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Overview
This research presents an optimization model describing decentralized energy systems for rural electrification based on local biomass resources, looking forward the improvement of electricity access conditions in rural areas in developing countries.  Access to modern energy in rural areas is a basic component in order to improve living conditions of poor people in developing countries and achieve the Millennium Development Goals.  However, energy models based on bottom-up approaches used to study energy systems for developing countries are not able to explain in detail the contribution of energy to rural development.  Current models primarily focus on system’s technical and economic performance, as well as system’s potential to mitigate carbon emissions, disregarding income and energy use differences between rural and urban areas.  The purpose of this research looks at the design of a linear programming (LP) optimization model for rural electrification with decentralized energy systems based on local biomass resources, integrating rural/urban differences into the analysis.    
Methods
Analysis is conducted using linear programming (LP) methodology.  The model seeks the minimization of electricity overrun costs, taking into account capital, operation and maintenance, and resource costs.  The energy system considers the based on local biomass resources, namely agricultural and forest wastes, in energy conversion technologies involving direct combustion, gasification, and pyrolysis processes.  Energy demand in households is divided in four demand centres, distinguishing between rural and urban centres, and whether they are located within the area served by the electricity grid.  Moreover, households are divided into six socio-economic strata which correspond to different income levels.  The performance of the system is studied as an alternative to grid extension and utilization of diesel generators for the areas not interconnected to the grid.  The target area corresponds to a region in Colombia, South America, partially covered by the electricity grid and where over 15% of the population has no access to electricity.  
Results
Initial assessment of energy system based only on local biomass resources showed that the system has the potential to cover electricity demand in the target area.  Among the biomass energy conversion technologies, direct combustion of biomass in boilers provided the most cost-effective alternative.  Inclusion of biomass-based electricity generation into the energy system increased significantly the electricity costs, which rose from 7.4 cents/kWh in the baseline case, to 10.4 cents/kWh in a case considering supply entirely based on local biomass resources.  In the same way, the ratio of overrun costs to total costs of the energy system increased from 21% to 44%.  On the other hand, greater dependence on local biomass for electricity supply granted over 120,000 tons of CO2 emissions reduction, and a smaller disparity in the conditions of electricity supply between socio-economic groups in the household sector.  The biomass-based energy system may result in a more reliable supply in the area not interconnected to the grid, given that the conventional diesel generators currently used are only operational eight hours a day.  Additional benefits include the utilization of agricultural wastes and the promotion of productive activities, although they were not quantified in this research.  
Conclusions

The energy model constructed was useful to estimate the allocation of energy resources to different demand centres.  Moreover, the suitability of the system could be assessed in the light of income differences of households with and without access to the electricity grid.  This feature is valuable in order to assess measures that help reduce the costs of decentralized energy supply schemes.  The model is to be further improved with details on geographical distribution of energy resources and generation plants, as well as the scale of electricity generation plants.  
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