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Motivations

* Decarbonisation of shipping

* IMO initial strategy (to be reviewed in 2023)
* EU fitfor55 legislative package (now in trilogue)
* UN/COP26 - Clydebank declaration ("green corridors" for zero-carbon bunker)

* role of voyage optimization

* applies to both newbuilds and retrofits
* relevant also in medium- (pricing of emissions) and long-term (expensive fuels)

* need for open-source, community models

* transparency, inter-comparisons, verification
* connect to open-access datasets from both Copernicus, WOC, and others
* easily add-on new features
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Ocean currents and ship's speed
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Mannarini and Carelli, 2019, Geoscientific Model Development. https://doi.org/10.5194/gmd-12-3449-2019
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https://doi.org/10.5194/gmd-12-3449-2019

bulk carrier

I P P

length between perpendiculars Lo
breadth B
draught T
block coefficient Cs
propeller diameter D,
main engine power Psmecr

modeling approach(®):

* calm water resistance (Holtrop&Mennen, 1982 )
* wave-adde resistance (Lang et al, 2021)

* DPM method for power estimation (MAN, 2011)
* sustained speed (ITTC-7.5-02-07-02.8)

*) A. Salhi, 2023. Ship performance modeling for least-CO, routes,
University of Bologna, PhD thesis - in preparation
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Static data — bathymetry, graph, ports
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2 & O—© 2
parameter S
grid size 1/12.5 deg & Py Pz/gps/@ﬂ
connectivity 4 — |
min depth 8 m oC THl OHz TH, O"'4
#nodes 102,097
#edges 4,507,732 graph with 4t order
#coast points 677,584 connectivity

*) Mannarini, et al., IEEE Transactions on Intelligent Transportation Systems,
https://doi.org/10.1109/TITS.2019.2935614
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https://doi.org/10.1109/TITS.2019.2935614

Dynamic data - Copernicus Marine Service

CMEMS spatial resolution:
1/12 degree
(=5 nmi in meridional direction)
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Duration [hrs]: 262.7
dLength [%]: +0.2
CO, [t]: 477

dCO, [%]:-1.7

<Hs>p4 = 1.77m
<] 0| >gqe = 91.5°
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Results from VISIR-2 model
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Results from VISIR-2 model
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Results from VISIR-2 model
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Similar effect was
found next to Gulf
Stream (*)

*) Mannarini and Carelli,. Geoscientific Model Development, 2019. https://doi.org/10.5194/gmd-12-3449-2019
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Results from VISIR-2 model

Statistics of CO, savings (empty markers
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Results from VISIR-2 model

Statistics of CO, savings (routes from and to Australia)
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Conclusions and Outlook

* Both currents and waves from Copernicus used in VISIR-2 for least-CO, routes

* modeling a bulk carrier along a proposed green corridor (Australia-Japan iron ore route)
e 152 routes computed for the (October 2021- August 2022) time frame

» effect of wave direction highlighted

* CO, savings due to waves up to more than 16%

* currents can be exploited for enhancing CO, savings when waves are small

e annual average CO, savings without (with) currents: 1.4 (3.2) %
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