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Studies on fleet deployment optimization considering CII
class constraints and biofuels
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Abstract: As the CII regulations took effect in 2023, shipping companies are under increasing pressure to comply with
these stringent regulations. This paper presents a fleet optimization method for CII regulatory constraints, considering the
difference in main engine fuel consumption performance within the fleet. Two scenarios are optimized: " Fleet scheduling
considering single ship CII rating limits" and " Fleet scheduling with no E-class ships and the least used biofuel". The
results demonstrate that the proposed optimization algorithm outperforms random scheduling in maintaining fleet CII
compliance and reducing biofuel usage. This study will help shipping companies meet fleet CII regulations and reduce
carbon emissions, while improving their ability to respond to international green and low-carbon regulations.
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Tab.3 Planned navigation time and mileage for each segment of the route

ikt itk 1 ik 2 it 3 ik 4 ik s
4o BbAal/h HEA/n mile BFE/h HEF/n mile  BFHE/h BEA/n mile  BFE/h BA/n mile  BFE/h HFE/n mile
1 6.75 121.5 30 510 3.25 44.2 7 119 27.75 416.25
2 25.75 463.5 30.75 461.25 18.5 342.25 255 4 335 8 108
3 15.75 283.5 31.75 508 31.5 601.65 30.5 533.75 57.5 805
4 512.75 8 460.4 335.5 5703.5 7 125.3 64 1 024 95.75 1 436.25
5 2 36 68.75 1 100 499.5 6993 250 3 750 1.5 21
6 85.25 1449.3 156.25 2 500 107.5 1 730.75 9 162 365.75 5 669.125
7 34 476 78.75 1 346.63 30.25 363 39 546 141.75 1842.75
8 24.25 388 12.5 212.5 93.75 1125 21.5 279.5
9 89.75 1346.3 12.75 210.38 87.25 1352.375 0.25 3.5
10 0.25 3.5 216.5 3702.15 622.5 9337.5 125.25 1628.25
11 551.75 8276.3 63 1102.5 349.75 5596
12 392.75  5302.13 178.5 2 499
13 79.25 1 030.25
14 40 560
F4 MEEMERFHAME
Tab.4 Average speed of each segment of the route
LB 4k K
Gir's ik 1 ik 2 ik 3 ik 4 itk 5
1 18.00 17.00 13.60 17.00 15.00
2 18.00 15.00 18.50 17.00 13.50
3 18.00 16.00 19.10 17.50 14.00
4 16.50 17.00 17.90 16.00 15.00
5 18.00 16.00 14.00 15.00 14.00
6 17.00 16.00 16. 10 18.00 15.50
7 14.00 17.10 12.00 14.00 13.00
8 16.00 17.00 12.00 13.00
9 15.00 16.50 15.50 14.00
10 14.00 17.10 15.00 13.00
11 15.00 17.50 16.00
12 13.50 14.00
13 13.00
14 14.00
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Tab.5 Differences in Navigation Performance between Each Ship and 8 500 TEU Ship BA 1%
. ALATIERE . AT IERE . ALt IERE . ALt IERE
AL S o AL S o AR S o AL S o
et et e i 5t
1 -3.94 14 -2.62 27 -4.73 40 1.51
2 -4.34 15 -0.98 28 0.67 41 -2.76
3 -3.27 16 -1.83 29 4.7 42 2.33
4 3.80 17 3.64 30 -3.98 43 2.56
5 -2.31 18 1.50 31 0.52 44 -1.90
6 1.65 19 -1.12 32 -2.19 45 -3.93
7 2.09 20 -3.58 33 -0.60 46 -2.15
8 3.23 21 -4.00 34 -2.66 47 2.03
9 -4.31 22 0.80 35 4.03 48 -1.32
10 -2.19 23 4.51 36 -4.55 49 -2.25
11 -2.16 24 -0.49 37 -4.60 50 0.97
12 0.33 25 -4.10 38 -1.80 51 2.39
13 -4.48 26 4.78 39 -4.02
T P
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Fig.2 Comparison of Navigation Performance of 51 Ships
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Tab.7 Limitations on the CII level of some ships
[R5 RS CIT 52 H Az
2 C

4
5

13

21

Yrt—
27

29

36

43

46

7 - 21

—
O OO O o 0 0 o0 0o 6o 0o o600 g o g o oo oo o -°

51

B3 J& T AR B U T B S AR AR
I O - e e 1R AR AR e 22 M B 23
BT 1) E GURIECR: , fof IR AR R de 1
A BC T E GO ARECR , FPIE g 10 SRR EUER
10 FREEHLIMEC T /9 E M AECE, ] LIAG 214548,
T 22 55 IR T7 58, iy BN E SR i Fe ik 1
95% , L T HEHLAR IR 7 5 , Al P2 FEA 88% o
3.3 BRMUERSH

Pt — LR BA CIL 55 2% E > AR, 15
HH I 25 SRR T BN 98 % 11 8 2 A5 B, v B FH A L
TENEAEPFSON E BOESE = AFEHCN D AN
FORMURE ORI I 9 5 N RERCE B TME, DG
FELEWIROR D g F AR X H b s BAEAT A BA 0 BiE
BPREAETE E GO 3L, e F i IRk 8 P&k
AAAREIRE CI 2850 C A HAR.

10 11 JBIR T 7EAE A AN 20 HE A B A0 8
BT EMTEAE YR AR ML | AR 3, 3%

®8 MALEMAME S B RERER

Tab.8 Optimized ship route allocation and level situation

sl PrE ci s PrE ci
5 m& S || U5 ik FR
1 fik2 D 27 fiiZk3 C
2 gk s C 28 gk 1 D
3 gk 1 D 29 ik 3 D
4 ek 3 D 30 ik 2 D
5 figk 3 C 31 gk 2 D
6 Wik 5 D 32 k1 D
7 Wik 5 D 33 Mgk 2 D
8 ek 3 D 34 sk 4 D
9 gk 2 D 35 ik 3 D
10 gk 2 D 36 Mgk 5 C
11 Mgk 4 D 37 gk 2 D
12 figk2 D 38 ik 1 D
13 MLk 5 C 39 ik 4 D
14 Mgk 1 D 40 Wik 5 D
15 Mgk 1 D 41 ik 1 D
16 gk 4 D 42 Mgk 5 D
17 gk 3 D 43 ik 5 D
18 gk 2 E 44 Wik 1 D
19 gk 2 D 45 ik 4 D
20 fiizk 4 D 46 Wizk 3 C
21 Mgk 5 C 47 gk 5 D
22 gk 5 D 48 ik 1 D
23 ek 3 D 49 ik 2 D
24 gk 1 D 50 ik 3 D
25 Mgk 2 D 51 gk 3 D
26 Wik 5 D
R MUEMEERTHRMBESH
Tab.9 Distribution of optimized route levels
Pk v el
A B C D E
figk 1 0 0 0 10 0
MWigk 2 0 0 0 11 1
ik 3 0 0 3 8 0
ik 4 0 0 0 6 0
WL 5 0 0 4 8 0

TE S T, T EINTE B LE R O 9 9881t
AR B T 1k ST SR 2 C 2GR, 7 i
6 410.3 t A= Wkl , o5 1B A BARR RN T 1Y
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Tab.10 Requirements for adding biofuel Ei{ij .t

e MEAY e T

A3 S P 7 e iR sk -

1 fiigks 0 27 ks 0

2 s 0 28 k2 0

3 fiks 0 29 ks 0

4 figk3 0 30 A 0

5 ik 3 0 31 ik 1 0

6  fik3 0 32 figk2 0

7 i3 0 33 fiigk2 0

8 k3 0 34 g 0

9 fiigk2 0 35 ks 0

10 fiigk4 0 36 figks 0

11 fligk4 0 37 figkl 0

12 figk2 0 38 k2 0

13 fiigks 0 39 gkl 0

14 flidk4 0 40 fliZk1l 1555.5

15 figk2 0 41 figk2 0

16 fliisk4 0 42 fik3 0

17 fiigks 0 43 figk3 0

18 ikl 1534.5 || 4 g1 0

19 figk2 0 45 figk2 0

20 fik4 0 46 figk3 0

21 fiigks 0 47 k3 0

2 i1 65.6 48 figk2 0

23 fiigks 0 49 figk3 0

24 g2 0 50 figk1 422.3

25 fisk4 0 51 fiiZk3 6410.3

26 ks 0
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F11 FEMTEEMHRBMESH

Tab.11 Distribution of required biofuel refueling routes
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fiigk 1 4 3577.8
ik 2 0 -
fi2k 3 1 6 410.3
ik 4 0 -
gk 5 0 -
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