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Greenhouse Gases Emissions in the Production of Ethanol from Sugar Cane, in Sao Paulo, Brazil.
Introduction
Climate change caused by greenhouse gases, and depletion of fossil fuel reserves are among the most critical environmental and energy related issues nowadays 
. Since the beginning of industrialization and the advent of automobiles, oil has served as the primary transportation energy source. Transportation accounts represent 60% of global oil consumption and produce almost a quarter of all carbon emissions in the environment. Volatile oil prices, increasing global demand despite diminishing supply, and the importance of the environmental consequences of fossil fuels have catalyzed the intensive search for alternatives. Liquid biofuels have emerged as popular candidates for alternative energy sources, especially bioethanol, which consumption has been increasing as the main source of fuel in vehicles, particularly in Brazil. Brazil is the second largest producer of ethanol in the world, second only to the USA that leads the production. Since fossil fuels are a non-renewable source of energy, ethanol arises as a promising alternative of substituting that. The great attention that has been given to ethanol in the last years as an important tool for greenhouse emissions mitigation and in order to better evaluate the emissions in the production and use of Brazilian ethanol. At nowadays, the issue of bioethanol in Brazil, has become increasingly recurrent allusion that production and consumption of bioethanol for people is the fuel of the future. In fact, alcohol is a biofuel and less polluting than fossil fuels, and is within reach at present, so cheap and accessible to much of the population, and even worldwide. In Brazil, the sugarcane industry generates big capital in terms of exports, adding to the great appreciation of the price of alcohol in the international market because of the possibility of ethanol to become a world fuel plantations of cane sugar has increased in some states in the country, especially in the rural area of Sao Paulo. On this present paper we will describe the phases on ethanol production by sugar cane, and the main gases emitted on this process. High amounts of CH4 and N2O are released from sugarcane burning, and CO2 emitted from soil contributing with the increase of climate change.
One of the limitations on this kind of study is that most of the analyses, however, are based on information provided by only a few mills (sometimes only one) and they may be far from representative of the average national scenario. Unfortunately, a comprehensive countrywide data- base for the sugarcane sector has not yet been established. The use of a database covering part of the sector, but based on reliable and traceable information, has been preferred by the last comprehensive studies that we will see below. 
Also, is important to point out that most of these mills are placed in Center-South of Brazil, which is responsible for more than 90% of all ethanol currently produced in Brazil. The evaluation for the agricultural parameters used the weighted average of the individual values for each mill with respect to its size (cane crushing rate). For the industrial parameters, the weighting factor was the cane processed exclusively for ethanol production. The evaluation of the GHG emissions included the emissions due to fossil fuel utilization (all three levels) and those not related to fossil fuels. The most important emissions that are not derived from use of fossil fuels are:

- Methane and N2O emissions from the burning of sugar cane trash before harvesting;

- N2O and CO2 emissions from soil by fertilizers and lime application and crop residues returned to soil.
The process conditions allowed for stillage recycling adopted today do not promote anaerobic digestion. The same is true for bagasse storage, so methane emissions are not included in the analysis.

Methods

This paper is based on literature review and the contribution with previous researches that had measured gases emissions from ethanol production. The data was providing on PubMed and Harvard Library.
Life Cycle Assessment

Data from the main studies about Life Cycle Assessments (LCA) was used for the GHG emissions analysis of this work. Three different greenhouse gases are considered: CO2, CH4, and N2O by the Global Warming Potential recommended by Intergovernmental Panel on Climate Change (IPCC)
.
The sustainability issue considered more relevant for the assessment of biofuels, besides GHG emissions, is the Land Use Change, considering both direct and indirect environmental impacts and socioeconomic impacts of ethanol production at regional level. In Brazil, an annual production of 15.85 billion gallons in 2020 would correspond to a relatively small requirement of new cane areas (∼5 Mha), which must be considered in combination with a probable release of areas due to the progressive increase of pasture productivities
. Sao Paulo, allocated in Brazilian Center-South region has the main production area. In the calculation of GHG emissions and mitigation, the following supply chain stages were considered: sugar cane production or farm management stage (fuel used in agriculture, N2O soil emission from N-fertilizer and residues); the practice of previously burning the sugarcane field in the pre-harvest stage; cane transportation to the industrial conversion unit, the industrial unit, and ethanol distribution. It was verified that, on average, regardless of the analyzed scenario, the largest portion of greenhouse gas emissions during the ethanol life cycle is concentrated at the sugarcane farm management stage, as we will see on the following study. Moreover, when road logistics and road-rail intermodality to transport the product are considered, this stage represents a relevant number in increase effects on climate change. 
According to Morais et al. (2010)
, biofuels, especially ethanol, are one of the proposals to try to mitigate emissions of greenhouse gases. This source of renewable energy is called for during the plant growth that leads to the biomass in the process of photosynthesis, are absorbed considerable quantities of CO2. Several studies have showed that in the life cycle of ethanol, only the carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) need to be considered within the context of atmospheric emissions analysis greenhouse gases.

According Ometto (2005)
, analyzed the gases have different global warming potential. Therefore, to facilitate comparison of the emission of greenhouse gases from each stage of the life cycle of ethanol is needed to establish a common denominator, that is, the carbon equivalent, also known as CO2e. As the placement of the Intergovernmental Panel on Climate Change (IPCC, 2006)
, the global warming potential, known as Global Warming Potential (GWP) is an index that was set as the reference standard, being established during the development of the Kyoto Protocol, in 1997, Japan.
The IPCC is responsible for the dissemination of this index. When placed in a common, it becomes possible to add various amounts of gases.
According Ometto (2005) 5, this item are generically described the steps that make up the scopes agricultural, industrial and distribution of ethanol to a basic primary storage, present during the life cycle of ethanol:

 The agricultural phase: It starts with the preparation of seedlings of cane sugar, the parallel or after the dressing of the seedlings, preparing the soil, then planting seedlings of sugar cane. That can be performed both manually and mechanically, the crop receives. After, the cultural practices necessary for maintenance and plant growth. Finally, the removal can be performed manually or mechanically. After the completion of cutting, cane sugar is transported to the beneficent plant;
The industrial phase: In the industrial stage is exactly the case where the transformation of sugar cane into ethanol, the addition, depending on the burning of bagasse and straw sugar cane boilers, that there is the process of cogeneration of electricity;

The distribution phase: this phase is when the ethanol is transported to a primary storage base;
The stage of use: the end user can use ethanol as fuel primarily in automotive vehicles equipped with flex-fuel engine.
On the agricultural stage of the plantation of sugar cane, the process can be mechanically or manual. Both process needed pesticides in order to maintain the plantation. According to Coleti et al (2010)
, the elimination or reduction of invasive plants and control pests and diseases are essential, since it avoids competition with the culture of cane sugar. Therefore, pesticides, herbicides also called, are applied in the field. According to Campos (2003)
, the manual harvesting of sugar cane is performed with the aid of the previous burning of sugarcane. This practice makes the cut, because it allows the rural workers into the cane field. It also helps scare away poisonous animals like snakes. It is import to note that with the advent of machine technology, the manual cutting of sugar cane in Brazil has been losing ground. The mechanical cutting provides significant reduction in operating costs, the demand for labor, labor and environmental problems. Among these problems, one should note the decrease in the release of greenhouse gases in the atmosphere of substances harmful to health and soot. Prado (2007)
 explained that the purpose of burning, and reducing emissions of greenhouse gases, would increase the amount of biomass available, from one end of the straw and cane sugar, in the same order as the amount bagasse available today. This is true even considering that only 50% of this organic matter is removed from the soil. It is noteworthy that the importance of the other 50% remain in the crop is in fact helping it fertilization and maintenance of biotic soil conditions and reduce the use of artificial fertilizers. Secondly, in the industrial phase, the sugar cane after being subjected to washing, it goes through a process known as preparation, when the sugar cane is processed in many different mechanical cuttings. After the preparation stage, starts grinding operation, aiming to extract the maximum of sucrose contained in the juice of sugar cane, by mechanical or chemical different process. After that the sugar cane is submitted to fermentation and distillation to finally generate the final product for use, the ethanol. This process also emits gases in the atmosphere by high temperatures of the boilers used on this phase, as e will see on results. At the distribution process, the three main ways used to distribute the ethanol made in the mills and distilleries in Brazil to primary database storage are road, rail and waterway, where the product is respectively moved in tanks of trucks and rail tanks trains and tanks on the barges. The distribution process emits gases by vehicular emissions involved at this phase. Diesel consumption is a key parameter in this phase of this analysis. In this procedure the total consumption is obtained through the equipment’s specific fuel consumption and the level of their utilization in the different productive operations. Finally, the final product is ready to use by the consumers.

In order to analyzing the impact on the following phases that have emissions of greenhouse gases, is essentially take in consideration the area of production of sugar cane, use of different fuels at the stage of the agricultural management of sugar cane; extinction practice to burn the reed in the stage of pre-harvest, and using a logistic intermodal ethanol to distribute a base primary storage. 
Is important say that the machines used in agricultural management of cane sugar are fueled with diesel, there are percentages of areas that are harvested with the aid of the previous burning of the sugarcane and ethanol logistics base to a primary storage is handled exclusively by road transportation. Also, regarding the analysis of the extinction of the prior practice of burning the cane fields, it is noteworthy that it is difficult to quantify the emissions of greenhouse gases from the possible increase in diesel consumption by machines that can be inserted in harvesting process.
Related to ethanol cane sugar, emissions of greenhouse gases coming from the agricultural management are related to four events: (i) emissions of soil due to nitrogen fertilizer use; (ii) emissions as a function of the chemical inputs used in the agricultural process; (iii) emissions depending on the amount of diesel fuel consumed, emissions based on the percentage of area that is harvested with the aid of the previous burning of sugarcane.

For the first three events mentioned above, emissions of greenhouse gases are linked to productivity, for example, how many tons of cane sugar are produced in one hectare during the period of one year.

However, for the four events the final result is shown in CO2e kg per ton of ethanol since it is necessary to consider the amount of cane sugar required to produce one ton of ethanol, and the density of the fuel.
Results

Several studies in Brazil showed the balance of total gases emissions that come from sugar cane production to obtain ethanol. 

In one of these studies, Macedo et al. (2004)
, in a study developed for the Department of the Environment of the State of São Paulo, presented an overview of emissions of greenhouse gases in the production and use of Brazilian ethanol.

His main objective was to study the emissions of greenhouse gases in the life cycle of production and use of ethanol, in typical conditions found in mills and distilleries in Brazil, still appearing in the calculation of emissions from fossil fuel consumption and emissions do not related to the use of energy.

The methodology of Macedo et al. (2004) is grounded in the creation of two scenarios: (1) based on the average power consumption, and investments in inputs, and (2) based on the best values ​​applied, for example, minimum consumption, using the best available technology and practiced in the region. In numerical terms, Macedo et al. (2004) showed emissions of greenhouse gases segmented into two groups: (a) for the use of fossil energy, and (b) due to other sources, such as straw burning and decomposition of fertilizers. For the first group, the calculated values ​​for scenarios 1 and 2 were, respectively, 17 and 19 kg of CO2e/ton metric cane sugar (TC). 
As for the second group, the result obtained for both scenarios was 15.3 kg CO2e/TC.

In another important study, Ometto (2005)
 was conducted an inventory of the life cycle of ethanol and to evaluate the categories of environmental impacts, valuing inputs, services and emissions in terms of energy, to identify opportunities for environmental improvement, and compare applications of assessments of environmental impacts.

In the study of Ometto (2005), the final result, regarding the issuance of 1541.32 kg CO2e / t of ethanol, is divided into the following stages of the life cycle: (1) preparation of the soil, with 0.14%, (2) agricultural cultivation of cane sugar, 1.76%, (3) cultural practices, with 3.32%, (4) harvesting of cane sugar, with 66.79%, (5) industrial process of ethanol, with 0.00%, (6) generation of steam and electricity, with 0.06%, (7) fertigation, with 0.47%, (8) distribution, with 0.03%; and (9) use in automotive, with 27.43%.
Just for use another parameter to comparing emissions, we have another important study for GHG emissions in life cycle process, done by O’Donnell et al (2009)
. Where they did not study the life cycle of Brazilian ethanol, but the North American wheat. However, this study differed from others by emphasis that was given to the difference in the volume of emissions of greenhouse gases due to the agricultural management of four species of wheat in various regions and the combination used for intermodal transport supply chain to moving the product grown in the United States and consumed in Japan.
The study methodology was founded on the elaboration of a Life Cycle Analysis for each individual species of wheat grown in its three main producing states, including the use of chemicals, energy and transport distances. The reference unit used was 1 kg of dry wheat placed on the point of use at the port of Yokohama, Japan.
The notability of this work lies in the fact that attention has been given the intrinsic characteristics of each region. In other words, each location has its own dependence on chemical applications such as fertilizers and pesticides, so with different distances and mode of transportation options to reach the North American city of Portland, Oregon, where the production of Wheat is then concentrated to be disposed of by sea to Yokohama.

The results of this study are quite interesting and contributed to research on emissions of greenhouse gases in agricultural commodity chains. O'Donnell et al (2009) found that intra-species, that is comparing the emissions of the same species in different regions, can result in a difference in emissions of greenhouse gases in the order of 101%. This means that the soil characteristics of each locality are overweight. The variations between species of grain, for example, emissions of different species planted in the same region, was 62%. Finally, the possible options for intermodal transport within the territory of North America provided a range of 39% to 56% in emissions. 
Emissions from sugarcane trash burning in the field and soil emissions were evaluated according IPCC (2006)6 recommendations, with the corrected values for the GWP-100
 Since urea is the main N-fertilizer used, besides N2O emissions, the emissions of CO2 must also be accounted for. Nitrous oxide emissions regarding unburned trash that is not taken to the mill, added to stillage and filter cake mud emissions (industrial residues that carry part of cane nitrogen, were determined with IPCC values indicated for ‘‘residues returned to soil’’ category, although they do not necessarily represent the reality verified for sugarcane biomass. High amounts of CH4 and N2O are released from sugarcane trash burning during the harvesting phase and N2O and CO2 are also emitted from soil. As these CO2 equivalent emissions are not derived from machines, they are increasing the share of GHG emissions in the ethanol production without input of fossil energy, while decreasing the share related to transport.
Again, at Macedo et al10, we can observe the results that, in cane production significant alterations in the emissions pattern are expected in the coming years, essentially by reductions in trash burning. From 2002 to 2005/2006, however, the large difference is associated to the incorporation of N2O emissions from agriculture/ industrial residues that are returned to soil and CO2 emissions from lime and urea application (in the occasion of 2002 analysis the main N-fertilizer was of NH4 type). For the 2020 scenario, the banishment of trash burning and the reduction of mineral fertilizers application will lead to drastic emissions reduction, although there might be a small increase of emissions associated to the residues that are returned to soil (once again it must be stressed that such values were obtained from ‘‘default’’ emission factors suggested by IPCC). 
Conclusion and Discussion

As also noted by Ometto (2005) 11, this study showed that the activities present in the stage of the agricultural management of cane sugar accounted for the largest share of emissions of greenhouse gases in the life cycle of ethanol. 

Another important issue that will work with the reduced emissions of greenhouse gases in the life cycle of ethanol will be the end of the previous practice of burning the cane fields during the pre-harvest. On average, considering all possible combinations of fuels used in the stage of agricultural management and transportation options from step logistics to distribute ethanol to primary storage. 
As a conclusion in order to analyze the life cycle of ethanol under a perspective multicriteria, including another important aspects of analysis, such as production costs and transport of the different regions manufacturers cane sugar and ethanol; more combinations of transport modes; and risks. Thus, intending would analyze the tradeoffs involved. As we could see in all studies involved on this analysis, ethanol production process has high concentration of GHG emissions, and this is one of the major contributors to Global Warming. New technologies in the production process have to be applied as soon as possible, in order to subistitute the process that have the biggest emission rates, and also in order to extend the present work, it is recommended that future studies make similar environmental and economic evaluation of other relevant biofuel sources.
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