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Energy and exergy evaluation of the new cycle of cogeneration power, heating,
cooling and seawater desalination system by multi-effect distillation and reverse osmosis

methods
M. Mohajer Department of Mechanical Engineering, Azarbaijan Shahid Madani University
M. Fallah Department of Mechanical Engineering, Azarbaijan Shahid Madani University
M. Rahmanpour Department of Mechanical Engineering, Azarbaijan Shahid Madani University
Abstract

In this study, a new cycle of cogeneration power, heating and cooling integrated with fresh water production system by multi-effect
desalination method and solar system has been evaluated. Energy and exergy analyzes have been used to evaluate system
performance. In order to generate power, the gas cycle has been used as the main stimulus and the organic Rankin cycle has been
used as the downstream cycle. The results of this study show that due to the addition of the solar system in the vicinity of the organic
Rankin cycle, the increase of the organic Rankin cycle efficiency improves from 38.778% to 44.592% to 5.813%. In addition, at
constant cooling rates, the cooling performance increased by 1.275 percent from 1,596 to 1,617. Also, due to the high production
capacity of the gas turbine cycle compared to the production capacity of the Rankin cycle, the addition of the solar system to the
base cycle (without the solar system) increases the thermal efficiency and exergy by 0.638 and 0.085%, respectively. Also, distillate
flow rate increases 726.8 Ton/h by using reverse osmosis system.

Keywords: Co-generation, multi-effect desalination, gas turbine, organic Rankine cycle.
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P[kPa] T[°C] m[kg/s] State P[kPa] T[°C] m[kg/s] State
101.30 45.00 400.02 23 101.30 25.00 101.54 1
404.20 25.95 21.34 24 101.30 10.00 101.54 2
404.20 25.95 4.98 25 863.60 284.90 101.54 3
186.60 4.98 4.98 26 820.50 630.49 101.54 4
186.60 9.98 4.98 27 101.30 25.00 1.80 5
404.20 25.95 16.36 28 779.47 1218.85 103.34 6
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1600.00 27.46 16.36 29 112.30 706.35 103.34 7

1600.00 119.29 16.36 30 106.70 41497 103.34 8
1600.00 143.29 16.36 31 104.00 413.58 103.34 9
800.00 124.20 16.36 32 104.00 241.99 103.34 10
800.00 40.35 16.36 33 101.30 180.99 103.34 11
404.20 30.00 21.34 34 101.30 172.27 103.34 12
101.30 25.00 169.06 35 101.30 120.00 103.34 13
101.30 28.00 169.06 36 101.30 25.00 39.18 14
101.30 12.00 73.05 37 101.30 60.00 39.18 15
101.30 7.00 73.05 38 2000.00 60.25 10.34 16
1600.00 144.86 16.36 41 2000.00  212.38 10.34 17
1700.00  200.00 8.00 42 2000.00  212.38 10.34 18
1200.00 135.28 8.00 43 2000.00  217.42 10.34 19
2500.00 136.28 8.00 44 450.00 44.39 85.89 20
2000.00 35.00 594.82 21
101.30 45.00 108.91 22
Wz O bl s 41 bgryo (29,5 s —F Jgoz Ol ptens 4 by o (B pan b (saddgi Blg 9 loyS 5L -0 Jour
S xo pouwl g glals> w0 [l
Unit Value Unit Power Heat Duty Component
ton/h 309.2 MED b oby2 20
/ )‘Jﬂ‘ oLz (s MW 28.025 — 38 g oS
ton/h 726.8 RO L ol o 00074
8.31 MED-TVC s Skas o 5 MW : e aliioe
476 TVC 590 MED s Skec 5 MW 61.965 S35 o
0.505 RO Lty MW 38.036 Yok
m2.s/kg ;‘2‘“ MED-TVC o3y, s MW 6.827 ¥ oLt
kg/s 10.34 MED-TVC i bl kW 948.17 VoS e
g/kg 55.82 MED-TVC 255 ;5 ol 5,95 KW 15327 ¥ oS s
g/kg 72.68 RO (75 195 ST 55 kW -— 1532.7 V sinlesS Joe
KW 5732.2 ¥l Jos
g a0l Glal e sz S o] Bgas mls Gb kW 49390 ORC 5
ol ader gl asls ol asl e caeli jo 50 el ol o5 Yy kW — 2120.6 ORC oud&>
o sl aSelS VYT Gas 4 L s O e kW ORC oy
o ool LS il Wae ase 1) Sl ool 45 el san MW 6.768 2 4o
O ol b lad> e wix L)Su‘)"“‘"’] s anlio b e ales MW — 19.535 OS s
= oyeins] a5 05 o sdalie ¢ ciule,S By jems el 5l (6 S0 0 kW - 161.15 OS5 39
& cialeF B e pmeS 5l solitul Sl o slls e wim oS kw 1002.4 R L
3,18 6 ,3YL 8 Slae i s YIOO (s kw 1018.2 Sy shale)S Jore
kW 15.81 - 0895 oy
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Sezge sob 2 51 o e 6l 65,51 E5 9 os 6351 ol 9,
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4552 30 39290 Lol 2 31 Sy 2 sl 653551 €5 9 09 6551 -V Jgu
Ex [MW] ex [k]/kg] State Ex [MW] ex[k]/kg] State

1.011 2.53 23 0.450 4.44 1
1030.538  48291.87 24 0.490 4.83 2
240.320 48291.87 25 26.815 264.09 3
240.308 48289.53 26 49.965 492.08 4
240.199 48267.44 27 93.407 51850.00 5
790.218 48291.87 28 114.884 1111.71 6
790.254 48294.05 29 43.174 417.79 7
791.462 48367.91 30 18.604 180.03 8
791.711 48383.13 31 18.278 176.88 9
791.170 48350.03 32 8.058 77.98 10
790.245 48293.54 33 5.167 50.00 11
1030.571  48293.43 34 4.839 46.82 12

0.422 2.50 35 3.169 30.67 13

0.433 2.56 36 0.098 2.50 14

0.272 3.72 37 0.410 10.47 15
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0.356 4.87 38
791.729 48384.22 41
0.949 118.63 42
0.418 52.23 43
0.425 53.12 44

0.129 12.47 16
1.924 186.10 17
9.463 915.42 18
9.525 921.49 19
0.461 5.37 20
1.470 2.47 21
2.251 20.67 22
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