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Overview
The problem

Any policy concerning the security of electricity supply requires the load to be fully met all the time. The costs for society of electric power outages and shortages can be much higher than the costs incurred to restore the power systems to normal operation, complying with the adopted reliability standards. The growing use of intermittent energy sources to generate electricity in Brazil and in several other countries poses new challenges both for the planning and for the operation of power systems.  

The solutions

Large shares of intermittent sources in the electric power generation mix make more difficult to keep tight reliability standards. A substantial incorporation of these sources requires flexibility of the receiving power system, particularly backup capacity. Storage systems are one of the solutions for this problem. They present the following advantages: (i) mitigation of transmission constraints; (ii) possibility of temporal reallocation of energy supply, to meet the varying power demand; (iii) mitigation of the agents’ exposure to risk in the short term market due to generation unpredictability; and (iv) a rapid restoration of system stability when the generation from intermittent sources decreases sharply.

A promising solution for the Brazilian case

The instability associated to electricity generated by intermittent sources can be mitigated by power plants with firm primary energy source and capable of changing quickly their generation, such as plants using gas turbines, or hydro power stations with reservoirs upstream. Brazil has a large experience in building and operating the latter type of plant, which has been, so far, for decades, the cheapest form of generating electric power in the country.
Methods
Data was collected to evaluate the intermittency of the most relevant renewable energy sources for electric power generation in Brazil. Then a technical literature review was carried out to compare the pros and cons of the various possible methods that could be employed to mitigate such intermittence. Finally, this information was fed into a multi-objective optimization model, whose result indicated the best alternative for the country.
Results
Among the several alternatives examined in this study, the multi-objective modeling pointed out hydro power plants, preferably with seasonal, or multi-year storage reservoirs at the same site or upstream, as the more adequate option in Brazil to mitigate the variability, fluctuation and reduced predictability of renewable power sources such as wind and solar power. The other alternatives were also ranked during the modeling.

Conclusions
The share of wind power in the Brazilian power sector increased substantially in the last years and this trend is expected to go on in the next decade. The presence of solar power is negligible today and this technology is still expensive in Brazil, but this picture should change in the medium term with adequate public policies, motivated by the very favorable solar radiation distribution found in the country. Planning adequate backup generation to mitigate the intermittence of these new renewable electric power sources is a main technical challenge for the next years, particularly bearing in mind the decreasing total storage capacity of the Brazilian power plant reservoirs over the last three decades. The multi-objective optimizations analysis developed in this study ranked all the alternatives evaluated and reached the conclusion that hydro power stations, particularly with medium to large storage reservoirs, go on being the best option in the country to provide backup generation to wind and solar power.

