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minimize f,(v, ...

minimize fy(v, ...
withv[1..n] = [N, ATyzp, Tor €51, €525 Taz» Ts» Tz Toss Tagr Ty 1]

for j = MODE I, MODE II, MODE III, MODE IV

fori= DCHM — CHD, SCHM — CHD

minimize fg(v, ...
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= H]89 4 A 7FX] (net present value))

TAC
TPC= 4 Y=l=) year
. Ta . 80t . C8L
(mwaptsr + mwater + mwatar ) ( f sec )
[5-314] 18]
TAC
TEC = year
: T
(E u?zfsr + E water + Exp"j"ap) (Pf sec )
(714, 91 HA Tap, hot 2 chilled 212t AAE FEE, 25 2 W25 555 o)
A7 5

A7 20 SlojA,

71 A%, A7 AXA 2E, AV =B A i AA AH S, A7) B LS 99 AA E vE
A7) & Akl oigk AA XA vlE B 7] AAA] Ak 918 AN s A7 s 82 16, 3}
7] S 19, F) ekl 20, 8] Rk 21, Bb7] 94 22 9 Sby) sha 239 ofs) Aelue, F4
JERTE o g S wesh Aaglg masa HAsehs Wy
[58t2) 16]
PR = (1 - CR4,1,.) My, )}12 + 1y, 'é“ + QEvap

Qm Weotar T Q:’f;?cg; +Mpeeq” ’E,.-“d

Ty, Ty 512
(714, = THE 299 A% &, = AR FEEY A% fHola, = 259 H gyl

4, QitF e
i, = o7kl A e FEES B dgyle]ar, = U gt AARY T 4 Ags)
[53t4) 19]
7 ExPr,ror
=
ExFu,tar

M EXDtot
(4714, = IMA &folaL, © AA dyg AMx] Fola, iE TA L40lal, totE XA F
gholar, N& Al 74 829 )
[53t4) 20]
ExW = ExD,tot +ExL,tot — ExD.tot +Exb.tot

z’hpr My + (1 - CR42,12) "My, + Mg



(5344 21]

WEx = 'hBPins- + m Cooling = — 7h45 + fh'.:s _ _
EXp,toc Exyy + (1 - CR4:,1:) *Exyp + |Exgg — EXgg

[43H4] 22]

WW — M grine +'".1Cooling = M 45 + 1Mo : :
Zrip, m44+(1—CR42’12)-m12+m36

(5314 23]

— ExD,tot + Exb,tot _ ExD,tot + Exb,tot

ExEx = . = — " . n
EXpytor Exyy + (1 - CR4:,1:) “Exy, + |Ex36 — Exgg

AT 6

A 10 9loiA,

47§54 SE B

=T o=

(High-pressure desorber),

A9t ©&7]) (Low-pressure desorber),
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2] (Absorption heat pump)t, =%7](Evaporator), &<7|(Absorber), iL$t E3H7]

27¢]

Qo o

gol A w37 (Solution heat

exchangers), A1 BAX(Pump), A1 57| 57| (Vapor compressors) % 5712 Wy g FAFo] H ¢3S &

o] A e Zv

;87 B 2 Wl o8kl AV 2, Y] e o

JEREE o 88 TN wrE AsUe waYsa AAssE Py,

AT 7
78 60 QoA

471 W=, gl u kel

sha A A ks W

AT% 8

= S8 M (LiBr-Water)<l,

271 v

47 Aol AAEHE, F5A

Ao wet 4711 meg ZAEsty ) Al REO0E [)E 25 2 FEES A, A2 Z=(MOE 1T)+&
Wby 2 SEES S A3 RE(M0E IDE 527 A4es | A4 Z=(M0DE V)& 7] A9 v &R
25, W4 2 SEES AaelE, £44 JEFZE o] &3 Sk |43l AlAES ndlysau # A 3)ss
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A7 9
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121 24]
minimize f, (v, ...
minimize f,(v; ...
minimize f;(v, ...
minimize f,(v, ...
minimize f;(v, ...
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with v[1..n] = [N, ATygp, To, €51, €52 Ta7: Tss T12s Toas Taer T1s Mg

fori= DCHM — CHD, SCHM — CHD

for j = MODE I, MODE II, MODE III, MODE IV

(714, it 271 9571 FR(HD 37 957 EE oF 27 dFDoln, & A% BE(RE B4, O
ExW,WEX,WW,EXEX,PR,?]H,TPC,TEC,TAC
S, Axg B4, I FA)olar, = 27 & ARkl g
AR AN HE, RS A A4 F uE, B Al g@ A A g, A 40 g e
A BE, QY AR BE TR 4D W 2] Aol wE), A4 B, B AE S, A
v[1..n]
44 we, @0 3 gl & 9Y wpolw, SEREE

N, ATyep: Tor €515 €525 T37: Ty T2, To4, T3e, Ty, Mgy

& 7}z MEDY] 4=, MED zte] &% =}, MED 79 L%, Al
g A W)Y JF8A, A2 &9 4 wdr)o F&A, R F7)9 L, 1t BFAY|Y 2, Jldd &9
25, 7|9 2%, Tl Ud 48 TE 2%, T4 2%, oY 79 HAF {F)
A3 11

BT 90l oA,

A7) -84 HA dae]E2, NSGA-111(non-dominant sorting genetic algorithm-I111)91, FHFE #=].

ATE 12
AT 100 olA,

47 A F WG, A F AE NG L B B AF AAA WS A% ) Fe4 11, ] S84 17
9 7] ek 180 ofa) Aelw e, 7

CRF I
(3714, = AHE 35 Al (capital recovery factor), = Ad oxE, Y F 798 F71Y 4,
CNPV
= 889 & A 7Fx|(net present value))

TAC
TPC= killed year
kot oh chille 4
( uatar + rn’uater Marsr ) ( f sec )
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TAC

3 T ; kot : year
(EI i + Exwatw- + ExPr,Evap) : (pf' _)

water sec

(4714, 91 Ak Tap, hot 2 chilledi= 77F Add 7=, 25 % 3459 25& v

A3 13

7% 100 hefA,

871 v, BV AMA ZE, A7 B ARl dig A GAH vE, 3] = Adke A A4 = oAlE,
71 = Adtel gt A AMA mlE B Y] AMA RS 9% MR g 7 §by] ek 16, 8§t
71 kA 19, b7l aeshA 20, 8b] rshA 21, shr] ek 22 Boehy] ek 230 os) Ao, AR
g

_ (1 - CR42.12) "My, ﬁlz + Ty, j“ + QEvap

PR =
- ; SMED .
Qo1 * Weorar T Qaericic T Mreea” /ipsad
s Ty, 'éi?.
(4714, = ouE 2y AE f5olx, = AA FEEY ZH FFol1, = 259 H Adg o]
AMED
/}44 stf:'c:‘t
B, E OIgelA e xR W Awvela, = 3w gas gARe 37 @ A9E)
[<=&4] 19]
7 ExPr,tot
=
ExFu,tot
1]“ ExD,rot
(714, = dAA mgol, B AR g A Folar, i FA 24|l totiE XA F

golar, N& Al 74 849 )
[=8k4] 20]

ExD,tot + ExL.tor — ExD,tot + ExL,rot
Z’ﬁpr 'hu'*'(l _CR42.12) "My, Mg

ExW =

Mprine T Meooting _ Mg + Mye
EXp,tor Exyy + (1 - CR42,12) "Exy, + |Exgg — EXxgg

. M prine + mCooling . Mys + Mg

Zﬁlp, ’h44+(1_CR42,12)'"-112+"-‘36
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[0003]

[0004]
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[58t4) 23]

_ ExD,tor + EXL,tot _ ExD,:ot + Exb,ro:
ExEx = - = — " . n
EXpytor Exgy + (1 - CR4:,1:) *Exy, + |[Exzg — Exgg

AT 14
A8 90 oA,

A7) &4 J|E BX X (Absorption heat pump)tE, =%7](Evaporator), &<7](Absorber), iL$t E-3H7]
(High-pressure desorber), A+ B27](Low-pressure desorber), 2709 &% & w37](Solution heat
exchangers), A1 H3Z(Pump), Al =7] =7](Vapor compressors) % 571 Wy g FALY #Hi <3S &
AP K)
=1

slo] A7) 12 57], A7) g9 2 WS o] &3l AV 247, A7 W 2 Ay Eo] AMEE, AFH
A .

AT 15

A3 149 o)A,

A7 Wuje, gERRutol= &M (LiBr-Water)l, HFH A,

A3 16

A 99 loiA,

A7) RdHE E42 | EHZE o] &3 k] il A AElS

Ao wet 4711 meg ZAEsty ) Al REOO0E [)E 25 2 FEES At A2 Z=(MOE 1T)&
Wz @ SEES Al A3 REQOE IDE $SEE7 A, A4 R=E00E V)E 7] AAE b=
25 345 9 FEES QAEsE, AFY 4

grgo] Hry

7l & & of

2 dtgo] AAELS F42 S EFIE o] g3 T @4g AlaRS Rdysia A gsle W BeE
o}

g7 e

dubqo g ¢ EE s BEste 342 AuXdd wet A G, 1A/ R], AN IA]
AlzElog FRIEM w5 Az He uglds oeEFHMulti stage flash, MSF), ttsag Sy
(Multi-Effect Evaporation, MED), <J4%%37 (Reverse osmosis, RO)o] EAlslH, Lo S HE=
Ak dufx] &4do] Z dolyA] ke @53 FARgE v 2EE o]ty HE dojule WHo] ATy
Il 9ok,

= =
GoUAE EY F AT 3 AJY, @579 7Ed wE g g§4rE wEA 2 A, 74 deo Ut
Solgel wE g Y Sl vld], AlsAdT a&uy] AAgeE AV AJTh
a 225 o] 83 slaErs 32 oA A3 IAFAFTGR0), GolyA 7|Hte] FHRW 543 9 &
g o EAlo] =3 = =FW (Membrane distillation, MD), BAF% &4 (Forward osmosis, FO)¢ W 5
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(814 24]

minimize f,(vy ... v,) = ExWiope1

minimize f,(vy ... v,) = WEX}ope1

minimize f3(vy ... v,) = WWope1

minimize f,(v, ... v,,) = ExEX};0pg1

minimize fy(vy ... v,) = PRlope1

minimize fy(vy ... v,,) = Mymops1

minimize f,(v, ... v,) = TPCiope1

minimize f3(v, ... v,) = TECiope1

minimize f3(v, ... v,) = TACkoper

witdv[l..n] = [N, ATygp, Ty, €515 €525 T37, Tss T2, Tags Tae Ty, g5]

fori= DCHM — CHD, SCHM — CHD

for j = MODE I, MODE II, MODE III, MODE IV

(1714, i= 71 4571 TF(FL 7] 571 B ol 571 dA57Dola, j= s RE(FE &4

ExW,WEx, WW,ExEx, PR,n;, TPC,TEC,TAC

F o947 wg, A% vgoln

& 747} MEDO 4+, MED 7+e] 2% x}, MED Z7]¢ 2%, Al
SN d wsrjo g8A4, A2 89 d wdr|e a8y, AdF 7Y 2=, 1 229 2%, JMEE B9
25, TH7)e] 2=, AV Uid Y 589 2%, S5V &%, oF FU|9 AH §5)
7]

47 % AE NG L A7) F AFE A ge 47 e FEA 1L, 8] $84 17
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[0030] [&4] 11]
TAC = CRF(i ,Y)-Z -
[0031]
CRF
[0032] (o714 = AE 3] Al(capital recovery factor) = A oxg, Y= = Y F7]9 dg,
CNPV
= 1&g & dA 7}X|(net present value))
[0033] [<73H2] 17]
TAC
TPe= dilled year
Tap fot o chille
( uatgr+muater warsr) ( f sec)
[0034]
[0035] [<+3+2] 18]
TAC
B = year
;T
(E MZI:GT-*-Exuatsr +ExPr,£Lap) ( f sec )
[0036]
[0037] (4714, 1 Ak Tap, hot B chilledw= 27F A" 3=, 25 R 9459 555 97
[0038] 71 AAeHl, A7 AAA ZE, A7 = A dig AA A HE, A B AALLS g dA & vE
47) B Al UE QA A HE W ) oA e %fz A S A2 B $o 16, 5
7] 534 19, 87 #9420, 7] 94 21, S/ £o4 22 % /] o4 20 e Held & qduh
[0039] [432] 16]
PR = (1 - CR4719) my, /i 2 + m“ j“ + QELap
QDI total + Q‘d'dgi'?cit + ".lFeed : éFeed
[0040]
My, Mgy "}12
[0041] (714, & U &5 A fHolx, &AM FREY AF f0ln, & 259 )
é44 Qg’sEfDEcit
ola, & WA FEE ] ko], © 3w ges g0 37 9 A
[0042] [4°8F2] 19]
Iy = E;xPr,ror
n - .
ExFu,tot
[0043]
n ExD,tor
[0044] (714, = A Z&9 = AA gHE AAR] Foli, ' 74 840
olar, N& QA T4 229 &)
[0045] [<#3F2] 20]
ExW = EXD tot +ExL,tor — ExD,tot +ExL,tot
Ty, tge + (1 — CRyy 45 ) “ iy, +1itgg
— 13 —

[0046]

, toti= A A9

&



[0047]

[0048]
[0049]

[0050]
[0051]

[0052]
[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]
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Mpyrine +m Cooling __ M 45 + Mag
EXp,toc Exyy + (1 - CR4:,1:) *Exyp + |Exgg — EXgg

Mprine T Meooting _ Mg + My

wWw = - . - -
Zrip, m44+(1—CR42’1:)-m12+m36

[58t4) 23]

E — ExD,tot + Exb,tot _ ExD,tot + Exb,tor
xEx = . = — " . n
EXpytor Exyy + (1 - CR4:,1:) “Exy, + |Ex36 - Ex35|

A7 42 S|E HE X (Absorption heat pump)E 57| (Evaporator), &<=7](Absorber), L%t €17
(High-pressure desorber), A% 27| (Low-pressure desorber), 270¢] €N o w37|(Solution heat
exchangers), A1 B3 (Pump), Al Z7] 4=7](Vapor compressors) 2 571¢] ‘%Ei AEo] H 38 =
sto] A7) AR F71, V) B 2 WuE ol &ate] Y] &, AV WA 2 Y] o] BAE 4 .

o
4 HERZE 8T WY w5 Axue B6 uie by BEE 2Ee,

A
UEW@EI)%~%?24¢%g%-%tﬂﬂ, Az BE(MODE 1)+ W2 2 sxes Aisty, A3 =

Al
(MODE IID= 5% =ODE V)&= 7] AAE W& &5, Y45 3 SR8 N +

A7 Wule glEREetel= =8N (LiBr-Water)d

32
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3t A (30009 FE5 TV +xE 2 A
w3t (30009 A %
1E A X (400) 94 A
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©
mO
™

of

e
429 EF)E0 £ & Ao

Z7) (Evaporation effects;E1)(311), A1 7}F<€ 7] (heater;H1)(312)
ek 4 9l

N

AA 2T 7E BN
=
[e)

1 M (323)

F21(360)= A6 &&

F7](361)= oA
, 2AE S7E SSANA %a

(400)§ %%}9 T Aok, A6 &8

Zﬂ6 =+ X‘”ﬂ%(362

1(361) 2 A6 =+ WA (362)E X3S = AT},
A ( 353)E¥E1 o9 1L 278 ddo= Agste] §9" 1L S5
A = k. o] o, BAE F7) F AR E E44 JE
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Wy x] ke we F4E A2 d nE A (22002 wiEE
2 715 BN, F54 JE HE A (40002 5
A Fe $EHEFE Al 9 ugk AR AA(210) = wjEE

SIHS31 10-2024-0058644

g FA(210) B A2 4
(

J]UE Pump;P2)(230) 2 #13 H > (Pump;

37 (Mixer;M1)(301) 2 v v a8 S FX(Multiple—effect
evaporation desalination;MED)(310, 320, 330, 340, 350, 360)Z ¥ < v},

A2 (400) 258 A" 12 F7]1(AY E&7](Low-pressure

¢+=7] (Vapor compressors;VC)(480)ZHE A H 11
]

7 °°‘EM £98 & Ak o W, 34 9
1=l

%?7 £909 5814 + 35, @

&g 2 a57t Al 7Fg71(312)e] oa] 7td o]
F ok Al 28 FEIGIDE Y8 12 TUE
H 378 $H5AA S5TE AT

=
HR(321)2 92 Ao Al 28

71
weA e o3

5045 38 S AA(350)= 471 Al &8 T2 FX(310) 9 FLsH
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[0116]

i, S Hot

A A (actual) <t

9 Coldts @ W] mAL PR} Arbe HES

o (maximum) = YEFATEH,

w3l JdE=RY 73 #AA (entropy balance equation) 347 4

34 4]

—

Q : . Q :
Z(F)m + Z Mip " Sin + Sgen = Z(F)out + Z Mout " Sout
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HAA} act ® maxe 722}

[ 2]
T4 2% 2] 43 BEA
fibs Mg~y + Mgy by, —ohy -hy =y, - (hy; —hye)
sl My (ha = h:] = &gy’ éﬁui:a (Tg—T3)
52 g (hy—hy) = &5 ég.:mm “(Ts —T3)
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