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@ Web-service of Ship Routing. Ship Transit Model DEWATRA
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Advanced Model :> Generalized Model of Ship Performance
of Ship Performance in Ice in Open Water and in Ice

Topaj A., Tarovik O. (2024) Ship route planning in simulation models of Arctic transport systems. Proc. of the 26th Intern. Conf. on Harbor,
Maritime and Multimodal Logistic Modeling & Simulation (HMS 2024)
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@ Web-service of Ship Routing. Numerical optimization DEWATRA

Time step 1. Time step 1.
Phase 1 - generating descendants of the start point Phase 2 —reassigning of Ps set (the best point in each cell)
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Time step 2. Time step 2.
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Easy Severe

Wave-based Algorithm :> Improved Hybrid Algorithm of Ship Routing
of Ship Routing in Ice in Open Water and in Ice

Topaj A., Tarovik O. (2025) Hybrid cell-wave algorithm for ship routing in ice under spatiotemporal constraints.
Ocean Engineering, 326, 120863.
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\@ Web-service of Ship Routing. Architecture DEWATRA

Web-service of Ship Routing in Transocean Voyages
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.argestses.net
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https://routing.argestses.net/

@ Web-service of Ship Routing. Principal features & advantages DEWATRA
"

o Minimum entry threshold. No required input data about the
ship except IMO. Built-in database of over 107,000 vessels
across all major categories (tankers, gas carriers, bulkers, wo: | eas2804
container ships, general cargo vessels, etc.) Default ship
information model can be, however, edit and enriched by
advanced user

Voyage Weather

Main:
IMO:

Name:

o Optimization of the ship trajectory together with shaft power
and specific movement modes. Path planning for dynamically
forecasted conditions in GIS-environment using actual weather
forecasts from trustful providers (Copernicus, NOAA,
ECMWE...). Support for ice and mixed navigation.

Type:

LWL {m):
Breadth (m):
Draught (m):

Max speed (kis):

o Customized optimization criteria (fuel, time, emission, risk,

Engine:
distance) and constraints (fixed & free arrival/departure dates, I mﬁ S
voyage-dependent seaworthiness limitations). Account for Max power (6 18660
canal tolls, strait queue delays, appointed passage time slots Hote consumpion (hour): o 17727001
etC Fuel type: MFO_MDO_Diesel -~ ==

Fuel consumption /MW 019

o Obtaining a family of recommended routes. Comparison &
visual playback of alternatives to make the most informed
strategic decision e class
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@ Web-service of Ship Routing. Principal features & advantages DEWATRA
"

o Minimum entry threshold. No required input data about the ship
except IMO. Built-in database of over 107,000 vessels across
all major categories (tankers, gas carriers, bulkers, container
ships, general cargo vessels, etc.) Default ship information
model can be, however, edit and enriched by advanced user

“Fixed
Arrival Date i

o Optimization of the ship trajectory together with shaft
power and specific movement modes. Path planning for
dynamically forecasted conditions in GIS-environment :
using actual weather forecasts from trustful providers Free
(Copernicus, NOAA, ECMWE...). Support for ice and mixed el
navigation.

o Customized optimization criteria (fuel, time, emission, risk,
distance) and constraints (fixed & free arrival/departure dates,
voyage-dependent seaworthiness limitations). Account for
canal tolls, strait queue delays, appointed passage time slots
etc.

o Obtaining a family of recommended routes. Comparison &
visual playback of alternatives to make the most informed
strategic decision
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@ Web-service of Ship Routing. Principal features & advantages DEWATRA
"

o Minimum entry threshold. No required input data about the ship
except IMO. Built-in database of over 107,000 vessels across
all major categories (tankers, gas carriers, bulkers, container
ships, general cargo vessels, etc.) Default ship information
model can be, however, edit and enriched by advanced user

Main

Straits

Wave limits

o Optimization of the ship trajectory together with shaft power
and specific movement modes. Path planning for dynamically
forecasted conditions in GIS-environment using actual weather
forecasts from trustful providers (Copernicus, NOAA,
ECMWE...). Support for ice and mixed navigation.

Main

Straits

o Customized optimization criteria (fuel, time, emission, risk,
distance) and constraints (fixed & free arrival/departure
dates, voyage-dependent seaworthiness limitations).
Account for canal tolls, strait queue delays, appointed
passage time slots etc.

Wave [imits

o Obtaining a family of recommended routes. Comparison &
visual playback of alternatives to make the most informed
strategic decision

N . #**. | Funded by
- 5PECERE CA23 159 Slide 8 the European Union

IN SCIENCE & TECHNOLOGY



@ Web-service of Ship Routing. Principal features & advantages DEWATRA
"

o Minimum entry threshold. No required input data about the ship

except IMO. Built-in database of over 107,000 vessels across Rote Variants
all major categories (tankers, gas carriers, bulkers, container . — -
ships, general cargo vessels, etc.) Default ship information Tt EEm mEm T e T T e e
model can be, however, edit and enriched by advanced user w o me o me m am e semee e o o
o Optimization of the ship trajectory together with shaft power o e en ... -
and specific movement modes. Path planning for dynamically R
forecasted conditions in GIS-environment using actual weather cE:c B W an B i e i e
forecasts from trustful providers (Copernicus, NOAA, e T
ECMWE...). Support for ice and mixed navigation. ‘ - -

o Customized optimization criteria (fuel, time, emission, risk,
distance) and constraints (fixed & free arrival/departure dates,
voyage-dependent seaworthiness limitations). Account for
canal tolls, strait queue delays, appointed passage time slots
etc.

o Obtaining a family of recommended routes. Comparison &
visual playback of alternatives to make the most informed = E e
strategic decision —— [ g Timescale
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J Emissions & energy efficiency estimation. Dual-fuel vessels. DEWATRA

Vessel Definition:
Acceptable fuel types

Short guide
Voyage Weather

Voyage

M( 737187 :
mo: 8 Route Variants
Engine:
Engine type W12V50DF Engine ol

HAKERE N ok Duration (h} Distance (nm) Total cost (k$) Freight (k§) Fuelcost(ks$) Fuelcons(t) Extrafee(k$)  StartDate(UTC) Finish Date (UTC)

Hotel consumption (Vhour)
Fuel types NUC

HavyOil

Diesel

2,932.90 31499 i 05/15/2026, 02:05 PM  05/24/2026, 06:15 PM

Engine Oil
LNG
Methanol

2,931.30 279.06 05/15/2026, 02:05 PM  05/25/2026, 08:01 AM
2,93130 3 252 52 05/15/2026, 02:05 PM  05/25/2026, 09:46 PM
2,921.30 23460 05/15/2026, 02:05 PM  05/26/2026, 11:32 AM

2,915.60 217.92 i K 05/15/2026, 02:05 PM  05/27/2026, 01:18 AM

yage input data:
Specific fuel for each type

(price, cons, emissions)

2,917.60 K 20322 05/15/2026, 02:05 PM  05/27/2026, 03:03 PM 1, 4 % S Wave Height

O
(]
[ ]
[ |
O

(]
12
2-3
3-4

2,925.50 I 05/15/2026, 02:05 PM  05/28/2026, 04:49 AM

2,919.90 K 05/15/2026, 02:05 PM  05/28/2026, 06:35 PM

2,924 60 05/15/2026, 02:05 PM  05/29/2026, 08:20 AM 475

Fuel Settings 5-7

2,896.30 K 05/15/2026, 02:05 PM  05/29/2026, 10:06 PM 7-9

Simple model

|

=9
Liticnziedl) meters

_
No Fuel \ E 3
ey > S Power fraction
LSFO .
ULSFO

IFO380

0.00
020
- 0.40

Wave limits

Sulfur Consum 0.60
o1 019 0.80
: 1.00

@cEsiuM ion

Fuel | LNG - May 21 2026 ‘00100 00 UTC 1 |
| | | | | | | | |

From 0 to 1.00

Price Sulfur Consum

400 o 018
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@ Emission Control Areas. Fuel as an optimization variable
—_ 4

DEWATRA

«Status» - additional discrete
optimization variable

. .............. [ YO — > W

0.25-p 0.5-P 0.75-P P

Propagation for Status 2

Propagation with change of Status

. Transition delay oT
: Transition cost oW

0.25.P 0.5-P 0.75-P P

The formal regulation of emission control areas
may lead to an increase in overall emissions!

CA23159

ocoskE

EUROPEAN COOPERATION

Case 1: Vessel: large bulk carrier; Voyage: Klaipeda-Dakar; Strict delivery deadlines
“dirty” fuel (e.g. heavy o)
CrueLs :1'05'CFUEL1 C

2 possible fuels:
LNG)

"allowed" fuel (e.g. diesel or

CFUELZ =1.05- CFUELl

FUEL2 — 3 CFUELl

Route 1 Route 2

Result: If the permitted fuel is significantly more expensive
than the standard one, then the vessel operates at minimum
power (economy mode) in emission control area, and at full
power (with high emissions) - for the remaining part of the
voyage

Total Fuel
Consumpt. (t)
Cost (USD)
Chip Diesel
Cost (USD)
Exp. Diesel

445638

279318
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@ Emission Control Areas. Fuel as an optimization variable DEWATRA
——

«Status» - additional discrete Case 2: Vessel: large bulk carrier; Voyage: Kristiansand - A Coruna; Flexible delivery time
optimization variable 2 possible fuels: “dirty“ fuel (e.g. heavy oil); "allowed" fuel (e.g. diesel or LNG)

CFUELZ =1-05'CFUEL1 CFUEL2 = 3'CFUEL1
AT
‘ .............. [ YO — > W

0.25-p 0.5-P 0.75-P P

Propagation for Status 2

Propagation with change of Status

. Transition delay oT
: Transition cost oW

025F 0.5F 075 P Result: If the permitted fuel is significantly more expensive Route 1 | Route 2
than the standard one, then the vessel is taking a longer Cost (USD)|Cost (USD)
route (past Ireland rather than through the English Chip Fuel (1)| 67058 445638
The formal regulation of emission control areas | Channel) to shorten its passage through the Emission Exp. Fuel 2)] 85329 | 160131

may lead to an increase in overall emissions! Control Area
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@ Decarbonization challenges. Optimization criteria and constraints DEWATRA

As any problem of mathematical optimization, ship routing problem is described by variables, criterion,
and constraints.

The variables are trajectory, current power level of the ship power plant and the modes of movement (bow-
or aft-forward for DAP ships, fuel type, etc.)

The only significant criterion or score for commercial shipping is the profit from the voyage in monetary
terms

Thus, all additional considerations (risks, sustainability) should be presented either as components of the
monetary criterion or in the form of explicit constraints (local or terminal ones)

Constraint Representation Score Representation

Voyage Time ETA, Time window for delivery, etc. Penalty for delay

Seaworthiness limitations, POLARIS indices,

Penalties for risks
etc.

Navigation Risks

Sustainability ECA, Emission limits, etc. Fines for emissions and pollution
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@ Retrofitting. Rotor sails in routing task DEWATRA

Ship transit model

Ship

Dimensions Loadi Dimensions, Seaworthiness
Power level, oading Course, Mode Constraints

_’VQLD & VQLD T vV
Ice, Current, 0

Waves, Wind
Environment

Rotor Sails,
Course V

Va

F =F (v V) - lift force

F, =F (v.V) - drag force
W; - sail rotation power
W; - total shaft power

Q - current power fraction

CCcoOsE  ca23159

IN SCIENCE & TECHNOLOGY

Case 1: Vessel: large bulk carrier; Voyage: Plymouth — New York; Flexible delivery time
Actual weather forecast from 12.11.2025

Route Variants

Show all Hide all Clear al

G ot _ship with rotor sails

Total Fuel
Duration Distance
Show cost cost

(h) ¥ (nm) (K$) (K$)

i g TR -
N =2
‘fﬁ""‘w\; \ ST
Sh.ip e ~‘,""' s "‘\l".‘ - ';"'
'!,"”"v/,g ISt 7T = =

cenventional

= Z ~Astin b [, >
Az i yi"" -

® 29202 309430 18180 18180 303
29802 301750 20762 20762 346 % N ‘ i; =5 B F A _j'/,.,' 5 Lh
28448 309120 19527 19527 32550
284 48 294810 22161 22161 36930

7093 300580 21305 21305 35510

7093 2,922 40 23779 39630

257.38 3,001.70 23089 38480

257.38 291820 51.43 25143 41910

24384 302370 25 257,76 42960
-«

100x
Nov 19 2025
14:06:47 UTC @cesiumion

PRITRES 37075‘ouonooum Nov 15 2025 00:00.00 UTC  Nov. 177075‘000000u1‘:: Nov 19 2025 fmmon,mc Nov 212025 00:00.00 UTC  Nov 23 70?5‘00000
| |

Equipping the vessel with rotor sails allows for a 12.5 percent fuel economy
for the voyage under consideration.

The optimal route for a vessel with rotor sails differs significantly from the
route for a conventional vessel.
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Slide 14 *, . | the European Union




@ Retrofitting. Rotor sails in routing task DEWATRA

Ship transit model

Ship Case 2: Vessel: large bulk carrier; Voyage: Along the equator from east to west; Sufficient
Dimensions Loading Dimensions,  Seaworthiness ETA; Synthetic weather: no waves, wind in one direction 10 m/s
Power level, Course, Mode Constraints
VM@_)VO_)@_) or *VW’@_‘VWV Fuel consumption per voyage (t) depending on wind
- - Ice, Current, direction
Waves, Wind 0 500
Environment Voyage direction

Rotor Sails,
Course V

_)®_)VQ IR

Wind V

W, -Q
F =F (v.V) - lift force B
F=FK (\II,V) - drag force o The maximum fuel economy due to rotor sails (at the angles providing the
W, - sail rotation power greatest lift) reaches 18% (only 2% for real weather)

o The optimal route sometimes differs from the orthodromy (the ship " is
_ tacking" trying to find the best wind).

Q - current power fraction o In unfavorable conditions, rotor sails can have a negative effect due to
increased aerodynamic drag.
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\@ Prospective decarbonization challenges for routing services DEWATRA

Further development of ship routing services for the purposes of waterborne transportation
decarbonizing:

o Electric propulsion vessels: Route optimization for the voyages with limited resources (fuel or battery
capacity)

o Adaptive routing: Assimilation of actual on-board measurements of environmental data and emissions

o Autonomous and/or unmanned vessels: Revision of traditional seaworthiness requirements and constraints

o Robust probabilistic routing: Accounting for the decline in confidence in weather forecasts for long time

horizon
o Simulator for research and training: Retrospective analysis of past voyages and emission assessment
o Long-term and strategic planning: Ensemble climate-base routing and climate change scenarios

o New tools and approach: Integration of AlS-based Al-methods in optimization logic and ship propulsion

models

Funded by
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Conclusions DEWATRA

Conclusions:

o Improving ship operations may lead to increased energy efficiency (fuel economy and reduced
emissions) comparable to those of more expensive technical solutions.

o Weather routing services and software is a promising direction in the field of automation and
informatization of waterborne cargo transportation.

o They must be developed to become user-friendly decision support tools that are in demand in the real
practice of sustainable and decarbonization-oriented shipping.

o Anyway, they should be used just now as a proper simulator for testing new technical solutions and

regulations.

Kondratenko, A., Kamberov, K., Todorov, G. (2025) Decarbonizing waterborne transport in a developing country: Challenges and
opportunities. Case Studies on Transport Policy. 21. 101516.
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