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Abstract. The ethanol industry in Brazil is going through a period of stagna-
tion, resulting in the reduction of ethanol supply. The ethanol for automotive
purposes may be anhydrous, which is used as an anti-detonating additive to
gasoline; and hydrated ethanol, which can be used in the flex-fuel vehicles,
which can use the biofuel, gasoline or a mixture of both in any proportion. This
study is aimed to analyze the contribution that energy from the sugarcane ba-
gasse could bring to the production of corn ethanol in plants adapted to operate
with both sugarcane and the cereal. Therefore, it was considered, the surplus
energy from sugarcane biomass and maize availability in the producing region.
At the end of the article, the results are discussed by providing an analysis of
the application of corn as alternative raw material for the production of ethanol
in Brazil.
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1 Introduction

Anhydrous ethanol is the most important additive mixed with gasoline and
hydrated ethanol can be used as an alternative fuel for flex-fuel vehicles that may
either pure gasoline, hydrated ethanol or a mixture of both in any proportion [1, 2].
Since 2009, a reduction of hydrous ethanol demand in Brazil began, which rose from
16,471 million cubic meters in this year to the volume of 9,793 million cubic meters
in 2013 [3]. Gasoline, on the other hand, was used in the volume of 25,409 million
cubic meters in 2009, and trespassing the 39,678 million cubic meters in 2013.

The increase in fossil fuel consumption and the reduction of the biofuel demand is
shown by [4] as a period of stagnation and expansion interruption about the sugarcane
industry in Brazil. The same authors add that what contributed to this phase of stagna-
tion was the government intervention in gasoline prices, which occurred from 2008 to
2012 to fight inflation rate. This interference has caused the price of commercial
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gasoline to fall to a price lower than the international oil barrel price, affecting the
relative price of ethanol and the fossil fuel. Also, there was a decline in productivity
in the sugar cane plantation, helping to intensify the crisis in the sector. Still, accord-
ing to the authors, the reduction ethanol plants expansion and shifting of the biofuel
supply, determined the increase in their prices to consumers and thus reduced their
consumption.

Brazilian plants of ethanol production are self-sufficient in energy [5], which is one
of the competitive advantages of the ethanol produced in the country. Under this ap-
proach, the combination of the availability of ethanol plants and surplus energy ob-
tained from sugarcane bagasse and corn production in the same geographic region,
corn ethanol would have conditions to be produced. Therefore, as defined by [6],
there is a need to adapt these plants to operate with both raw materials. The author
indicates that when the industrial plant originally built for processing sugar, starts to
process corn it requires an investment of near US$ 8,5 million.

This article aims to analyze the additional ethanol that could be produced using
corn as raw material, and the excess energy obtained from sugarcane bagasse in the
plants located in the Midwest of Brazil. In this way, the additional ethanol produced
from corn help make the Brazilian ethanol production sustainable. The present study
was conducted in this geographic region because it has ethanol production from sug-
arcane and corn as raw material.

2 Literature Review

2.1  Sugarcane ethanol and corn ethanol production in the Midwest of Brazil.

According to [7], the production of ethanol from sugarcane occurs simultaneously
with the sugarcane harvest, that is, from March to December of each year. The author
[3] define that the higher volumes of biofuels are produced in the intermediate harvest
months, from July to September. This feature of production makes ethanol prices
higher to consumers, in the offseason of sugarcane and start the production cycle,
when the biofuel stocks tend to be at lower levels [3].

Brazilian production of ethanol from the sugarcane and the use of flex-fuel vehi-
cles are world references in renewable energy [3]. The same author adds that ethanol
production has promoted the rural development, diversification of energy sources,
reduction of dependence on imported oil, and especially the reduction of air pollution
and greenhouse gasses. The regional production of ethanol from sugarcane for the
year 2013 is presented in Table 1.

Brazil is a pioneer in the production of sugarcane ethanol, has been successful in
overcoming the initial challenges for developing this fuel, making efficient use of
agricultural production technologies, modern management practices of crop, and the
use of bagasse after grinding to generate heat and electricity for the production of
ethanol [8]. Two crops of corn are harvested in Brazil per year [15]. The first crop has
a cycle from October of one year to April of the following year; and the second crop
(also known as a winter crop), occurs from January to July of the same year. The
second crop of corn alternates the soil with soybeans. The potential of increasing



production of corn to 72.239 million tons, in case of using all soybean planting area,
[9]. The same author adds that due to high costs of transporting the surplus production
from the Midwest, the production of second maize crop of this region is economically
attractive only in the periods of high international prices. These factors make the se-
cond maize is a viable alternative as raw material for ethanol production in this re-
gion.

Table 1. Brazilian regional production of ethanol (source: [3])

Region Production 2013 Production Percentage
North 253.61 0.91%
Northeast 1,703.67 6.13%
Southeast 17,167.74 61.74%

South 1,475.83 5.31%
Midwest 7,207.75 25.92%

Brazil in Total 27,808.59 100%

Table 2 shows the production details in the Midwest region of Brazil. The states of
Mato Grosso (MT), Mato Grosso do Sul (MS), and Goias (GO) composes the region.
Table 2 also indicates the respective amounts of ethanol plants installed, the average
days of operation of the plants, and the quantities harvested in the second corn crop in
2013.

Table 2. Number of plants, average days of operation and the second corn crop (source: [3, 15,

16])
State Quant.  Average days Sugarcane ethanol pro- Second corn crop
Plants of  operation duced in the crop of 2014 in 2012
per year (10° m®) (10° ton)
MS 23 222 2248.37 7,451.1
GO 36 183 3871.93 4,816.9
MT 9 173 1087.46 19,357.8

2.2 Corn Ethanol: the American experience and perspectives for production
in Brazil.

In the United States, the ethanol produced from corn is currently the dominant bio-
fuel, using 30% of the total corn production in the country. According to [10], two
processes are used to produce ethanol from corn: dry or wet milling. Milling ethanol
by the wet method provides a greater amount of by-products such as corn oil, carbon
dioxide gas, starch, and approximately 440 liters of anhydrous ethanol per ton of corn.
Furthermore, ethanol production by the dry process has attracted major interest by
producers, for providing a higher amount of biofuel production (460 L of anhydrous
ethanol plus 380 kg DDGS-Distillers Dried Grains with Solubles) per ton of
processed corn.



One of the disadvantages of the production of ethanol from corn from corn is the
impossibility of total utilization of biomass corn as a source of power generation, as
occurs with the bagasse from sugarcane. According to [7, 11], the corn harvest gener-
ates straw, stem, leaves and cobs left n the field to preserve fertility and soil moisture.
Thus, in the US, other energy sources are used, such as natural gas or shale gas.
Regarding the characteristics of the raw materials used for ethanol production,
sugarcane should be ground and processed within hours of harvest otherwise there is
the loss of sucrose and, therefore, the reduction of the ethanol or sugar production [9].
On the other hand, corn does not undergo this problem and may be stored for long
periods.

Data from December 2013 to April 2014 [12] from two plants in the state of Mato
Grosso (MT) converted to operate simultaneously with sugarcane and corn, showed a
production of 0.37 million cubic meters of ethanol from corn. The product used was
the leftover of the winter crop in that state. It should be noted that the use of grain for
ethanol production occurred precisely in the off-season of sugarcane, which occurs
from December to April when the plants are interrupted for lack of sugarcane.

It was recently reported [12] the income earned by the plants installed in the state
of Mato Grosso, with 0.352 m® of ethanol per ton of corn and 169.5 kg of DDGS per
ton of corn. An important point to note, especially when analyzing the sustainability
and competitiveness of ethanol production, is the consumption and how to obtain the
energy used in industrial steps. In a published study [13] the authors state that the
industrial processing of a ton of sugarcane, to obtain 85 L of ethanol consumes
1641.56 MJ, while processing a ton of corn produces 352 L of ethanol and consumes
3882.39 MJ of energy. These data become important when placed in the analysis of
sugarcane bagasse that is the main source of supply of thermal and electric energy for
ethanol production in the plants. According to [14], processing a ton of sugarcane
generates 276kg of bagasse with potential energy of 2503.71 MJ, and when the
harvest is mechanized, it can obtain the amount of 165 kg per ton of cane straw
harvested, which has the potential energy of 2143.64 MJ.

Considering the losses of 21% in the conversion of the burning of sugarcane
bagasse or straw, to obtain steam in the sugarcane plants [14], one can estimate that,
to process a ton of sugarcane there is a brute availability of 2503.71 MJ of energy
through bagasse, and consume of 525.78 MJ in the process of obtaining ethanol, with
an extra amount of 336.37 MJ, which could be used to process corn for the production
of ethanol.

3 Methodology

In this article, ethanol production potential in the Midwest region of Brazil was es-
timated through simulation, taking into account the use of sugarcane during their re-
spective harvest and corn during the off season from sugarcane. The data used in the
study was obtained from [3, 15, 16]. From these data, we estimated the potential con-
tribution that corn ethanol could bring to the biofuel supply in the Midwest of Brazil.
Calculations were performed in two different scenarios. In the first, the production of
sugarcane ethanol was considered, in volumes achieved in 2013, and the excess
energy from sugarcane bagasse being used for the production of corn ethanol. In this



case, the limit of corn ethanol production could come from energy availability or
availability of cereal in each analyzed state. The determinist simulation was adopted,
and the production process variability was not considered (such as raw material
quality).

In the second scenario use of energy from sugarcane bagasse and straw as energy
source for obtaining the volume of ethanol was considered. In relation to the volume
of corn used for ethanol production, it was necessary to consider between 1) the
amount of corn processable due to the availability of energy; 2) the amount of grain
from the harvest of the second crop; and 3) the amount of corn required for the
production of 120 days of ethanol, having as a basis, the average volume obtained
from the sugarcane.

The simulation of scenarios 1 and 2 are described by equations 1, 2, 3 and 4.

__Ve
0,085

Dge x2.503 (1)

Where: Dg. = energy available from the sugarcane bagasse (in MJ), V, = volume of
produced ethanol (m®), 0,085 = volume of ethanol (m® produced per ton of
sugarcane, 2.503 = Amount of energy obtained from the bagasse of 1 ton of sugarcane

in MJ.
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Where: Dg, = energy available from the sugarcane bagasse (in MJ), V. = volume of
produced ethanol (m®), 0.085 = volume of ethanol (m®) produced per ton of
sugarcane, 2,503 = Amount of energy obtained from straw per ton of sugarcane in
MJ.

E,. = D,x0.79 — E, (3)
Where: E= Excess energy available to the industrial processing of corn (in MJ),

D, = Availability of energy from sugarcane bagasse (in MJ), E. = energy used for the
processing of sugarcane ethanol production (in MJ).

Ey = 72x0,350 ()

pm

Where: Ey = Volume of ethanol obtained from corn (in m®), E., = Excess energy
Auvailable for the processing of corn ethanol (in MJ), E,n= Energy necessary for the
processing of 1 ton of corn (in MJ), 0,350 = VVolume of ethanol obtained (in m®) in the
processing of 1 ton of corn.

4 Results and Discussion

Tables 3 and 4 show the results obtained from the simulations performed. On the
first scenario, it was possible to estimate 2,537.9 cubic meters of ethanol from corn,



an additional 35.21% of the production of sugarcane ethanol. Note that in bold are the
values of corn considered in the processing of ethanol.

Table 3. Results of the simulation for scenario 1

State Second Processable corn due  Excess Sugarcane  Corn etha-
corncrop -  to excessive energy Energy ethanol nol (m?)
ref. 2013 available (ton) (1076 (m®)

(ton) MJ)
MS 7,451,100 2,291,755 8,897 2,248,370 802,114
GO 4,816,900 3,946,643 15,322 3,871,930 1,355,176
MT 19,357,800 1,108,444 4,303 1,087,460 380,611
Total 7,207,760 2,537,901

In scenario 2, the use of available energy (from the former originator of sugarcane
bagasse and straw), the volume of processable corn with the available energy, the
daily amount of processable corn, and the corn harvested in 2013 crop were
considered. In Table 2, in bold, there are defined the amount of corn that were
considered for the production of ethanol, according to the conditions stated in meth-
odology. Note that in this scenario, it was possible to obtain an additional 66.08%
compared to ethanol obtained from sugarcane.

The results of the study showed that ethanol produced from the cereal can give a
large share of contribution to the increase of biofuel supply in Brazil. Thus, the deficit
of biofuel announced by [4] would be minimized, giving conditions for the sector to
re-grow with increasing demand for biofuel

As defined by [6, 9], the present study considered the corn processed in off-season
periods of sugarcane, that is, from January to April, when the ethanol processing
plants are interrupted for lack of cane sugar. Thus, there is less inactivity in power
plants, considering that the yield of sugarcane ethanol is produced from this raw ma-
terial and other periods can use as a cereal raw material.

Table 4. Results of the simulation for scenario 2.

State Second Processable Processable  Excess Sugar- Corn
corncrop  corn due to cornin120 Energy cane eth-  ethanol
-ref. 2013 excessive days of (1076 anol (m)  (m®)
(ton) energy production. MJ)
available (ton)
(ton)

MS 7,451,100 13,829,704 6,252,671 53,692 2,248,370 2,188,435
GO 4,816,900 23,816,208 3,175,978 92,464 3,871,930 1,111,592

MT 19,357,80 6,688,957 4,180,598 25,969 1,087,460 1,463,209
0

Total 7,207,760 4,763,237



Another observation to be added is related to the sale price of corn ethanol by pro-
ducing plants. As the production of corn ethanol is practiced in the offseason of sug-
arcane, as cited by [3], producers can benefit from it, and have more attractive prices
in marketing their products.

Concerning the energy needed for producing ethanol from corn, the current study
showed that the use of the excess sugarcane bagasse is possible to increase in 35.21%
the ethanol production; and the use of excess sugarcane bagasse and straw, can
increase 66.08%. Both studies considered the regional cereal availability, availability
of energy and the maximum production by the State plants. These results show that
the conversion of energy plants to operate with corn can help the energy efficiency of
production facilities to increase production of biofuels with greater use of excess bi-
omass. This energy efficiency is a competitive advantage of the plants prepared to
operate with the two raw materials in relation to the typical American plants, as
defined by [7, 11] which require external energy for processing corn.

Finally, we must add a note about the storage aspects of the two raw materials. As
defined by [9], sugarcane must be processed hours after harvest, and corn can be
stored for a longer period. The plants adapted to operate with both raw materials can
benefit from this feature, because could be used to meet the agricultural productivity
fluctuations of sugarcane, as reported by [4].

5 Conclusion

The study showed, for the Midwest region of Brazil, the additional volumes of
ethanol that can be produced with the use of corn-producing plants previously adapted
from only processing sugarcane ethanol. These results were obtained by simulation,
considering the use of biomass from sugarcane. From the results obtained, it was pos-
sible to prove the energetic feasibility that the plants have to adapt to the operation
with corn as raw material. Also to increasing the production, it is concluded in the
present study that the use of corn can reduce inactivity of the ethanol plants in the off
periods of sugarcane, using corn as raw material. Another benefit of the use of corn
would be its use to minimize the effects of fluctuations in the production of sugarcane
due to climatic factors. The results of the current study could be useful for both
producers and policy makers. For producers, the study may predict the amount of
ethanol that might be increased due to the addition of corn in the process. For policy
makers, the study may subsidize information for the political decision-making process
in biofuels in the country.

In future research, detailed studies could be carried out considering the monthly
variation in the supply of sugarcane and the use of corn as an instrument to maintain
the production in volumes of ethanol.
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