548 %5 451 ) W A Vol. 48 No. 1
2025 43 H NAVIGATION OF CHINA Mar. 2025

XEHS :1000 —4653(2025)01 -0190 - 09

PR 50 1 4 L Bl HE %8 R Rk HE LR

g?v'
i

N
(LR AY SOMIEREBE, Lt 201306)

B E AR SR RRHE T  (E TS R RV 2 T EON AN SE U, DT S s DX (AR HE OB AS o PR, A B
BT 101 20 R B3 48 BRI HE SR BT ITTE , AR 0 P B3 FE AN T S e A s D ARl P A BRIBHERCR . SCE
DA 5 BRI AR B SR B HE 2 R (R A s i 0, 531 At S 440 L 50 4 4 TR0 24 i 466 %6 14 9 8 (I AR, D7 8¢
Pl =5 R R B o S il FI T Gurobi SR gk 2 SR di U0A% , 45 H 7] 5 J RO ) v 315 5 i i e Ak 21
AR IR A A o e R 8 B B A AR AHE R RAS XS LUBIE S o 45 SR, 25 (05 S A8 IR HEUSAS , 4 i B4 e A
S AE 58 AT FEARRRHERRAS 9. 5% ~22. 9% 574575 JEHE DR AMRBR FRHOUSAS , 2l St S TEAL HE 8 8 LR AR 47
HA R AR HEROR (B AT AR RIS 8 A s 10 BT, 20 PR Sl 4 8 7 vl 11 R T2 36 0 48 1 A Atk HE g
A%(24. 68% ) , AFITF i HIHE o

REEIR S SIE RS 5 AR DAL BRAFRC Gurobi

hE 45 ES:U692. 4 XERARE A DOI:10. 3969/j. issn. 1000 —4653.2025.01. 024

Exploring the carbon emission reduction effect of all-electric tugboats in ports

SHI Zhiyang
(College of Transport and Communications , Shanghai Maritime University , Shanghai 201306, China)

Abstract: All-electric tugboats ( AETs) produce fewer carbon emissions, but their battery charging requirements can lead
to ship delays, which may increase the overall carbon emission costs in ports. Therefore, it is essential to study the carbon
emission reduction performance of AETs in ports and compare their effectiveness with that of diesel tugboats (DTs). This
paper establishes scheduling optimization models for AETs and DTs, respectively, using the sum of tughoat carbon
emissions and ship delay carbon emissions as the objective function. Taking a days data from three port areas in Ningbo-
Zhoushan Port as an example, the Gurobi solver is employed to find the optimal solution. A comparative study is conducted
on the minimum tugboat carbon emission cost and total carbon emission cost when AETs and DTs with the same horsepower
and quantity are used to handle the same ships. The results show that if only the carbon emission cost of tugboats is
considered, AETs can reduce carbon emission costs by 9.5% to 22.9% compared to DTs. However, when considering the
overall carbon emission cost of the port areas, AETSs still demonstrate good carbon emission reduction effects when handling
fewer than 8 ships. When the number of ships exceeds 8 and the port is busy, the charging requirements of AETs increase
the overall carbon emission cost of the port by 24.68% , which is not conducive to port carbon emission reduction.
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Tab.4 Ship information
m WX h,/kW E_,/(kW-h) E_ /(kW-h)
1 1P 4 397 2772 2 002.73
2 2P 4397 2772 2 002.73
3 3p 4 097 2583 1823.77
4 1P 3798 2 394 1 690. 32
5 2P 3798 2394 1 690. 32
6 1P 3438 2 167 1 495. 67
7 3P 3438 2 167 1 495. 67
8 3p 2 898 1827 1 232. 66
9 2P 2 898 1827 1 232.66
10 1P 2 898 1 827 1 232. 66

£S5 ERREEXARREE X E T AT E

Tab.5 Average tugboat sailing time between the same

port area and different port areas  F.{y/:h
WX LA T BT[]
1P 0.47
2P 0.50
3p 0.55
1P ~2P 0.72
1P ~3P 1.50
2P ~3P 0.85
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Tab.8 Ship information

i . T./h B./h E, /t
1 1P 2/2114:38  0.48 2568  1.88
2 2P 2/2115:15  0.32  25.68  1.27
3 3P 2/2117:00 0.27  25.68  1.88
4 2P 2/2118;20 0.48 2568  1.53
5 1P 2/2119:00 0.37  25.68  1.27
6 1P 2/2120:10 0.32  25.68  1.87
7 1P 2/2122:10 0.25  25.68  1.82
8 3P 2/2122:20 0.37  25.68  1.75
9 2P 2/221:40  0.38  25.68  1.54
10 1P  2/222:00 0.40  25.68  1.75
11 1P 2/226:00 0.34  25.68  1.86
12 3P 2/228:02 0.42  25.68  1.88
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Fig.2  Comparison of tugboat carbon emission cost
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Tab.9 Tugboat carbon cost results

i S C /o6 SRSl € /o6 W E S %
4 1221.53 1.044.29 14.5
7 3 883.08 3331.23 14.2
8 5097. 86 4 373.63 14.2
9 7 086.75 6 414. 03 9.5
10 9 525.32 8 022. 82 15.8
11 11 015.71 9 813.56 10.9
12 15 119.74 11 653. 66 22.9
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Fig.3 Comparison of total carbon cost
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Tab.10 Total cost of carbon results
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Tab.11 Comparison of the actual moment of commencement of service for each ships with its expected moment

of commencement of service (9 vessels)

. BEI02 A R () ES RSN TP SRR HE DR LI ERTIE KR vl - A R R 3 13
i %) i B %] fisf i) i B %] fif i)
1 2023/2/21 1438 2023/2/21 1507 0:28:13 2023/2/21 1507 0:28:13
2 2023/2/21 15:15 2023/2/21 1545 0:30:00 2023/2/21 1545 0:30:00
3 2023/2/21 17:00 2023/2/21 17:00 0:00:00 2023/2/21 17:00 0:00:00
4 2023/2/21 18:20 2023/2/21 18:20 0:00:00 2023/2/21 18:50 0:30:00
5 2023/2/21 19:00 2023/2/21 19:00 0:00:00 2023/2/21 19:00 0:00:00
6 2023/2/21 22:10 2023/2/21 22:10 0:00:00 2023/2/21 22:10 0:00:00
7 2023/2/21 22:20 2023/2/21 22:20 0:00:00 2023/2/21 22:20 0:00:00
8 2023/2/22 1:40 2023/2/22 1:40 0:00:00 2023/2/22 1:40 0:00:00
9 2023/2/22 2:00 2023/2/22 2:00 0:00:00 2023/2/22 2:00 0:00:00
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Tab.12 Cost of carbon emissions for two types of

tugs handling nine ships PAL TG
C, G,
2l i B e 6 414.03 240 450. 05
eyl Fe 7 086. 75 190 918. 51
R -9.49% 25.94%
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