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Fig. 6 shows that seasonal effects alone do not drive consistent route diversions. However,
adding current information shifts eastbound crossings to exploit the Kuroshio Current
while eastbound voyages from USA divert northward regardless.

1 Introduction & method

International shipping was responsible for emitting approximately 740 million tonnes of

2. Climatology of routes

A total of 1,776 routes were simulated in 2024 for a 355 m container ship sailing between the
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. . Figure 3. Speed through water of container ship
Angeles/Long Beach outbound and return route, one of the first designated green
corridors in shipping [4] The aim of this work is to assess the impact of environmental conditions, speed level, and
route orientation on relative CO, savings.
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their sensitivity to seasonal and directional factors.
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3. USA - China case study

We showcase a specific optimal route from USLAX to CNSGH by accounting for both ocean
currents and waves. For this specific voyage, the least-CO, route:
 diverts northward to exploit favourable currents and milder sea states.

=
(<]
®

Summer (Jun - Sept) Wmter (Oct Apr)

Relative CO,

= / 1 . inter (Oct-Apr
. ; = ; ; ; 10 3 200 routes

] USLAX - CNSGH
USLAX-CNSGH waves o USLAX-CNSGH currents + waves o "~ A mean

= @o0© ©° © CQO o 2 % 5 S, o o Q o 1%d51gn1f cccccc threshold | ; ' 0 - n o
2 g R 0 2 > & o ot ° S T =y H E g g * cuts emissions by 981 metric tonnes CO, (on a total of 9,284 metric tonnes CO, )
L T s e A brte o= kit o ke P R e : :
© o o 5 K o 0 Qo Q’C?‘ . ;
A | | | | A § 0.8 2.9 d%-g & %62 * S e ® > @o%f)‘,’%f g : I E ﬁ I : Los Angeles — Shanghai x=70 [%]
140 180 140 0 180 140 @ go0 6 5 ourtents ¥ waves
o ' o ' S : 2024-01-31 03:00 UTC
Lon [°E] _Lon[E] "o e = - = 10 11280 routes. 981 [tons] of CO, saved (~10%)
0 00 9 o5 5 50 8 75 1 60 105 1.50 1.75 > 00 0 00 9 o5 9 50 8,75 1 60 105 1.50 1.75 > 00 2024-01 2024-03 2024-OSDepaZrOtZutg?date2024-09 2024-11 2025-01 2024-01 2024-03 2024-OSDepaZr(DtZu4t:27date2024-09 2024-11 2025-01 ;’730 X"éao ‘;{l%a CXUQ"BB ;\’730 ;’930 ;l%a C)(Ug"\’oa Speed. over ground . Significant wave helght | Waves' angle of attack
Current magnitude [kn] Current magnitude [kn] Figure 4. Distribution of CO, savings by departure days (left) and forcing/x (right) [ teast co, ﬁ il %} R
) - . . . . | PE least distance . : *ﬂsL B _ sel (
Figure 1. Mean ocean currents magnitude over the northern Pacific * Higher savings are observed in winter (on average 3x summer values), and accounting g R ?@q% JE
. T U Y 4 | W A PR s et S | 9 I . o |
: for ocean currents doubles the savings (Fig.4). @ =50 g e * ~ % " S %
Summer (Jun - Sept) Winter (Oct - Apr) 100 l
N N - . . . . . [ | ~150 1 4] ¢
* Lowering the engine load results in greater savings, with the reduced power setting L . o am o me s
% 5 o . 5 5 \ ) \5@ \ AW
N-W ——2” N-E Signi ficant saving approximately 20% more CO, than the higher setting (Fig. 4). - L Signifcant Waves'angle 9NN oo aing  Saiing
> ”“*3\ j}< wave height [m] “ImER 3\ B, wave height  of attack ng&%:m ground time distance
°/§ \ : l:@’ 2) / Significant wave height USLAX\;UZS:I-'I :::iex;7:t:lk Longitudinal currents’ component Significant wave height CNSGH\;\I:i:)'( :::iexc):::t:lk Longitudinal currents’ component\ \ - 1I40 [m] [deg] [kn] [kn] [h] [nmi]
/ 3 25.0- e 25.0- 50 6. 25.0- —— 25.0- 50.0- o Least distance 2.59 41.46 0.04 12.30 507 5,663
W ;}" | E /] 2o W | TR E 20.0- - leastdistance g o- 40.0- , 20.0- - leastdistance 59 o 40.0- i Lon [°E] Least CO, 2.49 76.61 0.09 12.68 454 5,823
\ B 4, 6 e x o ‘ 1 | =0 l 1 ) ‘ o Rt Figure 7. Isoline plot (left) and metrics (right) for the specific route
= . M . um L . HN ﬂﬂ o )\W 15
P PN * il Wi M. ol | ﬂﬂﬂ < i .. I Al HI.......__ _
W sE sW. s o - 4. Conclusions
P M . . _ . .
> | o B > g£e Z [ g . g g A i « This study demonstrates the potential of voyage optimization as an operational strategy
Figure 2. Mean wave height and direction over the northern Pacific S 10-0 WH 100 H L H w0 1”7 i 100 h I wo | for reducing CO. emissions
o . ccowallents b illime Mool 0 B 9 &% -
L] L] L] L] L . L] Hs [m] 6, [degl wy [kn] Hs [m] 6, [degl] wy [kn] . . . . . . _
* Asshown in Fig.1, the Kuroshio Current is consistently present with a magnitude of - o Key factors influencing savings include seasonal environmental conditions and the ability

about 2 kn, and can support eastbound navigation. Figure 5. Histograms of metrics along the routes

 When departing from the USA, higher savings can be achieved by avoiding rough
(Fig. 5 Hs column) and head seas (Fig.5 §, column). However, when departing from
China, it appears to be even more beneficial to exploit the persistent eastbound
current (Fig. 5 w, column) as waves typically come from the vessel's stern and lead to

reduced speed loss (cf. Fig. 2, 3, 5).
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to harness favourable currents while avoiding head seas.

 From Fig. 2 it is clear that north-westerly waves are more frequent during winter and
are generally the highest, exceeding 6 m significant height. In contrast, summer
conditions feature predominantly waves from east with average heights below 4 m.

« The open-source VISIR-2 model is also part of the European digital ocean twin within the
EDITO-Model Lab project [9], illustrating how digital tools can support IMO and EU
decarbonization goals for shipping.
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