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Exergoeconomic analysis and multi-objective optimization for single, double and
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ABSTRACT: Inrecent 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 geothermal 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. Furthermore,
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 efficiency, 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.
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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 cycles for

and triple flash cycles for Booshli’s geothermal wells in
northwestern Iran.

2- System description
The characteristics of Booshli’s geothermal well, are

lower temperature wells, Organic Rankine cycle (ORC), and shown in “Table 1”.
single, double, and triple flash cycles for power generation
from geothermal wells have been studied by Fallah et 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 for the Sabalan
geothermal well located in northwestern Iran. Their results
show power generation, energy, and exergy efficiencies of

Table 1. Booshli’s geothermal well specifications

> Parameter Value
23,703 kW, 19.73%, and 75.76%, respectively. In another T >
emperature ('C) 240
research, they also compared the performance of three
different types of triple flash and double flash cycles from Mass flow rate (kg/s) 57
an exergoeconomic viewpoint [3]. In the present study, a Ambient temperature (°C) 15
comprehensive exergoeconomic analysis and multi-objective Ambient PressurekPa) 1013

optimization have been conducted for single, double,
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The thermal and exergy efficiencies and the power-
specific cost rate can be calculated as follows:

Uth = I/i/net /Qin (1)
Ny =Ex,,, | Ex,,, @)

€)

C = -
P.total E
xP, overall

The geothermal fluid, which is considered to be water,
is extracted from the geothermal well, enters the expansion
valve, becomes two-phase, and is then separated into vapor
and liquid water in the 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 (¢)”.

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
27, it is clear that the TF cycle has better power production
than the other two 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-Objective Optimization
MOOD, using weight functions. The results revealed that
multi-objective optimization minimizes the specific cost rate
of power while maximizing the amount of produced power,
which in turn maximizes the energy and exergy efficiencies.

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
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Fig. 1. Configuration of (a) SF, (b) DF, and (¢) TF

results are compared to each other. Prominent outcomes are
listed below:

* For each cycle, a thermodynamic analysis from an
exergoeconomic viewpoint and four modes of optimization
were carried out.

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

* 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.

* In a multi-objective optimization scenario, the triple
flash cycle yields net power output, exergy efficiency, and
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Fig. 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

Fig. 3. The optimization results of TF on three single-
objective and MOOD.

specific power cost rates of 8,436 kW, 57.01%, and $4.853/
GJ, respectively.
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Table 3. The constant values of exergoeconomic analysis [10]
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Table 4. Cost flow 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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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(Continued).
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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 effi-
ciency, 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) thermal efficiency, c) exergy efficien-
cy, and d) power specific cost of Booshli’s geothermal area for three cycles.
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Fig. 7. Single-objective and multi-objective optimization results for the single flash cycle in Booshli’s geother-
mal area.
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Fig. 8. Single-objective and multi-objective optimization results for the double flash cycle in Booshli’s geother-
mal area.

JOS A > dl)g bz glacdls j Silwdine gols A JEs Cow ISS obls Lol ol ool J95K§ﬁ)\/> DIVEY 9 do)d AT
Al 5o s duglie 1S b by ddlaie cly glaloyo g3 ST 50 Jgl sl b (il 4 (el (o @l ol ilato dlte b
i g bk AN ol slobie L2 ljla) abin wix wie @l @ degi b o b (g Gl Gl e ST s 82
«s5,51 033 g3l 0jl (alls plgs (JbghS VIAY pod jlulie s G (giluaine gl cslals o S5 ST s 482 (ol (JS )

lashS VWV iyt aoly ol g anip 9 SagigSly)y55T cupd lge 5 b i (sileaire gl ) edlanul LB

ave



e o @hes oyl @ Cuns e @l (5l
Al s 3 ) gy (gll pog3 § S5 Sl s 4852 sl Al
b yiahl Sl 89y p Geate (gilwding @lis 5 U5y Cunl 1S3 (L
dibaio sy Gpehl (gopn 3 Jlolie JliS A @ Cund @3)Ses
Al glal po s Sl s 4 Gl )5 s,

So5355155)551 Il me oyl @mls 4 d2gi b (ivren
s oy Gl b 8 canl paskidio A B Y S5 55 dg39e
aSJls > b o il Cns 4 IS auje Sial g adgl an e Kl
Rl & Wb e e cpl @ cpl b oo GRS Sl (g g 4 je
oiliel s &S ol asl il cud 4 Ll ol sl dlass
cely g o) ke JS adyl anje Sal JuliEl cud el ol
599 3l a8 sl e d Syt B2 oy g A 5 e
bt e Saogs S5 oy eyt (e 35 5] e S5
Aib o clals po dur Sl s 4 >

5 51 Jilos SIS0 slayiall jlade 3 Ve BA Jsle
5 Sy 58 455 53 T3] ol 4 b Singiflys, 5
oIS 45 4m3 o it gl sl 0 s LLgy o (gl (sl o
2 @581 035l Hlade pyieS gl)ly aSL) p0gMe B n a3 denge
aw g 90 Sl s sy 3 wisb e s il el e
292 3 Ablioe 35 (65,5 B0 A £y cp e S sl e
50351 55 im £ it b ye S s B p 5 oS
S5 S dupe £ g e bl blusl jd a4 sl
lagde ool 65)551 <oy o9 Vb Jdsas blusl 5 0adSe
s 5,51 8w il bjlulis Tial sl le pd puizen Sl 0
9 e plp bjlba (65)551 co)59 jlade 1) st 3 Sles gy
ooy of 5l dn bl o 203 Vool lajloli (65351 035l (pnizeon
JB 3 yShos gl Vb (65,551 035k 5 (655551 cap35 55 (rpeS L 3
sl 63,551 o 5l g

a2 a0 lizla b e (65,551 w55 jlade Ve S5 0
o 0l iled gy ailate (gl slalo yo dw b Sy ST e
o Gl e S Slpses a3 > 0 a5 55,5 e svaliv .l
i a5 |z bl e (65,35 cu 55 e e (gl bl
ol a2 cnl jo bladl 5ol 4y (95,9 L a8 4

Sy dals axlye Sl b s by ol sles ol @ 4 g il o

Japl> J9)l§a§ﬁ)YD \C/AV\C 9 oy VQ/?V o yd M’/\"\‘ o yd V¥
o33h ddaasis (gilwainy b ;3 an )81 45 245 o sdalie (Cuwl 0l
Silwaipdn OYb 5> BaacSS sl gjludige & Cumd 65,551 5 <55
Lol wilodg dslse  Sim LidlS b (65,557 035b (gjlwdinin 5 (5550 03L
oxd ials )l dddasiy (giludige b 3 jo sy (g Mg ange
P BT (ludlgy 4 Cond g Gl g anie Sl ol bl
sl oAb 909y (Fjo (Il L sl g Mg di e (giludineS s
dpja Sial g (65)51 o35 e Sial gl abze Sial (pizen
plie 4 Cans Sl ialS b adiasis (glwdigs <l jd 4 ST S
59 033L (3lwinir 9 (63,551 035k (it Y 3 ool sy
agip gilwdineS Bua b (gilwaigs b a4 Cond Ll wilodg aslge
P> e Wload (Jia GRIEN L el ol aaly plg Ay
St @l bs sl ye 93 Sl s Bl e b g
3 gy (glal oSG I e 82 (gl st b oz o 4 S
S g5 o Caonndd (pl )3 0b ataS Cllas 4y dn g b g 00> LS 295
Sglite dan S5 (gluaige @l lal> po 93 Sl 55 S 2 (ol &S
bl e ddin K gilwdigy gl
sl Sl yo aw Gl s g2 (siludige @l 558 JSS
i) dsn s ange b el okl isles 4 Loy adlate
JSslslS FF- /A po> slli JLib g JSulislsS VWOV gl sl Lzd
5551 033L «53 3l 033k calS g5 JBwsbighS A/A pg jluls
OlaghS AVFY sy aoly g g ja 9 Swagigsly)) ST cn o
Jols JgilES 1, Yo FIADY § o )0 YAIY o> OV/+ ) cduo p3 VO/YVY
polde &S 23,5 o sdalie addads (gilwdigy b .l ol
b @ cond S Rl )l (5)581 5 il el (A g
A 5l el 00 (65,351 033l (gilsated 5 (655 033k (gilwaintin
Sl g 53l 033b (Slwdintn 4 Cans (g iag 3,Sles (o2laidl
SansisS 1555551 o &3 gy cslo iy il smlys (55,551 o35
S anje Sial g (65,58 oo e Sial gl 4 ja Sl b
298 11 0Sdes e 22ly Olgs Mg e (gileaieS by 3
Lgld.b)ﬁc\wuj)ow"bp Slp &S @l cpl s dogi b L 0 ol
Wil e ddan K (giledigs bt 5l Cglate ddie SO gludigs gls
b sl o Ao Gl s 48 2 (gl dine Ul o 5 53 nen
S an e g 55,551 003k g3l 033l ¢ pAls lg5) (93 )Slas sl el

vt



AAY B A0 doxiuo VF¥ Lo Y oylad BF 093 «puiS pual CSlSlo ties &y it

@ Thermal efficiency Exergy efficiency Power specific cost
70
60 5741 57.41 56.91 57.01
54.05
7 50
2 40
5]
L
o' 30
O
20 s 15.35 1535 1521 15.24
10 i 4.94 4.871 4.871 4.852 4.853
o HEI N N L N
Base TEOD EEOD COD MOOD
w, . \ . . YD
W, . . ) . 0
w, ) 0
P, IR Yy V108 N8l YO
B, - vay Y. \ialls AR
B Y OY/VE OYIVY AY/as A-l-9
Wm (kW) AeYY ADYY ABYY AYFA ASSY
Ep o (KW) Yrov fYov fYOY Yavs Yaav
Z pyerart (3 1) VY/YY va/aa vajay YA/-4 VAIYS
Cp overart (87 A1) \0/aY Yy YAy Va/VY 14/30
Cprorur (87 hr) ASJY VoY VoY QY/A$ AN
f (%) AY/+Q YAIS¥ YAISY Ya/A vav

.&Sggdibad!ﬁdldb,aM@iw&l)idlﬁéﬁkgéﬁﬁ%g.g@wﬁJSJ}

Fig. 9. Single-objective and multi-objective optimization results for the triple flash cycle in Booshli’s geother-
mal 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 double
flash 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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