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ABSTRACT: Although energy analysis is a way to evaluate the sustainability of production systems, this
practice is not often used in the agribusiness. In this context, the castor bean (Ricinus communis L) is an
agricultural crop not yet well studied despite its great potential in the Brazilian energetic scenario. This article
aimed to evaluate the productive potential of the castor bean oil, using an energetic view applied to two
management systems: low (System 1) and medium (System 2) technologies. The quantification of the used
material fluxes was made converting these factors in energy units. The input energy fluxes were 3,170.6 MJ
ha™ and 10,366.0 MJ ha™ for Systems 1 and 2, respectively. The energy balance of System 1 was 11,938.2 MJ
ha™ and that of System 2 16,296.5 MJ ha™. The net energetic gain or the energy gain over the invested energy
(EROI]) of System 1 was 3.8 and of System 2, 2.6. Although presenting a greater energy demand and a lower
EROI, System 2 had a greater energy balance, demonstrating a better viability of this cultivation system for
the production of castor bean oil.
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Fluxos de energia em sistemas de produc¢io de mamona
(Ricinus communis L.)

RESUMO: A anilise energética é uma forma de se avaliar a sustentabilidade de um sistema produtivo, apesar
de ainda pouco utilizada no setor agropecuario. Inserida neste setor encontra-se a produgio da mamoneira
(Ricinus communis L.), cultura ainda pouco estudada e que apresenta grande importancia para o agronegécio
brasileiro. Avaliou-se sob a dtica energética a produgio potencial de 6leo de mamona em dois sistemas de cultivo:
com baixa (Sistema 1) e média (Sistema 2) tecnologias. Foi realizada a quantificagio dos fluxos de materiais
empregados nos dois sistemas de produgio e conversio destes fatores em unidades de energia. Os fluxos de
energia de entrada foram de 3.170,6 MJ ha™ e 10.366 MJ ha™' para os sistemas 1 e 2, respectivamente. O balango
de energia foi de 11.938,2 MJ ha™' no sistema 1 e 16.296,5 M] ha™ no sistema 2. A lucratividade energética,
retorno em energia sobre energia investida (EROI) do sistema 1 foi de 3,8 e no sistema 2 de 2,6. Apesar de
apresentar uma maior demanda energética e menor EROI, o sistema 2 obteve maior balango energético,
demonstrando a maior viabilidade deste tipo de cultivo para a cultura da mamoneira.

Palavras-chave: Balango energético, oleaginosas, tecnologia da producio, sistemas de cultivo

Introduction

As requirements for the agricultural sector to be en-
vironmentally suitable increase (Jacovine et al., 2009),
it is necessary to adopt proper indicators and method-
ologies approaching sustainability (Esty and Chertow,
1997). One aspect for sustainability that must be taken
into account in energy crops is the efficiency of being a
viable source. The search for biofuel sources through
agriculture has raised the question about land use for
energy versus for food. So, biofuel sources shall present
high efficiency on supplying energy in order to occupy
less area and fulfill the demand (Freitas, 2004;
Stoeglehner and Narodoslawsky, 2009; Yang et al, 2009;
Khan et al., 2009)

Energy analyses determine the input and output en-
ergy flows which are used to calculate the net gain, the

return over the invested energy and the energy embod-
ied in a product or service (Chavanne and Frangi, 2008;
Pimentel and Patzek, 2005; Pimentel et al., 2005). The
considered energy input is not only the directly applied
one (electricity, fuels), but also the energy embodied
into the required goods (Wiedmann, 2009). Castor bean
(Ricinus communis L.) is one of the energy crops with
potential to provide raw material for biodiesel produc-
tion. Although not making part anymore of the list of
oil crops supported by the Brazilian government Na-
tional Plan for Biofuels, it may play an important role
in the development of the national agricultural sector.
Brazil is the third largest producer of castor bean oil
in the world (113.1 Gg), behind India (1053.0 Gg) and
China (210.0 Gg) (FAO, 2007). Moreover, the Brazilian
production has declined in the last decades, reaching a
level which made Brazil to become an importer. This
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fact was a result of the little use of the available tech-
nology to the farmers, in general running enterprises of
small or medium level and working under low compe-
tition (Savy Filho, 2005). Thus, this study aimed to evalu-
ate the productive potential of the castor bean oil
through the energy point of view, evaluating two culti-
vation systems: low and medium levels of technology
adoption.

Material and Methods

The establishment of the energy balance was based
on the methodology that has been applied to evaluate
the development stage of agriculture since 1970, used by
researchers like David Pimentel (Pimentel, 1980;
Pimentel et al., 1983; Pimentel and Patzek, 2005;
Pimentel et al., 2005), who analyzed energy fluxes and
evaluated the sustainability degree of several crops. In
the establishment of energy balances, one does not con-
sider only the employed energy sources, as electricity
and fuels, but also the energy spent by the manufactur-
ing processes of other inputs, as well as by the labor used
in the production process (Romanelli et al., 2008;
Wiedmann, 2009).

Through the analysis of energy flows, one can estab-
lish the energy flows, identify the total demand and de-
terminate the energy performance, which is reflected by
the net gain and also by the ratio of energy made avail-
able over the invested energy. The indicators used to
evaluate this performance are: energy balance (EB), EROI
(energy return over investment) and energy intensity (EI).
EB refers to the net energy gain per area while EROI
refers to the ratio of energy made available by the re-
quired energy in a process and it can be understood as
“energy profitability”. EI is the embodied energy per
unit of the obtained product. EI is an important indica-
tor for products which have no energetic use (e.g.: fiber)
and to be determined the energy input flow is related to
the yield. These indicators are determined through the

Table 1 - Energy embodied in agricultural inputs.
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energy input (EIF) and output (EOF) flows. To deter-
mine EB (Eq. 1), the energy input flow (EIF) is subtracted
from the output flow (EOF), resulting in the net gain
per area.

Some authors refer to the energy balance as the ra-
tio of energy made available and the energy required by
a production system (Siqueira et al., 1999). However, in
this study EROI (Eq. 2) was adopted (Hall, 2004).

EB = EOF - EIF (1)
EROI = (EOF - EIF) / EIF )

In which EB, EIF, and EOF are given in MJ ha™; and
EROI in M] MJ™.

The energy input flow is determined by multiply-
ing the material flow and the energy embodied in the
processes of obtaining them (Table 1). For the output
energy flow (EOF), the potential oil in the grains was
considered, since the activities necessary to extract oil
out of the grains are not in the scope of the present study.

Considering the energy intensity of the harvested
grains, the energy input flow can be related to the yield
for the determination of EI (Eq. 3).

EI=EIF/Y 3)

In which EI is given in MJ kg™; and the yield Y in kg
ha.

Regarding material flows, there are two kinds of
flows: the directly and the indirectly applied inputs. In
this section, the steps for the material flow to be deter-
mined is shown as follows: i) Determination of the ma-
terial flow of directly applied inputs; ii) Determination
of the material flow of indirectly applied inputs. The
latter includes: effective field capacity; fuel consump-
tion; machinery depreciation; and labor.

The determination of the material flow was made
according to the available data. Although there are other
means to determine the operational capacity (ASAE,

Input Unit Energy index References
M] unit!

Labor h 2.2 Campos et al. (1998)

Diesel L 38.6 Comitre (1993)

Machinery kg 68.9 Ulbanere and Ferreira (1989)

Limestone kg 1.7 Pellizzi (1992)

N kg 74.0 Pellizzi (1992)

PO, kg 12.6 Pellizzi (1992)

KO kg 6.7 Pellizzi (1992)

Seeds kg 20.4 Campos et al. (1998)

Other chemicals kg 184.7 Pimentel (1980)

Fungicide L 97.1 Pimentel (1980)

Herbicide L 454.2 Fluck and Baird (1982)

Insecticide L 184.7 Pimentel (1980)

Sci. Agric. (Piracicaba, Braz.), v.67, n.6, p.737-742, November/December 2010



Energy flow in castor bean production systems 739

2003) it was determined by the inversion of the time
spent per unit area by the mechanized operations to be
performed (Eq. 4)

OFc =1/t (4)

where: OFc = Operational Field Capacity (ha h™); t =
time spent for the mechanized operations (h ha™).

Fuel consumption was determined by applying an in-
dex developed by Molin and Milan (2002) for the engine
power of tractors and self-propelled machinery (Eq. 5).

Fc = (CL* TP) / Ofc (5)

where: Fc = Fuel consumption per area (L ha™); CI =
consumption index CI = 0.163 L. kW™ h™(Molin and
Milan, 2002); PT = tractor power (kW).

Machinery depreciation considered the machinery
mass, its useful lifetime and the operational field capac-
ity (Eq. 6). The concept of physical depreciation of a
machine is based on the amount of metallic mass that
will be required to build new machinery in order to re-
place it after its useful life. The material depreciation
indicates the convergence of natural resources, e.g., iron
ores and coal embodied in steel; oil embodied in tires
etc.; these energies will indirectly be introduced into the
production system.

MD = W / (Ofc x UL) (6)

where: MD = machinery depreciation per unit area (kg
ha™); W = machine mass (kg); UL = the useful lifetime
of the machinery (h).

Labor for manual operations, like driving or mixing
pesticides in the sprayer tanks, was determined by the
amount of labor considered in man-day (two men work-
ing half a day or one man working the whole day is a
man-day) and the daily work journey (Eq. 7).

Lb = Man-day x LH 7)

where: Lb = demanded human labor (h ha™); Man-day
= the amount of work per operation (day ha™); LH =
the labor hours per day (8 h day™ in this study).

Two distinct scenarios were evaluated: System 1,
which presented low technology application, and Sys-
tem 2, with higher technology, mainly mechanization
and intense use of agricultural inputs. The data of these
production systems were obtained from FNP (2009). The
oil content of the castor bean oscillates between 35 and
55%, and its commercial standard is taken as 45% (Vieira
et al., 1997). To quantify the potential oil yield it was
considered that the castor bean has 45% oil content in
the seed. For System 1 the grain productivity is 850 kg
ha™, which corresponds to 382.5 kg ha™ of oil. For Sys-
tem 2 the yield is 1,500 kg ha™, which corresponds to
675 kg ha™ of oil (FNP, 2009). Here the meaning of po-
tential oil does not refer to extracted oil from the seeds,
i.e., it represents the yield up to the moment of the pro-
cessing and packaging of the harvested seeds. The en-
ergy content of oil and seed of the castor bean was 39.50

MJ kg

Results and Discussion

System 1 presented a much lower energetic demand
(3,170.6 MJ ha™) in comparison to System 2 (10,366.0 MJ
ha™), as expected due to the lower intensity of its pro-
duction process - less use of machinery, fuel and agri-
cultural inputs (Table 2). Since mechanization was not
fully applied, for System 1 the greatest share in the in-
put energy flow was the fertilizer application with 60.8%
of the total. The use 04-14-08 + B fertilizer was respon-
sible for 33.1%, while the ammonium sulphate for 27.7%.
The other directly applied inputs had meaningless par-
ticipation (0.9% for seed and 0.1% for seed treatment).
Labor had a considerable share (9.8%) comparing to the
current standards but it represents an acceptable value
for less intensive production systems. The energy em-
bodied in labor does not consider the social role for the
maintenance of the rural workers in the countryside.
Moreover, this is not the objective of this study, but one
should highlight the importance that this role has and
one suggests further studies on this respect which would
surely enrich the discussions.

Due to the applied level of mechanization the larg-
est share for energy demand in System 2 was fuel (die-
sel oil), with 54.6%. Fertilizers were responsible for
23.7%, being 15.2% for the 04-14-08 + B fertilizer and
8.5% for ammonium sulphate. Limestone, an input that
was not used in System 1, was individually the second
largest (16.1%) input, corroborating for the increase of
the energy demand in System 2.

Although machinery depreciation has increased
from 155.0 to 340.8 MJ ha™', its share decreased (Sys-
tem 2 compared to System 1) in 1.6% (from 4.9 to 3.3%)
due to the higher increase of other kinds of inputs. La-
bor decreased from 9.8 to 1.8%, due to its smaller in-
put (84.8 h ha™ versus 140.8 h ha™). The intensification
of the production system affected distinctly the indi-
cators based on the energy flows (Table 3). The energy
intensity, either regarding the harvested seeds or oil,
was higher for System 2, as expected. The little differ-
ence in the observed increase for seed and oil (1.0%) is
due to the difference in oil content between these two
scenarios. These data allow the comparison of the en-
ergy demand for obtaining castor bean oil with any
other kind of oil.

Regarding the energy demand (input energy) there
was a considerable difference (+225%) between the
two scenarios, which is due to both the low energy de-
mand for System 1, which does not represent a large-
scale production system and the high energy intensity
of System 2 through fuel consumption and fertilizer
and limestone applications. The output energy (oil con-
tent) also presented an increase (+76.5%), but in a
lower rate than the demand, decreasing the energy prof-
itability (EROI).

EROI was higher for System 1 (3.8 versus 1.6), indi-
cating that despite its lower energy output, System 1 pre-
sented more efficiency regarding the energy invested by
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Table 2 - Energy flow of the castor bean production systems.

) ) Material Flow Energy flow
Materials Unit
Syst. 1 Syst. 2 Syst. 1 Syst. 2 Syst. 1 Syst. 2
---------- Unit ha™! MJ hat %

A Machinery depr kg 2.25 4.95 155.0 340.8 4.9 3.3
Al 1* harrowing kg 1.48 0.43
A2 27 harrowing kg 0.43 0.24
A3 Fertilizer appl. kg 0.24 0.60
A4 Mowing kg 1.50 1.00
A5 Fertilizer appl. 0.30
A6 Spraying 0.90
A7 Transport 0.50
B Labor h 140.80 309.8 186.6 9.8 1.8
B.1 Seed treatment h 0.8 0.8
B.2 Sowing h 8.0 -
B.3 Manual weeding h 2.0 -
B.4 Fertilizer appl. h 8.0 -
B.5 Spraying h 4.0 -
B.6 Harvesting h 56.0 56.0
B.7 Drying h 24.0 24.0
B.8 Transport h 12.0 -
B.9 Packing h 4.0 4.0
C Agric. inputs

Limestone kg - 1000.0 - 1670.0 16.1
C.2 04-14-08 + B kg 200.0 300.0 1049.2 1573.8 33.1 15.2
C3 (NH,),SO, kg 40.0 40.0 879.2 879.2 27.7 8.5
C.4 Insecticide L 0.02 0.03 2.3 3.5 0.1 0.0
CS5 Seed kg 5.0 10.0 28.5 56.9 0.9 0.5
C.6 Fuel L 19.4 146.5 746.9 5655.3 23.6 54.6
Total 3170.6 10366.0 100.0 100.0

*implement attached to a 55.2-kW tractor.
Table 3 - Energy flow and indicators of castor bean production systems.
Indicators Energy Intensity . Energy BB EROI
Seed Oil Input Output

Unit e MJ kgt GJ ha! MJ MJ-!
System 1 3.7 8.3 3.2 15.1 11.9 3.8
System 2 6.9 15.4 10.4 26.7 16.3 1.6
A (%) +86.5 +85.5 +225.0 +76.5 +36.5 -57.9

the production systems. On the other hand, the energy
balance improved by the intensification of the produc-
tion system (+36.5%), presenting higher efficiency of the
land occupation, since more net energy was obtained per
unit area. There is not a better indicator between energy
balance and EROI. Both shall be used and, depending
upon the circumstances of the scenarios, one or another
is going to have more significance. For instance, if there

are no constraints on resources, such as land availabil-
ity, the best EROI will indicate better options. But, if
the option with the highest EROI does not supply the
required energy demand society will need less efficient
energy sources but with more net energy being supplied.
For instance, wind energy is more efficient (higher
EROI) than thermoelectric plants burning coal, but it
will not provide enough energy for most enterprises.
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Thus, for the decision-making to be done, one should
know the next larger scale in which the energy source
is located. For instance, if there was a demand for 1000
GJ, System 1 would need 66.2 ha to provide it, while Sys-
tem 2 would need 37.5 ha. The latter demands less area,
but it depends on more non-renewable sources, such as
limestone, machinery, fuel, fertilizer, so that it increases
the environmental pressures and external dependencies
of the production process.

The EROIs of both production systems show that
this crop is not very efficient as an energy source be-
cause it should be processed to produce biodiesel, which
would involve transport, industrial processes, chemicals,
labor and more energy would be demanded. So,
biodiesel for castor oil could be an energy drain instead
of a source, mainly from oil produced by System 2. But,
castor oil can be used as a biodiesel source in areas where
there is no infrastructure for fuel to be transported to,
such as some parts of north and northeast regions of Bra-
zil, because it would improve the living conditions (elec-
tricity from generators) without posing environmental
pressure into the next larger scale, such as road build-
ing (which increases deforestation) or fuel transportation
(carbon emission and higher costs). This is not a discus-
sion based in the presented data, but an idea for further
studies.

Other oil sources than castor beans, whose oil is
toxic to humans, will play an important role not only
as components of the population food diet, whose de-
mand is increasing nowadays, but also as an energy
source for the energetic matrix of this century, in a
friendly way in relation to environmental protection
(Savy Filho, 2005). Since the castor bean does not any-
more take part of the Brazilian biofuel program and that
its main use will not be directed to the production of
energy, this study provides basis for the energy evalua-
tion for other crops, regardless of the participation on
the governmental agenda.

Conclusions

The methodology here applied is appropriate to
evaluate bioenergy sources. The use of low technology
in the production resulted in a lower energy demand, a
lower energy balance and a higher EROIL On the other
hand, the use of medium technology resulted in a higher
energy demand, a lower EROI and higher energy bal-
ance. The first is better if the energy demand can be ful-
filled and the latter occupies land more efficiently from
the energy point of view. The best option can be only
stated if there is information about supply and demand,
dependence upon external resources and land availabil-
ity. Although castor bean is out of the Brazilian energy
plan, it may be useful in remote areas, where it may be
used as biodiesel source.
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