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Overview

The Brazilian energy plan forecasts the need for 62 new hydropower plants (54 GW) to satisfy increasing electricity demand by 2030. The plan expects that most of the expansion (~40 GW) will happen in the Amazon basin. Supporters of this expansion claim that, among other benefits, hydropower is a low cost and low carbon source of electricity. However, research suggests that large hydro power projects have substantial environmental and social impacts. Further, the high biomass carbon densities of proposed dam sites in the Amazon may also lead to significant emissions of methane (CH4) and carbon dioxide (CO2). Although the environmental licensing process requires the study of alternatives to the construction on large dams, these studies have been neglected and lack a comprehensive analysis of other options. We fill this gap by comparing the government’s baseline Brazilian energy expansion plan, which is heavily based on large hydropower plants in the Amazon basin, with alternative scenarios where more wind, solar, biomass, and natural gas are employed. We evaluate and compare the operational costs, greensouse gas emissions and land use for the different expansion plans.
Methods

Currently, the Brazilian electric system has 140 hydropower plants (86 GW), 97 thermal power plants (20GW) and 33 GW of small hydro, solar, and wind connected through an integrated network divided in 5 systems. The expansion plans forecast the need for 62 new hydropower plants (54 GW), most of them located in the Amazon basin, and 25 new thermal plants (16 GW) by 2030. We modelled each unit of the current and future system (baseline scenario) using SDDP (stochastic dual dynamic programming), which is a hydrothermal dispatch model with representation of the transmission network. The model calculates the least-cost stochastic operating policy of a electric system, taking into account operational details of the plants, such as water inflows and operational limits, and the stochastic behaviour of the system caused by renewable variability. The demand scenario is based on the government forecasts.
We buit alternative expansion scenarios creating hypothetical new power plants based on solar, wind, biomass (sugar cane), and natural gas. Generation variability for the renewable power plants is based on satellite data for the solar power plants and historical data for wind and biomass (sugar cane). We then applied the OptGEn, an optimization tool, to determine the least-cost expansion (generation and interconnections) and selecting optimal expansion scenarios. The tool determines the least-cost investment schedule, which consists of the sum of investment and expected production costs for the construction of new power plants and interconnections. The expected production cost calculation takes into account inflow uncertainty, represented  as hydrological, wind and solar scenarios. The model also characterizes a variety of operational constraints, such as load supply, hydro balance for plants in cascade, emission constraints, maximum and minimum generation capacity, and limits on reservoir storage and on energy transfers between regions. We then compared the baseline scenario (government scenario) with three alternatives scenarios: i) only wind and solar, ii) wind, solar, biomass and natural gas and iii) wind, solar, biomass, natural gas and hydropower. All scenarios have the same long term expected system reliability to supply the demand.
We simulated the operation of the baseline and alternative scenarios using SDDP in  monthly time steps and we compared the operational costs, land use change, and greenhouse gas emissions by 2030. We also studied the effect of delays in large hydropower projects and their impacts on the cost and reliability of the system.
Results

Preliminary results for the baseline scenario indicate that total capital costs for new installed capacity vary from 295 to 405 billion reais. The annual operating and maintenance costs of the new power plants vary from 6 to 8 billion reais. Further, the average total annual cost of the thermal power plant operation is 2.7 billion reais, but the variability is high and range from 0.1 to 14 billion reais. In this scenario, the system-wide greenhouse gas emissions factor varies from 20 to 250 metric tons of CO2 equivalent per megawatt-hour. Total land use from this expansion plan varies from 20 to 35 thousand square kilometres.
The baseline scenario optimization shows that most of the demand will continue to be supplied by the large hydropower projects. The non-hydro renewable participation increases significantly through the time and surpass the thermal generation within the study horizon. Most of the demand growth is met by the increase in the generation output from large hydropower plants and renewables.
Preliminary results for the alternative scenarios suggest that total capital costs and operating costs are in the same order of magnitude compared to the baseline scenario. The land use change, measured in km2, has also the same order of magnitude. When taking into account the costs of construction delays in large hydropower plants, which increases the costs, alternatives scenarios perform better regarding the costs criteria.
