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Parameter Unit Values Reference
Interest rate (i) % 12.7
Plant operational hours (OH) Hours/year 7446
Plant total life time (N) Years 25
Maintenance factor (¢) % 6
Overall heat transfer coefficient of the generator (Ugen) kW/m?°C 13
Overall heat transfer coefficient of the heat exchanger (Usyx) kW/m?°C 0.8
Overall heat transfer coefficient of the absorber (U,ps) kW/m?°C 0.8
Overall heat transfer coefficient of the evaporator (Ugyap) kW/m?°C 11
Overall heat transfer coefficient of the condenser (Uconq) kW/m?°C 0.5
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Numb. Equipment Purchase equipment cost function ($) Reference
1 PTSC PECprsc = 230 X Agprotal
2 Heat transfer fluid and hydraulic circuit PECriq = 90 X Agp rotal
3 Solar Pump PECsp = 1120 x (Wp)"*
4 KC Evaporator PECycr = 2143 X (Ageg)®®t*
5 KC Condenser PECyce = 2143 X (Agec) 3t
Agenx\*®
6 KC Heat Exchanger PECycux = 130 x (0.093)
. 0.67
7 KC Separator PECycs = 280 X (it sep)
. - 0.8
8 KC Turbine PECycr = 4405 x (Wicr)
9 KC Pump PECycp = 1120 x (Wgp)"*
AHPG
10 HP Generator PECypg = 17500 x ( 10 )
ALPG
11 LP Generator PEC;p; = 17500 % (1
12 HT Heat Exchanger PECyrx = 12000 X ('i””)
ALTX
13 LT Heat Exchanger PEC,;x = 12000 x (1
Aabs
14 ARC Absorber PEC,,s = 16000 X (1
A 0.6
15 ARC Evaporator PEC,pcr = 16000 x ( f(};gE)
0.6
16 ARC Condenser PECpcc = 8000 X ( fgff)
17 ARC Pump PECuncp = 1120 X Wipep "
18 Throttle Valve PECyqpe =0
A 0.78
19 DWH Heat Exchanger PECpyunx = 130 X ( g‘gggx)
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Equipment Cost flow rate balance equation Auxiliary equation
Solar PTC Cis + Coun + Zprc = Ciq Csun = 0
Solar Pump Cl4 + CW,SP + ZSP = C15 Cw,sp = Celectricity

DWH Heat Exchanger
KC Evaporator

KC Separator

Turbine

KC Valve

KC Mixer

KC Condenser

KC Pump

KC Recuperator

HP Generator

LP Generator

HT Heat Exchanger

LT Heat Exchanger

Absorber

ARC Condenser

ARC Evaporator
ARC Pump
ARC Valvel
ARC Valve2

ARC Valve3

Ciz + Caa + Zpwy = Css

Cio + Ci1 + Zyep = € + Cyy

Ci+ Zgcs=Cy + C3
Co+Zr=Cy+Cyr

Cs + Zicy = Co

Co+ Co+ Zgeu = C;

Cr+ Cap + Zyee = Cg + Cus

Cs + Cwicp + Zgep = Co

Co+ Cs3+ Zgcr = Cs + Cyp

Ciz + Coo + Zypg = Coq + Ci3 + Ca3
Cor + Cos + Zypg = Cop + Cog + Cpy
Cio+ Coz + Zyry = Cy0 + Co4

Cig + Co7 + Zirx = Cio + Cog

C3z + Cao + C36 + Zaps = Ci7 + C3y
Ca6 + Cs3 + Cao + Zarcc = C30 + Cay
C31 + Csg + Zapcg = C3z + C3o

Cy7 + CW,ARCP + Zapep = Cig

Ca8 + Zarcv1 = Cao

Ca2 + Zarcvz = C33

Coa + Zagevs = Cos

€13 = C14
C11 = C12
Cz = C3

y C2 = C4Cw T = Celectricity

None

None

1 Cap =0¢7 =g

Cw,kcp = Celectricity

C3 = Cg

(C23+C20) _ (C21+C30)
(E23+E20) (E21+E20)

(Cr6+C25) _ (Ca2+Cy5)

(E26+E2s) (Ba2+Ezs)
C23 = C24
C27 = C28

(C32+C29) _ C17

C36 = 0——= =+
1 736 (E3a+E20)  Eng

_ (C26+C33) _ @
(Ez6+E33)  Eso

» Ca0

C32 = €31
Cw,ARcP = Celectricity

None

None

None

YA



ARC Valve4 C30 + Zarcva = C31

None
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Parameter Value Parameter Value

Collector width (m) 5 Absorbent absorbency capability (-) 0.96

Collector length (m) 7.8 Publish coverage capability (-) 0.86

Collector radiance (-) 0.935 Absorb coverage capability (-) 0.02

Outer diameter of the receiving tube (m) 0.070 Recipient shadow capability (-) 0.974
Inner diameter of the receiving tube (m) 0.066 Twist tracking error (-) 0.994
Outer diameter of the cover (m) 0.0115 Collector geometric accuracy (-) 0.98

Inner diameter of the cover (m) 0.109 Direct normal radiation (W/m?) 850

Coating thickness (m) 0.006 Number of collectors in each row (-) 10

k)-Thermal conductivity of absorbent (W/m 54 Number of parallel rows (-) 10
Thermal conductivity of coating (W/m-K) 0.78 Pinch point temperature difference (K) 10
Turbine isentropic efficiency (%) 85 Pump isentropic efficiency (%) 70
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E39—E3g+E35+Whet

Exergyesr = E Fy-y
. _ CW,turbine

Unltcost.power - Wet fy-v
: C39—Czg

Unit ing — = Y-y
cost.cooling Ez9—Ezg

. _ (35
Unltcost.heating - E

LAY

. Cw turbine+C30—C35+C3s5
Unltcost.all product — fo-v

Whet+E39—E3g+E3s
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1 15 381.2 0.6 0.3




2 15 381.2 0.9414 0.1238
3 15 381.2 0.36 0.1762
4 6.606 349.9 0.9414 0.1238
5 15 315.1 0.36 0.1762
6 15 315.1 0.36 0.1762
7 6.606 342.1 0.6 0.3
8 6.606 308.2 0.6 0.3
9 15 308.3 0.6 0.3
10 15 339.6 0.6 0.3
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G2l Gl sl o jo 1) (65,551 Dbzl )0 5 0sd oo Sim b LS e b Los ciiyllas
ool ools yLas Y-F Jgaz ;o o] (IS5 4 pimsmw (6l 00l plonil (g0lazl LT s oas o

2l S5 s s 6l 00l plonil (i Liel i V=¥ o
Component Ey E, Eq E, E
KC_EVA 279.6 185.7 93.9 0 66.41
SEP 12539 12539 0 0 1
TUR 125 108.7 16.22 0 87.02
KC_CON 49.64 5.456 44.18 0 10.99
KC_HEX 23.05 10.56 12.4 0 46.22
KC_P 6.2 4.452 1.814 0 71.05
HPG 15.18 12.32 2.852 0 81.21
LPG 5.937 5.72 0.2186 0 96.35
HTHEX 7.518 5.87 1.738 0 76.89
LTHEX 2.114 1.303 0.811 0 61.63
Pump 0.01707 0.00049 0.01657 0 2.917
EVA_ASSEM 9.56 2.916 5.707 0.9369 30.5
SC P 6.009 1.224 4,764 0 20.71
PTSC 1543 391.7 1152 0 25.38
DWH 98.24 29.01 69.23 0 29.53
i) S8 & s (512 00 plonil (solatdl JIUT b V-F Jgaer
Component Z C4 o Z+Cq+C cr Cp f r
KC_EVA 1.392 3.274 0 4.666 9.685 11.74 21.21838 29.83283
SEP
0.04409 0 0 0.04409 18.08 18.08 0 100
TUR 10.51 1.056 0 11.566 18.08 47.43 162.3341 90.86979
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KC_CON 2.525 2.876 0 5.401 18.08 293.1 1521.128 46.7506
KC_HEX 1.899 0.8069 0 2.7059 18.08 88.63 390.2102 70.17998
KC_P
0.5004 0.311 0 0.8114 47.63 98.25 106.2776 61.67119
HPG 0.04 0.09942 0 0.13942 9.685 12.83 32.4729 28.69029
LPG 0.077 0.027 0 0.104 35.83 40.95 14.2897 74.03846
HTHEX 0.027 0.2055 0 0.2325 32.85 44.06 34.12481 11.6129
LTHEX
0.1091 0.09741 0 0.20651 33.36 77.39 131.9844 52.83037
Pump 0.003691 0.002841 0 0.006532 47.63 3692 7651.417 56.50643
EVA_ASSEM 2.962 0.4368 1.816 5.2148 21.26 173 713.7347 56.79988
sc_p 0.4942 0.8169 0 1.3111 47.63 340.3 614.4657 37.69354
PTSC
12.18 0 0 12.18 0 8.634 Inf 100
DWH 0.08998 2.414 0 2.50398 9.685 33.66 247.5478 3.593479
s U5 5T s ¥-F Jpor
state T(K) P(bar) m(kg/s) H S ex_ph ex_ch E X
1 423.2 50 0.769 1237 3.672 423.2 15883 12539 0.8
2 423.2 50 0.5386 1564 4.441 551.3 18607 10319 0.93
3 423.2 50 0.2304 472.4 1.875 123.8 9515 2220 0.47
4 353.6 10.88 0.5386 1362 4.542 319.3 18607 10194 0.93
5 310.5 50 0.2304 -68.4 0.3969 23.73 9515 2197 0.47
6 310.5 50 0.2304 -68.4 0.3969 23.73 9515 2197 0.47
7 344.6 10.88 0.769 933.7 3.314 226.7 15883 12388 0.8
8 308.2 10.88 0.769 23.73 0.478 162.1 15883 12338 0.8
9 309.4 50 0.769 31.88 0.486 167.9 15883 12343 0.8
10 342.9 50 0.769 193.9 0.9829 181.8 15883 12353 0.8
11 493.8 11 6 450.8 1.277 82.12 - 492.7 -

FA




12 423.2 11 6 317.1 0.985 35.53 - 213.2
13 418.2 11 6 308 0.963 33 - 198
14 382.4 11 6 244 0.8032 16.62 - 99.73
15 383 17 6 245 0.8059 16.83 - 101
16 - - - - - - - 1543
17 308 0.008635 0.3355 85.03 0.2103 0.2784 502.2 168.6
18 308 0.6322 0.3355 85.08 0.2104 0.2799 502.2 168.6
19 335 0.6322 0.3355 140 0.3816 4.163 502.2 169.9
20 382.6 0.6322 0.3355 240.1 0.6594 21.39 502.2 175.7
21 408 0.6322 0.01425 2749 7.758 440.6 49.96 6.99
22 360.4 0.6322 0.01425 365.6 1.161 23.93 49.96 1.053
23 408 0.6322 0.3213 298 0.7651 33.67 529.8 181
24 357.3 0.6322 0.3213 193.5 0.4931 10.27 529.8 173.5
25 357.3 0.6322 0.3213 1935 0.4931 10.27 529.8 1735
26 353 0.0558 0.01357 2649 8.612 86.12 49.96 1.847
27 353 0.0558 0.3077 195.6 0.4499 8.404 568 177.4
28 321.7 0.0558 0.3077 135.7 0.2721 1.534 568 175.3
29 321.7 0.008635 0.3077 135.7 0.2721 1.534 568 175.3
30 308 0.0558 0.02783 146 0.5029 0.5713 49.96 1.406
31 278 0.008635 0.02783 146 0.5257 -6.213 49.96 1.217
32 278 0.008635 0.02783 2509 9.027 -177.5 49.96 -3.549
33 308 0.0558 0.01425 365.6 1.216 7.594 49.96 0.8202
34 298.2 1 1.836 104.8 0.3669 0 0 0
35 348.2 1 1.836 314 1.015 15.8 0 29.01
36 298 1 3.97 104.2 0.3648 0.0001579 49.96 198.4
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37 303 3.97 125.1 0.4344 0.1632 49.96 199
38 288 3.142 62.38 0.222 0.7396 49.96 159.3
39 283 3.142 41.46 0.1487 1.667 49.96 162.2
40 298 1.774 104.2 0.3648 0.0001579 49.96 88.65
41 303 1.774 125.1 0.4344 0.1632 49.96 88.94
42 298 33.45 104.2 0.3648 0.0001579 0 0.005282
43 303 33.45 125.1 0.4344 0.1632 0 5.461
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Tuning parameter Value

Number of decision Variables 3
Number of Objective functions 3
Population size 90

Number of max generations 100
Initialization mode Random

Selection process Tournament

Tournament size 2

Crossover probability 0.85
Mutation probability 0.1
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Abstract

Due to the maximum population growth, the increasing need for electricity in industry and
domestic consumption, as well as the disadvantages of fossil fuels in electricity generation such as
pollution, environmental degradation by the release of harmful gases and their extinction have led
humans to turn to renewable energy. The Kalina cycle is a suitable technology and a useful process
for converting low quality heat sources (low temperature and low pressure) into mechanical power
and electricity. In this research, the solar Kalina cycle has been simulated and studied from the
perspective of energy, exergy and exergo-economy; Then various factors such as temperature and
inlet pressure to the turbine, the difference in the pinch point of the solar cycle evaporator are
evaluated. The results show that the highest exergy efficiency occurs at the highest turbine inlet
temperature of 433 K, which is about 8.9% for the proposed system and the maximum energy
efficiency that can be achieved at the same temperature is 85 / 44%. Solar collectors, auxiliary
boilers and storage tanks are the most important components from the exergo-economic point of
view due to the high initial cost rate and exergy degradation. Analytical results indicate that the
highest share of system exergy degradation is related to the solar field (linear parabolic collectors)
and Kalina cycle has the lowest share in system exergy degradation, so new designs and
investments should be made to improve collector performance and increase their efficiency.
Necessary to be done. In economic terms, an increase in evaporator temperature and a pinch point
difference leads to a decrease in the overall investment rate. Also, according to estimates, with the
increase of turbine temperature from K393 to K435, the net output power has increased from 77
kKW to 106 kW and the unit cost of power generation has decreased from $/ GJ 0.155to $/ GJ
0.105, which is very economical. Is. Also, changing the solar flux improves the performance of
the system from an exerco-economic point of view and increases energy efficiency and exergy.

In the optimization of the NSGA-II algorithm, which is an effective method for multi-
objective optimization, this algorithm is now recognized as one of the most efficient multi-
objective evolutionary algorithms. One of the innovations of the present study has been the
optimization of the three objectives of the system under study. Energy efficiency, exergy efficiency
and unit cost of all products have been selected as the three objective functions for this
optimization.

Keywords

Energy, Exergy, Exeroeconomic, Kalina cycle, Solar collector, Thermodynamic evaluation,
Renewable energy, Optimization
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