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Abstract� Solving the Short Term Hy-

drothermal Coordination Problem considers

the resolution of both the Unit Commitment

and the Economic Dispatch for thermal and

hydraulic units. This problem is solved for

several time horizons between a day and a

week with a one-hour step. The traditional

short-term scheduling problem of hydrother-

mal units, minimizing fuel cost during a time,

does not include concerns due to emission pol-

lution coming from the operation of thermal

plants. In this work, environmental constraints

are considered. Focusing on avoiding post-

dispatch corrections, the transmission network

is modeled with a high level of detail consid-

ering an AC power �ow. These facts lead to

a very complex optimization problem which is

solved by using a novel decomposition approach

based on Generalized Benders Decomposition

and traditional, well-known optimization tech-

niques. The approach presented in this work

allows the decomposition of the whole problem

in a quadratic mixed integer master problem,

and in a separable non-linear subproblem. The

former de�nes the state and the active power

dispatched by each unit whereas the latter de-

termines the reactive power to meet the electri-

cal constraints through a modi�ed AC optimal

power �ow. Di�erent variations of the devel-

oped methodology were evaluated in order to

consider environmental constraints. These ap-

proaches were applied to a 9-bus test case and

to a 87-bus real system.
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I. INTRODUCTION

Short Term Hydrothermal Coordination Problem
(STHTC) considering a centralized dispatch has been
used world-wide, especially in Latin-America (Si-
fuentes and Vargas, 2007a). Solving this problem
de�nes the operation state and power level of each

generation unit (thermal and hydraulic) of an inter-
connected power system achieving the lower operative
cost, satisfying technical and operative constraints of
generators and transmission network, among others.

Although the use of clean generation technologies is
growing nowadays, fossil fuels represent a reliable and
a�ordable source of energy, necessary to satisfy the
demand for electric energy. Economies based on fossil
fuels has brought with it the potential harmful prob-
lem of the emission of gaseous and particulate prod-
ucts of combustion, which when reaches a pre-speci�ed
threshold, is termed pollution (Bellhouse and Whit-
tington, 1996). Environmental concerns are becoming
increasingly relevant for companies as regulations on
pollutants become more stringent, therefore these con-
cerns must be considered in scheduling models.

Conventional power generation plants causes pollu-
tion through the emission of several gases into the
atmosphere. Among these gases are carbon diox-
ide (CO2), sulfur dioxide (SO2) and nitrogen ox-
ides (NOx) which have a global environmental impact
(greenhouse e�ect) and local e�ects such as acid rain
and reduced visibility among others. In this work, en-
vironmental concerns are considered as a cost given
by quadratic functions of thermal power generated by
each unit. These functions are used to penalize the
amount of emission of each gas.

The STHTC problem without considering environ-
mental constraints has been studied considering dif-
ferent formulations and using di�erent resolution tech-
niques. The simpler ones, which consider basic models
which do not represent real characteristics of electric
systems, are the starting point of this research �eld.
Among the more basic formulations is the one pre-
sented in Wood and Wollenberg (1984), which is an
academic approach that only considers thermal units
and is solved using a merit order list. This means that
the units are dispatched in increasing cost order by
Megawatt produced. This procedure is quite di�er-
ent from the one used in real systems as it does not
take into account inter-temporal constraints (such as
minimum periods of operation of thermal units or the
consideration of start-up costs); or the fact that not
always the thermal generation units operate at a con-
stant power level. Other techniques, ranging from clas-
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