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A study on the required energy of a thermal type desalination plant
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Abstract: TEvaporator is key component in food, seawater distillation and waste water treatment system, which is basically to
concentrate the raw liquid by evaporating the pure water under vacuum condition. The liquid concentration is performed
through the membrane, electro-dialysis and evaporation. In this study, only the evaporating type was treated for evaluating the
economic analysis with the various operating conditions. The results of this study showed that the performance of the OT-MSF
desalination system is increased with decreasing the temperature difference between the neighboring evaporators, which means
that the number of evaporators is increased, under the determined design conditions.
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Figure 1: Schematic diagram of OT-MSF desalination plant.
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Figure 2: Schematic diagram of the final condenser for OT-MSF distillation plant.
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Table 1: Calculation results of CASE1

STAGE 1 2 3 4 5 6 7 8 9 10 11 12
CS.WFR 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
CS.W.T 99.6 97.6 95.6 93.6 91.6 89.6 87.7 85.7 83.8 81.8 79.9 78.0
O.T 110.0 108.0 106.0 104.0 102.0 100.0 98.0 96.0 94.0 92.0 90.0 88.0
B.W.T 112.0 110.0 108.0 106.0 104.0 102.0 100.0 98.0 96.0 94.0 92.0 90.0
B.F.R 100.0 | 99.62 99.25 98.88 98.51 98.14 97.77 97.41 97.05 96.69 | 96.33 95.98
B.E.Q 0.377 | 0.375 0.373 0.370 0.368 0.366 0.363 0.361 0.359 | 0.357 | 0.355 0.353
B.E.P 0377 | 0376 | 0.375 0.374 0.374 0.373 0.372 0.371 0.370 | 0.369 | 0.368 0.367

H.E.B 5226 -- -- -- -- -- -- -- -- -- -- --

13 14 15 16 17 18 19 20 21 22 23 24 25

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
76.0 74.1 72.2 70.3 68.4 66.6 64.7 62.8 60.9 59.1 572 55.4 53.5
86.0 84.0 82.0 80.0 78.0 76.0 74.0 72.0 70.0 68.0 66.0 64.0 62.0
88.0 86.0 84.0 82.0 80.0 78.0 76.0 74.0 72.0 70.0 68.0 66.0 64.0

95.62 95.27 94.93 94.58 94.23 93.89 93.55 93.21 92.88 92.54 92.21 91.88 91.55

0.350 0.348 0.346 0.344 0.342 0.340 0.338 0.336 0.334 0.332 0.330 0.329 0.327

0.366 0.366 0.365 0.364 0.363 0.362 0.361 0.361 0.360 0.359 0.358 0.358 0.357

26 27 28 29 30 31 32 33 34 35 36 Unit

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 Ton/hr
51.7 49.9 48.1 46.3 44.5 42.7 40.9 39.1 373 355 33.8 °C
60.0 58.0 56.0 54.0 52.0 50.0 48.0 46.0 44.0 42.0 40.0 °C
62.0 60.0 58.0 56.0 54.0 52.0 50.0 48.0 46.0 44.0 42.0 °C

91.23 90.90 90.58 90.26 89.94 89.62 89.30 88.99 88.68 88.37 88.06 Ton/hr
0.325 0.323 0.321 0.319 0.318 0.316 0.314 0.312 0.311 0.309 0.307 Ton/hr

0.356 | 0355 | 0355 | 0354 | 0353 | 0352 | 0352 | 0351 | 0350 | 0350 | 0349 %
* C.S.W.F.R : Cooling seawater flowrate
* CS.W.T : Cooling seawater temperature
* 0T : Operating temperature of an evaporator
* B.W.T : Brine inlet temperature into an evaporator
* B.F.R : Brine inlet flowrate into an evaporator
* B.E.Q : Brine evaporating quantity
* B.E.P : Brine evaporating percentage
* HE.B : Heating energy for brine

Table 2: Comparison of the calculation results of CASE1, CASE2, and CASE3

CASE CASELl CASE2 CASE3

Stage (--) 36 30 24

Average brine temperature increase in each stage (°C) 2.11 2.4 2.82

Average evaporating quantity in each stage (Ton/hr) 0.34 0.41 0.51

Total produced freshwater (Ton/hr) 12.25 12.19 12.01

Average heating energy for producing unit fresh water 166 440.03 463.86

(MJ/hr-Ton)
SHolAs AAAdS &+ Ak Fig. 3 Table 29 5 4 2
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