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(1) Overview

To ensure a non-discriminatory third party access to the network, the competitive reforms of the power sector have required to unbundle the network infrastructures from the competitive activities such that generation (FERC, 2006; European Commission, 2007; Pollitt, 2007). In this context, a monopoly called Transmission System Operator (TSO) manages the transmission network. The TSO and the generators invest then depending on their own objective function. The generators maximize profit. The TSO maximizes the social welfare if she is perfectly regulated. Despite network unbundling, the location of new generators remains highly dependent on transmission investments and vice versa. In this context, pricing schemes must be implemented to coordinate generation and transmission investments. One could think of relying on the well-known marginal pricing also called nodal pricing (Schweppe et al. 1988) to expand both generation and transmission capacity (Crew et al., 1995; Stoft, 2006). But applying this principle to the coordination of generation and transmission investments is not possible. The transmission of electricity suffers from many undesirable economic properties that make the direct application of these principles impossible. In particular, the transmisison investments are lumpy (Brunekreeft, 2004). Nodal pricing can then lead to inefficient location of generation because of this economic property of the transmission of electricity (Stoft, 2006). To comply wih this difficulty, long run network tariffs can complete short run nodal prices as locational signals (Pérez Arriaga-Smeers, 2003). This paper only focuses on one of them called average participation tariff This network tariff has been extensively studied from a static point of view (Kirschen et al.; 1996, Bialek, 1997; Rubio-Pérez Arriaga, 2000) but never from a dynamic point of view (Olmos, 2006). This paper is then going to study the efficiency of the average participation tariff and its joint implementation with nodal pricing to coordinate generation and transmission investments while the TSO and the generators are unbundled. 
(2) Methods

Numerical simulations are performed on a two-node network evolving during twenty years with increasing demand. The efficiency of locational signals (from nodal pricing and the average participation tariff) to coordinate the location of generation with lumpy transmission investments is measured. An independent Transmission System Operator invests to minimize the total cost of the network, that is to say the sum of the cost of congestion with the cost of transmission investments. And a unique generator behaving competitively chooses the location of her investments depending on two elements: the locational difference in generation investment costs and the costs of the network she may pay with short run nodal prices and with the long run average participation tariff. 
(3) Results

We find out that nodal pricing is seldom sufficient to coordinate the generation and transmission investments because lumpiness of transmission investment greatly decreases the differences in nodal prices that should signal congestion. Moreover, the implementation of the average participation tariff does not ensure that the generation and transmission investments is eventually optimal, because it is hard to take into account the lumpiness of transmission investment while respecting cost reflectivity. The average participation tariff then includes lumpiness only imperfectly. But implementing this tariff signicatively improves the coordination between generation and transmission investments comparing to situations without any locational signals. 
We find out that neither short run nodal prices nor long run average participation tariffs can thoroughly coordinate efficiently generation and transmission investments because of the lumpiness of transmission line capacities.
(4) Conclusions
To conclude, the performed numerical simulations showed that the locational signals coordinate the generation and transmission investments with a variable efficiency because of lumpiness of transmission investment. The simulations show also that implementing locational network tariffs is prioritary over implementing nodal pricing to coordinate more efficiently the location of generation with lumpy transmission investment. In the considered examples, the average participation tariff allows a more efficient location of generation even when nodal pricing is not implemented for the short run system operation and the congestion management scheme is redispatch.
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