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50 years of Container Ship Growth
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Project: extra container capacity PoOAB
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Tide restrictions

* Bigger ships (depth) have small
windows for departure/arrival

* Sometimes windows of only
minutes

Turning basin

* Used for both Deurganckdok and
TweedeGetijdenDok. Does the basin
have enough capacity?

* Larger container vessels (400 m) take
20-30 minutes

* Traffic rules — impact on other traffic?

Noordzeeterminal y
FOSiljvenTED mulbrcndmg .
| ” 2 m|I|oen Terminal and locks
* Vessel to/from
-meuw dok Zandvliet/Berendrecht-locks pass

Electrabel

ool 4 I bufer

Nieuw.’ﬁbemefangdok'
+3,7 miljoen TEU

Deurganckdok Wes

Kieldrechtsluis
* Busy area, passing Deurganckdok

Critical resources
* Pilots (Dutch, Belgian — river/dok)
* Tugboats

I extracontainercapaciteit

pldats voor logistiek

moored vessels at NordzeeTerminal
very closely

Small passage area
* The Scheldt river is not very wide at
certain locations.

+ 1.7 miljoen TEU#~

WAASLANDHAVEN

* Issue for passing vessels? Traffic
rules?

The Port of Antwerp/Bruge has an ambitious plan to extend the capacity to handle

containers. A total of 7,2 Million TEU will be added

* TweedeGetijdenDok (TGD): new terminal (3,7MTEU)

* Europaterminal: new quay wall (most expensive infrastructure) and more yard
area

* Noordzeeterminal: new quay wall and more yard area

* Deurganckdok: extension behind the Kieldrecht lock
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PortGenie: Digital Twin used by PoOAB

ultimately better decision-making.

PortGenie has several time-horizons:

* Current—what is going on now?

do the next hours?
* 1 week ahead —resource planning

* More than a year ahead — investment planning

PortGenie is a Digital Twin, a digital copy of the real (or
future) system that can be used for experimentation and

PortGenie is one of the applications connected to APICA

PortGenie adds the operational aspects in Digital Twins

* Past —analyse what happened and be better prepared next time.

* 0-24 hours ahead —improve operational planning. What should |

© Macomi B.V. 2023

Macomi Prescriptive Simulation Platform
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Database of vessel
* \Vessel characteristics
* Vessel behaviour

Vessel movements (historical and present)
* AIS data (is lacking information elements)
Vessel movements (future)
Berth planning for terminals * AIS data (patterns) * Single vessel: mathematical
T I e e * Forecasts arrival patterns * Interaction between multiple vessels, locks, and berths:
: : = prediction model based on neural networks (Al)
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Lock planning
* Rules for lock planning. What vessels can go together?

* Optimize (waiting times for vessels or number of cycles for
lock or both?)

Tides and access/departure windows

* Astronomical tide tables

* Vessel categories (depth, weight and cargo load)

* Combined into access/departure windows for
specific locations

Getijden in Mountain View van 30 Apr - 1 May

?afla:rgins around vessels Z B DTn

° Width Of Scheldt riVIer BUILDING DIGITAL TWIN ASSOCIATION
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* Ports consists of many interacting components
* Alook at the bigger perspective (the entire port) is required
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« Datais highly distributed among different parties

« Data collection/gathering is time consuming

« Data cleansing and making data usable also requires large effort
« Data is not always reliable

BUILDING DIGITAL TWIN ASSOCIATION



PortGenie at Port of Antwerp AxMACOMI

Barth cccupancy over tid @ i1 | Gemiddekda berth occupancy i

| Off-the-shelf dashboards include: :
= In-depth attribution of delays to traffic, tide windows, lock or berth plan, etc. :
= Berth utilization graphs over time :
i * Overview of berth and lock planning I
|« Lock capacity utilization over time :
: :
1 1
1 1
I 1
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Ceauparcy (%

* Resource utilization pilots and tugboats

But the most important is the animation / visualization
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Port of Antwerp — Lock scheduling AxMACOMI

Port of
Antwe rp Gemiddelde vullingsgraad th :2  Gemiddeld aantal schepen th :% | Filter op sluis
Bruges | B

P o o

Lockage planning

The lock planning is aware of future lockage demand by vessels and will plan a
preliminary place for upcoming vessels in a rolling forecast

Planning a vessel in a lockage happens by considering several proposals, for example
amending an existing lockage or creating a new one. The best proposal is chosen.

By employing neighborhood search (i.e., making small adjustments to the current
planning), the rolling forecast is constantly working on improving, by both reducing
total lockages and reducing vessel delays

Nearing the moment of execution, the lock planning can handle external disruptions to
the vessel and adjust the planning by recovery.

Several parallel and/or sequential locks can be simulated and optimized together. Port
of Antwerp employs 4 locks servicing the same area. PortGenie can make split-second
decisions on assigning a vessel a different lock based on short term disruptions.

Aantal sluisbewegingen per aantal schepen th

Dashboards to quickly get an overview of each lock’s performance in both

________________________________________________________ i number of vessels per lockage and space used

Kieldrechtzluis GBE0
Kallogluis
Zandvlietsluis
6179 6181

Berendrechtsluis

Boudewijnsluis

10245 10246

Van Cauwelaertsluis

Detailed view of realized lock planning, including exact moments of vessels entering and exiting and period of water equalization.
Available after each simulation.

© Macomi B.V. 2023




Port of Antwerp — Lock scheduling AxMACOMI

Port of
Antwerp
Bruges

e Vessels are placed in the lock based on dimensions and order of entry

|+ The lock planning algorithm dynamically calculates lock utilization and prevents illegal
| situations

| * Vessels can attach to the wall, and barges also to each other

= Vessels respect a certain amount of buffer to each other and the wall. This buffer can
|

|

|

|

|

1

|

ZANDVLIETWEG

\ ZANDVLIETWEG

ZANDVLIETWEG

Zandvlietsiuls
be varied based on the vessel’s dimensions

* The vessel placement logic is entirely modular and can be modified to each port’s
needs

Port of Antwerp employs some of the two largest locks in the world;
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POTPOLDERWEG

/ Kieldrecht lock: Second
R largest lock in the world.
& 500 meters long, 68 meters
“  wide, 17.8 meters deep

ea vessels attach to the lock wall

/ Berendrecht lock and Zandvliet lock Barges can also attach to each other,
and leave some buffer with regards to

the sea vessels

© Macomi B.V. 2023 13




Port of Antwerp — Berth planning

Port of
Antwerp
Bruges

Optimizing the berth plan

| The optimization of the berth plan works using two steps: :
. » Before simulation, a theoretical berth plan is constructed using the yearly arrivals of |
: vessels, their expected handling times, and detected weekly patterns leading to a :
: predictable weekly pattern in the resulting plan. This is optimized using Simulated |
! Annealing. :
'+ During simulation disruptions such as delays during traveling or longer handling :
: times are encountered. The planning recovers from such disruptions using local :
: recovery based on Constraint Programming. !

Saftingen

OREEFSTRAAT

HOGENDIN

HOGENDIK

© Macomi B.V. 2023

AMACOMI

On the x-axis, a scrollable time bar

On the y-axis, the length of the quay wall,
possibly divided into multiple walls
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Daarna worden diagonale funderingspalen
in de ondergrond aangebracht die de druk-
en trekkrachten opnemen, die in de eind- AY
situatie op de kade worden uitgeoefend. | J\ o
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Lillo bridge is at the end of its technical life. Does
it need to be replaced?

OostVidanderen

Trade off between
« Costs of replacing bridge (investment)

« Rerouting of trains over lock complex (waiting
times for trains)
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