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Data

Donghyun Oh"' - Dae—Seung Cho'?
Department of Naval Architecture & Ocean Engineering, Pusan National University'
Global Core Research Center for Ships and Offshore Plants, Pusan National University?

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons.org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

Efforts have been made to reduce the greenhouse gas emissions from ships by limiting the energy efficiency index, and net zero
CO, emission was proposed recently. The most ideal measure to achieve zero emission ship is electrification, and fuel cells are
considered as a practical power source of the electrified propulsion system, The electric efficiency in the electrochemical
reaction of fuel cells can be achieved up to 60% practically. The remaining energy is converted to heat energy but most of them
are dissipated by cooling, In the author’ s previous research, a hybrid propulsion system utilizing not only electricity but also
heat was introduced by combining electric motor and steam turbine, In this article, long term efficiency is evaluated for the
ntroduced hybrid propulsion system by considering a virtual 24,000 TEU class container carrier model, To reflect a more
practical operating condition, the actual navigation data of a similar real ship in the real world were collected from automatic
identification system data and applied, From the result, the overall efficiency of the hybrid propulsion system is expected to be
higher than a conventional electric propulsion fuel cell ship by 30%,

Keywords : Hydrogen(4=4), Fuel cell(@Z2XX]), Hybrid propulsion(st0|E2|= F=FI), AIS data(XsAE O|0|E]), Efficiency evaluatio
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As . entropy of reactant per mol,
Table 1. Characteristics of SOFC T : arbitrary temperature (K),
Common electrolyte Yttria stabilized zirconia 7 : reference temperature (K).
Operating temperature 500 ~ 1000 C R . ideal gas constant (8.314 J/mol-K)
Typical stack size 1 KW ~ 2 MW Puo . partial pressure of product water
Electrical efficiency (LHV) 60% Py . partial pressure of reactant hydrogen
Po, . partial pressure of reactant oxygen
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Table 2 Main parameters of 1 MW fuel cell model

Number of cells 560 Ea.

Voltage 480 V

Nominal operating point

Current 2,200 A

Operating temperature 850°C

Fuel 1 bar

Supply pressure
PP P Air 1 bar
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Table 3 Main specifications of HRSG

Feed water temperature 135 °C
Superheated steam temperature 550 °C
Superheated steam pressure 10 MPa
Evaporator drum pressure 12 MPa
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Table 4 Main specifications of electric motor

Permanent magnet
Motor type DC motorg
Rating capacity 60 MW
Rating speed 1,800 rpm
Number of poles 2
Armature terminal voltage 14 kV
Overall efficiency 97%

Table 5 Main parameters of steam turbine

HP turbine LP turbine
Inlet Outlet Inlet Outlet
Pressure (MPa) 10 3 3 0.3
Temperature (°C) 550 372.8 | 372.8 | 148.8
Isentropic efficiency 90% 90%
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Fig. 3 Power flow in PTO system
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Fig. 6 Operation route of target vessel

Table 6 Specifications of reference vessel's power system

Max 22.4 knot at MCR
speed
, Maximum | 6y 500 kW at 79.5 rpm
Main continuous rating
engine | Normal continuous

) 51,000 kW at 75.3 rpm
rating

Diesel Maximum capacity 7,740 KW X 4 sets

generator | Normal operation 5,100 kW X 3 sets
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Fig. 7 Electricity output of 1 MW fuel cell
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Fig. 9 Overall propulsion power at propeller shaft of final
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Table 7 Schedule record of target vessel

of supplied fuel

Port Arrival Berthing Departure dist;r:i\(;el(km) tin:(raa(ﬁrerln)
Qingdao, China 22-10-11 16:45 22-10-11 18:30 22-10-13 13:10
Busan, Korea 22-10-15 0:48 22-10-15 2:00 22-10-17 8:42 900 35:38
Ningbo, China 22-10-18 12:00 22-10-23 9:30 22-10-25 12:00 900 27:18
Shanghai, China 22-10-26 1:30 22-10-26 5:45 22-10-27 13:00 200 13:30
Shenzhen, China 22-10-30 2:00 22-10-30 4:15 22-10-31 7:51 1500 61:00
Suez canal, Egypt 22-11-16 20:30 22-11-17 6:45 22-11-17 16:25 12500 396:39
Algeciras, Spain 22-11-22 21:04 22-11-22 22:50 22-11-23 17:12 4000 124:39
Rotterdam, Netherlands | 22-11-27 9:06 22-11-27 14:06 22-12-1 8:23 2800 87:54
Hamburg, Germany 22-12-2 18:20 22-12-3 1:50 22-12-5 20:40 500 33:57
Antwerp, Belgium 22-12-7 11:00 22-12-7 19:48 22-12-10 16:12 700 38:20
Tangier, Morocco 22-12-17 7:56 22-12-17 10:06 22-12-18 6:18 2550 159:44
Singapore 23-1-23 11:00 23-1-23 13:00 23-1-25 0:00 13000 892:42
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