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Research on optimization of multi-port area heterogeneous
tugboat scheduling considering carbon emissions
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Abstract: With the green transformation of port equipment, tugboat scheduling faces new opportunities and challenges. On
the one hand, the deployment of new energy tugboats helps reduce port operating costs and carbon emissions; on the other
hand, research on new energy tugboats remains relatively scarce. To address this research gap, a mixed-integer linear
programming model for heterogeneous tugboat scheduling under the context of multiple port areas is established based on the
characteristics of hybrid tughoats, aiming to minimize port costs, tughoat operation costs, and carbon emission costs. To
solve the model, a Multi-Verse Optimization algorithm embedded with heuristic rules is applied, and its effectiveness and
accuracy are verified through comparison with the Gurobi solver. In large-scale instances, the proposed algorithm achieved
objective values that were, on average, 4% and 3.25% better than those obtained by the GA and IGA, respectively. The
research results show that configuring high-power tugboats can effectively reduce ship port costs and tugboat operation costs.
However, when the number of high-power tughoats is too large, it may increase operation costs, and at this point,
appropriately configuring lower-power tugboats can leverage their low operation cost advantage. An appropriate configuration
of a certain number of hybrid tugboats can effectively reduce the total scheduling cost as well as the carbon emission cost of
tugboat operations. Meanwhile, the proportion of carbon emission costs in the overall operational cost can be continuously

reduced from 8% to approximately 1. 51% .
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Tab.6 Experimental results of small-scale examples

Gurobi MVO
XK — —
HrE/ T 1)/ HARfE/ oo fIE)/ s Al %

e4-0 20 849.6 47 21 012.2 325 0.78

ed-1 19 670.4 60 19 670.4 325 0

42 18 598.4 61 18 755.4 326 0.84

e4-3 18 054.4 58 18 054.4 326 0.00

cd-4 17 499.2 46 17 499.2 326 0.00

50 25227.2 1417 25 636.8 352 1.62

e5-1 24 003.2 1 446 24 220.8 353 0.91

€52 22720.0 1447 22 761.6 352 0.18

e5-3 21 814.4 2 392 21 932.8 350 0.54

e54 21 140.8 7 045 21 172.8 354 0.15

60 31 416.0 10 032 31 416.0 378 0.00

e6-1 30 147.2 10 800 30 201.6 379 0.18

e6-2 28 627.2 10 800 28 681.6 380 0.19

e6-3 27 824.2 10 800 27 657.6 380 —
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Tab.7 Experimental results of large-scale examples

AR ST AR T A R AOR , TN A LR kA

SURREAERIR SR AU B (A 5k

MVO MVO1 IGA GA
XU —— —— —— ——
HrE/ T A i)/ H#rfE/ 7T B )/ s Hirfl/ T A )/ Hirfl/ 7o i [H)/s
el0 47 606. 4 488 47 817.6 485 47 817.6 467 48 222.0 463
ell 51 561.6 513 52 170. 4 511 52182.4 501 52325.4 492
el2 54 921.6 545 56 084. 8 545 55 829.2 531 56 016. 0 521
el3 59 110.4 574 59 914.2 570 60 037.2 563 60 224.0 555
eld 63 004.4 602 64 794.4 602 64 768.0 594 65 139.2 587
el5 67 100.0 634 68 523.2 633 68 787.2 623 69 161.6 619
el6 72517.6 667 75 259.0 663 74 933.6 660 75 588. 8 652
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Fig.5 Convergence comparison of algorithms
7.8
77t
761" %

7.5+

HAME/ T TG

7.4F

78]

8 10 12 14 16 18 20
SERIRE/ K
K6 FkFREEN I

Fig. 6  Stability comparison of algorithms
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Tab.8 Tugboat operation data statistics

flife  MRlE WERATRE SRl BRI
R W/ RBUR RAT A/
A 24 14 11 460 12.8
B 11 1 6 720 537.6
C 22 10 15 960 1276.8
D 7 1 2 880 230.4
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Tab.9 Different tugboat configuration schemes 1

o A\B\WC\D kA T ﬂﬁﬁﬁﬁiﬁ %@i’ef’ﬁ%k #@i@%@f& ﬁ%ﬁkﬁﬁi A\B\C\‘D %@%
fii 58 Ak A/ TG JEA/ TG BBV K A/ T8 RAVe14
Jic 5 1 0422 79 240.0 32 800 43 000 26 3440.0 033229
i 2 2222 72517.6 33 440 37 020 26 2057.6 2411227
fil 3 2420 71 953.6 32 480 37 320 25 2153.6 23.21.20.0
Fii & 4 2402 74 929.0 33 280 39 425 28 2224.0 28,2709
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Tab.10 Different tugboat configuration schemes 2

Hokh A\B\flxD A T ﬁﬁﬂﬁﬁiﬁ ?ﬁ‘%ﬁfﬁk ?ﬁi@%?ﬂs ﬁ»“zﬁ#ﬁﬁi A\B\C\‘D ?ﬁi@
fli e A JRA/ TG JEA/ TG SNV 180N JA/ T8 Pk g
L E: 5 4400 67 715.2 32 000 34 640 25 1075.2 42.22.0.0
Fil & 6 4220 67 089. 6 32 800 33320 25 969.6 44 8120
i 5 7 6.2.0.0 63 358.4 32 320 30 680 25 358.4 53.11,0,0
i 8 6.0.2.0 61 971.2 31 680 29 804 25 451.2 530,110
Hic 9 8.0.0.0 59 960.0 31 360 28 600 25 0 64.0.0.0
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