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Table S1. Balance mass and energy equations of each system.

Steam Rankine Cycle (SRC)

Mass Balance Equation

Unit Name (MBE) Energy Balance Equation (EBE)
Pump 1 (P1) m; = m, mihy + Wpy = myh,
O-Feed Water Heater . . . .
(OFWH) my, + my; =ms Mmyyhy, + mMyhy = Mmshs
Pump 2 (P2) m3 = m4_ m3h3 + WPZ = Th4h4
C-Feed Water Heater . . . . .
(CFWH) Myy + My = Mg + Mg Myghqg + Myhy = mghg + Mmshs
Pump 3 (P3) m6 = m7 Tfl6h6 + WP3 = Th7h7
Mixing Chamber 1 (MC1) m, + mg = mg m,h,; + mghs = mghg
Boiler (BI‘) m8 = mg m8h8 + QPTC = mghg
ngh‘P Turbine (HPT) mg = mlo mghg = WHPT + mlohlo
Reheating (RH) (Mg — Myy) = 1My, (Myohio — Maghis) + Qpre = My1hyy

Low-P Turbine (LPT)
Condenser 1 (Cond1)

myq = Myp; +My3

My hyy = Wipr + 77_112h12 + my3hy3
myszhys = myhy + Qconar

Dual Evaporator Vapor Compression Refrigeration System (DEVCR)

Compressor (Comp)
Condenser 2 (Cond2)
Expansion Valve 1 (ExpV1)
Expansion Valve 2 (ExpV2)
Expansion Valve 3 (ExpV3)
Evaporator 1 (Evapl)
Evaporator 2 (Evap2)
Mixing Chamber 2 (MC2)

M3 =My
My7 = Myg
Mg = Myg

Mgy, = Myo
Mmyg,, = My2

My = Mys
My = Myq
My = Mp3

My3 + My3 = My,

my7hy7 + WComp = T.hlshls
Mmyghyg = Miohy + Qconaz
mw,,lhwv1 = Myohy
m19V2h19V2 = Myyhy,
Myihyy = T_fl43h43

Myohyo + Q_Evapl = myhyy
Myyha, + QEvapZ = Myzhys
Myzhys + Myzhys = My hy;

Direct Contact Membrane Distillation Crystallization System (DCMDC)

Pump 4 (P4)
Heater (HT)

(PVF) Membrane Module
Cooler (CO)
Freshwater Tank (FWT)
Pump 5 (P5)
Crystallizer (CR)
Hydroponic Solution (HSP)

Myy = Mys
Mys = My
My + M3y = Myy + My,
My; = Myg

Mag + Mag = Myg + M3g
Myg = M3g

M3y = M3z + Mys

M3z + Mag = M3y

Mashay + WP4 = TMyshys

Mashys + Qconaz = Maehae

Maehze + Mzihgy = My7hyy + Mzzhs,
My7hy7 = Myghyg + QEvapZCO

Maghyg + Maghsg = Maghyg + M3ghsg
Maghye + Wps = 1iizohsg _
Mayhsy = Mazhss + mgshgs + QEvapZCR
Mzzhag + Maghae = Mayhay

Chlor-Alkali System (CAS)

Chlor-Alkali Reactor (CAR)

Ha Short Storage Tank
(HST)

M35 = M3g + Myg + Myy

My = M3z7 + MysT 1055

Mashss + Wear
= Maghse + Myohao + Marhaq

Myohse = Mz7h37 + mHST,losshHST,loss

Proton Exchange Membrane Fuel Cell (PEMFC)

PEMFC

M3y + My = M3g

M37h3y + Myzhs, )
= thzghsg + Wpemrc

+ Qloss,PEMFC




Table S2. Balance entropy and exergy balance equations for each system.

Steam Rankine Cycle (SRC)

Unit

Name Entropy Balance Equation (EnBE)

Exergy Balance Equation (ExBE)

(P1) mys; + Sgen,Pl = MyS;
(OFWH) my;55, + 1M, + Sgenorwn = M3S3
(P2)  mM3S3 + Sgenpz = M4Ss
Mq4S14 + MyS, + Sgen,CFWH
= MgSg + M5Ss
(P3)  1MeSs + Sgenps = My Sy
(MC1)  m757 + MsSs + Sgenmc1 = MgSs

(CFWH)

. Qprc .
(Br) Thgsg + S gen,Br —;T = MgSg
9

(HPT)  mgsq + Sgen,HPT = My0S10
. . QPTC
M19S19 — M14S +S + —
(RH) (M40510 14514) gen,RH Ty
o T MuiSn
(LPT)  my1S11 + SgenLpr = M12512 + My3813
. d . QCondl
(Condl) my38:5 + Sgen,Condl =mys; + T
space

myex; + Wpy = myex, + Exgpg
mlzexlz + mzexz == m3BX3 + Exd,OFWH
Th3€x3 + WPZ = Th4€x4 + Exd'pz

Th14ex14 + Th4ex4, == Theexé + Th5€x5 + Exd'CFWH

m6ex6 + Wp3 = Tfl7ex7 + EXd'pg
m7ex7 + msexs = Ti’lg@Xg + Exd'MCl
. . Toy . .
mgexg + Qpre |1 — T ) = MoeXo + Exapr
9
mgexg = Wypr + mygex,o + Exg ppr
. . . 0
(Mmypexio — Mysex1y) + Qprc (1 - _>
) Ti4
= MmyieX11 + Exgpy

MmyieXx1q = Wypr + myzexy; + myzexys + Exgppr

. T,
Myzexy3 = Myex; + Qeonar (1 T
space

+ Exd Condil

Dual Evaporator Vapor Compression Refrlgeratlon System (DEVCR)

(Comp) 17817 + Sgen Comp = = MygS1g
. d . QCondZ
(Cond2) mygs1g + Sgen,condz = M19S19 + T
space
(ExpV1) Mg, S19, t Sgenpxpvi = M20520

(ExpV2) Myo,S19, + SgenExpvz = M22522

(ExpV3) mMy1S21 + Sgenexpvs = MasSas

. : QEvapl .
(Evapl) my0s;50 + Sgen,Evap1 + T~ Mmz1S21
space
. : QEvapZ .
(Evap2)  my;85; + Sgen pvapz + T = Ma23Ss
space
(MC2)  my3Sy3 + My3Sus + S gen,Mc2 = M17517

my,exq; + WComp = Mygex,g + Exd ,Comp

. T,
MygeX1g = My9€Xg + Qconaz <1 T
space

+ Exd,CondZ
Myg,,€X19,, = Mye€Xzo + EXq pxpy1
Myg,,€X19,, = M€X2EXy prpy2
\%4 \%4

My1€Xp1 = My3eXs3 + EXq prpys

. : Ty
MypeX20 + Qppap1 | 1 — T
space

= My1€X21 + EXg ppap1

) . Ty
My26X05 + Qppap2 | 1 — T
space

= My3zeXy3 + EXg pyap2

My3€Xe3 + Myz€Xs3 = MygzeX17 + EXgycy

Direct Contact Membrane Distillation Crystallization System (DCMDC)

(P4) My4S24 + Sgen pa = My5S2s

. : QCondZ .
(HT) My5S25 + Sgen,HT + T = M326S26
26
MyeSze + M31S31 + Sgen,PVF

(PVF) ) )
= My7Sy7 + M3,53;

My4€X0y + WP4- = MyseXys + Exd P4

) . Ty
MyseXy5 + Qeonaz | 1 — T
space

= MyeXz6 + EXgpr
My€Xa6 + M31€X3q _
= My7eXy7 + MyzeXsy + EXgpyr




. . T,
QEvap2co My7€Xz7 = MygeXog + Qrvap2cy (1 -

(CO) My7S27 + Sgen,CO = MygSzg + T Tspace
Space + Exd,CO
(FWT) MygSag + M3gSzg + Sgen Frwr MygeXyg + M3g€X3g _
= m29529 + Th39$39 = ngeng + m39€x39 + E.xd'FWT
(P5) My9S29 + Sgen,ps = M30S30 Myg€Xag + Wps = mzpexsg + Exg ps
M3,S35, + S . . .
32°32 gen.CR . . m32€JC32 = m33ex33 + m35€x35
= M33S33 + M3cS
(CR) 33533 35535 ' _
QEvapZCR + QEvapZCR 1- T + Exd,CR
T. space
Space
(HSP)  m33533 + Mg9S39 + Sgen,HSP = Mg34S34 M33€X33 + M39€X39 = M34€X34 + EXypsp
Chlor-Alkali System (CAS)
M35S35 + Sgen,car Mmasexss + Wear
(CAR) = M36S36 T MypSso = M36€X36 + M40€Xao + My1€X4q
+ M4y S4q + EXgcar
M40S40 + Sgen,HsT . — e
. Myo€Xyg = M3z7€X37 T MysT 105s€XHST,loss
(HST) = M37S37 +E
Lo Xd,HST
mHST,lossSHST,loss
Proton Exchange Membrane Fuel Cell (PEMFC)
M37€X37 + M4yr€Xs, _
M37S37 + MyS4; + Sgen,PEMFC = MageX3g + Wremrc
PEMEC = ggseg + Qioss,PEMFC +0 1 Ty
T37 + TO loss,PEMFC T37 + TO
2

+ Exq pemrc




Table S3. Energy and exergy efficiencies equations for each system.

System Energy Efficiency Exergy Efficiency
: W,
Qout — 1 _ netsrc
SRC  fengpe = 1 — 8 Nexspe = : T
QinSRC Qingge * ( - T_g)
Q. N Q COPexDEVCR T T
DEVC _ YEvap1 Evap? . ( _ 1o ) . ( __0)
R COPenDEVCR = W QEvapl 1 Tout + QEvapZ 1 Tys
Comp = n
WComp
nenDCMDC R nexDCMDC—CR .
DCMD ; 5 . . . Myg * €Xyg + Mgz * X33 + (Mo - Xy — M3, * €X
COR _ng-h28+m33-h33+(m26-h26—m32-h3; _ 28 28 33 33 + (Mae Tzs 32 32.
- = —= - L - . o .
Ma4 - hoy + Qinpempc—cr + Winpempc—cr 24" €X24 + Qinpempe—cr * (1 - Tspace) + Winpempe
CAS 7 My hyo + Mgy * hyy + 136~ Rag _ My eXgg + Tyq " €Xyq + M3g " €X36
en - . H ex - . H
cas Mmgzs - h35 + WiTLCAS cas M35 * €X35 + incas
PEMF _ Wpiu _ Wi
C Tenpru M3y * hzy + Mgy« hyy Texerm M3y " €X37 + My, * Xy
Mys * hys — Myg * Ryg . _ M5 " €X15 — My " €X16
PTC Nenpre = n eéxprc . T0
Qprc Qprc (1 -T )
sun




Table S4. Input parameters for the whole system.

Parameter Value
Ambient temperature, To 298.15 K
Ambient pressure, Po 101.325 kPa
SRC Lower pressure, Pi 10 kPa [45]
High-pressure turbine inlet pressure, P9 15000 kPa [45]
High-pressure turbine inlet temperature, To 673.15 K [45]
High-pressure turbine outlet pressure, Pio 4000 kPa [45]
Turbines isentropic efficiency, ns,t 80 % [45]
Pumps isentropic efficiency, njs,pu 80 % [45]

Sun temperature, Tsun 5700 K [51]

Solar irradiation, Isun

Energy efficiency, nen,prc
DCMDC Feed salinity
DCMDC Output salinity
DCMDC feed temperature, T26

0.5 kW/m? (assumed)
90 % [52]

35 g/kg (assumed)
0.5 g/kg (assumed)
313.15 K (assumed)

DCMDC Recovery ratio 70 % [48]
Seawater feed mass flow rate 5 kg/s (assumed)
CR Recovery ratio 60 % [48]
Cl2 Chemical exergy 123600 kJ/kmol [38]
NaCl Chemical exergy 14300 kJ/kmol [38]
NaOH Chemical exergy 74900 kJ/kmol [38]
Hz Chemical exergy 236090 kJ/kmol [38]
Hz Chemical exergy 117108 kJ/kg [53]
H: Lower heating value 120000 kJ/kg [50]
02 Chemical exergy 124.1 kJ/kg [50]
DEVCR High-pressure, P1s 1200 kPa [46]
DEVCR ExpV?2 pressure, P17 250 kPa [46]
DEVCR ExpV1 pressure, P22 100 kPa [46]
Compressor isentropic efficiency 80 % [46]

. . I0m x20m x3m
Greenhouse dimensions

(assumed)

Number of greenhouses
Greenhouse space temperature

25 greenhouses (assumed)

293.15 K [54]




Table S5. Thermodynamics data for the state points.

State#  T(K) P(kPa) h(kJ/kg) s(kJ/kg-K) ex(kJ/kg)  m(kg/s) Material
0 298.2 101.3 104.8 0.3669 0 - Water
1 319 10 191.8 0.6493 2.814 0.8782 Water
2 319 500 192.5 0.6496 3.317 0.8782 Water
3 425 500 640.4 1.861 90.07 1.058 Water
4 427.5 15000 660.1 1.87 107 1.058 Water
5 523.5 15000 1088 2.771 266 1.058 Water
6 523.5 4000 1087 2.796 258.1 0.271 Water
7 527.1 15000 1104 2.803 273.3 0.271 Water
8 5243 15000 1091 2.777 267.5 1.329 Water
9 673.2 15000 2975 5.88 1226 1.329 Water
10 523.5 4000 2756 5.984 976.6 1.329 Water
11 673.2 4000 3213 6.769 1200 1.058 Water
12 458.6 500 2824 6.991 743.7 0.1802 Water
13 319 10 2358 7.439 144.2 0.8782 Water
14 523.5 4000 2756 5.984 976.6 0.271 Water
15 673.2 15000 2975 5.88 1226 1.277 Water
16 475.4 15000 867.9 2.331 177.5 1.277 Water
17 356.7 100 328.9 1.267 433 7.4 R134a
18 374.8 1200 426.8 1.31 89.23 7.4 R134a
19 3194 1200 117.8 0.4244 44.31 7.4 R134a
20 268.8 250 117.8 0.4498 36.72 222 R134a
21 288.9 250 265.4 0.9966 21.33 222 R134a
22 246.8 100 117.8 0.4791 28.01 5.18 R134a
23 385 100 356.1 1.34 9.662 5.18 R134a
24 298.2 100 99.76 0.3498 -0.001293 5 Seawater
25 298.8 100 102.2 0.3579 -0.002195 5 Seawater
26 353.2 100 320.5 1.029 18.14 5 Seawater
27 348.2 100 313.8 1.015 18.14 3.684 Freshwater
28 288.2 100 63.02 0.2245 3.118 3.684 Freshwater
29 288.2 100 63.02 0.2245 3.118 0.1842 Freshwater
30 288.8 100 65.53 0.2332 3.034 0.1842 Freshwater
31 288.8 100 65.53 0.2332 3.034 0.1842 Freshwater
32 339.2 100 246.8 0.7883 16.25 1.5 Brine
33 283.2 100 42.09 0.1512 4.037 0.9 Irrigation-water
34 285.7 100 52.56 0.188 3.53 4.394 Hydroponic solution
35 283.2 100 35.51 0.1068 8.201 0.6 Brine NaCl+H20
36 285.2 100 -6.203 3.125 1743 0.03254 Cl
37 285.2 100 123746 52.79 117096  0.0008326 Ho
38 294.2 100 88.11 0.3104 527.4 0.007494 H20
39 288.2 100 63.02 0.2245 3.118 3.494 Freshwater
40 285.2 100 123746 52.79 117096  0.0009252 Hz
41 285.2 100 -12296 2213 1456 0.01835 NaOH
42 303.2 101.3 43 0.01446 124.1 0.006661 02
43 285.1 100 265.4 1.068 -0.06586 2.22 R134a
44 285.2 100 -15688 3.63 521.1 0.5621 Depleted NaCl




Table S6. Inputs and outputs of each and overall system.

Wei (kW) 0.54 Weomp (kW) 724.20
We2 (kW) 20.88 Qcond2 (kW) 2287.00
Wes (kW) 4.64 Qevapt (kW) 327.80
Qsr (kW) 2504 DEVCR Qevap2 (kW) 1235.00
Qru (kW) 483.8 COPen,DEVCR 2.16
Qcondl (kW) 1902 COPex DEVCR 0.37
SRC Qinsre (kW) 2988 Qrrc (kW) 2988
Wher (kW) 290.4 Quoss.prc (kW) 298.80
Weer (kW) 821.7 PTC Aprc (m?) 5976
Waetsre (kW) 1086 Isun (kW/m?) 0.5
Nen,srRC (%) 36.34 Nen,p1C (%) 90.00
Nex.skC (%) 34.76 Nex.P1C (%) 47.30
thsw (kg/s) 5.00 Weas (kW) 420.00
mrw (kg/s) 3.5 mNaci (kg/s) 0.60
MBrine (kg/s) 1.50 2 (g/s) 0.93
Wes (KW) 11.97 CAS e (g/s) 32.54
Wps (kW) 0.46 NaoH (g/s) 18.35
oeMPE "0 kw) 923.80 Nencas (%) 2725
Qurt (kW) 1092.00 Nex,cas (%) 25.79
Qcr (kW) 311.00 Weem (KW) 70.62
Nen,pcMDC (%) 52.95 PEMFC Qloss,PEMO(kW) 31.78
N %) 60.81 Nen,PEM (%) 68.52
Nexpemnc (%o Nex.PEM (%) 71.83
Winoverall (kW) 1182.69  Qin,overal (kW) 5314.60
Overall B 5
system  Wouoverall (kW) 1182.69  Qoutoveral (kW) 8739.80
TNen,overall (%) 39.80 Nex,overall (%) 41.39
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Figure S1. Turbine inlet temperature vs. HPT and LPT output power.
2.5 1800
2.3
1600
21 e =1
éo 1.9 e- - 1400 _
2 1.7 _- .- 1200 E
= - B
2 1.3 - 1000 E
é 1.1 ~- - 800
ot = 600
0.7 <Y
0.5 % 400
1 3 5 7 9
Seawater mass flow rate (kg/s)
— & - Steam SRC output power
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