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Overview 

Ethanol production from sugarcane has been noticed as an ecological alternative for petroleum and also as solution for global warming. Brazil is a key country because it can supply ethanol for external and internal demands. Although sugarcane is a renewable source of energy, it has a doubtful ecological sustainability. One of the main criticism on this subject is that the increasing of cultivation area would create pressure on natural resources, mainly at Sao Paulo State, the leading producer in Brazil. In spite of the cultivation occurs mainly on degraded pasture areas, sugarcane expansion can eliminate remaining ecosystems areas (such as Cerrado and Atlantic Forest) indirectly due its pressure on another crop systems. The concern related to ecosystem conversion to cropland is because food and raw materials (such as sugar and ethanol) production is maximized while a wide range of goods and services provided by ecosystems, called ecosystem services, are depleted.  Ecosystem services includes fresh water provisioning, carbon fixation, soil formation, climate regulation, flood control, nutrient cycling maintenance, genetic information, aesthetic and cultural values, and many others. The ecosystem conversion to agriculture land is still an economic advantage because the economic value of ecosystem services is disregarded. However, if it would possible to measure the negative impact of this conversion, which value would it be? Emergy methodology allows to attribute economic value to ecosystem services. If compared with neoclassic economic approaches, emergy accounting is advantageous because it doesn’t estimate prices based on the human preferences (that are subject to prices oscillation according to the market) and also measures the real quantity of work within certain service or storage. 

Methods

Due the importance of water availability and global warming all around the world, the ecosystem services assessed in this work are those linked to water, carbon and nitrogen cycles. Using the theoretical foundation of Buenfil (2001) and Brown & Ulgiati (2004), it was calculated the global emergy per mass index (that measures the solar energy content per mass flow) of processes like water percolation, surface runoff, carbon fixation, carbon emission, biological nitrogen fixation, nitrous oxide emission, ammonium volatilization, nitrate leaching, and many others. After calculating the emergy per mass index, these values were used in the local ecosystem services approach. The sugarcane study areas were Corumbataí watershed (water flows; Garcia et al., 2006), experimental farms at Serrana and Pradopolis (carbon and nitrogen flows; Campos, 2003), Piracicaba river basin (nitrogen deposition; Lara et al., 2001), and Piracicaba city (nitrogen flows; Bergamasco, 2003).  The native forest study areas were Corumbatai watershed (water flows; Garcia et al. 2006),  experimental catchments at Cunha  (water flows; Ranzini et al. 2004; nitrogen flows; Ranzini et al. 2007), a watershed at Piracicaba river basin (carbon flow; Silveira et al., 2000), and an experimental watershed at Santa Rita do Passa Quatro  (carbon flow; Silva et al., 2007).

Results

Prices of global processes

Global emergy assessment allowed the calculation of global ecosystem services linked do material cycles (water, carbon and nitrogen). Considering that they were co-products of global emergy budget (around 15,83 E+14 joules equivalents of solar energy, sej) and using the Brazil emergy-to-dollar conversion (3,33 E+12 sej per dollar), it was estimated some important ecosystem services:

Water cycle: Surface runoff: 0.14 USD/m3, Subsurface waterflow: 1.25 USD /m3, Groundwater recharge: 1.49 USD /m3; Carbon cycle: Carbon dioxide fixation: 38.14 USD / ton C; Carbon dioxide emission: 39.67 USD/ ton C; Methane emission: 4,774.90 USD / kg C emitted as methane. Nitrogen cycle: Nitrogen biological fixation: 23.76 USD / kg N; Atmospheric nitrogen deposition: 29.80 USD /kg N; Denitrification (N2O emission): 33.97 USD/kg N; Inorganic and organic nitrogen runoff and leaching: 161.76 USD/ kg N.

Comparison between Native Forest and Sugarcane cropland 

Using the emergy methodology, the em-dollar values of mass flows in natural and human altered systems for material cycles were estimated. 

Hydrologic cycle: a watershed covered by native forest has a water percolation estimated as  3929 USD.ha-1.year-1, while a sugar-cane field in the same region showed water percolation valued as 1479 USD.ha-1.year-1. Carbon cycle: native forests in Piracicaba rive basin shows a carbon fixation service appraised from 113 USD.ha-1.year-1, while sugar-cane areas in Serrana and Pradopolis show a carbon fixing value of 589 USD.ha-1.year-1 without considering the total loss of this service after harvesting; moreover, with the adoption of cane-burning for cropping, the CO2 and CH4 emissions correspond to 172 USD.ha-1.year-1 and 56 USD.ha-1.year-1, respectively. Nitrogen cycle: the nitrogen fixed biologically in tropical forest shows values in a range of 23 to 7126 USD.ha-1. year-1; in sugar-cane systems the value can vary from 0 to 1226 USD.ha-1.year-1, for cane without nitrogen fixation and for RB72 454 cane genotype, respectively. The nitrogen fertilizer used for sugar-cane produces ammonia volatilization and nitrate leaching whose value is estimated as 4082 USD.ha-1.year-1.

Conclusions

Results showed that emergy accounting is able to estimate ecosystem services (ES) prices. The estimates of gains or losses of ecosystem services due native forest conversion to sugarcane cropland shows that the first have high potential to provide ES. Intensive agriculture of sugarcane increases biomass productivity (reflected on carbon fixation) however, the cost of this production is higher losses of nitrogen and water if compared to native forest.  Moreover, this work is very important because a range of ecosystem services values were obtained.
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