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Overview

Traditionally, the comparison between different electricity generation technologies is carried out based on fixed and variable costs projected for the entire project life cycle, levelized per unit of energy generated (MWh), taking into account an capacity factor expected (STOFT, 2002). Levelized costs of electricity (LCOE) is the most widely used metric both to measure the competitiveness of sources in face of the average price of electricity (investor’s perspective) and to express the costs of each sources in an efficient portfolio of generation (planner's perspective).

Joskow (2011) argues that the LCOE is flawed metric to compare dispatchable (controllable) and non-dispatchable technologies (variable and unpredictable as new variable renewable energy  – VRE), since it does not take into account that electricity is a non-homogeneous good over space and time dimensions. The impossibility of large-scale commercial storage requires the instantaneous adjustment between supply and demand, whose recurrent fluctuations result in significant variations in the energy value. In this sense, the comparison between dispatchable and non-dispatchable sources should be analyzed taking into account the expected moment of their availability and the respective market value projected for their generation. Borenstein (2008, 2012), Hirth (2013), Schmalensee (2016), among others, recognize the need to compare sources based on the expectation of the market value of energy, considering the heterogeneity of electricity in time and space, contrasting levelized costs with benefits of introducing the source into the system.

In this direction, the Energy Information Administration of the Department of Energy of the United States (EIA / DOE, 2013) suggests a comparison between levelized cost of electricity (LCOE) and levelized avoid cost of electricity (LACE). The introduction of a new capacity potentially displaces more costly dispatches in the future, so the avoided cost (LACE) is a proxy for its benefit for the system.

The EIA/DOE proposal seeks to overcome the LCOE failures identified in the literature, operating a cost-benefit analysis, but adopts a restricted concept for the benefit of the alternatives. With the penetration of the VRE, primarily wind and solar, a significant part of the supply becomes variable and unpredictable, requiring greater flexibility of the whole system (PEREZ-ARRIAGA & BATLE, 2012). By considering the cost of avoiding costly dispatches as a benefit, the proposal neglects the integration costs resulting from the introduction of the VRE. The recurrent displacement of the residual park generator, which meets the residual demand not supplied by the VRE, is increasingly a cost of adequacy of the systems rather than a benefit with avoided fuel costs.

The literature of integration costs is vast, but the analyzes incur conceptual and methodological contradictions about which costs should be considered and how they should be computed (MILLIGAN et al., 2011; HIRTH et al, 2015). In general, this literature investigates costs related to balancing costs, dynamic balance (adequacy costs), and grid reinforcement and expansion, which it is committed to the massive penetration of non-controllable sources. The difficulty is to consider costs in isolation, in a bottom-up approach, without computing all the actual costs incurred and interactions among all components (non-additivity). To overcome this problem and to improve the comparison between technologies based on the economic value of each alternative, Ueckerdt et al. (2013) propose a top-down approach, defining a systemic levelized cost of electricity (LCOE) as the sum of the marginal levelized costs of generation (LCOE) with the marginal costs of integration per energy generated. The insight of this proposal is to unite two parallel literatures (value of technologies and integration costs) into a single framework, decomposing systemic costs and benefits. 

The International Energy Agency (IEA, 2014 and 2016) also defends the need to compare the systemic value of the alternatives, taking into account total systemic costs and benefits. In this sense, levelized costs should not be contrasted with total avoided costs (EIA/DOE) or only with bottom-up integration costs, but with systemic net benefits (avoided costs minus increased costs).
In this way, the systemic value proposition approaches another adjacent literature (AWERBUCH, 2006), which proposes to compare efficient generation portfolios, that minimizing costs and global risks, to the detriment of the individual choice of technologies guided only by the least cost.
Methods

The article intends to present and to relate diverse theoretical approaches on the economic value of the energy generated by different technologies, including the recent analysis of the systemic value of power sources. Based on the comparison of these different literatures, the article discusses the methodology of calculation of the Cost-Benefit Index (ICB) developed by Brazil, which has been used for more than ten years to select complementary technologies to hydropower expansion (thermal, wind and solar) in centralized auctions that results long-term contracts (PPA).
Results

Firstly, the literature review points out that the traditional levelized cost approach is flawed and incomplete, but there is still no widely recognized metric to replace it. The contrast between costs and benefits is the path indicated by a large part of the literature, but it is increasingly reinforcing the need for a systemic approach, pointing to net benefits of integration costs.

Secondly, one show that the precursory cost-benefit analysis in Brazil was structured in consonance with the hydropower features of the Brazilian system. Therefore, the expansion in Brazil is not technological-neutral how defined a recent study of IEA (IEA, 2016). On the one hand, the tecnhonological-bias in Brazil allowed a significant penetration of wind power in the matrix, but on the other hand was not able to select a suitable park for the ongoing transformations, neglecting costs and benefits systmics of the sources.
Conclusions

There is no single or consensual answer about the economic value of the different electricity generation technologies. The framework obtained from the confrontation of different literatures and their application to the Brazilian case contributes to a better understanding of the theoretical and practical challenges to be faced.
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