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[bookmark: _GoBack]Central America has the highest penetration of non-large hydro renewable energy capacity installed in the Western Hemisphere (Bloomberg New Energy Finance and Multilateral Investment Fund 2014, Bloomberg New Energy Finance/Multilateral Investment Fund 2012, 2013, World Bank 2015a, 2015b), higher than the regional Latin American average of 14%, and on par with developed nations such as Denmark. Nicaragua is an especially interesting case, since it is making great progress toward more sustainable energy sources, going from 40% of its electricity from non-hydro renewable energy in 2013 to 50% of its generation coming from wind power alone in 2014 (CNDC 2014). Moreover, the country had a great dependence on oil related imports, accounting for 1/3 of total import bill of the country. The country has been able to reduce considerably the dependence on oil and has set very ambitious goals of reaching 90% of generation coming from renewable sources by 2020. 

The model to be used is the Mitigation, Adaptation and New Technologies Applied General Equilibrium (MANAGE) Model. MANAGE is a recursive dynamic single country computable general equilibrium (CGE) model designed to focus on energy, emissions and climate change. The model is a single country CGE model, that will allow us to have a detailed specification for the energy sector that allows for capital/labor/energy substitution in production, as well as intra-fuel energy substitution across all demand agents with multi-output and multi-production structure. In the model, labor growth is exogenous and it is divided into (employed and self employed and skilled and unskilled labor). 

MANAGE also includes specifications for margins (trade and transport), for taxes (direct, indirect and subsidies). In the short run, energy is assumed to be near complement with capita, but not in the long run. Hence, when the prices of energy rises, it leads to higher production costs in the short run, when the substitution is low, but it would lead  to energy-savings technologies in the long run.

The model allows for both multi-input and multi-output production, for example, in the case of electricity supply comes from multiple activities: thermal, hydro, wind, solar and biomass. 

Labor and capital income is in greater part allocated to households with pass-through accounts to enterprises (in our case called sociedades). The government revenue comes from the different and detailed taxes minus the subsidies given by the government. 

Just like in the case of GTAP, the household demand is modeled using constant-differences-in elasticity (CDE). For the specific case of the energy demand, there is a single commodity and disaggregated by energy type using a CES structure that allows for inter-fuel substitution. Import demand also assumes the familiar Armington assumption, where goods are differentiated based on region of origin. 
The assumption of small country for export and import’s country prices are exogenous, but it allows implementation of an export demand schedule and an import supply schedule, with endogenous terms of trade (TOT). 

There are different closures that are available, depending on the nature of the simulation. If we have comparative static simulations, then the capital behaves like labor markets “with upward sloping supply schedule for aggregate capital supply and inter-sectoral capital mobility that depends on a CET transformation elasticity”. If we have a dynamic scenario, then new capital “is allocated across sectors”.

Like other models, the dynamics of MANAGE are composed of population and labor stock growth that are exogenous, aggregate capital that grows according to the savings, and labor productivity in services that is assumed exogenous (and labor productivity for other sectors is relative to labor productivity in services and calibrated to historical trends). 

MANAGE allow us to analyze the effects on the Nicaraguan economy of the change in the energy matrix by using the Nicaraguan social accounting matrix (SAM). The SAM of Nicaragua is provided by the Central Bank of Nicaragua. It consists of 115 activities(agriculture, mineral mining, thermal public generation, hydroelectric public generation, thermal private generation, geothermal private generation, hydroelectric private generation, biomass private generation, wind private generation, transmission services, distribution services, processed foods, textile and apparel, other manufacturing, refined oil, construction, private services, public services) 118 commodities(agriculture, mineral mining, crude oil and gas, electricity, processed foods, textile and wearing apparel, other manufacturing, refined oil, construction, private services and public services) and factors such as the capital, labor(self employed and employed), land, natural resources. 

By using MANAGE and the latest SAM of Nicaragua, as well as updated the energy matrix and the levelized cost of electricity (LCOE) that feeds MANAGE model on energy generation. The paper will elucidate some of the key macroeconomic aspects of Nicaragua’s energy plan, for example potentially short-run balance of payments constraints as Nicaragua invests in new (imported) renewable energy capacity, but long-term relief due to lower oil imports. Nicaragua’s potential output could exceed domestic capacity; thus an additional long-term benefit could be the potential to export surplus output. This potential could be limited if investments in cross-border transmission fails to materialize.
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