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Efficient stacking on container terminals
How to cope with volume fluctuations on a densely 
stacked terminal, while maintaining terminal performance
Nico Berx, Cosmos NV, Antwerp, Belgium

Every container terminal uses three main resources: yard, 
machines, and people. The efficient use of these resources is the 
basis for granting customers the service level they are entitled to. 
Moreover, the more efficiently a terminal can use its resources, the 
more profit can be generated for the shareholders.

This article focuses on the yard, one of the main resources, and 
more specifically on how to deal with fluctuating volumes on a 
densely stacked terminal. 

Yard management
The yard can be regarded as an intermediate stacking area, 
holding boxes until they are transported to their next 
destination. Stacking boxes takes up one of the terminal’s most 
valuable resources: yard space.

A yard management system will position a container in a slot 
where, ideally, it does not need to be re-handled before leaving 
the terminal. After all, reshuffling containers is a very costly 
activity, both in time and resources, which is (usually) not billable 
to a customer.

The yard is a highly dynamic and constantly changing area 
that needs to be treated as such. Any Container Terminal System 
(CTS) that considers the yard as static will put constraints on the 
efficiency that could be obtained. 

Static planning requires preplanning. This means that for 
example for the import boxes on an inbound vessel, yard 
positions will be planned before the vessel arrives at the terminal. 

Consequently, parts of the terminal will be reserved for the 
boxes on this vessel. This reserved area will thus be shut off for 
operations and cannot be used until the discharge of the arriving 
vessel starts. As a result important constraints will be imposed on 
the available space, leaving not a lot of room for flexibility.

Real-time dynamic planning
Real-time dynamic planning will use the yard as it needs to be 
used. Before operations start dispatchers determine how the yard 
planning has to respond during operations, but no container is 
actually planned until the moment it physically arrives at the 
terminal. 

Planners define the business rules. They will be used during the 
actual operations to obtain the ideal positions, so that containers 
will not need to be handled before the next operation.

How these rules will be set depends on the nature of the 
terminal (mainly import or export, transshipment...) and the 
management’s preferences. These rules should not only take into 
account the dimension ‘space’, but also the dimension ‘time’.

Specific software features allow the dispatchers to test the 
rules set up for import boxes. By running the boxes contained 
in the bay plan coming in through the CTS, the system will 
tell the dispatcher if any, and which boxes will not be planned 
automatically. The outcome of this simulation will allow the 
dispatcher to adapt the rules in order to prevent boxes in need of 
manual planning during the actual operations.

Figure 1. Arrival pattern of export containers.
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This dynamic, real-time way of working is fit for the majority 
of terminals, since it allows not only an optimal use of the 
terminal grounds, but a highly efficient and optimized use of the 
terminal’s equipment as well.

Densely stacked yards
On terminals with a very high stacking density, additional features 
are required. 

A densely stacked yard may be caused by unacceptably long 
dwell times. In this case, tighter contracts with terminal customers 
might solve the issue.

When the dense stacking is a consequence of the high overall 
throughput of the terminal, the operator needs tools to manage 
this high volume and offer a stable and sustained performance 
to its customers, within the constraints imposed by that same 
customer: last minute changes, changes in vessel nomination, 
overall flexibility... This is a reality, not only on dedicated, but on 
all terminals.

 Figure 1 shows a typical pattern of export boxes arriving at 
the terminal. Real-time dynamic planning offers functionality to 
define rules taking this time element into account. 

However, when the stacking density is already very high, 
additional features are needed to cope with the volume.

High Density Planning (HDP)
When the number of containers on the yard is very high and 
therefore the normal planning is unsuccessful, High Density 
Planning offers a more flexible way to continue planning units 
automatically. 

HDP starts from the planning rules used for normal planning. 
Strict adherence to the normal business rules can make it very 
difficult for a system to find the right spot in a densely stacked 
terminal. This for one very simple reason: no positions are left on 
the terminal complying with the rules set.

The fact that no position can be found is not a system-related 
problem, but is caused by the fact that the resource yard has almost 
been used completely. In fact, HDP applies the business rules in 
the system in a looser way when so dictated by the operational 
reality on the terminal.

HDP strategies
Various strategies are possible for High Density Planning:

ETD before ETA
The ‘ETD before ETA’ strategy plans units for vessel A on top of 
units for vessel B as long as vessel B is expected to arrive (ETA) 
after the expected sailing of vessel A (ETD). In doing so, the 
CTS creates a virtual ground layer. This type of HDP takes full 
advantage of the time element.

Ignore selected container characteristics
Yard planning is partly based on the characteristics of boxes. By 
ignoring selected characteristics (e.g. weight, destination, etc.), 
the potential yard positions will grow, and the container can still 
be planned automatically. Planning might not be as optimal as 
intended when setting the business rules, but the advantage of 
being able to find a yard slot in an automatic way outweighs the 
possible disadvantages of having to plan containers manually.

A possible disadvantage is that more shifting moves might be 
required when loading the vessel. On the other hand, the benefit 
is that export boxes can be planned more rapidly and intended 
truck turnaround times can be met, avoiding truck queues which 
project a negative image of the terminal.

Conclusion
Real-time dynamic yard planning is an excellent strategy to 
manage the yard. When the stacking density of the terminal 
increases, the Container Terminal System (CTS) will have less 
or no yard slots left to plan the arriving container, based on the 
original business rules. High Density Planning (HDP) is a special 
feature to allow the CTS to apply the planning rules in a looser 
way. By making optimal use of the available information on ETD 
and ETA a virtual ground layer can be created to plan boxes for a 
vessel with an earlier ETD on top of boxes with a later ETA.

Another strategy can be to ignore selected container 
characteristics. This strategy makes more yard slots suitable for 
accepting a specific type of container. The advantage of being 
able to really handle all incoming boxes outweighs the possible 
disadvantage of having to shift boxes during loading operations.

High Density Planning creates additional stacking area on 
container terminals with a high stacking density.
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