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In this paper, we revise the classical formulation ofthe problem depriving it ofthe concepts that are superfluous 
from the mathematical point ofview. We observe that a number ofpower stations can be substituted by a single 
one that behaves equivalently to the entire set. Proceeding in this way, we obtain a variational formulation in its 
purest sense (without restrictions). This formulation allows us to employ the theory of calculus ofvariations to 
the highest degree. We then calculate the equivalent minimizer in the case where the cost functions are second­
order polynomials. We prove that the equivalent minimizer is a second-order polynomial with piece-wise 
constant coefficients. Moreover, it belongs to the class C1• Finally, we present various examples prompted
by real systems and perform the proposed algorithms using Mathematica. 
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1 INTRODUCTION 

This work is embedded in the line of research entitled "Optimization of hydrothermal 

systems". The study of optima! conditions for the functioning of a hydrothermal system 

constitutes a complicated problem which has attracted significant interest in recent decades. 

Various techniques have been applied to solve the problem, such as functional analysis 

techniques [1] and [2], calculus ofvariations [3] and [4], dynamic programming, both linear 

and nonlinear, approximation methods such as Ritz's method [5], neuronal nets, etc. These 
studies contain numerous mathematical models which approximate reality to various degrees 

of precision. For instance, one may consider hydraulic power stations of fixed or variable 

load, connected or disconnected, connected in a line or forming a net, with or without 

transport delays, with transmission losses taken into account or neglected, and so on. 
Such a variety ofmathematical models requires a comprehensive study ofthe problem that 

may be extended to all hydrothermal systems. 

In this paper we prove that power stations can be substituted by a single one that behaves 

equivalently to the entire set. This supposes a significant simplification ofhydrothermal models 
and will also be useful for any method used to study the problem. It allows us to develop 
algorithms that are simpler, more reliable, and which require less time for their execution; this last 

feature is of crucial importance, for instance, in the problem of Economic Dispatching. Apart 

from the computational advantages which consist in the possibility of reducing the number of 

unknowns, there are other benefits, because an incorrect formulation can lead to important errors. 
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