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Overview
Biofuels have the potential of playing an important role in the renewable energy sources panorama, ensuring the achievement of multiple goals such as security of supply, reduction of greenhouse gas (GHG) emissions and development of business opportunities in the agricultural and rural sectors. Subsidies to the sector were rationalized on this basis. 
However, three potential impacts could offset any benefits biofuels may bring, and careful assessment and analysis of biofuels’ impacts are necessary. These possible consequences involve food prices and food security; economic distortions of subsidies; and environmental and ecological impacts on land-use and global GHG emissions.
The present paper applies a general equilibrium model, an extended version of the GTAP model developed by Hertel, Tyner and Birur in 2010, to analyze the combined impacts of the US (US Energy Independence and Security Act of 2007) and EU (Renewable Energy Directive 2009/28/EC) biofuels programs with a particular emphasis on the effects in the European Union in 2015. 
Methods
The model is an extended version of the GTAP-E model, which incorporates the potential for intra-fuel substitution, as well as energy-capital-labor substitution (Burniaux and Truong, 2002). The GTAP-E model has been augmented with a land use module, GTAP-AEZ (Agro-Ecological Zones) (Hertel et al., 2009), which disaggregates land use into 18 AEZs. Moreover, by-products of biofuels, DDGS and vegetable oil cake and substitution between biofuel by-products and other animal feed in livestock production are introduced. 
An alternative GTAP model closure has been used: unemployment in US and EU27 is introduced making endogenous the unskilled labor supply in both regions and fixing real wages. 
The database is the updated 2006 fuel economy which results from an historical analysis for the period 2001-2006 (Hertel et al., 2010) and three biofuels sectors have been considered: corn-based ethanol, sugarcane-based ethanol, and oilseed-based biodiesel (Taheripour et al., 2007). The land cover types include forest, pastureland and cropland. 
The constant elasticity of substitution amongst liquid fuel products consumed which measures the change in the intensity of ethanol use in total liquid fuels in response to a change in the relative price of ethanol has been introduced in the model by Hertel et al. 2010, and the value obtained by the estimation through historical data are considered in the present simulation. 
Results
The results of the paper are presented in terms of socio-economic, (prices, welfare and employment) and environmental (land use change and Co2 emissions) impacts.
The analysis highlights that the greater percentage changes occur in oilseed prices in all the considered regions confirming results reported in literature (Gerber et al., 2009; Fonseca et al., 2010). Moreover, the mandates contribute to increase prices of food products and livestock products with the main rises in the European Union, Brazil and Latin American countries. 
A loss in total welfare of the European Union due to the combined effect of production, trade and policies measures in all sectors has been predicted. Moreover, its decomposition shows that most of the change derives from the labor sector. The mandate results in an increase in labor employed in the biofuel sector (both ethanol and biodiesel) and in the oilseed sector but not in the rest of the economy and, as a global result, it yields a reduction in total employment. This is reasonable, since the mandate is pushing the economy away from the more efficient allocation of resources.
The consequences in terms of land use change as well as land cover change also have been considered. The impact on land use changes in crop harvested area owing to the biofuel mandates in the US and EU shows an overall increase in land area under oilseeds from 2006 to 2015, which occurred not only in the European Union but also in the rest of Europe, Canada and Latin America countries. From an environmental point of view, how much cropland is demanded overall, and how much and where forestlands and pasturelands are converted to cropland are the big issues (Hertel et al., 2010). As a result of the mandates, crop cover is up in nearly all regions and it comes from pastureland and accessible forest lands, since idle lands are not considered. 
Finally, results in term of CO2 emissions changes predict a very small reduction of the carbon dioxide emissions at a global level as a consequence of the mandates.  
Conclusions
The urgent need to diversify energy sources, the increased energy demand and the international policy debate on climate change have led to a growing attention for renewable energy resources and biofuels among them.
However, a number of issues fuel the debate over the real benefits of a steady development of biofuels, at least first generation biofuels. It concerns the range of increase in agricultural prices to high production costs, from competition for land to achievable environmental benefits.
The work highlights that the increase in production of first generation biofuels owing to US and EU policies will have important economic and environemtal consequencres in terms of welfare, food prices, employment and land use change in the European Union and in the rest of the world. Therefore, policy makers should take into account  these impacts during the decision process and at the same time consider alternative investments such as second generation biofuels.
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