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Abstract:
Sugarcane represents today around 18% of the Total Primary Energy Supply in Brazil, second only to oil. The two forms of useful energy resulting from sugarcane processing are ethanol, representing almost 40% of the light duty vehicle fleet fuel consumption, and electricity. All energy, thermal and electric, required for sugarcane processing comes from the combustion of the bagasse that is the residue from the juice extraction process and close to 30% of the mills, corresponding to 47% of the milled cane in the country, produce surplus electricity that is injected in the national grid. This apparently good energy performance of the sugarcane processing represents less than 30% of recovery of the primary energy contained in the cane fields, due to mainly the poor performance in the use of the fibers of the plant that accounts for two thirds of the plant energy content: bagasse, the industrial residue, is used inefficiently in the mill and the straw, the agricultural residue, is totally wasted, either burned in the preharvest or left on the ground to decompose.
With the increase in mechanical harvesting of unburned sugarcane there is a considerable amount of biomass residues that is left in the field, in the form of unburned straw (leaves and tops) separated from the sugarcane stalks by the cleaning section of the harvester, amounting to 10 to 20 tonnes per hectare (dry basis). There are already some mills trying to find economic ways to recover part of this residue to extend the power generation beyond the sugarcane crushing season, which lasts around seven months, with a potential to double the surplus electricity production per tonne of sugarcane processed. In the future, when the cellulosic ethanol technology becomes commercial, there will be an alternative use for this straw and the surplus bagasse to produce ethanol, greatly improving the yields per hectare cultivated with sugarcane. There have been several studies trying to anticipate the best use for the sugarcane residues concentrated in the two alternatives: surplus power generation and/or cellulosic ethanol, but only economic criteria are normally considered. These technology routes (among others) can lead to the displacement of fossil energy sources and hence contribute significantly to the mitigation of greenhouse gases (GHG) emissions. On the other hand, soil organic carbon (SOC) represents the largest terrestrial organic carbon (C) pool and globally contains over 1550 Pg C [1], representing an important sink for atmospheric CO2. A positive correlation between the maintenance of sugarcane residues on the ground and the increase in soil organic matter content has been observed in several studies, influenced by time since adoption of the unburned sugarcane harvest, soil texture, and soil disturbance in the replanting period [2]. 
The objective of this work is to evaluate alternative uses of the sugarcane residues assessing their potential to mitigate GHG emissions (CO2, CH4 and N2O) through the displacement of fossil resources or enhancement of the soil carbon stocks. The Life Cycle Assessment (LCA) methodology will be used and the alternatives to be evaluated are: surplus power generation (conventional steam cycle and Biomass Gasification/Combined Cycle – BIG/CC), lignocellulosic ethanol via thermochemical and biochemical routes, char production and use as soil amendment and the displacement of fuel oil in other industries. The reference case will be to leave the straw in the field and use bagasse to provide all energy demand of the mill, without any surplus power generation. The impact of removing part or all of the sugarcane residues from the soil surface on soil carbon stocks will be assessed using CENTURY, a process-based model that accounts for soil, climate and crop parameters [3]. A case study will be used considering a mill located in a typical sugarcane-growing region in Southeastern Brazil, on typical climate, soil and crop management conditions, described by Galdos et al. [4]. The year 2020 will used for the assessment, to be compatible with a reasonable date of commercial use of second generation biofuel technology, and the first generation technology improvements, including the agricultural area will be projected and used in the LCA. 
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