-436. (In Portuguese).
Murphy, D. J., C. A. S. Hall, and B. Powers.
the energy return on (energy) investment (EROI) of corn ethanol.
2011. Environmental Development Sustainability 13: 179-202.
Musango, J. K., and A. C. A. Brent. 2011.

framework for energy technology sustainability assessment.

New perspectives on

Conceptual

Energy for Sustainable Development, 15(1): 84-91.

Oliveira, M. E. D., B. E. Vaughan, and E. J. Rykiel. 2005.
Ethanol as fuel: energy, carbon dioxide balances, and ecological
footprint.  BioScience, 55(7): 593-602.

Orecchini, F.  2011.
36: 7748-7749.
Panesar, B. S., and R. C. Fluck. 1993.
production system — analysis and measurement.

Systems, 43(4): 415-437.

Pelizzi, G.
Journal of Agricultural and Engineering Research, 52: 111:119.

1980. (Ed.). Handbook of energy utilization in
agriculture. Boca Raton: CRC Press. 475p.

Rathke, G-W., and W. Diepenbrock. 2006. Energy balance of
winter oilseed rape (Brassica napus L.) cropping as related to

International Journal of Hydrogen Energy.

Energy productivity of a
Agricultural

1992. Use of energy and labour in Italian agriculture.

Pimentel, D.

nitrogen supply and preceding crop. European Journal of
Agronomy, 24(1): 35-44.

Rathke, G-W., B. J. Wienhold, W. W. Wilhelm, and W.

2007.
corn-soybean energy balances in eastern Nebraska.
Tillage Research, 97(1): 60-70.

Romanelli, T. L., and Milan, M. 2010a.
a production system of eucalyptus.
Engenharia Agricola e Ambiental, 14 (8): 896-903.

Romanelli, T. L., and M. Milan. 2010b.
determination through agricultural machinery management.
Scientia Agricola (Piracicaba, Braz.), 67 (4): 375-383.

Romanelli, T. L., and M. Milan.
as an environmental tool — material embodiment in agriculture.
Agric.Eng. Int: CIGR Journal,14 (1): 63-73.

Romanelli, T. L., H. de S. Nardi, and F. A. Saad. 2012. Material

embodiment and energy flows as efficiency indicators of

Diepenbrock. Tillage and rotation effect on

Soil and

Energy performance of

Revista Brasileira de

Material flow

2012. Machinery management

soybean (Glycine max) production in Brazil. Engenharia



May, 2014

Energy demand in agricultural biomass production in Parana state, Brazil

Agricola, 32(2): 261-270.
Romanelli, T. L., and G. S. Raucci. 2011.

pastagens para a produ¢do de energia. In.: Pedreira, C. G. S.;

Biomassa de

Moura, J. C.; Faria; V. P (Eds). A empresa pecudria baseada em

pastagens. Piracicaba: FEALQ, p.159-187. 320 p. (In
Portuguese).

Santos, M.L.; O. J. Lima; E. J. Nassar; K. J. Ciuffi; and P. S. Calefi.
2011. Estudo das condigdes de estocagem do bagago de
cana-de-agucar por andlise térmica. Quimica Nova, 34(3):
507-511. (In Portuguese).

Seabra, J. E. A. Avaliagdo técnico-econdomica de opgdes para o

2008.

Mechanical

aproveitamento integral da biomassa de cana no Brasil.
PhD  Thesis

Engineering College. (In Portuguese).

—Campinas State  University,

Abastecimento do Parana -
2012.
http://www.agricultura.pr.gov.br/

Secretaria de Agricultura e
Departamento de Economia Rural — Seab/Deral.

Produgdo Agropecudria.

Special issue 2014 51
arquivos/File/deral/cprbr.pdf. (In  Portuguese).  (accessed
December 2, 2012)

Silva, A. N., T. L. Romanelli, and K. Reichardt. 2010. Energy

flow in castor bean (Ricinus communis L.) production systems.
Scientia Agricola (Piracicaba, Brazil), 67(6): 737-742.

Smeets, E. M. W., I. M. Lewandowski, and A. P. C. Faaij. 2009.
The economical and environmental performance of miscanthus
and switchgrass production and supply chains in a European
setting. Renewable and Sustainable Energy Reviews, 13(6, 7):
1230-1245.

Tsatsarelis, C. A. 1993.
winter wheat production in Greece.
and Environment, 43(2): 109-118.

Varvel, G. E., K. P. Vogel, R. B. Mitchell, R. F. Follett, and J. M.
Kimble. 2008.
marginal soils for bioenergy. Biomass and Bioenergy, 32(1):
18-21.

Energy inputs and outputs for soft

Agriculture, Ecosystems

Comparison of corn and switchgrass on



