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1. Introduction

Today, fighting against climate change, global
warming and declining fossil fuel sources are
important  issues  requiring comprehensive
cooperation. Increasing the population leads to the
significant growth of world energy demand.
Forecasts of energy demand indicate that from
2010 to 2035 world’s energy demand grows about
35%. The greenhouse gas emission is one of the
disadvantages of activities related to energy
generations. Therefore, immediate actions to
decrease the pollutant emissions are essential.
Employing carbon capture systems, using
renewable energies, storage techniques, and
improving the energy conversion efficacy are
some methods for decreasing environmental
emissions.

Among the renewable energies, geothermal
energy is one of the promising resources as it is
clean, sustainable, and reliable. It is a heat energy
that emanates from the heat beneath the earth’s
interior. Generating electricity by geothermal
resources dates back to many years ago.

The steam Rankine cycle is an effective cycle
to generate power. Due to high critical
temperature of water, however, using steam cycle
is not a good choice for heat sources with low and
moderate temperatures. But the use of some
organic fluids that have low boiling points is an
alternative choice. High exergy destruction in
evaporator is the main problem in ORCs.
Therefore, due to wvariable phase change
temperature (non-isothermal), the use of the
zeotropic mixtures like ammonia-water as the
working fluid was proposed. Kalina cycle is a
kind of power cycle in which ammonia-water
mixture is used as the working fluid.

In this study, based on the thermodynamic and
thermoeconomic analyses, a superheated Kalina
cycle driven by a geothermal heat source is
analyzed. The effects of ammonia concentration
and turbine pressure on the performance of the
system are investigated. Finally, for different

temperatures of geothermal sources in Iran, the
optimum ammonia concentration and optimum
turbine pressure are presented, using a genetic
algorithm.

2. System Description

In this study, a superheated Kalina cycle is
simulated that uses a geothermal resource as the
heat source. Ammonia-water mixture is used as
the working fluid. Figure 1 shows the schematic
of the investigated superheated Kalina cycle.
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Figure 1. A configuration of a superheated Kalina cycle

3. System Analysis

In this research, a superheated Kalina cycle is
modeled based on thermodynamic and
thermoeconomic analyses. Ammonia
concentration and turbine pressure are two
effective operating parameters. First, the effects of
these parameters on the performance of the
system are investigated. Then, based on the
genetic algorithm, the system is optimized and the
optimum values of parameters for different
geothermal heat sources are reported.

The effect
performance
Increasing the turbine pressure reduces the energy
and exergy absorbed in the evaporator. Therefore,
at a heat source temperature of 170 °C, maximum
energy and exergy efficiencies occur at pressures
of 30.56 bar and 28.33 bar, respectively, as shown
in Figure 2.

of turbine pressure on the cycle
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Figure 2. The effects of various turbine pressures on the
energy and exergy efficiencies

The effect of ammonia concentration on the cycle
performance

Considering Figure 3, at a heat source temperature
of 170 °C the maximum energy and exergy
efficiencies occur at a concentration of 7%.
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Figure 3. Effects of various ammonia concentrations on
the energy and exergy efficiencies

Simultaneous optimization

In order to optimize the system, minimizing the
exergy cost of power generation is considered as
the objective function. Using the genetic
optimization algorithm at the heat source
temperature of 170 °C, the optimal values for
ammonia concentration and turbine pressure are
obtained 80.1% and 28.85bar, respectively.
Finally, the optimum values of parameters for
different heat source temperatures are listed in
Table 1.

Table 1. Optimum values of pressure and concentration
for different heat source temperatures.

Optimum Objective
Region |Temperature \F/)alues function
($/GJ)
o P=27.99
Sahand 165°C X=80.13 3.1
. P=28.85
Khoy-Maku| 170 °C X=80 1 3.096
. P=30.05
Sabalan 183°C X=80 21 3.085
. P=33.61
Damavand 190°C X=8339 3.076

4. Conclusion

In this study, with the aim of generating power
from geothermal sources in Iran, a superheated
Kalina cycle was modeled. Based on
thermodynamic and thermoeconomic analyses,
the effects of various turbine pressures and
ammonia-water concentrations on the cycle
performance were investigated. The results show
that for heat source temperature of 170 °C and
concentration of 65%, the minimum exergy cost
of power generation happens at a pressure of
19.44 bar. Moreover, at a constant pressure of 22
bar, the minimum exergy cost of power generation
occurs at a concentration of 70.33%. Finally,
using the genetic algorithm and the objective
function of minimizing the exergy cost of power
generation, for heat source temperature of 170°C
the optimum values of concentration and pressure
obtain 80.1% and 28.85 bar, respectively.
Eventually, in order to achieve maximum
performance, the optimal values of concentration
and pressure are presented for different
temperatures of geothermal sources in Iran.
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