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(1) Overview 
Ethanol produced from sugarcane is presented by media as a renewable substitute for fossil fuel because it can be crop every year. Besides that, it is a current believe that, by replacing oil, ethanol can reduce greenhouse gases emissions. Some ethanol mills already sell carbon credits based on this argument. Yet, there are discordant voices that point out that any biomass production and industrial transformation requires the use of fossil fuel, in the form of fertilizers, agrochemicals, machinery, and for inputs and products transportation. The biofuels carbon cycle can be assumed, in a incomplete perspective, to be a closed circuit because carbon captured during biomass photosynthesis is emitted to atmosphere by biofuels burn and processing (crop and bagasse burn, and during fermentation). But, this system also consumes fossil fuels in agricultural, industrial, and transport stages, therefore emitting CO2 from their use. Moreover, soil oxidation due to erosion also emits CO2. The objective of this study was to estimate CO2 emissions resulting from the production and use of ethanol from sugarcane.

(2) Methods 

CO2 emissions were calculated for 1 liter of ethanol, as described by Ulgiati (2001). For the calculations it was assumed that all CO2 absorbed during cane growth is emitted during the ethanol production and burn (close cycle). The data used in this work was obtained from literature, official database information, actual farm and industry data.

 (3) Results 
Table 1 presents the emissions by chain stage. The results indicate that the agricultural phase is responsible for 80% of all emissions due to direct use of fossil fuels (22%), soil oxidation (35%) and through the use of materials (35%). The same result was observed by Bernesson et al. (2006). Ometto (2005) estimated CO2 emissions to be half the one calculated by this work, but, in his work, soil oxidation was not included.  Sugarcane ethanol presented lower CO2 emissions per liter ( 0.28 Kg of CO2 equivalent/l ethanol) when compared to other biofuels: wheat (0.8 Kg of CO2 equivalent/l fuel) (Bernesson et al., 2006); corn ( 2.2 kg of CO2 equivalent/l fuel) (Ulgiati, 2001). These differences are due to better production per area, as well as, better yield (82 l of ethanol per tone of sugarcane).  Besides, the ethanol plants burns bagasse to produce vapor, electrical energy and CO2 and it was not considered in this analysis.
Table: 1:  CO2 emission balance for ethanol production using sugar cane
	Stage
	Use
	Kg of CO2 eq. / l ethanol
	g CO2/MJ
	% 

	Plantation 
	Fossil fuels direct use  

Soil oxidation

Materials
	0.06

0.07

0.09
	2.72

2.85

4.34
	22

23

35

	Total 
	0.22
	9.91
	80

	Transport  
	Fossil fuels direct use  

Materials
	0.02

0.03
	0.87

1.24
	7

10

	Industrial 
	Materials
	0.01
	0.37
	3

	Total
	0.28
	12.39
	100


It is interesting to note that, although fossil fuels also need to be delivered, this phase can be responsible for high volumes of CO2 emission. It is our estimation that 1000 km of ethanol transportation increases CO2 emissions in 0.13 kg CO2 eq./l ethanol. Thereby, a production model design with smaller plants allocated in an ample geographic area should be more suitable than a concentrated huge capacity plant model, since the distribution is reduced, as well as the emissions.

These results indicate ethanol can recycle CO2, but it is not enough. To be considered as net emission, the system must be able to absorb all the emissions direct and indirectly associated to the production chain. To compensate these emissions, a forest area should be incorporated to the agricultural area. Our first estimative is that for every hectare of growing sugarcane crop, there is the need of 0.1 ha of growing forest to absorb the CO2 emitted. This calculation can be improved, nowadays it does not include the biofuel distribution.
 (4) Conclusions 
Sugarcane plantations can not be considered as a CO2 sink, as native forests are, since they do not sequester carbon, only absorb it or a short period of time. Ethanol production and consumption systems can not be considered CO2 mitigator because, although reducing emissions when compared to other fuels and biofuels, CO2 is emitted to atmosphere due to fossil fuel use by the system. To compensate CO2 emissions, an additional area of growing forest should be incorporated to the plantation of sugarcane. The size of this area depends on distribution steps. Thus, although some researchers belief that ethanol systems have no net CO2 emissions, they do emit CO2
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