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In this study, optimization of a solar cooling system assisted ground source Heat Pump system (GSHP)
is performed. The optimization process was carried out using a multi-objective evolutionary algorithm.
Three optimization scenarios, including thermodynamic single objective, thermoeconomic single
objective, and multi-objective optimizations, are performed. In the case of multi-objective optimization,
an example of a decision-making process for selection of the final solution from the Pareto optimal
frontier is presented. It was concluded that the multi-objective optimization considers two objectives of
thermodynamic and economic, simultaneously. The results obtained using the various optimization
approaches are compared and discussed. It is shown that the thermodynamic optimization is focused on
provision for the limited source of energy, whereas the thermoeconomic optimization only focuses on
monetary resources. In contrast, the multi-objective optimization considers both energy and money. The
results showed that percentages of deviation from ideal values of thermodynamic and economic criteria
for the thermodynamic optimized system were 0 % and 905 % respectively. These percentages for the
economic optimized system were 104 % and 0 %, respectively. Deviation values from minimum ideal
point for the multi-objective optimized design were obtained 10 % and 88 % for thermodynamic and
economic criteria, respectively. It was concluded that the multi-objective design satisfies the
thermodynamic and economic criteria better than two single-objective thermodynamic and economic
optimized designs.
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Table 1 Exergy balance equations for components of the
HGSHP system that are schematically shown in fig.1

IpumpI - (E24 EZS) + Wpumpl

Ipump Im— (ES E6) + W ' ump II
Ipump m — (E10 - Ell) + W, pump III
Ipump wv = (Eyy — Egg) + W, pump IV
IpumpV - (EZZ E19) + W pump V
Icomp (El EZ) + I/Vcomp
jevapl (E4- - El) (E26 - E24-)
Ievap | (E18 EQ) (E7 ES)
IcondI (EZ - E3) (ES - ES)
Icond I — (E16 E17) (EZO EZl)

~.

generator — (E12 - E13 E16) (EZB - EZ‘J)
Fabsorver = (Eo + Eq5 — Exg) + (E1g — E3o)
Iregenerator (Ell - Elz) (E13 - E14)

lghx = (B = E7) + Qgnx(1 — ToTg ")

feor = (Ezo = Ez7) + IpAco)(1 = ToT5 )
Iexpansmn valvel — E3 E4-

Iexpanswn valve Il — E17 E18

Iexpansmnvalve I — E14 E15
= (Bz — Eyp) + Epg + Wean
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+ th + Z Zexpansion valve) (36)
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Table 4 The results of energy analysis

o ALl ae ALl e Sk

e @olaidl  (Seelsge
2.20 2.62 2.14 (kgs™) 5,0 (o0, (2
73.13 63.85 57.36 (kgs™) v &)l Joe o (20
5.19 23.01 3.79 (kgs™!) (S Sas zp ol (o) (20
201.17 35.77 193.11 (kgs™) o o3 ,eSIS O oo
0.12 0.16 0.12 (kgs™) (S Sas 2 ez of (20
1.32 1.032 1.32 (KW) 1 ooy B pan olg
9.87 2.88 8.48 (KW) 2 o (B pan o)lg3
0.01 0.01 0.02 (KW) 3 o (b pan o)g3
33.09 0.05 31.47 (KW) 4 o (b pan olo3
0.20 0.88 0.15 (KW) 5 o (b pan o)l
71.52 182.14 56.74 (KW) g oS (3 o )lgs
116.09 187.34 98.25 (kW) S 8 yae olg3
247.61 280.44 240.89 (KW) sy Jomo 50 &l ade
148.04 243.09 143.73 (kW) ,g:SIS o & )ly> i
339.82 429.07 330.29 (KW) S Sas 2y 50 &)l ads
4.92 1.93 6.20 oS5 % S & Shes cujs
3.03 1.88 3.58 S8y i 3 Shas g p5

Pk 50 o515 SS9 ee cupd jlade oS was oo (L gz (0
4 Wddsnr A Pk g olall ang ALk ((Seludge e
s S 3 Slas oy polie il o 492 5 193 620 o
sl cde ol o 3.58 3.03 5 1.88 358 i A j (s
P S e 9 S wpS SS9 Sles cupe G 0Ly
5% W Sl 3b5 Brae ddasninr g (Seelusgey an sla b
Slaxie 6 55 gla gz odle ar el (oS5 0005 JSe Sl )5
(5P caps polie Joli) (65,55 3T @bs 5 Syl sledoss
5 oo oLt Ay (b A e Gl ], (52 e sl casil
ase Jold s 0ol phuss glaanie (SIS b 4 7SS
5ol anse i iUl At 5o o6, lS g prend aie sl ()5 aylo s
Slp Sl whmms (oialoyw b Wy ab5e) Jpame Wy anse
oals Hlis 7 S j0 A jeblen (0g oo cnalin alite a2k
Ty ol a2k o adsl o)l ke j ai s JBlas ol ouls

"0 5 Ay b g Basniz gy >k 5(10458/hr) sas

1 o)l 16 09> 1395 ORIV ()30 Sulo Swduse

el 5l pite olie 3 Jgua
Table 3 The values of decision variables
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Fig.5 Effect of velocity in ground heat exchanger on
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Table 5 Specifications for heat exchangers
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