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A B S T R A C T

Exergy analysis (EA) has demonstrated to be useful in the assessment of the energy performance
of technologies, including those regarding water management. In this paper, an EA-based index
like the unit exergy cost (UEC) of different water-related technologies were obtained, from trans-
port (pumping) to depuration and even brackish and seawater desalination. Those coefficients are
important to quantify the additional energy consumption of present technologies with respect to
the ideal ones, which correspond to the behaviour of a reversible process. Minimum UEC values
were obtained in pumping techniques (1.5). Wastewater treatment plants (WWTP) ranged from 4
to 5, and commercial desalination varied from 5 (reverse osmosis) to 21 (multi-stage flash distilla-
tion). This affirms the fact that chemical-based water treatments are less efficient from the point of
view of thermodynamics, however further improvements might be reached in those processes.
Besides their embedded energy-efficiency information, the UEC values could be applied to assess
water costs. For instance, the European Water Framework Directive (WFD) considers that envir-
onmental costs (those to restore water bodies up to an objective state) have also to be charged to
water users. Consequently, the UEC values of water technologies together with energy prices
could easily be used to estimate those environmental costs associated to physico-chemical degra-
dation of water bodies.
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1. Introduction

Fresh water withdrawal increases yearly at a higher
rate than the world population does: while the world’s
population tripled in the twentieth century, the use of
renewable water resources has grown six-fold accord-
ing to the United Nations [1]. The trend towards more
urbanized societies and growing population (increase
of 40–50% in the next 50 y) living in large cities will
have very large implications for freshwater use and

wastewater management. Apart from fresh water
abstracted from the natural hydrological cycle, sea-
water desalination and reclaimed wastewater are
nowadays alternative options for water supply and
further uses. Thus, when diverse fresh water supply
alternatives are feasible, comprehensive methodolo-
gies are required in order to take decisions about the
most suitable one for each situation.

Energy efficiency can be analyzed by means of the
thermodynamic property exergy (‘‘useful energy’’). The
exergy of any water body represents the maximum
mechanical work that can be obtained from it until�Corresponding author
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