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Abstract: With the rapid growth of the cruise industry, planning ship multi-energy systems (SMES), which integrate
cooling, heating, and power, has become one of the key challenges for achieving green development. To address this issue,
a coordinated SMES planning method that considers carbon emissions is proposed. First, a SMES system model is constructed
with a hybrid AC/DC ship power system as the core and energy conversion devices as the hubs, enabling a detailed
representation of the relationship between the ship’s propulsion system and its navigation conditions. Second, considering
the operational cost models of various marine equipment and relevant constraints, a bi-level optimization model for
SMES planning is developed, incorporating carbon emissions. The upper level aims to minimize the total cost, while the
lower level seeks to minimize both the total operational and maintenance costs and carbon emissions. Finally, the
proposed model is solved using CPLEX. Simulation results validate the rationality and superiority of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 62233006).
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Table 1 Parameter settings of electric to heating/cooling device Cje [™ev [Cees [ec
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Table 4 Comparison of planning cost
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Table 5 Comparison of equipment capacity configuration results
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DG2/MW 15 75 75 7.5
DG3/MW 7.5 7.5 7.5 5
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Table A1 Basic parameters of marine diesel generator, and fuel and ambient parameters

Seim AR RALEgEmRA BRALHLA R/ N H i/ BRELR A R B (<10°) SRR

KL BRAS/CTAW)  (UkWh)  EAEERE AW A 4 TEAMW)’ JE/MW. TG t(MW)*, /MW, t
DG1 2064 0.022 4128 4000 0.76 20 9.464, 1034.229, 13.724 2.027,-100.214, 4191.562
DG2 2100 0.0165 2408 2500 0.72 20 19.504, 629.635, 11.112 11.076, -60.457, 1350.324
DG3 2100 0.0165 2408 2500 0.72 20 19.504, 629.635, 11.112 11.076, -60.457, 1350.324

R A2 HEIRESH
Table A2 Parameters of energy storage equipment

A AT RRA/(OC/KWh)  FRALEERA/OT/kWh)  BOK/RMitRE R EEipES FRRE/IRRERCR F i/

EES 1782 8.3 0.9/0.2 0.001 0.95/0.95 10

TES 490 0.2 0.9/0.2 0.01 0.88/0.88 20

CES 100 0.01 0.9/0.2 0.01 0.88/0.88 20
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Table A3 Parameters of energy conversion equipment

BT F B IRA/ (TE/RW) B IZYE A/ (TT/kWh) RS At /A
AC 1128 0.008 1.2 20
EC 829 0.008 4 20
HB 570 0.006 0.8 20
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