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Overview
In response to the oil shocks during the 1970s and the impacts on the country’s balance of payments, the Brazilian government channeled efforts to the exploration of off-shore oil basins by the state oil company Petrobras and to stimulating the use of biofuels in place of gasoline and diesel. The government sponsored program named Pró-Alcool, which was introduced in 1975, aimed at reducing the consumption of fossil fuels by imposing the addition of dehydrated alcohol to the gasoline used in Otto cycle engines and by stimulating the production and use of hydrated alcohol fueled vehicles. The incentives included government guarantees to purchase ethanol at prices above cost of production, reduction of fuel taxation; funding for research aiming at improving sugar cane crop yields and the processing industry productivity; and the creation of cross-subsidies mechanisms that guaranteed a competitive edge of hydrated alcohol relative to gasoline.
Over the years, as the production of ethanol increased, the technological improvements in agricultural techniques and in the industrial processing of ethanol promoted significant cost reduction, even when the lower energetic density of this biofuel is taken into account. In the 1990s, government purchase guarantees were phased out and the prices of ethanol started to be determined solely at the market. However, despite the elimination of the cross-subsidies, the taxation of ethanol remained inferior to that of gasoline. In addition, the government introduced another tax incentive to the purchase of hydrated alcohol vehicles, by setting the tax charged in the acquisition of those vehicles 5% lower than the tax charged in the purchase of gasoline fueled cars, internalizing the positive externalities associated with the more environmental-friendly fuel. Finally, in 2003, flex fuel vehicles started being sold in Brazil, allowing the consumers to use hydrated alcohol or gasoline as fuels and increasing dramatically the market for ethanol in the country.
Transportation fuels are normally highly taxed basically because of two reasons: first, the inelastic nature of its demand guarantees significant government revenues; second, fuel taxes are also used to internalize the negative externalities associated with its consumption. Reducing the taxation burden on renewable fuels are required to make the substitution of fossil fuels viable, guaranteeing greater energy security, environmental benefits, income increase to rural areas and reduced market distortions due to taxation. The case of ethanol in Brazil illustrates the positive impacts of reducing the burden of taxation, as lower taxes over the past decades have created incentives to increase production, boosting the progress on productivity enhancement and cost reduction, both at the agricultural and at the industrial segments of the ethanol production. Moreover, funding for technology projects allowed the development of flex-fueled Otto cycle engines, which has caused a significant change in the market for gasoline in Brazil: not only the demand for this fuel, which already contains a 20% level of dehydrated alcohol, reduced, its price elasticity grew.
This paper aims at estimating an econometric model to measure the effect of the introduction of flex-fueled engines on the demand elasticity for gasoline in Brazil. The paper is organized as follows. The first part briefly describes the market for ethanol in Brazil, stressing the importance of lower taxation burden and technological improvements to its growth. The second section describes the variables and the econometric methodology used, while the third section analyzes the empirical results and its robustness. The last section concludes the work, pointing out the fiscal and energy policy implications of the findings.

Methods
A dynamic model with panel data including all Brazilian federal states is estimated using a Generalized Method of Moments – System Estimation (GMM-SYS). In order to test for the robustness of the results, alternative methodologies are implemented, such as ordinary least squares, two-stage least squares and the difference estimator proposed by Arellano e Bond (1991). Besides, tests that evaluate the efficiency of the GMM-SYS estimator are conducted, as suggested by Blundell e Bond (1998) e Beck (2001), among others.
Results
· Lower tax burden, innovative incentives and investment in research and development have guaranteed the growing insertion of ethanol in the Brazilian transportation fuel market.

· The introduction of flex-fuel vehicles and the consequent expansion of ethanol’s participation in the Otto cycle engine fuels market has led to a drop in the demand for gasoline and an increase in its price elasticity.
· The growth in employment and in income generation in rural areas has reduced migration to large cities in Brazil.
· The use of biofuels such as ethanol has caused a reduction in greenhouse gases emissions at about 20 million tons of CO2 per year in Brazil since the starting of the Pro-Álcool program.
Conclusions

The use of ethanol produced from sugar cane has become a viable substitute for the gasoline used on light vehicles in Brazil. Sugar cane has significant comparative advantages relative to other raw materials used in the production of ethanol, due to its consolidated production chain and the technological efforts undergone in the areas of hydrolysis and biomass gasification.

The use of fiscal instruments, particularly lowering tax burden, and incentives for research and technological development have allowed a reduced dependency of Brazil to fossil fuels. By stimulating the use of biofuels, Brazil has achieved greater energy security, environmental benefits and income generation in rural areas.
There are opportunities to replicate the Brazilian ethanol program in other countries, particularly in the tropical regions of Central America, Africa and Asia. These regions, which currently have low human development indicators, would greatly benefit from the income and employment generated by such initiative. Fostering the use of ethanol and reducing the import barriers imposed by developed countries are therefore essential to achieve greater social and economical progress and significant reduction in greenhouse gases emissions.
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