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According to popular impressions, all real
processes involve energy losses. However, such
an interpretation is not satisfactory from the
logical point of view - since energy is bound by
the law of conservation, it cannot be destroyed

A deeper analysis reveals that in real processes energy is
not destroyed, but rather transformed into other forms, less
suitable for feeding and driving real processes. Hence, besides
energy, another physical quantity should be introduced to
characterize the quality of the kind of energy under consid-
eration. The ability to perform useful work in a natural envi-
ronment has been suggested and investigated as a measure
of energy quality by Gibbs, A. Stodola, G. Gouy, J.H. Keenan,
F. Bosnjakovic and many other researchers. Z. Rant in 1956
proposed the term exergy, which has since been broadly
accepted. This marked the beginnings of a new branch of
thermodynamics, which developed mainly in Europe in the
1950s and later worldwide. Polish researchers (connected
mainly with the Silesian University of Technology) are also
among the pioneers of this new branch. The present author
first applied the term energy potential and later adopted the
term suggested by Rant. Many researchers maintain that the
concept of exergy should be introduced into the middle level
of school education, because it facilitates a proper under-
standing of the law of energy conservation.

Exergy analysis is based upon the second law of ther-
modynamics, which stipulates that all macroscopic proc-
esses are irreversible. Every such irreversible process entails
a non-recoverable loss of exergy, expressed as the product of
the ambient temperature and the entropy generated (the sum
of the values of the entropy increase for all the bodies taking
part in the process). Some of the components of entropy gen-
eration can be negative, but the sum is always positive.

The elementary irreversible phenomena that generate
entropy are: mechanical or hydraulic friction, heat transfer
with a finite temperature gradient, diffusion with a finite
gradient of concentration, and the mixing of substances
with different parameters and chemical composition.
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Combustion is also a typical irreversible phenomenon;
however, it is a complex process comprising all the above-
mentioned elementary irreversibilities.

Every exergy loss causes a decrease in the useful effect
of a given process or increased consumption of the means
that drive it. Therefore, Bosnjakovic called upon researchers
to work to fight irreversibilities. However, the reduction of
exergy losses usually requires some investment expendi-
tures. Sama noticed that exergy losses are acceptable if they
reduce the investment expenditures. Bosnjakovic’s appeal
should therefore be supplemented: fighting irreversibilities
is desirable, but within the limits of economic profitability.

The analysis of exergy losses identifies possibilities for
improving thermal processes and helps select a rational
scheme for thermal systems. The need to reduce the losses
caused by friction is evident; however, the possibility of
reducing the losses due to irreversible heat transfer are not
always obvious, because this can sometimes be attained by
modifying the scheme of a thermal plant. For example, in
a combined power plant equipped with a coal boiler and

In every thermal power plant a considerable fraction of the fuel energy
is transformed into the energy of cooling water, which is rejected to the
environment in cooling towers. However, such rejected waste heat is worthless

and its rejection does not lower the energy efficiency of the power plant.
The main causes of the generation of waste heat act inside the steam boiler
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