
Automation is becoming a necessity in the 
future of many terminals around the world. 
Terminal operators recognize the changes 
to our industry with the introduction of 
automation, and embrace the opportunities 
incorporating those changes into their 
operational model from the outset. With this 
in mind, below we have outlined two key facets 
of contemporary automation in terminals: 
• Normally our industry connects 

automation with crane robotization only, 
without emphasizing the potential for 
ensuring operational excellence and for 
transforming the way container terminals 
serve the ocean supply chain

• For an incrementally more connected 
industry, operational excellence can only 
come through transforming the business 
silos to a single digitized process platform 
to act as the operational backbone which 
is supported by the required intelligent 
technology functions 

Taking a step back in time, the terminal 
automation industry has been through two 
major inflection points: 
1. In the 1990s, Rotterdam and Hamburg 

began implementing automation with 
strong focus on enabling equipment 
connectivity with a technology core 

foundation that was not mature enough 
to get the equipment de-coupled from 
human driving and decision making

2. At the end of last decade many new (semi) 
automated terminals were approached 
from a much more mature technology core 
foundation, establishing new boundaries 
with regards to process automation and 
automated decision making, and the 
software enabling those.

Now, state-of-the-art technology is pointing 
to a third inflection point, but many of the new 
automated terminals in the last 10 years have 
been considered a failure. In this regard, the 
terminal design process needs to go beyond 
infrastructure and equipment, establishing a 
seamless and iterative connection with what 
really drives the automation – the associated 
data and systems. What is needed is 
consistency between the associated terminal 
solution and the underlying business case. 

This article highlights the importance of 
the initial design phase and the necessary 
continuous engagement to realize the initial 
design from technical, operational and 
financial perspectives. We also outline the 
impact that emerging technologies could 
produce to enhance current methodologies 
and practices.

TERMINAL AUTOMATION DESIGN AND 
INTEGRATION
Terminal operators realized the use of 
automated technology requires a seamless 
integration between processes, technology 
and people, while also recognizing that 
the industry is still lacking consistency 
and repeatability on that integration. The 
challenge for integration to work properly is 
not just at the start-up level or in the first year, 
but it is a challenge that will be compounded 
when the volume to capacity ratio starts 
increasing in the future. 

Therefore, terminal design relies on 
modelling at its start. Today, the tools 
terminal operators utilize to model 
processes, operations technology and system 
architectures are limited to simulation and 
emulation tools. The key aspects of these are 
listed below: 
• With simulation aspects as capacity and 

performance design, terminal layout 
and capex/opex can be analyzed but the 
operations technology logic, software 
algorithms and the supporting system 
integration can only be assumed, and 
the outcome is not able to predict 
implementation challenges upfront, 
concluding simulation as a de-coupled 
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exercise in most of the cases, with no 
follow up in later stages to establish a 
terminal design realization ‘learning loop’ 

• With emulation when software is 
ready, the operations technology logic, 
software algorithms and the supporting 
system integration can be actually tested 
against ‘close to reality’ operational 
scenarios and including functional 
and usability validations but also act 
as a testbed, training environment 
and system improvement platform: 
o The main constraint here is the effort 
to set up meaningful emulation, which 
is significant and requires collaboration 
among several providers, as well as the 
availability of the different emulation 
components

Beyond the modelling area for terminal 
design, the following constraints regarding 
performance and reliability should also be 
noted:
• The traditional focus on processes design 

through a Business Processes Model 
(BPM) needs to be connected with the 
system functions and usability upfront. As 
systems are not available early enough, the 
standard operational procedures (SOPs), 
testing plans and training programmes are 
not realized nor refined hand-in-hand 

• Without the systems in place, the 
operations technology logic – in particular, 
the TOS-ECS algorithms – are taken into 
account through berth and yard models, 
introducing several assumptions and 
hypotheses that will need to be validated 
later when the actual interactions 
between applications and algorithms 
behaviour is available (usually late for 
effective fine-tuning)

• The number of applications forming the 
terminal system architecture is increasing, 
as is the subsequent number of interfaces 
and data sources. There are no standards 
regarding application integration patterns 
and associated data consistency models, 
and as a consequence every single 
terminal automation project is reinventing 
the wheel with regards to technical 
integration

• There are new roles in control rooms and 
new strategies for planning mega-vessel 
operations, from automation knowledge 
bases to system usability perspectives, 
yet our industry is lacking in community 
frameworks and application integrated 
GUIs. People and training remain 
paramount      

CONCLUSIONS AND NEW TECHNOLOGIES
It is a given that the next automation 
'quantum leap' will need to take reliability 
and performance to better levels than 
existing manual terminals. However, 
terminal automation design will also need 
to be consolidated, as well implementation 
processes, in order to manage implementation 

risks upfront and to be more predictable on 
the expected operational outcome. 

To tackle the integration challenges and 
constraints we presented in the article, 
the following technologies can produce 
a significant evolution on the effective 
connection across terminal design, 
implementation, and operation phases:

BIM Modelling: Building Information 
Modeling (BIM) is being used in architecture 
and civil construction industries as an 
intelligent 3D model-based process that 
provides insights and tools to more efficiently 
design, plan, construct and maintain 
infrastructure. As terminal automation 
demands the seamless integration of 
different work streams, the BIM process 
can help integrate all related design artifacts 
(such as for CAD drawings, specifications and 
validation tests).

All in all, BIM could structure project 
knowledge and asset architecture in order to 
apply intelligent and integrated maintenance 
practices across all related work streams. It also 
establishes a good core foundation for the long-
term for terminal engineering departments. 
Further, the formulation of related BIM codes 
and guidelines provides the important basis 
and support for the formulation of the relevant 
standards to the terminal engineering industry, 
not only for automation.   

Enterprise Architecture: This allows for the 
conceptualization of a blueprint to structure 
organization, systems and processes. In order 
to determine current and future objectives 
for each particular case of implementation, 
this is very powerful. It acts as an overall 
operational blueprint for automation. 

The definition of the terminal solution 
also needs to articulate a terminal system 
architecture, which must conclude 
consistent specifications to acquire the 
different sub-systems, for those sub-systems 
performing holistically, and easy recovering 
in case of disaster or cyber incident. In other 
industries, associated practices establish a 
modeling background which is very specific 
on application integration patterns, data 
consistency models and already implemented 
platform agnostic and application lifecycle 
management tools (such as Enterprise 
Service Bus-ESB). 

Digital Twin and Use of Data: Connected 
to modelling, and potentially BIM technology 
as well, the simulation and emulation model 
needs to evolve into a digital terminal twin 
that will establish a seamless connection 
between the terminal design and terminal 
operation phases. This will utilize the 
parameters in every one of the phases in 
connecting the design realization during the 
terminal implementation phase with the 
future operation.

From the digital twin core foundation, 
virtual reality technology provides, on top 
of emulation testing, effective tools for 
training and qualifying terminal staff beyond 

operations, as well as the use of software. 
It also allows for maintenance, safety, and 
security.

The data core foundation being created 
from simulation, emulation, and live 
testing creates a system of record which 
act as a single source of truth. This can be 
used iteratively to measure the deviation 
from design to implementation phases, 
but furthermore for establishing the right 
optimization and continuous improvement 
data-driven methodologies and practices.

Artificial Intelligence/Machine Learning: 
With automation, the focus so far has been 
on execution processes, with not enough 
on planning when berth, vessel, yard and 
intermodal planning parameters are set. As 
our industry is mostly a Plan-B industry, the 
current planning tools lack flexibility and need 
to be set up with a high-level of uncertainty. 
Later, the system has no resiliency to 
dynamically execute operations. 

As processes automation will leave a data 
system of record and terminal operations 
are highly based on repetitive and periodic 
patterns, the potential of AI technology to 
make planning more predictive, anticipate 
bottlenecks and optimize opportunities is 
great. This also allows the execution of more 
flexibility and resilience. 

In conclusion, the core problem terminal 
operators face for effective terminal 
automation design is the terminal solution 
level of definition at an early stage. Existing 
modeling tools are not enough to ensure 
effective integration between processes, 
technology and systems, and our industry 
is lacking on standards and methods (and 
the knowledge base) to leverage previous 
experiences. 
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