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             Overview

A key characteristic of the nuclear electricity generation technology compared to other generation technologies consists in the conjunction of very high fixed cost and relatively low marginal cost. Consequently, the nuclear technology is used to cover the base-load demand by functioning in a constant way to the maximum of its capacity; because it helps covering its fixed costs. However, in many countries, the electricity systems are quitting the vertically integrated monopoly organization for an operation constrained by competitive markets. What is the optimal management of the nuclear generation set in that competitive regime? We distinguish two approaches of that problem, according the temporal horizons: the short-term and the medium-term. The short term is related to the daily demand variations while the medium-term takes into account the seasonal variation of the level of the demand between winter (high demand) and summer (low demand). In this paper we emphasize the seasonal variation dimension. It corresponds to the fact that nuclear fuel functions like a reservoir. A reservoir allows different profiles of nuclear fuel uses during the different seasons of the year including when demand is in its low regime. Nuclear plants stop periodically ($  12  $/ $  18  $ months) to reload their fuel while that length of the production campaign can be changed. Then, a typical strategic behavior can consist into placing the nuclear production during the low regime period to increase the market value of the production when demand is high (``capacity withholding'' strategy). Then we run a very simple numerical model of power stations in a flexible operation frame like the one of the French nuclear set. Because the French nuclear set is too big to be entirely base-load operated, it has therefore to be confronted to daily variations of demand. That type of relative importance of the nuclear production vis-à-vis other generation technologies is an exception and the literature on this subject is extremely reduced.

The paper is organized as follows: After the introductory first section, we realize in section 2 an analysis of  the characteristic of the nuclear fuel “reservoir”. In section 3, we give a brief review of the literature on the operation of reservoirs to generate electricity and their optimal management as well as the effects of that storage capability on competition in electricity markets. We wonder if nuclear can or not be operated like hydro reservoirs and we push that investigation up to the measurement of market power in reservoir operation. In section 4, we present a model to study the rational operation of nuclear reservoirs in the perfect competitive case. We also determine the perfect competitive solution by taking into account the effect of the reservoir. In section 5, we provide data informations. In section 6, we give a numerical illustration of the previous model. Section 7 concludes.

Methods

Equilibrium model of  perfect competition.

Mathematical Programming in Scilab.

Results

We find high levels of nuclear production during the months of high demand (winter) and low levels during the months of low demand (summer). The thermal production is complementary to the nuclear production in order to equilibrate supply and demand. This means that the thermal units increase their production when nuclear production is low and inversely. We noticed that the thermal production stays marginal almost the entire period $  T  $ and prices are determined by its marginal cost (this point will be modified by a more precise modelization of the production capacities since for the moment, the hydraulic production (run-of-river) has been neglicted). We also observed that price takes its highest values during the period of winter and its lowest during the period of summer. Finally, nuclear units cover the total cost of the nuclear production during the period of marginality of the thermal technology but they can not cover the fixed costs  when  nuclear is the ``last technology'' used to cover the demand. Furthermore, producer obtains higher profits during winter and lower profits during summer as expected.

Conclusions

In this paper, we examine the question of the optimal management of the nuclear generation set in a perfectly competitive regime. In particular, we emphasize the medium-term approach which takes into account the seasonal variation of the demand between winter (high demand) and summer (low demand). The innovative idea of this paper consists on the fact that nuclear fuel functions like a reservoir, which allows different placements of the nuclear production during the various seasons of the year. We describe the characteristic of the nuclear reservoir as well as the nature of the strategic behavior that can be developed by the nuclear producer during the periods of high demand (``capacity withholding''  strategy). Then, we propose a general multi-period model to study the optimal management of the nuclear production by taking into account the characteristic of the nuclear fuel reservoir in a mixed hydro-thermal perfectly competitive market. More precisely, we determine the perfect competitive solution of our optimization problem considering some operational constraints related to the level of the nuclear production and the effects of the nuclear fuel storage. The optimal levels of production (nuclear, thermal) and the price value depend on which generation technology is marginal during the observation time. The perfect competitive price obtained by our model (consideration of the technical constraints of the fuel reservoir) constitutes a value of the indicator of the market power. 
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