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Ports around the world continue to take heed in order to retain 
their levels of competitiveness. In order to handle an increase 
in containerized cargo, ports could benefit from new container 
handling technologies with higher capacity. One of the newest 
technologies available is the revolutionary concept of having 
two gantry cranes cooperating in yards, which has already been 
implemented in several container terminals in an effort to 
improve yard operations efficiency. In this article we describe 
different types of two-crane technologies and discuss control 
issues that should be addressed during implementation.

Introduction
Since its introduction in the early 1960s, the containerized 
market has been growing significantly. In 2007, it was estimated 
that 485 million TEUs were handled around the world [1]. 
Container terminals are constantly seeking new ways to increase 
their transshipment and storage capacity. Investing in new types 
of technologies and equipment seems to be a necessity to keep 
up with the increased volume of containers to be handled.  

This article describes two-crane technologies for the yard (stack), 
which is one of the areas in a container terminal that is highly 
affected by an increase in the demand of containers. 

The design of the yard should be selected carefully to ensure 
an efficient interface with all other processes in the terminal and 
to make sure that turn-around times of both sea-going vessels 
and trucks is minimised. Yard design issues include selecting the 
equipment to handle containers, determining the layout of the 
yard, and defining the appropriate methods to sequence requests 
and assign them to cranes.  Two new stacking crane configurations 
have been developed to improve the throughput of the yard. In 
this article we will explain each configuration in more detail by 
describing their specifications and control issues.

Revolutionary concept of multiple cranes 
operating in the same block
Consider a yard equipped with Automated Stacking Cranes (ASCs) 
where storage and retrieval requests are transferred from and to the 
cranes at the far ends of each row (lane) as illustrated in Figure 1a.  

Figure 1. a) a typical block configuration; b) identical non-passing cranes with interchange zone; c) passing-crane configuration with a small and large ASC.
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Commonly, a single ASC handles requests in each block. Recently, 
the container terminals in Rotterdam and Hamburg introduced 
the revolutionary concept of having two automated stacking cranes 
in operation in a single block. However, there is an important 
difference in the technologies used at these terminals. The ASCs 
used in Hamburg are capable of passing each other and as a result 
each of them is able to operate in the entire block. On the other 
hand, in Rotterdam the ASCs cannot pass each other and as a 
result each serves a separate part of the block. If a container needs 
to be transported from one side of the block to the other, then the 
container will be transferred in an interchange zone to the other 
crane or the entire track should be cleared out by the other crane. 
Both configurations are illustrated in Figure 1b/c. We will describe 
the difference between both configurations in more detail below. 
Recently, a three crane configuration has been introduced that 
includes two identical small cranes and a large one that can pass the 
other two. However, we do not discuss it in this article as we consider 
it to be a combination of the configurations described below.

Non-passing cranes configuration
In this configuration two identical cranes are used. Each crane 
is assigned to a specific part of the block to handle requests. 
This concept is currently applied at the Euromax terminal in 
Rotterdam, The Netherlands and the port of Antwerp, Belgium. 
Figure 2 presents the current situation in Antwerp.

The technical data of both ASCs are being summarised in 
Table 1. During operation, the crane positioned at the sea-side 

of the block handles all storage requests with origin at the sea-
side and all retrieval requests with destination at the sea-side. 
Similarly, a crane at the land-side is assigned to requests at that 
side of the block. It needs to be decided if a request will be 
handled by one or two cranes. For example, if a storage request 
from the sea-side has a storage location near the land-side of the 
block two scenarios are possible. In the first scenario, the sea-
side crane travels to the specific storage location and drops the 
container off at its final destination. If this is the case, the other 
crane needs to be kept close to the land-side to avoid collisions 
between both cranes. The other scenario would be that the sea-
side crane transports the container to a selected location called 
the ‘interchange zone’ and pre-positions it there for the land-side 
crane. The land-side crane, thereafter, transports the container to 
the final destination. Commonly, the land-side crane assists the 
sea-side crane due to a much heavier workload and tighter time 
constraints at the sea-side. Figure 1b illustrates the cranes in the 
block and the interchange zone. 

Passing cranes configuration
Two different ASCs are being used in this concept, namely a 
large and a small ASC. The width and the height of the cranes 
vary to allow the outer crane to pass over the inner one. Figure 
1c presents a schematic overview of this configuration. Each 
crane has a trolley that performs the actual operation of lifting 
and storing a container. If the cranes want to pass each other, the 
trolley of the large crane needs to be located at the far end side 
of the crane. This concept is currently applied at the container 
terminal Altenwerder in Hamburg, Germany. Figure 3 presents 
this specific passing crane configuration in more detail.

The technical data of both ASCs in this configuration are being 
summarised in Table 2. The larger crane has a lower travel speed 
due to its dimensions. In Hamburg, a block of containers consists 
of 10 rows of 37 TEUs each. The height varies between four and 
five containers. 

During operation both cranes can handle storage and retrieval 
requests available at both sides of the yard. Cranes can pass at 
any location in the yard and preferably this is being performed 
without the need to slow down. If one of the cranes is lifting 
or putting down a container, the other crane cannot perform 
a request at the same position in one of the other rows. Each 
of the cranes can reach the pick-up and delivery points at both 
sides of the yard. As a result, each crane can handle each request 
independent of the origin and destination of that request.

Figure 2. Two identical cranes operating in one yard (ïmage courtesy of Gottwald).

 
Characteristics Large ASC Small ASC

Crane speed 3.0 m/s 4.0 m/s
Trolley speed 1.0 m/s 1.0 m/s
Hoist speed 36-72 m/min 36-72 m/min
Height crane 27 m 22 m
Max. height for lifting 21.5m 15.5m
Width 40m 31m

Table 2. CharaCTerisTiCs of The small and large asC  
in The passing Crane ConfiguraTion ([2] and [3])

 
Characteristics ASCs

Crane speed 4.0 m/s
Trolley speed 1.0 m/s
Hoist speed 36-72 m/min
Max. height for lifting 17.8 m
Width 35 m

Table 1. CharaCTerisTiCs of non-passing asCs [2]

Figure 3. Passing stacking cranes at CTA (Image courtesy of Kalmar Industries). 
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Decision making in routing cranes
In the configurations described above containers need to be 
stored (i.e., storage requests) both from the sea- and land-side. 
Similarly, containers need to be retrieved (i.e., retrieval requests) 
to be transshipped to ships (sea-side) or trucks and trains (land-
side). A storage request starts at one of the pick-up and delivery 
points and ends at the predetermined storage location of that 
container. A retrieval request starts at the location of the container 
and ends at the specified pick-up and delivery point. Both types 
of requests are illustrated in Figure 1a. If no more requests are 
available, the ASCs will park at a pre-defined parking location (i.e. 
dwell point). 

In order to determine the best way to serve all requests with a 
two-crane configuration one can solve an optimization problem. 
For both types of two-ASC configurations it is required to 
schedule both land-side and sea-side storage and retrieval requests 
in such a way that the makespan (i.e. time to serve all requests) 
is minimised. We advise to use a block sequencing approach 
to schedule (a fixed number of) available storage and retrieval 
requests among both ASCs. 

In general, to serve a request the crane must travel empty to 
the pick-up point, pick-up the request and travel loaded to its 
destination. The loaded travel distances as well as the time to 
pick-up a container are known in advance. These parameters 
are similar for both types of two-ASC configurations. On the 
other hand, the empty travel distance depends on the sequence in 
which requests are served. The exact way of routing both ASCs 
through the yard depends on the selected configuration.

In the routing problem of ‘passing cranes’ two main decisions 
need to be made, namely 1) which crane is going to handle 
which request and 2) in which order. In Vis and Carlo [4] we 
describe in detail how this problem can be formulated and solved 
efficiently. 

Due to the specific characteristics of crane-scheduling problems 
for ‘non-passing cranes’, different decisions need to be made 
when dealing with the routing problem. First of all, it needs 
to be decided if requests are being transported by one or both 
cranes. Secondly, the order in which requests are served (both 
full and partial trips) needs to be determined. We have found that 
formulating and solving the non-passing cranes problem is more 
difficult than the passing crane. If requests will be served by only 
one crane (no exchange), the problem can be solved with the 
procedure in Carlo and Vis [5]. We are currently working on an 
efficient formulation and solution procedure for the general case 
with an interchange zone.

Conclusions and future work
Results from some preliminary experiments suggest that passing 
ASCs outperform a single ASC and the non-passing ASCs 
in terms of makespan. This information could potentially be 
useful to consider investing in an additional ASC. Our current 
work focuses on developing new heuristics for the non-passing 
ASC. Future work includes extensive simulation experiments 
to compare the two-ASC configurations controlled by close-to 
optimal routing approaches under various scenarios.
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