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Overview

The Brazilian electric power grid is historically hallmarked by a significant presence of renewable energy sources, in particular hydropower. In effect, this source alone accounted for nearly 90% of the grid’s total generation from 2001 to 2013, casting therefore all other sources on a complementary part. In a moment when fossil fuels account for over 2/3 of the world electricity production, Brazil stands in the spotlight not only as the sole country among the major economies where renewables cater for over a third of the system’s output, but also as one with a comparably low rate of greenhouse gas (GHG) emission per unit of electricity.
In respect to the future, with over 60% of Brazil’s technical and economic hydraulic potential still available for exploration, it should be unsurprising that the capacity currently programmed to be added to the grid will come mostly from hydropower. At a casual glance this might seem a positive prospect; a closer look, however, should reveal that the historic capital presence of hydropower in generation may be, in fact, due to shrink expressively in following years, bringing, as a result, an increase in GHG emissions.
This grim outlook is owned to the strategy adopted in recent years (roughly around the turn of this century) to direct the expansion of the hydroelectricity grid largely to the Brazilian North, the region which concentrates more than half of the national hydraulic potential currently unemployed. Indeed, the North is expected to harbor nearly 90% of the new capacity to be installed by the end of this decade. Particularities of the region, however, represent significant challenges to the production of electricity.
The paper will show that, notwithstanding its great potential, concerns regarding the impacts of hydro plants upon the biodiversity and the native population of the Amazon rainforest restrict considerably the size of the reservoirs and, therefore, the amount of energy they store in the form of water. Furthermore, the low relief of the North offers limited conditions to the construction of large reservoirs, particularly in regard to those that allow the regularization of the output for extended periods of time, also known as storage reservoirs.
In this sense, the expansion of the power system will be largely supported by run-of-river schemes, whose capacity of regularization does not exceed the length of a few weeks. This will result in an increasing mismatch between the evolution of the reservoirs storage capacity and the demand for electricity, which is expected to exhibit significant growth in the following years, mirroring that of the recent past. As a direct outcome of this process, the regularization capacity of the grid
 will suffer a continuous decline, reducing thus the security of the hydroelectricity system. Consequently, this will bring about a significant structural change in the Brazilian system as it becomes more subject to complementary thermopower generation in order to ensure an adequate supply of electricity.
A brief analysis of the grid reveals that this structural change is in fact already in course. As will be shown in the paper, from the 6.27 months exhibited in 2001, the national regularization capacity fell to 4.91 months in 2012; a decrease of nearly 1/4. That year, indeed, the reservoirs went down to historic levels, which triggered off the massive use of backup thermal plants in order to ensure the adequate supply of electricity; a situation that has persisted throughout 2013 and is still very much present in 2014. The current scenario in Brazil exposes plainly what should become more evident in following years: that as the regularization capacity decreases, thermopower theretofore used only as backup will increasingly be employed to supply base-load demand yearlong.
The social, economic and environmental impacts arising from the growth of thermopower output from fossil sources in the energy mix is quite challenging a task to specify and quantify with any approach to completeness. In this respect, the paper will confine itself to the estimate of such impacts as those concerned to the emissions of GHG, in particular those in the form of CO2, which, undoubtedly, represent an indispensable part of any comprehensive study devoted to the influences of the power grid upon the environment and the society.

It is the authors’ understanding that the increase in CO2 output from the decline of the regularization capacity of the Brazilian electricity system are presently either unknown to the national authorities or deficient in a proper assessment; a gap that the paper will aim to fill. From a similar consideration, the authors will address also the impact of such emissions upon the international environment, positive that the results will be such as to warrant acknowledgement and consideration from the international community.
Methods

In order to gauge the growth of CO2 emissions from thermal generation, in the years from 2015 to 2022, the paper will first estimate the average level of the reservoirs and a “minimum safe level”. Both these units will then be converted to what the authors shall name “effective regularization capacity”, that is, the regularization capacity from the actual levels verified in the reservoirs for a given demand. This new unit will thus allow the authors to proper calculate the volume of the additional thermal generation required to keep the reservoirs from crossing below the minimum safe level. The hypothesis underlying these estimates states that the authorities responsible for the grid will adopt a mode of operation such as to not allow the reservoirs to fall lower than that determined minimum safe level.

To calculate the extra CO2 output, the paper will estimate also the mix of thermal sources in the additional production. This will allow the estimate of a national average CO2 emissions per unit of electricity, which will then be compared to those of the leading economies (as estimated by the International Energy Agency) in an international rank. This will permit the assessment of the future contribution of Brazil’s emissions among those of the major economies and of a possible change in the rank.
Results

The paper will show the future decline of the regularization capacity of the Brazilian power system and the additional thermopower generation arising thereof together with the mix of sources employed. Further, it will present estimates regarding the contribution of the extra thermal production to the emission of CO2 in the Brazilian grid. Last, the paper will reveal the impact of these greater emissions upon the international community. 
Conclusions

The Brazilian electricity system is currently among a process of structural change, one that has but recently started and is due to intensify in the intervening years present in the study. In a moment when sustainable socio-economic development occupies growing room in the political agenda worldwide, being the reduction of GHG emissions one of the main targets, Brazil appears to move, perhaps unawarely, in the opposite direction. This change can very well mean the eventual end of the country’s international reputation among the leading economies for its low output of GHG as it contributes ever the more to the rise of emissions in the planet, a phenomenon presently unknown to the Brazilian authorities and, particularly, to the international community. Brazil is therefore one rare example of a country whose chief challenge at the wake of the 21st century is not to ascertain a strategy to transition toward a low-GHG power grid, but to preserve it.
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� The regularization capacity of the electric power grid is defined as the length of time in which all the system reservoirs, if 100% full, could supply the entire demand without the need of generation from complementary sources.





