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15. Exergy Balance Module

15.1. Introduction

This module allows the user to calculate exergy, mass and heat balance for a system
where there can be multiple input and output streams with multiple species. Exergy
calculations can be performed for three different types of streams and the user can see
the results for physical, chemical, and total exergy.

Recent concerns about sustainability and global warming have led to stricter
environmental standards, which in turn have made exergy a more important property in
many of today’s industries. Energy analysis can show the energy efficiency of a
process but does not give the whole picture of the usability of the energy before or after
the process. Exergy analysis is used in industry and industrial ecology to measure the
amount of usable energy. The results can be used for example to calculate how
efficiently the process uses the available energy.

In practice, an engineer might have two possible designs to complete one process. The
two designs may have the same energy efficiency but different exergy efficiency. A
lower exergy efficiency would mean that the process is more irreversible and wastes
more usable energy than the process with higher exergy efficiency.
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15.2. Basic Use

When the user starts the program, only one normal input and output stream with a
sample H20 species is available in the Excel sheet. To insert a new species, you can
write or paste the list of species to the “Insert/paste species here” cell and press Enter.
The user can also use the database browser to add species to the stream.
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Fig. 1. General layout of the exergy calculator.

The user can enter and edit data in the white cells. These include the name of the
species, the title of the stream, the amount and mass of the species, and the
temperature. There are two additional editable cells for the other streams which are
located in the pressure and H total columns. The user must always enter either the
mass OR amount for each species. If no temperature is inserted, the program will
calculate using the standard state temperature (298.15 K).

The user can insert new streams, remove streams, and remove species from the
streams by using the corresponding buttons in the upper left corner. The type of stream
can be selected from the drop-down menu next to the Insert Stream button. Pressing
Calculate calculates all values and also gives the user the mass, heat, and exergy
balance at the top, see Fig. 2 and example file C:\Program Files
(x86)\HSC10\Exergy\Exergy_example.exe8.
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Fig. 2. Spreadsheet after calculations.

The three different types of streams are explained in the upper right corner of the
screen where the exergy calculation standard state is also mentioned. The type of
stream can be recognized from the color of the stream title: a normal stream is black,
the ideal gas stream is red, and the energy stream is green.

A normal stream accepts any species and can be used for any stream whereas the
ideal gas stream accepts gaseous species. It should also be noted that the ideal gas
stream uses pressure for the entropy calculations. The energy stream allows the user
to enter heat and electricity amounts for the system. Electricity is calculated directly into
the total exergy but the heat value is converted to the exergy value using the Carnot
heat engine equation as follows:

Ex:q*<1—%) (1)

where EXx is exergy, g is heat, Ty is the temperature in the standard state, and T is
temperature of the heat source.
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15.3. Errors and Calculation

The program calculates all values for each species and also sums these values to the
total values for the streams. Stream total exergy is only for the stream as a whole,
because mixing entropy cannot be divided between species in a meaningful way. In the
calculations, elemental exergy is part of chemical exergy and the total exergy is the
sum of the chemical and physical exergy.

The program will always check that the species are inserted correctly and that they can

be found on the database. It also checks that either mass OR amount is inserted so
that the different types of streams have the right phase for the species.
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Exergy Theory

Exergy is the maximum amount of work obtainable when an energy carrier is brought
from its initial state to a state of thermodynamic equilibrium with the common
substances of the natural environment by means of reversible processes, involving
interaction only with the above-mentioned substances of nature. The thermodynamic
equilibrium is a chosen reference state, and in these calculations the atmospheric and
the common lithosphere conditions are used as the reference state for exergy. Exergy
is thus a function of the thermodynamic state of the substances under consideration
and of the thermodynamic state of the common reference substances in the natural
environment?.

For example, the temperature of seawater (in these calculations 25 °C is chosen) is
one reference state used for the calculations. Any substance with a higher or lower
temperature than seawater has an exergy value greater than zero. Another example is
gaseous molecular oxygen. In atmospheric air the mole fraction of oxygen is 0.21, and
it is at this concentration that the exergy of gaseous oxygen is zero. Therefore pure
oxygen has an exergy value greater than zero because work can be produced by
bringing it to equilibrium with the reference environment. As for the lithosphere, the
most common substances are used for the reference state. This means that, for
example for iron, oxidized iron is used as a reference state instead of pure iron’.

According to Szargut's theory which is used in the program, the total exergy of a
particular species can be calculated using the following formula:

f 0
EXor = Zk n.b + AGt (a5 tary; T (Hi =Hizsec ar)) = Tasec (Si — Si(asec var))

Chemical exergy Physical exergy

, (@

where

N is the stoichiometric amount of element k in the species

b is the elemental exergy of element k

AG %¢sec 1ban i is the standard formation Gibbs energy of the species
H; is the total enthalpy of the species at a temperature of T
Hiesec,1bar) IS the total enthalpy of the species in the standard state
Siis the total entropy of the species in the temperature of T, and
Siesec,1var) IS the total entropy of the species in the standard state.

Szargut's standard state (25 °C, 1 bar) is used in the calculations as well as the
elemental exergy values which are defined in his article?.
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