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Performance simulation of a waste heat recovery - Desalination system using jacket cooling water
from a ship main engine
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Abstract: The demand for high efficiency vessels is increasing due to the problems of international marine environments and
rising ship oil prices. As a result, research on power generation methods that utilize waste heat from ships has begun. In
this study, organic Rankine cycle (ORC)-based waste heat power is designed using engine cooling water of a S8MW ship
and is compared through simulation with the desalination capacity of a desalination plant that uses cooling water of 80 °C
passed through a waste heat power. The power output and heat transfer performance are assessed by applying various re-
frigerants to select the working fluid for ship waste heat recovery, and then the performances of new refrigerants are com-
pared to identify one with a low global warming potential. The study also compared the output of a ship waste heat recov-
ery system with generated waste heat discharged to the sea by applying various types of engine types and cooling water
flow rates. The power output and thermal power are compared when engine coolant is supplied at temperatures of 80 °C,
85 °C, and 90 °C. Finally, the optimal operating conditions of the ship waste heat-desalination system are determined by
comparing the evaporation temperature and fresh water production rate based on the evaporation pressure of the ship de-
salination plant. The waste heat recovery-desalination system using a 90 °C heat source from the 10S9OME 58MW ship
confirmed a pure water output of 564.4 kW and fresh water production of 1.278 kg/s when the R245fa working fluid was
applied, and a reduction of 35%.
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Figure 1: Heat balance diagram for MAN 12K98ME/MC
marine diesel engine operating at 100 SMCR under ISO

conditions [5]
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Table 1: Engine power and Jacket cooling water flow rate according to Engine type

Heat
. Power Speed Exh. Gas | Jacket water | Jacket temp’ e .. .

E T q ti hip Model
neme IYPE \mw] | [rpm/min] [kg/s] flow [m*h] | (MAX)[C] d‘s[sl‘(’;] on Ship Mode
6S90ME 349 84 78 260 4890 0il Tanker
7S90ME 40.7 84 91 300 5710 (ULCC:300,000DWT)

80
8S9OME 46.5 84 104 350 (90) 6520
Container Ship
ME 2. 4 11 4
9590 523 8 7 390 7340 (12,000TEU)
10S90ME 58.1 84 130 490 9130
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Figure 2: Current ship waste heat utilization model and

cooling system
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Figure 3: Inner-tube evaporative desalination principle [6]
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Figure 4: Ship wasted heat recovery-desalination Model and
Cooling System
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Table 3: The properties of working fluids
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Table 2: Operational characteristics of wasted heat recov-
ery-desalination system (10S90ME class ship)

System Parameter Value | Unit
Cooling water temperature 90 (¢
Cooling Water temperature 10 e
difference
Seawater temperature 28 T
Seawater temperature difference 5 T
ORC Evaporating pressure 820 kPa
Condensing pressure 200 kPa
Turbine efficiency 85 %
Refrigerants pump efficiency 75 %
Heat exchanger Pinch s .
temperature
Outlet cooling water temperature| 80 (¢
Seawater temperature 33 T
Evaporating pressure 20 kPa
Desalinati Condensing pressure 60 (¢
on Ship in cooling water 65 o
temperature
Used cooling water flow rate 50 m’/h
Supplied seawater flow rate 5 m’/h
desal,pump — My (idesa,z, pump.in T desal, pump, o’u,t)ndesal, pump @
A7 W, HOEEelH, W, = ABGAHL,
Wiesa = BT FEFE LI, m = 255
A S e =29, Q.= 27 €% Q.=
SE7IAM ] A7 HEWM, it e o 27

Z

]%?—‘O/] O:HE]—"L]E I%E}an— Mt> npumpﬂ— T/desal,pu,mp%
0, 25

A gudel A dojl £4 FAe 4 @)F o,

= W= Wy — W,

ur pump desal, pump (8)

M = VVnet/ Qezva (9)

Item R245fa R1233zd R1234yf R1234ze R600a Ammonia
Teri(C) 154.01 165.6 109.36 134.66 133.0
Pcri(kPa) 3651 3570.9 3382.2 3634.9 3269 10642

ODP 0 0 0 0 0

GWP 1030 7 6 20 0

SAFE Al Al A2 A3 B2

Note: ODP: Ozone depletion potential, GWP: Global warming potential.
1: No flame propagation; 2: Lower flammability; 3: Higher flammability; / A: Lower toxicity; B: Higher toxicity.
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Table 4: Performance change by working fluid (10S90ME class ship)

Evaporator Condenser Turbine
i High T Working fluid
fluids UA LMTD Duty UOA LI\O/ITD Duty o Pres’ power flow rate
(kJ/C-s) (©) (kW) KJ/C-s) (C) (kW) (kPa) (kPa) (kW) (kg/s)
R245fa 1597.8 3.7 5931.4 1756.3 3.1 5366.8 816 206.3 581.3 26.6
R1233zd 1300.7 4.3 5697.6 1619.0 32 5148.9 684.1 180.1 563.2 25.75
R1234yf 1414.8 4.0 5699.2 1509.2 34 5209.2 2800 880.9 582.7 37.98
R1234ze 1533.6 3.7 5699.2 1557.3 33 5177.3 2189 651.2 578.2 30.88
R600a 1175.5 5.0 5932.9 1587.0 34 5378.0 1403 456.0 591.6 15.68
Ammonia 1167.0 5.1 5933.2 1642.4 32 5348.7 4187 1317 618.0 5.06
Aol A W eRE VEAR] 7] HRAel 2 HbA, ek JulREE 5.06 ke/s= 7 A2 FAE BT
& FAalr] 98 sAAAZZ W Aspentech HYSYS Yo} ¥ R600at= 717} B2} A3R 547 ko] o]
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Figure 5: Performance characteristics of turbine of Ship

wasted heat recovery by Refrigerant
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