
Automation is bringing a series of paradoxes 
to the shipping industry. Since maritime 
shipping is in the derived demand business, 
it is misleading to assume that automation 
does not affect the demand for shipping 
as well. Although automation is mostly 
considered by the industry at the port 
terminal level, it also takes place across 
entire supply chains, a process associated 
with the fourth industrial revolution 
(manufacturing 4.0/4IR).

The impacts of automation may thus 
be more significant on the activities that 
drive port volumes, such as manufacturing, 
than on port operations. This represents a 
paradox since automation can directly be 
a benefit for port terminals, but indirectly 
it could be a curse. Stakeholders such as 
terminal operators usually optimize the 
systems they can control and benefit from, 
but a common mistake is not to consider 
the wider contexts of the technologies they 
are using, both upstream and downstream 
of their value chains.

DIMENSIONS OF AUTOMATION
Port terminals are particularly prone 
to automation since it provides direct 
benefits in terms of cost, efficiency, safety 

and reliability. Still, this automation takes 
place at different rates depending on the 
technology involved and how easy it is to 
implement it in a cost effective manner 
– the low hanging fruits are picked up 
first. However, since port operations 
and maritime shipping are heavy asset 
dependent activities, automation is both 
risky and complex, underlining the cautious 
stance of the industry.

Terminal automation involves six major 
dimensions, each having a different level 
of efficiency, risk and diffusion cycle. Some 
automation technologies are just beginning 
to be adopted, while others are achieving 
a level of maturity. The six dimensions are: 
1. Automated Decision Making (Yard 

Management): Accounts for the earliest 
implementations of automation (1990s) 
since it improves terminal management 
aspects and the performance of existing 
assets without directly automating 
them. This form of ‘virtual automation’ 
is among the most widely adopted.

2. Automated Gates: Container terminal 
gates involve several transactions and 
were also among earlier forms of terminal 
automation. Automated gate systems 
are able to identify drivers, process bill 

of lading information electronically, scan 
and identify containers using optical 
character recognition or RFID, and direct 
drivers to a designed spot for loading or 
unloading a container.

3. Automated Tracking and Tracing: 
Focuses on a higher level of integration 
of the components of terminal operation 
such a ships, cranes, containers and yard 
equipment by accurately pinpointing 
their location within the terminal. 
This allows for a more effective use of 
terminal equipment and a faster storage 
and retrieval of containers.

4. Automated Yard Cranes: These can 
automatically store and retrieve 
containers along a stacking area but 
are capital intensive and require a 
physical reorganization of the terminal if 
implemented on existing facilities.

5. Automated Horizontal Transport: 
Involves the use of automated guided 
vehicles (such as automated straddle 
carriers) to move containers within a 
terminal.

6. Automated Quay Cranes: Cranes are 
usually the most capital intensive 
superstructure in a port terminal. 
The growing size of ships has placed 
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pressures to improve ship-to-shore 
productivity and automated quay cranes 
are starting to be introduced.

THE AUTOMATION CEILING
Like any technological trend, automation 
is often associated with unrealistic 
expectations. Conventional risk mitigation 
underlines that there is an automation 
ceiling representing what level of 
automation can be effectively implemented 
at a terminal from a cost/benefit 
perspective. Any automation strategy that 
is too capital intensive and that does not 
lead to significant benefits such as lower 
operating cost or higher throughput is a 
risk. Still, technology is improving and costs 
are declining lowering the automation 
ceiling.

Automation can be phased in an 
asynchronous fashion, creating disruptions 
of the flows and processes within 
terminals. This asynchrony is linked with 
the cost and ease of implementation of an 
automation segment. For instance, yard 
management and automated gates are the 
most prevalent forms of automation since 
they are mainly software-based as opposed 
to automated yard equipment (cranes or 
horizontal transport), which are much more 
capital intensive. It remains to be seen what 
the applicable limits of terminal automation 
are and at which level it does not generate 
significant additional value.

UNINTENDED CONSEQUENCES 
While the expected impacts of automation 
are rather straightforward, such as improved 
terminal throughput and efficiency, the 
unexpected or unintended consequences 
can also be significant. These may include:
• Shipping Networks: Would terminal 

automation lead to a segmentation of 
maritime shipping services between 
highly automated terminals (first tier) 
that can handle the high volumes and 
frequency requirements of mega-ships 
and less (or non) automated terminals 
focusing on second tier services? This 
could particularly be significant for 
transshipment hubs that would in 
addition to linking regional and deep sea 
services also link first tier and second 
tier networks. A further rationalization 
of shipping networks could result.

• Terminal Footprint: Could terminal 
automation lead to a declining global 
footprint of container terminals, 
particularly if it takes place in a low 
growth environment? As automation 
is linked with a higher level of asset 
usage for a similar footprint, it could 
incite terminal operators to rationalize 
their terminal assets. This could lead in 
some cases to the closure of terminals, 
particularly in multiterminal ports 

where automation leads to higher 
capacity than required and where a 
non-automated terminal finds itself at a 
competitive disadvantage.

• Terminal Facilities: Automation 
is changing operations and the 
configuration of container terminals, 
which is likely to lead to new terminal 
designs and interactions such as 
terminal/satellite facilities pairs. Further, 
automation changes the velocity of 
different terminal operations in a 
heterogeneous fashion, particularly if 
partially applied.

• Vertical Integration: Since terminal 
automation results in a higher level of 
integration along the transport chain, 
particularly through the information 
technologies it relies on, a question is 
thus raised regarding how the formation 
of new relations between carriers and 
their customers works, and opens up 
the possibility of new entrants.

AUTOMATION: THE BIG PICTURE
The push towards automation appears to 
be an irrevocable trend further increasing 
the capital intensiveness of container 
terminals. Terminal automation must be 
considered in a wider context that affects 
both the technical aspects of terminal 
operations, but also the derived demand 
of maritime shipping. While one aspect 
(terminal automation) is under the control 
of terminal operators, the other (value 
chain automation) is outside their control.

Looking at value chains, recent years have 
seen significant changes in procurement, 
manufacturing, freight distribution (e.g. 
warehousing) as well as marketing (e.g. 
e-commerce). For instance, automation in 
manufacturing changes the comparative 
advantages of labour, which in turn 
changes location strategies. Facilities can 
be located closer to main markets, which 
puts a downward pressure of long distance 
shipping. The question remains in which 
way all these changes are going to impact 
the demand structure of global freight 

distribution and how terminal automation 
fits into this picture.

It would be paradoxical to transition 
into a fourth industrial revolution with 
efficient (automated) terminals and 
supply chains supported by transactional 
technologies such as blockchains, but with 
lower anticipated shipping demands. For 
the shipping industry, this would be an 
unwelcome development as the array of 
technologies from which it would benefit 
would also be the drivers of its stagnation.
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