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ABSTRACT

In recent years increasing the'energy demand and limited resources of fossil fuels have led us to develop and pay
more attention to renewable energies, especially geothermal energy. Due to recent investigations, it has been
realized that Iran has substantial geothermalpotential. Booshli in northwestern Iran is one of the regions with the
most geothermal potential. In the present study, single, double, and triple flash cycles for producing power from
Booshli’s geothermal well have been investigated. Then, the presented cycles have been analyzed from energy,
exergy, and economic viewpoints. Furthermore, with different single-objective approaches (energy efficiency,
exergy efficiency, and power specific cost) and multi-objective approaches, are optimized relative to their
separator's Pressure, respectively. Moreover, a parametric study has been carried out on the separator’s pressure
to establish the effect on performance parameters for each'cycle. It has been revealed that triple flash has a better
performance compared to single and double flash cycles'for power_production from Booshli's geothermal well,
both in thermodynamics and economic aspects. The results show that for a triple flash cycle in multi-objective
optimum condition (at pressure 1351 kPa for the first, 440.9 kPa for_.the second, and 80.09 kPa for the third
separator), the net output power, energy efficiency, exergy €fficiency, exergoeconomic factor, and the power
specific cost rate were calculated to be 8463 kW, 15.24%, 57.01, 79.7% and 4:853 $/GJ, respectively.

KEYWORDS
Energy & Exergy, Exergoeconomic Analysis, Geothermal Energy, Flash Cycle, Multi=Objective Optimization

* Corresponding Author: Email: m.abdolalipour@jsu.ac.ir



1. Introduction

In recent decades, the use of renewable energy sources,
particularly geothermal energy, has grown rapidly. Iran
has several potential geothermal areas that have been
investigated recently. Furthermore, dry steam cycle for
lower temperature wells, Organic Rankine cycle (ORC),
and single, double, and triple flash cycles for power
generation‘fromrgeothermal wells have been studied by
Fallahst al. [1]. They revealed that among flash cycles,
the triple, double, and, single flash cycles exhibit better
performance from™ an.energy efficiency viewpoint,
respectively. Abdolalipouradl et al. [2] investigated the
triple flash-ORC cycle forsthe Sabalan geothermal well
located in northwestern“Iran. Their results show power
generation, energy; anduexergy efficiencies of 23,703
kW, 19.73%, and 75.76%, respectively. In another
research, they also compared the performance of three
different types of triple flash and double flash cycles from
an exergoeconomic viewpoint [3]. In.the present study, a
comprehensive exergoeconomic< analysis and multi-
objective optimization have been conducted<for:single,
double, and triple flash cycles for Booshli’s geothermal
wells in northwestern Iran.

2. System description

The characteristics of Booshli's geothermal well, are
shown in "Table 1".

Table 1. Booshli's geothermal well specifications

Parameter Value
Temperature (°C) 240
Mass flow rate (kg/s) 57
Ambient temperature (°C) 15

Ambient PressurekPa) 101.3

The thermal and exergy efficiencies, and the power
specific cost rate can be calculated as follows:

77 =Wnet /Qin (l)

77ex prod / Exheat (2)
Zovera +C overal

CP,totaI = % (3)

P,overall

The geothermal fluid, which considered to be water, is
extracted from the geothermal well, enters the expansion
valve, and becomes two-phase, and is then separated into
vapor and liquid water in separator. Afterward, steam
enters the turbine to produce power, while the exiting
liquid water from the separator can repeat this process to
generate even more power. Thus, when the cycle has only
one separator (flash), it is called a Single Flash (SF)
cycle, as shown in "Figure 1 (a)". Similarly, for the

Double (DF) and Triple Flash (TF) cycles, refer to
"Figure 1 (b) and (c)".
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Figure 1. Configurationof (a) SF, (b) DF, and (c) TF

3. Result and discussion

A parametric study ‘was conducted to find out the
influence of decision variables.on objective functions,
such as net power output. The effects of the pressure in
the first to third separators are shown in “Figure 2".
According to "Figure 2", it is clear that the'TF cycle has
better power production than the othertwo cycles. As the
pressure of the separators increases, the enthalpy of'the
output content also rises, while its quality decreases:
Additionally, the produced power of the turbine before
the separator (if applicable) also decreases. “This
contrasting trend results in an optimum pressure point for
the separators. Furthermore, from Equation (3), it can be
observed that maximizing output power leads to



minimizing the specific cost rate of power. Moreover,
increasing power output results in increased energy and
exergy efficiencies, as indicated by Equations (1) and (2).
The results of the optimization of the triple flash cycle,
which.demonstrates better performance than the other
studied cycles, are shown in "Figure 3". The optimization
was carried out using A genetic algorithm and considered
three single-objective modes: Thermal Efficiency
Optimal® Design (TEOD), Exergy Efficiency Optimal
Design (EEOD), and Cost Optimal Design (COD), along
with Multi-ObjectiveOptimization MOOD, using weight
functions., The «results “revealed that multi-objective
optimizationsminimizes the.specific cost rate of power
while maximizing the amount ef produced power, which
in turn maximizes the‘energy and exergy efficiencies.
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Figure 2. Effects of (a) first (Psep,1), (b) second
(Psep.2), and (c) third (Psep,3) Separator pressure on
the net power output of the SF, DF, and TF
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Figure 3. the optimization results of TF on three
single-objective and MOOD.

4. Conclusion

The present study focuses on the exergoeconomic
analysis of SF, DF, and TF for Booshli's geothermal well.
Furthermore, multi-objective optimization has been
conducted for each cycle, along with three single-
objective analyses, and the results are compared to each
other. Prominent outcomes are listed below:
e For each cycle, a thermodynamic analysis from an
exergoeconomic viewpoint and four modes of
optimization were carried out.

o A parametric study was also conducted to determine
the influence of decision variables on the objective
functions.

e The results show that the triple flash cycle for
Booshli's geothermal well performs better than the
others from both an exergy and economic viewpoint.

e, In‘a multi-objective optimization scenario, the triple
flash cycle yields net power output, exergy
efficiency, and specific power cost rates of 8,436
kW, 57.01%, and $4.853/GJ, respectively.
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Table 1. Booshli's geothermal well specifications.
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Table 2. The investment costs of components [17, 10].
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Table 3. The constant values of exergoeconomic analysis [10]
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Table 4. Cost flaw rate balance equation and auxiliary equations for each component.
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Table 5. Pressure range of separators in optimization.
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! Thermal efficiency optimal design (TEOD)
2 Exergy efficiency optimal design (EEOD)
3 Total product cost optimal design (COD)
4 Multi-Objective optimal design (MOOD)
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Fig. 3. The methodology of the simulation and optimization for the considered cycle.
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Table 6. Verification of present study with Ref«[10].
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Table 7. Thermodynamic properties of states for all cycles.
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Fig. 4. Effects of first separator pressure on the a) net output power;'b) thermal efficiency, c) exergy efficiency,
and d) power specific cost of Booshli’s geothermal area for.three cycles.
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Fig. 5. Effects of second separator pressure on the a) net output power; b) thermal.efficiency, c) exergy
efficiency, and d) power specific cost of Booshli’s geothermal area for'three cycles.
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Fig. 6. Effects of third separator pressure on the a) net output power/b) thermalefficiency, c) exergy
efficiency, and d) power specific cost of Booshli’s geothermal area for three-cycles.
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Fig. A. Single-objective and multi-objective optimization results for the triple flash cycle in Booshli’s
geothermal area.
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Table 8. Effective parameters of exergy and exergoeconomic analysis for all components of the single flash
cycle in the optimal state.
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Table 9. Effective parameters of exergy and exergoeconomic analysis for all components of the doubleflash
cycle in the optimal state.
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Table 10. Effective’parameters of exergy and exergoeconomic analysis for all components of the triple flash

cycle in the optimal state.
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Fig. 10. The exergy destruction of a) single flash, b) double flash, and c) triple flash in Booshli’s geothermal

area.
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Exergoeconomic analysis and multi-objective
optimization for single, double and triple flash cycles for
utilization of booshli’s Geothermal well

Mehran Abdolalipouradl’™, Mohamad Namkhah?

!Department of Mechanical Engineering, Faculty of Mechanical Engineering, Jundi-Shapur University of
Technology, Dezful, Iran

ABSTRACT
In recent years increasing the energy demand and limited resources of fossil fuels have led us to develop and

pay more attention to renewable energies; especially geothermal energy. Due to recent investigations, it has been
realized that Iran has substantial geathermal potential. Booshli in northwestern Iran is one of the regions with the
most geothermal potential. In the present study, single, double, and triple flash cycles for producing power from
Booshli’s geothermal well have been investigated. Then, the presented cycles have been analyzed from energy,
exergy, and economic viewpoints. Furthermoregswith different single-objective approaches (energy efficiency,
exergy efficiency, and power specific cost) and multi-objective approaches, are optimized relative to their
separator's Pressure, respectively. Moreover, a parametric study has been carried out on the separator’s pressure
to establish the effect on performance parameters for each cycle. It has been revealed that triple flash has a better
performance compared to single and double flash cycles for pewer production from Booshli's geothermal well,
both in thermodynamics and economic aspects. The results show that for a triple flash cycle in multi-objective
optimum condition (at pressure 1351 kPa for the first, 440.9 kPa for/the second, and 80.09 kPa for the third
separator), the net output power, energy efficiency, exergy efficiency,«exergeeconomic factor, and the power
specific cost rate were calculated to be 8463 kW, 15.24%, 57.01, 79.7% and4.853 $/GJ, respectively.

KEYWORDS
Energy & Exergy, Exergoeconomic Analysis, Geothermal Energy, Flash Cycle, Multi-Objective
Optimization.
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